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TOSHIBA 

1. NMOS Dynamic RAM 

Organi- Access Time, Max(ns) Cycle Time Power Supply Power Dissipation Max (mW) Alternate 
Capacity Type No. Pins 

zation tRAC tCAC Min. (ns) (V) Active Standby Source 

TMM4164AP-15 150 75 260 
64K Bit TMM4164AP-20 65,536X1 200 100 330 +5 275 22 16 -

TMM41256P/T-12 120 60 220 330 P-16 

TMM41256P/T-15 262,144X1 150 75 260 +5 275 28 T-16 UPD41256 

DTMM41257P/T-12 120 60 220 385 P-16 

256K Bit DTMM41257P/T-15 262,144X1 150 75 260 +5 330 28 T-16 UPD41257 

TMM41464P-12 120 60 220 385 

TMM41464P-15 65,536X4 150 75 260 +5 330 28 18 UPD41464 

Note: Package material P: Plastic C: Ceramic, 0: Nibble mode parts 
*: Preliminary······ These are target specifications and are subject to change without notice. 

2. CMOS Dynamic RAM 

Organi- Access Time, Max(ns) Cycle Time Power Supply Power Dissipation Max (mW) Alternate 
Capacity Type No. Pins 

zation tRAC tCAC Min. (ns) (V) Active Standby Source 

\TC511000P/J·10 100 50 190 330 P-18 

\TC511000P/J-12 1 ,048,576X 1 120 60 220 
~5 

275 5.5 J-20 HM51100 

::nC511 001 P/J-1 0 100 50 190 330 P-18 

1M Bit :-JTC511 001 P/J-12 1,048,576X1 120 60 220 
-5 275 5.5 J-20 HM51101 

*oTC511 002P/J-1 0 100 45 190 330 P-18 

*oTC511002P/J-12 1,048,576X1 120 55 220 -5 275 5.5 J-20 HM51102 

Note: Package material P: Plastic C: Ceramic, L'1: Fast page mode parts 
0: Static Column parts 0: Nibble mode parts 

*: Preliminary······ These are target specifications and are subject to change without notice. 

- 23-



3. STANDARD APPLICATION NMOS STATIC RAMS 

Organi- Access Time Cycle Time Power Dissipation Max (mW) Package Alternate 
Capacity Type No. Power Supply Pins 

zation Max. (ns) Min. (ns) (V) Active Standby Width (inch) Source 

TMM2015AP-90 90 90 440 

TMM2015AP-10 100 100 

TMM2015AP-12 2,048X8 120 120 +5 358 38.5 24 0.3 (HM6116AS) 

TMM2015AP-15 150 150 

TMM2015BP-90 90 90 

TMM2015BP-10 100 100 

TMM2015BP-12 2,048X8 120 120 +5 275 27.5 24 0.3 (HM6116AS) 

TMM2015BP-15 150 150 
16K Bit TMM2016AP-90 90 90 440 

TMM2016AP-10 100 100 

TMM2016AP-12 2,048X8 120 120 +5 358 38.5 24 0.6 (HM6116) 

TMM2016AP-15 150 150 

TMM2016BP-90 90 90 

TMM2016BP-10 100 100 

TMM2016BP-12 2,048X8 120 120 +5 275 27.5 24 0.6 (HM6116) 

TMM2016BP-15 150 150 

TMM2063P-10 100 100 

TMM2063P-12 8,192X8 120 120 +5 440 55 28 0.3 (HM6264AS) 

TMM2063P-15 150 150 

64K Bit TMM2064P-70 70 70 

TMM2064P-10 100 100 

TMM2064P-12 8,192X8 120 120 +5 440 55 28 0.6 (HM6264) 

TMM2064P-15 150 150 

Note: Package material P: Plastic 

- 24-
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4. STANDARD APPLICATION CMOS STATIC RAM 

Organi- Access Time Cycle Time Power Dissipation Max (mW) Alternate 
Capacity Type No. Power Supply Pins 

zation Max. (ns) Min. (ns) (V) Active Standby Source 

TC5514AP-2 200 200 

TC5514AP-3 300 300 0.11 

4K Bit TC5514APL -2 1,024X4 200 200 +5 27.5 18 HM6514 

0.005 
TC5514APL-3 300 300 

TC5516AP/AF-2 200 200 

TC5516AP/AF 250 250 0.165 

TC5516APL/AFL-2 2,048X8 200 200 +5 302.5 24 -

TC5516APL/ AFL 250 250 0.005 

TC5517AP/AF-2 200 200 

TC5517AP/AF 250 250 0.165 

TC5517 APL/ AFL-2 2,048X8 200 200 +5 302.5 24 (HM6116L) 

TC5517 APL/ AFL 250 250 0.005 

TC5517BP/BF-20 200 200 

TC5517BP/BF-25 250 250 0.165 

TC5517 BPL/BFL -20 2,048X8 200 200 +5 27.5 24 (HM6116L) 

TC5517BPL/BFL-25 250 250 0.005 

16K Bit TC5518BP/BF-20 200 200 

TC5518BP/BF-25 250 250 0.165 

TC5518BPL/BFL-20 2,048X8 200 200 +5 27.5 24 (HM6117L) 

TC5518BPL/BFL-25 250 250 0.005 

TC5517CP/CF-15 150 150 

TC5517CP/CF-20 200 200 0.165 

TC5517CPL/CFL-15 2,048X8 150 150 +5 27.5 24 (HM6116L) 

TC5517CPL/CFL-20 200 200 0.005 

TC5518CP/CF-15 150 150 

TC5518CP/CF-20 200 200 0.165 

TC5517CPL/CFL-15 2,048X8 150 150 +5 27.5 24 (HM6117L) 

TC5518CPL/CFL-20 200 200 0.005 

TC5564PL-15 150 150 

TC5564PL-20 200 200 

TC5564APL-12 8,192X8 120 120 +5 27.5 0.005 28 fLPD4464C 

TC5564APL-15 150 150 
64K Bit TC5565PL/FL-12 120 120 

TC5565 PL/FL -1 5 150 150 0.55 

TC5565PL/FL-12L 8,192X8 120 120 +5 27.5 28 HM6264L 

TC5565PL/FL-15L 150 150 
0.165 

*TC55257P-10 100 100 

*TC55257P-12 32,768X8 120 120 +5 27.5 5.5 28 -

256K Bit *TC55257PL-10 100 100 

*TC55257PL-12 32,768X8 120 120 +5 27.5 0.55 28 -

Note: Package material P: Plastic F: Flat package 
*: Preliminary····· These are target specifications and are subject to change without notice. 
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5. HIGH SPEED NMOS STATIC RAMS 

Organi- Access Time Cycle Time Power Dissipation Max (mW) Package Alternate 
Capacity Type No. Power Supply Pins 

zation Max. (ns) Min. (ns) (V) Active Standby Width (inch) Source 

TMM2068D-35 35 35 825 

TMM2068D-45 4,096X4 45 45 +5 110 20 0.3 IMS1420 

TMM2068D-55 55 55 
660 

TMM2078D-35 35 35 825 

16K Bit TMM2078D-45 4,096X4 45 45 +5 110 22 0.3 -

TMM2078D-55 55 55 
660 

TMM2018D-35 35 35 

TMM2018D-45 2,048X8 45 45 +5 825 110 24 0.3 -

TMM2018D-55 55 55 

6. HIGH SPEED CMOS STATIC RAMS 

Organi- Access Time Cycle Time Power Dissipation Max (mW) Alternate 
Capacity Type No. Power Supply Pins 

zation Max. (ns) Min. (ns) (V) Active Standby Source 

TC5561 P-55 55 55 

TC5561 P-70 65,536X1 70 70 +5 550 0.55 22 -

64K Bit TC5562P-45 45 45 

TC5562P-55 65,536X1 55 55 +5 550 11 22 HM6287 
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7. NMOS EPROM 

Organi- Access Time Cycle Time Power Dissipaion Max (mW) Alternate 
Capacity Type No. Power Supply Pins 

zation Max. (ns) Min. (ns) (V) Active Standby Source 

TMM2764AD-15 150 150 

TMM2764AD-20 200 200 
64K Bit TMM2764AD-150 8,192X8 150 150 +5 525 131 28 i2764 

TMM2764AD-200 200 200 

TM M27128AD-1 5 150 150 

TM M27128AD-20 200 200 
128K Bit TM M27128AD-150 16,384X8 150 150 +5 525 131 28 i27128 

TM M27128AD-200 200 200 

TMM27256AD-15 150 150 

TMM27256AD-20 200 200 
256K Bit TMM27256AD-150 32,768X8 

150 150 +5 525 131 28 i27256 

TMM27256AD-200 200 200 

TMM27512D-20 200 200 

TMM27512D-25 250 250 
512K Bit TMM27512D-200 

65,536X8 
200 200 +5 525 131 28 i27512 

TMM27512D-250 250 250 

Note: Package material 0: Cerdip 01 type; Operating temperature range=--40°C~85°C 

8. CMOS EPROM 

Organi- Access Time Cycle Time Power Dissipation Max (mW) Alternate 
Capacity Type No. Power Supply Pins 

zation Max. (ns) Min. (ns) (V) Active Standby Source 

TC57256D-20 200 200 

256K Bit TC57256D-25 32,768X8 250 250 +5 158 0.525 28 MBM27C256 

Note: Package material 0: Cerdip 

9. NMOS OTP 

64K Bit TMM2464AP/F 8192X8 200 200 +5 525 131 28 P2764 

128K Bit TMM24128AP/F 16,384X8 200 200 +5 525 131 28 P27128 

256K Bit TMM24256AP/F 32,768X8 200 200 +5 525 131 28 P27256 

Note: Package Material P: Plastic F: Flat Package 

10. CMOS OTP 

I 256K Bit ITC54256P/F 32,768X8 200 200 +5 158 0.525 28 

Note: Package Material P: Plastic F: Flat Package 

-27 -



11. NMOS Mask ROM 

Organi- Access Time Cycle Time Power Dissipation Max (mW) Alternate 
Capacity Type No. Power Supply Pins 

zation Max. (ns) Min. (ns) (V) Active Standby Source 

TMM2365P 200 200 550 138 28 (i2764) 

64K Bit TMM2366P 8,192X8 200 200 +5 550 138 24 (TMS4764) 

128K Bit TMM23128P 16,384X8 200 200 +5 440 110 28 (;27128) 

256K Bit TMM23256P 32,768X8 150 230 +5 220 55 28 (i27256) 

Note: Package Material P: Plastic 

12. CMOS Mask ROM 

Organi- Access Time Cycle Time Power Dissipation Max (mW) Alternate 
Capacity Type No. Power Supply Pins 

zation Max. (ns) Min. (ns) (V) Active Standby Source 

TC5364P 350 (MK37000) 

64K Bit TC5365P/F 8,192X8 250 +5 39 0.11 28 (i2764) 

TC5366P 250 24 (TMS4764) 

256K Bit TC53257P/F 32,768X8 200 200 +5 39 0.11 28 (i27256) 

1M Bit TC531000P 131,072X8 200 200 +5 39 0.11 28 -

Note: Package material P: Plastic 
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TOSHIBA DYNAMIC RAM 

I\) 
CD 

TC511 000P/J-1 0 

(100ns) 

TC511 001 P/J-1 0 

(100ns) 

TC511 002P/J-1 0 

(100ns) 

C: CERAMIC P: PLASTIC T: PLCC J: SOJ 

TMM4164AP-15 

(150ns) 

TMM41256P/T-12 H TMM41256P/T-15 

(120ns) (150ns) 

TMM41257P/T-12 H TMM41257P/T-15 

(120ns) (150ns) 

TMM41464P-12 TMM41464P-15 

(120ns) (150ns) 

H TC511000P/J-12 I-(FAST PAGE) 

(120ns) 

H TC511 001 P/J-12 1- (NIBBLE) 

(120ns) 

H TC511002P/J-12 1- (STATIC COLUMN) 

(120ns) 

*Preliminary 

TMM4164AP-20 

(200ns) 

-t o 
U) 
:t: -m 
l> 



TOSHIBA STANDARD APPLICATION NMOS STATIC RAM 

16K Bit L-J 2KX8 L-J TMM2016BP-90 TMM2016BP-10 

(90ns) (100ns) 

TMM2015BP-90 TMM2015BP-10 

STATIC H (90ns) (100ns) 
c.v RAMS 
0 

I 

64K Bit J----I 8KX8 J..--r-I TMM2064P-70 TMM2064P-10 

(7Ons) (100ns) 

TMM2063P-70 TMM2063P-10 

(70ns) (100ns) 

TMM2016BP-12 

(120ns) 

TMM2015BP-12 

(120ns) 

TMM2064P-12 

(120ns) 

TMM2063P-12 

(120ns) 

TMM2016BP-15 

(150ns) 
600mils wide 

TMM2015BP-15 

(150ns) 
300mils wide 

TMM2064P-15 

(150ns) 
600mils wide 

TMM2063P-15 

(150ns) 

300miis wide 

-I o 
(IJ 
:::t: ..... 
CD » 



TOSHIBA STANDARD APPLICATION CMOS STATIC RAM 

4K BIT H 1KX4 

K L 16K BIT 2KX8 
I 

CMOS 
STATIC I-

RAM 

TC5518CP/CPL/CF/CFL-15 

U) TC5517CP/CPL/CF/CFL-15 

(150ns) 

H 64K BIT 8KXB L 
I 

-f TC5565APL/AFL-10/10L 

Ii TC5563APL-1 0/1 OL 

-I TC5564APL/AFL-12 

H 
:----------------:-

256K BIT 32KX8 

(70-85ns) 

TC5514AP-2 

(200ns) 

TC5516AP/APL/AF/AFL-2 

TC5517 AP/APL/AF/AFL-2 

(200ns) 

TC5518BP/BPL/BF/BFL-20 

TC5517BP/BPL/BF/BFL-20 

(200ns) 

TC5518CP/CPL/CF/CFL-20 

TC5517CP/CPL/CF/CFL-20 

(200ns) 

{ TC5565PL/FL-12/12L 

TC5565APL/AFL-12/12L 

TC5563APL-1 0/1 OL 

t TC5564PL-15 

TC5564APL/AFL-15 

TC55257P/PL-10 

(100ns) 

H TC5514AP-3 

(300ns) 

TC5516AP/APL/AF/AFL 

TC5517AP/APL/AF/AFL 

(250ns) 

TC5518BP/BPL/BFL-25 

TC5517BP/BPL/BFL-25 

(250ns) 

TC5565PL/FL-15/15L 

300 mil 

TC5564PL-20 

H TC55257P/PL-12 

(120ns) 

-I o 
en 
:x: -m » 



c.v 
I\:> 

TOSHIBA HIGH SPEED STATIC RAM (25n5-70n5) 

[ =T~~2~6~D~2~.=H TMM2068D-35 H TMM2068D-45 ~TMM2068D-55 1 
(25ns) (35ns) (45ns) (55ns) 

20 Pins 

L -J~-~2~7~-':2~-J-i TMM20780~s:H}MM2078D45 H TMM2078D-55 

(25ns) (35ns) (45ns) (55ns) 

22 Pins, with OE 

;= ~M~~O~~~~ =H TMM2018D-35 H TMM2018D~~ TMM2018D-55 J 
(25ns) (35ns) (45ns) (55ns) 

TMM2089C-35 TMM2089C-45 

(35ns) (45ns) 

TC5561 P-55 

(55ns) 

TC5562P-45 TC5562P-55 

(45ns) (55ns) 

------, , 

0.55 mW Max 
(Standby) 

TC5561 P-70 

(lOns) 

11mW Max. 
(Standby) 

, , ------ :Under Development 



TOSHIBA EPROM 

64K BIT ~ 8KX8 I----r---I TMM~MM2764D-2 " TMM2764D 
(150ns) (200ns) (250ns) 

TMM2764DI-15 H TMM2764DI-2 H TMM2764DI 

(150ns) (200ns) (250ns) 

TMM2764AD-15 " TMM2764AD-20 

(150ns) (200ns) 

TMM2764AD-150 " TMM2764AD-200 

(150ns) (200ns) 

NMOS t--t---I 128K BIT TMM27128D-15 TMM27128D-20 TMM27128D-25 

(150ns) (200ns) (250ns) 

[TMM27128DI-15 H TMM27128DI-20 H TMM-27128DI-25 
(,.) 

(150ns) (200ns) (250ns) (,.) 

TMM27128AD-15 H TMM27128AD-20 

(150ns) (200ns) 

TMM27128AD-150 HiMM27128AD-200 

(150ns) (200ns) 

256K BIT t------i 32KX8 t--r-t TMM27256D-15 H TMM27256D-20 

(150ns) (200ns) 

TMM27256DI-15 H TMM27256DI-20 

(150ns) (200ns) 

TMM27256AD-15 H TMM27256AD-20 

(150ns) (200ns) -t 
TMM27256AD-150 H TMM27256AD-200 I 0 

(150ns) (200ns) en 
t----I TMM27512D H TMM27512D 

:t 
512K BIT 64KX8 ... ' 

(200ns) (250ns) ED 
CMOS r---1 256K BIT r-----1 32KX8 TC57256D-20 r-----1 TC57256D-25 

» 
(200ns) (250ns) 



TOSHIBA ONE TIME PROGRAMMABLE 

64K BIT 8KX8 TMM2464AP/F 

128K BIT 16KX8 TMM24128AP/F 

(J.) 

.J::o. 

~ I NMOS 

256K BIT 32KX8 TMM24256AP/F 

[CMOS ~ 256K Bil 32KXB ~ TC54256P/F 

§a;{ 
~ .. ·~ ... A ... : .. : .... :. "" .. ·1' .'X ",i.'\,;J! 
~\,;\y,,~,·\ I 
m~;.::,:;:~':.:·'\· 
............ ': .. %'. ':~:' .' , .~ ~.1 
. "".' 



TOSHIBA MASK ROM 

64K Bit H 8KX8 TMM2365P 

(200ns) 

TMM2366P 
NMOS t--l 

(200ns) 

128K Bit H 16KX8 TMM23128P 

(200ns) 

256K Bit rl 32KX8 TMM23256P 

c.v 
01 (150ns) 

64K Bit H 8KX8 TC5364P 

(250ns) 

TC5365P/F 

(250ns) 

~ TC5366P 

(250ns) 

-f 
256K Bit t----I 32KX8 t- ----1 TC53257P/F 0 en 

(200ns) % -
1M Bit ~ 128KX8 TC5310~ 

ED » 
(200ns) 



(j) 

.S-
ID 
E 
i= 
(/J 
(/J 

ID 
U 
u 
<I: 

300 

200 

100 

MEMORY SELECTION GUIDE (1) 

TC5514AP-3 

TC5516AP TMM2764D 
TC5517AP TC5364P 
TC5517BP-25 TC5365P 
TC5518BP-25 TC5366P 

TC5514AP-20 TC5516AP-2 TMM2764AD-20 
TC5517AP-2 TMM2764AD-200 
TC5517BP-20 TMM4164AP-20 
TC5518BP-20 TC5564PL-20 
TC5517CP-20 TMM2764D-2 
TC5518CP-20 TMM2365P 

TMM2366P 
TMM2464AP 

TMM2015AP-12/15 TMM4164AP-15 
TMM2015BP-12/15 TMM2063P-12/15 
TMM2016AP-12/15 TMM2064P-12/15 
TMM2016BP-12/15 TC5564PL-15 
TC5517CP-15 TC5564APL-12/15 
TC5518CP-15 TC5565PL-12/15 

TMM2764D-15 
TMM2764AD-15 
TMM2764AD-150 

TMM2015AP-90/10 TMM2063P-l0 
TMM2015BP-90/10 TMM2064P-l0 
TM M2016AP-90/1 0 TMM2064P-70 
TMM2016BP-90/10 TC5561 P-55/70 

TMM2018D-35/45/55 TC5562 P-45/55 TMM2089G-35/45/55 
TMM2068D-35/45/55 
TMM2078D-35/45/55 

4K Bit 16K Bit 64K Bit 72K Bit 

* Preliminary 

TM M27128D-25 TC57256D-25 TMM27512D-25 
·rC57256AD-25 TMM27512D-250 

TMM27128D-20 .TC57256AD-20 TMM27512D-20 TC531000P 
TMM23128P TM M27256AD-20 TMM27512D-200 
TMM24128AP TMM41256C-20 
TMM27128AD-20 TMM27256D-20 
TMM27128AD-200 TC57256D-20 

TC53257P 
TMM27256AD-200 

.TC57256AD-200 
TMM24256AP 
TC54256P 

TMM27128D-15 TMM41256P/T-12/15 TCSll000P/J-12 
TMM27128AD-15 TMM41257P/T-12/15 TC51 001 P/J-12 
TMM27128AD-150 TMM41464P-12/15 TC511001 P/J-12 

TC55257P-12 TC511001 P/J I TMM27256D-15 
TMM23256P I 

TMM27256AD-15 
TMM27256AD-150 

TC55257P-l0 TC511000P/J-l0 
TC511 001 P/J-l 0 
TC511002P/J-l0 

128K Bit 256K Bit 512K Bit 1M Bit 



TOSHIBA 

MEMORY SELECTION GUIDE (2) • Preliminary 

Memory Capacity 
Memory Type 

4K Bit 16K Bit 64K Bit 72K Bit 128K Bit 256K Bit 512K Bit 1M Bit 

TMM4164AP TMM41 256CfP 
NMOS Dynamic RAM TMM41257PfT 

TMM41464PfT 

TC511000P/J 
CMOS Dynamic RAM TC511 001 P/J 

TC511002P/J 

TMM2015AP TMM2063P TMM2089C TC55257P 
TMM2015BP TMM2064 
TMM2016AP 

NMOS Static RAM TMM2016BP 
RAM TMM2018D 

TMM2068D 
TMM2078D 

TC5516AP/AF TC5564PL TC552fi7P 
TC5517AP/AF TC5564APL/FL 

CMOS Static RAM TC5517BP/BF TC5563APL 
TC5518BP/BF TC5565PLFL 
TC5517CP/CF TC5565APL! AFL 
TC5518CP/CF TC5561 P 

TC5562P 

TMM2764AD TMM27128AD TMM27256AD TMM27512D 
NMOS EPROM TMM2764D TMM27128D TMM27256D 

TMM2764DI TMM27128DI TMM27256DI 

CMOS EPROM TC57256D 

NMOS Mask ROM TMM2365P TMM23128P TMM23256P 
ROM TMM2366P 

TC5364P TC53257P/F TC531000P 
CMOS Mask ROM TC5365P/F 

TC5366P 

NMOS OTP TMM2464AP TMM24128AP TMM24256AP 

CMOSOTP TC54256P 
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TOSHIBA 

MEMORY SELECTION GUIDE (3) 

~ Word 1 4 8 9 

1K TC5514AP 

TMM2015AP TC5516AP/AF 
TMM2015BP TC5517AP/AF 

2K TMM2016AP TC5517BP/BF 
TMM2016BP TC5518BP/BF 
TMM2018D *TC5517CP/CF 

*TC5518CP/CF 

4K TMM2068D 
TMM2078D --

TMM2063P TMM2365P TMM2089C 
TMM2064P TMM2366P 

8K TMM2464P TMM2764AD 
TC5564PL TC5364P 
TC5565PL/FL TC5365P/F 
TMM2764D TC5366P 

16K 
TMM27128D TMM24128P 
TMM23128P TMM27128AD 

TC55257P TMM23256P 

32K 
TC54256P TMM27256AD 
TMM27256D TC53257P 
TC57256D T57256AD 
TMM24256P 

TMM4164AP TMM41464P TMM27512D 
64K TC5561P 

TC5562P 

128K TC531000P 

256K TMM41256C/P/T 
TMM41257P/T 

*TC511000P/J 
1M *TC511 001 P/J 

*TC511002P/J 
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TOSHIBA 

4. 16K Bit Static RAM 
1) NMOS 

Organization 

Package Width 

TOSHIBA 

Fujitsu 

Hitachi 

Inmos 

Mitsubishi 

Motorola 

NEC 

Oki 

2) CMOS 

Organization 

TOSHIBA 

Fujitsu 

Hitachi 

NEC 

Mitsubishi 

Oki 

5. 64K Bit Static RAM 

NMOS/CMOS 

Package Width 

TOSHIBA 

Fujitsu 

Hitachi 

Mitsubishi 

NEC 

Oki 

Inmos 

0.6 inch 

TMM2016AP/BP 

MB8128 

HM6116 

M58725 

MCM2128 

flPD4016 

MSM2128 

TC5516AP 

MB8417 

flPD447 

M5M5116 

MSM5127 

NMOS 

0.3 inch 

TMM2063P 

HM6264AS 

I 
2K X 8 4K X 4 

0.3 inch 

TMM2015AP/BP TMM2018D TMM2068D 

MB8168 

HM6116AS HM6168 

IMS1420/1421 

M5M2168 

MCM2016/18H MCM6168/78 

flPD4016CX 

2K X 8 

TC5517 AP/BP/CP TC5518BP/CP 

MB8416 MB8418 

(HM6116) (HM6117) 

flPD446 flPD449 

M5M5117 M5M5118 

MSM5128 MSM5129 

CMOS 

0.6 inch 0.3 inch 

TMM2064P TC5564P TC5565P TC5562P 

MB8464 MB8464 HB81C71 

HM6264 HM6264 HM6287 

M5M5165 M5M5164 M5M5165 

flPD4364 flPD4464 flPD4364 ,uPD4361 

MSM5165 MSM5164 MSM5165 

IMS1600 
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TOSHIBA 

CROSS REFERENCE 

1. 64K Bit Dynamic RAM 

TOSHIBA TMM4164AP 

Fujitsu MB8264A 

Hitachi HM4864A 

Mitsubishi M5K4164AN 

Motorola MCM6665A 

NEC fLPD4164 

Oki MSM3764A 

TI TMS4164 

2. 256K Bit Dynamic RAM 

Organization 256K X 1 (page mode) 256K X 1 (nibble mode) 64K X 4 (page mode) 

TOSHIBA TMM41256P/T TMM41257P/T TMM41464P 

Fujitsu MB81256 MB81257 MB81464 

Hitachi HM50256 HM50257 HM50464 

Mitsubishi M5M4256 M5M4257 M5M4464 

NEC fLPD41256 fLPD41257 fLPD41464 

Oki MSM37256 MSM37257 

TI TMS4256 TMS4257 TMS4464 

3. IMBIT DYNAMIC RAM 

Organizatiom 1MB X 1 (Fast page mode) 1MB X 1 (Static column mode) 1MB X 1 (Nibble mode) 

SUPPLIER PART # I PROCESS PART # I PROCESS PART # I PROCESS 

TOSHIBA TC511000 CMOS TC511002 CMOS TC511001 CMOS 

AT & T M411024XP CMOS - M411024XN CMOS 

FUJITSU MB811000 NMOS ? MB811001 NMOS 

HITACHI HM51100 CMOS HM51102 CMOS HM511C1 CMOS 

MITSUBISHI ? NMOS - ? 

NEC fLPD411000 NMOS - ? 

PANASONIC MN411000 NMOS - -

SIEMENS ? CMOS - -

TI ? CMOS ? ? 

Note: ( ): Vpp=12.5V 

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. 

© Sept., 1985 Toshiba Corporation 
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6. 64K/128K Bit EPROM/OTP/Mask ROM 

Organization 8KX8 16KX8 

EPROM/OTP/MROM EPROM OTP MROM EPROM OTP MROM 

Pins 28 28 28 24 28 28 28 

TOSHIBA (TMM2764AD) (TMM2464AP) 
TMM2365P TMM2366P 

(TMM27128AD) (TMM24128AP) TMM23128P 
TC5364/65P TC5366P 

AMD Am2764 Am27128 

Fujitsu MBM2764 MB8364 MBM27128 -
Hitachi HN482764 HN482764 HN61364 HN48364 HN4827128 HN4827128 HN43128 

Intel i2764 (P2764A) i2364 i27128 (P27128A) -
Mitsubishi M5L2764 M5M2364 M58334 M5L27128 

Mostek MK37000 MK36000 

Motorola - MCM68364 

NEC ,uPD2764 ,uPD2764C ,uPD2364 ,uPD27128 ,uPD27218C ,uPD23128 

Oki MSM2764 MSM3864 MSM2965 MSM27218 MSM38218 

TI - TMS4764 -

7. 256K/512K/IMBIT EPROM/OTP/MROM 

Organization 32KX8 64KX8 128KX8 

EPROM/OTP/MROM EPROM OTP MROM EPROM MROM 

NMOS CMOS NMOS CMOS NMOS CMOS NMOS CMOS 

TOSHIBA TMM27256AD) TC57256D TMM24256AP) (TMM54256P) TMM23256P TC53257P (TMM27512D) TC531000P 

AMD (Am27256) 

Fujitsu (MBM27256) MBM27C256 MB83256 MB831124 

Hitachi (HN27256) (HN27C256) HN4827256 HN613256P (AM27512) HN62301 

Intel (i27256) (i27C256) (P27256A) - - (i27512) -
Mitsubishi - - M5M231000 

NEC ,uPD27256 ,uPD27C256 ,uPD27256C ,uPD27C256C ,uPD23256 ,uPD23C256 ,uPD231 000 

Oki - - MSM38256 MSM53256 MSM531000 

RCA - - CDM53256 
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TOSHIBA MOS MEMORY PRODUCTS 
65,536 WORD X 1 BIT DYNAMIC RAM 
N-CHANNEL SILICON GATE MOS 

TMM4164AP-12, TMM4164AP-15 
TMM4164AP-20 

The TMM4164AP is the high speed, low power 
dynamic RAM organized 65,536 words by 1 bit, it 
is successor to the industry standard TMM4164P. 
The TMM4164AP utilizes TOSHIBA's double poly 

N-channel Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating 
margins, both internally and to the system user. 

• 65,536 words by 1 bit organization 
• Fast access time and cycle time 

DEVICE tRAc tCAC tRC 

TMM4164AP-12 120 ns 60 ns 220 ns 

TMM4164AP-15 150 ns 75 ns 260 ns 

TMM4164AP-20 200 ns 100 ns 330 ns 

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

• Low power; 275mW operating (MAX.) 

22mW standby (MAX.) 

Ao -A7 

CAS 

DIN 
-'-------

NC 

DOUT 
RAS 

WRITE ! 

Vcc 

Vss 

(TOP VIEW) 

NC 

DIN 
WRITE 

RAS 
Ao 
A2 
Al 

Vcc 

Address Inputs 

Column Address Strobe 

Data In 

No - Connection 

Data Out 

Row Address Strobe 

ReadlWrite Input 

Power (+5V) 

Ground 

Vss 
CAS 
DOUT 
A6 
A3 
A4 
As 
A7 

-----

Multiplexed address inputs permit the TMM4164AP 
to be packaged in ::] standard 16 pin plastic DIP. This 
packag; SiLG provides high system bit den~it and 
is compatible with widely available automated testing 
and insertion equipment. 

System oriented features include single power 
supply of 5V ± 1 0% tolerance, direct interfacing capa
bility with high performance logic families such 6 

Schottky TTL . 

• IndL!stry standard 16 pin plastic DIP 
• Output unlatched at cycle end allows two-dimen

sional chip selection 

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

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

• All inputs and output TTL compatible 
• 128 refresh cycles/2ms 

~vcc 
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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 -55-150 °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 MIKl. TYP. MAX. UNITS NOTES 
--- - 1----

Vec Supply Voltage 4.5 5.0 5.5 V 2 
------ ~---- --r--------

VIH Input High Voltage 2.4 - 6.5 V 2 

V1L Input Low Voltage -1.0 - 0.8 V 2 

(Vee = 5V ± 10%,. Ta = 0 ,..,. 70°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS NOTES 

i 
OPERATING CURRENT 

I 

ICCI Average Power Supply Operating Current - - 50 mA 3.4 
(RAS, CAS Cycling: tRC = tRC MIN.) 

STANDBY CURRENT 
ICC2 Power Supply Stahdby Current - - 4 mA 

(RAS = VIH, DOUT = High Impedance) 

REFRESH CURRENT 
ICC 3 Average Power Supply Current, Refresh Mode - - 40 

I 
mA 3 

(RAS Cycling, CAS = VIH: tRC = tRC MIN.) 

PAGE MODE CURRENT 

I ICC4 Average Power Supply Current, Page Mode - - 40 mA 3,4 
(RAS = VIL. CAS Cycling: tpc = tpc MIN.) 

INPUT LEAKAGE CURRENT 
II (L) Input Leakage Current, any Input (OV ~ VIN ~ 6.5V, -10 - 10 JJ.A 

All Other Pins Not Under Test = OV) .. 
OUTPUT LEAKAGE CURRENT 

10 (L) (DOUT is disabled, OV ~ VOUT ~ +5.5V) -10 - 10 JJ.A 

VOH 
OUTPUT LEVEL 

2.4 
I V 

Output "H" Level Voltage (lOUT = -5mA) 
-

! 

VOL 
OUTPUT LEVEL 

0.4 V 
Output "L" Level Voltage (loUT = 4.2mA) - -
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TM M4164AP-12, TMM4164AP-15 
TM M41 64AP-20 

i!I •• ,."l __ ....... JMI:I __ : •• eRAr'NG,CQNDI'I1ONS 
(Vee = 5V ± 10%, Ta = 0 - 70°C) (Notes 5, 6, 7) 

TMM4164AP-12 TMM4164AP-15 TMM4164AP-20 
SYMBOL PARAMETER UNITS NOTES 

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

tRC Random Read or Write Cycle Time 220 - 260 - 330 - ns 

tRWC Read-Write Cycle Time 240 - 285 - 350 - ns 

tRMW Read-Modify-Write Cycle Time 260 - 310 - 390 - ns 

tpc Page Mode Cycle Ti me 120 - 145 - 190 - ns 

tRAC Access Time from RAS - 120 - 150 - 200 ns 8,10 

tCAC Access Time from CAS - 60 - 75 - 100 ns 9,10 

tOFF Output Buffer Turn-Off Delay 0 35 0 40 0 50 ns 11 

tT Transition Time (Rise and Fall) 3 35 3 35 3 50 ns 6 

tRP RAS Precharge Time 90 - 100 - 120 - ns 

tRAS RAS Pulse Width 120 10,000 150 10,000 200 10,000 ns 

tRSH FfAS Hold Time 60 - 75 - 100 - ns 

tCSH CAS Hold Ti me 120 - 150 - 200 - ns 

tCAS CAS Pulse Width 60 10,000 75 10,000 100 10,000 ns 

tRCO RAS to CAS Delay Time 25 60 25 75 30 100 ns 12 

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

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

tRAH Row Address Hold Time 15 - 15 - 20 - ns 

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

tCAH Column Address Hold Time 35 - 45 - 55 - ns 

tAR 
Column Address Hold Time 

95 -Referenced to RAS 120 - 155 - ns 

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

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

tWCH Write Command Hold Time 35 - 45 - 55 - ns 

tWCR 
Write Command Hold Time 

95 120 - 155 -
Referenced to RAS - ns 

twp Write Command Pulse Width 35 - 45 - 55 - ns 

tRWL Write Command to RAS Lead Time 35 - 45 - 55 - ns 

tCWL Write Command to CAS Lead Time 35 - 45 - 55 - ns 

tos Data-In Set-Up Time 0 - 0 - 0 - ns 13 

tOH Data-In Hold Time 35 - 45 - 55 - ns 13 

tOHR Data-In Hold Time Referenced to RAS 95 - 120 - 155 - ns 

tcp 
CAS Precharge Time (for Page 

50 - 60 - 80 - ns Mode Cycle Only) 

tREF Refresh Period - 2 - 2 - 2 ms 

twcs Write Command Set-Up Time -10 - -10 - -10 - ns 14 

tcwo CAS to WRITE Delay 40 - 50 - 60 - ns 14 

tRWO RAS to ~ Delay 100 - 125 - 160 - ns 14 
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TMM4'1'64AlP"'1 2, TMM~ ... :64A .... df . 
TMM4164AP-20" 

• READ CYCLE 

RAS 

tCSH 

ADDRESSES 

DOUT VOH - OPEN 
VOL _--------------------------~~~-------------------tJ 

1'-------' 
VALID DATA 

• WRITE CYCLE (EARLY WRITE) ~ Don't Care 

RAS 

tCSH 

tCRP 

CAS V IH _:-------r+-----.....,..--
VIL __ 

ADDRESSES 

WRITE 

VIH_-r~~~~-r~~~rrrr~ 

V I L -~'-'-.I....I..t..i...J,..,'-'-.I....I..,J-I..t..i.'..i.....I.'.J..U ~--------'l 

DOUT 
VOH-_ 
VOL _------------------------~-----OPEN------------ o Don't Care 
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TMM4164AP-12, TMM4164AP-15 
TM M41 64AP-20 

• READ-WRITE/READ-MODIFY-WRITE CYCLE 

~-----+-----------tRSH--------------------4 ~------~ 

~----------------~------+----------tCSH----------------~ 

CAS 
VIH __ ------~~========~==~~~---t----------tCAS--------------~~ 

v'L--

ADDRESSES 

WRITE 

VOH --
VOL ------

D,N 
V,H ---

~ Don'tCare 

• "RAS-ONL Y" REFRESH CYCLE 

AAS 

ADDRESSES 

VIH-
VIL--

VIH--

VIL---~~~~~~~~~ 

VOH --

ROW ADDRESS 

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

Note: CAS = V1H , WRITE = Don't Care, A7 = Don't Care ~ Don't Care 
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• PAGE MODE READ CYCLE 

V'L-

V'H -
V'L-

ADDRESSES V'H-
V'L-

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

• PAGE MODE WRITE CYCLE 

RAS 

ADDRESSES 

tAAS 

tCAS 

tCRP 

~ Don't Car. 

tCAP 

~ Don't Car. 
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(Vee= 5V ± 10%, f = 1MHz, Ta = 0 ..... 70°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS 

Cil I nput Capacitance (Ao '" A7 ' DIN) - 4 5 pF 

CI2 Input Capacitance (RAS, CAS, WRITE) - 8 10 pF 

Co Output Capacitance ~DOUT) - 5 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. Icc I , Icc 3 ' ICC4 depend on cycle rate. 

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

5. An initial pause of 2001lS is required after power-up followed by any 8 RAS cycles before proper device operation is achieved. 
6. AC measurements assume tT = 5ns. 

7. V1H (min.) and V1L (max.) are reference levels for measuring timing of input signals. Also, transition times are measured be
tween VIH and VIL. 

8. Assumes that tRCO ~ tACO (max.). If tACO is greater than the maximum recommended value shown in this table, tAAC will 
increase by the amount that tACO exceeds the value shown. 

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

10. Measured with a load equivalent to 2 TTL I?ads and 100pF. 

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

12. Operation within the tACO (max.) limit insures that tAAc(max.) can be met. tACO (max.) is specified as a reference point only: 

If tACO is greater than the specified tACO (max.) limit. then access time is controlled exclusively by tCAC. 

13. 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. 

14. twCS. tcwo and tAWO are not restrictive operating parameters. They are !ncluded 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 ~ tcwo (min.) and tRWO ~ 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 satisfi~d, the condition of the da.ta out (at access time) is indeter
minate. 

ADDRESSING 
The 16 address bits required to.decode 1 of the 

65,536 cell locations within the TMM4164AP are 
multiplexed onto the 8 address inputs and latched 
into the on-chip address latches by externally apply
ing two negative going TTL-level clocks. 

The first clock, the Row Address Strobe (RAS), 
latches the 8 row address bits into the chip. The sec
ond clock, the Column Address Strobe (CAS)' subse
quently latches the 8 column address bits into the 
chip. Each of these signals, RAS and CAS, triggers a 
sequence of events whjch are controlled by different 

- 51 

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 occurence 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 (tAAH) has been satisfied and the 
address inputs have been changed from Row address 
to Column address information. 



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

into an on-chip register by a combination of 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 (QN) 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 QN is strobed by CAS and the set
up and hold times are referenced to CAS. If the input 
data is not available at CAS time or if it is desired 
that the cycle be a read-write cycle, the WR ITE signal 
will be delayed until after CAS has made its negative 
transition. In this "delayed write cycle" the data 
input set-up and hold times are referenced to the 
negative edge of WR ITE rather than CAS. (To illus
trate this feature, DIN is referenced to WRITE in the 
timing diagrams depicting the read-write and page 
mode write cycles while the "early write" cycle dia
gram shows DIN referenced to CAS). 

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

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

of the TMM4164AP is the high impedance (open cir-

cuit) state. That is to say, anytime CAS is at a high 
level, the DOUT pin will be floating. The only time 
the output will turn on and contain either a logic 0 or 
logic 1 is at access time during a read cycle. DOUT 
will remain valid from access time until CAS is taken 
back to the inactive (high level) condition. 

PAGE MODE 
The "Page-Mode" feature of the TMM4164AP al

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

REFRESH 
Refresh of the dynamic cell matrix is accomplished 

by performing a memory cycle at each of the 128 row 
address (Ao ,...., A 6 ) within each 2 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 Icc 3 specification. 

[t!- ~~ ~-~;l 
12345678 

19.9 MAX. 

z 
~ 
LO 
ci 

8· I /76~±::ij 

~ ..L~~:...J~-.1L_u......~l--ll==i1==:tt:jh=- ci 
0.2 MAX.t-I. ____ -1 1.4±0.15 

2.54 ± 0_25 0.5±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. 16 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 re~erves 
the right, at any time without notice, to change said circuitry. 
© Aug., 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
262,144 WORD X 1 BIT DYNAMIC RAM 
SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS 

DESCRIPTION 

TMM41256P/T-12 
TMM41256P/T-15 

The TMM41256P/T is the new generation dynamic RAM organized 262,144 words by 1 bit, it is successor to the 
industry standard TMM4164AP. The TMM41256P/T utilizes TOSHIBA's N-channel Silicon gate process t~chnology as well 
as advanced circuit techniques to provide wide operating margins, both internally and to the system user. Multiplexed 
address inputs permit the TMM41256P/T to be packaged in a standard 16 pin plastic DIP and 18 pin plastic leaded chip 
carrier. The package size provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V±10% tolerance, direct interfacing 
capability with high performance logic families such as Schottky TIL. 

FEATURES 

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

---- --,------
DEVICE tRAC ~C __ tRC 

TMM41256P/T-12 120ns 60ns i-220 ns-

TMM41256P/T-15 150ns 75ns 260ns 
----------------

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

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

PIN CONNECTION (TOP VIEW) 

• Plastic LCC • Plastic DIP 

I-
~ A8 -16 o«) O(Y) "" 

o<t:Z<t:<t: DIN 15 
CAS A5 WRITE 14 

Vss A7 RAS 4 13b 
A8 Vce AO 

5~ DIN A1 A2 6 11 

IWIOO 0 0 ~ 
A1 7 10 

I-<t:z<t:<t: vce 8 9 -a: 
a: 
3: 

PIN NAMES 

AO ~ A8 Address Inputs 

eAS Column Address Strobe 

DIN Data In 

DOUT Data Out 
RAS Row Address Strobe 

~====~----r------

WR ITE Read/Write Input 
f------------+--- ----------

Vee Power (5V ) 
f------------r-----------------------

vss 
CAS 
DOUT 
A6 
A3 
A4 

A5 
A7 

AO 
A1 
A2 
A3 
A4 
AS 
A6 
A7 
A8 

• Output unlatched at cycle end allows two
dimensional chip selection 

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

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

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

Plastic DIP 
Plastic Leaded Chip Carrier 

BLOCK DIAGRAM 

:TMM41256P 
:TMM41256T 

.---0 vee 
~vss 
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ABSOLUTE MAXIMUM RATINGS 
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 -55~150 °c 1 

Soldering Temperature . Time TSOLDER 260 . 10 °C'sec 1 

Power Dissipation PD 1 W 1 

Short Circuit Output Current lOUT 50 mA 1 

RECOMMENDED DC OPERATING CONDITIONS (Ta=0~70°C) 
SYMBOL PARAMETER MIN. TYP. MAX. UNITS NOTES 

VCC Supply Voltage 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±1 0%, Ta=0~70°C) 
SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT TMM41256P/T-12 60 
ICC1 Average Power Supply Operating Current mA 3,4 

(RAS, CAS Cycling: tRC=tRC MIN.) TMM41256P/T-15 50 

STANDBY CURRENT 
ICC2 Power Supply Standby Current 5 mA 

(RAS =CAS=VIH) 

REFRESH CURRENT TMM41256P/T-12 45 
ICC3 Average Power Supply Current, Refresh Mode mA 3 

(RAS Cycling, CAS=VIH: tRC =tRC MIN.) TMM41256P/T-15 40 

PAGE MODE CURRENT TMM41256P/T-12 45 

ICC4 Average Power Supply Current, Page Mode -- mA 3,4 
(RAS=VIL, CAS Cycling: tpC=tpc MIN.) TMM41256P/T-15 40 

INPUT LEAKAGE CURRENT 
II(L) Input Leakage Current, any input -10 10 JJA 

(OV~VIN~6.5V, All other pins not under test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

-10 10 JJA (DOUT is disabled, OV~VOUT~+5.5V) 

VOH 
OUTPUT LEVEL 

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

VOL 
OUTPUT LEVEL 

0.4 V Output "L" Level Voltage (IOUT=4.2mA) 
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TMM4'1256P/T-12 
TMM41256P/T-15 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(VCC=5V±1 0%, Ta=O~70°C) (Notes 5, 6, 7) 

SYMBOL PARAMETER TMM41256P/T-12 TMM41256P/T-15 UNITS NOTES 
MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 220 260 ns 

tRWC Read-Write Cycle Time 240 285 ns 
---

tRMW Read-Modity-Write Cycle Time 260 310 ns 

tpc Page Mode Cycle Time 120 145 ns 

tRAC Access Time from RAS 120 150 ns 8,10 

tCAC Access Time from CAS 60 75 ns 9,10 

tOFF Output Buffer Turn-Off Delay 0 35 0 40 ns 11 

tT Transition Time (Rise and Fall) 3 50 3 50 ns 6 

tRP RAS Precharge Time 90 100 ns 

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

tRSH RAS Hold Time 60 75 ns 

tCSH CAS Hold Time 120 150 ns 

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

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

tCRP CAS to RAS Precharge Time 0 0 ns 

tCPN CAS Precharge Time 20 25 ns 

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

tASR Row Address Set-Up Time 0 0 ns 

tRAH Row Address Hold Time 15 15 ns 

tASC Column Address Set-Up Time 0 0 ns 

tCAH Column Address Hold Time 35 45 ns 

tAR Column Address Hold Time Referenced to RAS 95 120 ns 

tRCS Read Command Set-Up Time 0 0 ns 

tRCH Read Command Hold Time Referenced to CAS 0 0 ns 12 

tRRH Read Command Hold Time Referenced to RAS 15 20 ns 12 

tWCH Write Command Hold Time 35 45 ns 

tWCR Write Command Hold Time Referenced to RAS 95 120 ns 

twp Write Command Pulse Width 35 45 ns 

tRWL Write Command to RAS Lead Time 35 45 ns 

tCWL Write Command to CAS Lead Ti'T'e 35 45 ns 

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

tDH Data-In Hold Time 35 45 ns 14 

tDHR Data-In Hold Time Referenced to RAS 95 120 ns 

tREF Refresh Period 4 4 ms 

twcs Write Command Set-Up Time -10 -10 ns 15 

tCWD CAS to WR IT E Delay 40 50 ns 15 

tRWD RAS to WR IT E Delay 100 125 ns 15 
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CAPACITANCE (VCC=5V±10%, f=1 MHz, Ta=0~70°C) 
SYMBOL PARAMETER MIN. MAX. UNITS 

CI1 Input Capacitance (AO-A8, DIN) 5 pF 

CI2 Input Capacitance (RAS, CAS, WR ITE) 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, depend on cycle rate. 

4. ICC1, 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. 

6. AC measurements assume tT=5ns. 

7. VIH(min.) and VIUmax.) 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, tRAC will increase by the amount that tRCO exceeds the value shown. 

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

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

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

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

13. Operation within the 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 tRCD(max.) limit, then 
access time is controlled exclusively by tCAC. 

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

15. twcs, tCWD and tRWD are not restrictive operating parameters. They are included in the data 
sheet as electrical characteristics only. If twcs~twcs(min.), the cycle is an early write cycle 
and the data out pin will remain open circuit (high impedance) throughout the entire cycle; If 
tcWO~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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TIMING WAVEFORMS 

eREAD CYCLE 

VIH 
RAS 

VIL 

CAS 
VIH 

VIL 

ADDRESSES VIH 

VIL 

VIH 
WRITE 

VIL 

DOUT VOH 

VOL 

eWRITE CYCLE (EARLY WRITE) 

VIH 
RAS 

VIL 

VIH 
CAS 

VIL 

ADDRESSES_ 
VIH 

VIL 

VIH 
WR ITE 

VIL 

DIN 
VIH 

VIL 

VOH 

OPEN 

tDHR 

TMM4t'256P/T-12 
TMM41256P/T-15 

~ Don't Care 

DOUT 
VOL 

m Don'tCare -----------------------------------------OPEN------------
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• READ·WRITE/READ·MODIFY·WRITE CYCLE 

CAS 

ADDRESSES VIH 

VIL 

WRITE 
VIH 

VIL 

tCAC tQF-F 

DOUT VOH -

VOL_ 

~ Don't Care 
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·"RAS-ONLY" REFRESH CYCLE 

VIH _-----------.1 14--------:...::....:..::::.----_ .. 
VIL 

ADDRESSES ROW ADDRESS 

DOUT 
VOH-
vOL __ --------------------

OPEN ___________________ ~ __ 

Note: CAS =VI H, WR IT E =Don't Care, Aa=Don't Care fllllA Don't Care 

• HIDDEN REFRESH CYCLE 

RAS 
VIH --
VIL _ 

VIH 
CAS 

VIL 

VIH 
ADDRESSES VIL 

VIH 

VIL 

tRAC 

DOUT VOH --
VOL _ 

~ Don't Care 
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• PAGE MODE READ CYCLE 

ADDRESSES VIH 
VIL 

DOUT 

~ Don'!Care 

• PAGE MODE WRITE CYCLE 

!RAS 

ADDRESSES 
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APPLICATION INFORMATION 

ADDRESSING 

TM,M41256P/T-12 
TMM41256P/T-15 

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

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

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

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into an on-chip register by a combination of WR IT E 
and CAS while RAS is active. The later of the signals (WR IT E 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 IT E input is brought low (active) prior to CAS, the DIN is strobed by CAS and the set-up 
and hold times are referenced to CAS. If the input data is not available at CAS time or if it is desired 
that the cycle be a read-write cycle, the WR IT E signal will be delayed until after CAS has made its 
negative transition. In this "delayed write cycle" the data input set-up and hold times are referenced to 
the negative edge of WR IT E rather than CAS. (To illustrate this feature, DI N is referenced to WR IT E 
in the timing diagrams depicting the read-write and 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 IT E in the inactive or high 
state throughout the portion of the memory cycle in which CAS is active (low). Data read from the 
selected cell will be available at the output within the specified access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (DOUT) of the TMM41256P/T is the high impedance (open 
circuit) state. This is to say, anytime CAS is at a high level, the DOUT pin will be floating. The only time 
the output will turn on and contain either a logic 0 or logic 1 is at access time during a read cycle. 
DOUT will remain valid from access time until CAS is taken back to the inactive (high level) condition. 

PAGE MODE 

The "Page-Mode" feature of the TMM41256P/T allows for successive memory operations at multiple 
column locations of the same row address with increased speed without an increase in power. This is 
done by strobing the row address into the chip and maintaining the RAS signal at a logic 0 throughout 
all successive memory cycles in which the row address is common. The "Page Mode" of operation will 
not dissipate the power associated with the negative going edge of RAS. Also, the time required for 
strobing in a new row address is eliminated, thereby decreasing the access and cycle times. 
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REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 256 
row address (AO~A7) within each 4 millisecond time interval. Although any normal memory cycle will 
perform the refresh operation, this 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. 

HIDDEN REFRESH 

An optional feature of the TMM41256P/T is that refresh cycles may be performed while maintaining 
valid data at the output pin. This is referred to as Hidden Refresh. Hidden Refresh is performed by 
holding CAS at VIL and taking RAS high and after a specified precharge period (tRP), executing a 
"RAS-only" refresh cycle, but with CAS held low (see Figure below). 

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE 

RAS---"" 

CAS -----+-_ 

DOUT - OPEN -+---.......( VALID DATA 

This feature allows a refresh cycle to be "hidden" among data cycles without affecting the data availability. 
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OUTLINE DRAWINGS 

• Plastic Oi p 

16 15 14 13 12 11 10 9 

fI~ R1. : : : _ : ~If 
x « 
::2: 
r::-
Ol 

(5 

so 

I{) -1--_1-111 

z 
~ 
co 
Ol 

2345678 

19.9(.7S3)MAX. 

8° 

~ 2.54(.1 00)±0.25(.01 0) 1.4(.055)±0.1 5(.006) 

N 

TMM41'256P/T-12 
TMM41256P/T-15 

Unit in mm (inches) 

7.26(.300)±0.25(.010) 

~
o 

, I 

1 I 
1 I 

O 25(010)+0.1 (.004 
. . -0.05(.002) 

0.2(.00S)MAX. 7.62(.300)~S.SO(.346) 

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

Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit 
patent licenses are implied, and Toshiba reserves the right, at any time without notice, to 
change said circuitry. 
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TMM41256P/T-12 
TMM41256P/T-15 

• Plastic LCC 

;:::- cry 
N 

~ 
Ol 
~ 

~ ~ 
cx:i 

<:t 
r--: 

I" I 
;:::- cry 

co 
~ ~ 
Ii) (5 
0 N 

cx:i r--: 

13.26(.522)~ 13.51 (.532) 

12.37 (.487)~12.52(.493) 

d 

16 15 14 13 12 

INDEX DOT 

.11!·33(.013)~0.53(.021 ) 

1 0.85(.427)~11.86(.467) 

1.27 (.050) TYP. 

11 

10 

9 

8 

- R4-

Unit in mm (inches) 

0" 
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~ 
(0 
co 
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TOSHIBA MOS MEMORY PRODUCTS 
262,144 WORD X 1 BIT DYNAMIC RAM 
SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS 

DESCRIPTION 

TMM41257P/T-12 
TMM41257P/T-15 

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

FEATURES 

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

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

RAS Access Time 120ns 150ns 

CAS Access Time 60ns 75ns 

Cycle Time 220ns 260ns 

Nibble Mode 
30ns 40ns Access Time 

Nibble Mode 55ns 70ns Cycle Time 

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

PIN CONNECTION (TOP VIEW) 

• Plastic LCC 

PIN NAMES 

AO ~ A8 

CAS 

DIN 

DOUT 

RAS 

WRITE 

VCC 

VSS 

A8 

A5 DIN 
A7 WRITE 

VCC RA S 
A1 

AO 
A2 

A1 

VCC 

Address Inputs 

Column Address Strobe 

Data In 

Data Out 

Row Address Strobe 

Read/Write Input 

Power (+5V) 

Ground 

• Plastic DIP 

4 

5 

6 
7 

8 

15 

Vss 
CAS 

14 DOUT 

10 AS 

9 A7 

;:~p:! 
~------' 

--

--~---

___ 0 ____ 

AO 
A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

• Low Power: 
385mW MAX. Operating (TMM41257P/T-12) 
330mW MAX. Operating (TMM41257PjT-15) 
28mW MAX. Standby 

• Output unlatched at cycle end allows two
dimensional chip selection 

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

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

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

Plastic DIP 
Plastic Leaded Chip Carrier 

BLOCK DIAGRAM 

WRITE 0---0 

:TMM41257P 
:TMM41257T 

DOUT 

MEMORY 
ARRAY 
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TIVIM41,2,$:71?/t~,1:'2 
TM M'41257'P/T-1:5 

ABSOLUTE MAXIMUM RATINGS 
ITEM SYMBOL RATING UNITS NOTES 

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

Power 8"-,ly 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 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. 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 0.8 V 2 

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

OPERATING CURRENT TMM41257P/T-12 

ICC1 Average Power Supply Operating Current 
(RAS, CAS Cycling: tRC=tRC MIN.) TMM41257P/T-15 

STANDBY CURRENT 

ICC2 Power Supply Standby Current 
(RAS=CAS=VIH) 

RAS ONLY REFRESH CURRENT TMM41257P/T-12 
ICC3 Average Power Supply Current, RAS Only Mode 

(RAS Cycling, CAS=VIH: tRC=tRC MIN.) TMM41257P/T-15 

NIBBLE MODE CURRENT TMM41257P/T-12 
ICC4 Average Power Supply Current, Nibble Mode 

(RAS=VIL, CAS Cycling: tNC=tNC MIN.) TMM41257P/T-15 

CAS BEFORE RAS REFRESH CURRENT TMM41257P/T-12 
ICC5 Average Power Supply Current, CAS Before RAS Mode 

(RAS Cycling, CAS Before RAS: tRC=tRC MIN.) TMM41257P/T-15 

INPUT LEAKAGE CURRENT 
II(L) Input Leakage Current, any input -10 

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

IO(L) 
OUTPUT LEAKAGE CURRENT 

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

VOH 
OUTPUT LEVEL 

2.4 
Output "H" Level Voltage (IOUT=-5mA) 

VOL 
OUTPUT LEVEL 
Output "L" Level Voltage (iOUT=4.2mA) 
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70 
rnA 3,4 

60 

5 rnA 

60 
rnA 3 

50 

40 
rnA 3,4 

30 

60 
rnA 3 

50 

10 p.A 

10 p.A 

V 

0.4 V 



TMM41257P/T-12 
TMM41257P/T-15 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(VCC=5V±1 0%, Ta=0~70°C) (Notes 5, 6, 7) 

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

UNITS NOTES 
MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 220 260 ns 

tRWC Read-Write Cycle Time 240 285 ns 
~--- --

tRMW Read-Modity-Write Cycle Time 260 310 ns 
--

tRAC Access Time from RAS 120 150 ns 8,10 

tCAC Access Time from CAS 60 75 ns 9,10 

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

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

tRP RAS Precharge Time 90 100 ns 

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

tRSH RAS Hold Time 60 75 ns 

tCSH CAS Hold Time 120 150 ns 

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

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

tCRP CAS to RAS Precharge Time 10 10 ns 

tCPN CAS Precharge Time 20 25 ns 

tASR Row Address Set-Up Time 0 0 ns 

tRAH Row Address Hold Time 15 15 ns 

tASC Column Address Set-Up Time 0 0 ns 

tCAH Column Address Hold Time 25 30 ns 

tAR Column Address Hold Time Reference to RAS 85 105 ns 

tRCS Read Command Set-Up Time 0 0 ns 

tRCH Read Command Hold Time Reference to CAS 0 0 ns 12 

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

tWCH Write Command Hold Time 25 30 ns 

tWCR Write Command Hold Time Reference to RAS 85 105 ns 

twp Write Command Pulse Width 25 30 ns 

tRWL Write Command to RAS Lead Time 35 45 ns 

tCWL Write Command to CAS Lead Time 35 45 ns 

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

tDH Data-In Hold Time 25 30 ns 14 

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

tREF Refresh Period 4 4 ms 
------

twcs Write Command Set-Up Time 0 0 ns 15 

tCWD CAS to WR IT E Delay 40 50 ns 15 
~--~--

tRWD RAS to WR IT E Delay 100 125 ns 15 

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

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

tRPC RAS Precharge to CAS Active Time 0 0 ns 

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

tNC Nibble Mode Cycle Time 55 70 ns 
r---~ --r-------

tNCAC Nibble Mode Access Time 30 40 ns 10 

tNCAS Nibble Mode Pulse Width 30 40 ns 

tNCP Nibble Mode CAS Precharge Time 15 20 ns 

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

tNWRSH Nibble Mode RAS Hold Time (Write) 45 50 ns 
-- ------=--------~-----~-------------r--------- -- -- ----- --------1------

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

tNCWL Nibble Mode WR ITE Command to CAS Read Time 25 30 ns 
---------~----~--~-~---------------------------- ---- ----- - ------------ ------~----'------ ----- ------------
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TM,1VI41c2,~:~~PtT";1;~2 . 
TMM41257"P/T~1'5 

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

CI1 Input Capacitance (AO~A8, DIN) 

CI2 Input Capacitance (RAS, CAS, WR ITE) 

Co Output Capacitance (DOUT) 

NOTES: 

MAX. UNITS 

5 pF 

7 pF 

7 pF 

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

2. All voltages are referenced to VSS. 

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

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

5. An initial pause of 200}J-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 VIUmax.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between VIH and VIL. 

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

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

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

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

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

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

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

15. twcs, tCWD and tRWD are not restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If twcs~twcs(min.), the cycle is an early write 
cycle and the data out pin will remain open circuit (high impedance) throughout the entire 
cycle; If tCWD~tCWD(min.) and tRWD~tRWD(min.), the cycle is a read-write cycle or read
modify-write cycle and the data out will contain data read from the selected cell: If neither of 
the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 
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TIMING WAVEFORMS 

eREAD CYCLE 

DOUT 

e WRITE CYCLE (EARLY WRITE) 

RAS 
VIH 

VIL 

CAS VIH 

VIL 

AO~A8 
VIH 

VIL 

WRITE VIH 

VIL 

DOUT 
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TMM41257P/T-12 
TMM41257P/T-15 

~ Don'tCare 

OPEN------------ ~ Don'tCare 



TMM41257P/T-12 
TMM41257P/T-15 

• REAO-WRITE/REAO-MOOIFY-WRITE CYCLE 

VIH 
RAS 

VIL 

CAS 
VIH 

VIL 

VIH 
AO~A8 

VIL 

WRITE VIH 

VIL 

DOUT VOH 

VOL 

DIN VIH 

VIL 

~ Don'tCare 
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• NIBBLE MODE READ CYCLE 

RAS 
VIH 

VIL 

CAS 
VIH 

VIL 

AD-A8 VIH 

VIL 

DOUT 
VOH 

VOL 

WRITE 
VIH 

VIL 

• NIBBLE MODE WRITE CYCLE 

RAS 
VIH 

VIL 

CAS 
VIH 

VIL 

AD-A8 VIH 

VIL 

DOUT 
________________ OPEr--l 
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TMM41257P/T-12 
TMM41257P/T-15 

~ Don't Care 

~ Don'tCare 



TMM41257P/T-12 
TMM41257P/T~15 

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

vlH 
RAS VIL 

CAS VIH 

VIL 

VIH -
AO~A8 VIL _ 

DOUT 
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·'·c···1

1 

c'l ccci 

~ Don'tCare 



• RAS ONLY REFRESH CYCLE 

VIH 
RAS 

VIL 

CAS 
VIH 

VIL 

AO~A7 VIH 

VIL 

DOUT 
VOH 

OPEN 
VOL 

Note: WR IT E =Don't Care, A8=Don't Care 

• CAS BEFORE RAS CYCLE 

VIH 
RAS 

VIL 

ICSR \CHR 

VIH 
CAS 

VIL 

VOH 
DOUT 

VOL 
OPEN 

No\e: WR ITE=Don'\ Care, AO~A8=Don't Care 
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TMM41257P/T-12 
TMM41257P/T-15 

~ Don'\Care 

~ Don'\Care 



fMMjJt257'P/T';12 
TMM41257'P/T.,t5 

• HIDDEN REFRESH CYCLE (READ) 

AO~A8 
VIH 

VIL 

WRITE 
VIH 

VIL 

DOUT 
VOH 

VOL 

• HIDDEN REFRESH CYCLE (WRITE) 

RAS VIH 

VIL 

CAS 
VIH 

VIL 

AO~A8 VIH 

VIL 

WRITE 
VIH 

VIL 

VIH 

DIN VIL 

DOUT 
VOH 

VOL 

~ Don't Care 

OPEN 

~ Don't Care 
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• CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

RAS 
VIH 

VIL 

CAS VIH 

VIL 

AO~A8 VIH 

VIL 

READ CYCLE 

[ 

DOUT 

WRITE 

VOH-
VOL __ 

WRITE CYCLE 

TMM41257P/T-12 
TMM41257P/T-15 

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

READ-WRITE/READ-MODIFY-WRITE CYCLE 

DOUT 
VOH -
VOL _ 

~ Don'ICare 
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APPLICATION INFORMATION 

ADDRESSING 

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

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

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

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into an on-chip register by a combination of 
WR I TE and CAS while RAS is active. The later of the signals (WR IT E 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 IT E input is brought low (active) prior to CAS, the DIN is 
strobed by CAS and the set-up and hold times are referenced to CAS. If the input data is not available 
at CAS time or if it is desired that the cycle be a read-write cycle, the WR IT E signal will be delayed 
until after CAS has made its negative transition. In this "delayed write cycle" the data input set-up and 
hold times are referenced to the negative edge of WR IT E rather than CAS. (To illustrate this feature, 
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 IT E in the inactive or high 
state throughout the portion of the memory cycle in which CAS is active (low). Data read from the 
selected cell will be available at the output within the specified access time. 
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DATA OUTPUT CONTROL 

TMM41257P/T-12 
TMM41257P/T-15 

The normal condition of the Data Output (DOUT) of the TMM41257P/T is the high impedance (open 
circuit) state. This is to say, anytime CAS is at a high level, the DOUT pin will be floating. The only time 
the output will turn on and contain either a logic 0 or logic 1 is at access time during a read cycle. 
DOUT will remain valid from access time until CAS is taken back to the inactive (high level) condition. 

NIBBLE MODE 

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

r (0,0) -. (0,1) ---... (1,0) ---... (1,1) 

Pin one (A8) determines the starting point of the circular 4 bits nibble. Row AS and column AS provide 
the two binary bits needed to select one of four bits. From then on, successive bits come out in a binary 
fashion; 00 ~ 01 ~ 1 0 ~ 11 with A8 row being the least significant address. 

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

RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 256 
row address (AO~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 is a substantial reduction in operating power. This reduction in power is reflected in 
the ICC3 specification. 
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· ··tMlVI·~H·g5'l~tf~l2 
TMM41' 2:57P/T-1' 5 

CAS BEFORE RAS REFRESH 

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

HIDDEN REFRESH 

An optional feature of the TMM41257P/T is that refresh cycles may be performed while maintaining 
valid data at the output pin. This is referred to as Hidden Refresh. Hidden Refresh is performed by 
holding CAS at VIL and taking RAS high and after a specified precharge period (tRP), executing a CAS 
before RAS refresh cycle. (see Figure below) 

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE 

RAS ---~ 

CAS -----+--

DOUT- OPEN VALID DATA 

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

TMM41257P/T-12 
TMM41257P/T-15 

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

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

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

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

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

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

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

(6) Perform the above (1) to (5) with the 
complement data. 
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OUTLINE DRAWINGS 

• Plastic Dip Unit in mm (inches) 

16 15 14 13 12 

I[ 
3 4 

19.9(.783)MAX. 

11 10 9 

6 8 

0.2(.008)MAX. 

7~'62('300)±0:5('010) 

I I 
- I 

2.54(.1 00)±0.25(.01 0) 

. 0.5(.020)±0.15(.006) 

1.4(.055)±0.15(.006) 

Note: 

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. 

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. 

-82 -



• Plastic LCC 

13.26(.522)~13.51 (.532) 

12.37(.487)~12.52(.493) 

INDEX DOT 

TMM41257P/T-12 
TMM41257P/T-15 

Unit in mm (inches) 

I ~.66(.026)~0.81 (.032) 

~ 11~·33(.013)~0.53(.021) 

1 0.85(.427)~11.86(.467) 

1.27(.050)TYP. 
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TOSHIBA MOS MEMORY PRODUCTS 
65,536 WORD X 4 BIT DYNAMIC RAM 

SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS 

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

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

Multiplexed address inputs permit the TM M 

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

DEVICE tRAC tCAC tRC 
TMM41464P-12 120ns 60ns 220ns 

TMM41464P-15 150ns 75ns 260ns 

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

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

CAS 
1/03 

RAS AO 

A6 Al 

A5 A2 
A3 
A7 

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 

TMM41464P-12 
TMM41464P-15 

4 1464P to be packagea in a standard 1 8 pin plastic 
DIP. This package size provides high system bit 
densities and is compatible with widely available 
automated testing and insertion equipment. 

System oriented features include single power 
supply of 5V± 1 0% tolerance, direct interfacing 
capability with high performance logic families such 
as schottky TIL. 

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

• Industory standard 18 pin plastic DIP 
• Output unlatched at cycle end allows two-dimen

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

refresh, CAS before RAS refresh, and Page Mode 
capability . 

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

AO 

Al 

A2 

A3 

A4. 

A5 

A6 

A7 

I,/02 1/04. 
I,/Ol 1,/03 

MEMORY 
ARRAY 

256X256x4. 
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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 -55-150 °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. UNITS NOTES 

Vce Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 - 6.5 V 2 

VIL Input Low Voltage -1.0 - 0.8 V 2 

(Vcc=5V± 1 0%, Ta==0-70°C) 

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT TMM41464P-12 - 70 
ICCl Average Power Supply Operating Current mA 3.4 

(RAS, CAS Cycling: tRC=tRC MIN.) TMM41464P-15 - 60 

STANDBY CURRENT 

Icc2 Power Supply Standby Current - 5 mA 
(RAS=CAS=VIH) 

RAS ONLY REFRESH CURRENT TMM41464P-12 - 60 
Icc3 Average Power Supply Current. RAS Only Mode mA 3 

(RAS Cycling, CAS=VIH : tRC==tRC MIN.) TMM41464P-15 - 50 

PAGE MODE CURRENT TMM41464P-12 - 60 
\cC4 Average Power Supply Current, Page Mode mA 3.4 

(RAS=VIL, CAS Cycling: tpc=tpc MIN.) TMM41464P~ 15 - 50 

CAS BEFORE RAS REFRESH CURRENT TMM41464P-12 - 60 
Icc5 Average Power Supply Current. CAS Before RAS Mode mA 3 

(RAS Cycling, CAS Before RAS : tRC==tRC MIN.) TMM41464P-15 - 50 

INPUT LEAKAGE CURRENT 

II(LI Input Leakage Current, any input (OV;;;;VIN;;;; 6. 5V, All Other Pins Not Under Test -10 10 J.lA 
==OV) 

IO(LI 
OUTPUT LEAKAGE CURRENT 

-10 10 J.lA (DouT is disabled, OV;;;;VOUT;;;; + 5. 5V) 

VOH 
OUTPUT LEVEL 

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

VOL 
OUTPUT LEVEL 

0.4 V 
Output T' Level Voltage (louT=4. 2mA) 
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SYMBOL PARAMETER 

tRC Random Read or Write Cycle Time 

tRMW Read-Modify-Write Cycle Time 

tpc Page Mode Cycle Time 

tRAC Access Time from RAS 

tCAC Access Time from CAS 

tOFF Output Buffer Turn-Off Delay 

tT Transition Time (Rise and Fall) 

tRP RAS Precharge Time 

tRAS RAS Pulse Width 

tRSH RAS Hold Time 

teSH CAS Hold Time 

tCAS CAS Pulse Width 

tRCO RAS to CAS Delay Time 

teRP CAS to RAS Precharge Time 

tCPN CAS Precharge Time 

tcp CAS Precharge Time (for Page Mode Cycle Only) 

tASR Row Address Set-Up Time 

tRAH Row Address Hold Time 

tASC Column Address Set-Up Time 

tCAH Column Address Hold Time 

tAR Column Address Hold Time Reference to RAS 

tRCS Read Command Set-Up Time 

tRCH Read Command Hold Time Reference to CAS 

tRRH Read Command Hold Time Reference to RAS 

tWCH Write Command Hold Time 

tWCR Write Command Hold Time Reference to RAS 

twp Write Command Pulse Width 

tRWL Write Command to RAS Lead Time 

tCWL Write Command to CAS Lead Time 

tos Data-In Set-Up Time 

tOH Data-In Hold Time 

tOHR Data-In Hold Time Reference to RAS 

tREF Refresh Period 

twcs Write Command Set-Up Time 

tewo CAS to WRITE Delay 

tRWO RAS to WRITE Delay 

tOEA OE Access time 

tOED OE to Data Delay 

tOEZ Output Buffer Turn-Off Delay Time from OE 

tOEH OE Command Hold Time 
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TMM41464P-12 
TMM41464P-15 

(Vcc=5V±10%, Ta=0-70°C) (Notes 5,6,7) 

TMM41464P-12 TMM41464P-15 
UNITS NOTES 

MIN. MAX. MIN. MAX. 

220 - 260 - ns 

295 - 355 - ns 

120 - 145 - ns 

- 120 - 150 ns 8,10 

- 60 - 75 ns 9,10 

0 35 0 40 ns 11 

3 50 3 50 ns 7 

90 - 100 - ns 

120 10,000 150 10,000 ns 

60 - 75 - ns 

120 - 150 - ns 

60 10,000 75 10,000 ns 

25 60 25 75 ns 13 

10 - 10 - ns 

20 - 25 - ns 

50 - 60 - ns 

0 - 0 - ns 

15 - 15 - ns 

0 - 0 - ns 

25 - 35 - ns 

85 - 110 - ns 

0 - 0 - ns 

0 - 0 - ns 12 

15 - 20 - ns 12 

35 - 45 - ns 

95 - 120 - ns 

35 - 45 - ns 

35 - 45 - ns 

35 - 45 - ns 

0 - 0 - ns 14 

35 - 45 - ns 14 

95 - 120 - ns 

- 4 - 4 ms 

0 - 0 - ns 15 

100 - 120 - ns 15 

160 - 195 - ns 15 

- 30 - 40 ns 

30 - 40 - ns 

0 30 0 40 ns 

30 - 40 - ns 



··~·,t·MM:4:1:·:4.6.4·P';1.2' 
TMIVI.41464P·15 

SYMBOL PARAMETER 

tCHR CAS Hold Time for CAS Before RAS Refresh 

tCSR CAS Set-Up Time for CAS Before RAS Refresh 

tRPC CAS Precharge to CAS Active Time 

CAS Precharge Time for CAS Before RAS Counter 
tCPT 

Test 

ICAPACITANCEI (Vcc=5V±10%, f=1MHz, Ta=0-70·C) 

SYMBOL PARAMETER 

Cil Input Capacitance (Ao-A7) 

CI2 Input Capacitance (RAS, CAS, WRITE, OE) 

Co Input/Output Capacitance (1/01 -1/04) 

NOTES: 

TMM41464P-12 TM M4 1 464P-1 5. 
UNITS NOTES 

MIN. MAX. MIN. MAX. 

30 - 30 - ns 

10 - 10 - ns 

0 - 0 - ns 

50 - 60 - ns 

MIN. MAX. UNITS 
- 5 pF 
- 7 pF 
- 7 pF 

1 . Stresses greater than those listed under ~ Absolute Maximum RatingsH may cause permanent damage to the device. 
2. All voltages are refrenced to Vss. 
3. ICC1, Icc3, Icc4, IcC5 depend on cycle rate. 
4. Icc1. Icc4 depend on output loading. Specified values are obtained with the output open. 
5. An initial pause of 200ps is required after power-up followed by any 8 CAS cycles before proper device operation 

is achieved. In case of using internal refresh counter, a minimun of 8 CAS Before RAS initialization cycles instead 
of 8 RAS cycle are required. 

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

measured between VIH and VIL. 
8. Assumes that tRCD~tRCD (max.). If tRCD is greater than the maximum recommended value shown in this table, tRAC 

will increase by the amount that tRCD exceeds the value shown. 
9 . Assumes that tRCD~tRCD (max.). 
10. Measured with a load equivalent to 2 TLL loads and 1 OOpF . 
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 tRCO (max.) limit insures that tRAC (max.) can be met. 

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

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

15. twcs. tCWD and tRWO are not restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only. If twcs~twcs (min.J. the cycle is an early write cycle and the input/output pin will remain open 
circuits (high impedance) throughout the entire cycle; If tCWD~tCWO (min.) and tRwD~tRwD(min.J. the cycle is a read 
-write cycle or read-modify-write cycle and the data out will contain data read from the selected cell. 
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• READ CYCLE 

TMM41464P-12 
TMM41464P-15 

tRP 
VIH---------~ ~----------------t~R~AS~----------~j~----------~ 

RAS tAR 
VIL-

tCSH 
tRSH 

tCAS 

I~ 
1///1///// /!I//// 

5E"" 
VIH-- ~~~~~~~~~~~~~~ 

VIL-- ~~~~~~~~~~~~~~~----_r~~~~~~~~~~~~~~~~~ 

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

~Don't Care 

• WRITE CYCLE (EARLY WRITE) 

VIH-
RAS 

VIL-

VIH-
CAS 

VIL-

AO-A7 VIH-

VIL-

V I H- 'TT'.,..,....,..,..,..,...,..,...,..,........ro.,...,..,,..... 
WRITE A~--+---+-~~~ 

VIL-~~~~~~~~~F-~--~------~~~~~~~LL~~~~~~~~~~~ 

~
DHRI t~ too:) 

VIH-
1/01-1/04 ---------- VALID DATA-IN ------

VIL- -_ 

- 89--

OPEN 
~ Don't Care 
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·'\':\{~.~'464~1'l·; 
• WRITE CYCLE (OE CONTROLLED WRITE) 

CAS VIH -

VIL -

AD-A? VIR 

vIL 

WRITE VIH 

VIL 

OE 
VIH _ 

V1L -

VIH -
1/01-1/04 

VIL -

• READ-WRITE/READ-MODIFY-WRITE CYCLE 

AO-A? 

VIH -

V1L -

WRITE V1H 

VIL 

V1H 

VVOH 

1/01-1/04 VI/OL 

~Don'tCare 
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tRP 

~ Don't Care 

tRMW 
t 

tCSH 



• PAGE MODE READ CYCLE 

VIH 
RAS V 

IL 

VIH 
AO-A7 

VIL 

VIH 
WRITE 

VIL 

VIH 
08: 

VIL 

1/01-1/04 
VOL 

• PAGE MODE WRITE CYCLE 

AO-A7 

1/01-1/04 
VIL 

- 91 -

TMM41464P-12 
TM M41 464P-15 

~ Don't Care 



• RAS ONLY REFRESH CYCLE 

• CAS BEFORE RAS REFRESH CYCLE 

1/01-1/04 

tRP 

...., VIR -

VIL - J tRPC 

VIR -

VIL - ,-1 
~ 
~ 

\ 
I
toF 

-
\ 

I tcs~ 

r-

- tRAS 

toRR tcPN 

I 
I{ 

OPEN 

Note: WRITE, OE, AD tV A7=Don' t Care 
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• HIDDEN REFRESH CYCLE 

RAS 
vIR -

VIL -

CAS 
VIR -

VIL -

AO-A7 VIH -

V IL -

I tRCS 

VIR- ~!l!l;i} VIL-

I 
VIH-

VIL -

1/01-1/04 
VOH-

VOL-

I 

I 

tRAC 

tOEA 

TMM41464P"12 
TMM41464P-15 

I tRRH I 

· tW#$PmEI/J$#mu,@/ 

VALID DATA-OUT 

~ Don't Care 
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• CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

vIH 
tRAS 

RAS 
VIL 

tCPT 

CAS 
VIH 

VIL 

VIH 
AO-A7 

VIL 

RE~ CYCLE t91 
WRITE :~: 7//&111/1/// ////1 

1/01-1/04 OPEN----------~--------~I 

VOL 

WRITE CYCLE 

VIH 
WRITE 

VIL 

VIH 
OE 

VIL 

VIH 
1/01-1/04 OPEN 

VIL 

READ-WRITE/READ-UODIFY-WRITE CYCLE 

VI/OR 
1/01-1/04 

VI/OL 

~ Don't Care 

twcs 
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tWCH 

VALID DATA- OUT 

·f 

tRP 
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ADDRESSING 

The 16 address bits required to decode 1 of the 
65,536 cell locations within the TM M41464P are 
multiplexed onto the 8 address inputs and latched 
into the on-chip address latches by externally apply
ing two negative going TIL-level clocks. 

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

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

Data Inputs 

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

Data outputs 

The three-state output buffers provide direct TIL 
compatibility with a fan-out of two standard TIL 
loads. Data-out is the same polarity as data-in. The 
outputs are in the high-impedance state until CAS is 
brought low. In a read cycle the outputs go active 
after the access time interval tRAC and tOEA are satis
fied. 

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

TMM41464P~12 
TMM41464P-15 

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

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

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

RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accom
plished by performing a memory cycle at each of the 
256 row address (Ao-Al) within each 4 millisecontl 
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 
TMM41464P offers an alternate refresh method. If 
CAS is held on low for the specified period (tCSR) 
before RAS goes to low, on chip refresh control 
clock generators and the refresh address counter are 
enabled, and an internal refresh operation takes 
place. 
After the refresh operation is performed, the refresh 
address counter is automatically incremented in 
preparation for the next CAS before RAS refresh 
operation. 

PAGE MODE 

The "Page-Mode" feature of the TMM41464P 
allows for successive memory operations at multiple 
column locations of the same row address with in
creased speed without an increase in power. This is 
done by strobing the row address into the chip and 
maintaining the RAS signal at a logic 0 throughout all 
successive memory cycles in which the row address 
is common. This "Page-Mode" of operation will not 
dissipate the power associated with the negative 
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going edge of RAS. Also, the time required for 
strobing in a new address is eliminated, thereby 
decreasing the access and cycle times. 

HIDDEN REFRESH 

An optional feature of the TMM41464P is that 

Ml!MORY CYCLE 

RAS --_ 

crr----+--

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

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

REFRmH CYCLE REFRESH CYCLE 

VALID DATA-OUT 

This feature allows a refresh cycle to be "hiddenw 
among data cycles without affecting the data availa
bility. 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TM M4 1464P 
can be tested by CAS BEFORE RAS REFRESH 
COUNTER TEST. This cycle performs READ/WRITE 
operation taking the internal counter address as row 
address and the input address as column address. 

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

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

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

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

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

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

@ Check"O" 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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18 17 16 15 14 13 12 11 10 

~_:=::::_If] 
123456789 

22.8MAX. 

2.54±0.25 1.4±O.lb 

0.5±0.15 

.~ 

1-'---;.- ~ 

CD 
ci 

TMM41464P-12 
TMM41464P-15 

Unit in mm 

7.62±O.25 

NOTES: Each lead pitch is 2. 54mm. All leads are located within O. 25mm of their true longitudinal position with respect 
to No. 1 and No. 18 leads. Alldimensions are in millimeters. 
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Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied. and Toshiba reserves the right. at any time 
without notice. to change said circuitry. 

~'Aug .• 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORYPI.UCTS 
1,048,576 WORDS X 1 BIT DYNAMIC RAM 
SILICON GATE CMOS 

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

DESCRIPTION 

TC511 OOOP/J-1 0 
TC511000P/J-12 

The TC511 OOOP/J is the new generation dynamic RAM organized 1,048,576 words by 1 bit. The TC511 OOOP/J 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 OOOP/J to be packaged in a 
standard 18 pin plastic DIP and 20 pin plastic SOJ. 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 TIL. 

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

TC511 OOOP/J-1 0 

tRAC 
RAS Access 100ns Time 

Column 
tAA Address 50ns 

Access Time 

tCAC 
CAS Access 35ns Time 

tRC Cycle Time 190ns 

Fast Page 
tpc Mode Cycle 55ns 

Time 

PIN CONNECTION (TOP VIEW) 
• Plastic SOJ • Plastic DIP 

~ 
WRITE 

RAS 
N.C. 
N.C. 

AO 
A1 
A2 
A3 

VSS ~ 
!2ooT WR ITE 
CAS RAS 
N.C. N.C. 
A9 

AO 
A1 

A2 
A3 

VCC ______ -' 

A8 
A7 
A6 
A5 
A4 

VCC 

PIN NAMES 
AO-A9 Address Inputs 

RAS Row Address Strobe 

DIN Data In 

DOUT Data Out 

CAS Column Address Strobe 

WRITE Read/Write Input 

VCC Power (+5Vj 

VSS Ground 

N.C. No Connection 

TC511000P/J-12 

120ns 

60ns 

45ns 

220ns 

70ns 

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

• Low Power 
330mW MAX. Operating (TC511 000P/J-1 0) 
275mW MAX. Operating (TC511 000P/J-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, 
and Fast Page Mode capability 

• All inputs and output TTL compatible 
• 512 refresh cycles/8ms 
• Package Plastic DIP: TC511 000 P 

Plastic SOJ: TC511000J 

BLOCK DIAGRAM 

VSS 
DOUT 
CAS 
A9 
A8 
A7 
A6 
A5 
A4 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 
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ABSOLUTE MAXIMUM RATINGS 
ITEM SYMBOL RATING UNIT NOTES 

Input Voltage VIN -1-7 V 1 

Output Voltage VOUT -1-7 V 1 

Power Supply Voltage VCC -1-7 V 1 

Oper~ting 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 OPERATING CONDITIONS (Ta=0~70°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

VCC Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 6.5 V 2 

VIL Input Low Voltage -1.0 0.8 V 2 

DC ELECTRICAL CHARACTERISTICS (VCC=5V±1 0%, Ta=0~70°C) 
SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT TC511000P/J-10 60 
ICC1 AveralliL.E.ower Supply Operating Current mA 3,4 

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

STANDBY CURRENT 
ICC2 Power ..fu!J2ply Standby Current 

(RAS=CAS=VIH) 
2 mA 

RAS ONLY REFRESH CURRENT TC511 000P/J-1 0 60 
ICC3 Average Powei...fu!.pply Current, RAS Only Mode mA 3 

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

FAST PAGE MODE CURRENT TC511 000P/J-1 0 40 
ICC4 Average Power Supply Current, Fast Page Mode mA 3,4 

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

STANDBY CURRENT 
ICC5 Power ..fu!J2ply Standby Current 

(RAS=CAS=VCC-0.2V) 
1 mA 

CAS BEFORE RAS REFRESH CURRENT TC511000P/J-10 60 
ICC6 Average Power S\:!Q2!y Current, CAS Before mA 3 

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

INPUT LEAKAGE CURRENT 
II(L) Input Leakage Current, any input (OV ~ VIN 2 6.5V, All -10 10 JJA 

Other Pins Not Under Test=OV) 

lO(L) 
OUTPUT LEAKAGE CURRENT -10 10 p..A 
(OOUT is disabled, OV 2 VOUT 2 Vcc) 

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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TC511000P/J-10 
TC511000P/J-12 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VCC=5V±1 0%, Ta=0~70°C) (Notes 5,6,7) 

SYMBOL PARAMETER TC511 OOOP/J-1 0 TC511000P/J-12 UNITS NOTES 

MIN_ MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 190 220 ns 

tRWC Read-Write Cycle Time 220 255 ns 

tpc Fast Page Mode Cycle Time 55 70 ns 

tpRWC Fast Page Mode Read-Write Cycle Time 85 105 

tRAC Access Time from RAS 100 120 ns 8,13 

tCAC Access Time from CAS 35 45 ns 8,13 

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

tCPA Access Time from CAS Precharge 50 65 ns 8 

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

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

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

tRP RAS Precharge Time 80 90 ns 

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

tRASP RAS Pulse Width (Fast page mode) 100 100,000 120 100,000 ns 

tRSH RAS Hold Time 35 45 ns 

tCSH CAS Hold Time 100 120 ns 

tCAS CAS Pulse Width 35 45 ns 

tRCD RAS to CAS Delay Time 25 65 25 75 ns 13 

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

tCRP CAS to RAS Precharge Time 10 10 ns 

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

tASR Row Address Set-Up Time 0 0 ns 

tRAH Row Address Hold Time 15 15 ns 

tASC Column Address Set-Up Time 0 0 ns 

tCAH Column Address Hold Time 20 25 ns 

tAR Column Address Hold Time referenced to RAS 75 90 ns 

tRAL Column Address to RAS Lead Time 50 60 ns 

tRCS Read Command Set-Up Time 0 0 ns 

tRCH Read Command Hold Time 0 0 ns 10 

tRRH Read Command Hold Time referenced to RAS 0 0 ns 10 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

SYMBOL PARAMETER TC511000P/J-10 TC511000P/J-12 UNITS NOTES 

MIN. MAX. MIN. MAX. 

tWCH Write Command Hold Time 20 25 ns 

tWCR Write Command Hold Time referenced to RAS 75 90 ns 

twp Write Command Pulse Width 20 25 ns 

tRWL Write Command to RAS Lead Time 25 30 ns 

tCWL Write Command to CAS Lead Time 25 30 ns 

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 

tCWD CAS to WR IT E Delay Time 35 45 ns 12 

tRWD RAS to WR IT E Delay Time 100 120 ns 12 

tAWD Column Address to WR IT E Delay Time 50 60 ns 12 

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

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

tRPC RAS to CAS Precharge Time 0 0 ns 

tCPT 
CAS Precharge Time (CAS before RAS Counter 

50 60 ns Test Cycle) 

tePN CAS Precharge Time 15 20 ns 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AO~A9, DIN) 5 pF 

CI2 Input Capacitance (RAS, CAS, WR I T E) 7 pF 

Co Output Capacitance (DOUT) 7 pF 
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NOTES: 

TC511000P/J-10 
TC511000P/J-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 depend on cycle rate. 

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

5. An initial pause of 200,us is required after power-up followed by any 8 RAS cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 
8 CAS Before RAS 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 in early write cycles and to WR IT E 
leading edge in read-write cycle. 

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) through the entire 
cycle; If tRWO ~ tRwo(min.), tcwo ~ 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 tRco(max.) limit insures that tRAc(max.) can be met. tRco(max.) is 
specified as a reference point only. If tRCO is greater than the specified tRco(max.) limit, 
then access time is controlled by tCAC. 

14. Operation within the tRAo(max.) limit insures that tRco(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 tAA 
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READ CYCLE 

DOUT 
VOH -

VOL -
-------- OPEN --------4 VALID DATA 

• Don'ICare 
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-EARLY WRITE CYCLE 

VIH 
RAS 

VIL 

tCRP 

VIH 
CAS 

VIL 

Dour 

tRC 

tRAS 

tRCD 
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tRSH 

OPEN 

rC51'toOOPl J;1;O' 
TC51,100.0P1J-.12 

• Don'! Care 



READ-WRITE CYCLE 

VOH -
DOUT VOL _ 

• Don't care 
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FAST PAGE MODE READ CYCLE 

VIH _ ---~_I 

VIL-

VIH _ --ofr--+-+-----~~ 

VIL -

VOH -
DOUT -------------------------H 

VOL -
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TC51 ,1 OOOP/J~10' 
TC511 000 PI Jc-12 

• Don't care 



1 
I 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

VIH----~ 

VIL -

VIH _-'"""":r-++----'"""":~ 

VIL -

VIH-

VOH-
DOUT OPEN --------------------------------

VOL -

• Don't care 
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FAST PAGE MODE READ-WRITE CYCLE 

VIH _ -~----+-+----.....,...,. 

VIL -

DIN 
VIH-

VIL -

l-VOH -
DOUT 

VOL -

-111-

TC511000P/J~to 
TC511000P/J-12 

tOFF 

• Don't care 



:1 

RAS ONLY REFRESH CYCLE 

VIH 
CAS 

VIL 

tASR tRAH , 
VIH 

AO~A8 
VIL 

DOUT ----------------------------- OPEN -------------------------------------

.'Don'tcare 

NOTE: WR IT E=Don't care, A9=Don't care 

_11':>_ 



CAS BEFORE RAS REFRESH CYCLE 

RAS 

CAS 

DOUT 

VIH 

VIL 

VIH 

VIL 

VOH 

VOL 

tCHR 

tRC 

tRAS 

TC51'1 OOOP/J-1 0 
TC511000P/J-12 

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

• Don'tCare 

NOTE: WR IT E=Don't care, AO~A9=Don't care 
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HIDDEN REFRESH CYCLE (READ) 

Dour 
VOH 

VOL 

• Don't care 
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HIDDEN REFRESH CYCLE (WRITE) 

VIH 
RAS 

VIL 

tRCD 

VIH 
CAS 

VIL 

DOUT 
VOL 

tRC 

tRAS 

tRSH 
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TC511 OOOP/J-1 0 
TC511000P/J-12 

tRAS 

tCHR 

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

• Don't care 



CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

tRAS 

VIH 
RAS 

VIL 

VIH_ 

CAS 
VIL-

VIH-
Ao~A9 

VIL-

READ CYCLE 

VOH-
DOUT OPEN 

VOL -
tRCS 

VIH _ 
WRITE 

V,L _ 

WRITE CYCLE 

VOH--
OPEN DOUT 

VOL -

VIH _ 

WRITE 
VIL -

V'H-
D,N 

V,L -

READ-WRITE CYCLE 

VOH-
DOUT 

VOL -

WRITE 
V1H -

V,L -

VIH-
DIN 

V,L -
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OUTLINE DRAWINGS 

• Plastic DIP 

18 17 16 15 14 13 12 11 10 

Rl~= = =-.= == = = f] 
1 234 5 6 7 8 9 

2.54(.1 00)±0.25(.0 10) 

---~~ 

22.8(.898)MAX. 

1.4(.055)±0.15(.006) ;::
C'? 

0.5(.020)±0.1 5(.006)~ 
o 

TC511 OOOP/J-1 0 
TC511000P/J-12 

Unit in mm(inches) 

7.62(.300)±0.25(.010) 

0--15° 

Note: Each lead pitch is 2.54(.100) mm. All leads are located within 0.25(.010)mm of their true 
longitudinal position with respect to No. 1 and No. 18 leads. 
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• Plastic SOJ 

17.02(.670)-17.27(.680) 

I 

INDEX DOT -t--
2 3 4 5 6 7 8 9 10 

0.66(.026)-0.76(.030) 

9.5(.374)-9.9(.390) 

Note: Each lead pitch 1.27(.050)mm. 

[I! 
LO 
('j 

Unit in mm(inches) 

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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TO-SHIBA MOSMEMORY PRODUCTS 
1,048,576 WORD X 1 BIT DYNAMIC RAM 
SILICON GATE CMOS 

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

DESCRIPTION 

TC511 001 P/J-1 0 
TC511 001 P/J-12 

The TC511 001 P/J is the new generation dynamic RAM organized 1,048,576 words by 1 bit. The TC511 001 P/J 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 TC5·, 1001 P/J to be packaged in a 
standard 18 pin plastic 01 P and 20 pin plastic SOJ. 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 TIL. The special 
feature of TC511 001 P/J is nibble mode, allowing the user to serially access 4 bits of data at a high data rate. 

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

TC511 001 P/J-1 0 TC511 001 P/J-12 

tRAC RAS Access Time 100ns 120ns 

tAA 
Column Address 45ns 55ns Access Time 

tCAC CAS Access Time 35ns 45ns 

tRC Cycle Time 190ns 220ns 

tNCAC 
Nibble Mode 20ns 25ns Access Time 

tNC 
Nibble Mode 40ns 50ns Cycle Time 

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

PIN CONNECTION (TOP VIEW) 

• Plastic SOJ 

D,N VSS D,N 
WRITE DOUT WRITE 

RAS CAS 
N.C. N.C. RAS 
N.C. A9 N.C. 

AO 
AO A8 A1 
A1 A7 A2 
A2 A6 A3 
A3 A5 Vcc 

Vcc A4 

PIN NAMES 
AO~A9 Address Inputs 

CAS Column Address Strobe 

D,N Data In 

DOUT Data Out 

RAS Row Address Strobe 

WRITE Read/Write Input 

VCC Power (+5V) 

VSS Ground 

N.C. No Connection 

• Plastic DIP 

VSS 
DOUT 
CAS 
A9 
A8 
A7 
A6 
A5 
A4 

AO 
A1 
A2 
A3 
A4 

A5 
A6 
A7 
A8 
A9 
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• Low Power: 
330mW MAX. Operating (TC511 001 P/J-1 0) 
275mW MAX. Operating (TC511001 P/J-12) 
5.5mW MAX. Standby 

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

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

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

• All inputs and output TTL compatible 
• 512 refresh cycle/8ms 
• Package Plastic DIP: TC511 001 P 

Plastic SOJ: TC511 001 J 

BLOCK DIAGRAM 

MEMORY 
ARRAY 



f 
ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNIT 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 -55-150 °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 

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 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 

OPERATING CURRENT TC511 001 P/J-1 0 60 
ICC1 Avera~ower Supply Operating Current mA 3,4 

(RAS, CAS, Address Cycling: tRC=tRC MIN.) TC511001 P/J-12 50 

STANDBY CURRENT 
ICC2 Power .fu!.Qply Standby Current 2 mA 

(RAS=CAS=VIH) 

RAS ONLY REFRESH CURRENT TC511001 P/J-10 60 
ICC3 Average PoweLfu!pply Current, RAS Only Mode mA 3 

(RAS Cycling, CAS=VIH: tRC=tRC MIN.) TC511 001 P/J-12 50 

NIBBLE MODE CURRENT TC511 001 P/J-1 0 40 
ICC4 Average Power Supply Current, Nibble Mode mA 3,4 

(RAS=VIL, CAS Cycling: tNC=tNC MIN.) TC511 001 P/J-12 30 

STANDBY CURRENT 
ICC5 Power .fu!.Qply Standby Current 1 mA 

(RAS=CAS=VCC-0.2V) 

CAS BEFORE RAS REFRESH CURRENT TC511001 P/J-10 60 
ICC6 Avera~ower Supply Current, CAS Before RAS Mode) mA 3 

RAS, CAS Cycling: tRC=tRC MIN.) TC511 001 P/J-12 50 

INPUT LEAKAGE CURRENT 
II(L) Input Leakage Current, any input -10 10 /LA 

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

IO(L) 
OUTPUT LEAKAGE CURRENT -10 10 !LA (DOUT is disabled, OV ~ VOUT ;;; +5.5V) 

VOH 
OUTPUT LEVEL 

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

VOL 
OUTPUT LEVEL 

0.4 V Output "L" Level Voltage (lOUT =4.2mA) 
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TC511 001 P/J-1 0 
TC5t1001P/J-12 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VCC=5V±1 0%, Ta=0~70°C) (Notes 5, 6, 7) 

SYMBOL PARAMETER TC511 001 P/J-1 0 TC511 001 P/J-12 UNITS NOTES 

MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 190 220 ns 

tRWC Read-Write Cycle Time 220 255 ns 

tNC N,LJuie /IULJ6 Cycle Time 40 50 ns 

tNRMW Nibble Mode Read-Write Cycle Time 65 80 ns 

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

tCAC Access Time from CAS 35 45 ns 8,13 

tAA Access Time from Column Address 45 55 ns 8,14 

tNCAC Nibble Mode Access Time 20 25 ns 8 

tClZ CAS tc' ..Jtput in low-Z 5 5 ns 

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

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

tRP RAS Precharge Time 80 90 ns 

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

tRSH RAS Hold Time 35 45 ns 
---

tCSH CAS Hold Time 100 120 ns 

tCAS CAS Pulse Width 35 10,000 45 10,000 ns 

tRCD RAS to CAS Delay Time 25 65 25 75 ns 13 

tRAD RAS to Column Address Delay Time 20 55 20 65 ns 14 

tCRP CAS to RAS Precharge Time 10 10 ns 

tCPN CAS Precharge Time 20 25 ns 

tASR Row Address Set-Up Time 0 0 ns 

tRAH Row Address Hold Time 15 15 ns 

tASC Column Address Set-Up Time 0 0 ns 

tCAH Column Address Hold Time 20 25 ns 

tAR Column Address Hold Time Referenced to RAS 80 95 ns 

tRAl Column Address to RAS Lead Time 45 55 ns 

tRCS Read Command Set-Up Time 0 0 ns 

tRCH Read Command Hold Time Referenced to CAS 0 0 ns 10 

tRRH Read Command Hold Time Referenced to RAS 0 0 ns 10 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

SYMBOL PARAMETER TC511 001 P/J-1 0 TC511 001 P/J-12 UNITS NOTES 

MIN. MAX. MIN. MAX. 

tWCH Write Command Hold Time 20 25 ns 

tWCR Write Command Hold Time Referenced to RAS 80 95 ns 

twp Write Command Pulse Width 20 25 ns 

tRWL Write Command to RAS Lead Time 25 30 ns 

tCWL Write Command to CAS Lead Time 25 30 ns 

tDS 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 80 95 ns 

tREF Refresh Period 8 8 ms 

twcs Write Command Set-Up Time 0 0 ns 12 

tCWD CAS to WR ITE Delay 35 45 ns 12 

tRWD RAS to WR ITE Delay 100 120 ns 12 

tAWD Column Address to WR IT E Delay Time 45 55 ns 12 

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

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

tRPC RAS Precharge to CAS Active Time 0 0 ns 

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

tNCAS Nibble Mode Pulse Width 20 25 ns 

tNCP Nibble Mode CAS Precharge Time 10 15 ns 

tNRSH Nibble Mode RAS Hold Time 20 25 ns 

tNCWD Nibble Mode CAS to WR IT E Delay Time 20 25 ns 

tNRWL Nibble Mode WR ITE Command to CAS Lead Time 20 25 ns 

tNCWL Nibble Mode WR ITE Command to CAS Lead Time 20 25 ns 

CAPACITANCE (VCC~5V±1 0%, f~1 MHz, Ta~0~70°C) 

SYMBOL PARAMETER MIN. MAX. UNITS 

CI1 Input Capacitance (AO~A9, DIN) 5 pF 

CI2 Input Capacitance (RAS, CAS, WR I T E) 7 pF 

Co Output Capacitance (DOUT) 7 pF 
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TC5;1:1~OOt~P/J*10: 
TC511001P/J-12 

NOTES: 

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

2. All voltages are referenced to VSS. 

3. 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}.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 initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tT=5ns. 

7. VIH(min.) and VIUmax.) 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 in early write cycles and to WR IT E 
leading edge in read-write cycle. 

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 ~ tRwo(min.), tcwo ~ 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 tRco(max.) limit insures that tRAc(max.) can be met. tRco(max.) is 
specified as a reference point only: If tRCO is greater than the specified tRco(max.) limit, 
then access time is controlled by tCAC. 

14. Operation within the tRAo(max.) limit insures that tRco(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 tAA. 
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TIMING WAVEFORMS 

READ CYCLE 

AO-A9 

DOUT 
VOH -
VOL _ 

WRITE CYCLE (EARLY WRITE) 

CAS 

AO-A9 

WRITE 

DOUT 

VIH-
VIL -

VIH -
VIL _ 

VIH -
VIL -

VOH -
VOL _ 
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READ-WRITE CYCLE 

CAS 

AO-Ag 

WRITE 

DOUT 

VIH 
VIL 

VIH 
VIL 

VIH 
VIL 

VOH -
VOL _ 

~ Don't Care 
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NIBBLE MODE READ CYCLE 

VIH 
RAS VIL 

CAS 
VIH 
VIL 

AO~A9 
VIH 
VIL 

DOUT 

NIBBLE MODE WRITE CYCLE (EARLY WRITE) 

RAS 

CAS 

AO~A9 

WRITE 

DOUT 

VIH 
VIL 

VIH 
VIL 

VIH 
VIL 

VIH 
VIL 

VOH
VOL _ 

tAR 

tRAS 

_ Don't Care 

OPEN ---------- • Don't Ci-
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NIBBLE MODE READ-WRITE CYCLE 

RAS 
VIH 
VIL 

CAS VIH 
VIL 

AO~A9 VIH 
VIL 

DOUT VOH
VOL -
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RAS ONLY REFRESH cye:....:: 

VIH 
RAS 

VIL tCRP 

CAS VIH 
VIL 

AO-AS VIH 
VIL 

DOUT VOH 
VOL 

OPEN 

NOTE: WR ITE=Oon't care, A9=Oon't care 

_ Don't care 

CAS BEFORE RAS REFRESH CYCLE 

-
tRP tRAS 

RAS 
VIH 
VIL ]) .JF 

tRPC 
,,~ , 

tCPN _ tCSR tCHR 
~ 

CAS VIH 
VIL } 

~ 

~~~ ~I 
tOFF -
~ 

DOUT 
VOH 
VOL 

--::II 

-~ 
OPEN 

NOTE: WR ITE=Oon't care, AO ~ A9=Oon't care 
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HIDDEN REFRESH CYCLE (READ) 

DOUT VOH 
VOL 

HIDDEN REFRESH CYCLE (WRITE) 

RAS 
VIH 
VIL 

CAS VIH 
VIL 

AO~A9 
VIH 
VIL 

WRITE 
VIH 
VIL 

DIN VIH 
VIL 

DOUT VOH 
VOL 
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tCHR 

VALID DATA 

~ Don't care 

OPEN 

~ Don't care 



CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

tRAS tRP 

VIH 
RAS VIL 

CAS VIH 
VIL 

AO~A9 VIH 
vlL 

READ CYCLE 

DOUT 
VOH 
vOL 

WRITE VIH 
VIL 

WRITE CYCLE 

DOUT VOH 
VOL 

WRITE 
VIH 
VIL 

DIN VIH 
VIL 

READ-WRITE CYCLE 

DOUT VOH 
VOL 

a Don'tcare 
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APPLICATION INFORMATION 

ADDRESSING 

The 20 address bits required to decode 1 of the 1,048,576 cell locations within the TC511 001 P/J 
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 1 0 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 registerby a combination of WR IT E 
and CAS while RAS is active. The later of the signals (WR IT E 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 IT E input is brought low (active) prior to CAS, the DI N is strobed by CAS and the set-up 
and hold times are referenced to CAS. If the input data is not available at CAS time or if it is desired 
that the cycle be a read-write cycle, the WR IT E signal will be delayed until after CAS has made its 
negative transition. In this "delayed write cycle" the data input set-up and hold times are referenced to 
the negative edge of WR ITE rather than CAS. (To illustrate this 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 DI N referenced to CAS). 

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

-133-



DATA OUTPUT CONTROL 

The normal condition of the Data Output (DOUT) of the TC511 001 P/J is the high impedance (open 
circuit) state. This is to say, anytime CAS is at a high level, the DOUT pin will be floating. The only time 
the output will turn on and contain either a logic 0 or logic 1 is at access time during a read cycle. 
DOUT will remain valid from access time until CAS is taken back to the inactive (high level) condition. 

NIBBLE MODE 

Nibble mode operation allows faster successive data operation on 4 bits. The first of 4 bits is 
accessed in the usual manner with read data coming out at tCAC time. By keeping RAS low, CAS can 
be cycled up and then down, to read or write the next three pages at 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 (0,0) ~ (0,1) ~ (1,0) ----+- (1,1) 

Pin 15 (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 ~ 1 0 ~ 11 with A9 row being the least significant address. 

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

RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 512 
row address (AO ~ A8) within each 8 millisecond time interval. Although any normal memory cycle will 
perform the refresh operation, this function is most easily accomplished with "RAS-only" cycles. 
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"J~~:~~'t:~t~.,;l'O 
·te·51···'"O·O~\Pl~~12 

CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the TC511001 P/J offers an alternate refresh method. IJ 
CAS is held on low for the specified period (tCSR) before RAS goes to low, on chip refresh control clock 
generators and the refresh address counter are enabled, and an internal refresh operation takes place. 
After the refresh operation is performed, the refresh address counter is automatically incremented in 
preparation for the next CAS before RAS refresh operation. 

HIDDEN REFRESH 

An optional feature of the TC511 001 P/J is that refresh cycles may be performed while maintaining 
valid data at the output pin. This is referred to as Hidden Refresh. Hidden Refresh is performed by 
holdng CAS at VIL and taking RAS high and after a specified precharge period (tRP), executing a CAS 
before RAS refresh cycle. (see Figure below) 

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE 

DOUT - OPEN 

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

-135-



CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC511001 P/J 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 colun address. 

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

o o 
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. 

Check "1" out of 512 bits at normal read mode, which was written at 0. 
Using the same column as (2) , read "1" out and write "0" in each cell performing CAS 
BEFORE RAS REFRESH COtfNTER TEST. 
Repeat this operation 512 times. 

@ Check "0" out of 512 bits at normal read mode, which was written at@. 

® Perform the above0to®the complement data. 
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OUTLINE DRAWINGS 

• Plastic DIP 

18 17 16 15 14 13 12 11 10 

TC.511001'P/J-10 
TC511001 P/J-12 

Unit in mm (inches) 

R1~::::::::I] 

2.54(.1 00)±0.25(.01 0) 

23456789 

22.8 (.898)MAX. 

1.4(.055)±0.15(.006) ~ z 
:: ~ 

0.5(.020)±0.15(.006) ~ --~-I------

3-
<!) 

N 

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. 
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• Plastic SOJ Unit in mm (inches) 

Note: 

Note: 

17.02(.670)-17.27(.680) 

11J r20 19 18 17 16 15 14 13 12 

iD iD 0 
C') '<t 

~ ~ 
I"- CiS 
r--: l"-

I cO 
iD I 
0> iD 

INDEX DOT "! C') 

0" :l 
L() 

L() r--: cO 

1 2 3 4 5 6 7 8 9 10 

0.66(.026)-0.76(.030) 

Each lead pitch 1.27mm. All dimensions are in millimeters. 

Toshiba does not assume any responsibility for use of any circuitry described; no circuit 
patent licenses are implied, and Toshiba reserves the right, at any time without notice, to 
change said circuitry. 
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TOSHIBAMOS MEMORJPR8Dd~ClS; 
1,048,576 WORDS X 1 BIT STATIC 
COLUMN DYNAMIC RAM 
SILICON GATE CMOS 
* This is advanced information and specifications 

are subject to change without notice. 

TC511 002P/J-1 0 
TC511002P/J-12 

DESCRIPTION 

The TC511 002P/J is the new generation dynamic RAM organized 1,048,576 words by 1 bit. The TC511 002P/J 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 to be packaged in a 
standard 18 pin plastic DIP and 20 pin plastic SOJ. 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 TIL. 

FEATURES 
• 1,048,S76 words by 1 bit organization 
• Fast access time and cycle time 

TC511 002P/J-1 0 

tRAC 
RAS Access 100ns Time 

Column 
tAA Address SOns 

Access Time 

tCAC 
CS Access 3Sns Time 

tRC Cycle Time 190ns 

Static 
tsc Column Mode SSns 

Cycle Time 

PIN CONNECTION 

• Plastic SOJ • Plastic DIP 

~ VSS 
WRITE QooT 

DIN 

RAS CAS 
WRITE 

N.C. N.C. RAS 
N.C. A9 N.C. 

AD 
A1 

AD AS A2 
A1 A7 
A2 A6 A3 

A3 AS VCC 
VCC A4 

PIN NAMES 
AO-A9 Address Inputs 

RAS Row Address Strobe 

DIN Data In 

DOUT Data Out 

CS Chip Select Input 

WRITE Read/Write Input 

VCC Power (+SV) 

VSS Ground 

N.C. No Connection 

• Single power supply of SV±1 0% with a built-in 
Vee generator 

• Low Power 

TC511002P/J-12 
330mW MAX. Operating (TCS11002P/J-10) 
27SmW MAX. Operating (TCS11 002P/J-12) 
S.SmW MAX. Standby 120ns 

60ns 

4Sns 

220ns 

70ns 

VSS 

• 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 and Static 
Column Mode Capability 

• All inputs and output TIL compatible 
• 512 refresh cycles/8ms 
• Package Plastic DIP 

Plastic SOJ 

BLOCK DIAGRAM 

TC511002P 
TC511002J 

DOUT 
WRITE 0---..., 

CAS CS O-........ ---OIJ 
A9 
AS 
A7 
A6 

AS 
A4 AO 

A1 
A2 
A3 
A4 

AS 
A6 
A7 
AS 
A9 
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ABSOLUTE MAXIMUM RATINGS 
ITEM SYMBOL RATING UNIT NOTES 

Input Voltage VIN -1-7 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 W·sec 1 

Power Dissipation PD 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 

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 

OPERATING CURRENT TC511002P/J-10 60 
ICC1 Averagg,power Supply Operating Current mA 3,4 

(RAS, CS, Address Cycling: tRC=tRC MIN.) TC511002P/J-12 50 

STANDBY CURRENT 
ICC2 Power Supply Standby Current 2 mA 

(RAS=CS=VIH) 

RAS ONLY REFRESH CURRENT TC511 002P/J-1 0 60 
ICC3 Average Powe!...§upply Current, RAS Only Mode mA 3 

(RAS Cycling, CS=VIH; tRC=tRC MIN.) TC511002P/J-12 50 

STATIC COLUMN MODE CURRENT TC511 002P/J-1 0 40 
ICC4 Averag~ower Supply Current, Static Column Mode mA 3,4 

(RAS=CS =VIL, Address Cycling: tSC=tsc MIN.) TC511002P/J-12 30 

STANDBY CURRENT 
ICC5 Power Supply Standby Current 1 mA 

(RAS=CS=VCC-0.2V) 

CS BEFORE RAS REFRESH CURRENT TC511002P/J-10 60 
ICC6 Average Power S~ly Current, CS Before mA 3 

RAS Mode (RAS, CS Cycling: tRC=tRC MIN.) TC511002P/J-12 50 

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

(OV ~ VIN ~ 6.5V, All Other Pins Not Under Test=OV) 
-10 10 }1A 

IO(L) 
OUTPUT LEAKAGE CURRENT -10 10 }1A (DOUT is disabled; OV ~ VOUT ~ VCC) 

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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TC511 002P/J-1 0 
TC51100'2P/J-12 

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

SYMBOL PARAMETER TC511 002P/J-1 0 TC511002P/J-12 UNIT NOTES 

MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 190 220 ns 

tRWC Read-Write Cycle Time 220 255 ns 

tsc Static Column Mode Cycle Time 55 65 ns 

tSRWC Static Column Mode Read Write Cycle Time 100 120 ns 

tRAC Access Time from RAS 100 120 ns 8,13 

tCAC Access Time from CS 35 45 ns 8,13 

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

tALW Access Time from Last Write 90 110 ns 8,15 

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

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

tAOH Output Data Hold Time from Column Address 5 5 ns 

tow Output Data Enable Time from WR IT E 30 35 ns 

tWOH Output Data Hold Time from WR IT E 0 0 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 Mode) 100 100,000 120 100,000 ns 

tRSH CS to RAS Hold Time 25 30 ns 

tCSH RAS to CS Hold Time 100 120 ns 

tcs CS Pulse Width 35 45 ns 

tRCD RAS to CS Delay Time 25 65 25 75 ns 13 

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

tCRP CS to RAS Precharge Time 10 10 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 RAS 75 90 ns 

tAR Column Address Hold Time Referenced to RAS 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 

tCWL Write Command to CS Lead Time 25 30 ns 

tLWAD Last Write to Column Address Delay Time 25 45 30 55 ns 17 

tAHLW Last Write to Column Address Hold Time 95 115 ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

SYMBOL PARAMETER TC511 002P/J-1 0 TC511002P/J-12 UNIT NOTES 

MIN. MAX. MIN. MAX. 

tRCS Read Command Set-up Time Referenced to CS 0 0 ns 

tRCH Read Command Hold Time Referenced to CS 0 0 ns 10 

tRRH Read Command Hold Time Referenced to RAS 0 0 ns 10 

tWH Write Command Hold Time (Output Data Disable) 0 0 ns 12 

tWCR Write Command Hold Time Referenced RAS 75 90 ns 

twp Write Command Pulse Width 20 25 ns 

tWI Write Command Inactive Time 10 15 ns 

tRWL Write Command to RAS Lead Time 25 30 ns 

tDS 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 (Output Data Disable) 0 0 ns 12 

tCWD CS to WR IT E Delay Time (READ-WRITE CYCLE) 35 45 ns 12 

tRWD RAS to WR IT E Delay Time (READ-WRITE CYCLE) 100 120 ns 12 

tAWD Column Address to WR IT E Delay Time 50 60 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 Precharge to CS Active Time 0 0 ns 

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

tCPN CS Precharge Time 15 20 ns 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AO-A9, DIN) 5 pF 

CI2 Input Capacitance (RAS, CS, WR ITE) 7 pF 

Co Output Capacitance (DOUT) 7 pF 
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NOTES: 

'TC511 002PIJ-1 0 
TC511002P/J-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 depend on cycle rate. 

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

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

6. AC measurements assume tT=5ns. 

7. VIH(min.) and VIUmax.) 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 TIL 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 in early write cycles and to WR IT E 
leading edge in read-write cycle. 

12. tws, tWH, tRWO, tcwo and tAWO 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 data out pin will remain open circuit (high impedance) through the entire cycle; 
If tRWD ~ tRwo(min.), tCWD ~ 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 tRco(max.) limit insures that tRAc(max.) can be met. tRco(max.) is 
specified as a reference point only: If tRCO is greater than the specified tRco(max.) limit, 
then access time is controlled by tCAC. 

14. Operation within the tRAo(max.) limit insures that tRAc(max.) can be met. tRAo(max.) is 
specified as a reference point only: If tRAO is greater than the specified tRAo(max.) limit, 
then access time is controlled exclusively 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 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 

VIH -
RAS 

VIL -

AO-A9 
VIH 

VIL 

VIH 
CS 

VIL 

VIH 
WRITE 

VIL 

DOUT 
VOH 

VOL --

WRITE CYCLE (EARLY WRITE) 

AO-A9 
VIH 

VIL 

CS 
VIH 

VIL 

VIH --
WR ITE 

VIL--

DIN 
VIH -

VIL -

VOH 
DOUT 

VOL 

~ Don'tcare 
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READ-WRITE CYCLE 

· ::Te$1:;1002:P1J~1'O, 
TC51t002P/J-1 2' 

VIH - ------L tRAS 
~~ ............................................................................................... ~~n 

VIL -

VIH-

WRITE 
VIL-

VIH-
DIN 

VIL-

DOUT 
VOH-

VOL-

tRAC 

tCAH 

COLUMN 
ADDRESS 
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VALID DATA 

~ Don'tCare 

tCRP 



STATIC COLUMN MODE READ CYCLE 

tRP 

VIH-
RAS 

AO-Ag 
VIH -

VIL-

CS 
VIH_ 

VIL -

WRITE 
VIH _ 

VIL -

VOH _ 
DOUT 

VOL -

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

VIH-
AO-Ag 

VIL -

CS 
VIH_ 

VIL-

WRITE 
VIH_ 

VIL -

DIN 
VIH_ 

VIL -

DOUT 
VOH _ 

VOL-
OPEN 

~ Don't care 
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STATIC COLUMN MODE READ-WRITE CYLCE 

VIH 
RAS 

VIL 

VIH 
Ao~A9 

VIL 

VIH 
cs 

VIL 

VIH 
WRITE 

VIL 

VIH 
DIN 

VIL 

DOUT 
VOH 

VOL 

STATIC COLUMN MODE READ/WRITE MIXED CYCLE 

VIH -RAS 
VIL --

AO~A9 
VIH 

VIL 

VIH 
CS 

VIL 

VIH 
WR ITE 

VIL --

DIN 
VIH 

VIL 

DOUT 
VOH 

VOL 
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" :>~ < ~,';':,',:: 0 ~ ":<~C: ~ 0 

"~!i~1;i~~Pi~~1d:····· 
"Te5:1,'tQ():2;P/~i~1.2 

~ Don'tcare 



RAS ONLY REFRESH CYCLE 

VIH-
RAS 

VIL -

CS 
VIH_ 

VIL -

VIH-
AO~A8 

VIL -

DOUT 
VOH-

VOL -
OPEN 

NOTE: WR IT E=Don't care, A9=Don't care ~ Don'tCare 

CS BEFORE RAS REFRESH CYCLE 

L-. 
tRC 

- tRP tRAS I 

VIH-
RAS 

VIL -

~y 

J -
tRPC ~r-

--.. 

tCPN tCSR tCHR 
~ 

CS 
vIH-

VIL-~ i\ I( 
tOFF 

-~~ 

DOUT 
VOH -

VOL -

"'~ 
'C. 

OPEN 

NOTE: WR IT E=Don't care, AO~A9=Don't care 
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HIDDEN REFRESH CYCLE (READ) 

HIDDEN REFRESH CYCLE (WRITE) 

TC511002~P1J·10 
TC511002P/J;.12 

DOUT VOH ----------------------------------OPEN---------------------------------VOL _ 

~ Don'tcare 
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE 

[ 

DOUT 

WRITE 

DOUT 

DOUT 

WRITE 

DIN 

VOH 

VOL 

VOH 

VOL 

VIH 

VIL 

VIH 

VIL 
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OUTLINE DRAWINGS 

• Plastic DIP 

18 17 16 15 14 13 12 11 10 

R1~= = =-= = = = _ f] 
1 234 5 6 7 8 9 

2.54(.1 00)±0_.2_5_(._0 1_0~) -+----10,. 

22.8(.898)MAX. 

1.4(.055)±0.15(.006) ~ 
try 

0.5(.020)±0.15(.006) 3-
co o 

TC51:1,OO'2,P{J,':10 
TC511002P/J-1 2 

Unit in mm(inches) 

7.62(.300)±0.25(.0 10) 

Note: Each lead pitch is 2.54(.100) mm. All leads are located within 0.25(.010)mm of their true longitudinal 
position with respect to No.1 and No. 18 leads. 
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Unit in mm(inches) 

• Plastic SOJ 

17.02(.670)-17.27(.680) 

INDEX DOT 

234 5 6 7 8 9 10 

O.66(.026)~0.76(.030) 

9.5(.37 4)~9.9(.390) 

Note: Each lead pitch 1.27(.050)mm. 
Note: Toshiba does not assume any responsibiHty 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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2,048 WORD X 8 BIT STATIC RAM 

1).86$*;IION 

TMM2015AP·90, TMM2015Ap·12 
TMM2015AP·10, TMM2015Ap·15 

The TMM2015AP is a 16,384 bits high speed 
and low power static random access memory 
organized-.as 2,048 words by 8 bits and operates 
from a single 5V supply. Toshiba's high performance 
device technology provides both high speed and low 
power features with a maximum access time of gOns/ 
1 00ns/120ns/150ns and maximum operating current 
of 80mA/65mA/65mA/65mA. When CS is a logical 

high, the device is placed in a low power standby 
mode in which maximum standby current is 7mA. 
Thus the TMM2015AP is most suitable for use in 
microcomputer peripheral memory where the low 
power applications are required. The TMM2015AP 
is fabricated with ion implanted Nchannel silicon 
gate MOS technology for high performance and high 
reliability . 

• Access Time and Current 

~ Access 
Operating 

Time (Max.) Current 
Part Number (Max.) 

TMM2015AP-90 90ns 80mA 

TMM2015AP-10 100ns 65mA 

TMM2015AP-12 120ns 65mA 

TMM2015AP-15 150ns 65mA 

SYMBOL NAME 

Ao -A3 Column Address Inputs 

A4 - A 10 Row Address Inputs 

CS Chip Select Input 

WE Write Enable Input 

1/01 -lIDs Data I nputlOutput 

DE Output Enable Input 

Vcc Power (5V) 

GND Ground 

Standby 
• High Density Assembly Capability: 

0.3 inch package 
Current (24 pins plastic DIP) 
(Max.) 

7mA 

7mA 

7mA 

7mA 

• Single 5V Power Supply 
• Fully Static Operation 
• Power Down Feature: CS 
• Output Buffer Control: OE 
• Three State Outputs 
• All Inputs and Outputs: Directly TTL Compatible 
• I nputs Protected: All inputs have protection 

against static charge. 

A4 

As 

A6 ~I ....... ------' 

A7 
As ~ ., ....... -----' 

A9 - II ....... ------' 

MEMORY 
CELL ARRAY 
(128 x 16 x 8) 

---0 VCC 

---0 GND 

1/0
1 ~=:Ij~:vr~~~~~:~;-l~@j~i==J 1/02 OO--fl-~-4-1 

1/03 o--......tI---f"':>-+-J 

1/04 o--~-r>-+--.J 
1/05 o-----..j..j..j..j..--r>-.j..-.J 

1/06 o----+l-.j..j..j..j..--r>-+--...J I 

1/07°--~~--1 

1/08 O-H+HI+H--r:::--+--l 
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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 

TSOLDER. Soldering Temperature· Time 260·10 °c • sec 

Po Power Dissipation (Ta = 70°C) 0.7 W 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 - Vee+ 1.O V 

VIL Input Low Voltage -0.5 - 0.8 V 

Vee Supply Voltage 4.5 5.0 5.5 V 
L.... 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

IlL Input Leakage Current VIN =: OV ,.." 5.5V -10 - 10 IJA 

VOH Output High Voltage lOUT = -1.0mA 2.4 - - V 

VOL Output Low Voltage lOUT = 2.1mA - - 0.4 V 

ILO Output Leakage Current CS = VIH orWE = VIL or -10 - 10 IJA 
OE = VIH. VOUT = OV ,.." 5.5V 

IS8P Peak Power-on Current CS = Vee. lOUT = OmA - - 30 mA 

IS8 Standby Current CS = VIH. lOUT = OmA - - 7 mA 

leCl 
Operating Current 

CS = VIL. lOUT = OmA - - 65 mA 
TMM2015AP-10/-12/-15 

ICC2 
Operating Current 

CS = VIL. lOUT = OmA - - 80 mA 
TMM2015AP-90 

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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SYMBOL PARAMETER 

tRC Read Cycle Time 

tACC Address Access Time 

tco Chip Select Access Time 

tOE Output Enable Time 

tOH 
Output Data Hold Time from 
Address Change 

tClZ CS to Output In Low-Z 

tCHZ CS to Output in High-Z 

tOlZ OE to Output in Low-Z 

tOHz OE to Output In High-Z 

tpu Chip Selection to Power Up Time 

::T'I\II:I\II:20',1' ~5AP~;90" T'MM20.1·.5Aflt12 
TMM2015AP-tO,TMM2015AF:'-15 

TMM2015AP-90 TMM2015AP-l0 TMM2015AP-12 TMM2015AP-15 
UNIT 

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

90 - 100 - 120 - 150 - ns 
- 90 - 100 - 120 - 150 ns 
- 90 - 100 - 120 - 150 ns 

- 35 - 35 I - 50 I - 55 ns 

10 - 10 - 10 - 10 - ns 

10 - 10 - I 10 - 10 - ns I 

- 40 - 40 I - 40 - 55 ns 

5 - 5 - 5 - 5 - ns 
- 35 - 35 - 35 - 50 ns 

0 - 0 - 0 - 0 - ns 

tpo Chip Deselection to Power Down Time - 50 - 50 - 60 - 60 ns 

SYMBOL 
TMM2015AP-90 'TMM2015AP-l 0 TMM2015AP-12 TMM2015AP-15 

PARAMETER UNIT 
MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

twc Write Cycle Time 90 - 100 - 120 - 150 - ns 

tcw Chip Selection to End of Write 70 - 80 - 100 - 120 - ns 

tAS Address Set up Time 20 - 20 - 20 - 20 - ns 

twp Write Pulse Width 60 - 70 - 85 - 100 - ns 

tWR Write Recovery Time 0 - 0 - 0 - 0 - ns 

tos Data Set up Time 35 - 40 - 50 - 60 - ns 

tOH Data Hold Time 0 - 0 - 0 - 0 - ns 

tWlz WE to Output in Low-Z 5 - 5 - 5 - 5 - ns 

tWHZ WE to Output in High-Z - 25 - 30 - 35 - 50 ns 

I nput Pulse Levels o -'3.5V 

Input Rise and Fall Time 10 ns 

I nput and Output Reference Levels 1.5V 

Output Load 1 TTL Gate & Cl = 100pF 
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(A) READ CYCLE [1] (1) 

ADDRESSES 

tOHZ 

tOE 

tOLZ 

HIGH IMPEDANCE HIGH IMPEDANCE 
DOUT 

(B) READ CYCLE [2] (1)(2) 

DOUT 

Supply 

Current 

ICC 

IS8 

,~ 
1\ 

tCLZ 

HIGH IMPEDANCE 

tpu 

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

(C) WRITE CYCLE [1] (3) 

ADDRESSES ~ ---.J~ 

I 

I 

\\\\ l\\\\\\\ 
tAS 

I 

OUTPUT DATA VALID 

UNKNOWN 

CO 

..,L 

tCHZ 

~If OUTPUT DATA VALID -" HIGH IMPEDAN 
v...XXXX'lil ~ 

UNKNOWN 

I tPD 

~t-

WC 

-f-

tew tWR 

-r-/II/IIIIIIIIIII/ 
twp 

\\\\\\\ '\t -~ 
tos tOH 

~~ DATA IN VALID 
11/ 

JI\ 
-(-

I tWLZ~ 
HIGH IMPEDANCE • ~~'3B8$ 
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·'fMM,2t)1"6~90~1"Mt\II2()1Sj;P.12 
TMM:20t'5A:P';:1':O, ,TMM,2'Q15AP-15 

CO) WRITE CYCLE [2] (3) twc 

ADDRESSES 

tcw 

twp 

tos 

DATA IN VALID 

DOUT 
HIGH IMPEDANCE 

(41 

Note: (1) The WE is high for read cycle. 

Device is continuously select~d, CS = VIL in read cycle [1] . 
(2) All addresses are valid prior to or simultaneously with CS transitions. 

(3) A write occurs during the overlap of low CS and low WE. 

HIGH IMPEDANCE 

The tew is specified as the time from the chip selection to end of write in write cycle, and the twp is specified as the 
overlap time of low CS and low WE. 

OE is allowed to be low or high level in write cycle. 
If the OE is high, the output buffers remain in a high impedance state in this period. 

(4) If the CS low transition occurs simultaneously with or latter to the WE low transition, the output buffers remain in a 
high impedance state in this period. 

(5) If the CS high transition occurs simultaneously with WE high transition, the output buffers remain in a high impedance 
state in this period. 

These parameters are specified as follows and measured by using the load shown in Fig. 1. 

(A) tcLZ, tOLZ, tWLZ .......•.....•..•..... Output Enable Time 
(B) tCHZ, to HZ , tWHZ ...................... Output Disable Time 

Jt-
1\ 

...,f-

~, 

" 
...,'{... " -t" 

(AI 

DOUT 
HIGH IMPEDANCE. ~O.'5V 

(BI 

({ 
/ ~, O.15V 

GHIMPEDANCE 

\ O.15V 
JL -£t #/ 

5V 

O.15V 

t 

1.8Ka 

DOUTo---~------~ 

1.0Ka 
Fig. 1 OutpUt load condition for elUlble end diAble time m .... rement. 
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OUTLINE DRAWINGS 

x 
c 
:I 
III 

2.M:t0.2f 0.11 :to.lII. 

Unit: mm 

~~~I] 
10 " 12 

7.82 :to.28 

Note: Each lead pitch is 2.54rnm. All leads are located within O.25mm of their true longitudinal position With respect 
to No.1 and No.24 leads. 

Note: TOIhlbe daft not 811Ume eny reeponllbility for u .. of eny circuitry described; no circuit petent IIcen_ e,. Implied, end TOlhlbe r~ .. the 
right, et eny time without notice, to chen ..... Id circuitry. 

© Aug., 1985 TOIhlbeCorPOretlon 

-160-



2,048 WORD X 8 BIT STATIC RAM TMM2015BP-90, TMM2015BP-12 
SILICON MONOLITHIC 

N-CHANNEL SILICON GATE MOS PROCESS TMM2015BP-10, TMM2015BP-15 

DISC'ION 
The TMM2015BP is a 16, 384 bits high speed 

and low power static random access memory orga
nized as 2, 048 words by 8 bits and operates from a 
single 5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of gOns/ 
1 OOns/120ns/150ns and maximum operating cur
rent of 50mA. When CS is a logical high, the device 

iEE;Atti R~SI 
• Access Time and Current 

~ 
Access Operating Standby 

Part Time Current Current 
Number (Max.) (Max.) (Max.) 

TMM20l5BP-90 90ns 50mA 5mA 

TMM20l5BP-l0 lOOns 50mA 5mA 

TMM20l5BP-12 l20ns 50mA 5mA 

TMM20l5BP-15 l50ns 50mA 5mA 

• High Density Assembly Capability: 

0.3 inch width package (24pin plastic DIP) 

Ao-A3 

A4-AlO 

CS 

WE 

1/01-I/Os 

OE 

Vee 

GND 

A7 

A6 

A5 

A4 

A3 
A2 

Al 
AO 

1/01 

1/02 

1/03 

GND 

Vcc 
A8 

A9 

WE 
OE 
A10 

os 
1/08 

1/07 

1/06 

1/05 

[/04 

Column Address Inputs 

Row Address Inputs 

Chip Select Input 

Write Enable Input 

Data Input/Output 

Output Enable Input 

Power (5V) 

Ground 

is placed in a low power standby mode in which 
maximum standby current is 5mA. Thus the 
TMM2015BP is most suitable for use in microcom
puter peripheral memory where the low power 
applications are required. The TMM2015BP is fa
bricated with ion implanted N channel silicon gate 
MOS technology for high performance and high 
reliability . 

• Single 5V power Supply 

• Fully Static Operation 

• Power Down Feature: CS 

• Output Buffer Control: OE 

• Three State Outputs 

• All Inputs and Outputs: Directly TIL Compatible 

• Inputs Protected: All inputs have protection 

against static charge. 

A4 

A5 

A6 

A7 

A8 

A9 

A10 

MEMORY 

CELL ARRAY 

( 12SX16X8) 
-----0 GND 

l/Olo---~-D~==db~--~~--~==~~----~ 
1/02o---~~~II~~ 

I /0 3 o----.!+-~ >-1-' 

~ /04 o----..H+-.f>-1-

1/0 5 cr--~I-H+~>-t--J 

1/06 o---.tt+t+-.f>-I---l 
1 /0 7 o--+++++++-Oo-I--.J 

I /08 ~M+l-I-H+-f>-l--.-.J 

os o---~r-"\ 
WE 
o E 0----+--<] 
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SYMBOL ITEM RATING UNIT 

Vee Power Supply Voltage -0.5-7.0 V 

Y,N, Your Input/Output Voltage -0.5*-7.0 V 

TOPR Operating Temperature 0-70 'C 

TsrG Storage Terperature -55-150 'C 

TsoLoER Soldering Temperature· Time 260· 10 'C·sec 

Po Power Dissipation(Ta=70'C) 0.7 W 

* - 3. OV at Pulse width 50ns 

(Ta=0-70'C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

V,H Input High Vovtage 2.0 - Vee + 1.0 V 

V,L Input Low Voltage -0.5** - 0.8 V 

Vee Power Supply Voltage 4.5 5.0 5.5 V 

* * - 3. OV at Pulse width 50ns 

(Ta=0-70'C, Vee = 5V± 1 0%) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

IlL Input Leakage Current V'N=OV-5.5V -10 - 10 pA 

VOH Output High Voltage lour= -1 .0mA 2.4 - - V 

VOL Output Low Voltage lour=4.0mA - - 0.4 V 

CS=V'H or 
ILO Output Leakage Current WE=V,L or OE=V'H, -10 - 10 pA 

Vour=0v -5. 5V 

Issp Peak Power-on Current CS=Vee, lour=OmA - - 10 mA 

Iss Standby Current CS=V'H , lour=OmA - - 5 mA 

Icc Operating Current CS=V,L, lour=OmA - - 50 mA 

(Ta=25'C, f= 1 MHz) 

SYMBOL PARAMETER CONDITIONS MAX. UNIT 

C,N Input Capacitance V'N=OV 5 pF 

Cour Output Capacitance Vour=OV 10 pF 

* * * Note: This paramenter is periodically sampled and is not 100% tested. 
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TMM2015AP-90, TMM2015AP-12 
TMM2015AP-10, TMM2015AP-15 

Read Cycle 

TMM2015BP-90 TMM2015BP-10 TMM2015BP-12 TMM2015BP-15 
SYMBOL PARAMETER UNIT 

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

tRe Read Cycle Time 90 - 100 - 120 - 150 -

!Aee Address Access Time - 90 - 100 - 120 - 150 

teo Chip Select Access Time - 90 - 100 - 120 - 150 

tOE Output Enable Time - 35 - 35 - 50 - 55 

tOH 
Output Data Hold Time from Address 

10 - 10 - 10 - 10 -
Change 

ns 
telz CS to Output in Low-Z 15 - 15 - 15 - 15 -

tcHZ CS to Output in High-Z - 40 - 40 - 40 - 55 

tOLZ OE to Output in Low-Z 5 - 5 - 5 - 5 -

tOHZ OE to Output in High-Z - 35 - 35 - 35 - 50 

tPlJ Chip Selection to power Up Time 0 - 0 - 0 - 0 -

Chip Deselection to Power Down 
tpo - 50 - 50 - 60 - 60 

Time 

Write Cycle 

SYMBOL PARAMETER 
TMM2015BP-90 TMM2015BP-10 TMM2015BP-12 TMM2015BP-15 

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

twe Write Cycle Time 90 - 100 - 120 - 150 -

tew Chip Selection to End of Write 60 - 70 - 85 - 100 -

!As Address Set Up Time 20 - 20 - 20 - 20 -

twp Write Pulse Width 55 - 65 - 80 - 100 - ns 

tWR Write Recovery Time 0 - 0 - 0 - 0 -

tos Data Set Up Time 30 - 35 - 45 - 50 -

tOH Data Hold Time 0 - 0 - 0 - 0 -

tWlZ WE to Output in Low-Z 5 - 5 - 5 - 5 -

tWHZ WE to Output in High-Z - 25 - 30 - 35 - 50 

Input Pulse Levels 0-3.5V 

Input Rise and Fall Time 10ns 

Input and Output Timing Reference Levels 1.5V 

Output Load 1 TIL Gate & Cl= 100pF 
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• (A) READ CYCLE (1) (1) 

ADDRI!~SSES 

tOLZ tOH 

HIGH IMPEDANCE 
OUTPUT DATA VALID 

HI GH IMPEDANCE 

UNKNOWN 

• (B) READ CYCLE (2) (1), (2) 

tCLZ 
tCHZ 

DOUT 

SUPPLY ICC 

CURRENT 1SB 

HIGH 
IMPEDANCE 

• (C) WRITE CYCLE (1) (3) 

ADDRESSES 

UNKNOWN 

HIGH 
,---------------------~IMPEDANCE 

OUTPUT DATA 

tDS 

DATA IN VALID 

DOUT ~S~, HIGH IMPEDANCE 
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TMM2015BP-90, TMM2015BP-12 
TMM2015BP-10, TMM2015BP-15 

• (D) WRITE CYCLE (2) (3) 

ADDRESSES 

tcw 

HIGH HIGH IMPEDANCE 

NOTES: 
(1) The WE is high for read cycle. 

Device is continuously selected, CS =Vll in read cycle [1) 
(2) All addresses are valid perior to or simultaneously with CS transitions. 
(3) A write occurs during the overlap of low CS and low WE. 

The tcw is specified as the time from the chip selection to end of write in write cycle, and the twp is specified as the 
overlap time of low CS and low WE. 
OE is allowed to be low or high level in write cycle. 
If the OE is high, the output buffers remain in a high impedance state in this period. 

(4) If the CS low transition occurs simultaneously with or latter to the WE low transition, the output buffers remain in 
a high impedance state in this period. 

(5) If the CS high transition occurs simultaneously with WE high transition, the output buffers remain in a high 
impedance state in this period. 

These parameters are specified as follows and measured by using the load shown in Fig. 1. 

(A) tClZ, tOlZ, twlZ Output Enable Time 

(8) tCHZ, tOHZ, twHZ Output Disable Time 

, It 
-- ---- /( 

5V 

J, 

/ \ 
1\ 

1.8k.{l 

DOUi' 0---_----..... (Al (Ell 

1 0 " 
HIGH lMPEDANCE .. J--f-O.l:'lV ~ ...Jr-+0.1:'lV 

JL ~-+o. 

l:'lV 

lOll :MPEDANCE 
l.OI:.{l 

l:'lV 
J) 

! 
Fig. 1 Output load condition for enable disable time measurement. 
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24 23 22 21 20 19 18 17 

2 3 4 5 6 7 8 

0.5± 0.15 
2.54 + 0.2 5 

16 15 14 13 

] 
9 10 11 12 

Unit: mrn 

025 + 0.10 
. - 0.05 

\ 
\\ 
\ \ 
\ \ 
\\ 

------o-+1 ... U 

NOTES: Each lead pitch is 2. 54mm. All leads are located within O. 25mm of their true longitudinal position with respect 
to No.1 and No.24 leads. 

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

©Aug .• 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
2,048 WORD X 8 BIT STATIC RAM TMM2016AP-90, TMM2016AP-12 

TMM2016AP-10, TMM2016AP-15 

The TMM2016AP is a 16,384 bits high speed and 
low power static random access memory organized 
as 2,048 words by 8 bits and operates from a single 
5V supply. Toshiba's high performance device 
technology provides both high speed and low power 
features with a maximum access time of 90ns/l00ns/ 
120ns/150ns and maximum operating current of 
80mA/65mA/65mA/65mA. When CS is a logical 

• Access Time and Current 

~ Access 
Operating Standby 

Time (Max.) Current Current 
Part Number (Max.) (Max.) 

TMM20l6AP-90 90ns 80mA 7mA 

TMM20l6AP-1O lOOns 65mA 7mA 

TMM20l6AP-12 l20ns 65mA 7mA 

TMM20l6AP-15 150ns 65mA 7mA 

high, the device is placed ina low power standbv 
mode in which maximum standby current is 7mA. 
Thus the TMM2016AP is most suitable for use in 
microcomputer peripheral memory where the low 
power applications are required. The TMM2016AP 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: CS 
• Output Buffer Control: DE 
• Three Stage Outputs 
• All Inputs and Outputs: Directly TTL Compatible 
• Inputs Protected: All inputs have prtoection aga

inst static charge. 

BLOCK DIAGRAM 

A4 4 
A3 

A2 
A. 
Ao 

1/0. 
1/02 
1/03 

GND 

PIN NAMES 

SYMBOL 

Ao -A3 

A4 - A lo 

CS 

WE 

I/O. -1/08 

OE 

Vee 
GND 

NAME 

Column Address Inputs 

Row Address Inputs 

Chip Select Input 

Write Enable Input 

Data Input/Output 

Output Enable Input 

Power (5V) 

Ground 

1/0. 
1{01 
1/03 

1/04 

II0s 

1/06 
1/07 

1/08 

cs 
WE 

OE 
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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 DC 

TSTG. Storage Temperature -55'" 150 DC 

T SOLDER. Soldering Temperature' Time 260' 10 °c . sec 

PD Power Dissipation (Ta = 70°C) 1.0 W 

o~e ... ·.·RECbMM.NDEQ· •. ·.opeRATING.··.··CON[)'tlbN$··.·.·.·(tl.·.~·.O· .. ""'·.·.70~CJ 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 - Vce+ 1.O V 

VIL Input Low Voltage -0.5 - 0.8 V 

Vee Supply Voltage 4.5 5.0 5.5 V 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

IlL I nput Leakage Current VIN = OV '" 5.5V -10 - 10 IlA 

VOH Output High Voltage lOUT = -1.0mA 2.4 - - V 

VOL Output Low Voltage lOUT = 2.1mA - - 0.4 V 

ILO Output Leakage Current CS = VIH or WE = VIL or -10 - 10 IlA 
OE = VIH. VOUT = OV '" 5.5V 

ISBP Peak Power·on Current CS = Vce. lOUT = OmA - - 30 mA 

ISB Standby Current CS = VIH . lOUT = OmA - - 7 mA 
--

lee1 
Operating Current -

TMM20 16AP-1 0/-12/-15 
CS = VIL. lOUT = OmA - - 65 mA 

lec2 
Operating Current -

80 
TMM2016AP-90 

CS = VIL . lOUT .= OmA - - mA 

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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TMM201 6AP-9.0, TMM2016A·P-1 2 
TMM2016AP-10, TMM2016AP-15 

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

I 
TMM2016AP-90 TMM20 16AP-l 0 TMM2016AP-12 TMM2016AP-15 

UNIT SYMBOL PARAMETER 
MIN. MAX. MIN. MAX. i MIN. MAX. MIN. MAX. 

tRC Read Cycle Time 90 - 100 - 120 - 150 - ns 

tAce i Address Access Time - 90 - 100 - 120 - 150 ns 

tco Chip Select Access Time - 90 - I 100 - 120 - 150 ns 

tOE Output Enable Time - 35 - 35 - 50 - 55 ns 

tOH 
Output Data Hold Time from 

10 - 10 - 10 - 10 - ns Address Change 

tCLz CS to Output in Low-Z 10 - 10 - 10 - 10 - ns 

~HZ CS to Output in High-Z - 40 - 40 - 40 - 55 ns 

tOLZ OE to Output in Low-Z 5 - 5 - 5 - 5 - ns 

tOHZ OE to Output in High-Z - 35 - 35 - 35 - 50 ns 

tpu Chip Selection to Power Up Time 0 - 0 - 0 - 0 - ns 

tpo Chip Deselection to Power Down Time - 50 - 50 - 60 - 60 ns 

SYMBOL PARAMETER 
TMM2016AP-90 TMM2016AP-l0 TMM2016AP-12 TMM2016AP-15 

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

-
twc Write Cycle Time 90 - 100 - 120 - 150 - ns 

tew Chip Selection to End of Write 70 - 80 - 100 - 120 - ns 

tAS Address Set up Time 20 - 20 - 20 - 20 - ns 

twp Write Pulse Width 60 - 70 - 85 - 100 - ns 

tWR Write Recovery Time 0 - 0 - 0 - 0 - ns 

tos Data Set up Time 35 - 40 - 50 - 60 - ns 

tOH Data Hold Time 0 - 0 - 0 - 0 - ns 

tWLZ WE to Output in Low-Z 5 - 5 - 5 - 5 - ns 

tWHZ WE to Output in High-Z - 25 - 30 - 35 - 50 ns 

Input Pulse Levels 0-3.5V 

Input Rise and Fall Time 10 ns 

I nput and Output Reference Levels 1.5V 

Output Load 1 TTL Gate & CL :: 100pF 
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(A) READ CYCLE [1] (1) 

ADDRESSES 

tOHZ 

tOE 

tOLZ tOH 

HIGH IMPEDANCE ~------------------_I~~~ HIGH IMPEDANCE 
OUTPUT DATA VALID 

UNKNOWN 

(B) READ CYCLE [2] (1)(2) 

CO 

\-
~ 

if-
tCLZ tCHZ 

HIGH HIGH 
IMPEDANCE XXXXY' OUTPUT DATA VALID I'... IMPEDANCE 

Jl.XXXXyj 'fC DOUT 

UNKNOWN 

I tpu tPD 

Supply ICC ----------

Current Isa 
..,'- -'\ 

(C) WRITE CYCLE [1] (3) 

twc 

ADDRESSES 

tcw 

twp 

tos 

DIN DATA IN VALID 

DOUT 
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TMM2016A~·90, TMM2016AP-12 
TMM2016AP-10, TMM2016AP-15 

(0) WRITE CYCLE [2J (31 
twe 

ADDRESSES 

tew 

twp 

tDS 

DATA IN VALID 

HIGH IMPEDANCE HIGH IMPEDANCE 

Note: (1) The WE is high for read cycle. 

Device is continuously selected, CS = VIL in read cycle [1]. 

(2) All addresses are valid perior to or simultaneously with CS transistions. 

(3) A write occurs during the overlap of low CS and low WE. 

The tcw is specified as the time from the chip selection to end of write in write cycle, and the twp is specified as the 

overlap time of low CS and low WE. 

OE is allowed to be low or high level in write cycle. 

If the OE is high, the output buffers remain in a high impedance state in this period. 

(4) If the CS low transistion occurs simultaneously with or latter to the WE low transition, the output buffers remain in a 

high impedance state in this period. 

(5) If the CS high transition occurs simultaneously with WE high transition, the output buffers remain in a high impedance 

state in this period. 

These parameters are specified as follows and measured by using the load shown in Fig. 1. 

(A) tCLZ, tOLZ, tWLZ ...................... Output Enable Ti me 

(B) tCHZ, tOHZ, tWHZ ..................... . Output Disable Time 

, 
~r 

----- , 

{( 

I 
7>-

(AI 

II 

DOUT ~OI5V 
/ 

HIGH IMPEDANCE .... 

1\ O.15V 
'r 

1/ 

5V 
r 

1.8Kn 

DOUT O----<p------+ 

-~ 

-r-

(81 

'~' O.15V 
GHIMPEDANCE 

-~ O.15V 

r 1.0KP Fig. 1 Output load condition for enable and disable time measurement. 
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Unit: mm 

---+I] 
2 3 4 5 6 7 8 9 10 11 12 

2.54 ± 0.25 1.4 ± 0.15 

15.24±0.25 

lo:':.~~1 B ~ 
I 15.3-17.4 .1 

0.5 ± 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.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. 

© Aug., 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORYPRODUClS 
2,048 WORD X 8 BIT STATIC RAMTMM2016BP-90, TMM2016BP-12 

SILICON MONOLITHIC 2 6 0 M 20 6BP 1 
N-CHANNEL SILICON GATE MOS PROCESS TMM 01 BP-1 , T M 1 - 5 

DESCRIPTIO~ 

The TM M20 16BP is a 16,384 bits high speed 

and low power static random access memory orga

nized as 2,048 words by 8 bits and operates from a 

single 5V supply. Toshiba's high performance device 

technology provides both high speed and low power 

features with a maximum access time of 90ns/ 

1 DOns /120ns/150ns and maximum operating cur

rent of 50mA. When CS is logical high, the device is 

FEATliRES 
• Access Time and Current 

~ 
Access Operating 

Part Time Current 
Number (Max.) (Max.) 

TMM2016BP-90 90ns 50mA 

TMM20l6BP-l0 lOOns 50mA 

TMM20l6BP-12 l20ns 50mA 

TMM20l6BP-15 l50ns 50mA 

PIN CONNECTION 

PIN ~AMES 

Ao-A3 

A4-AlO 

CS 

WE 

1/0,-1/08 

OE 

Vee 

GND 

Vee 
A8 

A9 

WE 
5E 
A10 

es 
l/08 
1/07 

1/06 

I/O" 
1/04 

Column Address Inputs 

Row Address Inputs 

Chip Select Input 

Write Enable Input 

Data Input/Output 

Output Enable Input 

Power (5V) 

Ground 

Standby 
Current 
(Max.) 

5mA 

5mA 

5mA 

5mA 

placed in a low power standby mode in which 

maximum standby current is 5mA. Thus the 

TM M20 16BP is most suitable for use in microcom

puter peripheral memory where the low power 

applications are required. The TMM2016BP is fa

bricated with ion implanted N channel silicon gate 

MOS technology for high porformance and high 

reliability . 

• Single 5V Power Supply 

• Fully Static Operation 

• Power Down Feature: CS 

• Output Buffer Control: DE 

• Three State Outputs 

• All Inputs and Outputs: Directly TIL Compatible 

• Inputs Protected: All inputs have protection 

against static charge. 

BLOCK· DIAGRAM 

A4 

A5 
A6 ,,---.L.t-.-4---' 

A? ~~-+--' 

AS "---.L.J'oo-+--4 

A9 

AIO~~-+--f 

ME2.l0RY 

Cl!;LL ARRAY 

(l28X16X8) 

--0 Vcc 
--0 GND 

I/OIo---~~~===h~--~'-----t===~~--~ 
1/ a 2 n----~--t>.j.... 

I/O 3 o-----.H+--b--f-' 
1/04 O--..!+l---l>+---' 

I/O~ 

1/06 

I/O? 
1/ 08 o-.+l+H4+--b-"---

08- ~-..... 

WE 
OB; 
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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 Terperature -55-150 'C 

TSOLOER Soldering Temperature· Time 260·10 'C·sec 

Po Power Dissipation(Ta = 70'C) 1.0 W 

* - 3. OV at Pulse width 50ns 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Vovtage 2.0 - Vee+ 1.0 V 

VIL Input Low Voltage -0.5** - 0.8 V 

Vee Power Supply Voltage 4.5 5.0 5.5 V 

* * -3.0V at Pulse width 50ns 

~c.' (Ta=0-70'C, Vee= 5V± 1 0%) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

IlL Input Leakage Current VIN=OV-5.5V -10 - 10 J1.A 

VOH Output High Voltage louT= -1 .0mA 2.4 - - V 

VOL Output Low Voltage louT=4.0mA - - 0.4 V 

CS=VIH or 
ILO Output Leakage Current WE=VIL or OE=VIH, -10 - 10 J1.A 

VouT=OV-5.5V 

ISBP Peak Power-on Current CS=Vee, louT=OmA - - 10 mA 

ISB Standby Current CS=VIH , louT=OmA -- - 5 mA 

Icc Operating Current CS=VIL, louT=OmA - - 50 mA 

SYMBOL PARAMETER CONDITIONS MAX. UNIT 

CIN Input Capacitance VIN=OV 5 pF 

COUT Output Capacitance VOUT=OV 10 pF 

* * * Note: This paramenter is periodically sampled and is not 100% tested. 
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TMM2016BP-90,TMM2016BP-12 
TMM2016BP-10, TMM2016BP-15 

(Ta=0-70·C, Vee==5V±10%) 

Read Cycle 

TMM2016BP-90 TMM2016BP-l0 TMM2016BP-12 TMM2016BP-15 
SYMBOL PARAMETER UNIT 

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

tRC Read Cycle Time 90 - 100 - 120 - 150 -

tAcc Address Access Time - 90 - 100 - 120 - 150 

teo Chip Select Access Time - 90 - 100 - 120 - 150 

tOE Output Enable Time - 35 - 35 - 50 - 55 

Output Data Hold Time from Addres~ 
10 10 10 10 tOH - - - -

Change 
ns 

tCLl CS to Output in Low-Z 15 - 15 - 15 - 15 -

tcHZ CS to Output in High-Z - 40 - 40 - 40 - .55 

tOll OE to Output in Low-Z 5 - 5 - 5 - 5 -

tOHZ OE to Output in High-Z - 35 - 35 - 35 - 50 

tpu Chip Selection to power Up Time 0 - 0 - 0 - 0 -
Chip Deselection to Power Down 

tPD - 50 - 50 - 60 - 60 
Time 

Write Cycle 

SYMBOL PARAMETER 
TMM2016BP-90 TMM2016BP-l0 TMM2016BP-12 TMM2016BP-15 

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

twc Write Cycle Time 90 - 100 - 120 - 150 -
tcw Chip Selection to End of Write 60 - 70 - 85 - 100 -
tAs Address Set Up Time 20 - 20 - 20 - 20 -
twp Write Pulse Width 55 - 65 - 80 - 100 - ns 

twR Write Recovery Time 0 - 0 - 0 - 0 -
tos Data Set Up Time 30 - 35 - 45 - 50 -
tOH Data Hold Time 0 - 0 - 0 - 0 -

twLl WE to Output in Low-Z 5 - 5 - 5 - 5 -

twHZ WE to Output in High-Z - 25 - 30 - 35 - 50 

,C,~<iiJl'l,. . .. J:IGIA, ~,l 
Input Pulse Levels 0-3.5V 

Input Rise and Fall Time 10ns 

Input and Output Timing Reference Levels 1.5V 

Output Load 1 TTL Gate & CL == 100pF 
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• (A) READ CYCLE (1) (1) 

ADDRESSES 

DOUT 

tOLZ 

HIGH IMPEDANCE 

• (B) READ CYCLE (2) (1), (2) 

UNKNOWN 

tco 
CS ----~ 

DOUT 

SUPPLY ICC 

HIGH 
IMPEDANCE 

tCLZ 

CURRENT ISS _____ J 

• (C) WRITE CYCLE (1) (3) 

UNKNOWN 

tOH 

OUTPUT DATA VALID 

OUTPUT DATA VALID 

tDS 

DATA IN VALID 

~ DoUT ~~L HIGH IMPEDANCE 

-176-

tOHZ 
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TMM2016BP-90,TMM2016BP-12 
TMM2016BP-1 0, TMM2016B~:J5 

• (0) WRITE CYCLE (2) (3) 

twc 

ADDRESSES 

tcw 
CS ------or+-~~ 

twp 

tDS 

DIN ____________________________ -J ~ __ D_A_T_A _________ J 

~ ~WHZ 
HIGH IlfPEDANCE ~t HIGH IMPEDANCE 

DOUT ~_-----.,;;.;;.;;..~...;;;.;;;;;;.,,;;;;~;...,.;.,;;;;..--------------

NOTES: 
(1) The WE is high for read cycle. 

Device is continuously selected, CS=VIL in read cycle (1) 
(2) All adresses are valid perior to or simultaneously with CS transitions. 
(3) A write occurs during the overlap of low CS and low WE. 

The tcw is specified as the time from the chip selection to end of write in write cycle , and the twp is specified as the 
overlap time of low CS and low WE. 
OE is allowed to be low or high level in write cycle. 
If the OE is high , the output buffers remain in a high impedance state in this period. 

(4) If the CS low transition occurs simultaneously with or latter to the WE low transition, the output buuffers remain in 
a high impedance state in this period. 

(5) If the CS high transition occurs simultaeously with WE high transition, the output buffers remain in a high impedance 
state in this period. 

Thease parameters are specified as follows and measured by using the load shown in Fig. 1. 

(A) tCLl, tOll, twLl .............................. Output Enable Time 

(8) tCHZ, tOHZ, twHZ .............................. Output Disable Time 

5V 
~.OE - - - - - -- ~'-_______ -4~ _____ -J1 

1.8k.O 

DOUTo--....... ---.... 
(S) 

l.OkO 

Fig. 1 Output load condition for enable disable time measurement. 
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E;:~I~~~~~~II 
1 2 3 4 5 5 7 8 g 10 11 12 

Unit: mm 

t 152T025'1 

~ I 0.25-0.05 I 
• 1 5.3-1 7.4 • 

NOTES: Each lead pitch is 2. 54mm. All leads are located within O. 25mm of their true longitudinal position with respect 
to No.1 and No.24 leads. 

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

©Aup • 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
8,192 WORDX8 BIT STATIC RAM TMM2063p·1 0, TMM2063p·12 
N-CHANNEL SILICON GATE MOS 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 CS1 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 28 VCC 
A12 2 27 WE 

A7 3 26 CS2 
Ati 4 25 AS 
A5 b 24 A!:l 
A4 ti :.c3 All 
A3 7 22 DE 
A2 8 21 AI0 
Al !:l 20 CSl 
Au 10 19 1/08 

1/01 11 18 1/07 
1/02 1;:; 17 1/06 
1/03 13 16 1/05 

OND 14 15 1/04 

PIN·NA 
SYMBOL NAME 

Ao-A4 Column Address Inputs 

As-AI2 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 

I 

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. 

CS2 
lrSI 

--0 Vee 
---0 GND 
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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 

* * - 3. OV at Pulse width 50ns 

~~~~!:~~~I'I:~~~#~:,I' (Ta=0-70'C, Vee=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 

!Lo Output Leakage Current WE=VIL or OE=VIH, -10 - 10 J.lA 
Vour=OV-5.5V 

ISBP Peak Power-on Current 
CSl =Vec, CS2=OV - - 20 mA 
lauT=OmA 

ISB Standby Current 
CSl =VIH or CS2=VIL, - - 10 mA 
/auT==OmA 

Icc Operating Current 
CSl =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 

CaUT Output Capacitance VIN=OV 10 pF 

* * * Note: This parameter is periodically sampled and is not 100% tested. 
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TMM2063:P-1 cO',TMM2063P-12 
TMM2063P-15 

A .. iC •. CH.ARACTERISTICS (Ta=0-70'C, Vee= 5V± 1 0%) 

Read Cycle 

TMM2063P-10 TMM2063P-12 TMM2063P-15 
SYMBOL PARAMETER UNIT 

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

tRe Read Cycle Time 100 - 120 - 150 -

tAee Address Access Time - 100 - 120 - 150 

te01 CS1 Access Time - 100 - 120 - 150 

te02 CS2 Access Time - 100 - 120 - 150 

tOE OE Access Ti me - 40 - 50 - 60 

tOH Output Data Hold Time from Address Change 10 - 10 - 10 -
ns 

teLz CS1 or CS2 to Output in Low-Z 10 - 10 - 10 -

tcHZ CS1 or CS2 to Output in High-Z - 40 - 40 - 55 

tOLZ OE to Output in Low-Z 5 - 5 - 5 -

tOHZ OE to Output in High-Z - 35 - 35 - 50 

tpu Chip Selection to Power Up Time 0 - 0 - 0 -

tpo Chip Deselection to Power Down Time - 50 - 60 - 60 

Write Cycle 

TMM2063P-10 TMM2063P-12 TMM2063P-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 -

tAS Address Set Up Time 10 - 10 - 10 -

twp Write Pulse Width 70 - 85 - 100 - ns 

tWR Write Recovery Time 0 - 0 - 0 -

tos Data Set Up Time 40 - 50 - 60 -

tOH Data Hold Time 0 - 0 - 0 -

tWLZ WE to Output in Low-Z 5 - 5 - 5 -

tWHZ WE to Output in High-Z - 30 - 35 - 40 

A. C. TESt CONDIT.ONS···· 

Input Pulse Levels VIH=2 .2V, VIL=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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• READ CYCLE (1) 

ADDRESSES 

OS2 

HIGH 
DOUT IKPl!IDANOE OUTPUT DATA VALID 

• WRITE CYCLE 1 (4) (WE Controlled Write) 

two 
ADDRESSES 

OS2 

DOUT 

tDS 

DATA IN STABLE 
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TMM2063P-10, T'MM206'3P-12 
TMM2063P-15 

• WRITE CYCLE 2 (4) (CS 1 Controlled Write) 

twc 

tcw 

tWHZ(5) 

HIGH IMPEDANCE 

DIN 

SUPPLY 

CurumNT ISB--------------------JI 

• WRITE CYCLE 3 (4) (CS2 Controlled Write) 
twc 

ADDRESSES 

tcw 
CS2 

tcw 

tCr.z(5) 

HIGH IMPEDANCE 
DOUT 

DATA IN STABLE 
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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 

I! 
'I 

WE.CS2 .-

SV 

-,'I -'~ DOUT 0--_----4 

(A) (B) 

" I 
IL+ O.lSV 

I\:"TH O.16V 
HIGH IMPEDANCE 7 HIGH IMPEDANCE :If\:t O.lSV 

" LLO.16V 
t 

Fig. 1 Output load condition for enable disable time measurement. 

Unit: DIll 

1 2 3 4 6 7 8 9 10 11 12 13 14 

35.SYAX 

2.S4±O.2S 
O.S±O.1S 

1.8k,Q 

1.0k,Q 

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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TOSHIBAMOS MEMORY PRODUCTS 
8,192 WORD X 8 BIT STATIC RAM 
N-CHANNEL SILICON GATE MOS 

TMM2064P-10, TMM2064P-12 
TMM2064P-15 

DeSGR.'lIO,N 
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 CSl is a logical high or CS2 is a logical 

• ·,~,~~TQRI. 
• Access Time and Current 

~ Part 
Number 

TMM2064P-10 

TMM2064P-12 

TMM2064P-15 

N.C. 
A12 

A7 
A6 
A5 
A~ 
A3 
A2 
Al 
AO 

I/Ol 
I/02 
I/03 

GND 

SYMBOL 

Ao-A4 

A5-A12 

CS1, CS2 

WE 

1/01-1/08 

OE 

Vee 

GND 

N. C. 

Access Operating 
Time Current 

(Max.) (Max.) 

100ns SOmA 

120ns BOmA 

150ns SOmA 

~ 
5 
6 
7 
8 
9 

10 
11 
12 
13 
l~ 

rtC 

CS2 
A8 
A9 
All 
OE 
A10 
CSl 
I/08 
I/07 
I/06 
I/05 
I/O~ 

NAME 

Column Address Inputs 

Row Address Inputs 

Chip Select Inputs 

Write Enable Input 

Data Input/Output 

Output Enable Input 

Power (5V) 

Ground 

No Connection 

Standby 
Current 
(Max.) 

10mA 

10mA 

10mA 

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: CSl CS2 
• Output Buffer Control: OE 
• Three State Outputs 
• All Inputs and Outputs: Oi rectly TIL Compatible 
• Inputs Protected: All inputs have protection 

against static charge. 

BLOCK DIAGRAM 

A5 
A6 

A7 

AS 
A'J 

AIO 
All 

A12 

CE 
1/01 

V08 

OEo------I-rl 
CS2 
CSl 

..: 
~ ..: 
Q 

--oVcc 
--oGND 
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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) 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 J.lA 

VOH Output High VoltClge louF - 1 .0mA 2.4 - - V 

VOL Output Low Voltage louT=2.1 mA - - 0.4 V 

CSl =VIH or CS2 =VIL or 
ILO Output Leakage Current WE=VIL or OE=VIH, -10 - 10 J.lA 

Vour=OV-5.5V 

ISBP Peak Power-on Current 
CSl =Vee, CS2 =OV - - 20 mA 
lour=OmA 

ISB Standby Current 
CSl =VIH or CS2 =Vll, - - 10 mA 
lour=OmA 

Icc Operating Current 
CSl =VIL, CS2 =VIH, - - 80 mA 
lour=OmA 

(Ta=25"C, f= 1.0 MHz) 

SYMBOL PARAMETER CONDITIONS MAX. UNIT 

CIN Input Capacitance VIN=OV 5 pF 

Cour Output Capacitance VIN=OV 10 pF 

* * * Note: This parameter IS periodically sampled and IS not 100% tested. 

-186-



Read Cycle 

SYMBOL PARAMETER 

tRC Read Cycle Time 

tACC Address Access Time 

tCOl CSl Access Time 

tC02 CS2 Access Time 

TMM2064P-10, TMM2064P-12 
TMM2064P-15 

TM M2064P-1 0 TMM2064P-12 TMM2064P-15 
UNIT 

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

100 - 120 - 150 -

- 100 - 120 - 150 

- 100 - 120 - 150 

- 100 - 120 - 150 

- 40 - 50 - 60 ~ OE Access Time 

~ Output Data Hold Time from Address Change 10 - 10 - 10 -
ns 

teLz CSl or CS2 to Output in Low-Z 10 - 10 - 10 -

I tcHZ 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 

I tpu Chip Selection to Power Up Time 0 - 0 - 0 -

I tpo i Chip Deselection to Power Down Time - 50 - 60 - 60 
I 

Write Cycle 

TM M2064P-l 0 TMM2064P-12 TMM2064P-15 
SYMBOL PARAMETER UNIT 

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

twc Write Cycle Time 100 - 120 - 150 -

tcw Chip Selection to End of Write 80 - 100 - 120 -

tAs Address Set Up Time 10 - 10 - 10 -

twp Write Pulse Width 70 - 85 - 100 - ns 

twR Write Recovery Time 0 - 0 - 0 -

tos Data Set Up Time 40 - 50 - 60 -

tOH Data Hold Time 0 - 0 - 0 -

twLZ WE to Output in Low-Z 5 - 5 - 5 -

twHZ WE to Output in High-Z - 30 - 35 - 40 

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= 1 OOpF 
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• READ CYCLE (1) 

ADDRESSES 

CS2 

• WRITE CYCLE 1 (4) (WE Controlled Write) 

twc 

ADDRESSES 

CS2 
tcw 

tcw 

CSl 

tWHZ(5) 

DOUT 

tDS 

Dr N DATA IN STABLE 
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TMM2064P-tO, TMM2064P-12 
TMM2064P-15 

• WRITE CYCLE 2 (4) (CSl Controlled Write) 

twc 

ADDRESSES 

CS2 

DOUT 

SUPPLY ICC 

CURRENT ISB 

• WRITE CYCLE 3 (4) (CS2 Controlled Write) 

ADDRESSES 

t 

CS;': tcw 

tWHZ(5) 

HIGH IMPEDANCE 

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, tOLZ, twLZ .. ··· ........ ··Output Enable Time 
(8) tCHZ, tOHZ, twHZ ...... · ........ Output Disable Time 

5V 

n,es.: 

(A) (B) DOUT 0--....... --.... 

DOUT HIGH IMPEDANCE 

Fig. 1 Output load condition for enable disable time measurement. 

28 27 26 25 24. 23 22 2l:CO .l.9 18 17 16 15 

0.5± 0.15 :i 
H 

2.54±0.25 1.4±0.15 __ 0._2_M_AX--o." -tt---~ 

t1 

Unit: DIll 

+0.1 
0.25 -0.05 

17.4 MAX. 

1.8kO 

1.0 kO 

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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. M_~~"""""'::::-o......J..-N_--'--~U .. "v ..J.,-~.-•. ~~'N~'~::~Y-:~"".,"*~ .. - ,c1 

'"·~~~;.H'II·:lls··.·MEIVIDRJ·fW.U.~···· 
8,192 WORD X 8 BIT STATIC RAM 
N-CHANNEL SILICON GATE MOS 
PRELIMINARY 

DESCRIPTION 

TMM2064P-70 

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 lOns and maximum operating current of 80mA. When CS1 is a logical 
high or CS2 is a logical low, the device is placed in a low power stanby 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 performance 
and high reliability. 

FEATURES 

• Access Time and Current 

~' 
Access Operating 

Part Time Current 
Number (Max.) (Max.) 

TMM2064P-70 70ns 100mA 
.--~-

PIN CONNECTION 

NCr28 VCC 

A12 2 27 WE 
A7 3 26 CS2 

A6 ~ 4 A8 

A5 [ 5 A9 

A4 6 A11 
A3 OE 

A2 A10 

A1 CS1 
AO 1/08 

1/01 1/07 

1/02 !/06 

1/03 1/05 

GND 1/04 

PIN NAMES 

~~MBOL __ t-------__ ~M_E ___ _ 
AO ~ A4 Column Address Inputs 

A5 -- A12 Row Address Inputs 

CS1, CS2 --~ipSelect Inputs 
.=-------------------

~:v08-~~~~{~~-
OE Output Enable Input 

I VCC Power (5V) _ 

~ND Ground ___________ _ 

~.c. No Connection 

--
Standby 
Current 
(Max.) 

10mA 

• 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 
All inputs have 
protection against 
static charge. 

• Inputs Protected: 

BLOCK DIAGRAM 

CLOCK 
GENERATOR 

~~ ~ 
A5 o-~--'---'L.r _____ l----, 
A6 o..,---.--J., .... ;:: __ ~---" 
A7" !-I-- ~ 

A8" T~= ~a: 
A9 ;c:!-- § ~ 
A10o-~L-- ;8 

I 

PRECHARGE 
CIRCUIT 

I 

MEMORY CELL 
ARRAY 

256 x 32 x 6 
(65536) 

~VCC 

~GND 

A11 0.. .,r:!-r-- 0 w 
A12 n. ~!-r-- a: 0 '-- J'.. ---=-- =r- ..... .,....---""'T""- Ir--..!'::-t ...... ~ ........... ---. 

ct _nl I If ~ 
1/01 ~=lt;==3 ~ § ~ ~ ~ <I: ~ ~ SENSE AMP. E'~ :::-. 

~~ = I~t--
o 6 r- COLUMN DECODER I ........... 

o 11111111 I ~ 
-r- '~I t;1 +;i t;i ~ +;! ~ J 

CE 6 0 6 6 6 
AO A1 A2 A3 A4 

WE" ~-
OE ,... ~~ .. __ . __________________________ ~ 

CS2~~ 
CS1l_~ CE 
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MAXIMUM RATINGS 
SYMBOL ITEM RATING UNIT 

VCC 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 

Tsolder Soldering Temperature· Time 260·10 °C·sec 

Po Power Dissipation (Ta=70°C) 1.0 W 

* -3.0V at Pulse width 50ns 

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 VCC+1.0 V 

VIL Input Low Voltage -0.5** 0.8 V 

VCC Supply Voltage 4.5 5.0 5.5 V 

** -3.0V Pulse width 50ns 

D.C. CHARACTERISTICS (Ta=0~70°C, VCC=5.0V±10%) 
SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT 

III Input Leakage Current VIN=OV-5.5V -10 10 !LA 

VOH Output High Voltage IOUT=-1.0mA 2.4 V 

VOL Output Low Voltage IOUT=2.1mA 0.4 V 

CS1=VIH or CS2=VIL or 
ILO Output Leakage Current WE=VIH or OE=VIH, -10 10 !LA 

VOUT=OV -5.5V 

ISSp Peak Power-on Current CS1=VCC, CS2=OV, IOUT=OmA 20 mA 

ISS Standby Current CS1=VIH orCS2=VIL, IOUT=OmA 10 mA 

ICC Operating Current CS1=VIL, CS2=VIH, IOUT=OmA 100 mA 

CAPACITANCE *** (Ta=25°C, f=1.0 MHz) 
SYMBOL PARAMETER CONDITION MAX. UNIT 

CIN Input Capacitance VIN=OV 5 pF 

COUT Output Capacitance VOUT=OV 10 pF 

***Note: This parameter is periodically sampled and is not 100% tested. 
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AC CHARACTERISTICS (Ta=0~70°C, VCC=5V±10%) 

READ CYCLE 
TMM2064p·70 

SYMBOL PARAMETER 
MIN. MAX. 

UNIT 

tRC Read Cycle Time 70 

tACC Address Access Time 70 

tC01 CS1 Access Time 70 

tC02 CS2 Access Time 70 

tOE OE Access Time 40 

tOH Output Data Hold Time from Address Change 5 

tCLZ CS1 or CS2 to Output Low-Z 10 
ns 

tCHZ CS1 or CS2 to Output in High-Z 35 

tOLZ OE to Output in Low-Z 5 

tOHZ OE to Output in High-Z 30 

tpu Chip Selection to Power Up Time 0 

tpD Chip Deselection to Power Down Time 50 

WRITE CYCLE 
TMM2064p·70 

SYMBOL PARAMETER 
MIN. MAX. 

UNIT 

twc Write Cycle Time 70 

tcw Chip Selection to End of Write 60 

tAS Address Set Up Time 5 

twp Write Pulse Width 55 

tWR Write Recovery Time 0 
ns 

tDS Data Set Up Time 30 

tDH Data Hold Time 0 

tWLZ WE to Output in Low-Z 5 

tWHZ WE to Output in High-Z 30 

A.C. TEST CONDITIONS 
Input Pulse Levels VIH=2.2V, VIL =0.6V 

Input Rise and Fall Time 10 ns 

Input and Output Reference Levels 1.5V 

Output Load 1 TTL Gate & CL =1 OOpF 
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TIMING WAVEFORMS 

READ CYCLE (1) 

UNKNOWN 

WRITE CYCLE 1 (4) (WE Controlled Write) 

-194-

OUTPUT DATA VALID 

, 
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TMM2064P-70 

WRITE CYCLE 2 (4) (CS1 Controlled Write) 

twc 

ADDRESSES 

WE 

tcw CS1-_O=== 
DOUT __________________ ~ HIGH IMPEDANCE 

tDS tDH 

DATA IN STABLE 

WRITE CYCLE 3 (4) (CS2 Controlled Write) 

twc 

ADDRESSES 

twp 

CS2 
tcw 

tcw 

DOUT-------------------4 
HIGH IMPEDANCE 

tDS tDH 

DATA iN STABLE 
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Note: 1. WE is High for Read Cycle. 

WE, CS2 

DOUT 

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 

I-----------U-----.....II 
I_----------U·-----"" 

(A) (8) 

1_-----U'-----..:...---_~-.J-O.15V 

_-----H-I-G-H-IM-P-E-D-A-NC-E-I_ ..... O.15V 
O.15V 

HIGH IMPEDANCE 
>---

~~----u'----------~--+ O.15V 

5V 

1.8kn 

DOUTo--~---~ 

1.0kn 

Fig. 1 Output load condition for enable / disable time measurement. 
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OUTLINE DRAWINGS 

z 
~ 
0' 
C\I 
o 
It 
ci 

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 

37.4(1.472)(MAX. 

TMM2064P-70 

Unit: mm (inches) 

14- 1524(.600)TYP. 

2.54(.1 00)±0.25(.0 10) 1.4(.055)±0.15(.006) 0.2(.008)MAX. 17.4(.685)MAX. 

Note: 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. 
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16KBit CMOS STATIC RAM COMPARISON TABLE 

PIN CONFIGURATION 

TC5517AP 
TC5517BP TC5516AP 

VOO A,~ 24b VDO 

As 

A9 

21t::l R/W 

A. 

22~A9 
21 R/W 

CE I OE 

A IO A lo 

CE 2 18DcE 

I/o. lias 
OPERATION MODE 

I 
I\) 
o 

Device Number TC5516AP 
TC5517AP 
TC5517BP 

-> 

~ 
1-8.22 9-11 

21 
1-8.22 9-1', 

18 20 21 23.19 13-17 18 20 23.19 13-17 
Mode Name 

Power Power 
IT2 CE, R/W Ao-A IO 1/0,_8 CE OE R/IN Ao "'" A 10 1/0 1_ 8 

WRITE L L L Valid DIN 1000 L * L Valid DIN 1000 

READ L L H Valid DOUT 1000 
i 

L L H Valid DOUT 1000 

STANDBY 1 L H * * I High-Z 1000 I~ ~, ~ ~ ~ ~ 
STANDBY 2 H * * * High-Z loos H * * * High-Z loos 

OUTPUT ~ ~ ~ ~ ~ ~ L H * * High-Z IDDO DESELECT 
-L--

* H or L 

TC5518BP 

A, 24 VDD 

A. 
23 As 

A9 

21 R/W 

CE I 

A IO 

18 CE 2 

lias 

TC5518BP 

18 
1-8.22 9-11 

20 21 23.19 13-17 
Power 

CE 2 CE, R/W Ao-A IO 1/0,_8 

L L L Valid DIN 1000 

L L H Valid DOUT 1000 

* H * * High-Z 100S 

H * * * High-Z 100S 

I\~~~~ ~ 
-I o 
en 
X -m » 



TOSHlBAI 

SYMBOL PARAMETER CONDITIONS 

VOR Data Retention Voltage OV ~ CE ~ 0.2V 
or 

looS Data Retention Current Voo-0.2V ~ CE ~ Voo *(31 

tCOR 
Chip Deselection to 
Data Retention Time 

tR Recovery Time 

Note ll): Refer to loos specification in individual data sheet. 
(2): Read cycle time. 

TIMING CHART 

DATA RETENTION MODE 

VDD-----.... 
4.5V 

VDD VDR----------

Min. Max. 

2.0 5.5 

- Note (11 

0 -

tRC Note (21 -

4.5V 

GND --------+---------------------------------~~---------------

tCDR 

CE 
O.2V O.2V 

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

Note (3): For 16K Bit CMOS RAM, VOO-O.5V ~ CE ~ Voo 

Details are specified in TC5516/17/18 data sheets. 
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TOSHIBA MOS MEMORY PRODUCTS 
1,024 WORD X 4 BIT CMOS STATIC RAM 
SILICON GATE CMOS 

DESCRIPTION 

The TC5514AP is a 4,096 bit high speed and low 
power random access memory organized as 1 ,024 
words by 4 bits using CMOS technology, and oper
ates from a single 5-volt supply. 

The 5514AP is compatible with the industry 
produced NMOS 2114 type 4KRAM, yet offers a 
more than 90% reduction in power of their NMOS 
equivalents. 

The TC5514AP is a fully CMOS RAM, therefore it 
is suited for use in low power applications where 

FEATURES 

• Standby Current 
0.2J.1A (Max.) at Ta=25°C } : TC5514APL 
1.0J.1A (Max.) at Ta=60°C 
20J.1A (Max.) : TC5514AP 

• Low Power Dissipation: 15mW (Typ.) operating 
• Single 5-volt Supply : 5V ± 10% 
• Data Retention Supply Voltage : 2'" 5.5V 
• Three State Outputs 
• All Inputs and Outputs: Directly TTL Compatible 

PIN CONNECTION 

PIN NAMES 

Ao -A9 

R/W 

CE 

Data 1/0 1 '" 4 

Vpp/GND 

(TOP VIEW) 

VOO 

A7 

As 

A9 

Data 1/01 

Data 1/02 

Data 1/03 

Data 1/04 

RIW 

Address Inputs 

Read Write Control Input 

Chip Enable Input 

Data Input/Output 

Power Supply Terminals 

TC5514AP-2/-3 
TC5514APL-2/ -3 

battery operation and battery back up for nonvolatility 
are required. Furthermore the TC5514APL guaran
teed a standby current equal to or less than 1 p.A at 
60·e ambient temperature is avaliable. 

The TC5514AP is guaranteed for data retention at 
a power supply as low as 2 volts. The TC5514AP is 
directly TIL compatible in all inputs and outputs. 

The TC5514AP is offered in standerd 18 pin 
plastic, O. 3inch in width. 

• Access Time 
200ns (Max.) : TC5514AP/APL-2 
300ns (Max.) : TC5514 API APL-3 

• Fully Static Operation 
• On-chip Address Transition Detector 
• Fully Compatible with TMM2114AP Family 

(Nch 2114 type 4KRAM) 
• Package 

Plastic DIP: TC5514AP/APL 

BLOCK DIAGRAM 

01/°10-------1 

01/04 o-----t'H.----I 

RIW 

P~echarge Circuit 

Memory Cell 

Array 

(64 x 64) 

Sense Amp. and 
Column Decoder 

----0 VOO 

----OGNO 
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SYMBOL ITEM RATING UNIT 

Voo Power Supply Voltage -0.3 -7.0 V 

VIN Input Voltage -0.3 -7.0 V 

V'IO I/O Voltage O-Voo V 

Po Power Dissipation(tjJ"<= 85°C) 550 mW 

TSOLOER Soldering Temperature· Time 260 . 10 °C· sec 

TSTG Storage Temperature -55 - 150 °c 
TOPR Operating Temperature -30 - 85 °c 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

Voo Power Supply Voltage 4.5 5.0 5.5 V 

VIH Input High Level Voltage 2.2 - Voo +0.3 V 

VIL Input Low Level Voltage -0.3 - 0.8 V 

VOH Data Retention Voltage 2.0 - 5.5 V 

D.C.CHARACfERII'tICl (Voo == 5V ± 10%, Ta = -30 - 85°C unless otherwise noted.) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. (1) MAX. UNIT 

IlL Input Leakage Current OV~VIN ~Voo - - ±1.0 /JA 

ILO Output Leakage Current CE =VIH'OV~ VI/O ~Voo - - ± 1.0 /JA 

10H Output High Current VOH = 2.4V -1.0 - - mA 

10L Output Low Current VOL=O.4V 2.0 - - mA 

TC5514APL ITa = 25°C - - 0.2 /JA 
Voo = 2V - 5.5V 

ITa = 60°C 1.0 /JA 
loos Standby Current 

- -
All Inputs = 

TC5514AP 
0.2V or Voo - 0.2V - 0.05 20 /JA 

10001 
Operating Current 

tcycle ~ l/Js, lOUT = OmA - 5.0 9.0 

10002 
mA 

tcycle = l/Js, V,H = Voo, V ,L = OV, lOUT = OmA - 3.0 5.0 

Note (1): Voo = 5V, Ta = 25°C 

CAPACITANCE(2) (Ta = 25°C, f = lMHz) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

CIN" Input Capacitance Y,N =OV - 4 8 pF 

C,IO I nput/Output Capacitance VI/O =OV - 5 10 pF 

Note (2): This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Voo = 5V ± 10%, Ta = -30'" 85°C) 

• READ CYCLE 

SYMBOL PARAMETER 

tRC Read Cycle Time 

tACC Access Time 

tco CE Access Time 

tOH Output Data Hold Time 

tOIS Output Disable Time 

tCOE Output Enable Time 

• WRITE CYCLE 

SYMBOL PARAMETER 

twc Write Cycle Time 

tAw Address Setup Time 

twp Write Pulse Width 

tos Data Setup Time 

tOH Data Hold Time 

tWR Write Recovery Time 

A.C. TEST CONDITIONS 

• Output Load 
• Input Pulse Levels 

100 pF + 1 TTL Gate 
0.6V,2.4V 

• Timing Measurement Reference Levels 
Input 0.8V, 2.2V 
Output 0.8V, 2.2V 

• Input Pulse Rise and Fall Times 10 ns 

TC5514AP-2/APL-2 

MIN. MAX. 

200 -

- 200 
~- -- --~---- -- --- ---70 

15 -

- 60 

5 -

TC5514AP-2/APL-2 

MIN. MAX. 

200 -

0 -

120 -

120 -

0 -

0 -
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TC5514A·P-2/-3 
TC5514APL-2/-3 

TC5514AP-3/APL-3 
UNIT 

MIN. MAX. 

300 - ns 

- 300 ns 

- 100 ns - -

20 - ns 

- 80 ns 

5 - ns 

TC5514AP-3/ APL-3 
UNIT 

MIN. MAX. 

300 - ns 

0 - ns 

150 - ns 

150 -- ns 

0 - ns 

0 - ns 



TIMING WAVEFORMS 

• Read Cycle' II 

ADDRESS 

DOUT 

• Write Cycle 1 (RJW Controlled) 

ADDRESS 

CE (2) 

R/W 

DOUT 

• Write Cycle 2 (CE Controlled) 

VIH VIH 
ADDRESS 

VIL VIL 

R/W 

twc 

twc 

STABLE 

tAW 

VIL 

VOH 

VOL 

tDS 

VIL 

STABLE 

VIH 

VIL 

twR 

DOUT --------.~~---------
Notes: (1) R/W is high for a Read Cycle. 

(2) If the CE low transition occurs simultaneouslY with the R/W low transition. the output 
buffers remain in a high impedance state. 
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'TC55t4tA"P"21"3~c 
TC551~ 4A~PL~2/·3 

• PLASTIC PACKAGE 

18 17 16 15 14 13 12 11 10 

•

,01 :::::::] [ 
Unit in mm 

2.54±0.25 ~i L:6~~::~ 
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. 

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

©Aug., 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
2,048 WORD X 8 BIT CMOS STATIC RAM 
SILICON GATE CMOS 

DESCRIPTION 

The TC5516AP / AF is a 16384-bit static random 
access memory organized as 2048 words by 8 bit 
using CMOS technology, ad operates from a single 5 
volt supply. 

The TC551 6AP / AF is featured by two chip enable 
inputs, that is, CEI for fast memory access and CEz 
for a minimum standby current mode, and is suited 
for low power application where battery operation or 
battery back up for nonvolatility are required. 
Furthermore the TC551 6APL/ AFL guaranteed a 

FEATURES 

• Standby Current 

0.2JlA (Max.) at Ta = 25°C} TC5516APL/ AFL 
1.0JlA (Max.) at Ta = 60°C 

1.0JlA (Max.) at Ta = 25:C } TC5516AP/ AF 
5.0JlA (Max.) at Ta = 60 C 

• Low Power Dissipation 200mW (Typ.) 
Operating 

• Single 5V Power Supply 5V ± 10% 
• Data Retention Supply Voltage: 2.0"'" 5.5V 

• Fully Static Operation 

PIN CONNECTION (TOP VIEW) 

A7 Voo 
A6 As 
AS A9 

A4 R/W 

A3 CE1 
A2 A10 
Al CE2 

I/OS 

I/O, 

1/02 1/0 6 

1/°3 1/05 

PIN NAMES 1/04 

Ao"'" A IO Address Inputs 

A/W Read/Write Control Input 

CE 1, CE 2 Chip Enable Inputs 

1/01 ,..., I/Os Data Input/Output 

VDD Power (+5V) 

GND Ground 

TC5516AP/-2, TC5516APL/-2 
TC5516AF / -2, TC5516AFL / -2 

standby current equal to or less than 1 Jl.A at 60°C 
ambient temperature is avialable. 

The TC5516AP is also featured by pin compatibil
ity with 2716 type EPROM. This means that the 
TC5516AP and EPROM can be interchanged in the 
same socket, and the flexibility in tre definition of the 
quantity of RAM versus EPROM obtained as a result 
allows the wide application in microcomputer sys
tem. 

• Access Time 
250ns (Max.): TC5516AP/APL/AF/AFL 
200ns (Max.): TC5516AP-2/ APL-2/ AF-2/ AFL-2 

• Two Chip Enable (CE 1, CE2) for Simple Memory 
Expansion and Battery Back Up. 

• All Inputs and Outputs Directly TTL Compat
ible 

• Three State Outputs 

• Package 
Plastic DIP: TC5516AP/APL 
Plastic FP TC5516AF/AFL 

BLOCK DIAGRAM CE2 

Ao 
Al 

A2 MEMORY CELL 

A3 ARRAY 

A4 128 x 128 

AS 
A6 

1/°1 

( 
SENSE AMP. 

I/Os 

CE1 

CE2 ~>---<r:::~--CE2 

----o,VOO 

--0 GNO 
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SYMBOL ITEM RATING 

Voo Power Supply Voltage -0.3V-7.0V 

VIN Input Voltage -0.3V -- Voo + 0.3 

Vila Input/Output Voltage -0.3V - Voo + 0.3 

PD Power Dissipation (Ta = 85°C) 0.8W (0.45W) * 

TSTG Storage Temperature -55°C -- 150°C 

TOPR Operating Temperature -30°C - 85°C 

TSOLOER Soldering Temperature· Time 260°C· 10 sec 

*Plastic FP 

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 Voltage 2.0 - 5.5 V 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

IlL Input Leakage Current O~VIN ~Voo - - ±1.0 IJ.A 

ILO I/O Leakage Current CE 2 = VIH , OV ~ Vila ~ Voo - - ±5.0 IJ.A 

10H Output High Current VOH = 2AV -1.0 -2.0 - mA 

IOL Output Low Current VOL = OAV 2.0 3.0 - mA 

100S1 CE 2 = 2.2V - 1.0 3.0 mA 

TC5516APl/ Ta = 25°C - 0.005 0.2 
CE 2 = Voo -0.5V 

AFL Ta = 60°C - - 1.0 

100S2 Standby Current 
TC5516AP/ 

Ta = 25°C - 0.05 1.0 J.lA 

Voo = 2- 5.5V Ta = 60°C - - 5.0 
AF 

Ta = 85°C - - 30 

10001 
Operating Current 

CE 2 = OV, VIN = VIHNIL, lOUT = OmA - 40 70 

10002 CE 2 = OV, V1N = Voo/GND, lOUT = OmA 30 
mA 

- 55 

Note: Typical values are at Ta = 25°C, Voo = 5V: 

CAPACITANCE 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

CIN Input Capacitance - 5 10 pF 

CliO Input/Output Capacitance - 5 10 pF 

Note: This parameter is periodically sampled and is not 100% tested. 
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TC5516AP/-2, TC5516APL/-2 
TC5516AF/-2, TC5516AFL/-2 

A.C. CHARACTERISTICS (Ta:: -30'" 85°C, Voo :: 5V ±10%) 
_ Read Cycle 

PARAMETER 
TC5516AP-2/APL-2 

SYMBOL 
TC5516AF-2/AFL-2 

MIN. MAX. 

tRC Read Cycle Time 200 -

tACC Access Time - 200 

tC01 CE I to Output Valid - 100 

tC02 CE 2 to Output Val id - 200 

tCOE CE I or CE 2 to Output Active 10 -

too Output High-Z form Deselection - 80 

tOH Output Hold from Address Change 10 -

- Write Cycle 

TC5516AP-2/APL-2 
SYMBOL PARAMETER 

TC5516AF-2/AF L-2 

MIN. MAX. 

twc Write Cycle Time 200 -
twp Write Pulse Width 160 -

tAW Addresss Set-tJp Time 0 -
tWR Write Recovery Time 10 -

toow Output High-Z from R/W - 80 

tOEw Output Active from R/W 10 -
tos Data Set Up Ti me 80 -

tOH Data Hold Time 0 -

A.C. TEST CONDITIONS 

Output Load 
Input Pulse Levels 

100 pF + ITTL Gate 
0.6V,2.4V 

Timing Measurement Reference Levels 
Input 0.8V and 2.2V 
Output: 0.8V and 2.2V 

I nput Pulse Rise and Fall Times 10ns 

T1MING WAVE FORMS 

-Read Cycle 
Addresses 

teol 

eEl 

teoE 

teoE 

DOUT 
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VOH 

VOL 

TC5516AP/APL 
UNIT 

TC5516AF/AFL 

MIN. MAX. 

250 - ns 

- 250 ns 

- 100 ns 

- 250 ns 

10 - ns 

- 80 ns 

10 - ns 

TC5516AP/APL 
UNIT 

TC5516AF/AFL 

MIN. MAX. 

250 - ns 

200 - ns 

0 - ns 

10 - ns 

- 80 ns 

10 - ns 

120 - ns 

,0 - ns 



,.C"55;;1:·.·&).'f!}~2·i.··.TC5·5.;'(%6A·'·L};2· 
rCS:~.t6A:ff~!2~· "J~.S516AF'Lti:2 

• Write Cycle 1 

Addresses 

twc 

twP (2) 

R/W 

DOUT 

DATA IN STABLE 

• Write Cycle 2 
twc 

Addresses 

R/W 

DOUT -------------------------C~X 

DATA IN STABLE 

~ UNKNOWN 
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TC5516AP/-2, TC5516APL/-2 
TC5516AF/-2, TC5516AFL/-2 

NOTE: (1) R/W is high for a Read Cycle. 
(2) twp is specified as the logical" AND" of CE 1 , CE 2 and R!W. 

twp is measured from the latter of CE1, CE2 or R!W going low to the earlier of CE1, CE2 or R!W 
going high. 

(3) tDH, tDS are measured from the earlier of CE 1, CE2 or R!W going high. 
(4) If the CE 1, or CE2 low transition occurs simultaneously with or latter from the R!W low transition 

in a Write Cycle 1, the output buffers remain in a high impedance state in this period. 
(5) If the CE 1 or CE2 high transition occurs prior to or simultaneously with the R!W high transition 

in a Write Cycle 1, the output buffers remain in a high impedance state in this period. 
(6) If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE 1 or 

CE2 low transition, the output buffers remain in a high impedance state in this period. 
(7) A write occurs durinJ!.!he overlap of a low CE 1, low CE2 and low R!W. In write cycle 2, write is 

controlled by either CE 1 or CE2. 

DATA RETENTION CHARACTERISTICS (Ta = -30 "" 85°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VDH Data Retention Power Supply Voltage 2.0 - 5.5 V 

TC5516APL! Ta = 25°C - 0.005 0.2 

AFL Ta = 60°C - - 1.0 

IDDs2 Standby Current 
TC5516AP/ 

Ta = 25°C - 0.05 1.0 }.!A 

Ta = 60°C - - 5.0 
AF 

Ta = 85°C - - 30 

tCDR From Chip Deselection to Data Retention Mode 0 - - }.!S 

tR Recover Time tRC (1) - - }.!s 

Note (1) tRC : Read Cycle Time. 

VDD--------------~ 
DATA RETENTION MODE 

V I H -- - - - ~--~---+---\ 

tCDR 
VDD -O.5V 

GND---------------------------------------------------------------------

Note: (2) If the VIH level of CE 2 is 2.2V, during the period that the VDD voltage is going down- from-4.5V to 2.7V, ISSD1 current flows. 
(Refer to D.C. CHARACTERISTICS or TYPICAL CHARACTERISTIC FIGURES.) 
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TC5516AP/-2<,' TC5516APl/;2 
TC5516AF/-2, TC55'1\eAFL/-2 

TVP'CALCHARACTERISTICS 
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Voo = 5.5V 

other Inputs 
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OUTLINE DRAWINGS 

• Plastic DIP 

TC5516AP/-2, TC5516APL/-2 
TC5516AF/-2~ TC5516AFL/-2 

242322212019181716151413 

~~:~u:::::ulJ 
1 2 3 4 5 6 7 89101112 

32.4 MAX. 

"' 
-----------

x « 
~ 
Lf) 

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.24 leads. 
All dimensions are in millimeters. 
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TC:5;15~1\>f):APj~2{">TC'5~$16APL/-2 
TC55:16AFl·2'~"· TC55:16A,FL/-2 

• Plastic FP 

16.5 MAX 

N M 
o 0 
+1 +1 
II) II! 
cO 

_1---1-.-0_",_1_.2_7 .11. 0.15 ± 0.05 

Note : Each lead pitch is 1.27mm. All leads are located within 0.1 mm of their true longitudinal position with respect 
to No.1 and No.24 leads. . 
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TC5516AP/-2, TC5516APL/-2 
TC5516AF/-2~ TC5516AFL/-2 

PACKAGE IN,FORMATION FOR FLAT PACKAGE 

This new flat package is a very small and thin compared with conventional standard dual-in-line package. 
Differences are as follows. 

1. Difference in dimension between flat and 
standard package. 

Unit: mm 

Flat package Standard package 

Length 16.5 32.4 

Width 9.0 14.2 
Lead Pitch 1.27 2.54 

Thickness 2.1 5 

3. Advantage of this package 

• Small dimensions 
• Capability of High Density Assembly 

2. Comparison in occupied space. 

DIP 

FP 

• Capability of thin Assembly - Capability of Assembly on both side of PC board. 

4. PC pattern layout example 

eE2 eEl 
II II 

II ,i 
I: :: 

=:::::::: " i ~ r-----s= 
= 

........--

~o .r.= 

= 

= 
r--

ij ) b : " 
" - , 
" 

I :: , 
12.0 
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Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patant licenses are implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 

© Aug., 196 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
2,048 WORD X 8 BIT CMOS STATIC RAM 
SILICON GATE CMOS 

DESCRIPTION 

The TC551 7 AP / AF in a 1 6384-bit static random 
access memory organized as 2048 words by 8 bits 
using CMOS technology, and operates from a single 
5 volt supply. 

The TC5517AP/AF is featured by output enable 
and chip enable inputs, that is, OE for fast memory 
access and CE for a minimum standby current mode, 
and is suited for low power application where battery 
operation or battery back up for novolatility are 
required. Furthermore the TC551 7 APL guaranteed a 

FEATURES 

• Standby Current 
0.2JlA (Max.) at Ta = 25°C} TC5517APL/AFL 
1.0JlA (Max.) at Ta = 60°C 
1.0JlA (Max.) at Ta = 25°C} TC5517 AP/AF 
5.0JlA (Max.) at Ta = 60°C 

• Low Power Dissipation : 200mW (Typ.) 
operating 

• Single 5V Power Supply: 5V ± 10% 
• Data Retention Supply Voltage: 2.0'" 5.5V 
• Fully Static Operation 

PIN CONNECTION (TOP VI EW) 

PIN NAMES 

/...0'" AlO 

R/W 

bE 

CE 

1/01 '" 1/08 

Voo 

GND 

1/°2 

1/0 3 

GND 

Address Inputs 

Read/Write Control Input 

Output Enable Input 

Chip Enable Input 

Data Input/Output 

Power (+5V) 

Ground 

TC5517AP/-2, TC5517APL/-2 
TC5517AF/-2, TC5517AFL/-2 

standby current equal to or less than 1 J.lA at 60·C 
ambient temperature is available. 

The TC551 7 AP is also featured by pin compatibil
ity with 2716 type EPROM. This means that the 
TC551 7 AP and EPROM can be interchanged in the 
same socket, and the flexibility in the definition of the 
quantity of RAM versus EPROM obtained as a result 
allows the wide application in microcomputer sys
tem. 

• Access Time 
250ns (Max.) TC5517AP/APL/AF/AFL 
200ns (Max.): TC5517AP-2/APL-2/AF-2/ 

AFL-2 
• Two Control Input (CE, OE) 
• Pin Compatible with Nch Static RAM TMM2016P 
• All Inputs and Outputs Directly TTL Compatible. 
• Three State Outputs 

• Package 
Plastic DIP : TC5517AP/APL 
Plastic FP : TC5517AF/AFL 

BLOCK DIAGRAM 

A. 

AI-JI~.....J 

A,_ 0l~.....J 

A,-"",,--,-.....J 

A. 

A,----.-I.-L-.L.....J 

A. 

1/0 1 

CE 

MEMORY CELL 

ARRAY 

128 x 128 

--oVOO 

--oGNO 



SYMBOL ITEM RATING 

Voo Power Supply Voltage -0.3V -.. 7.0V 

VIN I nput Voltage -0.3V -.. Voo+0.3V 

VI/a I nput/Output Voltage -0.3V -.. Voo+0.3V 

Po Power Dissipation (Ta = 85°C) 0.8W (0.45W)* 

TSTG Storage Temperature -55°C -.. 150°C 

TOPR Operati ng T emperatu re -30°C -.. 85°C 

TSOLDER Soldering Temperature· Time 260°C· 10 sec. 

*Plastlc FP 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VDD Power Supply Voltage 4.5 5.0 5.5 V 

VIH I nput High Voltage 2.2 - Voo+0.3 V 

VIL Input Low Voltage -0.3 - q.8 V 

VOH Data Retention Voltage 2.0 - 5.5 V 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

IlL Input Leakage Current O~VIN ~VOO - - ±1.0 /JA 

ILO I/O Leakage Current CE = VIH, OV ~ VI/a ~ VOD - - ±5.0 /JA 

10H Output High Current VOH = 2.4V -1.0 -2.0 - mA 

10L Output Low Current VOL = O.4V 2.0 3.0 - mA 

100S1 CE = 2.2V - 1.0 3.0 mA 

TC5517APL/ Ta = 25°C - 0005 0.2 

CE = Voo - 0.5V 
AFL Ta = 60

u
C - - 1.0 

100S2 Standby Current 
TC5517AP/ 

Ta = 25°C - 0.05 1.0 /JA 
Voo = 2 -.. 5.5V 

Ta = 60°C 5.0 - -
AF 

Ta = 85°C - - 30 

10001 CE = OV, VIN = VIH/VIL, lOUT = OmA - 40 70 
Operating Current mA 

10002 CE = OV, VIN = Voo/GND, lOUT = OmA - 30 55 
- .0 -Note. TYPical values are at Ta - 25 C, Voo - 5V. 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

CIN Input Capacitance - 5· 10 pF 

CI/O Input/Output CClpacitance - 5 10 pF 

Note: This parameter'ls periodically sampled and IS not 100% tested. 
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TC5517 AP/-2, TC5517 APL/-2 
TC5517AF/-2~ TC5517AFL/-2 

A.C. CHARACTERISTICS eTa = -30 '" 85°C, VDD = 5V ± 10%) 

• Read Cycle 

TC5517 AP-2/ AP L-2 
SYMBOL PARAMETER TC5517 AF-2/AFL-2 

MIN. MAX. 

tRC Read Cycle Time 200 -

tACC Access Time - 200 

tOE OE to Output Valid - 100 

tco CE to Output Valid - 200 

tCOE OE or CE to Output Active 10 -

too Output High-Z from Deselection - 80 

tOH Output Hold from Address Change 10 -

• Write Cycle 

SYMBOL PARAMETER 

twc Write Cycle Time 

twp Write Pulse Width 

tAW Address Set Up Time 

tWR Write Recovery Time 

toow Output High-Z from R/W 

tOEW Output Active from R/W 

tos Data Set Up Time 

tOH Data Hold Time 

A.C ... TEST CONDITIONS 

Output Load 
Input Pulse Levels 
Timing Measurement Reference Levels 

Input 
Output 

Input Pulse Rise and Fall Times 

TIMING WAVE FORMS 
• Read Cycle (1) 

Addresse" 

TC5517 AP-2/APL-2 
TC5517 AF-2/AF L-2 

MIN. 

200 

160 

0 

10 

-

10 

80 

0 

1 OOpF + 1 TTL Gate 
O.6V,2.4V 

O.8V and 2.2V 
O.8V and 2.2V 
10ns 

tCOE 

tCOE 

tOE 

MAX. 

-

-

-

-

80 

-

-

-

TC5517AP/APL 
TC5517AF/AFL 

MIN. MAX. 

250 -

- 250 

- 100 

- 250 

10 -

- 80 

10 -

TC5517AP/APL 
TC5517AF/AFL 

MIN. MAX. 

250 -

200 -

0 -

10 -

- 80 

10 -

120 -

0 -

VOH OUTPUT 
VOL DATA VALID 
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ns 

ns 

ns 

ns 

ns 

ns 

ns 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



• Write Cycle 1 (1) 

Addresses 

CE 

R/W 

DOUT 

DIN 

• Write Cycle 2 (2) 

Addresses 

CE 
VIL 

R/W 
VIL 

DOUT 

~ UNKNOWN 
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twc 

VIL 

twp (3) 

VIL 

High Impedance 

tDS (4) 

VIH 

VIL 

twc 

twp (3) 

VIL 

VIL 

tODW 

tDS (4) 

VIH 

VIL 

VIL 

VIH 

VIL 

tWR 

VIL 

V IH 
VIL 

1 
II 



TC5517 AP/-2, TC5517APL/-2 
TC5517 AF/-2, TC5517 AFL/~2 

NOTE: (1) R/W is high for a Read Cycle. 
(2) OE = V 1H or V 1L . If OE = V 1H during write cycle, the output buffers remain in a high impedance 

state. 
(3) twp is specified as the logical "AND" of CE and R/W. 

twp is measured from the latter of CE of R/W going low to the earl ier of CE or R/W going high. 
(4) tOH, tos are measured from the earlier of CE of R/W going high. 
(5) If the CE low transition occurs simultaneously with or latter from the R/W low transition in a Write 

Cycle 1, the output buffers remain in a high impedance state in this period. 
(6) If the CE high transition occurs prior to or simultaneously with the R/W high transition in a Write 

Cycle 1, the output buffers remain in a high impedance state in this period. 
(7) If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE low 

transition, the output buffers remain in high impedance state in this period. 

DATA RETENTION CHARACTERISTICS (Ta = -30""" 85°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VOH Data Retention Power Supply Voltage 2.0 - 5.5 V 

TC5517 APL! Ta = 25°C - 0.005 0.2 

AFL Ta = 60°C - - 1.0 

IOOS2 Standby Current Ta = 25°C - 0.05 1.0 pA 
TC5517AP/ 

Ta = 60°C 5.0 
AF 

- -

Ta = 85°C - - 30 

tCOR From Chip Deselection to Data Retention Mode 0 - - ps 

tR Recovery Time tRC(1 ) - - ps 

Note (1) tRC Read Cycle Time 

DATA RETENTION MODE 

VDD--------------~ 

VDD-O.5V 

GND-----------------------------------------------------------------------

Note (2) If the VIH level of CE is 2.2V. during the period that the VDD voltage is ~oingdown from 4.5V to 2.7V. IDDSl current flows. 
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Te.$".'.~ijfJ('/~t,' .. t~5~.1(~·~.ti1~~ 
TC551~~1:AFZ~~"~:;;·TC5'5;1···1~F;L/~{2 

OUTLINE DRAWINGS 
• Plastic DIP 

1 2 3 4 5 6 7 8 9101112 

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.24 leads. 
All dimensions are in millimeters. 
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• Plastic FP 

TC5517 AP/-2, TC5517 APL/-2 
TC5517AF/-2. TC5517AFL/-2~ 

~ 

ci 
+1 
It! 

N 
ci 
+1 
!Xl 
00 

0-1.27 

16.5 MAX 

~II~-=r" ¥ ~ 0 
II! +1 
~ 0 

COli 

J 
iii 
~ 

M 
ci 
+1 
II! 

.11. 0.15 ± 0.05 

Note: Each lead pitch is 1 .27mm. All leads are located within 0.1 mm of their true longitudinal position with respect to 
No.1 and No.24 leads. 



PACKAGE INFORMATION FOR FLAT PACKAGE 

This new flat package is a very small and thin com
pared with conventional standard dual-in-line package. 
Differences are as follows. 

1. Difference in dimension between flat and standard 
package. 

2. Comparison in occupied space 

Flat package 

Length 16.5 

Width 9.0 

Lead Pitch 1".27 

Thickness 2.1 

3. Advantage of this package 
Small dimensions 

Unit· mm 

Standard package 

32.4 DIP 

14.2 

2.54 

5 

FP 

Capability of High Density Assembly 
Capability of thin Assembly--Capability of Assembly on both side of PC board. 

4. PC pattern layout example 

(~T) 'I II 
I, II II 

:: :: :: VDDLINE 

-~: :----+T-----. :: :: Q r-;t E " '! " u 0 E Ii illS:: 

= 

_~~ __ ~:~: __ +I~: ______ -~~ ______ ~~ o~ __ ~:~: __ +:~:, __ ~±=I~l~1~.5_ 
" " II GND LINE 
II " II " 

12.0 
(mm) 

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

©Aug., 1985 Toshiba Corporation 
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TOSHIBA MOSMEMORYPRODUCTS 
2.048 WORD x 8 BIT CMOS STATIC RAM 
SILICON GATE CMOS 

TC5517BP-20/BPL-20/BP-25/BPL-25 
TC5517BF-20/BFL-20/BF-25/BFL-25 

N; 
The TC551 7BP /BF is a 16384-bit high speed and 

low power fully static random access memory orga
nized as 2048 words by 8 bits using CMOS tech
nology. and operates from a single 5 volt supply. 

The TC551 7BP /BF has a output enable input (OE) 
for fast memo.~ __ access and output control and chip 
enable input (CE) which IS used for device selection 
and can be used in order to achieve the minimum 
standby current mode easily for battery back up. 

Also the high speed and low power characteristics 
which maximum access time is 200ns and maximum 
operating current is 5mA/MHz are achieved. 

:FE~~I~;§$ 
• Low Power Dissipation 

27.5mW/MHz (Max.) Operating 

• Standby.Current 
O.2J.LA (Max.) at Ta=25"C }TC5517BPL-20/BPL-25/ 
1.0J.LA (Max.) at Ta=60·C BFL-20/BFL-25 
1.0J.LA (Max.) at Ta=25·C }TC5517BP-20/BP-25 
5.0J.LA (Max.) at Ta=60·C BF-20/BF-25 

• Single 5V Power Supply: 5V± 1 0% 
• Data Retention Supply Voltage 2.0'" 5.5V 

• Fully Static Operation 

(TOP VIEW) 
A, Voo 
A6 Ag 
As A9 
A4 R/W 
A3 OE 
A2 A10 
A1 CE 
Ao I/Og 

1/01 I/O, 
1/02 1/06 
1/03 1/05 
GNO 1/04 

Ao - A 10 Address Inputs 

RNY ReadNYrite Control Input 

OE Output Enable Input 

CE Chip Enable Input 

1/01 -I/Og Data Input/Output 

Voo Power (+5V) 

GND Grounc;t 

Thus the TC551 7BP /BF is most suitable for use in 
low power applications where battery operations or 
battery back up for nonvolatility are required. 
Furthermore the TC5517BPL/BFL guaranteed a 
standby current equal to or less than 1 J.LA at 60°C 
ambient temperature available. 

And the TC5517BP is pin compatible with 2716 
type EPROM. This means that the TC551 7BP and 
EPROM can be interchanged in the same socket, 
and the flexibility in the definition of the quantity of 
RAM versus EPROM allows the wide application in 
microcomputer system 

• Fast Access Time 
tAcc=200ns(Max.): TC5517BP-20/BPL-20/BF-20/ 

/BFL-20 
tAcc=250ns(Max.): TC5517BP-25/BPL-25/BF-25/ 

/BFL-25 
• Output Buffer Control: OE 
• On-chip Address Transition Detector 
• All inputs and outputs Directly TTL Compatible 

• Three State Outputs 

• Package 
Plastic DIP: TC5517BP-20/BPL-20/BP-25/ 

BPL-25 
Plastic FP : TC5517BF-20/BFL-20/BF-25/ 

BFL-25 

EEo---,..--o1'. 
RIW ~-_.rT~-

OEO-----t-t----"I r--------------' 
'--------<f:>---CE 
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'f' 

II 
I 

MODE CE OE R/W Ao - A 10 1/0 1 - 8 POWER 
Read L L H Stable Data Out 1000 
Write L * L Stable Data In 100Q_ 
Output Deselect L H H * High Impedance 1000 
**Standby H * * * High Impedance loos 

Note: *: H or L **: Data Retention Mode 

SYMBOL ITEM RATING 

Voo Power Supply Voltage -0.3V -7.0V 

VIN Input Voltage -0.3V - Voo + 0.3V 

VI/O I nput/Output Voltage -0.3V - Voo + 0.3V 
Po Power Dissipation (Ta = 85°C) 0.8W (OA5W) * 
TSTG Storage Temperature -55°C - 150°C 

TOPR Operating Temperature -30°C - 85°C 

TSOLOER Soldering Temperature· Time 260°C· 10 sec. 

* Plastic FP = OA5W 

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 Voltage 2.0 - 5.5 V 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

IlL I nput Leakage Current O~VIN ~Voo - - ±1.0 /JA 
ILO 1/0 Leakage Current CE = VIH ' OV ~ VI/O ~ Voo - - ±5.0 /JA 

10H Output High Current VOH - 2AV -1.0 -2.0 - mA 
10L Output Low Current VOL = OAV 2.0 3.0 - mA 

IOOS1 CE = 2.2V - 1.0 3.0 mA 

CE ~ Voo -0.5V TC5517BPL! Ta=25°C - 0.005 0.2 
BFL Ta=60°C - - 1.0 

100S2 Standby Current 
TC5517BP/ 

Ta=25°C - 0.05 1.0 /JA 
Voo = 2- 5.5V Ta=60°C - - 5.0 

BF 
Ta=85°C - - 30 

10001 tcycle = 200ns VIN = VIH/VIL - - 30 

10002 Operating Current 
CE= OV, lOUT = OmA VIN - Voo/GND - - 25 

mA 
10003 tcycle == l/Js VIN = VIH /VI L - - 10 
10004 IT = OV, lOUT == OmA VIN = Voo/GND - - 5 

Note: Typical Values are at Ta = 25°C, Voo = 5V. 

SYMBOL PARAMTER MIN. TYP. MAX. UNIT 
CIN Input Capacitance - 5 10 pF 

CI/O I nputlOutput Capacitance - 5 10 pF 

Note: This paramter IS periodically sampled and IS not 100% tested. 
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TC551 7 B P-20/B PL-20/B P-25/B PL-25 
TC5517BF-20/BFL-20/BF-25/BFL-25 

A.C. CHARACTERISTICS (Ta· -30 'V 85°C, VDo=6V ±10%) 
• Read Cycle 

TC5517BP-20/BPL-20 
SYMBOL PARAMETER TC 5517 BF-201 BFL-20 

MIN. MAX. 
tRe Read Cycle Time 200 -

tAee Access Time - 200 
tOE OE to Output valid - 100 
teo CE to Output Valid - 200 
teoE OE or CE to Output Active 10 -

too Output Hlgh-Z from Deselectlon - 60 
toH Output Hold from Address Change 20 -

• Write Cycle 

SYMBOL PARAMETER 

twe Write Cycle Time 
twp Write Pulse Width 
tAW Address set up Time 
tWR Write Recovery Time 
toow Outpur Hlgh-Z from R!W 
tOEW Output Active from R/W 
tos Date set up Time 
tOH Data Hold Time 

A.C. TEST CONDITIONS 

Output Load 
Input Pu Ise Levels 
Timing Measurement Reference Levels 

Input 
Output: 

Input Pulse Rise and Fall Times 

TIMINGWAVEFORM$ 
• Read Cycle (1) 

Addresses 

OE 

TC5517BP-20!BPL-20 
TC5517BF-20/BFL-20 

MIN. 
200 
150 

0 
0 

-

10 
90 

0 

lOOp F + 1 TT L Gate 
O.6V,2.4V 

O.8V and 2.2V 
O.8V and 2.2V 
10ns 

teoE 

teoE 

teo 

tOE 

MAX. 
-

-

-

-

60 
-

-

-

TC5517BP-25/BPL-25 
TC5517BF-25/BFL-25 

MIN. MAX. 
250 -

- 250 
- 120 
- 250 
10 -

- 70 
20 -

TC5517BP-25!BPL-25 
TC5517BF-25!BFL-25 

MIN. MAX. 
250 -

170 -

0 -

0 -

- 70 
10 -

100 -

0 -

VOH OUTPUT 
VOL OATA VALlO 
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• Write Cycle 1 (2) 

twc 

CE 

twp (3) 

A/W 

tOEW 

OOUT 
High Impedance 

tos (4) tOH (4) 

• Write Cycle 2 (2) 

twc 

AIW 

OOUT 

tos (4) 

____________________________________ V,IH~----------------~ 

0IN OATA IN STABLE 

~ UNKNOWN 
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TC551'7BP-20lBPl~,2'OlBP·251B:PL~25 
TC55.17BF-201BFL"20/BP-251BFL-25 

Note: (1) R/W is high for a Read Cycle. 

SYMBOL 
VDH 

IOOS2 

tCOR 

tR 

(2) OE = VIH or VIL. If, OE = VIH during write cycle, the output buffers remain in a high impedance. 

state. 

(3) twp is specified as the logical "AND" of CE and R/W. 

twp is measured from the latter of CE or R/W going low to the earlier of CE or R!W going high. 

(4) tDH, tDS are measured from the earlier of CE or R!W going high. 

(5) If the CE low transition occurs simultaneously with or latter from the R/W low transition in a 

Write Cycle 1, the output buffers remain in a high impedance state in this period. 

(6) If the CE high transition occurs prior to or simultaneously with the R!W high transition in a 

Write Cycle 1, the output buffers remain in a high impedance state in this period. 

(7) If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE low 
transition, the output buffers remain in high impedance state in this period. 

PARAMETER MIN. TYP. MAX. UNIT 

Data Retention Power Supply Voltage 2.0 - 5.5 V 

TC5517BPL! Ta=25°C - 0.005 0.2 
BFL Ta=60°C - - 1.0 

Standby Current Ta=25°C - 0.05 1.0 J,J.A 
TC5517BP/ 

Ta=60°C 5.0 - -
BF 

Ta=85°C 30 - -

From Chip Deselection to Data Retention Mode 0 - - J,J.s 
Recovery Ti me tRC(1) - - J,J.s 

Note (1) tRC : Read Cycle Time 

VDD--------------~ DATA RETENTION MODE 

VDD - O.5V 

GND--------------------------------------------------------------------

Note (2) If the VIH level of CE is 2.2V, during the period that the VDD voltage is going down from 4.5V to 2.7V, 'DDS1 current flows. 
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• Plastic DIP 

~:::::::~:::IEI 
1 2 3 4 5 6 7 8 9 101112 

0.5 ±0.15 

x 
c( 

~ 
LI) t::j 
~ 

I. 17.4 MAX. I 

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.24 leads. 
All dimensions are in millimeters. 
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• Plastic FP 

TC551 7 B P-20/B PL-20/B P-25/B PL-25 
TC5517BF-20/B'FL-20/BF-25/BFL-25 

~ 

J 
0 
+1 In 
It! 3 

.11. 0.15 ± 0.05 

16.5 MAX 

Note: Each lead pitch is 1 .2 7mm. All leads are located within 0.1 mm of their true longitudinal position with respect to 

No.1 and No.24 leads. 
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This new flat package is a very small and thin compared with conventional standard dual-in-line package. 

Differences are as follows. 

1. Difference in dimension between flat and 
standard package. 

2. Comparison in occupied space 

Flat package 

Length 16.5 

Width 9.0 
Lead Pitch 1.27 

Thickness 2.1 

3. Advantage of th is package 
Small dimensions 

Unit :mm 

Standard package 

32.4 

14.2 

2.54 

5 

Capability of High Density Assembly 

DIP 

FP 

Capability of ·thin Assembly -- Capability of Assembly on both side of PC board. 

4. PC pattern layout example 

(CE) (OE) 
1, :: :: rl 

0 r_ - ,Ul 

~ 
[(XI 

i 0 

= I~ (XI 

51 
., 

11 " - " 
II --L '--J-1.5 

- I, 
" 

" " 

" " " 
t.J 

II " :: ~ : GND LINE --.I 

II 

12.0 (CE) (OE) (mm') 

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

© Aug., 1985 Toshiba Corporation 
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·TOSHIBA MOS· MEMORY:·PRODUClS 
2,048 WORD X 8 BIT CMOS STATIC RAM 

TC5517CP-15/CPL-15/CP-20/CPL-20 
TC5517CF -15/ CFL -15/ CF -20/ CFL -20 

DOESCRIPTION 

The TC551 7CP /CF is a 1 6384-bit high speed and 
low power fully static random access memory orga
nized as 2048 words by 8 bits using CMOS tech
nology, and operates from a single 5 volt supply. 
The TC5517CP/CF has a output enable input (bE) 
for fast memory access and output control and chip 
enable input (CE) which is used for device selection 
and can be used in order to achieve the minimum 
standby current mode easily for battery back up. Also 
the high speed and low power characteristics which 
maximum access time is 150ns, 200ns and maxi
mum operating current is 5mA/M Hz are achieved. 

FEAtURES 

• Low Power Dissipation 
27. 5mW 1M Hz(Max.) Operating 

• Standby Current 
O. 2pA(Max.) at Ta=25·C} TC551 7CPL-1 5/CPL-20 
1 . OpA(Max.) at Ta=60°C CFL-15/CFL-20 
1 .0pA(Max.) at Ta=25°C} TC5517CP-15/CP-20 
5. OpA(Max.) at Ta=60·C CF-15/CF-20 

• Single 5V Power Supply: 5V± 1 0% 
• Data Retention Supply Voltage 

2.0-5.5V 
• Fully Static Operation 
• Fast Access Time 

1.4cc= 150ns(Max.) : TC551 7CP-1 5/CPL-1 5 

Ao-AlO 

R/W 

OE 

CE 

I/Ol-I/Oa 

VDD 

GND 

CF-1 5/CFL-1 5 

(TOP VIEW) 
A7 
A6 
A5 
A4 4 
A3 5 
A2 6 
Al 7 
AO 8 

1/01 9 
1/02 10 
1/03 11 

GND 12 

Address Inputs 

VDD 
23 A8 
22 A9 
21 R/W 
20 5E 
19 AIO 
18 CE 
17 1/08 
16 1/07 
15 1/06 
14 1/05 
13 1/04 

Read/Write Control Input 

Output Enable Input 

Chip Enable Input 

Data Input/Output 

Power (+5V) 

Ground 

Thus the TC551 7CP /CF is most suitable for use in 
low power applications where battery operation or 
battery back up for nonvolatility are required. 
Furthermore the TC5517CPL/CFL guaranteed a 
standby current equal to or less than 1 uA at 60°C 
ambient temperature avaitble. And the TC551 7CP is 
pin compatible with 2716 type EPROM. This means 
that the TC551 7CP and EPROM can be interchanged 
in the same socket and the flexibility in the definition 
of the quantity of RAM versus EPROM allows the 
wide application in microcompute system. 

tAcc=200ns(Max.) : TC5517CP-20/CPL-20 
CF-20/CFL-20 

• Output Buffer Control: OE 
• On-Chip Address Transition Detector 
• All Inputs and Outputs Directly TIL 

Compatible 
• Three State Outputs 
• Package; 

Plastic DIP: TC5517CP-15/CPL-1 5 
(600 mil) CP-20/CPL-20 
Plastic FP : TC551 7CF-1 5/CFL-1 5 

BtQCrtDotiljRiM 

A4 
A5 
A6 
A7 
A8 
A9 

AIO 

1/08 

C E O-----1--c:r, 
R/W 
~ 0----+-+-<11 

CF-20/CFL-20 
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MODE CE OE R/W ~-AlO 1/01-1/08 POWER 

Read L L H Stable Data Out 1000 

Write L * L Stable Data In 1000 

Output Deselect L H H * High Impedance 1000 

* * Standby H * * * High Impedance loos 

SYMBOL ITEM RATING 

Voo Power Supply Voltage -0.3-7.0V 

VIN Input Voltage -0.3V-Voo+0.3V 

VI/O Input/Output Voltage -0.3V-Voo+0.3V 

Po Power Dissipation(Ta=85·C) 0.8W(0.45W)· 

TSTG Storage Temperature -55·C-150·C 

TOPR Operating Temperature -30·C-85·C 

TSOLOER Soldering Temperature· Time 260·C·10sec. 

·Plastic FP=0.45W 

(Ta= -30-85·C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

Voo Power Supply Voltage 4.5 5.0 5.5 V 

VIH Input High Voltage 2.2 - Voo+0.3 V 

VIL Input Low Voltage -0.3 - 0.8 V 

VOH Data Retention Voltage 2.0 - 5.5 V 

, (Ta=30-85·C, Voo=5V±10%) 

TC5517CP- TC5517CP-

SYMBOL PARAMETER CONDITIONS 15/CF-15 20/CF-20 UNIT 

MIN. MAX. MIN. MAX. 

IlL Input Leakage Current O~VIN~VOO - ±1.0 ±1.0 pA 

ILO I/O Leakage Current CE=VIH, OV~VI/O~VOO - ±5.0 ±5.0 pA 

IOH Output High Current VOH2.4V -1.0 - -1.0 - mA 

IOL Output Low Current VOL=0.4V 2.0 - 2.0 - mA 

100s1 CE2=2.2V - 3.0 - 3.0 mA 

CE~Voo-O. 5V 
TC5517CPL/ Ta=25·C - 0.2 - 0.2 

CFL 
Ta=60·C - 1.0 - 1.0 

100s2 Standby Current Ta=25·C - 1.0 - 1.0 pA 
TC5517CP/ 

Ta=60·C 5.0 5.0 CF - -
Ta=85·C - 30 - 30 

10001 tcycle=Mini cycle, VIN = VIH/VIL - 45 30 
-

VIN=Voo/GND 40 25 10002 CE=OV, 10uT=OmA -
Operating Current mA 

10003 tcycle = 1 pS, VIN = VIH/VIL - 10 - 10 

IDo04 CE=OV, louT=OmA VIN=Voo/GND - 5 - 5 

Note: Typical values are at Ta=25·C, VOD=5V. 
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TC5517CP-15/CPL-15/BP-20/CPL-20 
TC5517CF-15/CFL~15/CF-20/CFL-20 

CAPACITANCE 

SYMBOL PARAMETER 

CIN Input Capacitance 

CI/O Input/Output Capacitance 

Note: This parameter is periodically sampled and is not 100% tested. 

A;C~.CHAFlA~ERISTICS 

Read Cycle 

(Ta= -30-S5"C, Voo=5V± 1 0%) 

TC551 7CP-l 5/CPL-l 5 

SYMBOL PARAMETER TC5517CF-15/CFL-15 

MIN. MAX. 

tRC Read Cycle Time 150 -

tACC Address Time - 150 

tOE CE to Output Valid - 70 

tco CE to Output Valid - 150 

tCOE CE or OE to Output Active 10 -

too Output High-Z from Deselection - 50 

tOH Output Hold from Address Change 15 -

Write Cycle 
TC551 7CP-l 5/CPL-l 5 

SYMBOL PARAMETER TC551 7CF-l 5/CFL-l 5 

MIN. MAX. 

twc Write Cycle Time 100 -

twp Write Pulse Width 120 -

tAw Address Set up Time 0 -

twR Write Recovery Time 0 -
toow Output High-Z from R/W - 50 

tOEW Output Active from R/W 10 -

tos Data Set up Time 60 -
tOH Data Hold Time 0 -

Output Load : 1 OOpF + 1 TIL Gate Timing Measurement Reference Levels 

MIN. TYP. MAX. 
- 5 10 

- 5 10 

TC5517CP-20/CPL-20 
TC5517CF-20/CFL-20 

MIN. MAX. 

200 -

- 200 

- 100 

- 200 

10 -

- 60 

20 -

TC5517CP-20/CPL-20 
TC5517CF-20/CFL-20 

MIN. MAX. 

200 -

150 -

0 -

0 -

- 60 

10 -

SO -

0 -

Input Pulse Levels: 0.6V, 2.4V Input: O. SV and 2. 2V 

Output: O.SV and 2.2V 

Input Pulse Rise and Fall Times 10ns 

ADDRESSES 

VOH 

----------------~====~~~VUL vA~~Tt~IID 
~----~~~~--~V~U-L~ 
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UNIT 

pF 

pF 

UNITS 

ns 

UNITS 

ns 
ns 



• Write Cycle 1 (2) 

twa 

• Write Cycle 2 (2) 

twa 

ADDRESSES 

tWP(3) tWR 

R/W 

DoUT 

VIH 
----------------------------~ ~~----------~ 

DATA 

~: UNKNOWN 
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TC55:t 7CP~:15/CPL~"5lB P":201C~L·~,O •• 
TC5517CF-15/CFL-15/CF-'20/CFL .. 20' 

Note: 
1. R/W is high for a Read Cycle. 
2. OE=VIH or VIL. If, OE=VIH during write cycle, the output buffers remain in a high impedance state. 
3. twp is specfied as the logical "AND" of CE and R/W. 

twp is measured from the latter of CE or R/W going low to the earlier of CE or R/W going high. 
4. tOH, tos are measured from the earlier of CE or R/W going high. 
5. If the CE low transition occurs simultaneously with or latter from the R/W low transition in a Write Cycle 1 , the output 

buffers remain in a high impedance state in this period. 
6. If the CE high transition occurs prior to or simultaneously with the R/W high transition in a Write Cycle 1 , the output 

buffers remain in a high impedance state in this period. 
7. If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE low transition, the output 

buffers remain in high impedance state in this period. 

DATA RETENTION 'CHARACTERISTICS (Ta= -30-85'C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VOH Data Retention Power Supply Voltage 2.0 - 5.5 V 

Ta=25'C - 0.005 0.2 
TC5517CPL/CFL 

Ta=60'C 1.0 - -

loos2 Standby Current Ta=25'C - 0.05 1.0 J.lA 

TC5517CP/CF Ta=60'C - - 5.0 

Ta=85'C - -- 30 

tCOR From Chip Deselection to Data Retention Mode 0 - -
Recovery Time tRd 1 ) --

J.lS 
tR -

Note: 
1. tRC: Read Cycle Time 

DATA RETENTIUN MGDE 

GND------------------------------------------------------------------------

Note: 
2. If the VIH level of CE is 2. 2V, during the period that tne Voo voltage is going down from 4. 5V to 2 7V IOOSl current flows. 
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• Plastic DIP 

Z 
H 
:::s 
tq 
o 

24 23 22 21 m 19 18 17 16 15 14 13 

1 2 3 4 5 6 7 8 9 10 11 12 

1-

15.24TYP. 

O.25±O.05 

.1 1 7.4 MAX . 

Note: Each lead pitch is 2. 54mm. All leads are located within O. 25mm of their longitudinal position with respect to 
No.1 and No.24 leads. 
All dimensions are in millimeters. 
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• Plastic FP 

TC5517CP-15/CPL-15/BP-2()ICPL-20 
TC5517CF-15/CFL-15/CF-20/CF"L-20 

24 23 22 21 20 19 18 17 16 15 14 13 

16.5MAX. 

-.;It 
c:i 
tl 
l[) 

.-i 

N 
c:i 
H 
ro 
a:i 

0-1.27 

r-, 

l[) 

c:i 

z -.;It 

H c:i 
;::!1 tl 
ro l[) 

c:i .....; 

O.5±0.05 

Note: Each lead pitch is 1 . 27mm. 
All leads are located within 0.1 mm of their true longitudinal position with respect to No.1 and No. 24 leads. 
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This new flat package is a very small and thin 
compared with conventional standard dual-in-line 
package. Differences are as follows. 

1. Difference in dimension between flat and standard 
package. 

2. Comparison in occupied space. 

Flat pac page 

Length 16.5 

Width 9.0 

Lead Pitch 1.27 

Thickness 2.1 

3. Advantage of this package 
Small dimensions 

Unit: mm 

Standard package 

32.4 

14.2 

2.54 

5 

Capability of High Density Assembly 
Capability of thin Assembly--Capability of 
Assembly Oil both side of PC board. 

4. PC pattern layout example. 

=== 
~ 

II 

II 
II 

:: 

" II 
II 

ii :-... 

II 

r-

Ii 

Ii 

:/. 
~h= 

FP 

VDD LINE 

, 

~ ~~ 

fr 
, 

II 

~ 1\ {o 

~ =. CX) ~ 

~(Q\' ll') ll') 

C\l ~ 

.. ," ci 0 

I----=- ---'-
~....-:; -

CX) 

~ ll') 

~ C\l 
ci 

-ro II d -~ I II -!= 1.5 ~r--
;: II i: GND 

C\l 
II LINE 

""" II 'I 
II 

~I 
II II 

em DE 12.0 (mm) 

DIP 

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 Aug., 1985 Toshiba Corporation 
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2,048 WORD X 8 BIT CMOS STATIC RAM 
SILICON GATE CMOS 

TC5518BP-20/BPL-20/BP-25/BPL-25 
TC5518BF-20/BFL-20/BF-25/BFL-25 

The TC5518BP /BF is a 16384-bit high speed and 
low power fully static random access memory orga
nized as 2048 words by 8 bits using CMOS tech
nology, and operates from a single 5 volt supply. 

The TC5518BP/BF has two chip enable inputs, 
CEI and CE2 , which are used for device selection and 
can be used in order to achieve the minimum stand
by current mode easily for battery back up. Also the 
high speed and low power characteristics which 
maximum access time is 200ns and maximum 
operating current is 5mA/M Hz are achieved. 

Thus the TC5518BP /BF is most suitable for use in 

• Low Power Dissipation 
27.5mW/MHz (Max.) Operating 

• Standby Current 
0.2JJ.A (Max.) at Ta = 25°c1 TC5518BPL! 
1.0JJ.A (Max.) at Ta = 60°C[ BFL-20 
1.0JJ.A (Max.) at Ta = 25°C}TC5518BP/ 
5.0JJ.A (Max.) at Ta = 60°C BF-20 

• Single 5V Power Supply: 5V±10% 
• Data Retention Supply Voltage 

2.0 - 5.5V 
• Fully Static Operation 

(Top VIEW) 

A7 
A6 
As 

A4 
A3 

A2 

A1 
Ao 

1/01 

1/02 

1/03 

GND 

Ao -AIO Address Inputs 

RNY ReadNYrite Control Input 

CE 1, CE 2 Chip Enable Inputs 

1/01 - 1/08 Data Input/Output 

~DD Power (+5V) 

GND 'Ground 

VDD 
As 

A9 
RIW 
CE1 
A10 

CE2 
I/0s 

1/07 

1/0 6 
II0s 

1/0 4 

low power applications where battery operation or 
battery back up for nonvolatility are required. 
Furthermore the TC5518BPL/BFL guaranteed a 
standby current equal to or less than 1 pA at 60·C 
ambient temperature available. 

And the TC5518BP is pin compatible with 2716 
type EPROM. This means that the TC551 8BP and 
EPROM can be interchanged in the same socket, 
and the flexibility in the definition of the quantity of 
RAM versus EPROM allows the wide' aRplication in 
microcomputer system. 

• Fast Access Time 
tAcc=200ns(Max.): TC5518BP-20/BPL-20/BF-20/ 

BFL-20 
tAcc=250ns(Max.) :TC5518BP-'25/BPL-25/BF-25/ 

BFL-25 
• Two Chip Enables (CE" CE2) for Simple 

Memory Expansion and Battery Back Up 
• On-chip Address Transition Detector 
• All Inputs and Outputs Directly TTL Compatible 

• Three State Outputs 

• Package 
Plastic DIP: TC5518BP-20/BPL-20/BP-25/ 

BPL-25 
Plastic FP : TC5518BF-20/BFL-20/BF-25/ 

BFL-25 

-?A7_ 



<, " ,;;-.~ "y',. ~,<<< ., ••• "'~"'" h n~"",·,:-, .<:" .~~~, ~~'~"~~" .=:-~ 

MODE IT2 CE I R/W Ao '" A,o I/O, '" 8 POWER 
Read L L H Stable Data Out 1000 
Write L L L Stable Data In 1000 
** StandbY 1 * H * * High Impedance IDOS 
** Standby 2 H * * * High Impedance 100S 

Note; *: H or L **: Data Retention Mode 

SYMBOL ITEM RATING 
Voo Power Supply Voltage -0.3V", 7.0V 
VIN Input Voltage -0.3V ...... Voo+0.3V 
VI/O Input/Output Voltage -0.3V ...... Voo+0.3V 
Po Power Dissipation (Ta - 85V C) 0.8W (OA5W) * 
TSTG Storage Temperature -55°C ...... 150°C 
TOPR Operating Temperature -30°C ...... 85°C 
TSOLD_ER Soldering Temperature· Time 260°C· 10 sec ~ ____ ~ ______ ~ __ ~ ______________________ L-__________ ~~~~~~ __________ ~ 

*: Plastic FP = OA5W 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

Vnn 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 Voltage 2.0 - 5.5 V 

.--
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

IlL Input Leakage Current O<VIN <Voo - - ±1.0 p.A 

ILO I/O Leakage Current CE 2 = VIH ' OV ~ VI/O ~ Voo - - ±5.0 p.A 

10H Output High Current VO H = 2AV -1.0 -2.0 - mA 

10L Output Low Current VOL = OAV 2.0 3.0 - mA 

t--_loo.sL_ CE 2 - 2.2V or CE, - 2.2V - 1.0 3.0 mA 

CE 2 ~Voo -0.5V or 
i TC5518BPL/ ,~a=25°C - 0.005 0.2 mA 

I BFL Ta=60°C - - 1.0 
100S2 Standby Current CE, ~ Voo -0.5V 

I TC5518BP/ 
Ta=25°C - 0.05 1.0 

Voo = 2 ...... 5.5V Ta=60°C - 5.0 
p.A 

SF 
-

Ta=85°C - - 30 

10001 1'cycle = 200ns, CE 1 = VIN = VIHNIL - - 30 

10002 CE 2 = OV, lOUT = OmA VIN = Voo/GND - - 25 
mA 

10003 
Operating Current 

1'cycle = 1 p.s, CE, = VIN = VIHNIL - - 10 

10004 CE 2 = OV, lOUT = OmA VIN = Voo/GND - - 5 

Note: Typical Values are at Ta = 25°C, Voo = 5V 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

I nput Capaci~ance 5 10 pF 

I nput/Output Capacitance 5 10 pF 

Note: This parameter is periodically sampled and is not 100% tested. 
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TC5518BP-20/CPL-20/BP-,25/BPL-25 
TC5518BF-20/BFL-20/BF-25/BFl-25 

Read Cycle 

TC5518BP-20/BPL-20 
SYMBOL PARAMETER TC5518BF-20/BPL-20 

MIN. MAX. 
tRC Read Cycle Time 200 -

tACC Access Time - 200 
teOl CEl to Output Valid - 200 
te02 CE2 to Output Valid - 200 
tCOE CEl or m to Output Active 10 -

tOD Output Hlgh-Z Deselection - 60 
tOH Output Hold from Address Chanqe 20 -

Write Cycle 

SYMBOL PARAMETER 

twc Write Cycle Time 
twp Write Pulse Width 
tAW Address set up Time 
tWR Write Recovery Time 
tODW Outpur Hlgh-Z from R/W 
tOEW Output Active from R/w 
tDS Data set up Time 
tDH Data Hold Time 

A.C,"rES1(~.Qt,l~QNS 

Output Load 
Input Pu Ise Levels 
Timing Mesurement Reference Levels 

Input 
Output: 

Input Pulse Rise and Fall Times 

TIMINOWAVEFQBMI 

Read Cycle (1) 

Addresses 

TC5518 BP-20/BPL-20 
TC 5518 BF-20/BFL-20 

MIN. 
200 
150 

0 
0 

-

10 
90 

0 

100pF + 1 TTL Gate 
0.6V,2.4V 

0.8V and 2.2V 
0.8V and 2.2V 
10 ns 

tCOE 

tcoe 

MAX. 
-

-
-
-

60 
-
-
-

VOH 

TC5518 BP-2 5/BPL-25 
TC5518 BF-25/BFL-25 UNIT 

MIN. MAX. 
250 -

- 250 
- 250 
- 250 ns 
10 -

- 70 
20 -

TC5518 BP-2 5/BPL-25 
TC5518BF-25/BFL-25 UNIT 

MIN. MAX. 
250 -

170 -

0 -

0 -

- 70 
ns 

10 -

100 -

0 -

VI HtE:H VIL_. F. __ V1:.,::L _____ _ 
tOH 

V I H ~-r-rT"r"~.,...-r-,.....,-,....,....,....,....,-r7' 

DOUT OUTPUT DATA VALID 

VOL 
_0AO_ 



Write Cycle 1. 

twe 

Addresses 
VIH VIH 

VIL VIL 

eE2 
VIL 

eEl 
VIL 

tWA 

AIW twp (2) 
VIL 

tOEW I 
DOUT 

High Impedance 

DIN 

Write Cycle 2. 
twe 

Addresses 

AIW 

DOUT 

tDS (3) 

..... __________________________________ ,VIH. ~----------------~ 

~ UNKNOWN 
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Note: (1) R/W is high for a Read Cycle. 
(2) twp is specified as the 10gicallAND" or CE 1, CE2 and R!W. 

twp is measured from the latter of CE 1, CE 2 or R/W going low to the earlier of CE 1 , CE 2 or 
R!W going high. 

(3) tDH, tDS are measured from the earlier of CE 1 , CE 2 or R!W going high. 
(4) If the CE1, or CE2 low transition occurs simultaneously with or latter from the R!W low tran

sition in a Write Cycle 1, the output buffers remain in a high impedance state in this period. 
(5) If the CE 1 or CE 2 high transition qccurs prior to or simultaneously with the R!W high transition 

in a Write Cycle 1, the output buffers remain in a high impedance state in this period. 
({)) If the R!W is low or the R!W low transition occurs prior to or simultaneously with the CE 1 or 

CE 2 low transition; the output buffers remain in a high impedance state in this period. 
(7) A write occurs during the overlap of a low CE 1, low CE 2 and low R/W. 

In write cycle 2, write is controlled by either CE 1 or CE 2. 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VDH Data Retention Power Supply Voltage 2.0 - 5.5 V 

TC5518BPL/ Ta = 25°C - 0.005 0.2 

BFL Ta = 60°C - - 1.0 

IOOS2 Standby Current Ta = 25°C - 0.05 1.0 p.A 
TC5518SP/ 

Ta = 60°C 5.0 
SF 

- -

Ta = 85°C - - 30 

tCOR From Chip Deselection to Data Retention Mode 0 - - p.s 

tR Recover Time tRC (1) - - p.s 

Note (1) tRC : Read Cycle Time 

VDD--------------~ DATA RETENTION MODE 

CE 1 or CE2 
VDD -O.5V 

GND--------------------------------------------------------------------
Note (2) if the V I H level of CE 2 (CE i) is 2.2V, during the period that the VDD voltage is going down from 4.5V to 2.7V, IDDS1 

current flows. 
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• Plastic 01 P 

2.54 ±0.25 

32.4 MAX. 

1.4 ±0.15 

0.5 ±0.15 

r:::J 
~ 

I 17.4 MAX. ! 

Note: Each lead pitch is 2. 54mm. All leads are located within O. 25mm of their true longitudinal position with respect 
to No.1 and No.24 leads. 
All dimensions are in millimeters. 
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• Plastic FP 

,TC551'8BP-20/CPL-20/BP-25/BPL-25, 
TC5518BF-20/BFL-20IBF-25/BFL-25 

~ 

it 
c::i 
+1 in 
It! 3 

N M 

c::i c::i 
+1 +1 
tXl IX! 
cO 

0", 1.27 .11. 0.15 ± 0.05 

16.5 MAX 

Note: Each lead pitch is 1 . 27mm. All leads are located within 0.1 mm of their true longitudinal position with respect to 
No.1 and No.24 leads. 



This new flat package is a very small and thin compared with conventional standard dual-in-line package. 

Differences are as follows. 

1. Difference in dimension between flat 
and standard package. 

2. Comparison in occupied space 

Flat package 

Length 16.5 

Width 9.0 

Lead Pitch 1.27 

Thickness 2.1 

3. Advantage of th is package 

Small dimensions 

Unit: mm 

Standard package 

32.4 

14.2 

2.54 

5 

FP 

Capability of High Density Assembly 
Capability of thin AS"Sembly - Capability of Assembly on both side of PC board. 

4. PC pattern layout example 

,I 
I: II 

:: !! ~ I 

E i!ilBS 
~~ 
Dl " " --- ~ 

" b-, 
" 

" - 0 " 
" " 

" " " 
" 

,I 
" 

" 
" 

12.0 CE2 

I' 
II 
,I 

i 

I' 

" 

" ~ : 
CEI 

DIP 

voo LINE 

~ 
00 

;." 

I I 1.5 ~ 
-.J 

GNO LINE 

(m m) 

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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2,048 WORD X 8 BIT CMOS STATIC RAM 
TC5518CP-15/CPL-15/CP-20/CPL-20 
TC5518CF -15/ CFL -151 CF -20/ CFL -20 

The TC5518CP /CF is a 16384-bit high speed and 
low power fully static random access memory orga
nized as 2048 words by a 8 bits using CMOS tech
nology, and operates from a single 5 volt supply. 
The TC5518CP/CF has two chip enable inputs, CEl 
and CE2, which are used for device selection and can 
be used in order to achieve minimum standby cur
rent mode easily for battery back up. Also the high 
speed and low power characteristics which maxi
mum access time is 150ns, 200ns and maximum 
operating current is 5mA/MHz are achieved. Thus 

• Low Power Dissipation 
27 .5mW/MHz(Max.) Operating 

• Standby Current 
0.2J.lA(Max.) at Ta=25·C} TC5518CPL-15/CPL-20 
1 .0J.lA(Max.) at Ta=60·C CFL-15/CFL-20 
1 .0J.lA(Max.) at Ta=25·C} TC5518CP-15/CP-20 
5.0J.lA(Max.) at Ta=60·C CF-15/CF-20 

• Single 5V Power Supply: 5V± 1 0% 
• Data Retention Supply Voltage: 2.0-5.5V 
• Fully Static Operation 
• Fast Access Time 

tAcc=150ns(Max,): TC5518CP-15/CPL-15 
CF-1 5/CFL-1 5 

Ao-A,o 

R/W 

CE" CE2 

I/O, I/Oa 

Voo 

GND 

(TOP VIEW) 

VDD 
A8 
A9 

R/W 

CEI 
AIO 

CE2 
1/08 

1/07 

1/06 
1/05 
1/04 

Address Inputs 

Read/Write Control Input 

Chip Enable Inputs 

Data Input/Output 

Power (+5V) 

Ground 
.--

the TC551 8CP /CF is most suitable for use in low 
power applications where banery operation or battery 
back up for nonvolatility are required. Furthermore 
the TC5518CPL/CFL guaranteed a standby current 
epual to or less then 1 J.lA at 60·C ambient tempera
ture avaitble. And the TC5518CP is pin compatible 
with 2716 type EPROM. This means that the 
TC5518CP and EPROM can be interchanged in the 
same socket and the flexibility in the definition of the 
quantity of RAM versus EPROM allows the wide 
application in microcomputer system. 

tAcc=200ns(Max,) : TC5518CP-20/CPL-20 
CF-20/CFL-20 

• Two Chip Enables (CE1,CE2) for Simple Memory 
Expansion and Battery Back Up 

• On-Chip Address Transition Detector 
• All Inputs and Outputs Directly TTL Compatible 
• Three State Outputs 
• Package; Plastic DIP 

(600 mil) 
Plastic FP : 

A4 
A5 

A6 
A7 
A<J 
A9 

AIO 

R/W C)---~--<:r\ 

CEI 
CE2 

TC5518CP-1 5/CPL-1 5 
CP-20/CPL-20 

TC5518CF-15/CFL-15 
CF-20/CFL-20 
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MODE CE2 CEl R/W Ao-AlO 1/01-1/08 POWER 

Read L L H Stable Data Out 1000 

Write L L L Stable Data In 1000 

* * Standby 1 * H * * High Impedance loos 

* * Standby 2 H * * * High Impedance loos 

Note: * : H or L * * : Data Retention Mode 

A8S0~UJE.·MAX'MUM.·flAt'Nes· 

SYMBOL ITEM RATING 

Voo Power Supply Voltage -0.3-7.0V 

VIN Input Voltage -O.3V-Voo+0.3V 

VI/O Input/Output Voltage -0. 3V-Voo+0. 3V 

Po Power Dissipation(Ta = 85°C) O. 8W(0. 45W)* 

TSTG Storage Temperature -55°C-150°C 

TOPR Operating Temperature -30°C-85°C 

TSOLOER Soldering Temperature'Time 260°C· 1 Osec. 

*Plastic FP=0.45W 

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 Voltage 2.0 - 5.5 V 

D.e..CHARACTERISTICS (Ta=30-85°C, Voo=5V± 1 0%) 

TC5518CP- TC5518CP-

SYMBOL PARAMETER CONDITIONS 15/CF-15 20/CF-20 UNIT 

MIN. MAX. MIN. MAX. 

IlL Input Leakage Current O~VIN~VOO - ±1.0 - ±1.0 J.lA 

!Lo I/O Leakage Current CE2 =VIH, OV~VI/O~VOO - ±5.0 ±5.0 J.lA 

10H Output High Current VOH=2.4V -1.0 - -1.0 - mA 

IOL Output Low Current VOL=0.4V 2.0 - 2.0 - mA 

100s1 CE2 =2.2V or CEl =2.2V - 3.0 - 3.0 mA 
- TC5518CPL/ Ta=25°C - 0.2 - 0.2 CE2 =Voo 
-0.5Vor 
- CFL Ta=60°C - 1.0 - 1.0 

100s2 Standby Current CEl =Voo 
Ta=25°C - 1.0 - 1.0 J.lA -0.5V 

Voo=2-5. 
TC5518CP/ 

Ta=60°C - 5.0 - 5.0 
CF 

5V Ta=85°C - 30 - 30 

10001 tcycle= Mini cycle, VIN=VIH/VIL - 45 30 
- -

VIN=Voo/GND 40 25 10002 CEl =Cb =OV, louT=OmA -
Operating Current mA 

10003 tcycle= lJ.lS, CEl = VIN=VIH/VIL - 10 - 10 

10004 CE2 =OV, 10uT=OmA VIN=Voo/GND - 5 - 5 

Note: Typical values are at Ta=25°C, Voo=5V. 

-256-



TC5,5'18CP~1.··5·/CPL·1;5/CP~20/CP,L-20 
TC5518CF-15/CFL-15/CF-20ICFL-20 

CAPACITANCE 

SYMBOL PARAMETER 

CIN Input Capacitance 

COUT Input/Output Capacitance 

Note: This parameter is periodically sampled and is not 100% tested. 

A.C .• ··CHARACTERISTICS 

Read Cycle 

(Ta= -30-S5°C, Voo5V± 1 0%) 

SYMBOL PARAMETER 

tRe Read Cycle Time 

tAee Address Time 

teol CEl to Output Valid 

teo2 CE2 to Output Valid 

teoE CE 1 or CE2 to Output Active 

tOD Output High-Z Deselection 

tOH Output Hold from Address Change 

SYMBOL PARAMETER 

twe Write Cycle Time 

twp Write Pulse Width 

tAW Address Set up Time 

tWR Write Recovery Time 

toow Output High-Z from R/W 

tOEW Output Active from R/W 

tos Data Set up Time 

tDH Data Hold Time 

A .• ·C.TEST.CQNDITIONS 
Output Load 

Input Pulse Levels 

Timing Measurement Reference Levels 

: 1 OOpF+ 1 TIL Gate 

0.6V,2.4V 

Input: O.SV and 2.2V 

Output: O. SV and 2. 2V 

Input Pulse Rise and Fall Times 10ns 

TIMINO'WAVEFORMS 

ADDRESSB:S 

DOUT 

TC551SCP-15/CPL-15 
TC551SCF-1 5/CFL-1 5 

MIN. MAX. 

150 -

- 150 

- 150 

- 150 

10 -

- 50 

15 -

TC551SCP-1 5/CPL-1 5 
TC551SCF-1 5/CFL-1 5 

MIN. MAX. 

150 -

120 -

0 -

0 -

- 50 

10 -

60 -

0 -
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MIN. TYP. MAX. UNIT 

- 5 10 pF 
- 5 10 pF 

TC551SCP-20/CPL-20 
TC551SCF-20/CFL-20 UNIT 

MIN. MAX. 

200 -

- 200 

- 200 

- 200 ns 

10 -

- 60 

20 -

TC551SCP-20/CPL-20 
TC551SCF-20/CFL-20 UNIT' 

MIN. MAX. 

200 -

150 -

0 -

0 -
ns 

- 60 

10 -

SO -

0 -



• Write Cycle 1 (2) 

twa 
\,. 

ADDRESSES 

R/W 

• Write Cycle 2 (2) 

two 

ADDRESSES 

VIL 

vIL 

tODW 

VIL 

tDS (3) 

VIH 

DATA IN STABLE 

~: UNKNOWN 
VIL VIL 
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TC551~8CP·15/CPL~15/CP·20/CPL·20 
TC5518CF-15/CFL-15/CF-20/CFL-20 

Note: 
1. RjW is high for a read Cycle. 
2. twp is specified as logical "AND" of eEl, Cb and RjW. 

twp is measured from the latter of eEl, CE2 or RjW going low to the earlier of eEl, CE2 or RjW going high. 
3. tOH, tos are measured from the earlier of eEl, Cb or RjW going high. 
4. If the eEl or CE2 low transition occurs simultaneously or latter from the RjW low transition in a Write Cycle 1 , the 

output buffers remain in a high impedance state in this period. 
5. If the eEl or CE2 high transition occurs prior to or simultaneously with the RjW high transition in a Write Cycle 1 , 

the output buffers remain in a high impedance state in this period. 
6. If the RjW is low or the RjW low transition occurs prior to or simultaneously with the CE1 or CE2 low transition, the 

output buffers remain in a high impedance state in this peried. 
7. A write occurs during the overlap of a low eEl, low CE2 and low RjW. 

In write cycle 2, write is controlled by either eEl or CE2. 

(Ta= -30-S5'C) 
-- - --

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VOH Data Retention Power Supply Voltage 2.0 - 5.5 V 

Ta=25'C - 0.005 0.2 
TC551 SCPL/CFL 

Ta=60'C 1.0 - -

loos2 Standby Current Ta=25'C - 0.05 1.0 J.lA 

TC551SCP/CF Ta=60'C - - 5.0 

Ta=S5'C - - 30 

tCOR From Chip Deselection to Data Retention Mode 0 - - J.ls 

tR Recovery Time tRc( 1 ) - - J.ls 

Note: 
1. tRC: Read Cycle Time 

DA TA RETENTION MODE 

VDD-O.5V 

VIL ___ .J 

GND----------------------------------------------------------------------

2. If the VIH level of CE2 (eE,) is 2. 2V, during the period that the Voo voltage is going down from 4. 5V to 2. 7V, loos1 
current flows. 
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:,"TC··:.···'5'*'~;;ai,~n~1;·5:"i:'!J::bL~.1,··;r:\~;.~p~·~0'· \L~;P·;·~·20' 

tC56fie~i'f$c~oil~1':;lbP~~ole:FG2() 

• Plastic DIP 

Z 
H 
::;;; 
L!) 

c:i 

24 23 22 21 20 19 18 17 16 15 14 13 

1 2 3 4 5 6 7 8 9 10 11 12 

0.2 MAX. 

Note: Each lead pitch is 2. 54mm. 

~I 

~ a 
I 174 MAX. I « • 

All leads are located within O.25mm of their true longitudinal position with respect to No.1 and No.24 leads. 
All dimensions are in millimeters. 
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• Plastic FP 

TC5518CP-15/CPL-15/CP-20/CPL-20 
TC5518CF-15/CFL-15/CF-20/CFL-20 

24 23 22 21 20 19 18 17 16 15 14 13 

.jj.0.43:1.0.05 1.27±0.1 

16.5MAX. 

<I< 
0 
tl 
l!) 
....; 

CIl o 
tl 

<Xl 
<Xi 

0- 127 

Z 

J 
H 
::::il 

r-.. <Xl 
l!) 0 
0 
'--" 

.11 0.15±0.05 

Note: Each lead pitch is 1.27mm. 
All leads are located within O. 1 mm of their true longitudinal position with respect to No.1 and No. 24 leads. 
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This new flat package is a very small and this 
compared with conventional standard dual-in-line 
package. Differences as follows. 

1. Difference in dimension between flat and standard 
package. 

2, Comparison in occupied space 

Unit: mm 

Flat pacpage Standard package 

Length 16.5 

Width 9.0 

Lead Pitch 1.27 

Thickness 2.1 

3. Advantage of this package 
Small dimensions 
Capability of High Density Assembly 
Capability of thin Assembly --

32.4 

14.2 

2.54 

5 

Capability of Assembly on both side of PC board. 

4. PC pattern layout example 

:--: 
~ 

- f1 0'" 

Ii 
II 

l: 

II 

~(O' 

s: 

II 

II 
II 
II 

II 

II 
II 
II 

Ii 

,~ 

d 
;: 
II 
II 

l~.O 

~ 

= 

II 

/. 

~/:: 
II 

fO 

,....-

~ 
~ 

fl~ I 
0 

II 
II 

CE2 

DIP 

FP 

VOD LINE 

~ 

~ .:...;:= 

f.r 

~(o 
ro ~ 
U) U) 

N ~ 
ci 0 

'--= -r--
ro 
U) 

N 
ci 

II .1 11.5 
l'-

:1 N 

I: GND LINE ....; 

GEl 
mm) 

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

~ Aug., 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
8,192 WORD X 8 BIT CMOS STATIC RAM 
SILICON GATE MOS 

DESCRIPTION 

TC5563AP~10,TC5563AP~12 
TC5563APL-15 

The TC5563APL is 65,536 bit static random access memory organized as 8,192 words by 8 bits using CMOS 
technology, and operates from a single 5V supply. Advanced circuit techniques provide both high speed and low power 
features with a maximum operating current of 5mA/MHz and maximum access time of 100ns/120ns/150ns. 
When CE2 is a logical low or CE 1 is a logical high, the device is placed in low power standby mode in which standby 
current is 2f.lA typically. The TC5563APL has three control inputs. Two chip enables (CE1, CE2) allow for device selection 
and data retention control, and an output enable input (OE 1) provides fast memory 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 is offered in dual-in-line 28 pin 0.3 inch width plastic package. 

FEATURES 

• Low Power Dissipation 
27.5mW/MHz (Max.) Operating 

• Standby Current: 100f.lA (Max.) Ta=70°C 
• Access Time 

TC5563APL-10 100ns (Max.) 
TC5563APL-12 120ns (Max.) 
TC5563APL-15 150ns (Max.) 

• 5V Single Power Supply 
• Power Down Features: CE2, CE 1 
• Fully Static Operation 
• Data Retention Supply Voltage: 2.0~5.5V 

PIN CONNECTION (TOP VIEW) 

TC5563APL 

N.C. VDD 

A12 R/W 

A7 CE2 
A6 AS 

A5 Ag 

A4 A11 
A3 OE 
A2 A10 

A1 CE1 
AO I/OS 

1/01 1/07 

1/02 1/06 
1/03 1/05 

GND 1/04 

PIN NAMES 

AO~A12 Address Inputs 

R/W Read/Write Control Input 

OE Output Enable Input 

CE1 CE2 Chip Enable Input 

1/01~I/OS Data Input/Output 

VDD Power (+5V) 

GND Ground 

N.C. No Connection 
--'-_.- .. _-------------_._---

• Directly TTL Compatible 
: All Inputs and Outputs 

• 0.3 inch width Plastic Packag-e 
• TC5563APL Family (Package Type) 

Package Type Device Name 

600 mil DIP *TC5565APL 

300 mil DIP 
TC5563APL 

(Slim Package) 

Flat Package 
*TC5565AFL 

(SOP) 

*) See TC5565APL/AFL Technical Data 

BLOCK DIAGRAM 

A5 
A6 

A7 
AS 

Ag 

A10 

A11 
A12 

1/01 

I/OS 

R/W 0--..--0-"'\ 

CE2 o-~>--< ...... 
CE10--~LJ 
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PRECHARGE 
CIRCUIT 

rJ) 
rJ) 
wa: MEMORY CELL a:w 
00 ARRAY 
00 256 X 256 «0 
:s:w 
0

0 (65536) 

a: 

SENSE AMP. 

...-oVDD 

~GND 



... 

"·"···:1' 

OPERATION MODE 

OPERATION MODE CE1 CE2 OE R/W 1/01 ~1/08 POWER 

Read L H L H °OUT 1000 

Write L H * L °IN 1000 

Output Oeselect L H H H High-Z 1000 

H * * * High-Z 10DS 
Standby 

* L * * High-Z 100S 

* : 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 Oissipation 0.8 W 

Tsolder Soldering Temperature 260·10 °C·sec 

Tstg Storage Temperature -55~150 °C 

Topr Operating Temperature 0~70 °C 

* -3.0V at pulse width 50ns MAX. 

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 Oata Retention Supply Voltage r 2.0 5.5 V 
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TC5563AP~10,TC5563AP~12 
TC5563APL-15 

D.C. and OPERATING CHARACTERISTICS (Ta=0~70°C, VDD=5V±10%) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

IlL 
Input Leakage 

VIN=O~VOO ±1.0 !JA Current 

IOH Output High Current VOH=2AV -1.0 mA 

IOL Output Low Current VOL=OAV 4.0 mA 

Output Leakage 
CE1 =VIH or CE2=VIL or R/W=VIL or 

ILO Current OE =VIH ±1.0 !JA 
VOUT=O~VOO 

tcyc le=1.0IlS 10 mA 

VOO=5.5V 
CE1 =VIL 

TC5563APL-10 tcycle 
=100ns 

45 mA 

10001 
CE2=VIH 

tcycle Other input= TC5563APL-12 40 mA 
=120ns 

VIHNIL 

TC5563APL-15 tcycle 
=150ns 

35 mA 

Operating Current 
tcycle=1.0IlS 5 mA 

VOO=5.5V TC5563APL-10 tcycle 40 mA 
CE1 =0.2V =100ns 

10002 CE2=VOO-0.2V 
tcycle 

Other input= TC5563APL-12 35 mA 
=120ns 

VOO-0.2V/0.2V 

TC5563APL-15 tcycle 
=150ns 

30 mA 

100S1 CE1 =VIH or CE2=VIL 3 mA 

Standby Current 
CE1 =VDO-0.2V or I VOO=5.5V 2 100 !JA 

*100S2 CE2=0.2V I VOD=3.0V 1 50 !JA 

Note * In standby mode with CE1 ~ VDD-0.2V, these specification limits are guaranteed under the condition of 
CE2~VDD=0.2V or CE2~0.2V. 

CAPACITANCE (Ta=25°C) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

CIN Input Capacitance VIN=GNO 10 pF 

COUT Output Capacitance VOUT=GNO 10 pF 

Note: This parameter periodically sampled is not 100% tested. 
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A.C. CHARACTERISTICS (Ta=0~70°C, VOO=5V±10%) 

Read Cycle 

SYMBOL PARAMETER 

tRC Read Cycle Time 

tACC Address Access Time 

tC01 CE1 Access Time 

tC02 CE2 Access Time 

tOE Output Enable to Output Valid 

tCOE Chip Enable (CE 1, CE2) to Output in Low-Z 

tOEE Output Enable to Output in Low-Z 

tOD Chip Enable (CE1, CE2) to Output in High-Z 

tODO Output Enable to Output in High-Z 

tOH Output Data Hold Time 

Write Cycle 

SYMBOL PARAMETER 

twc Write Cycle Time 

twp Write Pulse Width 

tcw Chip Selection to End of Write 

tAS Address Set Up Time 

tWR Write Recovery Time 

tODW R/W to Output High-Z 

tOEW R/W to Output Low-Z 

tDS Data Set up Time 

tDH Data Hold Time 

A.C. TEST CONDITION 

Output Load 
Input Pulse Level 

100pF + 1 TIL Gate 
O.6V,2.4V 

Timing Measurement VIN O.8V,2.2V 
Reference Level VOUT O.8V,2.2V 
tr, tf 5ns 
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TC5563APL·10 

MIN. MAX. 

100 

100 

100 

100 

50 

10 

5 

35 

35 

20 

TC5563APL·10 

MIN. MAX. 

100 

60 

80 

0 

0 

35 

5 

40 

0 

TC5563APL·12 TC5563APL·15 

MIN. MAX. MIN. MAX. 
UNIT 

120 150 ns 

120 150 ns 

120 150 ns 

120 150 ns 

60 70 ns 

10 15 ns 

5 5 ns 

40 50 ns 

40 50 ns 

20 20 ns 

TC5563APL·12 TC5563APL·15 

MIN. MAX. MIN. MAX. 
UNIT 

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 

DOUT 

TC5563APL~1'O,TC5563~P,L·12 
TC5563AP~15 ' 

OUTPUT DATA VALID 

WRITE CYCLE 1 (4) (R/W Controlled Write) 

ADDRESSES VIH -
VIL _ 

R/W VIH -
VIL -

CE2 VIH -
VIL _ 

CE 1 
VIH-
VIL _ 

DOUT 

DIN 

twc 

twp 

tcw 

toow 
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tDS 

DATA IN 
STABLE 

tWR 



WRITE CYCLE 2 (4) (CE1 Controlled Write) 

ADDRESSES 

R/W 

Dour 

WRITE CYCLE 3 (4) (CE2 Controlled Write) 

ADDRESSES VIH 
VIL 

R/W VIH 
VIL 

CE2 VIH 
VIL 

CE 1 VIH 
VIL 

Dour 

DIN 
VIH 
VIL 
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TC5563APL-10, TC5563APL-12 
TC5563APL-15· 

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 occurs coincident with or prior to R/W 
High transition, Outputs remain in high impedance state. 

4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this 
period. 

DATA RETENTION (Ta=O~70°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VDH Data Retention Supply Voltage 2.0 5.5 V 

1 VOD=3.0V 50 

IDDS2 Stand by Supply Current I VDD=5.5V 100 MA 

tCDR Chip Deselection to Data Retention Mode 0 MS 

tR Recovery Time tRC(1) MS 

Note (1) : Read cycle time. 

CE1 Controlled Data Retention Mode (2) 

VDD DATA RETENTION MODE 

4.5V 

VDD-0.2V 

GND 

CE2 Controlled Data Retention Mode (4) 

VDD 
DATA RETENTION MODE 

4.5V 

0.2V 

GNO 
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Note 2: In CE 1 controlled data retention mode, minimum standby current mode is achieved under 
the condition of CE2 ~ O.2V or CE2 ~ VOO-O.2V. 

3 : If the VIH of CE1 is 2.2V in operation, IOOS1 current flows during the period that the VOO 
voltage is going down from 4.5V 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 TC5563APL is an synchronous RAM using address activated circuit technology. Thus the internal 
operation is synchronous. Then once row address change occur, the precharge operation is executed 
by internal pulse generated from row address transient. Therefore the peak current flows only after row 
address change, as shown in the following figure. 
This peak current may induce the noise on VOO/GNO lines. Thus the use of about O.1,uF decoupling 
capacitor for every device is recommended to eliminate such noise. 

ADDRESSES 

'DDO 
(rnA) 

60 

40 

20 

o 

) 
, 

l 
1 

I 

Fig. TYPICAL CURRENT WAVEFORMS 
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VDD=5.5V 
V'H=5.3V 
V,L =0.2V 
Horizon 100ns/div 



" TC5563APL-10, TC5563APL-12 
TC5563APL-15 

DIP 28 PIN OUTLINE DRAWING (3D28A-P) Unit in mm (inches) 

28 27 26 25 24 23 22 21 20 19 18 17 16 15 

[::::::::::::]lli 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

z 

~~-f"'1"I--rt-1-i"""13~5'...,3(~1'3...,9~0...,)M~A...,X _______ ~ ~ 76~~r 

2.54(.1 00)±0.25(.0 10) 1.4(.055)±0.15(.006) 

0.5(.020)±0.15(.006) 

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 MOSMEMORY PRODUCTS 
8,192 WORD X 8 BIT CMOS STATIC RAM 
SILICON GATE CMOS 

DisCRIPTION~· 

TC5564PL 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 
feafure with a maximum operating current of 5mA/ 
MHz. Operation current depends on cycle time. 

TC5564PL has three control inputs. Two chip 
enables( CE1, 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 

FEAtUt:tES: 
• Standby Current 

O.2j.tA(MAX.) at Ta=25·C 
1 .OJ.tA(MAX.) at Ta=60·C 

• Low Power Dissipation 
27. 5mW/MHz(MAX.) Operating 

• 5V Single Power Supply 
• 8,192 Wordx8Bit 
• Fully Static Operation 
• Data Retention Voltage: 2.0-5.5V 

64k bit EPROM 

N.C. 
A12 

A2 

AO 

1/01 

1/02 

1/03 

GND 

Ao-A12 

R/W 

OE 

CE1, CE2 

I/Ol-I/Os 

Voo 

GND 

N. C. 

TC5564PL TMM2764D 

VDD VDD 
R./W PGM 

f:E2 A7 N.C. 

A8 A6 A8 
A9 A5 A9 
All All 

DE" A3 OE 
AIO A2 AIO 

eEl CE 
1/08 AO 07 

1/07 00 06 

1/06 01 05 

1/05 02 04 

1/04 03 

Address Inputs 

Read/Write Control Input 

Output Enable Input 

Chip Enable Inputs 

Data Input/Output 

Power (+5V) 

Ground 

No Connection 

TC5564PL-1 5 
TC5564PL-20 

is typically O.01j.tA. So the TC5564PL is suitable for 
use in various microprocessor application systems 
where low power and battery back up are required. 
Ultra low standby power allow not only battery but 
capacitance backup. 

Pin assignment of TC5564PL 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, 

TC5564PL is offered in a standard dual-in-line 
28pin plastic package, 0.6 inch width. 

• Access Time ------ TC5564PL-15 TC5564PL-20 

Address Access Time (MAX) l50ns 200ns 

CEI Access Time (MAX) 150ns 200ns 

CE2 Access Time (MAX) 150ns 200ns 

Output Enable Time (MAX) 70ns lOOns 

• Directly TIL Compatible: All Inputs and Outputs 
• Standard 28 Pin DIP 
• Pin compatible with 2764 type EPROM 

Operation 
eEl Cb 

-
R/W 

1/01-
Power OE 

Mode I/Os 

Read L H L H Dour 1000 

Write L H * L DIN 1000 

Output Deselect * * H * High-Z 1000 

H * * * 1/ loos 
Standby 

* L * * 1/ loos 
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SYMBOL ITEM 

Voo Power Supply Voltage 

VIN Input Voltage 

VI/O Input and Output Voltage 

Po Power Dissipation 

TsoLDER Soldering Temperature 

TSTG Storage Temperature 

TOPR Operating Temperature 

* 8. 5V at Pulse width lOOns 
* * - 3. OV at Pulse width 50ns 

SYMBOL PARAMETER 

Voo Power Supply Voltage 

VIH Input High Voltage 

VIL Input Low Voltage 

VOH Data Retention Supply Voltage 

* - 3. OV at Pulse width 50ns 

MIN. 

4.5 

2.2 

-0.3· 

2.0 

RATING UNIT 

-0.3 -70· V 

-0.3··-7.0 V 

-0. 5-Voo+0. 5 V 

1.0 W 

260·10 "C·Sec 

-55-150 "C 

-30-85 "C 

TYP MAX. UNIT 

5.0 5.5 V 

- VDo+0.3 V 

- 0.8 V 

.- 5.5 V 

(Ta=-30-85"C, Voo=5V±lO% Unless otherwise noted) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

IlL Input Leakage Current VIN=O-VDO - - ±1.0 J.lA 

IOH Output High Current VOH=2.4V -1.0 - - mA 

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 

CE, = VIL and CE2 = VIH tcycle= 1 J.lS - - 10 

1000' Operating Current Other Input=VIH/VIL 
w TC5564PL-15 - - 45 mA -' 

10uT=OmA ZU 
->- TC5564PL-20 - - 40 :2u 

CE, =0.2V and tcycle= 1 J.lS - - 5 
CE2=VOO-0.2V 

10002 Operating Current Other Input w TC5564PL-15 - - 40 mA 
-' 

=Voo-0.2V/0.2V ZU 
->-

louT=OmA :2u TC5564PL-20 - - 35 

loos, Standby Current CE, =VIH or CE2=VIL - - 2 mA 

CE, =Voo-O. 2V or Ta=25"C - 0.01 0.2 
100s2 Standby Current CE2=0.2V J.lA 

Voo=2.0-5.5V Ta=60"C - - 1.0 

Note: In standby mode with IT1~Voo-0.2V, these specification limits are guaranteed under the condition of CE2~VOO-0.2V or 

CE2~0.2V. 

(Ta=25"C, f= 1 MHz) 

SYMBOL PARAMETER 

CIN Input Capacitance 

COUT Output Capacitance 

Note: This parameter IS periodically sampled and IS not 100% tested. 
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CONDITIONS MAX. UNIT 

VIN=GND 10 pF 

VouT=GND 10 pF 



TC5,564'Pl~15 
1C55'64PL-20 

(Ta==-30-85"C. Voo==5V±10%) 

Read CyCle 

SYMBOL PARAMETER 

tRe Read Cycle Time 

tAce Address Access Time 

teo, CE, Access Time 

te02 CE2 Access Time 

tOE Output Enable to Output in Valid 

-
Chip Enable (CE,). CE2 to 

teoE 
Output in Low-Z 

tOEE Output Enable to Output Low-Z 

too Chip Enable (CE" CE2) to Output in High-Z 

Output Enable to 
tooo 

Output High-Z 

tOH Output Data Hold Time 

Write CyCle 

SYMBOL PARAMETER 

twc Write Cycle Time 

twp Write Pulse Width 

tew Chip Selection to End of Write 

tAw Address Set up Time 

tWR Write Recovery Time 

toow RjW to Output High-Z 

tOEW RjW to Output Low-Z 

tos Data Set Up Time 

tOH Data Hold Time 

Input Pulse Levels 
Timing Measurement Reference levels: 

Input Pulse Rise and Fall Times 
Output Load 

2.4V/0.6V 
Input; 2.2V/0.SV 
Output; 2. 2V /0. SV 
5ns 
See Fig. 1 
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TC5564PL-15 TC5564PL-20 

MIN. MAX. MIN. MAX. 

150 - 200 -

- 150 - 200 

- 150 - 200 
- 150 - 200 

- 70 - 100 

10 - 10 -

5 - 5 -

- 70 - 100 

- 60 - 80 

20 - 20 -
-

TC5564PL-15 TC5564PL-20 

MIN. MAX. MIN. MAX. 

150 - 200 -

100 - 150 -
120 - 180 -

0 - 0 -

0 - 0 -

- 70 - 100 

10 - 10 -

70 - 80 -

0 - 0 -

D [/0 Pin 
~------~----~-----K~~ 

r 2.4K 

C : lOOpF (Including Jig) 
D : lS1588 or Equivarent 
Fig. 1 Output Load 

UNIT 

ns 

UNIT 

ns 

810 

r 



• READ CYCLE (1) 

ADDRESSES 

CE2 

tOEE 

tCOE 

• WRITE CYCLE 1 (R/W Controlled Write) 

ADDRESSES 

CE2 

toDW 

OUTPUT DATA VALID 

twc 

tWR 

tow 

tcw 

DATA IN 
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• WRITE CYCLE 2 (4) (CEI Controlled Write) 

ADDRESSES 

CE2 

• WRITE CYCLE 3 (4) (CE2 Controlled Write) 

ADDRESSES 

CE2 

CEI 

DOUT 

DIN 

twc 

tDS 

DATA IN STABLE 

twc 

twp 

tow 

tcw 

tODW 

tDS 

DATA IN 

-?77-

TC5564PL-15 
TC5564PL-20 



Note: 
1. R/W is High for Read Cycle. 
2. Assuming that CE, 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, 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. 

(Ta= -30-85'C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VDH Data Retention Supply Voltage 2.0 - 5.5 V 

I Ta=25'C - 0.01 0.2 
IDDs2 Standby Current 

I Ta=60'C 1.0 
Jl.A 

- -

tCDR Chip Deselection to Data Retention Mode 0 - - Jl.s 

tR Recovery Ti me tRC(1) - - Jl.s 

Note (1): Read cycle time. 

• CE 1 Controlled Data Retention Mode (2) 

DATA RETENTION MODE 
VDD ------~ I----...:....:..:~~;;.:;;...:~..:.:.......;===---I ,..-------

4.5V _____ _ 

VIH -- - - -~----+-\ '--________ J ~+----'"" 

VDD - O.2V 

OND----------------------------------

• CE2 Controlled Data Retention Mode (4) 

VDD ---=~---"'\ t-__ D_A_T-:A_R_E_T,;,..E_N_T_I_O.:...N_M::.O:..:D:.:E=---~ ~ _____ _ 

O.2V 

OND----------------------------------
Note: 

,2. In CE, controlled data retention mode, minimum standby current mode is achieved under the condition of CE2 ~ 
O.2V or CE2 ~VDD-0.2V. 

3. If the VIH of CE, is 2. 2V in operation, during the period that the Voo Voltage is going down from 4. 5V to 2.4 V, loos, 

current flows. 

4. In CE2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2~O. 

2V. 
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The TC5564PL is an asynchronous RAM using 
address activated circuit technology, thus the inter
nal operation is synchronous. Then once row 
address change occur, theprecharge operation is 
executed by internal pulse generated from row 
address transient. Therefore the peak current flows 

ADDRESS 

I DOO (mA) 

80 

60 

40 

20 

o 

,-

\ 

'( 

\ 

TC5564PL~'15 
TC5564PL~20 

only row address change, as is shown in the follow
ing figure. 

This peak current may induce the noise on Voo/ 
GND line. Thus the use of about O.1,uF decoupling 
capacitor every device is recommended to eliminate such 
noise. 

VDD=5.5V 

vIH=5.3V 
VIL =O.2V 

HORIZON 200ns/div 

Fig. TYPICAL CURRENT WAVEFORMS 
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OUTLINE DRAWINGS 

Unit in mm 

R 1.5 --It----

1 2 3 4 5 6 ,., 8 9 10 11 12 13 14 
IS.'a4TYP. 

025 + 0.1 
. - 0.05 

l.4± 0.15 17.4MAX. 

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 rt'Sponsibdity for use of any cIrCUItry described; no CIrcuIt patent licenses are Implied. and Toshiba reserves the right. at any tIme 
without notice. to change said CirCuitry. 

t)Aug .• 1985 Toshiba Corporation 
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TOSHIBAMOS MEMORY PRODUCTS 
8,192 WORD X 8 BIT CMOS STATIC RAM 
SILICON GATE CMOS 
PRELIMINARY 

TC5564AP~12,TC5564AP~15 
TC5564AF~12,TC5564AF~15 

DESCRIPTION 

TC5564APL is 65536 bits of 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 a low power feature, a maximum operating current of 5mA/MHz. Operational current 
depends on cycle time. 

TC5564APL has three control inputs. Two chip enables (CE1, 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 is 
typically 0.01 pA. So the TC5564APL is suitable for use in various microprocessor application systems 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 system. 

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. 

FEATURES 

• Low Power Dissipation 
5mA/MHz (MAX.) 
0.2pA (MAX.) at Ta=25°C 
1.0pA (MAX.) at Ta=60°C 

• 5V Single Power Supply 
• Low Voltage Operation: VDD=3V 

TCO=1pS (MAX.) Ta=60°C 
• Fully Static Operation 
• Data Retention Voltage: 2.0~5.5V 
• Plastic DIP and Plastic FP Package 

Operating 
Standby 
Standby 

• Pin Compatible with 2764 type EPROM 

PIN CONNECTION 

TC5564APL 

(TOP VIEW) 
64k bit EPROM 

TMM2764D 

N'C'r~VDD 
A12 2 276 R/W 

A7 3 26 ~ CE2 

vpprWbVDD 
A12 2 276 PGM 

A7 3 26 ~ N.C. 

A6 4 25 t:::J A8 

A5 [ 5 24 tJ A9 

A6 d4 25t:::J A8 

A5 cl5 24 tJ A9 

A4 A11 A4 A11 

A3 OE A3 OE 

A2 A10 A2 A10 

A1 CE1 A1 CE 

AO 1/08 AO 08 

1/01 1/07 00 07 

1/02 1/06 01 06 

1/03 1/05 02 05 

GND 1/04 GND 04 

PIN NAMES 

AO ~ A12 Address Inputs 

R/W Read/Write Control Input 

OE Output Enable lnput 

CE1, CE2 Chip Enable Input 
r-' 

Data Input/Output 1/01 ,1/08 

VOD Power (+5V) 
--

GND Ground 
.. -~-

N.C. No Connection 
-~-.------- ---_ •. _--

• Access Time -------- TC5564APL·12 TC5564APL-15 
TC5564AFL-12 TC5564AFL-15 

Address Access Time (MAX.) 120n5 150ns 

CE1 Access Time (MAX.) 120ns 150n5 

CE2 Access Time (MAX.) 120ns 150ns 

Output Enable Time (MAX.) 60ns 70ns 

• Directly TTL Compatible: All Inputs and Outputs 
• Wide Teperature Operation: -40~85°C 

BLOCK DIAGRAM 

A5 

A6 
A7 
AS 
A9 

A10 
A11 
A12 

1/01 

1/08 

R/W 

OPERATING MODE 

Operation Mode CE1 

Read L 

Write L 

Output Deselect * 

H 
Standby 

* 
_. 

CE2 OE R/W 

H L H 

H * L 

* H * 
--

* * 

L * * 
.--~.~-

1/01 ~1/08 Power 

DOUT 

DIN 1000 

High-Z 

High-Z IDDS 

High-Z IDDS 
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MAXIMUM RATINGS 
SYMBOL ITEM RATING UNIT 

*VOO Power Supply Voltage -0.3-7.0 V * 8.5V at 100ns 

VIN Input Voltage -0.3*-VOO V * -3V Pulse width 50ns 

VI/O Input and Output Voltage -0.5-VOO+0.5 V 

Po Power Oissipation 1.0 (0.6)* W * SOP 

Tsolder Soldering Temperature 260 . 10 ·C . sec 

Tstg Storage Temperature -55-150 ·C 

Topr Operating Temperature -40-85 ·C 

D.C. RECOMMENDED OPERATING CONDITIONS (Ta=-40~85°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VOO Power Supply Voltage 4.5 5.0 5.5 V 

VIH Input High Voltage 2.2 VOO+0.3 V 

VIL Input Low Voltage '0.3 0.8 V 

VOH Oata Retention Supply Voltage 2.0 5.5 V 

D.C. and OPERATING CHARACTERISTIC (Ta=-40~85°C, VDD=5V±10% Unless otherwise noted) 
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

liN Input Leakage Current VIN=O-VOO ±1.0 pA 

IOH Output High Current VOH=2.4V -1.0 mA 

IOL Output Low Current VOL=O.4V 4.0 mA 

VOH Output High Voltage IOH=-20~A VOO-0.1 V 

VOL Output Low Voltage IOL =20pA 0.1 V 

ILO 
Output Leakage CE1=VIH or CE2=VIL or R/W=VIL or OE=VIH, ±1.0 pA 

Current VOUT=O-VOO 

tcycle=1~s 10 

CE1=VIL and CE2= 
UJ 

TC5564APL-12 45 
10001 Operating Current 

VIH, Other Input= ...J TC5564AFL-12 mA VIHJVIL zO ->-
IOUT=OmA ~o TC5564APL-15 40 

TC556'4AFL-15 

tcycle=1~s 5 

10002 Operating Current 
CE1=O.2V and CE2= 

TC5564APL-12 mA VOO-O.2V, Other UJ 40 
...J TC5564AFL-12 Input=VOO-O.2V /O.2V zO 

IOUT=OmA ->- TC5564APL-15 ~O 35 
TC5564AFL -15 

100S1 Standby Current CE1=VIH or CE2=VIL 2 mA 

CE1=VOO-0.2Vor Ta=25·C 0.01 0.2 
100S2 Standby Current CE2=0.2V pA 

VOO=2.0-5.5V Ta=60·C 1.0 

Note: (1) In standby mode with CE1 ~VDD-O.2V, those specification limits are guaranteed 
under the condition of CE2 ~VDD-O.2V or CE2~O.2V. 

(2) All voltage is measured from GND 

CAPACITANCE * (Ta=25°C, f=1 MHz) 
SYMBOL PARAMETER CONDITION MAX. UNIT 

CIN Input Capacitance VIN=GNO 10 pF 

COUT Output Capacitance VOUT=GNO 10 pF 

* This parameter is periodically sampled and is not 100% tested. 

-?A?-



TC5564AP~12,TC5564AP~15 
TC5564AF~12,TC5564AF~15 

A.C. CHARACTERISTICS (Ta=-40~85°C, VDD=5V±10%) 

READ CYLCE 

SYMBbL 
TC5564APL-12 TC5564APL-15 

PARAMETER TC5564AFL-12 TC5564AFL-15 

MIN. MAX. MIN. MAX. 

tRC Read Cycle Time 120 150 

tACC Address Access Time 120 150 

tC01 CE1 Access Time 120 150 

tC02 CE2 Access Time 120 150 

tOE Output Enable to Output in Valid 60 70 

tCOE Chip Enable (CE1, CE2) Output in Low-Z 10 10 

tOEE Output Enable to Output Low-Z 5 5 

too Chip Enable (CE1, CE2) Output in High-Z 60 70 

tooo Output Enable to Output in High-Z 50 60 

tOH Output Data Hold Time 20 20 

WRITE CYCLE 

TC5564APL-12 TC5564APL-15 
SYMBOL PARAMETER TC5564AFL-12 TC5564AFL-15 

MIN. MAX. MIN. MAX. 

twc Write Cycle Time 120 150 

twp Write Pulse Width 80 100 

tcw Chip Selection to End of Write 100 120 

tAS Address Set Up Time 0 0 

tWR Write Recovery Time 0 0 

toow R/W to Output High-Z 60 70 

tOEW R/W to Output Low-Z 10 10 

lOS Data Set Up Time 50 60 

tOH Data Hold Time 0 0 

AC TEST CONDITIONS 
Voo 

• Input Pulse Levels 2.4V/O.6V 

• Timing Measurement Reference Levels 2.2V/O.8V 
I/O U-~-......,..--K~--f 
Pin 

• Output Reference Levels 2.2V/O.8V 

• Input Pulse Rise and Fall Time 5ns 

• Output Load See Fig. 1 
Fig. 1 Output Load 
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UNIT 

ns 

UNIT 

ns 

R1 : 2.4kn 
R2: 810n 
C : 1 OOpF (include Jig) 
o : 1S1588(orEquivale 



3V OPERATION SPECIFICATION 

D.C. RECOMMENDED OPERATING CONDITIONS (Ta=-10~60°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VOO Power Supply Voltage 2.7 3.0 3.3 V 

VIH Input High Voltage VOO-0.2 VOD V 

VIL Input Low Voltage 0 0.2 V 

D.C. AND OPERATING CHARACTERISTICS (Ta=-10~60°C) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

liN Input Leakage Current VIN=O~VOO 1.0 p.A 

ILO Output Leakage Current CE1=VIH or CE2=VIL or R/W=VIL 
1.0 }J.A 

or OE=VIH, VOUT=O~VOO 

10H Output High Current VOH=VOO-0.2V -100 p.A 

10L Output Low Current VOL =0.2V 100 }J.A 

VOH Output High Voltage IOH=-20}J.A VOO-0.1 V 

VOL Output Low Voltage 10L =20}J.A 0.1 V 

CE1=VIL and CE2=VIH tcycle 2.0 3.0 
Other input = =1}J.s 

1000* Operating Current 
VOO-0.2V/0.2V 

mA 
tcycl e 0.5 

10UT=OmA, duty 100% =10}J.s 

CE1=VIL and CE2=VIH Ta=25°C 0.Q1 0.2 
IOOS Standby Current 

or CE2=VIL Ta=60°C 1.0 
p.A 

All voltage is measured from GNO. 

* 1000 is slightly dependent on input pulse tr, tf. If a long tr, tf pulse is applied, there is some transient 
current at the input stage. These specifications are guaranteed with tr, tf ~ 20ns. 
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TC5564APL-12, TC5564A,PL-15 
TC5564AF~12,TC5564AF~15 

3V OPERATE SPECIFICATION 

A.C. CHARACTERISTICS (Ta=-1 0~60°C, VOO=3V±10%) 

READ CYCLE 

SYMBOL PARAMETER MIN. TYP.* MAX. UNIT 

tRC Read Cycle Time 1000 

tACC Address Access Time 300 1000 

tC01 CE1 Access Time 300 1000 

tC02 CE2 Access Time 300 1000 

tOE Output Enable to Output Valid 100 200 ns 

tOH Output Data Hold Time 20 

tCOE Chip Enable to Output in Low Z 10 

tOEE Output Enable to Output in Low Z 5 

too Chip Enable to Output in High Z 200 

tooo Output Enable to Output in High Z 150 

WRITE CYCLE 
SYMBOL PARAMETER MIN. TYP.* MAX. UNIT 

twc Write Cycle Time 1000 

twp Write Pulse Width 500 

tcw Chip Selection to End of Write 800 

tAS Address Set Up Time 100 

tWR Write Recovery Time 100 ns 

tos Data Set Up Time 400 

tOH Data Hold Time 50 

toow R/W to Output High Z 200 

tOEW R/W to Output Low Z 10 

* Typ. condition is Ta=25°C, VOO=3V 

A.C. TEST CONDITIONS 

• VIN=VOO-O.2V/O.2V 

• Output Reference Level: 1.5V/1.5V 

• Timing Measurement Level: 1.5V/1.5V 

• Input Pulse Rise and Fall Time: ::; 20ns 

• Output Load: 1 OOpF (Include Jig) 
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TIMING WAVEFORMS 

READ CYCLE (1) 

ADDRESSES 

CE2 

DOUT 

WRITE CYCLE 1 (R/W Controlled Write) 

ADDRESSES 

R/W 

CE2 

DOUT 

tODO 

OUTPUT DATA VALID 

tDS 

DATA IN STABLE 
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TC5564APL-12, TC556,4APL-15 
TC5564AFL-12, TC5564AFL-15 

WRITE CYCLE 2 (4) (CE1 Controlled Write) 

twc 

ADDRESSES 

R/W 

CE2 

Dour 

WRITE CYCLE 3 (4) (CE2 Controlled Write) 

ADDRESSES 

R/W 

CE2 

Dour 
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NOTE: (1) R/W is High for Read Cycle. 

(2) Assuming that CE1 Low transition or CE2 High transition occurs coincident with 
or after R/W Low transition, Outputs remain in a high impedance state. 

(3) Assuming that 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. 

DATA RETENTION CHARACTERISTICS (Ta=-40~85°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VDH Data Retention Supply Voltage 2.0 5.5 V 

I Ta=25°C 0.01 0.2 
IDDS2 Standby Current 

I 
pA 

Ta=60°C 1.0 

tCDR Chip Deselection to Data Retention Mode 0 p.S 

tR Recovery Time tRC(1) JJ.s 

CE1 Controlled Data Retention Mode (2) 

VDD 
VDD 

DATA RETENTION MODE 

4.5V 

VDD - 0.2V 

GND ____________________________________________________ _ 
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TC5564APL-12, TC5564APL-15 
TC5564AFL-12, TC5564AFL-15 

CE2 Controlled Data Retention Mode (4) 

VDD VDD _.....;;;..;;;..... __ ~ I .... __ D_A_TA_RE_T_E_NT_IO_N_M_O_DE __ ~ ,-_____ _ 

4.5V - - - - - - - -

tCDR 

O.2V 

GND 

Note: (1) tRC: Read Cycle Time 

(2) In CE1 controlled data retention mode, minimum standby current mode is 
achieved under the condition of CE2 ;£ 0.2V or CE2 ~ VOO-0.2V. 

(3) If the VIH of CE1 is 2.2V in operation, during the period that the VOO Voltage 
is going down from 4.5V to 2.4V, IOOS1 current flows. 

(4) In CE2 controlled data retention mode, minimum standby current mode is 
achieved under the condition of CE2 ;£ 0.2V. 

DEVICE INFORMATION 

The TC5564APL is an asynchronous RAM using address activated circuit technology, thus the 
internal operation is synchronous. Once a row address change occurs, the. precharge operation is 
executed by an internal pulse generated from the row address transients. Therefore the peak current 
flows after only row address changes, as is shown in the following figure. 

This peak current may induce the noise on VOO/GNO line. Thus the use of about 0.1 fLF decoupling 
capacitor for every device is recommended to eliminate such noise. 

ADDRESS 

IDDO (mA) 

80 

60 

40 

20 

o 

) 

1\ 1\ 
\ )\ 

Fig. TYPICAL CURRENT WAVEFORMS 
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VDD=5.5V 

VIH=5.3V 

VIL =0.2V 

HORIZON 200ns/div 



DIP 28 PIN OUTLINE DRAWING (6D28A-P) 

2827,262524232221201918171615 

2 3 4 5 6 7 8 9 10 11 12 13 14 

38.0(1.50)MAX. 

I 
I 
/I 

15.24(.600)±O.25(.010) 

Unit in mm (inches) 

1.4(.055)±0.1 5(.006) 

U 0 25( 01 0) +0.1 (.004) 
2.54(.1 00)±0.25(.01 O~ II~' -0.05(.002) 

0-15° 

Note: Lead pitch is 2.54mm and tolerance is ±O.25mm against theoretical center of 
each lead that is obtained on the basis of No. 1 and No. 28 leads. 

MFP 28 PIN OUTLINE DRAWINGS (F28GA-P) 

2827262524232221 201918171615 

1234567891011121314 

X 
<t: 
::2: 
co 
Ol 
o 

18.9(.744)MAX. L J Let I ..... ----------.. Il C\I 

r,
- - - - _ . 

., ~43(.017)±0.1 (.004~).,f--+1 •. 2_7_(._05_0_)±0.05(.002) 
. .... ~~ 

0,0 

3.3. -r-:;; 
0+1 

Unit in mm (inches) 

11.8(.465)±0.3(.012) 

1.5(.059)±0.4(.016) 

Note: Lead pitch is 1.27mm and tolerance is ±O.12mm 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 
8,192 WORD X 8 BIT CMOS STATIC RAM 
SILICON GATE CMOS 

TC5565PL-12, TC5565PL-15 
TC5565FL-12, TC5565FL-15 

OEscfnPTION 

The TC5565P 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 120ns/150ns. 

When CE2 is a logical low or CEl is a logical 
high, the device is placed in low power standby 
mode in which standby current is 2pA typically. The 
TC5565P has three control inputs. Two chip enables 
(CE1, CE2) allow for device selection and data reten
tion control, and an output enable input (OE) pro-

FEATURES 

• Low Power Dissipation 
27. 5mW/MHz(Max.) Operating 

• Standby Current: 1 OOmA(MAX.) 
• 5V Single Power Supply 
• Power Down Features: CE2, CE 1 
• Fully Static Operation 
• Data Retention Supply Voltage 

: 2.0-5.5V 

PIN.CONNECTION (TOP VIEW) 

64k bit EPROM 
TC5565PL TMM2764D 

N.C. VDD vpp 1 VCC 
A12 R,/\V A12 PGM 

A7 C.82 A7 N.C. 
A6 AS A6 4 AS 
A5 A9 A5 A9 
A4 All A4 All 
A3 OE A3 DE 
A2 AID A2 AID 
Al CEI 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 

aND 1/04 aND 03 

PIN NAMES, 

Ao-A12 Address Inputs 

R/W Read/Write Control Input 

OE Output Enable Input 

CE1, CE2 Chip Enable Inputs 

1/01-1/08 Data Input/Output 

Voo Power (+5V) 

GND Ground 

N. C. No Connection 

vides fast memory access. Thus the TC5565P is 
suitable for use in various microprocessor application 
systems where high speed, low power, and bettery 
back up are required. 

The TC5565P also features pin compatibility with 
the 64k bit EPROM (TMM2764D). RAM and EPROM 
are then interchangeable in the same socket, result
ing in flexibility in the definition of the quantity of 
RAM versus EPROM in microprocess~r application 
systems. 

The TC5565P is offered in a dual-in-line 28 pin 
standard plastic package. 

• Access Ti me 

~ TC5565PL-12 TC5565PL-15 
TC5565FL-12 TC5565FLc 15 

Address Access Time 
120ns 150ns 

(MAX.) 

CE1 Access Time 
120ns 150ns 

(MAX.) 

Cb Access Time 
120ns 150ns 

(MAX.) 

Output Enable Time 
60ns 70ns 

(MAX.) 

• Directly TIL Compatible: All Inputs and Outputs 
• Standard 28 Pin DIP: TC5565PL-12/PL -15 
• Plastic Flat Package: TC5565FL-12/FL-1 5 
• Pin Compatible with 2764 type EPROM 

·'Ii.QCI§ •• D·~~~·i~~~~C 
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OPERATION MODE CEI CE2 OE R/W I/Ol-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 

:'M~~MQMi)ft~~t~~_i"" 
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 1.0/0.6** W 

TsoLoER Soldering Temperature 260·10 °C·Sec 

TSTG Storage Temperature -55-150 °C 

TOPR Operating Temperature 0-70 °C 

* ...... - 2. OV at Pulse width 10ns * * ···Flat package 

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 

(Ta=0-70°C, Voo=5V± 1 0%) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

IlL Input Leakage Current VIN=O-VOO - - ±1.0 J.lA 

10H Output High Current VOH=2.4V -1.0 - - rnA 

10L Output Low Current VOL=O.4V 4.0 - - rnA 

CE1=VIH or CE2=VIH or 

ILO Output Leakage Current R/W=VIL or OE =VIH - - ±1.0 J.lA 

VOUT=O-VOO 

Voo=5.5V 

CEI =VIL 
tCYCLE= 1 J.ls - - 10 rnA 

10001 Operating Current CEz=VIH 

Other Input tCYCLE = Min. cycle - - 45 rnA 
" 

=VIH/VIL 

Voo=5.5V 

CE1=0.2V tCYCLE= 1 J.ls - - 5 rnA 

10002 Operating Current CE2=Voo-0.2V 

Other Input tCYCLE = Min. cycle - - 40 rnA 
=Voo-0.2V/0.2V 

100Sl Standby Current CE l=VIH or CE2 =VIL - - 3 rnA 

CEFVoo-0.2Vor 

100 I *loos2 Standby Current CE2=0.2V - 2 J.lA 

Voo=2 .0-5. 5V 

Note: In standby mode with CE1~VOO-0.2V, these specification limits are guaranteed under the condition ofCE2~Voo-0.2V or 
CE2~0.2V. -292-



TC5565P~12,TC5565P~15 
TC5565F~12,TC5565F~15 

CAPACITANCE (Ta=25"C) 

SYMBOL PARAMETER TEST CONDITION MAX. UNIT 

CIN Input Capacitance VIN=GND 10 pF 

COUT Output Capacitance VouT=GND 10 pF 

Note: This parameter periodically sampled IS not 100% tested. 

A.C. CHARACTERISTICS (Ta=0-70"C, Voo=5V±10%) 

Read Cycle 

TC5565PL-12 TC5&65PL-15 

SYMBOL PARAMETER TEST CONDITION TC5565FL-12 TC5565FL-15 UNIT 

MIN. MAX. MIN. MAX. 

tRC Read Cycle Time I VIN=2.4V/0. 6V 120 - 150 - ns 

tACC Address Access Time VIH=22V - 120 - 150 ns 

teOl CEl Access Time VIL=0.8V - 120 - 150 ns 

tC02 CE2 Access ~Time tr, tf;;;; 5ns - 120 - 150 ns 

tOE Output Enable to Output in Valid VOH=2.2V - 60 - 70 ·ns 

Chip Enable (CEl. Cb) to 
VOL=0.8V 10 10 teOE - - ns 

Output in Low-Z 

tOEE Output Enable to Output Low-Z Output Load: Cdl00pF)and 5 - 5 - ns 

Chip Enable (CE1, Cb) to l·TIL Gate 
too - 60 - 70 ns 

Output in High-Z 

I 

Output Enable to 
50 60 tooo - - ns 

Output in High-Z 

tOH I 
Output Data Hold Time 20 - 20 - ns 

Write Cycle 

TC5565PL-12 TC5565PL-15 

SYMBOL PARAMETER TEST CONDITION TC5565FL-12 TC5565FL-15 UNIT 

MIN. MAX. MIN. MAX. 

twc Write Cycle Time VIN=2.4V/0.6V 120 - 150 - ns 

twp Write Pulse Width VIH=2.2V 80 - 100 - ns 

tew Chip Seleclon to End of Write VIL=0.8V 100 - 120 - ns 

tAS Address Set up Time tr , f;;;; 5ns 0 - 0 - ns 

tWR Write Recovery Time 0 - 0 - ns 

tWRI Write Recovery Time (CE 1, CE2) 10 - 10 - ns 

toow R/W to Output High-Z - 50 - 70 ns 

tOEW R/W to Output Low-Z 10 - 10 - ns 

tos Data Set Up Time 50 - 60 - ns 

tOH Data Hold Time 0 - 0 - ns 

tOHI Data Hold Time (CE1, CE2) 10 - 10 - ns 

Note: Input Pulse Levels=VIN 
Timing Measurement Reference Levels = VIH, VIL 
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• READ CYCLE (1) 

ADDRESSES 

DOUT OUTPUT DATA VALID 

• WRITE CYCLE 1 (4) (R/W Controlled Write) 

twc 

ADDRESSES 

R/W 

CE~ VIH -

VIL- tcw 

tcw 

CEI 

tODW tOEW 

DOUT 

tDS 

VIH -DIN DATA IN 
VIL - STABLE 
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• WRITE CYCLE 2 (4) (CE1 Controlled Write) 

ADDRESSES 

twp 

R/W 

CE2 
tcw 

tcw 

tODW 

Dour 

VIH -
'VIL - __________ --J "-____ ~ 

• WRITE CYCLE 3 (4) (CE2 Controlled Write) 

twc 

ADDRESSES 

R/W 

Dour 

VIH -
vIL-______________ -J ~-_____ _J ~ ______________ __ 
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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 CEl High transition or CE2Low 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 impedane state during this period. 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VOH Data Retention Supply Voltage 2.0 - 5.5 V 

TC5565PL-12 Voo==3.0V - - 50 J.iA 
PL-15 

IODs2 Standby Supply Current 
FL-12 
FL-15· Voo==5.5V - - 100 J.iA 

tCDR Chip Deselection to Data Retntion Mode 0 - - J.is 

tR Recovery Time tRC(l) - - J.is 

Note (1): Read cycle time. 

• CE 1 Controlled Data Retention Mode (2) 

VDD --------------~ Data Retention Mode 

4.5V 

VDD-O.2V 

GND ------------------------------------------------------------____ __ 

• CE2 Controlled Data Retention Mode (4) 

VDD --------------~ Data Retention Mode 

4.5V 

o.2V 

GND --------~~====================================~ ______ _ 
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Note: 

TC5565Pl-t2, TC5565PL-15 
TC5565FL-12, TC5565FL-15 

2. In CE1 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2;£;0. 
2V or CE2~VDO-0.2V. 

3. If the VIH of CE 1 is 2. 2V in operation, loos1 current flows the period that the VOD voltage is going down from 4. 5V 
to 2.4V. 

4. In CE2 controlled data retention made, minimum standby current mode is achieved under the condition of Cb;£;O. 
2V. 

DEVICE iNFORMATION 

The TC5565P is an asyncnronous RAM using address activated circuit technology, thus the internal operation 

is synchronous. Then once row address change occur, the percharge operation is executed by internal pulse 

generated from row address transient. Therefore the peak current flows only after row address change, as shown 

In the following figure. 

This peak current may induce the noise on VDD/GND lines. Thus the use of about O.1,uF. decoupling 
capacitor for every device is recommended to eliminate such noise. 

ADDRESSES 

(mA)~~~~~~~-4~-+-+~ 

IDDO 

VDD= 5.5 V 

VIH=5.3 V 

V ITJ= 0.2 V 

Horizon 200nS/div 

Fig. TYPICAL CURRENT WAVEFORMS 
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• DIP 28 PIN OUTLINE DRAWING (6D28A-P) 

28 

14 
15.24±0.25 

0.5±0.15 2.54 ±0.25 .11 0.25~~:~5 
1.4±0.15 

0-15° 

Note Lead pitch is 2.54 and tolerance is ±O. 25 against theoretical center of each lead that is obtained on the basis 
of No.1 and No.28 leads. 

• MFP 28 PIN OUTLINE DRAWING (F28GC-P) 

28 15 

18.9MAX 

I I 
" '" lflflflfl II"lflIUU7 -

0.43±0.1 1.27±0.05 

>< 
< 
:E 
<:> 
en 

>< 
< 
:E 
tn 

IN 

-<:> 
+I 

<:> 

tb 
1l.8±0.3 

J 
l.5±OA 

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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TOSHIBAMOSMEMORY'PRDDUCTS 
8,192 WORD X 8 BIT 
CMOS STATIC RAM 
SILICON GATE CMOS 

TC5565PL-12L, TC5565PL-15L 
TC5565F L -12L, TC5565F L -15L 

DEBe'1 FUPTI 

The TC5565P/F 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 120ns/150ns. When CE2 is a logical 
low or CE 1 is a logical high, the device is placed in 
low power standby mode in which standby current is 
O.6J.lA typically. The TC5565P IF has three control 
inputs. Two chip enables (CE 1, CEi) allow for device 
selection and data retention control, and an output 

FEAfOR 
• Low Power Dissipation 

27. 5mW/MHz(Max.) Operating 
• Standby Current: IJ.lA(Max.) Ta=25°C 
• 5V Single Power Supply 
• Power Down Features: CE2, CE 1 

• Fully Static Operation 
• Data Retention Supply Voltage 

: 2.0-5.5V 

PIN CONNECftON,,' (TOP VIEW) 

TC5565P/ll' 
64k bit EPROM 

TMM2764D 

Al2 
A7 
A6 
A5 

VDD 
R/'N 
CE2 
AA 
A9 
All 
~ 

A2 AIO 
Al 9 CEI 
AO 1/08 

1/01 1/07 
1/02 1/06 
1/03 1/t>b 

OND 1/04 '--__ ..T 

PIN NAMES 

A4 
A3 
A2 

AO 
00 
01 
02 

OND 

Ao-:A12 Address Inputs 

VCC 
PaM 
N.C. 
A8 
A9 
All 
OE 
AIO 
CE 

R/W Read/Write Control Input 
OE Output Enable Input 

CE1, Cb Chip Enable Inputs 

I/Ol-I/Oa Data Input/Output 

Voo Power (+5V) 

GND Ground 

N. C. No Connection 

enable input (OE) provides fast memory access. Thus 
the TC5565P IF is suitable for use in various micro
processor application systems where high speed, 
low power, and battery back up are required. 

The TC5565P also features pin compatibility with 
the 64k bit EPROM (TMM2764D). RAM and EPROM 
are then interchangeable in the same socket, result
ing in flexibility in the definition of the quantity of 
RAM versus EPROM in microprocessor application 
systems. 

The TC5565P is offered in a dual-in-line 28 pin 
standard plastic package. 

• Access Ti me 

====--------
TC5565PL-12L TC5565PL-15L 
TC5565FL-12L TC5565FL-15L 

Address Access Time 
120ns 150ns (MAX.) 

eEl Access Time 
120ns 150ns (MAX.) 

CE2 Access Time 
120ns 150ns (MAX.) 

Output Enable Time 
60ns 70n5 (MAX.) 

• Directly TIL Compatible: All Inputs and Outputs 
• Standard 28 Pin DIP: TC5565PL-12L/PL-15L 
• Plastic Flat Package: TC5565FL-12L/FL-15L 
• Pin Compatible with 2764 type EPROM 

BlOck" DIAG'RA.i~i 
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OPERATION MODE eEl 

Read L 

Write L 

Output Deselect L 

H 
Standby 

* 
* : H or L 

SYMBOL ITEM _. 
Voo Power Supply Voltage 

VIN Input Voltage 

VI/O Input and Output Voltage 

Po Power Dissipation 

TSOLOER Soldering Temperature 

TSTG Storage Temperature 

TOPR Operating Temperature 

* ...... - 2. OV at Pulse width 10ns 

* * ···Flat package 

SYMBOL PARAMETER 

Voo Power Supply Voltage 

VIH Input High Voltage 

VIL Input Low Voltage 

VOH Data Retention Supply Voltage 

CE2 OE 

H L 

H * 
H H 

* * 
L * 

-?~2/L -

, 
R/W 1/01 -1/08 POWER 

H DouT 1000 

L DIN 1000 

H High-Z 1000 

* High-Z loos 

* High-Z loos 

RATING UNIT 

-0.3-7.0 V 

-0.3*-7.0 V 

-0. 5-Voo+0. 5 V 

1.0/0.6** W 

260·10 °e·Sec 

-55-150 °e 

0-70 °e 

MIN. TYP MAX. UNIT 

4.5 5.0 5.5 V 

2.2 - Voo+0.3 V 

-0.3 - 0.8 V 

2.0 - 5.5 V 



TC5565PL-12L, TC5565PL-15L 
TC5565FL-12L, TC5565FL-15L 

Q. C and OPERATING CHARACTERISTICS (Ta=0-70'C, Voo=5V±10%) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

IlL Input Leakage Current VIN=O-VOo - - ±1.0 }LA 

10H Output High Current VOH=2.4V -1.0 - - mA 

10L Output Low Current VOL=0.4V 4.0 - - mA 

CE1=VIH or Cb=VIL or 

ILO Output Leakage Current 
-

- - ±1.0 }LA R/W=VIL or OE=VIH 

VOUT=O-Voo 

Voo=5.5V 
tCYCLE = 1}L s - - 10 -

10001 operating Current 
CEl =VIL 

mA 
CE2=VIH 

Other Input=VIHIVIL 
tCYCLE=Min. cycle - - 45 

Voo=5.5V 

CE1=0.2V tcYCLE = 1 }L s - - 5 

10002 Operating Current CE2=VOo-0.2V mA 

Other Input tcYCLE = Min. cycle 
I 

40 - -

=Voo-0.2V/0.2V 

100Sl Standby Current 
-
CE1=VIH or CE2 =VIL - - 3 mA 

CE1=VOo-0.2Vor Ta=25'C - 0.6 1.0 
*100s2 Standby Current 

CEFO.2V Ta=0-70'C 30 
}LA 

- -

Note: In standby mode with CE l~Voo-O. 2V, these specification limits are guaranteed under the condition of CE2~Voo-0. 2V or 

CE2 ~O. 2V. 

cAPACitANCE (Ta=25'C) 

SYMBOL PARAMETER TEST CONDITION MAX. UNIT 

CIN Input Capacitance VIN=GND 10 pF 

COUT Output Capacitance VouT=GND 10 pF 

Note: ThiS parameter periodically sampled IS not 100% tested. 
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(Ta=0-70'C, Voo= 5V± 1 0%) 

Read Cycle 

TC5565PL-12L TC5565PL-15L 

SYMBOL PARAMETER TEST CONDITION TC5565FL-12L TC5565FL-15L UNIT 

MIN. MAX. MIN. MAX. 

tRe Read Cycle Time VIN = 2.4V /0. 6V 120 - 150 - ns 

tAee Address Access Time VIH=2.2V - 120 - 150 ns 

teol CEI Access Time VIL=0.8V - 120 - 150 ns 

teo, CE2 Access Time tR, tF~ 5ns - 120 - 150 ns 

tOE Output Enable to Output in Valid VOH=2.2V '-- 60 - 70 ns 

Chip Enable (CE1, CE2) to 
VOL=0.8V 10 10 tcOE - - ns 

Output in Low-Z 

tOEE Output Enable to Output Low-Z Output Load: CL(100pF) and 5 - 5 - ns 

Chip Enable (CE" CE2) to I·TIL Gate 
too - 60 - 70 ns 

Output in High-Z 

Output Enable to 
50 60 tooo - - ns 

Output in High-Z 

tOH Output Data Hold Time 10 - 10 - ns 

Write Cycle 

TC5565PL-12L TC5565PL-15L 

SYMBOL PARAMETER TEST CONDITION TC5565FL-12L TC5565FL-15L UNIT 

MIN. MAX. MIN. MAX. 

twe Write Cycle Time VIN=2.4V/0.6V 120 - 150 - ns 

twp Write Pulse Width VIH=2.2V 80 - 100 - ns 

tew Chip Selection to End of Write VIL=0.8V 100 - 120 - ns 

tAS Address Set up Time tR, tF~ 5ns 0 - 0 - ns 

tWR Write Recovery Time 0 - 0 - ns 

tWRI Write Recovery Time (CE1, CE2) 10 - 10 - ns 

toow R/W to Output High-Z - 50 - 70 ns 

tOEW R/W to Output Low-Z 10 - 10 - ns 

tos Data Set Up Time 50 - 60 - ns 

tOH Data Hold Time 0 - 0 - ns 

tOHI Data Hold Time (CE1, CE2) 10 - 10 - ns 

Note: Input Pulse Levels=VIN 
Timing Measurement Reference Levels=VIH, VIL 
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0':;""«' 

c;,..",-,8 

··TC~~~~~~:~:gJC$~~li~15L 
rC5;565F;L~1"2L'" TC5:565;FL-15L 

, :' ,"""'" 'J"", ; \"" ,,' "','l "", "::: "'i', ,,,, ,C' 

• READ CYCLE (1) 

tRC 

ADDRESSES 

teo2 

teol 

tOE 

OE VIH -

VIL --~WU~~~~~--------~-------L4L~~~~~~~~~~~. 

DOUT OUTPUT DATA VALID 
teoE 

• WRITE CYCLE 1 (4) (R/W Controlled Write) 

ADDRESSES 

R/W 

DOUT 

VIH -
VIL --

VIH --

twc 

twp 

VIL --~~~~~ .. ~~ ~ _____ t~e~w ____ ~ I~~~~~~~~~~~~ 

tew 

toEW 

tDS 

VIH -- DATA IN 
VIL --____________________ -J ~ __ S_T_AB_L_E __ ~ ~ ________________ __ 
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• WRITE CYCLE 2 (4) (CE 1 Controlled Write) 

twc 

ADDRESSES 

R/W VIH -
VIL -

CE2 

CEl VIH -

VIL -

DOUT 

DIN 
VIH -

VIL -

• WRITE CYCLE 3 (4) (CE2 Controlled Write) 

ADDRESSES 

R/W 

DOUT 

VIH -
vIL-________________________ -J 
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TC5565PL-12L, TC5565PL-15L 
TC5565FL-12L, TC5565FL-15L 

Note: 
1. R/W is High for Read Cycle. 
2. Assuming that CE 1 Low transition of Cb High transition occurs coincident with or after R/W Low transition, Outputs 

remain in a high impedance state. 
3. Assuming that CEl High transition or CE2 Low transition occure coincident with or prior to R/W High transition, 

Outputs remain in a high impedance state. 
4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 

SYMBOL PARAMETER MIN. 

VDH Data Retention Supply Voltage 2.0 

Voo=3.0V -

loos2 Stand by Supply Current 
Voo=5.5V -

tcOR Chip Deselection to Data Retention Mode 0 

tR Recovery Time tRc( 1 ) 

Note (1): Read cycle time. 

• CE 1 Controlled Data Retention Mode (2) 

VDD------------~ DATA RETENTION MODE 

GND------------------------------------------------------

• CE2 Controlled Data Retention Mode (4) 

VDD ------------""\ DATA RETENTION MODE 

4.5V - - - - - -

Q.2V 

GND------~==~============================~-------

-297/L -

TYP. MAX. 

- 5.5 

- 15 

- 30 

- -

- -

UNIT 

V 

J.lA 

J.ls 

J.ls 



Note: 
2. In CE 1 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2:;; 

O.2V orCE2~VoO-O.2V. 
3. If the VIH of CE 1 is 2. 2V in operation, loos 1 current flows during the period that the Voo voltage is going down from 

4.5V to 2.4V. 
4. In CE2 controlled data retention mode, minimum standby current mode is achieved under the condition of CE2~ 

O.2V. 

The TC5565P/F is an synchronous RAM using 
address activated circuit technology, thus the inter
nal operation is synchronous. Then once row 
address change occur, the percharge 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 JlF decoupling capacitor for every device is 
recommended to eliminate such noise. 

• DIP 28 PIN OUTLINE DRAWING (6D28A-P) 

ADDRESE 

601-+-+--++-t---i1-+-+--tt-t--t-+.-t 

IDDO VIL=o.2V 

(mA) 20 Horizon 100nS/div 

Plg. TYPICAL CURRZIIT WAVZPORMS 

[~~~~~~~~~~~~:I! il 1 14 _.!~!0.2S 

Unit in DID 

~I 38.0MA1. . II 

t
+-" . cot " 

.., o.2!I:!:&As ~ 

O-IS" 

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) 

C::::::::::::I ~l 
I 14 

Unit in ... 

ii, l1.8±o.a 

~~r~I J 
UI±D.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. 

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. 

ClAug .• 1985 Toshiba Corporation 
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8,192 WORDS BIT CMOS STATIC RAM 
SILICON GATE MOS 

DESCRIPTION 

TC5565APL-10, 
TC5565APL-12, 
TC5565APL-15, 

PRODUCTs 
TC5565AFL-10 
TC5565AFL-12 
TC5565AFL-15 

The TC5565APL/AFL is 65,536 bit static random access memory organized as 8,192 words by 8 bits using CMOS 
technology, and operates from a single 5V supply. Advanced circuit techniques provide both high speed and low power 
features with a maximum operating current of 5mA/MHz and maximum access time of 100ns/120ns/150ns. 
When CE2 is a logical low or CE1 is a logical high, the device is placed in low power standby mode in which standby 
current is 2pA 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 memory access. Thus the 
TC5565APL/AFL is suitable for use in various mieroprocessor application systems where high speed, low power, and 
battery back up are required. 
The TC5565APL 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 TC5565APL is offered in a dual-in-line 28 pin standard plastic package. The TC5565AFL is offered in 28 pin mini Flat 
Package 

FEATURES 

• Low Power DiSSipation 
27.5mW/MHz (Max.) Operating 

• Standby Current: 100J.LA (Max.) Ta=70°C 
• Access Ti me 

TC5565APL/AFL-10 : 100ns (Max.) 
TC5565APL/AFL-12 : 120ns (Max.) 
TC5565APL/AFL-15 : 150ns (Max.) 

• 5V Single Power Supply 
• Power Down Features: CE2, CE 1 
• Fully Static Operation 
• Data Retention Supply Voltage: 2.0~5.5V 

PIN CONNECTION (TOP VIEW) 
64k bit EPROM 

TC5565APL/AFL TMM2764D 

N.C. VDD Vpp Vex; 
A12 R/W A12 PGM 

A7 CE2 A7 N.C. 
A6 A8 A6 A8 
A5 Ag A5 Ag 
A4 Al1 A4 A11 
A3 OE A3 OE 
A2 AlO A2 A10 
A1 CE1 A1 CE 
AO 1/08 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~A12 Address Inputs 

R/W Read/Write Control Input 

OE Output Enable Input 

CE1, CE2 Chip Enable Input 

1/01 ~1/08 Data Input/Output 

VDD Power (+5V) 

GND Ground 

N.C. No Connection 

• Directly TTL Compatible 
: All Inputs and Outputs 

• Pin Compatible with 2764 type EPROM 
• TC5565APL Family (Package Type) 

Package Type Device Name 

600 mil DIP TC5565APL 

300 mil DIP 
*TC5563APL 

(Slim Package) 

Flat Package 
TC5565AFL 

(SOP) 

* See TC5563APL Technical Data. 

BLOCK DIAGRAM 

A5 u---r> .... '-"--" 

A6 o--t-IJE..LJ 

R/W 

OE o---+a 
CE2 o--DCl~""'" 
CE 1 o----<LJI 
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(f) 
W 
0: 
00: 
OW 
<t: 0 

s:8 
Ow 
0:0 

PRECHARGE 
CIRCUIT 

MEMORY CELL 
ARRAY 

256 X 256 
(65536) 

...-0 VDD 

.-0 GND 



OPERATION MODE 

OPERATION MODE CE1 CE2 OE R/W 1/01 ~1/08 POWER 

Read L H L H °OUT 1000 

Write L H * L DIN 1000 

Output Deselect L H H H High-Z 1000 

H * * * High-Z 100S 
Standby 

* L * * High-Z 100S 

* : 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 1.0/0.6** W 

Tsolder Soldering Temperature 260·10 °C'sec 

Tstg Storage Temperature -55~150 °C 

Topr Operating Temperature 0~70 °C 

* -3.0V at pulse width 50ns MAX. ** Flat package 

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 
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TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5565AF~10,TC5565AF~12,TC5565AF~15 

D.C. and OPERATING CHARACTERISTICS (Ta=0~70°C, VDD=5V±10%) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

IlL 
Input Leakage 

VIN=O~VOO ±1.0 JJA Current 

IOH Output High Current VOH=2AV -1.0 mA 

IOL Output Low Current VOL=OAV 4.0 mA 

Output Leakage C E1 =VIH or~2=VOL or 
±1.0 JJA ILO R/W=VIL or 0 E=VIH Current 

VOUT=O~VOO 

tcycle=1.0fLS 10 mA 

Voo=5.5V TC5565APL·10 tcycle 45 mA 
CE1=VIL TC5565AFL-10 =100ns 

10001 
CE2=VIH TC5565APL-12 tcycle 40 mA Other input = TC5565AFL-12 =120ns 

VIHNIL 
TC5565APL-15 tcycle 35 mA 
TC5565AFL-15 =150ns 

Operating Current 
tcycle=1.0,us 5 mA 

Voo=5.5V TC5565APL-10 tcycle 40 mA C E1=0.2V TC5565AFL-10 =100ns 

10002 CE2=VOO-0.2V 
TC5565APL-12 tcycle 35 mA Other input= TC5565AFL-12 =120ns 

Voo-0.2V/0.2V 
TC5565APL-15 tcycle 30 mA 
TC5565AFL-15 =150ns 

100S1 C E1 =VIH or CE2=VIL 3 mA 

Standby Current 
C E1 =VOO-0.2V or IVOO=5.5V 2 100 JJA 

*100S2 CE2=0.2V J VOO=3.0V 1 50 JJA 

Note * In standby mode with CE1 ~ VOO-O.2V, these specification limits are guaranteed under the 
condition of CE2 ~ VOO-O.2V or CE2 ~ O.2V. 

CAPACITANCE (Ta=24°C) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

CIN Input Capacitance VIN=GNO 10 pF 

COUT Output Capacitance VOUT=GNO 10 pF 

Note: This parameter periodically sampled is not 100% tested. 
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A.C. CHARACTERISTICS (Ta=0~70°C, VOO=5V±10%) 

Read Cycle 

SYMBOL PARAMETER 

tRC Read Cycle Time 

tACC Address Access Time 

tC01 CE 1 Access Time 

tC02 CE2 Access Time 

tOE Output Enable to Output Valid 

tCOE Chip Enable (CE1, CE2) to Output in Low-Z 

tOEE Output Enable to Output in Low-Z 

tOD Chip Enable (CE1, CE2) to Output in High-Z 

tODO Output Enable to Output in High-Z 

tOH Output Data Hold Time 

Write Cycle 

SYMBOL PARAMETER 

twc Write Cycle Time 

twp Write Pulse Width 

tcw Chip Selection to End of Write 

tAS Address Set Up Time 

tWR Write Recovery Time 

tODW R/W to Output High-Z 

tOEW R/W to Output Low-Z 

tDS Data Set up Time 

tDH Data Hold Time 

A.C. TEST CONDITION 

Output Load 
Input Pulse Level 

100pF + 1 TTL Gate 
O.6V, 2.4V 

Timing Measurement VIN 0.8V,2.2V 
Reference Level VOUT 0.8V,2.2V 
tr, tf 5ns 
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TC5565APL·10 
TC5565AFL·10 

MIN. MAX. 

100 

100 

100 

100 

50 

10 

5 

35 

35 

20 

TC5565APL·10 
TC5565AFL-10 

MIN. MAX. 

100 

60 

80 

0 

0 

35 

5 

40 

0 

TC5565APL·12 
TC5565AFL·12 

MIN. MAX. 

120 

120 

120 

120 

60 

10 

5 

40 

40 

20 

TC5565APL·12 
TC5565AFL-12 

MIN. MAX. 

120 

70 

85 

0 

0 

0 40 

5 

50 

0 

TC5565APL·15 
TC5565AFL·15 

MIN. MAX. 

150 

150 

150 

150 

70 

15 

5 

50 

50 

20 

TC5565APL-15 
TC5565AFL-15 

MIN. MAX. 

150 

90 

100 

0 

0 

50 

10 

60 

0 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

I 
" 

I 



T¢g56QAI>L·tO~·Te$565J.\Plb12 ,TC5565APl-15 
Te~:~~65AEL·10,TC556·$AFL.·12,}TC556.5AFL·15 

TIMING WAVEFORMS 

READ CYCLE (1) 

ADDRESSES 

DOUT VOH 
VOL 

WRITE CYCLE 1 (4) (R/W Controlled Write) 

ADDRESSES VIH 
VIL 

R/W VIH 
VIL 

CE2 VIH 
VIL 

CE1 VIH 
VIL 

DOUT 

DIN 
VIH 
VIL 

UNKNOWN 
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OUTPUT DATA VALID 

twc 

tcw 

tcw 

tODW 

tDS 

DATA IN 
STABLE 



WRITE CYCLE 2 (4) (CE1 Controlled Write) 

ADDRESSES VIH 
VIL 

R/W VIH 
VIL 

CE2 VIH 
VIL 

CE1 VIH 
VIL 

DOUT 

VIH -
VIL _ __ ______________ -J 

WRITE CYCLE 3 (4) (CE2 Controlled Write) 

ADDRESSES VIH 
VIL 

R/W VIH 
VIL 

CE2 VIH 
VIL 

CE1 VIH 
VIL 

DOUT 

DIN 
VIH 
VIL 
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TC5565APL-10, TC5565APL-12,TC5565APL-15 
TC5565AFL-10, TC5565AFL-12, TC5565AFL-15 

Note 1. RjW is High for Read Cycle. 

2. Assuming that CE1 Low transition of CE2 High transition occurs coincident with or after R/W 
Low transition, Outputs remain in a high impedance state. 

3. Assuming that CE1 High transition or CE2 Low transition occurs coincident with or prior to RjW 
High transition, Outputs remain in high impedance state. 

4. Assuming that DE is High for Write Cycle, Outputs are in high impedance state during this 
period. 

DATA RETENTION (Ta=O~70°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VDH Data Retention Supply Voltage 2.0 5.5 V 

l VDD=3.0V 50 

IDDS2 Stand by Supply Current I VDD=5.5V 100 
p.A 

tCDR Chip Deselection to Data Retention Mode 0 p,s 

tR Recovery Time tRC(1) p,s 

Note (1) : Read cycle time. 

CE1 Controlled Data Retention Mode (2) 

VDD DATA RETENTION MODE 

5.5V 

VDD-0.2V 

GND 

CE2 Controlled Data Retention Mode (4) 

VDD DATA RETENTION MODE 

4.5V 

0.2V 

GND 
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Note 2: In CE 1 controlled data retention mode, minimum standby current mode is achieved under 
the condition of CE2 ;£ 0.2V or CE2 ~ VOO-0.2V. 

3 : If the VIH of CE1 is 2.2V in operation, IOOS1 current flows during the peridd that the VOO 
voltage is going down from 4.5V to 2.4V. 

4 : In CE2 controlled data retention mode, minimum standby current mode is achieved under 
the condition of CE2 ;£ 0.2V. 

DEVICE INFORMATION 

The TC5565APL/AFL is an synchronous RAM using address activated circuit technology, thus the 
internal operation is synchronous. Then once row address change occur, the precharge operation is 
executed by internal pulse generated from row address transient. Therefore the peak current flows only 
after row address change, as shown in the following figure. 
This peak current may induce the noise on VOO/GNO lines. Thus the use of about 0.1 p.F decoupling 
capacitor for every device is recommended to eliminate such noise. 

ADDRESSES 

1000 
(rnA) 

60 

40 

20 

o 

\ \ 
I 

Fig. TYPICAL CURRENT WAVEFORMS 
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VOO=5.5V 
VIH=5.3V 
VIL =O.2V 
Horizon 100ns/div 



TC5565APL-10, TC5565APL-12, TC5565APL-15 
TC5565AF~10,TC5565AF~12,TC5565AF~15 

DIP 28 PIN OUTLINE DRAWING (6D28A-P) Unit in mm (inches) 

28 27 26 25 24 23 22 21 20 19 18 17 16 15 

I 15.24(.600)±0.25(.0 1 0) 

z 
~ I <0 ~I .. 1.4(.055)±0.1 5(.006) 
C\J 

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) 

2827262524232221 2019 18 17 16 15 

1234567891011121314 

18.9(.744)MAX. 

11
0.43(.017)±0.1 

..... (.004) ~~ 
00 
3-3-
dd 

t1 

(\j' 
o 
q 
ii) 
o 

Unit in mm (inches) 

i ~I ~~8(466)±03(01: I 
... ~ ...... _1.5--,-(.0_59)±0.4(.0 16) 

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 
32,768 WORD X 8 BIT CMOS STATIC RAM 
SILICON GATE CMOS 

QE$OQ·le1tION 
The TC55257P is 262,144 bit static random 

access memory organized as 32,768 words by 8 
bits using CMOS technology, and operated a single 
5V supply. Advanced circuit techniques provide both 
high speed and low power features with a maximum 
operating current of 5mA/MHz and mimimum cycle 
time of 1 00ns/120ns. 

When CE is a logical high, the device is placed in 
low power standby mode in which standby current is 

• Low Power Dissipation 

27. 5mW/MHz(Max.) Operating 
• Standby Current 

100JLA(Max.): TC55257PL-10/PL-12 
1 mA(Max.) TC55257P-1 0/P-12 

• 5V Single Power Supply 
• Power Down Feature: CE 
• Data Retention Supply Voltage: 2.0 - 5. 5V 

A14 VDD 
Ali:! R/W 

A7 A13 
A6 AS 
A5 A'J 
A4 All 
A3 OE 
A2 AIO 
Al 9 CE 
AO 10 1/08 

1/01 11 1/07 
1/02 12 1/06 
1/03 13 1/05 

GND 14 1/04 

PIN·· .. NAM,ES 

Ao-A14 Address Inputs 

R/W Read/Write Control Input 

OE Output Enable Input 

CE Chip Enable Input 

I/Ol-I/Os Data Input/Output 

VDD Power (+5V) 

GND Ground 

TC55257P-1 O/PL-1 0 
TC55257P-12/PL-12 

2JLA typically. The TC55257P has two control 
inputs. Chip enable input (eE) allow for device selec
tion and data retention control, and an output enable 
input (OE) provides fast memory access. Thus the 
TC55257P is suitable for use in various micro
processor application systems where high speed, 
low power, and battery back up are required. 

The TC5525 7P is offered in a dual-in-line 28 pin 
standard plastic package . 

• Access Time 

~ 
TC55257P-10 TC55257P-12 
TC5525 7PL-1 0 TC55257PL-12 

Access Time (MAX.) 100ns 120ns 

CE Access Time 
lOOns 120ns 

(MAX.) 

Output Enable Time 
50ns 60ns 

(MAX.) 

• Directly TIL Compatible: All Inputs and Outputs 
• Standard 28 pin DIP 

A5 
A6 

A7 

AS 
A9 

All 
Al2 

Al3 
Al4 

1/01 

1/08 

MEMORY CELL 

ARRAY 
512x32 x16 

(262144 ) 

~VDD 
--oOND 
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OPERATION MODE 

OPERATION MODE CE OE R/W 110.-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 -2.0-7.0 V 

VI/O Input and Output Voltage -0.5-Voo+0.5 V 

Po Power Dissipation 1.0 W 

TsoLoER Soldering Temperature 260·10 'C·sec 

TSTG Storage Temperature -55-150 'C 

TOPR Operating Temperature 0-70 'C 

D. C. RECOMMENDED OPERATING CONDmONS 

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 OPERATING CHARACTERISnCS (Ta=0-70'C, Voo=5V±1O%) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

IlL Input Leakage Current VIN=O-VOO - - ±1.0 pA 

10H Output High Current VOH=2.4V -1.0 - - mA 

10L Output Low Current VOL=0.4V 4.0 - - mA 

ILO Output Leakage Current 
CE=VIH or R/W=VIL or OE=VIH - - ±1.0 pA 
Vour=O-Voo 

Voo=5.5V tevele= 1 pS - - 10 

10001 
CE=VIL, R/W= VIH 

Other Input 
tevele= mA - - 45 

Operating Current = VIH/VIL 
Min. cycle 

(Read Cycle)- Voo=5.5V tevele= 1 pS - - 5 

CE=0.2V 

10002 R/W=Voo-0.2V tevele= mA - - 40 
Other Input Min. cycle 

=Voo-0.2V/0.2V 

loosl Standby Current CE=VIH - - 3 mA 

CE=Voo-0.2V TC55257PL - 2 100 pA 
100s2 Standby Current 

Voo=2.0-5.5V TC55257P 1.0 - - mA 

• Assummg 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. 
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TC55257P-'10/PL-10 
TC55257 P-12/PL-12 

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. 

(Ta=0-70'C, Voo=5V±10%) 

Read Cycle 

TC55257P-1O TC55257P-12 
SYMBOL PARAMETER TEST CONDITION TC55257PL-10 TC55257PL-12 UNIT 

MIN. MAX. MIN. MAX. 

tRC Read Cycle Time VIN=2.4V/0.6V 100 - 120 .-
'fAcc Address Access Time VIH=2.2V - 100 - 120 

tco CE Access Time VIL=0.8V - 100 - 120 

tOE Output Enable to Output in Valid tr, tf~ 10ns - 50 - 60 

tCOE Chip Enable(CE)to Output in Low-Z VOH=2.2V 10 - 10 - ns 

tOEE Output Enable to Output Low-Z VOL=0.8V 5 - 5 -
Chip Enable (CE) to Output in Output Load : Cd 1 OOpF)and 

50 60 too - -
High-Z 1 TIL Gate 

Output Enable to Output in 
40 - 50 tooo -

High-Z 

tOH Output Data Hold Time 10 - 10 -

Write Cycle 

TC5525 7P-1 0 TC55257P-12 
SYMBOL PARAMETER TEST CONDITION TC55257PL-10 TC55257PL-12 UNIT 

MIN. MAX. MIN. MAX. 

twc Write Cycle Time VIN=2.4V/0.6V 100 - 120 -
twp Write Pulse Width VIH=2.2V 70 - 80 -

Chip Selection to End of 
VIL=0.8V 90 100 tew - -

Write 

'fAs Address Set up Time tr, tf~ 10ns 0 - 0 -

twR Write Recovery Ti me 0 - 0 -
toow R/W to Output High-Z - 50 - 60 ns 

tOEW R/W to Output Low-Z 10 - 10 -

tos Data Set Up Time 40 - 50 -

tOH Data Hold Time 0 - 0 -

Note: Input pulse levels=VIN 
Timing Measurement Reference levels=VIH, VIL 
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"C6"5151~t~1;N:~'10 
fC55257.~P·1c:;!2/.PL~1 .. !2 

READ CYCLE (1) 

V1H -
ADDRESSES 

VIH - teo 

VIL - ~~~~~~------------~----------~~~~~~~~~~~~~~ 

V1H - tOE 

VIL -
tOEE 

VOH -

DOUT 
VOL - teoE 

UNKNOWN 

WRITE CYCLE 1 (4) (R/W Controlled Write) 

twe 

V1H -
ADDRESSES 

VIL -

twp 

R/'W 
VIH -

V1L -

VIH -
tcw 

eE 
VIL -

tODW 

DOUT 

tDS 

DATA IN STABLE 

-312-



TC55257P-10/PL-10 
TC55257 P-1 2/P.L-1 2 

• WRITE CYCLE 2 (4) (CE Controlled Write) 

ADDRESSES 

R/W 
VIH-

VIL-

1rE 
VIH-

VIL -

DIN 
VIH - ----------_ Jro---""';"---"ll ~---------

VIL - -----------' ,..-----"'t '-________ _ 

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 jn a high 

impedance state. 
3. Assuming that CE High transition occurs coincident with or prior to R/W High transition, Outputs remain in 

a high impedance state. 
4. Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 

DATA RETENTION CHARACTER.mCS (Ta=0-70·C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VOH Data Retention Supply Voltage 2.0 - 5.5 V 

Voo=3.0V - - 50 

TC55257PL JlA 

loos2 Standby Supply Current Voo=5.5V - - 100 

TC55257P - - 1.0 mA 

tcOR Chip Deselection to Data Retention Mode 0 - -
tR Recovery Time tRC(1) 

JlS 
- -

Note (1): Read cycle time. 

CE Controlled Data Retention Mode 

DATA RETENTION MODE 

4.5V 

OND -----------------------------

Note (2): If the VIH of CE is 2.4V in operation, loosl current flows during the period that the Voo voltage is going down from 

4.5V to 2.4V. 
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OUTLINE DRAWINGS 

282'1 2625 24 2322 2120 1!H81'1 1615 

~::I::::::llj 
Unit in mm 

1 2 3 4 5 6 '1 8 9 10 11 12 13 14 

3?4MAX. 1S.24TYP. 

5° 

~~ I 
I! I \. 
, I l' 

I 

0.25 ~ 8:65 
1 ?4MAX 

NOTES: Each lead pitch is 2. 54mm. All leads are located within O. 25mm oftheir 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. 

OAug.. 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
4,096 WORD X 4 BIT STATIC RAM 

SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS PROCESS 

TMM2068D-35, TMM2068D-45 
TMM2068D-55 

DESCRIPTIO'. 
The TMM2068D 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 35ns/45ns/ 
55ns and maximum operating current of 150mA/ 
120mA/120mA. When CS goes high, the device is 
deselected and placed in a low power standby mode 

··I~~Tl)'¥_.i' 
• Fast access time 

tAcc=35ns: TMM2068D-35 
tAcc=45ns: TMM2068D-45 
tACC= 55ns : TMM2068D-55 

• Low Power dissipation 
Icc= 150mA: TMM2068D-35 
Icc= 120mA: TMM2068D-45/55 
ISB=20mA 

• Single 5V power supply 

Ao-A11 

A7 

A6 

A5 

A4 

A3 

A2 

Al 

AO 

es 
GND 

1/0,-1/04 

CS 

WE 

Vee 

GND 

(TOP VIEW) 

Vee 
A8 

A'J 

AIO 

All 
1/01 

1/02 

1/03 

1/04 

WE 

Address Inputs 

Data Input/Output 

Chip Select Input 

Write Enable Input 

Power(+5V) 

Ground 

in which maximum standby current is 20mA. 
Th"us the TMM2068D is most suitable for use in 

cache memory and high speed storage. 
The TMM2068D is offered in a 20 pin standard 
cerdip package with 0.3 inch width for high density 
assembly. 

The TMM2068D is fabricated with ion implanted 
N channel silicon gate MOS technology for high 
performance and high reliability. 

• Fully static operation 
• All inputs and outputs 

Directly TIL compatible 
• Power down feature: CS = VIH 
• Three state outputs 
• Inputs protected: All inputs protection against 

static charge. 
• Package: 20pin standard cerdip package, 0.3 

inch width 

A5 

A6 

A7 

,,'3 

A'J 

A10'"'--'-... ...,...,..--. 

A 11 ot-....uC::=::J 

MEMORY 

CELL ARRAY 

(128-:32>4) 

---0 Vcc 

---0 GND 

I/Olo---1i~~~~~~=:~~~I====I-t~---, 
1/02 O----~>--'I_' 

V03 Q--_++-r>--f--' I 

V04 o-~H+{~t--' 

CS ~'-'--a~ 
WE O--;-...---"'-II....J 

AO Ai A2 A'3 A4 

_'l17_ 
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SYMBOL ITEM RATING UNIT 

Vee Power Supply Voltage -3.5-7.0 V 

VIN Input Voltage -3.5-7.0 V 

VI/O Input/Output Voltage -3.5-7.0 V 

TOPR Operating Temperature 0-70 ·C 

TSTRG Storage Temperature -55-150 ·C 

TSOLOER Soldering Temperature· Time 260·10 ·C·sec 

Po Power Dissipation 0.9 W 

lOUT D. C. Output Current 20 mA 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 - Vee + 1.0 V 

VIL Input Low Voltage -3.0· - 0.8 V 

Vee Power Supply Voltage 4.5 5.0 5.5 V 

* Pulse Width: 10ns. DC: -0.5V(Min.) 

D. C. CHARA"'" (Ta=0-70·C. Vee=5V±10%) 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

ilL Input Leakage Current VIN=O-Vee - ±10 Jl.A 

VOH Output High Voltage IOH=-4.0mA 2.4 - V 

VOL Output Low Voltage IOL=0.8mA - 0.4 V 

ILO Output Leakage Current VOuT=O-Vee - ±50 Jl.A CS=VIH 

I -35 - 150 
Icc Operating Current CS=VIL 

[-45/55 
mA 

- 120 

ISB Standby Current CS=VIH - 20 mA 

ISBP Peak Power-on Current CS=Vce - 40 mA 
Vee=0-5.5V 

CAPACITANCE- (Ta=25··C. f= 1 MHz) 

SYMBOL PARAMETER CONDITIONS MAX. UNIT 

CIN Input Capacitance VIN=OV 5 
pF 

COUT Output Capacitance Vour=OV 10 

* Note: This parameter IS periodically sampled and IS not 100% tested. 
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TMM2;068[)~35,TM M20S8°D-45 
TMM2068D-55 

(Ta=0-70'C, Vcc=5V±10%) 

Read Cycle 

TMM20680-35 TMM20680-45 TMM20680-55 
SYMBOL PARAMETER UNIT 

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

tRC Read Cycle Time 35 - 45 - 55 -

tACC Address Access Time - 35 - 45 - 55 

tco Chip Select Access Time - 35 - 45 - 55 

telZ Chip Selection to Output in Low-Z 5 - 5 - 5 -
ns 

tCHZ Chip Deselection to Output in High-Z 0 20 0 20 0 20 

tOH Output Data Hold Time 5 - 5 - 5 -
tpu Chip Selection to Power Up Time 0 - 0 - 0 -
tpo Chip Deselection to Power Down Time - 30 - 30 - 39 

Write Cycle 

TMM2068D-35 TMM20680-45 TMM20680-55 
SYMBOL PARAMETER UNIT 

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

twc Write Cycle Time 35 - 45 - 55 -

tcw Chip Selection to End of Write 30 - 40 - 50 -

tA5 Address Set Up Time 0 - 0 - 0 -
twp Write Pulse Width 30 - 35 - 40 -

tWR Write Recovery Time 0 - 0 - 0 - ns 

tWlZ WE to Output in Low-Z 0 - 0 - 0 -

tWHZ WE to Output in High-Z 0 15 0 15 0 20 

t05 Data Set Up Time 15 - 20 - 20 -

tOH Data Hold Time 0 - 0 - 0 -

Input Pulse Levels 0-3.5V 
510.0. 

Input Rise and Fall Times 5ns I/OPIN 

30pF I Input and Output Timing 
1.5V 

Reference Levels 

Output Load See Fig.1 

300.0. 

Fig.l Output Load 

* Note: In all condition, teHZ max is less than telZ min both for a given device and from device to device. 
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• Read Cycle 1. (WE=VIH, CS=Vll) 

Address )K 

DOUT 

• Read Cycle 2. (WE=VIH) 

SUPPLY 

CURRENT 

ICC ____ _ 

ISS 

• Write Cycle 1. 

Address 

tACC 

tRC 

) K 
tOH 

~ 
~ OUTPUT DATA VALID ./ 

~ -

OUTPUT DATA VALID 

twc 

taw 

_ tvrnz I tWLZ .I~ • HIGH IMPEDANCE: 'L 

DOUT ~--~~~~~t~D~S~~---.~-.--tD-H--_--I~~~~~~-_~ __ _ 

DIN ---------------------------->l DATA IN STABLE )1('--______ _ 
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TftIIU206i~~5,Th.4~Q680-45 
TMM2068D-55' " ' 

• Write Cycle 2. 

twc 

Address 

tcw 

DOUT HIGH IMPEDANCE 

tDS 

____________________________________ -J)*(~ ____ D_A_T_A __ IN __ S_T_A_B_L_E __ _J~~ ________ _ 

Note: 
1. In read cycle 2, a\l 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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aJ 19 18 17 16 15 14 13 12 11 

2.54TYP. 

Note: Each lead pitch is 2. 54mm. 

O.46±O.15 

1.52± 0.25 

Unit in mm 

8.0±O.2 

All leads are located within O. 25mm of their longitudinal position with respect to No.1 and No. 20 leads. 

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

©Aug .• 1985 Toshiba Corporation 
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TOSHIBA MOS MEM8RY PRODUCTS 
4,096 WORD X 4 BIT STATIC RAM 

SILICON MONOLITHIC 
N-CHANNEL SILICON GATE MOS PROCESS 

TMM2078D-35, TMM2078D-45 
TMM2078D-55 

The TMM2078D 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 35ns/45ns/ 
55ns and maximum operating current of 1 50mA/ 
120mA/120mA. When CS goes high, the device is 
deselected and placed in a low power standby mode 

• Fast access time 
tAcc=35ns: TMM2078D-35 
tAcc=45ns : TMM2078D-45 
tAcc= 55ns : TMM2078D-55 

• Low power dissipation 
Icc= 150mA: TMM2078D-35 
Icc= 120mA: TMM2078D-45/55 
ISB=20mA 

• Single 5V power supply 

(TOP VIEW) 

A7 vee 
A6 AS 

A-o A9 

A4 AIO 

A3 All 

A:G N. e. 
Al 1/01 

AO 1/02 

OF. 1/03 

CS 1/04 
GND WE 

Ao-A" Address Inputs 

1/0,-1/04 Data Input/Output 

CS Chip Select Input 

WE Write Enable Input 

OE Output Enable Input 

Vee Power(+5V) 

GND Ground 

N. C. No Connection 

in which maximum standby current is 20mA. 
Thus the TMM2078D is most suitable for use in 

cache memory and high speed storage. The 
TMM2078D is offered in a 22 pin standard cerdip 
package with 0.3 inch width for high density 
assembly. 

The TMM2078D is fabricated with ion implanted 
N channel silicon gate MOS technology for high 
performance and high reliability. 

• Fully static operation 
• All inputs and outputs Directly TIL compatible 
• Power down feature: CS =VIH 
• Output buffer control : OE 
• Three state outputs 
• Inputs protected: All inputs protection against 

static charge. 
• Package: 22 pin standard cerdip package, 0.3 

inch width 

A6 

A 7 "-'-........... ...-----. 

118 

A!:' 

A I u ~..nr1r---...., 

A 11 "L~t----L----.J 

MEMORY 

eF:j,L AR1{1I Y 

(l:Gtl x 3:G>4) 

--0 Vee 

--0 GND 

l/Olo---~~~===k~~------~~===-~~--~ 
I/02O---~~~Ir-~1 

1/03 o----1~~f---' I 

1-/04 o-~Ittt::t-t--' 

es Oo--1~--ai""'\es 
WE o--1t---...----qL....,;f 

CS AO Al A2 A3 A4 

OE~~~~ ____________________ ~ 
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SYMBOL ITEM RATING UNIT 

Vee Power Supply Voltage -3.5-7.0 V 

VIN Input Voltage -3.5-7.0 V 

VI/O Input/Output Voltage -3.5-7.0 V 

TOPR Operating Temperature 0-70 'C 

TSTRG Storage Temperature -55-150 'C 

TSOLOER Soldering Temperature· Time 260·10 ·C·sec 

Po Power Dissipation 0.9 W 

louT D. C. Output Current 20 mA 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Vovtage 2.0 - Vee+ 1.0 V 

VIL Input Low Voltage -3.0· - 0.8 V 

Vee Power Supply Voltage 4.5 5.0 5.5 V 

* Pulse Width: 10ns. DC: -0.5V(Min.) 

(Ta=0-70·C. Vee=5V± 1 0%) 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

ilL Input Leakage Current VIN=O-Vee - ±10 J.lA 

VOH Output High Voltage IOH=-4.OmA 2.4 - V 

VOL Output Low Voltage IOL=0.8mA - 0.4 V 

ILO Output Leakage Current VOuT=O-Vee - ±50 J.lA CS=VIH 

1 -35 - 150 
Icc Operating Current CS=VIL mA 1-45/ 55 - 120 

ISB Standby Current CS=VIH - 20 mA 

ISBP Peak Power-on Current CS=Vee - 40 mA Vee=0-5.5V 

(Ta=25·C. f= 1 MHz) 

SYMBOL PARAMETER CONDITIONS MAX. UNIT 

CIN Input Capacitance VIN=OV 5 
pF 

COUT Output Capacitance VOUT=OV 10 

* Note: This parameter IS periodically sampled and is not 100% tested. 
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TMM:2078D-35, TM:M2078D-45 
TMM2078D-55 

(Ta=0-70·C, Vee=5V± 1 0%) 

Read Cycle 

TMM2078D-35 TMM2078D-45 TMM2078D-55 
SYMBOL PARAMETER 

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

tRe Read Cycle Time 35 - 45 - 55 -

tAee Address Access Time - 35 - 45 - 55 

teo Chip Select Access Time - 35 - 45 - 55 

tOE Output Enable to Output Valid - 20 - 20 - 25 

telz Chip Selection to Output in Low-Z 5 - 5 - 5 -

teHz Chip Deselection to Output in High-Z 0 20 0 20 0 20 

tOlZ Output Enable to Output in Low-Z 0 - 0 - 0 -

tOHZ Output Disable to Output in High-Z 0 15 0 15 0 20 

tOH Output Data Hold Time 5 - 5 - 5 -

tpu Chip Selection to Power Up Time 0 - 0 - 0 -

tpo Chip Deselection to Power Down Time - 30 - 30 - 30 

Write Cycle 

TMM2078D-35 TMM2078D-45 TMM2078D-55 
SYMBOL PARAMETER 

MIN. MAX. MIN. MAX. MIN. 

twe Write Cycle Time 35 - 45 - 55 

tew Chip Selection to End of Write 30 - 40 - 50 

tAs Address Set Up Time 0 - 0 - 0 

twp Write Pulse Width 30 - 35 - 40 

tWR Write Recovery Time 0 - 0 - 0 

tWlZ WE to Output in Low-Z 0 - 0 - 0 

tWHZ WE to Output in High-Z 0 15 0 15 0 

tos Data Set Up Time 15 - 20 - 20 

tOH Data Hold Time 0 - 0 - 0 

blOn 

Input Pulse Levels 0-3.5V I/O PI N O---_-~ 

Input Rise and Fall Times 5ns 
300n 

Input and Output Timing 
1.5V 

Reference Levels 

Output Load See Fig. 1 Fig.1 Output Load 

* Note: In all condition, tcHZ max is less than t elZ min both for a given device and from device to device. 
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• Read Cycle 1. (WE=VIH, CS=VIL) 

Add. 

tOH 

OUTPUT DATA VALID 

• Read Cycle 2. (WE=VIH, OE=VIL) 

t RC 
'\ / 

"- / 
tco tCHzl 

tCLZ L«xx»/ J 
OUTPUT DATA VALID 

'l:L:llI' '\. 
tpu I. tpD 

ICC ----- -- -- -SUPPLY 

CURHENT 

• Write Cycle 1. 

twc 

tcw 

HIGH IMPEDANCE 

DATA IN STABLE 
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TMM20iSo.3$,1Mftlr2078P"45 
TMM2078D*55 > 

• Write Cycle 2. 

twc 

Add. 

tcw 

tOHZ 

DOUT 
HIGH IMPEDANCE 

tDS 

DIN DATA IN STABLE 

Note: 
1. In read cycle 2. all addresses are valid prior to or coincident with CS transition low. 
2. The operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute. 
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Unit in mm 

22 21 :<D 19 18 17 16 15 14 13 12 

1 2 3 4 5 6 7 8 9 10 11 

28.9MAX 

8.6 -10.2 I . 

Note: Each lead pitch is 2.54mm. All leads are located within O.25mm of their longitudinal position with respect to 
No.1 and No.22 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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2,048 WORD X 8 BIT STATIC RAM 
SILICON MONOLITHIC 

N-CHANNEL SILICON GATE MOS PROCESS 

TMM2018D-35, TMM2018D-45 
TMM2018D-55 

},Q~agl,·Rr'Q·~ 
The TMM2018D is a16,384 bits high speed and 

low power static random access memory organized 
as 2,048 words by 8 bits and operates from a single 
5V supply. Toshiba's high performance device tech
nology provides both high speed and low power 
features with a maximum access time of 35ns/45ns/ 
55ns and maximum operating current of 150mA. 
When CS goes high, the device is deselected and 
placed in a low power standby mode in which 

• Fast access time 
tAcc=35ns: TMM2018D-35 
tAcc=45ns: TMM2018D-45 
tAcc=55ns: TMM2018D-55 

• Low power dissipation 
Icc= 150mA 
ISB=20mA 

• Single 5V power supply 
• Fully static operation 

A7 Vee 
A6 A8 

A5 A9 
A4 WE 
A3 OE 
A',(, A10 
Al es 
AO :/08 

I/O 1 1/07 

1/02 1/06 

1/03 1/05 

GND 1/04 

PIN.·,,·NAMES 

Ao-AlO Address Inputs 

1/01-1/08 Data Input/Output 

CS Chip Select Input 

WE Write Enable Input 

OE Output Enable Input 

Vee Power (+5V) 

GND Ground 

maximum standby current is 20mA. 
Thus the TMM2018D is most suitable for use in 

cache memory and high speed storage. The 
TMM2018D is offered in 24 pin standard cerdip 
package with 0.3 inch width for high density' 
assembly. 

The TMM2018D is fabricated with ion implanted 
N channel silicon gate MOS technology for high 
performance and high reliability. 

• All inputs and outputs 
Directly TIL Compatible 

• Power down feature: CS=VIH 
• Output buffer control: OE 
• Three state outputs 
.Inputs protected: All inputs protection against 

static charge. 
• Package: 24 pin standard cerdip, 0.3 inch width 

A 4 nL..Jr-r-+--r------. 
A5 nL-''''''----'-----' 

Ao nL-''''''--'----'''' 
MEMO!'.Y 

CELL Ah"AY 

(128-16,8) 

1/03~~~~~llIlrlll-~~~--~ 
1/0 4 o---ft1tt-C~---'1I1 
1/0 5 o---.H1H-C~--111 

1 /06 o--.fil+H-r::~--.J I 
1/07 

:/08 

es~-~,"", 
WE ~ ___ -a....J 

~Vec 

---0 UND 

OE~-t=r~ __________________________ ~ 
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SYMBOL ITEM RATING UNIT 

Vee Power Supply Voltage -3.5-7.0 V 

·VIN Input Voltage -3.5-7.0 V 

VI/O Input/Output Voltage -3.5-7.0 V 

TOPR Operating Temperature 0-70 °C 

TSTG Storage Temperature -55-150 °C 

TsoLoER Soldering Temperature· Time 260· 10 °C·sec 

Po Power Dissipation 0.9 W 

lOUT D. C. Output Current 20 mA 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 - Vee+ 1.0 V 

VIL Input Low Voltage -3.0· - 0.8 V 

Vee Power Supply Voltage 4.5 5.0 5.5 V 

* Pulse Width: 10ns, DC: -0.5V(Min.) 

(Ta=0-70°C, Vee= 5V± 10%) 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

IlL Input Current VIN=O-Vee - ±10 J.lA 

VOH Output High Voltage IOH= -4.0mA 2.4 - V 

VOL Output Low Voltage IOL=8.0mA - 0.4 V 

ILO Output Leakage Current VOuT=O-Vee - ±50 J.lA 
CS=VIH 

Icc Operating CS=VIL - 150 mA 

ISB Standby Current CS=VIH - 20 mA 

ISBP Peak Power-on Current CS=Vee - 40 mA 
Vee=0-5.5V 

(Ta=25°C, f= 1 MHz) 

SYMBOL PARAMETER CONDITIONS MAX. UNIT 

CIN Input Capacitance VIN=OV 5 

COUT Output Capacitance VOUT=OV 10 
pF 

* Note: This parameter IS periodically sampled and is not 100% tested. 



TMM2018D-35, TMM2018D-45 
TMM2018D-55 

A;··C ... CHARACTERISTICS (Ta=0-70°C, Vee=5V±10%) 

Read Cycle 

TMM2018D-35 TMM2018D-45 TMM2018D-55 
SYMBOL PARAMETER UNIT 

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

tRe Read Cycle Time 35 - 45 - 55 -
tAee Address Access Time - 35 - 45 - 55 

teo Chip Select Access Time - 35 - 45 - 55 

tOE Output Enable to Output Valid - 20 - 20 - 25---

telz Chip Selection to Output in low-Z - 5 - 5 - 5 ns 

teHz Chip Deselection to Output in High-Z 0 20 0 20 0 20 

tOLZ Output Enable to Output in Low-Z 0 - 0 - 0 -

tOHZ Output Disable to Output in High-Z 0 15 0 15 0 '20 

tOH Output Data Hold Time 5 - 5 - 5 -
tpu Chip Selection to Power Up Time 0 - 0 - 0 -
tpo Chip Deselection to Power Down Time - 30 - 30 - 30 

Write Cycle 

TMM2018D-35 TMM2018D-45 TMM2018D-55 
SYMBOL PARAMETER UNIT 

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

twe Write Cycle Time 35 - 45 - 55 -
tew Chip Selection to End of Write 30 - 40 - 50 -

---tAs Address Set Up Time 0 - 0 - ----9- ---
twp Write Pulse Width 30 - 35 - 40 -
tWR Write Recovery Time 0 - 0 - 0 - ns 

tWlZ WE to Output in Low-Z 0 - 0 - 0 -

tWHZ WE to Output in High-Z 0 15 0 15 0 20 

tos Data Set Up Time 15 - 20 - 20 -

tOH Data Hold Time 0 - 0 - 0 -

510.0. 

Input Pulse Levels 0-3.5V 

Input Rise and Fall Times 5ns 1/0 PIN 0------...--.... 

Input and Output Timing 
1.5V 

Reference Levels 

Output Load See Fig. 1 

300.0. 
30 PFI 

Fig.l Output Load 
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.T.MM:2E)1.·"$·Qw3S·, 
TM M201:8D~55 

i;':':·'·;f:;TI"j~.'·Il~R'fj""'j;;':/;' 
• Read Cycle 1. (WE = VIH, CS = VIL) 

Add " K / 

tACC 

"-
'1\. 

tRC 

tOE 

~ 

• Read Cycle 2. (WE=VIH, OE=VIL) 

tpu 

) K 
~ 

.Jk' 
tOH 

/ '\..~ 
" OUTPUT DATA VALID / ~ 

tCHZ 

OUTPUT DATA VALl D 

SUPPLY lCC----------~~---------------------------------------------------------~ 

CU RRFJU_I...;;S_B ____________ -J 

• Write Cycle 1. 

two 

Add. 

tcw 

HIGH IMPEDANCE 

_______________________________________________ --J)X(~ ______ D_A_T_A ___ IN ___ S_T_A_B_LE_, ___ _':><:~ _________ _ 
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• Write Cycle 2. 

Add. 

DOUT 

Note: 

TMM20t80·35,TMM2018D-45 
TMM2018D-55 

twa 

taw 

HIGH IMPEDANCE 

tDS 

DATA IN STAbLE 

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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Unit in mm 

24 23 22 21 20 19 18 17 16 15 14 13 

][ 
2 3 4 5 6 7 8 9 10 11 121 32.4MAX • 

8.4±O.2 

I) 1\1 

-0- '~ 
8.6 - 10.2 

O.46±0.15 1.52± 0.25 

Note Each lead pitch is 2. 54mm. All leads are located within O. 25mm of their longitudinal position with respect to 
No.1 and No.24 leads. 
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TOSHIBA MOS MEMORY PRODUCTS 
8,192 WORD X 9 BIT STATIC RAM 
N-CHANNEL SILICON GATE MOS 
PRELIMINARY 

DESCRIPTION 

TMM2089C-35, TMM2089C-45 
TMM2089C-55 

The TMM2089C is a 73,728 bits high speed N-channel silicon gate MOS static random access memory organized as 
8,192 words by 9 bits and operates from a single 5-volt supply. The TMM2089C is features an automatic stand-by mode 
when deselect by CS 1 signal. Thus the TMM2089C is suitable for use in cache memory and high speed storage. The 
TMM2089C has nine I/O terminals, therefore it is most suitable for MEMORY SYSTEM with Parity bit. The TMM2089C is 
offered in a 28 pin standard ceramic dual in-line package with 0.3 inch width for high density assembly. 

FEATURES 

• Access Time and Current 

~ 
Access Operating 

Part Time Current 
Number (Max.) (Max.) 

TMM2089C-35 35ns 120mA 

TMM2089C-45 45ns 120mA 

TMM2089C-55 55ns 120mA 

• Single 5V Power Supply 
• Fully Static Operation 
• Power Down Feature: (CS1) 
• Output Buffer Control: (OE) 
• Three State Outputs 

PIN CONNECTION 

A8r28bvcc 
A7 2 276 WE 

A6 3 26 P CS2 

PIN NAMES 

SYMBOL 

AO ~ A12 

CS1, CS2 

WE 

1/01 - 1/09 

CS1 
--

VCC 
1----------

GND 

A5 d 4 25 t::J A9 

A4el 5 
A3 6 A11 

A2 OE 
A1 

AO 

1/01 

1/02 

1/03 

1/04 

GND 

----

NAME 

Address Inputs 

Chip Select Input 

Write Enable Input 

Data Input/Output 

Output Enable Input 

Power (+5V) 

Ground 

A12 

CS1 

1/09 

1/08 

1/07 

1/06 

1/05 

-----

-~ 

Standby 
Current 
(Max.) 

10mA 

10mA 

10mA 

MSB 

• All Inputs and Outputs: (Directly TTL 
Compatible) 

• Inputs Protected: (All inputs have 
protection against 
static charge.) 

BLOCK DIAGRAM 

A12 ~vcc 

LSB 

1/01 

2 
1/09 

2 
A5 

WE 

OE 

CS2 

CS1 

OPERATION MODE 

--r= 
Mode CS1 

r----
Write L 

Read L 

Standby H 

Standby L 

Output Buffer 
Disable L 

'-----------

* Don't Care 

~GND 

MSB A4 ~ AO LSB 

CS2 OE WE 1/01 -1/09 Power 
---

H * L In Active 

H L H Out Active 

* * * High-Z Standby 

L * * High-Z Active 

H H H High-Z Active 
___ L-_ 



MAXIMUM RATINGS 
SYMBOL ITEM RATING UNIT 

VCC Power Supply Voltage -3.5~7.0 V 

VIN, VOUT Input Output Voltage -3.5~7.0 V 

Topr. Operating Temperature 0~70 °c 

Tstg. Storage Temperature -55~150 °c 

Tsolder Soldering Temperature' Time 260 . 10 °C· sec 

Po Power Dissipation (Ta=70°C) 1.0 W 

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 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: 10ns, DC: -0.5V (Min.) 

D.C. CHARACTERISTICS (Ta=0~70°C, VCC=5.0V±10%) 
SYMBOL PARAMETER CONDITION MIN. MAX. UNIT 

IlL Input Leakage Current VIN=OV~5.5V -1.0 -1.0 p.A 

IOH Output High Current VOH=2.4V -4.0 mA 

IOL Output Low Current VOL=O.4V 8.0 mA 

ILO Output Leakage Current CS1=VIH or CS2=VIL or WE=VIL -1.0 1.0 p.A 
or OE=VIH, VOUT=OV~5.5V 

ISBP Peak Power-on Current CS1=VCC, CS2=OV, IOUT=OmA 30 mA 

ISB Standby Current CS1=VIH or CS2=VIL, IOUT=OmA 10 mA 

ICC Operating Current CS1=VIL, CS2=VIH, IOUT=OmA 120 mA 

CAPACITANCE * (Ta=25°C, f=1.0MHz) 
SYMBOL PARAMETER 

r-' -----
CIN Input Capacitance 

~--------r------------------------

COUT Output Capacitance 

CONDITION 

I~X 
UNIT 

-----

VIN=OV pF 

VOUT=OV 10 pF 
----------

* Note: This parameter is periodically sampled and is not 100% tested. 

_l)l)a __ 



TMM2089C-35, TMM2089C-45 
TMM2089C-55 

A.C. CHARACTERISTICS (Ta=0~70°C, VCC=5V±10%) 

READ CYCLE 

TMM2089C-35 TMM2089C-45 TMM2089C-55 
SYMBOL PARAMETER 

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

tRC Read Cycle Time 35 45 55 
-- --

tACC Address Access Time 35 45 55 

tC01 CS1 Access Time 35 45 45 

tC02 CS2 Access Time 25 25 30 

tOE OE Access Time 20 20 25 

tOH Output Data Hold Time from Address Change 5 5 5 ns 

tClZ Output Enable Time from CS 1 or CS2 0 5 5 

tCHZ Output Disable Time from CS1 or CS2 20 20 20 

tOlZ Output Enable Time from OE 0 0 0 

tOHZ Output Disable Time from OE 10 10 15 

tpu Chip Selection to Power Up Time 0 0 0 

tpD Chip Deselection to Power Down Time 30 30 30 

WRITE CYCLE 
TMM2089C-35 TMM2089C-45 TMM2089C-55 

SYMBOL PARAMETER 
MIN. MAX. MIN. MAX. MIN. MAX. 

UNIT 

twc Write Cycle Time 35 45 55 

tcw Chip Selection to End of Write 30 40 50 

tAS Address Set Up Time 0 0 0 

twp Write Pulse Width 25 35 45 

tWR Write Recovery Time 0 0 0 ns 

tDS Data Set Up Time 15 20 20 

tDH Data Hold Time 0 0 0 

tWlZ Output Enable Time from WE 0 0 0 

tWHZ Output Disable Time from WE 10 10 15 

A.C. TEST CONDITIONS VCC 

Fig. 1 

I/O Pin 

300n 

'--Inp-ut-Pul-se l-eve-Is -------------1 ~_0_.6-=-_2.2V J 
Input Rise and Fall Time 5ns 

Input and Output Reference levels 2.0V/O 8V 
--------------------- ------ -- -~ 

Output load Fig 1 
----------~-------- -- ~-~---

510n 

30pF 
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TIMING WAVEFORMS 

READ CYCLE (1) 

ADDRESSES 

CS2 

DOUT 

HIGH 
IMPEDANCE 

tOE 

WRITE CYCLE 1 (4) (WE Controlled Write) 

ADDRESSES 

OUTPUT DATA VALID 

HIGH 
IMPEDANCE 
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TMM2089C-35, TMM2089C-45 
TMM2089C-55 

WRITE CYCLE 2 (4) (CS1 Controlled Write) 

ADDRESSES 

CS2 

Dour 

WRITE CYCLE 3 (4) (CS2 Controlled Write) 

ADDRESSES 

CS2 

Dour 
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Note: 1. WE is High for Read Cycle. 

2. Assuming that CS 1 low transition or CS2 High transition occurs coincident with 
or after WE low transition, 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 

'------------u-------' 

WE, CS2 -----------u------

(A) (8) 

1r-----U----------""'=-+-O.15V 

"~j~'I' ','! 
\1' 

I 

DOUT ____ H...;IG~H~IM~P;..;E;.;;D~A;.;.NC;;;.;E~__cl___+_ O.15V 

O.15V 
HIGH IMPEDANCE 

1-----U---------......iIF=~=O.15V 
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· . 

TM M2089C-35,TM Ma089C-45 
TMM2089C-55 

OUTLINE DRAWINGS Unit: mm (inches) 

-- 36.00(1 417) MAX 
7.27(.286) MAX. 

I" -I 
~ -----+----+ 

I 
I 

+0.0 
I 0.25(.010)-0.0 

=- , 

;= ~ ~l i7J" ::2: (Xl 1'-.......... ~ 3-
~ 2.54(.100) TYP. 0.46(.018)±0.05(.002) 1.27(.005)±0.05(.002) q I'-

: ~ N 
7.62(.300) MAX. 

Note: Each lead pitch is 2.S4mm. 

5(.002) 
2(.001) 

All leads are located within O.25mm of their longitudinal position with respect No.1 
and No. 28 leads. 

_~A1_ 
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TOSHIBA·.·.·1VI8S ··MEMOHY····PBDII1I8U· 
65,536 WORD X 1 BIT CMOS STATIC RAM 
SILICON GATE CMOS 

.RIPT 
The TC5561 P is a 65,536 bit high speed static 

random access memory organized as 65,536 words 
by 1 bit using CMOS technology, and Operated from 
a single 5-volt supply. 

Toshiba's high performance device technology 
provides both high speed and low power features 
with a maximum access time of 55ns/70ns and 
maximum operating current of 100mA at minimum 
cycle time. 

The TC5561 P also features an automatic stand-by 
mode. When deselected by Chip Enable (CE), the 

::fF;~tWJ:'e$ 
• Fast access time: TC5561 P-55 55ns(MAX.) 

TC5561 P-70 70ns(MAX.) 
• Low power dissipation: Operation 1 OOmA(MAX.) 

Standby1 OOpA(MAX.) 
• 5V single power supply 

IO.M. '(TOP VIEW) 

TC556lP 

AO VDD 
Al Al5 
A2 Al4 
A3 Al3 
A4 Al2 
A5 All 
A6 AlO 
A7 A9 

DOUT AS 
WE DIN 

OND CE 

(30 Omi I DIP) 

Ao-A15 Address Inputs 

DIN Data Input 

DouT Data Output 

CE Chip Enable Input 

WE Write Enable Input 

Voo Power (+5V) 

GND Ground 

TC5561 P-55 
TC5561 P-70 

operating current is reduced from 1 OOmA to 100pA. 
The TC5561 P is suitable for use in main memory 

of high speed computer and pattern memory, where 
high speed/low power/high density are required. 

The TC5561 P is moulded in a 22 pin standard 
plastic package with 0.3 inch width for high density 
assembly. 

The TC5561 P is fabricated with ion implanted 
COMS silicon gate MOS technology for high per
formance and high reliability. 

• Fully static operation 
• Directly TIL compatible: All Input and Output 
• I/O separate . 
• Package: 22 pin standard plastic package, 

300mil width 

AO o-+Diu::::J 
Al ~.L...J"""--' 
A2 A.-..L...I...,..-. MEMORY C~LL 

ARRAY 

256><256 

SENSE AMP. 

---0 VDD 

~GND 
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SYMBOL ITEM RATING UNIT 

Voo Power Supply Voltage -0.3-7.0 V 

VIN Input Voltage -2.0-7.0 V 

VI/O Input and Output Voltage -0.5-Voo+0.5 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 

(Ta=0-70'C, Voo=5V±10%) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

liN Input Leakage Current VIN=O-VOO - - ±1.0 pA 

10H Output High Current VOH=2.4V -8 - - mA --------c:-

10L Output Low Current VOL=0.4V 8 - - mA 

!Lo Output Leakage Current CE=VIH or WE=VIL - - ±1.0 pA 
VOUT=O-VOO 

Voo=5.5V, tcycle=Min cycle, 
1000 Operating Current CE=VIL - - 100 mA 

Other Input=VIHNIL 

100s1 CE=VIH - - 2 mA 

loos2 
Standby Current 

CE=Voo-0.2V - 100 pA -

(Ta=25'C) 

SYMBOL PARAMETER TEST CONDITION MAX. UNIT 

CIN Input Capacitance VIN=GND 10 pF 

COUT Output Capacitance Vour=GND 10 pF 

Note: This parameter periodically sampled is not 100% tested. 
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A.C.CHA8ACTE8ISTICS (Ta=0-70°C, Voo=5V±10%) 

Read Cycle 

SYMBOL PARAMETER 

tRe Read Cycle Time 

tAee Address Access Time 

teo Chip Enable Access Time -- -

teoE Chip Enable to Output in Low-Z 

teoo Chip Disable to Output in High-Z 

tOH Output Data Hold Time 

Write Cycle 

SYMBOL PARAMETER 

twe Write Cycle Time 

twp Write Pulse Width 

tew Chip Enable to End of Write 

tAS Address Set up Time 

tWR Write Recovery.Time 

---- teow--- -WE to Output Low-Z 

tOEW WE to Output High-Z 

tos Data Set up Time 

tOH Data Hold Time 

Input Pulse Levels 0-3.5V 

Input Rise and Fall Times 5ns 

Input and Output Timing 
1.5V 

Reference Levels 

Output Load 
--

See Fig.1 

-347-

TC5561 P~55 
TC5561P-70 

TC5561 P-55 TC5561 P-70 
UNIT 

MIN. MAX. MIN. MAX. 

55 - 70 -

- 55 - 70 

- 55 - 70 
ns 

5 - 5 -

- 30 - 30 

5 - 5 -

TC5561 P-55 TC5561 P-70 
UNIT 

MIN. MAX. MIN. MAX. 

55 - 70 -

35 - 35 -

35 - 35 -

0 - 0 -

0 - 0 - ns 

- 30 - 30 

5 - 5 -

35 - 35 -

0 - 0 -

480.(l 

r---4r--~------~ DOUT 

2bbn 

Fig.l Output Load 



• READ CYCLE (1) 

Address 

DOUT 

• WRITE CYCLE 1 (WE Controlled Write) 

Addres s 

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 excp.p.rlina 400 linear feet per minute. 
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2.73MAX 

(No te) 
2.04 :to.:':: 0 

Note : Each lead pitch is 2. 54mm . 

Unit in mm 

7.62TYP 

----------1 

O.o:t J.07 

1.4± J.07 

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

©Aug., 1985 Toshiba Corporation 
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TOSHIBA MOSMEMORY PRODUCTS 
65,536 WORD X 1 BIT CMOS STATIC RAM 
SILICON GATE CMOS 

OESCRIPTION 
The TC5562P is a 65.536 bit high speed static 

random access memory organized as 65.536 words 
by 1 bit using CMOS technology. and operated from 
a single 5-volt supply. 

Toshiba's high performance device technology 
provides both high speed and low power features 
with a maximum access time of 45ns/55ns and 
maximum operating current of 100mA at minimum 
cycle time. 

The TC5562P also features and automatic stand-

·.···fEATURES 
• Fast access time: TC5562P-45 45ns(MAX.) 

TC5562P-55 55ns(MAX.) 
• Low power dissipation: Operation 1 OOmA(MAX.) 

Standby 20mA(MAX.) 
• 5V single.power supply 

TC5562P 

AD VDD 
Al Al5 

A2 Al4 
A3 Al3 
A4 Al2 
A5 All 
A6 AlO 
A7 A9 

DOUT AS 
WE DIN 

GND ~ 

(300mi I DIP) 

PIN NAMES 

Ao-A15 Address Inputs 

DIN Data Input 

DouT Data Output 

CE Chip Enable Input 

WE Write Enable Input 

VDD Power (+5V) 

GND Ground 

DIN 

CE 

WE 

TC5562P-45 
TC5562P-55 

PRELIMINARY 

by mode. When deselected by chip Enable(CE). the 
operating current is'reduced from 1 OOmA to 20mA. 

The TC5562P is suitable for use in main memory 
of high speed/high density are required. 

The TC5562P is moulded in a 22 pin standard 
plastic package with 0.3 inch width for high density 
assembly. 

The TC5562P is fabricated with ion implanted 
CaMS silicon gate MaS technology for high per
formance and high reliability. 

• Fully Static operation 
• Directly TIL compatible: All Input and Output 
• I/O separate 
• Package: 22 pin standard plastic package,. 

300mil width 

BLOCl(DtAGRAM 

----0 VDD 

MEMORY CELL ---0 GND 

ARRAY 

256 x 256 

~ __ S_E_NS_E_AM_P_. __ -:--1.:>.--<> DOUT 
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SYMBOL ITEM RATING UNIT 

Voo Power Supply Voltage -0.3-7.0 V 

VIN Input Voltage -2.0-7.0 V 

VI/O Input and Output Voltage -0.5-Voo+0.5 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 

VOH Data Retention Supply Voltage 2.0 - 5.5 V 

(Ta=0-70·C, Voo=5V± 10%) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

ilL Input Leakage Current VIN=O-VOO - - ±1.0 JlA 

10H Output High Current VOH=2.4V -8 - - mA 

10L Output Low Current VOL=O.4V 8 - - mA 

ILO Output Leakage Current CE=VIH or WE=VIL - - ±1.0 JlA 
VOUT=O-VOO 

Voo=5.5V, tcycle=Min cycle, 
1000 Operating Current .CE=VIL - - 100 mA 

Other Input=VIH/VIL 

100Sl CE=VIH - - 20 
Standby Current CE=Voo-0.2V mA 

100s2 
Other Input=Voo-0.2V or 0.2V 

- - 2 

(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. 



(Ta=0-70°C, Voo=5V± 1 0%) 

Read Cycle 

SYMBOL PARAMETER 

tRe Read Cycle Time 

tAee Address Access Time 

teo Chip Enable Access Time 

tcOE Chip Enable to Output in Low-Z 

teoo Chip Disable to Output in High-Z 

tOH Output Data Hold Time 

Write Cycle 

SYMBOL PARAMETER 

twe Write Cycle Time 

twp Write Pulse Width 

tcw Chip Enable to End of Write 

tAS Address Set up Time 

tWR Write Recovery Time 

toow WE to Output Low-Z 

tOEW WE to Output High-Z 

tos Data Set up Time 

tOH Data Hold Time 

Input Pulse Levels 0-3.5V 

Input Rise and Fall Times 5ns 

Input and Output Timing 
1.5V 

Reference Levels 

Output Load See Fig.l 
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TC5562:P~45 
TC5~562;PIi55 

TC5562P-45 TC5562P-55 
UNIT 

MIN. MAX. MIN. MAX. 

45 - 55 -

- 45 - 55 

- 45 - 55 
ns 

5 - 5 -

- 25 - 30 

5 - 5 -

TC5562P-45 TC5562P-55 
UNIT 

MIN. MAX. MIN. MAX. 

45 - 55 -

30 - 35 -

30 - 35 -

0 - 0 -

0 - 0 - ns 

- 25 - 30 

5 - 5 -

30 - 35 -

0 - 0 -

48Ml 

J----.---+------o DOUT 

255.{}, 

Fig.1 Output Load 



• READ CYCLE (1) 

Address 

DOUT --------------~XXXX~ OUTPUT 

• WRITE CYCLE 1 (WE Controlled Write) 

• WRITE CYCLE 2 (CE Controlled Write) 

Address 

Note: 
1. WE is High for Read Cycle. 

twc 

DATA IN 
STABLE 

2. Assuming that CE Low transition occurs coincident with or after WE Low transition, Outputs remain in a high 
impedance state. 

3. Assuming that CE High transition occurs coincident with or prior WE High transition, Outputs remain in a- high 
impedance state. 

4. The operating temperature(Ta} in guaranteed with transverse air flow exceeding 400 linear feet per minute. 
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OUTLINE DRAWINGS 

22 21 20 19 1 B 17 16 1 5 14 13 12 

5 

2.73MAX 

(Note) 
2.54±0.25= ~ 

Note : Each lead pitch is 2. 54mm . 

O.5±O.Q7 

1.4± 0.07 

TC5562P"45 
TC5562P-55 

Unit in nun 

7.62TYF 

lO.92MAX 

All leads are located within O.25mm of the true longitudinal position with respect to No.1 and No.22 leads. 

-355-



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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TOSHIBAMOS MEMOIIY PRODUCTS 
8,192 WORDX8 BIT UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY 

TMM2764D-15, TMM2764D-2 
TMM2764D 

DESCRIPTION 
The TMM27640 is a 8192 word x 8 bit ultraviolet 

light erasable and electrically programmable read 
only memory. For read operation, the TMM27640's 
access time is 150ns(TMM27640-15)/200ns 
(TMM2764D-2)/250ns(TMM27640), and the 
TM M2 7640 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 

• Single 5-volt power supply 
• Fast access time: TMM 27640-15: 1 50ns(Max.) 

TMM27640-2: 200ns(Max.) 
TMM27640: 250ns(Max.) 

• Power dissipation: 100mA (active current) Max. 
25mA (standby current) Max. 

• Low Power standby mode: CE 
• Output buffer control : OE 

PINCONNECTION (TOP VIEW) 

VCC 
PGM 
N.C. 

AS 
Ag 

All 
OE 
AIO 
CE 
07 
06 

The standby mode is achieved by applying a TTL
high level signal to the CE input. 

The maximum active current is 100mA and the 
maximum standby current is 25mA. For program 
operation, the programming is achieved by applying 
a 50ms active TIL low program pulse to the PGM 
input, and it is possible to program sequentially, 
individually, or at random. 

• Fully static operation 
• Programs with one 50ms pulse or 

high speed programming mode(2 types) 
• Single location programming 
• Three state outputs 
• Inputs and outputs TTL compatible 
• Pin compatible with i2764 and ROM 

TMM2364P 

. fJI..QCkDIAtlBAM.;: 
Vpp GND Vee 

0EC>--.I,..----~---=:!==----6=-. 

CE 
roM~ __ r-____ ~~ 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 
AS 
Ag 

AIO 
All 
A12 °5 

°4 
03 

MOtli· •• ··.S!I..ICTIQ. 

~ 
PGM CE OE Vpp Vee 00-07 POWER 

MODE (27) (20) (22) (1) (28) (11-13,15-19) 

Read H L L Data Out 
Ao-A14 Address Inputs 

00-07 Outputs (Inputs) 
Output 

H 5V 5V High Impedance Active * * Deselect 
CE Chip Enable Input Standby * H * High Impedance Standby 
OE Output Enable Input Program L L * Data In 

PGM Program Control Input 

N. C. No Connection 
Program * H * High Impedance 

21V 5V Active 
Inhibit H L H High Impedance 

Vpp Program Supply Voltage 

Vee VeeSupply Voltage (+ 5V) 
Program 

H L L Data Out 
Verify 

GND Ground 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 -0.6-22.0 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 0-70 'C 

READ OPERATION 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 - Vee+1.0 V 

VIL Input Low Voltage -0.3 - O.S V 

Vee Vee Power Supply Voltage 4.75 5.00 5.25 V 

Vpp Vpp Power Supply Voltage 2.0 Vee Vec+0.6 V 

l!H,,'!(Ta=0-70·C. Vce=5V±5%. Unless otherwise noted) 
";:J ~'.: <'i 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

III Input Current VIN=O-VCC - - ±10 JJA 

Icc 1 Supply Current (Standby) CE=VIH - - 25 mA 

lce2 Supply Current (Active) CE=VIL - - 100 mA 

VOH Output High Voltage IOH= -400JJA 2.4 - - V 

VOL Output Low Voltage 10l=2.1mA - - 0.4 V 

IpPl Vpp Current Vpp=0-Vce+0.6 - - ±10 JJA 

ILO Output Leakage Current VouT=0.4-Vec - - ±10 JJA 

'!.~t:!~~"i.}::",;,! (Ta=0-70·C. Vce=5V±5%. Vpp=2.0V-Vcc+0.6V. Unless otherwise noted) 

TMM2764D-15 TMM2764D-2 
SYMBOL PARAMETER 

MIN. MAX. MIN. MAX. 

tAee Address Access Time 

teE CE to Output Valid 

tOE OE to Output Valid 

tPGM PGM to Output Valid 

tOFl CE to Output in High-Z 

tOF2 OE to Output in High-Z 

tOF3 PGM to Output in High-Z 

tOH Output Data Hold Time 

A. C. Test Conditions 

• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pulse Levels 
• Timing Measurement Reference Level 

-
-
-

-
0 

0 

0 

0 

: 1 TIL Gate and CL = 1 OOpF 
: 10ns Max. 
: O.SV to 2.2V 

150 -
150 -

70 -
70 -
60 0 

60 0 

60 0 

- 0 

Inputs 1 V and 2V. Outputs O. SV and 2. OV 
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200 

200 

70 

70 

60 

60 

60 

-

TMM2764D 
UNIT 

MIN. MAX. 

- 250 ns 

- 250 ns 

- 100 ns 

- 100 ns 

0 90 ns 

0 90 ns 

0 90 ns 

0 - ns 



TMM2764D-15, TMM2764D-2 
TMM2764D 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

CIN Input Capacitance VIN=OV. - 4 6 pF 

COUT Output Capacitance VOUT=OV - 8 12 pF 

* This para mater IS periodically sampled and IS not 100% tested. 

HIGH Z HIGH Z 
DATA OUTPUTS 

PROGRAM OPERATION 

D. C RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 - Vee + 1.0 V 

VIL Input Low Voltage -0.3 - 0.8 V 

Vee Vee Power Supply Voltage 4.75 5.0 5.25 V 

Vpp Vpp Power Supply Voltage 20.5 21.0 21.5 V 

D. C. and OPERATING CHARACTERISTICS (Ta=25±5°C, Vee=5V±5%, Vpp=21V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

III Input Cur:-ent 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 - - - 100 mA 

IpP2 Vpp Supply Current Vpp=21.5V - - 30 mA 
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SYMBOL PARAMETER 

tAs Address Setup Time 

tAH Address Hold Time 

tCES CE Setup Time 

tCEH CE Hold Time 

tos Data Setup Time 

tOH Data Hold Time 

tps PGM Setup Time 

tPH PGM Hold Time 

tOES OE Setup Time 

tvs Vpp Setup Time 

tpw Program Pulse Width 

tcp Program Recovery Time 

tPRT Program Pulse Rise Time 

tPFT Program Pulse Fall Time 

teE CE to Output Valid 

tOE OE to Output Valid 

tOFl CE to Output in High-Z 

tOF2 OE to Output in High-Z 

A. C. Test Conditions 

• Output Load 
• Input Pulse Rise and Fall Times 

• Input Pulse Levels 
• Timing Measurement Reference Level 

TEST CONDITION 

-

-

-

-

-

-
or;;: 

-

-

-

",,---=---
PGM=CE=VIL 

-

-

-

-
A:-

-

OE=VIL 

CE=VIL 

1 TIL Gate and Cd 1 OOpF) 

10ns Max. 

0.8-2.2V 

Input 1 V and 2V; ~utput O. 8V and2. OV 
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MIN. TYP. MAX. UNIT 

2 - - J.ls 

2 - - J.ls 

2 - - J.ls 

2 - - J.ls 

2 - - J.ls 

2 - - J.ls 

2 - - J.ls 

2 - - J.ls 

2 - - J.ls 

2 - - J.ls 

45 50 55 ms 

0 - - J.ls 

5 - - ns 

5 - - ns 

-'-- - 250 ns 

- - 100 ns 

- - 90 ns 

- - 90 ns 



,..MM:21$'40'-1.5,'TNlM,2'7,64:0,.2 
TMM2764D ' 

• PROGRAM OPERATION 1. (Vpp=21V±O.5V) 

t 

tCEH 

OE 

Dout 

PGM 

Ypp tyS 

• PROGRAM OPERATION 2. (Vpp=21V±O.5V) 

HIGH Z 

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= 21 V 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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The TMM27640's erasure is achieved byapply
ing shortwave .ultraviolet light which has a wave
length of 2537A (Angstroms) to the chip through the 
transparent window. 

Then integrated dose (Ultraviolet light intensity 
[w/cm2] x exposure time [sec.] ) for erasure should 

be a minimum of 15 [W. sec/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 ultraviolet 

OPERATION INF08MAT,'gN"W 
The TMM27640'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 
(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 TMM27640 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 

OE 
(22) 

L 

H 

* 
* 
* 
H 

L 

light intensity is a 12000 [J,lw/cm2] will reduce the 
exposure time to about 20 minutes. (In this case, the 
integrated does is 12000 [J,lw/cm2] X(20x60) 
[sec] == 15 [w·sec/cm2] .) 

The TMM27640's erasure begins to occur when 
exposE;;!d to light with wavelength shorter than 
4000A. The sunlight a.nd 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 

21V 5V 
High Impedance Active 

High Impedance Active 

Data Out Active 

The CE to output valid (tCE) is equal to the address 
access time (tAcc). 

Assuming that CE=VIL, PGM=VIH and all ad
dresses are valid, the output data is valid at the 
outputs after tOE from the falling edge of OE. 

And assuming that CE=OE=VIL and all addresses 
are valid, the output data is valid at the outputs after 
tPGM from the rising edge of PGM. 

Assuming that CE=VIH or OE=VIH, the outputs together on a common bus line. 
will be in a high impedance state. When CE is decoded for device selection, all 

So two or more TMM27640 can be connected deselected devices are in low power standby mode. 
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The TMM27640 has a low power standby mode 
controlled by the CE signal. 

By applying a TIL high level to the CE input, the 
TMM27640 is placed in the standby mode which 

Intially, when received by customers, all bits of 
the TMM27640 are in the ·1" state which is erased 
state. 

Therefore the program operation is to introduce 
·Os" data into the desired bit locations by electrically 
programming. 

The TMM27640 is set up in the program opera
tion mode when applied the program voltage (+ 21 V) 
to the Vpp terminal under CE=PGM=OE=VIH. 

The program operation occurs during the overlap 
of the CE low and the PGM low. 

Then the programming is achieved by applying a 

The Verify mode is to check that the desired data 
is correctly programmed on the programmed bits. 

Under the condition that the program voltage (+ 
21 V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM27640 from being 
programmed. 

Programming of two or more TMM27640s in 
parallel with different data is easily accomplished. 

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 (+ 21 V) 
is applied to the Vpp terminal with Vcc=6V and PGM 
=VIH. 

The programming is achieved by applying a single 
TIL low level 1 ms pulse the PGM input after addres
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 

reduce the operating current from 1 OOmA to 25mA, 
and then the outputs are in a high impedance state, 
independent of the OE and the PGM inputs. 

50ms (tpw) active low program pulse to the CE or the 
PGM input after the addresses and data are stable. 
This program pulse should be a single pulse with 
50ms pulse width per address word, and its maxi
mum value is 55ms. 

The levels required for all inputs are TIL. 
The TMM27640 can be programmed any loca

tion at anytime--either individually, sequentially, 
or at random. 

The TMM27640 should not be programmed with 
o. C. Signal applied to both CE and PGM inputs. 

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. A times) 

After correctly programming the selected 
address, one additional program pulse with pulse 
width B times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc=Vpp 
=5V. 

TYPE 1 : A = 1 5, B = 4 
TYPE 2 : A=20, B= 1 
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HIGH SPEED PROGRAM OPERATION 

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 4.75 5.0 5.25 

Vpp Vpp Power Supply Voltage 20.5 21.0 21.5 

(Ta=25+5'C. Vee=6V±0.25V. Vpp=21V±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=2.1mA - - 0.4 

Icc Vee Supply Current - - - 100 

.lpp2 Vpp Supply Current Vpp=21.5V - - 30 

(Ta=25±5'C. Vee=6V±0.25V. Vpp=21V±0.5V) 

SYMBOL PARAMETER 

!As Address Setup Time 

!AH Address Hold Time 

teEs CE Setup Time 

teEH CE Hold Time 

tos Data Setup Time 

tOH Data Hold Time 

tvs Vpp Setup Time 

tpw Program Pulse Width 

topw Additional Program Pulse Width 

tPRT Program Pulse Rise Time 

tPFT Program Pulse Fall Time 

tOE OE to Output Valid 

tOF2 OE to Output in High Z 

A. C. Test Conditions 

• Output Load 
• Input Pulse Rise and Fall Time 
• Input Pulse Levels 
• Timing Measurement Reference Level 

TEST CONDITION 

-
-
-
-
-
-
-
-

Note 1 

-
-
-

CE=VIL 

: 1 TIL Gate and Cd 1 OOpF) 
: 10ns Max. 
: 0.8V and 2.2V 

MIN. 

2 

2 

2 

2 

2 

2 

2 

0.95 

A 

5 

5 

-
-

: Input 1V and 2V; Output 0.8V and 2.0V 

Note: 1. topw depeds on the program pulse width which is required in the initail Program. 
(TYPE 1 : A=3.S, 8=63 TYPE 2: A=O.95, 8=21) 
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TYP. MAX. 
- -
- -
- -
- -
- -
- -
- -

1.0 1.05 

- B 

- -

- -
- 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 

ns 

ns 



ADDRESS = 
NEXT ADDRESS 

· . 

TMM2764:~i15,::'TMM27"64~2' 
TMM2764b' . 

OVERPROGRAM B PULSES OF lIDS9C 

OR ONE PULSE OF B IDS9C DURATION 

NO 
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TYPE 1 A=15, B=4X 

TYPE 2 A=20, B=X 



ADDRESSES 

CE 

OE 

Vpp 

PROGRAM 
PROGRAM 
VERIPY 

INITIAL PROGRAM 
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Din STABLE 

PROGRAM 

ADDITIONAL PROGRAM 



TMM276,4D~15, TMM~764D~2 
TMM2764D 

R0.64-

37.7 MAX. 

7.1±0.2 

19 18 17 15 15 

34-557891011121314-

1.3±0.25 

+0.15 
0.4-6-0.10 

Note 1 

Unit in mm 

15.24-±0.3 

LJ
o.25:t~I8 

17.4-MAX. 

Note 2 

Note: 1. Each lead pitch is 2. 54mm. All leads are located within 0.2 5mm of their true longitudinal position with 
respect No.1 and No.28 leads. 

2. This value is measured at the end of leads. 
3. All dimensions are in millimeters. 

-369-



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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8,192 \NORD X 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY 
N·CHANNEL SILICON STACKED GATE MOS 

TMM2764DI-15, TMM2764DI-2 
TMM2764DI 

The TMM276401 is a 8192 word x8 bit ultravio
let light erasable and electrically programmable read 
only memory. For read operation, the TMM 
27640l's access time is 150ns(TMM276401-15)/ 
200ns(TM M2 76401-2)/2 50ns(TM M2 7 6401), and 
the TMM276401 operates from a single 5-Volt 
power supply and has low power standby mode 
which reduces the power dissipation without 
increasing access time. 

:\\111 .. 111& 
• Wide operating temperature range: -40-85°C 
• Single 5-volt power supply 
• Fast access time: TMM276401-15: 150ns(Max.) 

TMM276401-2: 200ns(Max.) 
TMM276401 : 250ns(Max.) 

• Power dissipation: 100mA (active current) Max. 
25mA (standby current) Max. 

• Low power standby mode : CE 
• Output buffer control : OE 

... ,.,;,"",IIg'gM,. j ... (TOP VIEW) 

VCC 
PGW 

A.., 3 N.C. 
A6 4 As 
A5 Ag 

A4 All 
A3 OE 
A2 AlO 
Al CE 
AO 0.., 
00 06 
01 05 
02 04 

GND ______ ..JI 03 

The standby mode is achieved applying a TIL
high level signal to the CE input. 

The maximum active current is 100mA and the 
maximum standby current is 25mA. ~. 

For program operation, the programming is 
achieved by applying a 50ms active TIL low program 
pulse to the PGM input, and it is possible to program 
sequencially, individually, or at random. 

• Fully static operation 
• Programs with one 50ms pulse or 

high speed programming mode(2 types) 
• Single location programming 
• Three state outputs 
• Inputs and outputs TTL compatible 
• Pin compatible with i2764 and ROM 

TMM2364P 

ARRAY 

8192x8 bits 

PIN NAME. ~ PGM CE OE Vpp Vee 00-07 
POWER 

MODE (27) (20) (22) (1 ) (28) (11-13,15-19) 

Ao-A12 Address In~' 

00-07 OUJputSflnputs) 

CE ~~ ~ Chip Enable Input 

Read H L L Data Out 
Active 

Output 

* * H 5V 5V High Impedance 
Deselect 

-OE OutPUt Enable Input Standby * H * High Impedance Standby 

PGM Program Control Input Program L L * Data In 

N. C. No Connection 

Vpp Program Supply Voltage 

Program * H * High Impedance 
21V 5V' Active 

Inhibit H L H ( High Impedance 

Vee Vee Supply Voltage (+5V) 

GND Ground 

\ 
Program " H L L Data Out 
Verify '-"-.\ 

'\Iote * : 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 -0.6-22.0 V 

VIN Input Voltage -0.6-7.0 V 

VOUT Output Voltage -0.6-7.0 V 

Po Power Dissipation 1.5 W 

TSOLOEA Soldering Temperature· Time 260·10 ·C·sec 

TSTAG Storage Temperature -65-125 ·C 

TOPA. Operating Temperature -40-S5 ·C 

READ OPERATION 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.2 - Vce+ 1.0 V 

VIL Input Low Voltage -0.3 - O.S V 

Vee Vee Power Supply Voltage 4.75 - 5.25 'V 
Vpp Vpp Power Supply Voltage 2.2 Vee Vce+0.6 V 

,)Ta= -40-S5°C. Vee=5V±5%. Unless otherwise noted) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

III Input Current VIN=O-Vee - - ±10 JlA 

Icc 1 Supply Current (Standby) CE=VIH - - 25 mA 

lce2 Supply Current (Active) CE=VIL - - 100 mA 

VOH Output High Voltage IOH= -400JlA 2.4 - - V 

VOL Output Low Voltage IOL=2.1 mA - - 0.4 V 

IpPl Vpp Current Vpp=0-Vee+0.6 - - ±10 JlA 

ILO Output Leakage Current VOUT=O.4-Vee - - ±10 JlA 

(Ta=-40-S5°C. Vee=5V±5%. Vpp=2.2V-Vee+0.6V.Unless otherwise noted) 

SYMBOL PARAMETER 

tAee Address Access Time 

teE CE to Output Valid 

tOE OE to Output Valid 

tPGM PGM to Output Valid 

tOFl CE to Output in High-Z 

tOF2 OE to Output in High-Z 

tOF3 PGM to Output in High-Z 

tOH Output Data Hold Time 

A. C. Test Conditions 

• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pulse Levels 
• Timing Measurement Reference Level 

TMM2764DI-15 

MIN. 

-
-
-
-
0 

0 

0 

0 

: 1 TIL Gate and CL = 100pF 
: 10ns Max. 
: 0.6V to 2.4V 

MAX. 

150 

150 

70 

70 

60 

60 

60 

-

TMM2764DI-2 

MIN. MAX. 

- 200 

- 200 

- 70 

- 70 

0 60 

0 60 

0 60 

0 -

Inputs 1 V and 2V. Outputs O. SV and 2. OV 
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TMM2764DI 

MIN. MAX. 
UNIT 

- 250 ns 

- 250 ns 

- 100 ns 

- 100 ns 

0 90 ns 

0 90 ns 

0 60 ns 

0 - ns 



* (Ta=25C·, f=1MHz) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT 

CIN Input Capacitance VIN=OV - 4 6 pF 

COUl Output Capacitance VOUl=OV - 8 12 pF 

* ThIs parameter IS penodlcally sampled and is not 100% tested. 

HIGH Z 
DATA OUTPUTS HIGH Z 

PROGRAM OPERATION 

D. C RECOMMENDED OPERATlNG.I;QjQIIX! 

SYMBOL PARAMETER MIN. TYP MAX. UNIT 

VIH Input High Voltage 2.2 - Vee+l.0 V 

VIL Input Low Voltage -0.3 - 0.8 V 

Vee Vee Power Supply Voltage 4.75 5.0 5.25 V 

Vpp Vpp Power Supply Voltage 20.5 21.0 21.5 V 

D. C. end OPERATING CHARACTERISTICS (Ta=25±5°C, Vee=5V±5%, Vpp=21V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

III Input Current VIN=O-Vee - - ±10 pA 

VOH Output High Voltage 10H= -400pA 2.4 - - V 

VOL Output Low Voltage IOL=2.1mA - - 0.4 V 

Icc Vee Supply Current - - - 100 mA 

IPP2 Vpp Supply Current Vpp=21.5V - - 30 mA 
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SYMBOL PARAMETER 

tAs Address Setup Time 

tAH Address Hold Time 

tCES CE Setup Time 

tCEH CE Hold Time 

tos Data Setup Time 

tOH Data Hold Time 

tps PGM Setup Time 

tPH PGM Hold Time 

tOES OE Setup Time 

tvs Vpp Setup Time 

tpw Program Pulse Width 

tcp Program Recovery Time 

tPRT Program Pulse Rise Time 

tPFT Program Pulse'FaliTime 

teE CE to Output Valid 

tOE OE to Output Valid 

tOFl CE to Output in High-Z 

tOF2 OE to Output in High-Z 

A. C. Test Conditions 

• Output Load 
• Input Pulse Rise and Fall Time 
• Input Pulse Levels 
• Timing Meausrement Reference Level 

(Ta=25±5"C. Vcc=5V±5%. Vpp=21V±O.5V) 

TEST CONDITION 

-
-

-
-

-
-
-

-

-

-

PGM=CE=VIL 

-
-
-

-
-

OE=VIL 

CE=VIL 

1 TIL Gate and Cd 1 OOpF) 
10ns Max. 
0.6-2.4V 
Input 1V and 2V; Output 0.8V and 2.0V 
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/ 

MIN. TYP. 

'2 -
2 -

2 -
2 -
2 -
2 ~ 
~ -

2 .~ 

~..z- -

2 -

45 50 

0 -

5 -
5 -

- -
- -
- -
- -

MAX. UNIT 

- J.lS 

- J.lS 

- J.lS 

- p--:-::-

~v J.lS 

- J.lS 

- J.lS 
~ 

- J.lS 

- J.lS 

- J.lS 

55 ms 

- J.lS 

- ns 

- ns 

250 ns 

100 ns 

90 ns 

90 ns 



TM:IUJ;~;764JDI~f;5,;'" T'M,1\II2!~t6!4,D\I:'2. 
TMM2764DI 

• PROGRAM OPERATION 1. (Vpp=21V±O.5V) 

teEs 

Dout 

Vpp tvs 

• PROGRAM OPERATION 2. (Vpp=21V±O.5V) 

OE 

HIGH Z HIGH OJ 

Din STABLE 

vpp 

Note: 1. Vee must be applied simulataneously or before Vpp and cut off simultaneously or atter Yf'f'. 
2. Removing the device from socket and setting the device in socket with Vpp'" 21 V may cause permanent damage to the 

device, 
3. The Vpp supply Voltage is permitted up to 22V for program operation, so tht' voltage over 22Y 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. 



The TMM2764DI's erasure is achieved byapply
ing shortwave .\Jltraviolet light which has a wave
length of 2537 A (Angstroms) to the chip through the 
transparent window. 

Then integrated dose (Ultraviolet light intensity 
[w/cm2] x exposure time [sec.] ) for erasure should 

be a minimum of 15 [w. sec/cm2] 
When the Toshiba sterilizing 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 ultraviolet 

The TMM2764DI'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 
(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: VIL, * : VIH or VIL 

The TMM2764DI 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. 

Assuming that CE=VIH or OE =VIH, the outputs 
will be in a high impedance state. 
So two or more TMM2764DI can be connected. 

!m:,,;i:'!,l· •.•• ·'IIM,'.X,MRQI, 
The TMM2764DI has a low power standby mode 

controlled by the CE signal. 
By applying a TIL high level to the CE input, the 

TMM2764DI is placed in the standby mode which 

OE 
(22) 

L 

H 

* 
* 
* 
H 

L 

light intensity is a 12000 [j.tw/cm 2 ] will reduce the 
exposure time to about 20 minutes. (In this case, the 
i[ltegrated dose is 12000 [j.tw/cm 2

] x(20x 60) [sec] 
=15 [w.sec/cm2] .) 

The TMM2764DI's erasure begins to occur when 
expos~d to light with wavelength shorter than 
4000A. The sunlight aond 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 
21V 5V 

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 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. 

together on a common bus line. 
When CE is decoded for device selection, all 

deselected devices are in low power standby mode. 

reduce the operating current from 1 OOmA to 25mA, 
and then the outpus are in a high impedance state, 
independent of the OE and the PGM inputs. 
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TM,'M27'64DI~ 1:5, . TMM2'764Df-2 
TMM2764DI 

"PROGRAM"MODIHlr' 
Initially, when received by customers, all bits of 

the TMM276401 are in the "1" state which is erased 
state. 

Therefore the program operation is to introduce 
"Os" data into the desired bit locations by electrically 
programming. 

The TMM276401 is set up in the program opera
tion mode when applied the program voltage (+ 21 V) 
to the Vpp terminal under CE=PGM=OE =VIH. 

The program operation occurs during the overlap 
of the CE low and the PGM low. 

Then the programming is achieved by applying a 

PROGRAM "VER'FY "MOOI? 
The verify mode is to check that the desired data is 

correctly programmed on the programmed bits. 

PROOARMINHIIIT MO'DI 
- -- -- ~ 

Under the condition that the program voltage (± 
21 V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM276401 from being 
programmed. 

Programming of two or more TMM27640ls in 
parallel with different data is easily accomplished. 

HIGH SPEEDPROGRAMr.tINGMODI(ITYP.,jlj - ... ~-" - - - - ,. "''''''', -"',-. ~,. ~ 

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 (+ 21 V) 
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 
program pulse of 1 ms is applied and then pro-

50ms (tpw) active low program pulse to the CE or the 
PGM input after the addresses and data are stable. 

This program pulse should be a single pulse with 
50ms pulse width per address word, and its maxi
mum value is 55ms. 

The levels required for all inputs are TTL. 
The TMM 276401 can be programmed any loca

tion at anytime -- either individually, sequentially, 
or at random. 

The TMM276401 should not be programmed 
with O. C. signal applied to both CE and PGM 
inputs. 

The verify is accomplished with OE and CE at VIL 
and PGM at VIH. 

That is, all inputs except for CE or PGM may be 
commonly connected, and a TTL low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 
other devices. 

grammed data is verified. This should be repeated 
until the program operates correctly (max. A times) 

After correctly programming the selected 
address, one additional program pulse with pulse 
width B times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc=Vpp 
=5V. 

TYPE 1 : A = 1 5, B = 4 
TYPE 2 : A=20, B= 1 
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HIGH SPEED PROGRAM OFERATION 

SYMBOL PARAMETER MIN. TYP. MAX. 

VIH Input High Voltage 2.2 - Vee + 1.0 

VIL Input Low Voltage -0.3 - O.S 

Vee Vee Power Supply Voltage 4.75 5.0 5.25 

Vpp Vpp Power Supply Voltage 20.5 21.0 21.5 

(Ta=25±5'C. Vee=6V±0.25V. Vpp=21 V±O. 5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

III Input Current VIN=O-Vee - - ±10 

VOH Output High Voltage IOH= -400~A • 2.4 - -

VOL Output Low Voltage 1oL=2.1 mA - - 0.4 

Icc Vee Supply Current - - - 100 

IpP2 Vpp Supply Current Vpp=21.5V - - 30 

(Ta=25±5'C. Vee=6V±0.25V. Vpp=21V±O.5V) 

SYMBOL PARAMETER 

tAS Address Setup Time 

tAH Address Hold Time 

teES CE Setup Time 

teEH CE Hold Time 

tos Data Setup Time 

tOH Data Hold Time 

tvs Vpp Setup Time. 

tpw Program Pulse Width 

topw Additional Program Pulse Width 

tPRT Program Pulse Rise Time 

tPFT Program Pulse Fall Time 

tOE OE to Output Valid 

tOF2 OE to Output in High Z 

A C. Test Conditions 

• Output Load 
• Input Pulse Rise and Fall Time 

• Input Pulse Levels 
• Timing Measurement Referene Level 

TEST CONDITION 

-

-

-

-

-

-

-

-

Note 1 
-

-

-

CE=VIL 

1 TIL Gate and Cd 1 OOpF) 
10ns Max. 
0.6V and 2.4V 
Input 1 V and 2V: Output O. SV and 2. OV 

MIN. 

2 

2 

2 

2 

2 

2 

2 

0.95 

A 

5 

5 

-

-

Note: 1. topw depends on the program pulse width which is required in the initial Program. 
(TYPE 1 : A=3.8, 8=63, TYPE 2: A=O.95, 8=21) 
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TYP. MAX. 

- -

- -

- -

- -

- -

- -

- -

1.0 1.05 

- B 

- -:-

- -

- 100 

- 90 

UNIT 

V 

V 

V 

V 

UNIT 

~A 

V 

V 

mA 

mA 

UNIT 

~s 

~s 

~s 

~s 

~s 

~s 

J-ls 

ms 

ms 

ns 

ns 

ns 

ns 



TMM2764DI-15, TMM2764DI-2 
TMM2764DI 

HIGH SPEED PROGRAM MODE FLOWCHART 

ADDRESS = 
NEXT ADDRESS 

OVERPROGRAM B PULSES OF Ims9c 
OR ONE PULSE OF B mS9C DURATION 

NO 
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TYPE 1 A=15, B=4X 

TYPE 2 A=20, B=X 



ADDRESSES ~ :C 
tAS tAH 

\\\\~ ~\ I Villi! 
~ tCEH I 

----.I ..; J 
tOE 

UNKNOWN >--< Din ~ ~_+-{DOUT H 
~ 

~STABLE VALID Din STABLE 

tDS tDH tDF2 tDS tDH 

I 
I 

1 

roM 
..l f- I 

\ V 
tpFT W tPRT 

_l.!x!] topw 

VPP !jIll;, VjJ 
tvs ---

PROGRAM 
PROGRAM VERIFY PROGRAM 

INITIAL PROGRAM ADDITIONAL PROGRAM 
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TM:M27,~:4DI~15,TMM2'764D'I·2 
TMM2764DI 

R0.64 

37.7KAX. 

7.1±0.2 

19 18 17 16 15 

2 :3 4 5 6 7 8 9 10 11 12 13 14 

2.54±0.25 1.3±0.25 

+0.15 
a.46-(110 

Note 1 

Unit in mm 

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

©Aug .• 1985 Toshiba Corporation 
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8,192 WORD X 8 BIT UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ 
ONLY MEMORY PRELIMINARY 

N CHANNEL SILICON STACKED GATE MOS 

DESCRIPTION 

TMM2764AD-15, TMM2764AD-150 
TMM2764AD-20, TMM2764AD-200 

The TMM2764AD Is a 8192 word X 8 bit ultraviolet light erasable and electrically programmable read only 
memory. For read operation, the TMM2764AD'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. The standby mode is achieved by applying a TTL-high level signal to the CE input. The 
maximum active current is 100mA and the maximum standby current is 30mA. For program operation, the 
programming is achieved by using the high speed programming mode. The TMM2764AD is fabricated with the N
channel silicon double lapr gate MOS technology. 

FEATURES 

5V±5% Vcc 
t-----~-t---.--

IACC 150ns 200ns 

ICC2 

30mA 

PIN CONNECTION 
(TOP VIEW) 

Lower 24 pins 
compatible with 
32 bit EPROM 
TMM2732D 

VCC 

A12 PGM 

A7 N.C. A7 

A6 A8 A6 

A5 A9 A5 

A4 A11 A4 

A3 OE A3 

A2 A10 A2 

A1 CE A1 

AO 07 AO 

00 06 00 

01 05 01 

02 04 02 

GND 03 GND 

PIN NAMES 

AO - A13 Address Inputs 

00 -07 Outputs (Inputs) 

CE Chip Enable Input 

OE Output Enable Input 

PGM Program Control Input 

Vpp Program Supply Voltage 

VCC VCC Supply Voltage (+SV) 

GND Ground 

• Fully static operation 
• High speed programming mode 
• Single location programming 
• Three state outputs 
• I nputs and outputs TIL compatible 
• Pin compatible with i2764A 

BLOCK DIAGRAM 

TMM2732D 
(TOP VIEW) 

OE 
CE 

VCC 
PGM 

A8 

A9 AO 

A11 
A1 
A2 

OE /VPP A3 
A10 A4 

CE 
A5 
A6 

07 A7 
06 A8 

05 
A9 

A10 
04 A11 
03 A12 

MODE SELECTION 

~ PGM CE OE Vpp VCC 00-07 POWER 
MODE (27) (20) (22) (1) (28) (11-13, 15-19) 

Read H L L Data Out 

Output Deselect * * H SV 5V High Impedance 
Active 

Standby * H * High Impedance Standby 

Program L L * Data In 

* H * High Impedance 
Program Inhibit 

H L H 
12.5V 6V 

High Impedance 
Active 

Program Verify H L L Data Out 

* Don't Care 
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MAXIMUM RATINGS 
SYMBOL ITEM RATING UNIT 

VCC VCC Power Supply Voltage -0.6~7.0 V 

Vpp Program Supply Voltage -0.6~14.0 V 

VIN Input Voltage -0.6~7.0 V 

VI/O Input/Output Voltage -0.6~7.0 V 

PD Power Dissipation 1.5 W 

TSOLDER Soldering Temperature· Time 260 . 10 °c . sec 

TSTG Storage Temperature -65~125 °c 

TOPR Operating Temperature 0~70 °c 

READ OPERATION 

D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER TMM2764AD·15/20 TMM2764AD·150/200 

Ta Operating Temperature 0~70°C 0~70°C 

VCC VCC Power Supply Voltage 5V±5% 5V±10% 

Vpp Vpp Power Supply Voltage 2.0~VCC+0.6V 2.0~VCC+0.6V 

D.C. AND OPERATING CHARACTERISTICS 
SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT 

III Input Current VIN=O~VCC ±10 pA 

ILO Output Leakage Current VOUT=O.4~VCC ±10 !J.A 

ICC1 Supply Currerit (Standby) CE=VIH 30 mA 

ICC2 Supply Current (Active) CE=VIL 100 mA 

VIH Input High Voltage 2.0 VCC+1.0 V 

VIL Input Low Voltage -0.3 0.8 V 

VOH Output High Voltage IOH=-4OO!J.A 2.4 V 

VOL Output Low Voltage IOL =2.1mA 0.4 V 

IpP1 Vpp Current Vpp=0~VCC+0.6 ±10 pA 



TIVIM'2"76~AD~t5~,T:M"M:216~~lAD~1"·.50 
TMM~76.4AD·:20, TMM:2.1.64AD-200 

A.C. CHARACTERISTICS 

SYMBOL PARAMETER 
TMM2764AD·15/150 TMM2764AD-20/200 

UNIT 
MIN. MAX. MIN. MAX. 

tACC Address Access Time 150 200 

tCE CE to Output Valid 150 200 

tOE OE to Output Valid 70 70 

tpGM PGM to Output Valid 70 70 

tDF1 CE to Output High-Z 0 60 0 60 
ns 

tDF2 OE to Output High-Z 0 60 0 60 

tDF3 PGM to Output High-Z 0 60 0 60 

tOH Output Data Hold Time 0 0 

AC TEST CONDITIONS 

• Output Load 1 TTL Gate and CL =1 OOpF 

• Input Pulse Rise and Fall Times 1 Ons Max. 

• Input Pulse Levels 0.45V to 2.4V 

• Timing Measurement Reference Level Inputs O.BV and 2V, Outputs O.BV and 2.0V 

CAPACITANCE * (Ta=25°C, f=1 MHz) 
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

CIN Input Capacitance VIN~OV 4 6 pF 

COUT Output Capacitance VOUT=OV 8 12 pF 

* This parameter is periodically sampled and is not 100% tested. 
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TIMING WAVEFORMS (READ) 

AD - A12 

00-07 -----------o(i 
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TMNI'2764AO-15,TMM"2764AD-1'50 
TMM2764AD-20, TMM2764~D;'200 

HIGH SPEED PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 VCC+1.0 V 

VIL Input Low Voltage -0.3 0.8 V 

VCC VCC Power Supply Voltage 6.0* V 

VPP VPP Power Supply Voltage 12.0 12.5 13.0 V 

* -150/200 ± 10%; -15/20±5% 

D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, VDD=6V±O.25V, Vpp=12.5V±O.5V) 
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

III Input Current VIN=O-VCC ±10 JJA 

VOH Output High Voltage IOH=400JJA 2.4 V 

VOL Output Low Voltage IOL =2.1mA 0.4 V 

ICC VCC Supply Current 100 mA 

IpP2 Vpp Supply Current Vpp=13.0V 50 mA 

VID A9 Auto Select Voltage 11.5 12.0 12.5 V 

A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, VCC=6V±O.25V, Vpp=12.5V±O.5V) 
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

tAS Address Setup Time 2 J.LS 

tAH Address Hold Time 2 J.LS 

tCES CE Setup Time 2 J.Ls 

tCEH CE Hold Time 2 J.Ls 

tDS Data Setup Time 2 J.Ls 

tDH Data Hold Time 2 J.Ls 

tvs Vpp Setup Time 2 J.Ls 

tpw Program Pulse Width 0.95 1.0 1.05 ms 

topw Additional Program Pulse Width Note 1 2.85 78.75 ms 

tpRT Program Pulse Rise Time 5 ns 

tPFT Program Pulse Fall Time 5 ns 

tOE OE to Output Valid 100 ns 

tDF2 OE to Output in High·Z CE=VIL 90 ns 

A.C. TEST CONDITIONS 

• Output Load 1 TTL Gate and CL (1 OOpF) 

• Input Pulse Rise and Fall Time 10ns Max. 

• Input Pulse Levels 0.45V and 2.4V 

• Timing Measurement Reference Level Input/Output O.BV and 2.0V 

Note 1: topw depends on the program pulse width which is required in the initial program. 



Note: 

TIMING WAVEFORMS (HIGH SPEED PROGRAM) 

ADDRESSES 

00 - 07 

Vpp 

PROGRAM 
PROGRAM 
VERIFY 

INITIAL PROGRAM 

PROGRAM 

ADDITIONAL PROGRAM 

1. Vee must be applied simultaneously or before Vpp and cut off simultaneously 
or after Vpp. 

2. Removing the device from socket or 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 a 
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 exceed 14V. 
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ERASURE CHARACTERISTICS 

The TMM2764AD's erasure is achieved by applying shortwave ultraviolet light which has a 
wavelength 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/cm]. 

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. Using commercial lamps whose 
ultraviolet light intensity is 12000 [p,w . cm2] will reduce the exposure time to about 20 minutes. (In this 
case, the integrated does is 12000 [p,w/cm2] X (20 X 60) [sec] e:: 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. 

OPERATION INFORMATION 

The TMM2764AD's six operation modes are listed in the following table. Mode selection can be 
achieved by applying TTL level signal to all inputs. In the read operation mode, a single 5V power 
supply is required and the levels required for all inputs are TTL. 

~er) PGM CE OE Vpp VCC OO~07 POWER 
MODE (27) (20) (22) (1 ) (28) (11 ~1 3, 15~19) 

READ Read H L L Data Out Active 
OPERATION Output Deselect * * H 5V 5V High Impedance 
(Ta=O~70°C) Standby * H * High Impedance Standby 

Program L L * Data In 
PROGRAM * H * High Impedance 
OPERATION Program Inhibit 12.5V 6V Active 

(Ta=25±5°C) H L H High Impedance 

Program Verify H L L Data Out 



READ. MODE 

The TMM2764AD has three control functions. The chip enable (CE) controls the operational 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 the stabilization 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 

When CE =VIH or OE=VIH, the outputs will be in a high impedance state. So two or more 
TMM2764AD 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 TMM2764AD has a low power standby mode controlled by the CE signal. 

By applying a TTL high level to the CE input, the TMM2764AD Is placed in the standby mode which 
reduces the operating current from 100mA to 30mA, and then the outputs are in a high impedance 
state, independent of the OE and the PGM inputs. 

PROGRAM MODE 

Intially, when received by customers, all bits of the TMM2764AD are in the "1' state which is the 
erased state. 

Therefore the program operation is to introduce "Os" data into the desired bit locations by 
electrically programming. 

The levels required for all inputs are TTL. The TMM2764AD locations can be programmed either 
individually, sequentially, or at random. 
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PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is correctly programmed into the device. 

The verify is accomplished with OE and CE at VIL and PGM at VIH. 

PROGRAM INHIBIT MODE 

Under the condition that a program voltage (12.5V ) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM2764AD from being programmed. 

Programming of two or more TMM2764ADs 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 or PGM of the desired device only and TTL high level signal is applied to the 
other devices. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by using this high speed programming mode. The device 
is set up in the high speed programming mode when the programming voltage (+12.5V) is applied to 
the Vpp terminal with VCC=6V and PGM=VIH. 

The programming is achieved by applying a single TTL low level 1 ms pulse to CE input after 
addresses and data are stable. Then the programmed data are verified using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1 ms is applied and then 
programmed data is verified. This should be repeated until the program verifies (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. 
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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 

-392-

II :.1 
1 



ELECTRIC SIGNATURE MODE 

Electric signature mode allows reading out a code from the TMM2764AD which identifies its 
manufacturer and device type. 

The programming equipment may read out manufacturer and device code from the TMM2764AD by 
using this mode before program operation to automatically set program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is applied to address line A9 and the rest of address 
lines are set to VIL in read operation. Data output in this conditions is manufacturer code. Device code 
is identified when address AO is set to VIH. These two codes possess an odd parity with the parity bit of 
MSB (07). 

The following table shows electric signature of TMM2764AD. 

~NS AO 07 06 05 04 03 02 01 00 HEX. 
SIGNATURE (10) (19) (18) (17) (16) (15) (13) (12) (11 ) DATA 

Manufacture Code VIL 1 0 0 1 1 0 0 0 98 

Device Code VIH 0 1 0 1 0 0 1 0 52 

Notes: A9=12V±0.5V 
A1~A8, A10~A12, CE, OE=VIL 

PGM=VIH 
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OUTLINE DRAWINGS Unit in mm (inches) 

Note: 

37.7(1.484)MAX. 

7.1 (.280)±0.2(.008) 

I 28 27 26 25 

1 2 ~ 4 5 6 7 8 9 10 11 12 13 14 

15.24(.600)±O.3(.01 ~ I 

o 25( 01 0) +0.15(.006) 
. . -0.1 0(.004) 

2.54(.1 OO)± 0.25(.01 0) o 46( 018) +0.1 5(.006) 
. . -0.10(.004) 

17.4(.685)MAX. 

~~---

Note 1 Note 2 

1. Each lead pitch is 2.S4mm. 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. 
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TOSHIBA MOSMEMORYPRODUCTS 
16,384 WORD X 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY 
N-CHANNEL SILICON STACKED GATE MOS 

TMM271 280-15, TMM271280-20 
TMM271280-25 

i DESCRI P1l0N 
The TMM271280 is a 16384 word x8 bit ultra

violet light erasable and electrically programmable 
read only memory. For read operation, the TM M 
271280's access time is 150ns/200ns/250ns, and 
the TMM27128D 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 

• Single-5Volt power supply 

• Fast access time: TMM271280-15 150ns 

TMM271280-20 200ns 

TMM271280-25250ns 

• Power dissipation: 100mA (active current) Max. 

25mA (standby current) Max. 

• Low power standby mode CE 

• Output buffer control : OE 

Vcc 
A12 PGM 

A7 A13 
A6 AS 

A5 Ag 

All 
OE 

AIO 
CE 

°7 
00 06 

The standby mode is achieved by applying a TIL
high level signal to the CE input. 

The maximum active current is 100mA and the 
maximum standby current is 25mA. 

For program operation, the programming is 
achieved by applying a 50ms active TTL low program 
pulse to the PGM input, and it is possible to program 
sequentially, in individually, or at random. 

• Fully static operation 

• Programs with one 50ms pulse or 

high speed programming mode(2 types) 

• Single location programming 

• Three state outputs 

• Inputs an~ outputs TIL compatible 

• Pin compatible with i27128 

Vpp GND Vee 

OE~~~~~~~~ 

CE 
roM~ __ r-______ ~~ 

AO 
Al 
A2 
A3 
A4 
A5 
A6 
A7 

AS 
A9 

AIO 
All 
Al2 
Al3 

01 05 MODE SELECTION 
02 04 

GND '--__ ~ 03 

PIN NAMES 

Ao-A13 Address Inputs 

00-07 Outputs (Inputs) 

CE Chip Enable Input 

OE Output Enable Input 

PGM Program Control Input 

Vpp Program Supply Voltage 

Vee Vee Supply Voltage (+ 5V) 

GND Ground 

~ PIN PGM 
MODE~ (27) 

Read H 

Output 

* Deselect 

Standby * 
Program L 

Program * 
Inhibit H 

Program 
H 

Verify 

Note * : H or L 
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CE OE Vpp Vee 00-07 
POWER (20) (22) (1) (28) (11-13.15-19) 

L L Data Out 
Active 

* H 5V 5V High Impedance 

H * High Impedance Standby 

L * Data In 

H * High Impedance 
21V 5V Active 

L H High Impedance 

L L Data Out 



SYMBOL ITEM RATING UNIT 

Vee Vee Power Supply Voltage -0.6-7.0 V 

Vpp Program Supply Voltage . -0.6-22.0 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 -65-175 'C 

TOPR. Operating Temperature 0-70 'C 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 - Vee+ 1.0 V 

VIL Input Low Voltage -3.0 - 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 

(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 fJA 

lce1 Supply Current (Standby) CE=VIH - - 25 mA 

lee2 Supply Current (Active) CE=VIL - - 100 mA 

VOH Output High Voltage IOH= -400fJA 2.4 - - V 

VOL Output Low Voltage IOL=2.1 mA - - 0.4 V 

IpP1 Vpp Current Vpp=0-Vee+0.6 - - ±10 fJA 

ILO Output Leakage Current VOUT=O.4-Vee - - ±10 fJA 

(Ta=0-70'C, Vee=5V±5%. Vpp=2.0V-Vee+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 

tOF1 CE to Output in High-Z 

tOF2 OE to Output in High-Z 

tOF3 PGM to Output in High-Z 

tOH Output Data Hold Time 

A C. Test Conditions 

• Output Load 
• Input Pulse Rise and Fall Times 
• Iput Pulse Levels 
• Timing Measurement Reference Level 

TMM27128D-15 

MIN. MAX. 

- 150 

- 150 

- 70 

- 70 

0 60 

0 60 

0 60 

0 -

1 TTL Gate and CL = 100pF 
10ns Max. 
0.8V to 2.2V 

TMM27128D-20 

MIN. MAX. 

- 200 
- 200 

- 70 

- 70 

0 60 

0 60 

0 60 

0 -

Inputs lV and 2V, Outputs 0.8V and 2.0V 
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TMM27128D-25 
UNIT 

MIN. MAX. 

- 250 ns 

- 250 ns 

- 100 ns 

- 100 ns 

0 90 ns 

0 90 ns 

0 90 ns 

0 - ns 



IflVl,M~i:1""~:Q'D.-;1~!$'".· ··i;M:;I\lI_';1··.~ .. 81)";20 
T·MM27~1:28;D·2·5 

CAPAC''fANei. * (Ta=25'C, f= 1 MHz) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT 

CIN Input Capacitance VIN=OV - 4 6 pF 

COUT Output Capacitance VOUT=OV - 8 12 pF 

* This para mater is periodically sampled IS not 100% tested. 

PGM 

HIGH Z 
DATA OUTPUTS 

HIGH Z 

PROGRAM OPERATION 

D.· ... · .. •· •.. · .•.. · •..•. ····•· .•.. :.C.· ..•••... ·.··.· .••••••.•• · ... R .•••••..•.••.. E.· .. COMMENDEO.opsiATINCCON·O'T'ON6 ... · 
,::~ ' .. ","", "., .. :..;. ",":".: "'"".:: .... :. "::::. ".",': "" :.,. ,"-:.;." d. :~: .. ", .... ,. ". "." .... ,. : ... >. "."." ".: .. :.:':".:: ". ,,;,~ :. ". "<,",:: .... ":,; .... ;:"{: :, '". :;;, . ",; .. , ~ ""/ ",';;,,;:'. ~. :; .. ", ::":.:;;,. :; :. " .. <. :. : "" '.:'~ 

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 5.0 5.25 V 

Vpp Vpp Power Supply Voltage 20.5 21.0 21.5 V 

(Ta=25±5'C, Vee=5V±5%, Vpp=21V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT i 
III Input Current VIN=O-Vee - - ±10 j.lA I 

VOH Output High Voltage IOH=-400j.lA 2.4 - - V I 

VOL Output Low Voltage IOL=2. 1 rnA - - 0.4 I V 

Ice Vee Supply Current - - - 100 mA 

IpP2 Vpp Supply Current Vpp=21.5V - - 30 mA 
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SYMBOL PARAMETER 

tAs Address Setup Time 

tAH Address Hold Time 

tCES CE Setup Time 

tcEH CE Hold Time 

tos Data Setup Time 

tOH Data Hold Time 

tps PGM Setup Time 

tPH PGM Hold Time 

tOES OE Setup Time 

tvs Vpp Setup Time 

tpw Program Pulse Width 

tcp Program Recovery Time 

tPRT Program Pulse Rise Time 

tPFT Program Pulse Fall Time 

tCE CE to Output Valid 

tOE OE to Output Valid 

tOFl CE to Output in High Z 

tOF2 OE to Output in High Z 

A C. Test ConditIOns 

• Output Load 
• Input Pulse Rise and Fall Time 
• Input Pulse Levels 
• Timing Measurement Reference Level 

(Ta=25±5°C, Vcc=5V±5%, Vpp=21V±0.5V) 

TEST CONDITION 

-
-
-
-
-
-

-
-
-
-

PGM=CE=VIL 
-

-
-
-
-

OE=VIL 

CE=VIL 

1 TIL Gate and CL = 100pF 
10ns Max. 
0.8V and 2. 2V 
Input 1 V and 2V; Output O. 8V and 2. OV 
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MIN. 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

45 

0 

5 

5 

-

-
-
-

TYP. MAX. 

- -

- -
- -
- -
- -
- -

- -
- -
- -
- -
50 55 

- -
- -
- -
- 250 

- 100 

- 90 

- 90 

UNITS 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

Jl.s 

Jl.s 

Jl.s 

ms 

Jl.s 

ns 

ns 

ns 

ns 

ns 

ns 



• PROGRAM OPERATION 1. (Vpp=21V±O.5V) 

teEs 

tDF2 

00 - 0 7 UNKNOWN 

Vpp tvs 

• PROGRAM OPERATION 2. (Vpp=21V±O.5V) 

OE 

Din STABLE 
HIGH Z HIGH Z 

Vpp ~ ___ tv_S----...1 

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= 21 V 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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The TMM271280's erasure is achieved byapply
ing shortwave oultraviolet light which has a wave
length of 2537 A (Angstroms) to the chip through the 
transparent window. 

Then integrated does (Ultraviolet light intensity 
[w/cm2] x exposure time [sec. ] ) for erasure 

should be a minimum of 15 [w. sec/cm2]. 
When the Toshiba sterilizing lamp GL-15 is used 

and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. 

And using commercial lamps whose ultraviolet 

The TMM271280'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 
Program L L 

OPERATION * H 
Program Inhibit 

(Ta=25±5'C) 
H L. 

Program Verify H L 

Note H : VIH, L: ; VIL, * : VIH or VIL 

The TMM 271280 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 output after address access 
time from stabilizing of all addresses. 

Assuming that CE=VIH or OE=VIH, the outputs 
will be in high impedance state. 

So two or more TMM271280 can be connected 

DE 
(22) 

L 

H 

* 
* 
* 
H 

L 

light intensity is a 12000 [J.lw/cm2] will reduce the 
exposure time to about 20 minutes. (In this case, the 
integrated does is 12000 [pw/cm2] x (20 x 60) 

[sec] == 15 [w·sec/cm 2] .) 
The TMM271280's erasure begins to occur 

when ~xposed to light with wavelength shorter than 
4000A. The sunlight aond 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. 

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 
(1) (28) (11-13,15-19) 

POWER 

Data Out Active 

5V 5V High Impedance Active 

High Impedance Standby 

Data In Active 

High Impedance Active 
21V 5V 

High Impedance Active 

Data Out Active 

The CE to output valid (tCE) is equal to the address 
access time (tACC). 

Assuming that CE=VIL, PGM =VIH and all ad
dresses are valid, the output 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. 



T,I\lI:M~11:;28'D·15, ,;1:1\11 QlI~:712:ep,~~:o 
'TI\IIM2;-:t1,'28:i)-25 

;$t~NQ'V',tJlOI)E 
The TM M2 71280 has a low power standby mode 

controlled by the CE signal. 
By applying a TIL high level to the CE input, the 

TMM271280 is placed in the standby mode which 

.8QG;ft~,M, •. ;MQQe,··· 
Initially, when received by customers, all bits of 

the TMM271280 are in the "1" state which is erased 
state. 

Therefore the program operation is to introduce 
"a's" data into the desired bit locations by electrically 
programming. 

The TMM271280 is set up in the program oper
ation mode when applied the program voltage (+ 
21V) to the Vpp terminal under CE=PGM=OE =VIH. 

The program operation occurs during the overlap 
of the CE low and the PGM low. 

Then the programming is achieved by applying a 

The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 

, ·iIBQ.B~I4;·.i.Niji •• t,rMOQ.~. 
Under the condition that the program voltage (+ 

21 V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM271280 from being 
programmed. 

Programming of two or more TMM271280s in 
parallel with different data ;s easily accomplished. 

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 (+ 21 V) is 
applied to the Vpp terminal with Vcc= 6V and PGM = 
VIH. 

The programming is achieved by applying a single 
TIL low level 1 ms pulse the PGM input after addres
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 
program pulse of 1 ms is applied and then pro-

reduce operating current from 1 OOmA to 25mA, and 
then the outputs are in a high impedance state, 
independent of the OE and the PGM inputs. 

50ms (tpw) active low program pulse to the CE or the 
PGM input after the addresses and data stable. 

This program pulse should be a single pulse with 
50ms pulse width per address word, and its maxi
mum value is 55ms. 

The levels required for all inputs are TIL. 
The TMM271280 can be programmed any loca

tion at anytime -- either individually, sequentially, 
or at random. 

The TMM27128D should not be programmed 
with O. C. signal applied to both CE and PGM 
inputs. 

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. 

grammed data is verified. This should be repeated 
until the program operates correctly (max. A times) 

After correctly programming the selected 
address, one additional program pulse with pulse 
width B times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc=VPP 
=5V. 

TYPE 1 A= 15,B=4 
TYPE 2 : A=20,B= 1 
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HIGH SPEED RPOGRAM OPERATION 

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 4.75 5.0 5.25 

Vpp Vpp Power Supply Voltage 20.5 21.0 21.5 

(Ta=25±5'C, Vee=6V±0.25V, Vpp=21V±O.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

III Input Current VIN=O-Vee - - ±10 

VOH Output High Voltage IOH= -400p.A 2.4 - -

VOL Outpu Low Voltage IOL=2. 1 mA - - 0.4 

Icc Vee Supply Current - - - 100 

IpP2 Vpp Supply Current Vpp=21.5V - - 30 

(Ta=25±5'C, Vee=6V±0.25V, Vpp=21V±0.5V) 

SYMBOL PARAMETER 

tAS Address Setup Time 

tAH Address Hold Time 

teEs CE Setup Time 

tCEH CE Hold Time 

tos Data Setup Ti me 

tOH Data Hold Time 

tvs Vpp Setup Time 

tpw Program Pulse Width 

topw Additional Program Pulse Width 

tPRT Program pulse Rise Time 

tPFT Program Pulse Fall Time 

tOE OE to Output Valid 

tOF2 OE to Output in High-Z 

A C Test Conditions 

• Output Load 
• Input Pulse Rise and Fall Time 

• Input Pulse Levels 
• Timing Measurement Reference Level 

TEST CONDITION 
-

-

-
-

-

-
-

-

Note 1 

-

-

-

CE=VIL 

1 TIL Gate and Cd 1 OOpF) 
10ns Max. 
0.8V and 2.2V 
Input 1V and 2V; Output 0.8V and 2.0V 

MIN. 

2 

2 

2 

2 

2 

2 

2 

0.95 

A 

5 

5 

-

-

Note: 1. topw depends on the program pulse width which is required in the initial program. 
(TYPE 1 : 3.8, 8=63, TYPE 2 : A=O.95, B=21) 

-L!.n?_ 

TYP. MAX. 

- -
- -

- -

- -
- -

- -

- -

1.0 1.05 

- B 

- -
- -
- 100 

- 90 

UNIT 

V 

V 

V 

V 

UNIT 

p.A 

V 

V 

mA 

mA 

UNIT 

p's 

p's 

p's 

p's 

p's 

p's 

p's 

ms 

ms 

ns 

ns 

ns 

ns 



ADDRESS = 
NEXT ADDRESS 

TMM27128D-tS, TMM27128D-20 
TMM271280-25 

OVERPROGRAM B PULSES OF Imeec 
OR ONE PULSE OF Bmeec DURATION 

NO 
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TYPE 1 

TYPE 2 

A=15, B=4X 

A=20, B=X 



ADDRESSES ~ 'C 
tAS tAH 

\\\\\'\' ~\- I 11111;; 
~ tCEH I 

~ \ f-

r- / 
tOE 

UNKNOWN H Din 
~ H 

,. DOUT ... HI'- Din STABLE STABLE VALID 

tDS tDH tDF2 tDS tDH 

I I 
PGM U 

f- / 
tpFT tpRT 

I ~ tOPW 

Vpp ////~ VjJ 
tvs 

I---

PROGRAM 
PROGRAM VERIFY PROGRAM 

INITIAL PROCRAM ADDITIONAL PROGRAM 
~ 
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TMM27128D-15,TMM271' 28'0-20 
TMM27128D-25 

OUTLINE DRAWINGS 

R 0.6 4 

37.7MAX. 

7.1±Cl2 

28 Z7 26 25 24 23 22 21 2J 19 18 17 16 15 

1234567 

2.54±Cl25 

8 9 10 11 12 13 14 

1.3±Cl25 

+Cl15 
Cl46-0'10 

Note 1 

Unit in rnm 

15.24±Cl3 

L J 

17.4MAX. 

Note 2 

Note: 1. Each lead pitch is 2.54mm. All leads are located within O.25mm of their true longitudinal position with 
respect No.1 and No. 28 leads. 

2. This value is measured at the end of leads. 
3. All dimensions are in milimeters. 
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Note: Toshiba does not assume any responsibility for use of any circuitry descritHd ; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

~Aug., 1985 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
16,384 WORD X 8 BIT UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY 
N-CHANNEL SILICON STACKED GATE MOS 

TMM27128DI-15, TMM27128DI-20 
TMM27128DI-25 

DESCRIPTION 

The TMM2712801 is a 16384 word x 8 bit ultra
violet light erasable and electrically programmable 
read only memory. 

For read operation, the TMM2712801's access 
time is 150ns/200ns/250ns, and the 
TMM2712801 operates from a single 5-volt power 
supply and has a low power standby mode which 
reduces the power dissipation without increasing 

F.EATUR!S 

• Wide operating temperature range: -40-85'C 
• Single 5-volt power supply 
• Fast access time TMM271 2801-1 5 150ns 

TMM2712801-20 200ns 
TMM2712801-25250ns 

• Power dissipation: 1 OOmA (active current) Max. 
25mA (standby currest) Max. 

access time. The standby mode is achieved by ap
plying a TIL-high level signal to the CE input. 

The maximum active current is 100mA and the 
maximum standby current is 25mA. 

For Program operation, the programming is 
achieved by applying a 50ms active TTL low program 
pulse to the PGM input, and it is possible to program 
sequentially, individually, or at random. 

• Low power standby mode: CE 
• Output buffer control : OE 
• Fully static operation 
• Programs with one 50ms pulse or high speed 

programming mode(2 types) 
• Single location programming 
• Three state outputs 
• Inputs and outputs TTL compatible 
• Pin compatible with i27128 

ARRAY 

16.384 X 8 bi tB 

~ 
PGM CE OE Vpp Vee 00-07 

POWER 
MODE (27) (20) (22) (1) (28) (11-13,15-19) 

Ao-A13 

00-07 

CE 

OE 

PGM 

Vpp 

Vee 

GND 

Address Inputs 

Outputs (Inputs) 

Chip Enable Input 

Output Enable Input 

Program Control Input 

Program Supply Voltage 

Vee Supply Voltage (+ 5V) 

Ground 

Read 

Output 

Deselect 

Standby 

Program 

Program 

Inhibit 

Program 

Verify 

Notp ~ : H or L 
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H L L Data Out 
Active 

* * H 5V 5V High Impedance 

* H * High Impedance Standby 

L L * Data In 

* H * High Impedance 
21V 5V Active 

H L H High Impedance 

H L L Data Out 



SYMBOL ITEM RATING UNIT 

Vee Vee Power Supply Voltage -0.6-7.0 V 

Vpp Program Supply Voltage -0.6-22.0 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-S5 'C 

READ OPERATION 

~;~i~:~,:Rj~QM~~' 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.2 - Vee+ 1.0 V 

VIL Input Low Voltage -0.3 - O.S V 

Vee Vee Power Supply Voltage 4.75 5.00 5.25 V 

Vpp Vpp Power Supply Voltage 2.2 Vee Vee+0.6 V 

(Ta=-40-S5'C, Vee=5V±5%, Unless otherwise noted) 

SYMBOL PARAMETER 

III Input Current 

lee1 Supply Current (Standby) 

lee2 Supply Current (Active) 

VOH Output High Voltage 

VOL Output Low Voltage 

IpP1 Vpp Current 

!Lo Output Leakage Current 

SYMBOL PARAMETER 

tAee Address Access Time 

teE CE to Output Valid 

tOE OE to Output Valid 

tPGM PGM to Output Valid 

tOF1 CE to Output in High-Z 

tOF2 OE to Output in High-Z 

tOF3 PGM to Output in High-Z 

tOH Output Data Hold Time 

A C Test Conditions 

• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pulse Levels 
• Timing Measurement Reference Level 

TEST CONDITION MIN. TYP. MAX. UNIT 

VIN=O-Vee - - ±10 J.lA 

CE=VIH - - 25 mA 

CE=VIL - - 100 mA 

IOH=-400J.lA 2.4 - - V 

IOL=2.1 mA - - 0.4 V 

Vpp=0-Vce+0.6 - - ±10 J.lA 

VouT=0.4-Vee - - ±10 J.lA 

(Ta=-40-S5'C, Vee=5V±5%, Vpp=2.2V-Vee+0.6V, Unless otherwise noted) 

TMM2712SDI-15 

MIN. MAX. 

- 150 

- 150 

- 70 

- 70 

0 60 

0 60 

0 60 

0 -

1 TIL Gate and CL = 100pF 
10ns Max. 
0.6V to 2.4V 

TMM2712SDI-20 

MIN. MAX. 

- 200 

- 200 

- 70 

- 70 

0 60 

0 60 

0 60 

0 -

Inputs 1 V and 2V, Outputs O. SV and 2. OV 

_Af'\Q_ 

TMM2712SDI-25 

MIN. MAX. 
UNIT 

- 250 ns 

- 250 ns 

- 100 ns 

- 100 ns 

0 90 ns 

0 90 ns 

0 90 ns 

0 - ns 



'TMM27128~DI~15, TM'M27128DI~20 
TMM27128DI-25 

CAPACitANCE * (Ta=25°C, f= 1 MHz) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

CIN Input Capacitance VIN=OV - 4 6 pF 

COUT Output Capacitance VOUT=OV - 8 12 pF 

* This parameter is periodically sampled is not 100% tested. 

HIGH Z 
DATA OUTPUTS 

PROGRAM OPERATION 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.2 - Vee+ 1.0 V 

VIL Input Low Voltage -0.3 - 0.8 V 

Vee Vee Power Supply Voltage 4.75 5.0 5.25 V 

Vpp Vpp Power Supply Voltage 20.5 21.0 21.5 V 

(Ta=25±5°C. Vee=5V±5%. Vpp=21V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

III Input Current VIN=O-Vee - - +10 J.lA 

VOH Output High Voltage IOH=-400J.lA 2.4 - - V 

VOL Output Low Voltage IOL=2. 1 mA - - 0.4 V 

Ice Vee Supply Current - - - 100 mA 

IpP2 Vpp Supply Current Vpp=21.5V - - 30 mA 
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SYMBOL PARAMETER 

tAS Address Setup Time 

tAH Address Hold Time 

tCES CE Setup Time 

tCEH CE Hold Time 

tos Data Setup Time 

tOH Data Hold Time 

tps PGM Setup Time 

tPH PGM Hold time 

tOES OE Setup Time 

tvs Vpp Setup Time 

tpw Program Pulse Width 

tcp Program Recovery Time 

tPRT Program Pulse Rise Time 

tPFT Program Pulse Fall Tim 

tCE CE to Output Valid 

tOE OE to Output Valid 

tOFl CE to Output in High Z 

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 

(Ta=25±5·C, Vcc=5V±5%, Vpp=21V±0.5V) 

TEST CONDITION 

-

-

-

-

-

-

-

-

-
-

PGM=CE=VIL 

-

-

-

-

-

OE=VIL 

CE=VIL 

1 TIL Gate and Cd 1 OOpF) 
10ns Max. 
0.6V and 2.4V 
Input lV and 2V; Output 0.8V and 2.0V 

-410-

MIN. 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

45 

0 

5 

5 

-

-

-

-

TYP. MAX. 

- -

- -
- -
- -
- -
- -
- -
- -
- -
- -
50 55 

- -
- -
- -
- 250 

- 100 

- 90 

- 90 

UNIT 

JJs 

JJs 

JJs 

JJs 

JJs 

JJs 

JJs 

JJS 

JJs 

JJs 

ms 

JJs 

ns 

ns 

ns 

ns 

ns 

ns 



TMM;2712,8DI .. 15,TM M21128DI~'20 
TMM27128DI-25 

TIMING WAVEFORMS {PROGRAMl 

• PROGRAM OPERATION 1. (Vpp=21V±O.5V) 

teEs 

Vpp tvs 

• PROGRAM OPERATION 2. (Vpp=21V±O.5V) 

OE 

PGM 

~==~L-----------~~~--HIGH Z 
00 - 07 ------< Di n STABLE >--------------< 

HIGH Z 

Vpp ~_t--vs--I.I 
Note: 1. Vee must be applied simultaneously or before Vpp and cut off simultaneously or after VPP. 

2. Removing the device from socket and setting the device in socket with Vpp=21 V 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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The TMM2712801's erasure is achieved byap
plying shortwave ultraviolet light which has a wave
length of 2537 A (Angstroms) to the chip through the 
transparent window. 

Then integrated does (Ultraviolet light intensity 
[w/cm2] x exposure time [sec.] ) for erasure should 

be a minimum of 15 [W· sec/cm2] . 
When the Toshiba sterilizing lamp GL-1 5 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 ultraviolet 

The TMM2712801's six operation modes are 
listed in the following table. 

Mode selection can be achieved by applying TTL 
level signal to all inputs. 

R) PGM CE 
MODE (27) (20) 

READ Read H L 

OPERATION Output Deselect * * 
(Ta=-40-

Standby 
85"C) * H 

PROGRAM 
Program L L 

* H 
OPERATION Program Inhibit 

H L 
(Ta=25±5"C) 

Program Verify H L 

Note H: VIH, L: VIL, * : VIH or VIL 

The TM M2 712801 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 output after address access 
time from stabilizing of all addresses. 

Assuming that CE=VIH or OE=VIH, the outputs 
will be in a high impedance state. 

So two or more TMM2712801 can be connected 

OE 
(22) 

L 

H 

* 
* 
* 
H 

L 

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 (20 x 60) 

[sec] == 15 [w·sec/cm2] .) 
The TMM2712801's erasure begins to occur 

when exposed to light with wavelength shorter than 
4000A. The sunlight and the flourescent lamps will 
include 3000-4000,A. wavelength components. 
Therefore when used under such lighting for 
extended periods of time, the opeque 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 TTL. 

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 

21V 5V High Impedance Active 

Data Out Active 

The CE to output valid (tCE) is equal to the address 
access time (tACC). 

Assuming that CE=VIL,PGM=VIH and all ad
dresses are valid, the output data is valid at the 
outputs after tOE from the falling edge of OE. 

And assuming that CE=OE=VIL and all addres
ses 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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T:M,M27128Dl-15, TMM27128DI-20 
TMM27128DI-25 

IJ,.NPIY'MQDE 
The TMM27128DI has a low power standby 

mode controlled by the CE signal. 
By applying a TIL high level to the CE input, the 

TMM27128DI is placed in the standby mode which 

:~·~tQfI~M .. · .. 'MQ~.1; 
Initially, when received by customers, all bits of 

the TMM27128DI 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 TMM27128DI is set up in the program 
operation mode when applied the program voltage (+ 
21 V) to the Vpp terminal under CE = PGM = OE =VIH. 

The program operation occurs during the overlap 
of the CE low and the PGM low. 

Then the programming is achieved by applying a 

f¥iiM·QJ).E 
The verify mode is to check that the desired data 

is correctly programmed on the programmed bits. 

IR~Mr.W;~';·""· . j;:I''t 
Under the condition that the program volta~( + 

21 V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM27128DI from being 
programmed. 

Programming of two or more TMM27128Dls in 
parallel with different data is easily accomplished. 

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 (+ 21 V) 
is applied to the Vpp terminal with Vee = 6V and PG M 
=VIH. 

The programming is achieved by applying a single 
TIL low level 1 ms pulse the PGM input after addres
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 
program pulse of 1 ms is applied and then pro-

reduce the operating current from 1 OOmA to 25mA, 
and then the outputs are in a high impedance state, 
independent of the OE and the PGM inputs. 

50ms (tpw) active low program pulse to the CE or the 
PGM input after the addresses and data are stable. 

This program pulse should be a single pulse with 
50ms pulse width per address word, and its maxi
mum value is 55ms. 

The levels required for all inputs are TTL. 
The TMM27128DI can be programmed any 

location at anytime--either individually, se
quentially, or at random. 

The TMM27128DI should not be programmed 
with D. C. signal applied to both CE and PGM 
inputs. 

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. 

grammed data is verified. This should be repeated 
until the program operates correctly (max. A times) 

After correctly programming the selected 
address, one additional program pulse with pulse 
width B times that needed for programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vcc=Vpp 
=5V. 

TYPE 1 A= 15, B=4 
TYPE 2 : A=20, B= 1 



HIGH SPEED PROGRAM OPERATION 

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 4.75 5.0 5.25 

Vpp Vpp Power Supply Voltage 20.5 21.0 21.5 

:~lt;~';ll'~:{ (Ta=25±5'C, Vee=6V±0.25V, Vpp=21V±0.5V) 

SYMBOL PARAMETER 

III Input Current 

VOH Output High Voltage 

VOL Output Low Voltage 

Ice Vee Supply Current 

IpP2 Vpp Supply Current 

SYMBOL PARAMETER 

tAS Address Setup Time 

tAH Address Hold Time 

teEs CE Setup Time 

teEH CE Hold Time 

tos Data Setup Time 

tOH Data Hold Time 

tvs Vpp Setup Time 

tpw Program Pulse Width 

topw Additional Program Pulse Width 

tPRT Program Pulse Rise Time 

tPFT Program Pulse Fall Time 

tOE OE to Output Valid 

tOF2 OE to Output in High Z 

A C Test Conditions 

• Output Load 
• Input Pulse Rise and Fall Time 

• Input Pulse Levels 
• Timihg Measurement Reference Level 

Note: 

TEST CONDITION 

VIN=O-Vee 

IOH=-400J,lA 

IOL=2.1 mA 

-

Vpp=21.5V 

TEST CONDITION 

-
-

-
-
-
-
-
-

Note 1 

-
-
-

CE=VIL 

1 TIL Gate and Cd1 OOpF) 
10ns Max. 
0.6V and 2.4V 
Input 1 V and 2V: Output 0.8V and 2.0V 

1. topw depends on the program pulse width which is required in the initial Program. 
(TYPE 1 : A=3.8, 8=63, TYPE 2: A= 0.95, 8=21) 
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MIN. TYP. MAX. 

- - ±10 

2.4 - -

- - 0.4 

- - 100 

- - 30 

MIN. TYP. MAX. 

2 - -
2 - -
2 - -
2 - -

2 - -

2 - -
2 - -

0.95 1.0 1.05 

A - B 

5 - -

5 - -

- - 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 

ns 

ns 



ADDRESS = 
NEXT ADDRESS 

TMM2712'8DI .. 15, TM M;271'28D'I-20' 
TMM27128DI-25 

OVERPROGRAM B PULSES OF Imsec 
OR ONE PULSE OF Bmsec DURATION 

NO 

-415-

TYPE 1 A=15, B=4X 

TYPE 2 A=20, B=X 



ADDRESSES 

CE 

Vpp 

PROGRAM 
PROGRAM 
VERIFY 

INITIAL PROGRAM 
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tAH 

tCEH 

Din STABLE 

tOPW 

PROGRAM 

ADDITIONAL PROGRAM 



-rMM27.j;28DI;;~",$, TMM211~8DP20 
TMM27128DI-25 . " I 

OUl'LiNE.·.··DflAwl&'4GS 

37.7 MAX. 

7.1±0,2 

28 27 26 25 24 19 18 17 16 15 

R0'64 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

2.54±0,25 1.3±0'25 

+0.15 
0.46-0.10 

Note 1 

Unit in mm 

15.24±0'3 

W
0,252::g yg 

17.4MAX. 

Note 2 

Note: 1. Each lead pitch is 2.54mm. All leads are located within O.25mm of their true longitudinal position with 
respect No.1 and No.28 leads. 

2. This value is measured at the and of leads. 
3. All dimensions are in millimeters. 
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Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves the right, at any time 
without notice, to change said circuitry. 

©Aug., 1985 Toshiba Corporation 
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TOSHIBA MOS'MEMDRIPRBDUm 
16,384 WORD X 8 BIT UV ERASABLE 
AND ELECTRICALLY PROGRAMMABLE 
READ ONLY MEMORY 
N CHANNEL SILICON STACKED GATE 
MOS PRELIMINARY 

DESCRIPTION 

TMM27128AD-15, TMM27128AD-150 
TMM27128AD-20, TMM27128AD-200 

The TMM27128AD is a 16,384 word X 8 bit ultraviolet light erasable and electrically programmable read only memory. 
For read operation, the TMM27128AD's access time is 150ns/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. 
The standby mode is achieved by applying a TTL-high level signal to the CE input. The maximum active current is 100mA 
and the maximum standby current is 30mA. 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 technology . 

• 
FEATURES 

-15 I -20 -150 I -200 

VCC SV±S% SV±10% 

• Fully static operation 
• High speed programming mode 

TACC 150ns I 200ns lS0ns I 200ns 
• Single location programming 

ICC2 100mA 

ICCl 30mA 

PIN CONNECTION 

vppr;b~ 

A12 2 ;r6PGM 

A7 3 26 PA13 

A6 d 4 2sbA8 

A5 d S 24 lJ A9 
A4 All 

A3 OE 

A2 Al0 

Al CE 

AO 07 

00 06 
01 OS 

02 04 
GND 03 

PIN NAMES 

AO -A13 Address Inputs 

00- 0 7 Outputs (Inputs) 

CE Chip Enable Input 

OE Output Enable Input 

PGM Program Control Input 

VPP Program Supply Voltage 

VCC VCC Supply Voltage (+SV) 

GND Ground 

• Three state outputs 
• Inputs and outputs TTL compatible 
• Pin compatible with i27128A 

BLOCK DIAGRAM 

GND VCC 

OE n--r--~--------~-' 
CE 

PGM 

AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
A9 

Al0 
A11 
A12 
A13 

MODE SELECTION 

~ PGM 
MODE (27) 

Read H 

Output Deselect * 

Standby * 

Program L 

* 
Program Inhibit 

H 

Program Verify H 

* Don't Care 
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CE OE Vpp Vce 
(20) (22) (1 ) (28) 

L L 

* H 5V SV 

H * 

L * 

H * 

L H 
12.SV 6V 

L L 

00-07 
(11 -13, 15-19) 

Data Out 

High Impedance 

High Impedance 

Data In 

High Impedance 

High Impedance 

Data Out 

POWER 

Active 

Standby 

Active 



MAXIMUM RATINGS 
SYMBOL ITEM RATING UNIT 

VCC VCC Power Supply Voltage -0.6-7.0 V 

Vpp Program Supply Voltage -0.6-14.0 V 

V,N Input Voltage -0.6-7.0 V 

VIIO Input/Output Voltage -0.6-7.0 V 

PD Power Dissipation 1.5 W 

TSOLDER Soldering Temperature Time 260· 10 °c . sec 

TSTG Storage Temperature -65-125 °c 

TOPR Operating Temperature 0-70 °c 

READ OPERATION 

D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER TMM27128AD-15/20 TMM27128AD-150/200 

Ta Operating Temperature 0-70°C 0-70°C 

VCC VCC Power Supply Voltage 5V±5% SV±10% 

Vpp Vpp Power Supply Voltage 2.0-VCC+0.6V 2.0-VCC+0.6V 

D.C. AND OPERATING CHARACTERISTICS 
SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT 

'll Input Current V'N=O-VCC ±10 p.A 

'LO Output Leakage Current VOUT=O.4-VCC ±10 p.A 

ICC1 Supply Current (Standby) CE=V,H 30 mA 

ICC2 Supply Current (Active) CE=V'L 100 mA 

V,H Input High Voltage 2.0 VCC+1.0 V 

V,L Input Low Voltage -0.3 0.8 V 

VOH Output High Voltage 'OH=-400JlA 2.4 V 

VOL Output Low Voltage 'OL=2.1mA 0.4 V 

'pP1 Vpp Current Vpp=0-VCC+0.6 ±10 p.A 



, o~ , J 

-rM:M,2:71oo··~.8A;Do·:1,·5~;;:T·IVI:M27·1; .• ~·8AD-1'50 
-rMM271·28AD·20~'TM;M27,128AD';'200 

," < 

A.C. CHARACTERISTICS 

SYMBOL PARAMETER 
TMM27128AD-15/150 TMM27128AD-20/200 

UNIT 
MIN. MAX. MIN. MAX. 

tACC Address Access Time 150 200 

tCE CE to Output Valid 150 200 

tOE OE to Output Valid 70 70 

tpGM PGM to Output Valid 70 70 

tOF1 CE to Output in High-Z 0 60 0 60 
ns 

tOF2 OE to Output in High-Z 0 60 0 60 

tOF3 PGM to Output in High-Z 0 60 0 60 

tOH Output Oata Hold Time 0 0 

A.C. TEST CONDITIONS 

• Output Load 1 TIL Gate and CL =1 OOpF 

• Input Pulse Rise and Fall Times 10ns Max. 

• Input Pulse Levels 0.45V to 2.4V 

• Timing Measurement Reference Level Inputs, Outputs O.BV and 2.0V 

CAPACITANCE * (Ta=25°C, f=1 MHz) 
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

CIN Input Capacitance VIN=OV 4 6 pF 

COUT Output Capcitance VOUT=OV 8 12 pF 

* This parameter is periodically sampled and is not 100% tested. 
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TIMING WAVEFORMS (READ) 

AO~A13 

tCE 

CE 

tOE 

OE 

tPGM 

PGM 

tACC 

00 ~ 07 
HIGH Z 
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tIVlM27~'128AI)~1"5,:TMM27128AD~150 
TMM27'128AD.,20, TMM27128AD-2'OO 

HIGH SPEED PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 VCC+1.0 V 

VIL Input Low Voltage -0.3 0.8 V 

VCC VCC Power Supply Voltage 5.75 6.0 6.25 V 

VPP VPP Power Supply Voltage 12.0 12.5 13.0 V 

D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, VCC=6V±O.25V, Vpp=12.5V±O.5V) 
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

III Input Current VIN=O-VCC ±10 pA 

VOH Output High Voltage IOH=-400pA 2.4 V 

VOL Output Low Voltage IOL =2.1 mA 0.4 V 

ICC VCC Supply Current 100 mA 

IpP2 VPP Supply Current Vpp=13.0V 50 mA 

V/D A9 Auto Select Voltage 11.5 12.0 12.5 V 

A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, VCC=6V±O.25V, Vpp=12.5V±O.5V) 
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

tAS Address Setup Time 2 J.Ls 

tAH Address Hold Time 2 J.Ls 

tCES CE Setup Time 2 J.Ls 

tCEH CE Hold Time 2 J.Ls 

tos Data Setup Time 2 J.Ls 

tOH Data Hold Time 2 J.Ls 

tvs VPP Setup Time 2 J.Ls 

tpw Program Pulse Width 0.95 1.0 1.05 ms 

topw Additional Program Pulse Width Note 1 2.85 78.75 ms 

tpRT Program Pulse Rise Time 5 ns 

tPFT Program Pulse Fall Time 5 ns 

tOE OE to Output Valid 100 ns 

tOF2 OE to Output in High-Z CE=VIL 90 ns 

A.C. TEST CONDITIONS 

• Output Load 1 TTL Gate and CL (1 OOpF) 

• Input Pulse Rise and Fall Time 10ns Max. 

• Input Pulse Levels 0.45V and 2.4V 

• Timing Measurement Reference Level Input; Output O.8V and 2.0V 

Note 1: topw depends on the program pulse width which is required in the initial program. 
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TIMING WAVEFORMS (HIGH SPEED PROGRAM) 

ADDRESSES 

00 - 07 

Vpp 

Note: 

PROGRAM 

PROGRAM 
VERIFY 

INITIAL PROGRAM 

PROGRAM 

ADDITIONAL PROGRAM 

1. Vee must be applied simultaneously or before Vpp and cut off simultaneously 
or after Vpp. 

2. Removing the device from or setting the device into a socket with Vpp=12.SV 
may cause permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation, so a 
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 pulse should 
not exceed 14V. 
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·~NtM2.'" ~S4t1-;1·$i;:fM!M2~128Ab~~1:&O 
TI\II~;IVI"~7<1:28AD":~Q!,;;<T:NI<M27128AD~200 

ERASURE CHARACTERISTICS 

The TMM27128AD's erasure is achieved by applying shortwave ultraviolet light which has a 
wavelength of 2537 A (Angstroms) to the chip through the transparent window. Then integrated dose 
(Ultraviolet light intensity [w/cm2] X exposure time [sec.]) for erasure should be a minimum of 15 [w' 
sec/cm2]. 

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance of 1 cm 
from the lamp surface, the erasure will be achieved within 60 minutes. USing commercial lamps whose 
ultraviolet light intenSity is a 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 (20 X 60) [sec] ~ 15 [W . sec/cm·2].) 

The TMM2712BAD's erasure begins to occur when exposed to light with wavelength shorter than 
4000A. The sunlight and the fluorescent 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 TMM2712BAO's six operation modes are listed in the following table. Mode selection can be 
achieved by applying TTL level signal to all inputs. In the read operation mode, a single 5V power 
supply is required and the levels required for all inputs are TTL. 

~BER) PGM CE OE VPP vce 00-07 POWER 
MODE (27) (20) (22) (1 ) (28) (11 -13, 1 5-19) 

READ Read H L L Data Out Active 
OPERATION Output Deselect * * H SV SV High Impedance 

(Ta=O-70°C) Standby * H * High Impedance Standby 

PROGRAM Program L L * Data In 

OPERATION * H * 6V High Impedance Active Program Inhibit 12.SV 

(Ta=2S±SOC) H L H High Impedance 

Program Verify H L L Data Out 

Note: H; VIH, L; VIL *: Don't Care 
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READ MODE 

The TMM27128AD has three control functions. The chip enable (CE) controls the operational power 
and should be used for device selection. 

The output enable (OE) and the program control (PGM) control the output butters, 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 the 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 the 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 

When CE=VIH or OE=VIH, the outputs will be in 8. high impedance state. So two or more 
TMM27128AD s can be connected together on a common bus line. 

When CE is decoded for device selection, all deselected devices are in low power standby mode. 

STANDBY MODE 

The TMM27128AD has a low power standby mode controlled by the CE signal. 

By applying a TIL high level to the CE input, the TMM27128AD is placed in the standby mode which 
reduces the supply current from 100mA to 30mA, and the outputs are in a high impedance state, 
independent of the OE and the PGM inputs. 

PROGRAM MODE 

Initially, when received by customers, all bits of the TMM27128AD 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 TIL. The TMM27128AD locations can be programmed either 
individually, sequentially, or at random 
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TMM27128AO-15, TMM27128AD-150 
. TMM27128AO-20, TMM27128AD-200 

PROGRAM VERIFY MODE 

The verify mode is to check that desired data is correctly programmed into the device. 

The verify is accomplished with DE and CE at VIL and PGM at VIH. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage (-t-12.5V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM27128AD from being programmed. 

Programming of two or more TMM27128ADs in parallel with different data is 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 program time can be greatly decrease 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 and PGM=VIH. 

The programming is achieved by applying a single TIL low level 1 ms pulse to 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 1 ms is applied and then 
programmed data is verified. This should be repeated until the program verifies (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. 
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ADDRESS= 
NEXT ADDRESS 

OVERPROGRAM X PULSES OF Imsec 
OR ONE PULSE OF Xmsec DURATION 

NO 

I 



Initially, when received by customers I all bits of 
the TMM2725601 are in the "1" state which is 
erased state. 

Therefore the program operation is to introduce 
"Os" data into the desired bit locations by electrically 
programming. 

The verify mode is to r~1eck that desired data is 

correctly programmed on the programmed bits. 

Under the condition that the program voltage (+ 
21 V) is applied to Vpp terminal, a high level CE input 
inhibits the TMM 2725601 from being programmed. 

Programming of two or more TMM272560ls in 
parallel with different data is easily accomplished. 

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 (+ 21 V) 
is applied to the Vpp terminal with Vcc= 6V. 

The programming is achieved by applying a single 
TTL low level 1 ms pulse to the CE input after addres
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 
program pulse of 1 ms is applied and then the pro
grammed data is verified. This should be repeated 

The TMM 2725601 is in the programming m 
when the Vpp input is at 21 V and CE is at TIL-, 
under OE = VIH. 

The TMM2725601 can be programmed 
location at anytime either individually, sequentic 
or at random. 

The verify is accomplished with OE and CE at 

That is, all inputs except for CE may be comm( 
connected, and a TIL low level program puls l 

applied to the CE of the desired device only and 
high level signal is applied to the other devices. 

until the program operates correctly (max. 20 tin 
After correctly programming the selec 

address, the additional program pulse with w 
equal to that needed for initial programmin~ 
applied. 

When programming has been completed I 

data in all addresses should be verified with Vcc= 
=5V. 

This high speed program algorithm allows 
programming of the TMM2725601 to be acc( 
plished within one and a half minutes (typ.). 



OUTLINE DRAWINGS 

Note: 

$ 
C\I 
q 
;::::
ci 
+1 
<0 
C\I 

N 
("j 

Unit in mm (inches) 

37.7(1.484)MAX. 

7.1 (.280)±0.2(.008) 

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 

15.24(.600)±0.3(·912) 

:.t I! 

2.54(.1 00)±0.25(.01 0) __ ~ ..... 1._3(_.0_5_1 }_±_0._25(.01 0) 

... ~ 025(010)+O.'5(.OO6!~ 
. . -0.10(.004) 

17.4(.685}MAX. 

-0 46( 018) +0.15(.006) 
. . -0.10(.004) 

-

Note 1 Note 2 

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. 
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TOSHIBA MQSMEIVIORYPRIJDUCTS 
32,768 WORD X 8 BIT N-MOS UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY 
SILICON STACKED GATE MOS 

DESCRIPTION 

The TMM27256D is a 32,768 wordx8 bit 
ultraviolet light erasable and electrically program
mable read only memory. 

For read operation, the TMM27256D's access 
time is 150ns/200ns, and the TMM27256D 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 
mode is achieved by applying a TIL-high level signal 
to the CE input. 

FEATURES 
• Fast access time TMM272560-15 150ns 

TMM272560-20 200ns 
• Low power dissipation 

Active : 1 OOmA 
Standby: 25mA 

• Single 5V power supply 

,:,'_,"CQNN~¢l1~QN '(TOP VIEW) 

A5 

AO 
00 

01 

02 

aND 
'-----' 

Vee 
A14 

A13 

A8 

A9 

All 

AIO 
BE 
07 

06 

05 

04 

03 

TMM27256D-15 
TMM27256D-20 

For program operation, the programming is 
achieved by using the high speed programming 
mode. Program supply voltage is 21 V which is the 
same voltage as TMM27640, TMM271280 and 
TC572560. 

The programming of TMM272560 is accom
plished within about one and a half minutes (typ.). 

The TMM272560 is fabricated with the N-chan
nel silicon double layer gate MaS technology. 

• Full static operation 
• High speed programming mode 
• Inputs and outputs TIL compatible 
• Pin compatible with ROM TC53257P and 

TMM23256P and CMOS EPROM TC5 72560. 
• Standard 28 pin DIP cerdip package 

BLOC'KD1AGBAiM 

AO 
Al 
A2 
A3 
..\4 
A5 
A6 
A7 
AS 
A9 

AIO 
All 
A12 

Vpp GND Vee 00 01 0203 04 05 06 07 

Al3 
A14~---J 

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 

Vee Vee Supply Voltage (+ 5V) 

GND Ground 

Read 

Output 

Deselect 

Standby 

Program 

Program 

Inhibit 

Program 

Verify 

Note * : H or L 
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L L Data Out 
Active 

* H 5V 5V High Impedance 

H * High Impedance Standby 

L H Data In 

H * 21V 6V High Impedance Active 

L L Data Out 



CHARACTERISTICS 

iBOL PARAMETER 
TMM27256AD-15/150 TMM27256AD-20/200 

UNIT 
MIN. MAX. MIN. MAX. 

C Address Access Time 150 200 ns 

CE to Output Valid 150 200 ns 

OE to Output Valid 70 70 ns 

1 CE to Output in High-Z a 60 0 60 ns 

2 OE to Output in High-Z 0 60 0 60 ns 

I Output Data Hold Time 0 0 ns 

. TEST CONDITIONS 

Output Load 1 TTL Gate and CL =1 OOpF 

Input Pulse Rise and Fall Times 10ns Max. 

Input Pulse Levels 0.45V '" 2.4V 

Timing Measurement Reference Level Inputs O.BV and 2V, Outputs O.BV and 2.0V 

'ACITANCE * (Ta=25°C, f=1 MHz) 
BOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

Input Capacitance VIN=OV 4 6 pF 

UT Output Gapcitance VOUT=OV 8 12 pF 

is parameter is periodically sampled and is not 100% tested. 

ING WAVEFORMS (READ) 

tCE 

tOE 

HIGH Z 
00-07 HIGHZ 

DATA. OUTPUTS 
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TMM27256AD"1"~5,TI\II.I\II'2725·6AD-1,5:0: 
rMM27256AD·20.TM'M27256AD~·200~ . 

MAXIMUM RATINGS 
SYMBOL ITEM RATING 

VCC VCC Power Supply Voltage -0.6~7.0 

Vpp Program Supply Voltage -0.6~14.0 

VIN Input Voltage -0.6~7.0 

VI/O Input/Output Voltage -0.6~7.0 

PD Power Dissipation 1.5 

TSOLDER Soldering Temperature . Time 260 . 10 

TSTG Storage Temperature -65~125 

TOPR Operating Temperature 0~75 

READ OPERATION 

D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS 

UNIT 

V 

V 

V 

V 

W 

°c . sec 

°c 

°c 

SYMBOL PARAMETER TMM27256AD·15/20 TMM27256AD·150/20 

Ta Operating Temperature 0~70°C 0~70°C 

VCC VCC Power Supply Voltage 5V±5% 5V±10% 

Vpp Vpp Power Supply Voltage 2.0~VCC+O.6V 2.0~VCC+0.6V 

D.C. AND OPERATING CHARACTERISTICS 
SYMBOL PARAMETER CONDITION MIN. TYP. MAX. ur 
III Input Current VIN=O~VCC ±10 }J 

ILO Output Leakage Current VOUT=O.4~VCC ±10 }J 

ICC1 Supply Current (Standby) CE=VIH 30 JT 

ICC2 Supply Current (Active) CE=VIL 100 JT 

VIH Input High Voltage 2.0 VCC+1.0 
, 

VIL Input Low Voltage ·0.3 0.8 , 
VOH Output High Voltage IOH=-400/LA 2.4 , 
VOL Output Low Voltage IOL =2.1 mA 0.4 , 

IpP1 Vpp Current Vpp=0~VCC+0.6 ±10 }J 
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(.; 
(Ta=25±5"C, Vcc=6V±O.25V, Vpp=21V±O.5V) 

SYMBOL PARAMETER 

tAS Address Setup Time 

tAH Address Hold Time 

tCES CE Setup Time 

tCEH CE Hold Time 

tOES OE Setup Time 

tOEH OE Hold Time 

tos Data Setup Time 

tOH Data Hold Time 

tvs Vpp Setup Time 

tpw Intial Program Pulse Width 

topw Overprogram Pulse Width 

tov CE to Output Valid 

tOFl CE to Output in High-Z 

A C Test ConditIOns 

• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pulse Levels 
• Timing Measurement Reference Level 

TEST CONDITION 

-

-

-

-

-

-

-

-

-

CE=VIL, OE=VIH 

Note 1 

OE=VIL 

OE=VIL 

1 TIL Gate and CL (1 OOpF) 
10ns Max. 
0.45-2.4V 
Input O.8V and 2.0V, Output O.8V and 2.0V 

MIN. 

2 

2 

2 

2 

2 

2 

2 

2 

2 

0.95 

0.95 

-

-

Note: 1. The length of the overprogram pulse may vary as a function of the counter value X . 

• (Vcc=6V±O.25V, Vpp=21V±O.5V) 

vpp 

tvs 

PROGRAM 

PROGRAM 
VERIFY 

INITIAL PROGRAM 

PROGRAM 

OVER PROGRAM 

TYP. 

-
-

-

-

-

-

-

-

-

1 

1 

-

-

Note: 1. Vee must be applied simultaneously or before Vpp and cut off simultaneously or after VPP. 

MAX. 

-

-

-

-

-

-

-

-

-

1.05 

21 

1 

150 

UNIT 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

ns 

ms 

J.ls 

ns 

2. Removing the device from socket and setting the device in socket with Vpp= 21 V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 22V for program operation, 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 shnllirl not be exceeded 22V 
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EfiASURe CHARACTERISTICS 
The TMM272560's erasure is achieved byapply

ing shortwave oultraviolet light which has a wave
length of 2537 A (Angstroms) to the chip through the 
transparent window. 

Then integrated dose (ultraviolet light intensity [wi 
cm2] x exposure time [sec.] ) for erasure should 
be a minimum of 15 [w·sec/cm 2

] 

When the Toshiba sterilizing lamp GL-1 5 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 

The TMM272560's six operation modes are list
ed in the following table. Mode selection can be 

R) CE 
MODE (20) 

Read L 
Read Operation 

Output Deselect * (Ta=0-70·C) 
Standby H 

Program L 
Program Operation 

Program Inhibit H 
(Ta=25±5·C) 

Program Verify L 

Note H : VIH, L : VIL, * : VIH or VIL 

The TMM272560 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 

Assuming that CE=VIH or OE=VIH. the outputs 
will be in a high impedance state. 

So two or more TMM272560s can be con-

OE 
(22) 

L 

H 

* 
H 

* 
L 

TMM27256'D-15 
TMM27256D-20 

ultraviolet light intensity is a 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 (20 x 60) [sec] ~ 1 5 [w·sec/cm 2 ] .) 

The TMM272560's erasure begins to occur 
when ~xposed to light with wavelength shorter than 
4000A. The sunlight aond 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. 

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 

21V 6V High Impedance Active 

Data Out Active 

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. 

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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ADDRESS = 
NEXT ADDRESS 

OVERPROGRAM X PULSES OF Ims9c 
OR ONE PULSE OF Xms9c DURATION 

NO 
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, ' 

TMM.272~56D·15 
TM:M27256D-20 

'IJ~8'.O·.~Y.,ij,O~:'· 
The TMM27256D has a low power standby mode 

controlled by the CE signal. 
By applying a high level to the CE input, the 

TMM27256D in placed in the standby mode which 

·····"~OQ~A;M·M.OQ.j······, 

Initially, when received by customers, all bits of 
the TMM2 7256D 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 
programming. 

The verify mode is to check that desired data is 
correctly programmed on the programmed bits. 

PROGRAM·· .. ···INHIB.ITi·MQDE 
Under the condition that the program voltage (+ 

21 V) is applied to Vpp terminal, a high level CE input 
inhibits the TMM27256D from being programmed. 

Programming of two or more TMM27256Ds in 
parallel with different data is easily accomplished. 

AIGA···SPEED. PROGRANlM.NGMODE 
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 (+ 21 V) is 
applied to the Vpp terminal with Vee=6V. 

The programming is achieved by applying a single 
TTL low level 1 ms pulse to the CE input after addres
ses and data are stable. Then the programmed data 
is verified by using Program Verify Mode. 

If the programmed data is not correct, another 
program pulse of 1 ms is applied and then the pro
grammed data is verified. This should be repeated 

reduce the operatin~ current to 25mA from 100mA 
(about 75% reduction) by applying MaS-high level 
(Vee) and then the outputs are in a high impedance 
state, independent of the OE inputs. 

The TMM27256D is in the programming mode 
when the Vpp input is at 21 V and CE is at TTL-Low 
under OE=VIH. 

The TMM27256D can be programmed any loca
tion at anytime either individually, sequentially, or at 
random. 

The verify is accomplished with OE and CE at VIL. 

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. 

until the program operates correctly (max. 20 times). 
After correctly programming the selected 

address, the additional program pulse with width 
equal to that needed for initial programming is 
applied. 

When programming has been completed, the 
data in all addresses should be verified with Vee=Vpp 
=5V. 

This high speed program algorithm allows the 
programming of the TMM27256D to be accom
plished within one and a half minutes (typ.). 
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Electric signature mode allows to read out a code 
from TMM27256D which identifies its manufacturer 
and device type. 

The programming equipment may read out man
ufacturer code and device code from TMM27256D 
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 07 06 05 ~ SIGNATURE (10) (19) (18) (17) 

Manufacture Code VIL 1 0 0 

Device Code VIH 1 0 0 

Notes: A9 = 12V±0. 5V 
A1-A8. AlO-A14. CEo OE=VIL 

37.7MAX. 

8.9TYP. 

28 

RU64 

applined to address line Ag and the rest of address 
lines is set to VIL in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address Ao is set to VIH. These two 
codes possess an odd parity with the parity bit of 
MSB (07). 

The following table shows electric signature of 
TMM27256D. 

04 03 02 01 00 HEX. 
(16) (15) (13) (12) (11) DATA 

1 1 0 0 0 98 

1 0 1 0 0 94 

Unit in mm 

15 

14 

15.24±U3 

2.54±U25 1.3±U25 

Note 1 +U15 
U46-UI0 17.4MAX. 

Note 2 

Note: 1. Each lead pitch is 2. 54mm. All leads are located within O. 25mm of their true longitudinal position with 
respect No. 1 and No. 28 leads. 

2. This value is measured at the end of leads. 
3. All dimensions are in millimeters. 
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TDsHI.a IDS MEMORY PRODUCTS 
32,768 WORD X 8 BIT NMOS UV ERASABLE AND 
ELECTRICALLY PROGRAMMABLE READ ONLY MEMORY 
SILICON STACKED GATE MOS 

Q_SCR',PTIQ'" 
The TMM27256DI is a 32,768 wordx8 bit 

ultraviolet light erasable and electrically program
mable read only memory. 

For read operation, the TMM27256DI's access 
time is 150ns/200ns, and the TMM27256DI 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 
mode is achieved by applying a TIL-high level signal 
to the CE input. 

t:~II:t~,;t1,,~~: 

• Wide operating temperature range: -40-85'C 
• Fast access time: TMM27256DI-15 150ns 

TMM27256DI-20 200ns 
• Low power dissipation 

Active : 120mA 
Standby: 25mA 

• Single 5V power supply 

AO 
00 
aIr 

(TOP VIEW) 

TMM27256DI-15 
TMM27256DI-20 

For program operation, the programming is 
achieved by using the high speed programming 
mode. Program supply voltage is 21 V which is the 
same voltage as TMM2764D, TMM27128D and 
TC57256D. 

The programming of TMM27256DI is accompli
shed within about one and a half minutes (typ.). 

The TMM27256DI is fabricated with the N
channel silicon double layer gate MaS technology. 

• Fu'li static operation 
• High speed programming mode 
• Inputs and outputs TIL compatible 
• Pin compatible with ROM TC53257P 

and TMM23256P and CMOS EPROM 
TC57256D. 

• Standard 28 pin DIP cerdip package 

02 
GND ~ __ "";;"-I ~ CE OE Vpp Vee 00-07 

POWER 
MODE (20) (22) (1) (28) (11-13,15-19) 

Read L L Data Out 
Active 

Ao-A14 Address Inputs 

Output 

* H 5V 5V High Impedance 
Deselect 

00-07 Outputs (Inputs) Standby H * High Impedance Standby 

CE Chip Enable Input Program L H Data In 

OE Output Enable Input 

Vpp Program Supply Voltage 

Program 
H * 21V 6V High Impedance Active 

Inhibit 

Vee Vee Supply Voltage (+ 5V) Program 
L L Data Out 

GND Ground Verify 

Note * : H or L 
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* (Ta=25"C, f= 1 MHz) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

CIN Input Capacitance VIN=OV - 4 6 pF 

COUl Output Capacitance VOUl=OV - 8 12 pF 

* This parameter is periodically sampled and is not 100% tested. 

HIGH Z HIGH Z 
DATA OUTPUTS 

PROGRAM OPERATION 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.2 - 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 20.5 21.0 21.5 V 

(Ta=25±5"C, Vee=6V±0.25, Vpp=21V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

III Input Current VIN=O-Vee - - ±10 #A 

VOH Output High Voltage IOH=-400#A 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=21.5V - - 30 mA 
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T1\II1VI272~Q D ,-15 
TIVIM27256DI·20 

SYMBOL ITEM 

Vee Vee Power Supply Voltage 

Vpp Program Supply Voltage 

VIN Input Voltage 

VI/O Input/Output Voltage 

Po Power Dissipation 

TSOLOER Soldering Temperature' Time 

TSTG Storage Temperature 

TOPR Operating Temperature 

READ OPERATION 

SYMBOL PARAMETER 

VIH Input High Voltage 

VIL Input Low Voltage 

Vee Vee Power Supply Voltage 

Vpp Vpp Power Supply Voltage 

SYMBOL PARAMETER 

III Input Current 

Icc 1 Supply Current (Standby) 

lce2 Supply Current (Active) 

VOH Output High Voltage 

VOL Output Low Voltage 

IpPl Vpp Current 

ILo Output Leakage Current 

RATING 

-0.6-7.0 

-0.6-22.0 

-0.6-7.0 

-0.6-7.0 

1.5 

260·10 

-65-125 

-40-85 

MIN. TYP. MAX. 

2.2 - Vee+1.0 

-0.3 - O.S 

4.75 5.00 5.25 

2.2 Vee Vee+0.6 

(Ta=-40-S5·C, Vee=5V±5%) 

TEST CONDITION MIN. TYP. 

VIN=O-Vee - -
CE=VIH - -

CE=VIL - -

IOH=-400J.lA 2.4 -

IOL=2. 1 mA - -

Vpp=0-Vee+O.6 - -

VOUT=O.4-Vee - -

(Ta=-40-S5·C, Vee=5V±5%, Vpp=2.2V-Vee+0.6V) 

UNIT 

V 

V 

V 

V 

W 

·C·sec 

·C 

·C 

UNIT 

V 

V 

V 

V 

MAX. UNIT 

±10 J.lA 

25 mA 

120 mA 

- V 

0.4 V 

±10 J.lA 

±10 J.lA 

TMM27256DI-15 TMM27256DI-20 
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 High-Z 

tOH Output Data Hold Time 

A. C. TEST CONDITIONS 

• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pulse Levels 
• Timing Measurement Reference Level 

TEST CONDITION 

CE =OE=VIL 

OE=VIL 

CE=VIL 

OE=VIL 

CE=VIL 

CE=OE=VIL 

1 TIL Gate and CL = 1 OOpF 
10ns Max. 
0.45V - 2.4V 

MIN. MAX. 

- 150 

- 150 

- 70 

0 60 

0 60 

0 -

Inputs O. SV and 2. OV, Outputs O. SV and 2. OV 
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MIN. MAX. 
UNIT 

- 200 ns 
- 200 ns 
- 70 ns 

0 60 ns 

0 60 ns 

0 - ns 



(Ta=25±5°C, Vee=6V±0.25V, Vpp=21V±0.5V) 

SYMBOL 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 

tos Data Setup Time 

tOH Data Hold Time 

tvs Vpp Setup Time 

tpw Initial Program Pulse Width 

topw Overprogram Pulse Width 

tov CE to Output Valid 

tOFl CE to Output in High-Z 

A. C. TEST CONDITIONS 
• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pulse Levels 
• Timing Measurement Reference Level 

TEST CONDITION 

-
-
-
-
-
-
-
-
-

CE=VIL, OE=VIH 

Note 1 

OE=\!IL 

OE==VIL 

1 TIL Gate and Cd 1 OOpF) 
10ns Max. 
0.45-2.4V 
Input 0.8V and 2.0V, Output 0.8V and 2.0V 

MIN. 

2 

2 

2 

2 

2 

2 

2 

2 

2 

0.95 

0.95 

-
-

Note: The length of the overprogram pulse may vary as a function of the counter value X . 

• (Vcc=6V±O.25V, Vpp=21V±O.5V) 

VPP 

tvs 

PROGRAM 

INITIAL PROGRAM 

PROGRAM 
VF.RIFY 

PROGRAM 

OVF.R PROGRAM 

TYP. 
-

-

-

-

-

-

-

-

-

1 

1 

-

-

Note: 1. Vee must be applied simultaneously or before Vpp and cut off simultaneously or after VPP. 

MAX. 
-

-

-
-

-

-

-

-

-

1.05 

21 

1 

150 

UNIT 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

J.ls 

ms 

ms 

J.ls 
ns 

2. Removing the device from socket and setting the device in socket with Vpp= 21 V may cause permanent 
damage to the device. 

3. The Vpp supply voltage is permitted up to 22V for program operation, 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 voltaae of its pu~se should not 
be exceeded 22V. 
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~J!t~IYFtI; •. ·~·."~ 'D; 
The TMM27256DI's erasure is achieved by ap

plying shortwavoe ultraviolet light which has a wave
length of 2537A (Angstroms) to the chip through the 
transparent window. 

Then integrated dose (ultraviolet light intensity [wi 
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 

The TMM27256DI's six operation modes are 
listed in the following table. 

BER) CE 
MODE (20) 

Read L 

Read 08eration Output Deselect * (Ta=4 -85°C) 
Standby H 

Program Program L 

Operation Program Inhibit H 

(Ta=25±5°C) Program Verify L 

Note H: VIH, L: VIL, * : VIH or VIL 

° "II,OQ,6 
The TMM27256DI 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 

C)9'TP9r·.p~~I,"-l;g'T.~c)QE 
Assuming that CE=VIH or OE=VIH,the outputs 

will be in a high impedance state. So two or more 
TMM27256Dls can be connected together on a 

>··'T.NQ.),M~P~ 
The TMM27256DI has a low power standby 

Tlode controlled by the CE signal. 
By applying a high level to the CE input, the 

rMM27256DI is placed in the standby mode which 

OE 
(22) 

L 

H 

* 
H 

* 
L 

:,TMM2702.56DI-15 
TMM27,256DI-20 

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 (20 x 60) [sec] ~ 15 [w-sec/cm 2

] .) 

The TMM27256DI's erasure begins to occur 
when ~xposed to light with wavelength shorter than 
4000A. The sunlight pnd 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 AC90 1-are available. 

Mode selection can be achieved by applying TTL 
level signal to all inputs. 

Vpp Vee 00-07 
POWER (1) (28) (11-13,15-19) 

Data Out Active 

5V 5V High Impedance Active 

High Impedance Standby 

Data In Active 

21V 6V High Impedance Active 

Data Out Active 

address access time from stabilizing of all addresses. 
The CE to output valid (teE) is equal to the address 

access time (tAee). 
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. 

reduce the operating current to 25mA from 120mA 
(about 80% reduction) by applying MOS-high level 
(Vee) and then the outputs are in a high impedance 
state. indeoendent of the OE inputs. 
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ECTRIC SIGNATURE MODE 

Electric signature mode allows reading out a code from the TMM27128AD which identifies its 
Inufacturer and device type. 

-he programming equipment may read out a manufacturer and device code from the TMM27128AD 
using this mode before program operation to 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 
3S are set to VIL in read operation. Data output in this conditions is manufacturer code. Device code 
dentified when address AO is set to VI H. These two codes possess an odd parity with the parity bit of 
;8 (07). 

The following table shows electric signature of TMM27128AD. 

~s AO 07 
IGNATURE (10) (19) 

anufacture Code V,L 1 

evice Code V,H 1 

tes: A9=12V±0.5V 
A1 ~A8, A10~A13, GE, OE=VIL 
PGM=VIH 

06 05 04 
(18) (17) (16) 

0 0 1 

1 0 1 
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03 02 01 00 HEX. 
(15) (13) (12) (11) DATA 

1 0 0 0 98 

0 0 1 1 03 



TMM27128AO-15, TMM27128AD~150 
TMM27128AO-20, TMM2712SAO-200 

HIGH SPEED PROGRAM MODE FLOW CHART 

ADDRESS = 
NEXT ADDRESS 

OVERPROGRAM 3X PULSES OF Imsec 
OR ONE PULSE OF 3X msec DURATION 

NO 
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Electric signature mode allows to read out a code 
from TMM27256DI which identifies its manufacturer 
and device type. 

The programming equipment may read out man
ufacturer code and device code from TMM27256DI 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algor
ithm. 

Electric Signature mode is set up then 1 2V is 

Ao 07 06 05 ~~ SIGNATURE (10) (19) (18) (17) 

Manufacture Code VIL 1 0 0 

Device Code VIH 1 0 0 

Notes: Ag= 12V±0. 5V 
A1-As, A1O-A14, CE, OE=VIL 

37.7MAX. 

a9TYP. 

19 18 17 16 15 

R 0 64 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

2.54±025 

Note 1 

1.3±025 

+015 
046-010 

applied to address line A9 and the rest of address 
lines is set to VIL in read operation. Data output in 
this conditions is manufacturer code. Device code is 
identified when address Ao is set to VIH 

These two codes possess an odd parity with the 
parity bit of MSB (07). 

The following table shows electric signature of 
TMM27256DI. 

04 03 02 01 00 HEX. 
(16) (15) (13) (12) (11) DATA 

1 1 0 0 0 98 

1 0 1 0 0 94 

Unit in nun 

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. 

-446-



TOSBI'U:,_".EMORY PRODUCTS 
32,768 WORD X 8 BIT N-MOS UV 
ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY 
MEMORY 

PRELIMINARY 

DESCRIPTION 

TMM27256AO-15, TMM27256AO-150 
TMM27256AO-20, TMM27256AO-200 

The TMM27256AD is a 32,768 word X 8 bit ultraviolet light erasable and electrically programmable read only memory. 
For read operation, the TMM27256AD's access time is 150ns/200ns, and the TMM27256AD 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 TMM27256AD is 
fabricated with the N-channel silicon double layer gate MOS technology. 

FEATURES 

-15 I -20 -150 I -200 • Fully static operation 

Vcc 5V±5% 5V±10% • High speed programming mode 

tACC 150ns J 200ns 150ns I 200ns • Inputs and outputs TTL compatible 

ICC2 100mA 100mA 

ICC1 30mA 30mA 

PIN CONNECTION 

VPP[:2-;b vcc 
A122 276 A14 

A7 3 26 P A13 

A6d4 25 b A8 
A5d 5 24 b A9 

A4 A11 

A3 OE 

A2 A10 

A1 CE 

AO 07 

00 06 

01 05 

02 04 

GND O~ 

PIN NAMES 

Ao~A14 Address Inputs 

00 ~07 Outputs (I nputs) 

CE Chip Enable Input 

OE Output Enable Input 

Vpp Program Supply Voltage 

VCC VCC Supply Voltage (+5V) 

GND Ground 

• Pin compatible with i27256 

• Standard 28 pin DIP cerdip package 

BLOCK DIAGRAM 

Vpp GND vcc 00 01 02 03 04 05 06 07 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 

A10 
A11 
A12 
A13 
A14 

MODE SELECTION 

~ CE 
MODE (20) 

Read L 

Output Deselect * 

Standby H 

Program L 

Program Inhibit H 

Program Verify * 

* H or L 
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OE Vpp Vec 00~07 POWER 
(22) (1 ) (28) (11 ~1 3, 1 5~19) 

L Data Out Active 
H 5V 5V High Impedance 

* High Impedance Standby 

H Data In 

H 12.5V 6V High Impedance Active 

L Data Out 



* (Ta=25"C, f= 1 MHz) 

'MBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

N Input Capacitance VIN=OV - 4 6 pF 

)UT Output Capacitance VOUT=OV - 8 12 pF 

his pararnater is periodically sampled and is not 100% tested. 

AO-A14 

HIGH Z 
00-07 

OGRAM OPERATION 

,··.·QI·····.Ri~QiYtM~·~'.~P.·QP.~ATjN~.~Qf,jO·ITI(iij$: 

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 20.5 21.0 21.5 V 

.,I(Ta=25±5"C, Vee=6V±0.25V, Vpp=21V±0.5V) 

'MBOL 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 rnA - - 0.4 V 

Icc Vee Supply Current - - - 100 mA 

IpP2 Vpp Supply Current Vpp=21 .5V - - 30 mA 
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TMM272560-'15 
TMM272560-,20 

SYMBOL 

Vee Vee Power Supply Voltage 

Vpp Program Supply Voltage 

VIN Input Voltage 

VI/O Input/Output Voltage 

Po Power Dissipation 

ITEM 

TSOLOER Soldering Temperature· Time 

TSTG Storage Temperature 

TOPR. Operating Temperature 

READ OPERATION 

D "0 RECOMMENDEDQPERATINGCONDITIONS "; ~ .. : ~ ,:"4! 

SYMBOL PARAMETER MIN. 

VIH Input High Voltage 2.0 

VIL Input Low Voltage -0.3 

Vee Vee Power Supply Voltage 4.75 

Vpp Vpp Power Supply Voltage 2.0 

SYMBOL PARAMETER TEST CONDITION 

III Input Current VIN=O-Vee 

Icel Supply Current (Standby) CE=VIH 

lee2 Supply Current (Active) CE=VIL 

VOH Output High Voltage IOH=-400j.lA 

VOL Output Low Voltage IOL=2.1 mA 

IpPl Vpp Current Vpp=0-Vee+0.6 

ILO Output Leakage Current VouT=0.4-Vee 

RATING 

-0.6-7.0 

-0.6-22.0 

-0.6-7.0 

-0.6-7.0 

1.5 

260·10 

-65-125 

0-70 

TYP. 

-

-
5.00 

Vee 

MIN. 

-

-
-

2.4 

-

-

-

(Ta=0-70°C, Vee=5V±5%, Vpp=2.0V-Vcc+0.6V) 

MAX. 

Vee+ 1.0 

0.8 

5.25 

Vee+0.6 

TYP. MAX. 

- ±10 

- 25 

- 100 

- -

- 0.4 

- ±10 

- ±10 

TMM27256D-15 TMM27256D-20 
SYMBOL PARAMETER 

tAce Address Access Time 

teE CE to Output Valid 

tOE OE to Output Valid 

tOFl CE to Output in High-Z 

tOF2 OE to Output in High-Z 

tOH Output Data Hold Time 

A C Test Conditions 

• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pulse Levels 
• 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-2.4V 

MIN. MAX. 

- 150 

- 150 
- 70 

0 60 

0 60 

0 -

Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 

-43.2-

MIN. MAX. 
- 200 
- 200 

- 70 

0 60 

0 60 

0 -

UNli 

V 

V 

V 

V 

W 

°C'se 

°C 

°C 

I 

UNI~ 
V 
V, I 
V 

V 

UN 

j.lf 

m, 

m, 

V 

V 

j.ll 

j.ll 

ur 

r 

r 

r 

r 

r 

r 



PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 VCC+1.0 

VIL Input Low Voltage -0.3 0.8 V 
VCC Vce Power Supply Voltage 5.75 6.0 6.25 

VPP VPP Power Supply Voltage 12.0 12.5 13.0 

D.C. AND OPERATING CHARACTERISTICS (Ta=25±5°C, VCC=6V±O.25V, Vpp=12.5V±O.5V) 
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

III Input Current VIN=O~VCC ±10 !LA 

VOH Output High Voltage IOH=-400!LA 2.4 V 

VOL Output Low Voltage IOL =2.1mA 0.4 V 

ICC VCC Supply Current 120 mA 

IpP2 VPP Supply Current Vpp=13.0V 50 mA 

VID A9 Auto Select Voltage 11.5 12.0 12.5 V 

A.C PROGRAMMING CHARACTERISTICS (Ta=25±5°C, VCC=6V±O.25V, Vpp=12.5V±O.5V) 
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

tAS Address Setup Time 2 f.1.s 

tAH Address Hold Time 2 f.1.s 

tCES CE Setup Time 0 ns 
--

tCEH CE Hold Time 0 ns 

tOES OE Setup Time 2 f.1.S 

tos Oata Setup Time 2 f.1.s 

tOH Oata Hold Time 2 f.1.S 

tvps Vpp Setup Time 2 f.1.s 

tvcs VCC Setup Time 2 jls 

tpw Initial Program Pulse Width CE=VIL,OE=VIH 0.95 1 1.05 ms 

topw Overprogram Pulse Width Note 1 2.85 3 78.75 ms 

tOE OE to Output Valid CE=VIH 150 ns 

tOFP OE to Output in High-Z CE=VIH 130 ns 

A.C. TEST CONDITIONS 

• Output Load 1 TTL Gate and CL (1 OOpF) 

• Input Pulse Rise and Fall Times 10ns Max. 

• Input Pulse Levels 0.45V-2.4V 

• Timing Measurement Reference Level Input 0.8V 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. 

-450-



>TM:M27256A[J~1:5,TMM27256AD·150 
TMM27256AD~20,TMM27256AD·200 

TIMING WAVEFORMS (PROGRAM) 

(VCC=6V±O.2SV, Vpp=12.SV±O.SV) 

AO ~ 14 

tOFP 

00 ~ 07 

Vpp 

Vee PROGRAM PROGRAM VERIFY 

Note: 1. Vee must be applied simultaneously or before Vpp and cut off simultaneously 
or after Vpp. 

2. Removing the device from or setting the device into a socket with V'pp=12.5V 
may cause permanent damage to the device. 

3. The Vpp supply voltage is permi.tted up to 14V for program operation. So a 
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 pulse should 
not exceed 14V. 
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ERASURE CHARACTERISTICS 

The TMM27256AD's erasure is achieved by applying shortwave ultraviolet light which has a 
wavelength 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. Using commercial lamps whose 
ultraviolet light intensity is a 12000 [/-tw/cm2] will reduce the exposure time to about 20 minutes. (In 
this case, the integrated dose is 12000 [/-tw/cm2j X (10 X 60) [sec] 3;:; 15 [w . sec/cm2].) 

The TMM27256AD'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 TMM27256AD's six operation modes are listed in the following table. Mode selection can be 
achieved by applying TIL level signal to a" inputs. 

) CE OE vpp vcc OO~O7 POWER 
MODE (20) (22) (1 ) (28) (11 ~13, 15~19) 

Read L L Data Out Active 
Read Operation 

Output Deselect * H 5V 5V High Impedance Active 
(Ta=O~70'C) 

Standby H * High Impedance Standby 

Program L H Data In Active 
Program Operation 

Program Inhibit H H 12.5V 6V High Impedance Active 
(Ta=25±S'C) 

Program Verify * L Data Out Active 

* : Don't Care 

READ MODE 

The TMM27256AD 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 
the stabilization of a" 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 

When CE=VIH or OE=VIH, the outputs wi" be in a high impedance state. So two or more 
TMM27256AD'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. 



TMM27256AO-15,TMM27256AO-150 
TMM27256AO-20, TMM27256AO-200 

STANDBY MODE 

The TM M27256AD has a low power standby mode controlled by the CE signal. 

By applying a high level to the CE input, the TMM27256AD is placed in the standby mode which 
reduces the operating current to 30mA from 1 OOmA (about 70% reduction) and the outputs are in a high 
impedance state, independent of the OE inputs. 

PROGRAM MODE 

Initially, when received by customers, all bits of the TMM27256AD are in the "1" state which is the 
erased state. 

Therefore the program operation is to introduce "O's" data into the desired bit locations by 
electrically programming. 

The TMM27256AD is in the programming mode when the Vpp input is at 12.5V and CE is at TIL
Low level under OE=VIH. 

The TMM27256AD 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 into the device. 

The verify is accomplished with OE at VIL and CE at VIH or VIL. 

PROGRAM INHIBIT MODE 

Under the condition that a program voltage (+12.5V) is applied to Vpp terminal, a TTL high level CE 
input inhibits the TMM27256AD from being programmed. 

Programming of two or more TMM27256AD's in parallel with different data is easily accomplished. 
That is, all inputs except for CE or OE may be commonly connected, and a TIL Low level program pulse 
is applied to the CE of the desired device only and TIL high level signal is applied to the other devices. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by using the 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 the CE input after 
addresses and data are stable. Then the programmed data is verified by using Program Verify Mode. 

If the programmed data is not correct, another program pulse of 1 ms is applied and then 
programmed data is verified. This should be repeated until the program verifies (max. 25 times). 

After correctly programming the selected address, the additional program pulse with width equal to 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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TMM27256AD .. 1':fi,T"'fla,72SSA£>.150 
TMM27'256AD~20,: TM"M'27256AD-200 

HIGH SPEED PROGRAM MODE FLOW CHART 

ADDRESS = 
NEXT ADDRESS 

OVERPROGRAM 3X PULSES OF Imsec 
OR ONE PULSE OF 3X msec DURATION 

NO 
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TMM27256AD-15, TMM27256AD-150 
TMM27256AD-20, TMM27256AD-200 

ELECTRIC SIGNATURE MODE 

Electric signature mode allows reading out a code from the TMM27256AD which identifies its 
manufacturer and device type. 

The prognmming equipment may read out a manufacturer and device code from the TMM27256AD 
by using this mode before program operation to 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 the 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 codes possess an odd parity with the parity bit of 
MSB (07). 

The following table shows electric signature of TMM27256AD. 

~ AO °7 06 Os °4 03 °2 °1 00 HEX. 
SIGNATURE (10) (19) (18) (17) (16) (15) (13) (12) (11 ) DATA 

Manufacture Code VIL 1 0 0 1 1 0 0 0 98 

Device Code VIH 0 1 0 1 0 1 0 0 54 

Notes: A9=12V±0.5V 
A1~A8, A10~A14, GE, 
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Note: 

OUTLINE DRAWINGS Unit in mm (inches) 

37.7(1.484)MAX . .. 
7.1 (.280)±0.2(.008) 

28 27 26 25 24 18 17 16 15 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

15.24(.600) ± 0.3(.012) 

1 \ 
I 

025(.010)~g:1~(:gg; I 
.. 17.4 (.685) MAX. .. 

Note 2 Note 1 

2.54(.1 00)±0.25(.01 0) 1.3(.051 )±0.25(.01 0) 

o 46( 018) +0.15(.006) 
. . -0.10(.004) 

~ ... ----

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. 



TOSHIBA MOS MEMORY PRODUCTS 
65,536 WORD X 8 BIT N-MOS UV 
ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY 
MEMORY 
PRELIMINARY 

DESCRI PTION 

TMM27512D-20, TMM27512D-200 
TMM27512D-25, TMM27512D-250 

The TMM27512D is a 65,536 word X 8 bit ultraviolet light erasable and electrically programmable read only memory. 
For read operation, the TMM27512D's access time is 200ns/250ns, and the TMM27512D 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 TMM27512D is 
fabricated with the N-channel silicon double layer gate MOS technology. 

FEATURES 

-20 I -25 -200 I -250 FEATURES 

VCC 5V±5% 5V±10% • Fully static operation 
• High speed programming mode 

tACC 200ns I 250ns 200ns I 250ns • Inputs and outputs TTL compatible 

ICC2 100mA 100mA 

ICC1 30mA 30mA 

PIN CONN ECTION 

A15 VCC 
A12 A14 

A7 A13 

A6 A8 

A5 A9 

A4 A11 

A3 OENpp 

A2 A10 

A1 CE 

AO 07 

00 06 

01 05 

02 04 

GND 03 

PIN NAMES 

AO ~ A12 Address Inputs 

00 ~ 07 Outputs (Inputs) 

CE Chip Enable Input 

OE Output Enable Input 

PGM Program Control Input 

N.C. No Connection 

Vpp Program Supply Voltage 

VCC VCC Supply Voltage (+5V) 

GND Ground 

• Pin compatible with i27512 
• Standard 28 pin DIP cerdip package 

BLOCK DIAGRAM 

Vpp GND vcc 00 01 02 03 04 05 06 07 

AO 
A1 
A2 
A3 
A4 
A5 
A6 
A7 
A8 
A9 

A10 
A11 
A12 
A13 
A14 
A15 

MODE SELECTION 

~ PGM 
MODE (27) 

Read H 

Output Deselect * 

Standby * 

Program L 

* 
Program Inhibit 

H 

Program Verify H 

* Don't Care 
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CE 
(20) 

L 

* 

H 

L 

H 

L 

L 

OE vPP vce OO~O7 POWER 
(22) (1 ) (28) (11 ~13, 15~19) 

L Data Out 
Active 

H 5V 5V High Impedance 

* High Impedance Standby 

* Data In 

* High Impedance 
Active 12.5V 6V 

H High Impedance 

L Data Out 



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 

VIIO Input I Output Voltage -0.6-7.0 V 

Po Power Dissipation 1.5 W I 
TSOLDER Soldering Temperature . Time 260·10 "e· sec 

TSTG Storage Temperature -65-125 "e 

TOPR Operating Temperature 0-75 °e 

READ OPERATION 

D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER TMM27512D·20/25 TMM27512D·200/2S0 

Ta Operating Temperature 0-70 o e 0-70 o e 

Vee Vee Power Supply Voltage 5V±5% 5V±10% 

Vpp Vpp Power Supply Voltage 2.0-Vec+0.6V 2.0-VCC+0.6V 

D.C. AND OPERATING CHARACTERISTICS 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT 

III Input Current VIN=O-VCC ±10 IlA I 
ILO Output Leakage Current VOUT=O.4-VCe ±10 IlA 

ICC1 Supply Current (Standby) CE =VIH 30 mA ! 

ICC2 Supply Current (Active) CE=VIL 100 mA : 

VIH Input High Voltage 2.0 VCC+1.0 V 

VIL Input Low Voltage -0.3 0.8 I V 

VOH Output High Voltage IOH=-4OOIlA 2.4 V 

VOL Output Low Voltage IOL =2.1 mA 0.4 V 

IpP1 Vpp Current Vpp=0-VCC+0.6V ±10 IlA 
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TM M27 51 2D;'20,TMM27 5120-200 
TMM275120-25,TM:M27512D-250 

A.C. CHARACTERISTICS 

SYMBOL PARAMTER 

tACC Address Access Time 

tCE CE to Output Valid 

tOE OE to Output Valid 

tDF1 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 
• Timing Measurement Reference Level 

CAPACITANCE *(Ta=25°C, f=1 MHz) 

SYMBOL PARAMETER 

CIN1 Input Capacitance 

CIN2 OE /Vpp Input Capacitance 

COUT Output Capacitance 

TMM27512D·20/200 TMM27512D·25/250 

MIN. MAX. MIN. 

200 

200 

70 

0 60 0 

0 60 0 

0 0 

1 TTL Gate and CL =100 pF 
10ns Max. 
0.45V~2.4V 

MAX. 

250 

250 

100 

90 

90 

Inputs O.BV and 2.0V, Outputs O.BV and 2.0V 

TEST CONDITION MIN. TYP. MAX. 

VIN=OV 4 6 

VIN=OV 50 60 

VOUT=OV 8 12 

* This parameter is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS (READ) 

tCE 

tOE 

00-07 HIGH Z 
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UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

UNIT 

pF 

pF 

pF 



PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. 

VIH Input High Voltage 2.0 VCC+1.0 

VIL Input Low Voltage -0.3 0.8 

VCC VCC Power Supply Voltage 5.75 6.0 6.25 

VPP VPP Power Supply Voltage 12.0 12.5 13.0 

D.C. and OPERATING CHARACTERISTICS (Ta=25±5°C, VCC=6V±O.25V, Vpp=12.5V±O.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. 

III Input Current VIN=O~VCC 

VOH Output High Voltage IOH=-400}J.A 2.4 

VOL Output Low Voltage IOL =2.1mA 

ICC VCC Supply Current 

IpP2 VPP Supply Current Vpp=13.0V 

VID A9 Auto Select Voltage 11.5 12.0 

A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, VCC=6V±O.25V, Vpp=12.5V±O.5V) 

SYMBOL PARAMETER 

tAS Address Setup Time 

tAH Address Hold Time 

tOES o E /Vpp Setup Time 

tOEH o E /Vpp Hold Time 

tpRT o E /Vpp Pulse Rise Time 

tos Oata Setup Time 

tOH Oata Hold Time 

tVR o E /Vpp Recovery Time 

tvcs VCC Setup Time 

tpw Initial Program Pulse Width 

topw Overprogram Pulse Width 

tov Oata Valid from C E 

tOFP o E 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 

C E=VI L, 0 E/Vpp=Vpp 

Note 1 

o E/VpP=VIL 

C E=VIH 

1 TTL Gate and CL (1 OOpF) 
10ns Max. 
0.45V~2.4V 

MIN. 

2 

2 

2 

2 

50 

2 

2 

2 

2 

0.95 

2.85 

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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TYP. 

1 

3 

UNIT 

V 

V 

V 

V 

MAX. UNIT 

±10 }J.A 

V 

0.4 V 

120 mA 

50 mA 

12.5 V 

MAX. UNIT 

}J.s 

}J.s 

}J.s 

}J.s 

ns 

}J.s 

}J.s 

}J.s 

}J.s 

1.05 ms 

78.75 ms 

1 }J.s 

130 ns 



T;MM275120-20, TM;M~75120"200 
TMM275120-25, TMM27512D-250 

TIMING WAVEFORMS (PROGRAM) 

(VCC=6V±O.25V, Vpp=12.5V±O.5V) 

AO-A15 

OE/Vpp 

tDS 

00-07 DIN STABLE 

Vee tves 
PROGRAM 

tDH tov 

PROGRAM VERIFY 

Note 1. Vee must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp=12.5V may cause 
permanent damage to the device. 

3. The Vpp supply voltage is permitted up to 14V for program operation. So the voltage over 14V 
should 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 TMM27512D's erasure is achieved by applying shortwave ultraviolet light which has a 
wavelength of 2537 A (Angstroms) to the chip through the transparent window. Then integrated dose 
(ultraviolet light intensity [w/cm2] X exposure time [sec.]) for erasure should be a minimum of 15 
[w· sec/cm2]. 
When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 60 minutes. And using commercial lamps whose 
ultraviolet light intensity is a 12000 [fLw/cm2] will reduce the exposure time to about 20 minutes. (In this 
case, the integrated dose is 12000 [fLw/cm2] X (10 X 60) [sec] ==' 15 [w· sec/cm2].) 
The TMM27512D's erasure begins to occur when exposed to light with wavelength shorter than 4000A. 
The sunlight and the fluorescent 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 TMM27512D's six operation modes are listed in the following table. Mode selection can be 
achieved by applying TTL level signal to all inputs. 

~) CE OE/Vpp vCC °0-°7 POWER 
MODE (20) (22) (28) (11-13,15-19) 

Read L L Data Out Active 

Read Operation 
Output Deselect * H 5V High Impedance Active 

(Ta=O-70'C) 
Standby H * High Impedance Standby 

Program L Vpp Data In Active 
Program Operation 

Program Inhibit H Vpp 6V High Impedance Active 
(Ta=25±5'C) 

Program Verify L L Data Out Active 

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) control the output buffers, independent of device selection. Assuming that 
CE=OE=VI L 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 DESE LECT MODE 

Assuming that CE=VIH or OE=VIH, the outputs will be in a high impedance state. So two or more 
TMM27512D'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 

TMM27512D-20, TMM27512D-200 
TMM27512D-25, TMM27512D-250 

The TMM27512D has a low power standby mode controlled by the CE signal. By applying a high 
level to the CE input, the TMM27512D is placed in the standby mode which reduce the operating 
current to 30mA from 100mA (about 70% reduction) by applying TTL-high level (VCC) and then the 
outputs are in a high impedance state, independent of the OE inputs. 

PROGRAM MODE 

Initially, when received by customers, all bits of the TMM27512D 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 TMM27512D is in the programming mode when the Vpp input is at 12.5V and CE is at TTL-Low 
level under OE=VIH. 
The TMM27512D 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 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 TMM27512D from being programmed. 
Programming of two or more TMM27512D's in parallel with different data is easily accomplished. That 
is, all inputs except for CE and OE may be commonly connected, and a TTL Low level program pulse is 
applied to the CE of the desired device only and TTL high level signal is applied to the other devices. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by using this high speed programming mode. The device 
is set up in the high speed programming mode when the programming voltage (+12.5V) is applied to 
the Vpp terminal with VCC=6V. 
The programming is achieved by applying a single TTL low level 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 pulse of 1 ms 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 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. 
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HIGH SPEED PROGRAM MODE FLOW CHART 

OVERPROGRAM 3X PULSES OF 1 msec 
OR ONE PULSE OF 3X msec DURATION 

NO 

-464-:-



TMM2'75120·2'O~ :TMM275
c

12'O-200 
TMM275120-25,TMM27!)120-250 

ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TMM27512D which identifies its manu
facturer and device type. 
The programming equipment may read out manufacturer code and device code from TMM27512D by 
using this mode before program operation automatically set program voltage (Vpp) and algorithm. 
Electric Signature mode is set up when 12V is applied to address line A9 and the rest of address lines 
is set to VIL in read operation. Data output in this conditions is manufacturer code. Device code is 
identified when address AO is set to VIH. These two codes possess an odd parity with the parity bit of 
MSB (07.) 
The following table shows electric signature of TMM27512D. 

~ AO °7 06 °5 °4 03 02 01 00 HEX. 
SIGNATURE (10) (19) (18) (17) (16) (15) (13) (12) (11 ) DATA 

Manufacture Code VIL 1 0 0 1 1 0 0 0 98 

Device Code VIH 0 0 0 1 0 1 0 1 15 

Notes: A9=12V±0.5V 
A1 ~A8, A1 0~A15, eE, OE=VIL 
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OUTLINE DRAWING 

RO.64 (.025) 

Ci) 
C\J 
q 
r::::
ei 
+1 
<D 
C\J 

37.7(1.484)MAX. 

I
'" 
28 27 26 25 24 23 22 21 20 19 18 17 16 15 

8.9(.350)TYP. 

1 234 567 8 9 10 11 12 13 14 

2.54(.1 00)±0.25(.O 10) 1.3(.051 )±O.25(.0 10) 
Note 1 ----t*H...-----

o 46( 018) +0.1 5(.006) 
. . -0.10(.004) 

Unit in mm (inches) 

I 15,24(,600)±0,3(,01 2) I 
; : 

o 25( 010) +0.15(.006) 
, ' -0,10(,004) I 
17.4(.685)MAX. ~ 

Note 2 

Note 1. Each lead pitch is 2.54mm. All leads are located within O.25mm of their true longitudinal 
position with respect No.1 and No. 28 leads. 

2. This value is measured at the end of leads. 
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TOSHIBAMOSMEMORY·:PRUIJUtts 
32,768 WORD X 8 BIT CMOS UV ERASABLE AND 
ELECTRICALLY PROGRAMMABEL READ ONLY 
MEMORY 

IQiSl'., 
The TC57256D is a 32,768 word x 8 bit CMOS 

ultraviolet I ight erasable and electrically programmable 
read only memory. For read operation, the TC 
57256D's access time is 200ns, and the TC57256D 
operates from a single 5-volt power supply and has 
low power standby mode which reduces the power 
dissipation without increasing access time. The 
standby mode is achieved by applying a TTL-high 
level signal to the CE input. Advanced CMOS techn
nology reduces the maximum active current to 30 

• Peripheral circuit: CMOS 
Memory cell : N-MOS 

• Low power d issi pat ion 
30mA/5MHZ (active) 
100llA (standby) 

• Fast access time TC57256D-20 200 ns 
TC57256D-25 250 ns 

Ao ",A14 

0 0 -07 

CE 

OE 

Vpp 

Vcc 

GND 

Address Inputs 

Outputs (Inputs) 

28 Vee 

27 A14 

26 Al3 

25 As 

Chip Enable Input 

Output Enable Input 

P~ogram Supply 
Voltage 

Vcc Supply Voltage 
(+5V) 

Ground 

~ MODE 

Read 

Output Deselect 

Standby 

Program 

Program Inhibit 

Program Verify 

* . H or L 

TC57256D-20 
TC57256D-25 

SILICON STACKED GATE MOS 

mA/5MHz and standby current to 1001lA. 
For program operation, the programming is achieved 

by using the high speed programming mode. Program 
supply voltage is 21 V which is the same voltage as 
TMM2764D and TMM27128D. The programming of 
TC57256D is accomplished within about one and a 
half minutes (typ.) TC57256D is fabricated with the 
CMOS technology and the N-channel silicon double 
layer gate MOS technology. 

• Single 5V power supply 
• Full static operation 
• High speed programming mode 
• Inputs and outputs TTL compatible 
• Piri compatible with ROM TC53257P and 

TMM23256P 
• Standard 28 pin DIP cerdip Package 

Vpp GNO Vee 00 01 02 03 04 05 06 07 

CE OE Vpp Vcc 0 0 -07 

(20) J22) (1) (28) (11_13,15_19) 
POWER 

L L 5V Data Out 

* H 5V 5V High Impedance 
. Active 

H * 5V High Impedance Standby 

L H Data In 

H * 21V 6V High Impedance Active 

L L Data Out 
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SYMBOL ITEM RATING 

Vee Vee Power Supply Voltage -0.6_ 7.0 

Vpp Program Supply Voltage -0.6_22.0 

Y,N Input Voltage -0.6 -7.0 

V, 10 Input/Output Voltage -0.6 - Vee + 0.5 
Po Power Dissipation 1.5 

TSOLDER Soldering Temperature Time 260·10 

TSTRG Storage Temperature -65 _125 

TOPR Operating Temperature -40 -85 

SYMBOL PARAMETER MIN. TYP. MAX. 
V,H Input High Voltage 2.2 - Vee +0.3 

V,L Input Low Voltage -0.3 - 0.8 

Vee Vee Power Supply Voltage 4.75 5.00 5.25 
Vpp Vpp Power Supply Voltage 2.0 Vee Vee + 0.3 

(Ta = -40 - 85°C, Vee = 5V ±5%) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. 

III Input current Y,N =O-Vee - - ±10 

lee01 Operating Current CE =0 
I f == 5MHz - - 30 

leeo2 I f == 1 MHz - - 10 

Ices 1 Standby Current 
CE = V,H - - 1 

lees2 CE = Vee -0.2V - - 100 

VOH Output High Voltage IOH = - 4OOIJA 2.4 - -
VOL Output Low Voltage IOL = 2.1mA - - OA 
IpPl Vpp Current Vpp = 0 ........ Vee + 0.3V - - ±10 

ILO Output,Leakage Current VOUT = OAV ........ Vee - - ±10 

(Ta = -40 ........ 85°C, Vee = 5V ± 5%, Vpp = 2.0V - Vee + 0.3V) 

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 High-Z 

tOH Output Data Hold Time 

A. C. TEST CONDITIONS 

Output Load 
Input Pulse Rise and Fall Times 
I nput Pulse Levels 
Timing Mesurement Reference Level 

TEST CONDITION 
TC57256D-20 

MIN. 
CE = OE = VIL -
OE = V,L -
CE ==V'L -
OE ==V'L 0 
CE == V,L 0 
CE = OE = V,L 0 

1 TTL Gate and CL = 100pF 
10 ns Max. 
0.45 - 2.4V 

MAX. 
200 
200 

70 
60 
60 
-

TC57256D-25 
MIN. MAX. 

- 250 
- 250 
- 100 
0 90 
0 90 
0 -

Inputs O.BV and 2.0V, Outputs O.BV and 2.0V 
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UNIT 
V 
V 
V 
V 

W 
°c . sec 

°c 
°c 

UNIT 

V 
V 
V 
V 

UNIT 

IJA 
mA 
mA 
mA 

/JA 
V 
V 

IJA 
IJA 

UNIT 

ns 
ns 
ns 
ns 
ns 
ns 



CAPACITANCE *(Ta = 25°C, f = 1MHz) 

SYMBOL PARAMETER TEST CONDITION 

CIN I nput Capacitance VIN = OV 

COUT Output Capacitance VOUT = OV 

*This parameter is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS (READ) 

tee 

toe 

PROGRAMOPEAATION 
D.C. RECOMMENDED OPERATING CONDITONS 

SYMBOL PARAMETER 

VIH Input High Voltage 

VIL I nput Low Voltage 

Vcc Vce Power Supply Voltage 

Vpp Vpp Power Supply Voltage 

MIN. 
-

-

MIN. 
2.2 

-0.3 
5.75 

20.5 

TC57256D-20 
TC57256D-25 

TYP. MAX. UNIT 
4 6 pF 
8 12 pF 

TYP. MAX. UNIT 
- Vcc + 0.3 V 
- 0.8 V 
6.0 6.25 V 

21.0 21.5 V 

D.C. and OPERATINtlCHARACTERISTICS (Ta = 25 ±5°C, Vee = 6V ±0.25V, Vpp = 21V ±0.5) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

III I nput Current VIN = 0", Vee - - ±10 IJ.A 

VOH Output High Voltage IOH = -400IJ.A 2.4 - - V 

VOL Output Low Voltage IOL = 2.1 mA - - 0.4 V 

Ice Vcc Supply Current - - - 30 mA 

IpP2 Vpp Supply Current Vpp = 21.5V - - 30 mA 

A.C. PROGRAMM1NGCHARACTER1STICS (Ta = 25 ± 5°C, Vee = 6V ± 0.25V, Vpp = 21 V ± 0.5) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

tAS Address Setup Time - 2 - - IJ.s 
tAI-l Address Hold Time - 2 - - J.Ls 
teES CE Setup Time - 2 - - IJ.s 
tCEH CE Hold Time - 2 - - IJ.s 
tOES OE Setup Time - 2 - - IJ.s 
tOEH OE Hold Time - 2 - - IJ.s 
tos Data Setup Time - 2 - - IJ.s 
tOH Data Hold Time - 2 - - IJ.S 
tvs Vpp Setup Time - 2 - - IJ.s 
tpw I nitial Program Pulse Width CE = VIL. OE = VIH 0.95 1 1.05 ms 

toPW Overprogram Pulse Width Note 1 0.95 1 21 ms 
tDV CE to Output Valid OE = VIL - - 1 J.Ls 
tOF1 CE to Output in High-Z OE = VIL - - 150 ns 
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A. C. TEST CONDITIONS 

Output Load 
Input Pulse Rise and Fall Times 
Input Pulse Levels 
Timing Measurement Reference Level 

1 TTL Gate and CL (100pF) 
10 ns Max. 
0.45 -- 2.4V 
Input O.8V and 2.0V, Output 0.8V and 2.0V 

Note 1: The length of the overprogram pulse may vary as function of the counter value X. 

l[~'IIIfQ;jll~'':I'. 
(Vee = 6V ±O.25V, Vpp = 21V ± O.5V) 

VPP 

tvs 

PROGRAM 

INITIAL PROGRAM 

PROGRAM 
VERIFY 

PROGRAM 

OVER PROGRAM 

Note: 11} Vee must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 
12} Removing the device from socket and setting the device in socket with Vpp = 21 V may cause per

manent 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 pluse should not be exceeded 22V. 
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ERASURE CHARACTERISTICS 
The TC57256D's erasure is achieved by applying 

shortwave ultraviolet light which has a wavelength 
of 2537 A (Angstroms) to the chip through the trans
parent window. 

Then integrated does (ultraviolet light intensity 
[w/cm2] x exposure time [sec.]) for erasure should 
be a minimum of 15 [w·sec/cm2]. 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. And using commercial lamps whose 

OPERATION INFORMATION 
The TC57256D's six operation modes are listed 

in the following table. Mode selection can be achieved 

CE OE 
MODE (20) (22) 

Read Operation 
Read L L 

(Ta = -40 _ 85°(:) 
Output Deselect * H 
Standby H * 

Program Operation 
Program L H 

(Ta = 25 ±5°C) 
Program1nhibit H * 
Program Verify L L 

Note: H; VIH. L; VIL •• ; VIH or VIL 

READ MODE 
The TC57256D has two control functions. The 

chip enable (CE) controls the operation power and 
should be used for device selection. 

The output enable (OE) control the output 
Quffers, independent of device selection. Assuming 
that CE = OE = VIL. the output data is valid at the 
outputs after address access time from stabilizing of 

TC572:56D~20 
TC57256D-25 

ultraviolet light intensity is a 12000 [/Jw/cm2] will 
reduce the exposure time to about 20 minutes. (In 
this case, the integrated does is 12000 [/Jw/cm2] x 
(20 x 60) [sec.] ~ 15 [w.sec!cm2 J .) 

The TC57256D'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 seal Toshiba EPROM Protect 
Seal AC901 is available. 

by applying TTL level signal to all inputs. 

Vpp Vcc 0 0 ,..,07 POWER 
(1 ) (28) (11-13.15-19) 

Data Out Active 
5V 5V High Impedance Active 

High Impedance Standby 
Data In Active 

21V 6V High Impedance Active 
Data Out Active 

all addresses. 
The CE to output valid (tCE) is equal to the 

ad dress access time (!aCC). 
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 OE. 
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't10TPUT!DllltICT'MODI, 
Assuming thatCE = VIH or OE = VIH, the outputs 

will be in a high impedance state. So two or more 
TC57256D's can be connected together on a common 

STANDBY MOO:!;" 
The TC57256D has a low power standby mode 

controlled by the CE signal. By applying a high 
level to the CE input, the TC572560 is placed in 
the standby mode which reduce the operating current 

PROGRAM MOD & 
Initially, when received by customers, all bits 

of the TC572560 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 electri
cally 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 

(+21 V) is applied to Vpp terminal, a high level CE 
inRut inhibits the TC572560 from being programmed . 

• Programming of two or more TC572560s 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 (+21 V) is applied to 
the Vpp terminal with Vee = 6V. 

The programming is acheived 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 pulse of 1 ms is applied and the programmed 

bus line. When CE is decoded for device selection, 
all deselected devices are in low power standby mode. 

to 100pA by applying MOS-high level (Vee) and then 
the outputs are in a high impedance state, independent 
of the OE inputs. 

The TC572560 is in the programming mode when 
the Vpp input is at 21 V and CE is at TTL-Low under 
OE = VIH. 

The TC572560 can be programmed any location 
at anytime eitehr individually, sequentially, or at 
random. 

The varify is accomplished with DE and CE at 
VIL· 

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 signa! is applied to the other devices. 

data is verified. This should be repeated until the 
program operates correctly (max. 20 times). 

After correctly programming the selected address, 
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 varified with Vee = Vpp 
= 5V. 

This high speed program algorithm allows the pro
gramming of the TC572560 to be accomplished 
within one and a half minutes (typ.). 
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ADDRESS = 
NEXT ADDRESS 

OVERPROGRAM X PUI.SES OF 1 msec 
OR ONE PULSE OF Xml8C DURATION 
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tC!i;: 
1iC5:7~.>,. ~.., 

EleCfRlcS'CNATOAEMODE 
Electric signature mode allows to read out a 

code from TC57256D which identifies its manu
facturer and device type. 

The programming equipment may reads out 
manufacturer code and device code from TC57256D 
by using this mode before program operation and 
automatically set program voltage (Vpp) and algorithm. 

Electric Signature mode is set up when 12V is 

~ 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 
Al - As, Alo - A14, CE, OE = VIL 

OUTLINE·DRAWINGS 
37.7 MAX. 

8.9 TYP. 

RO.64 

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 VIH. These 
two codes possess an odd parity with the parity bit 
of MSB (07), 

The following table shows electric signature of 
TC57256D. 

04 03 02 0, 00 HEX. 
(16) (15) (13) (12) (11 ) DATA 

1 1 0 0 0 98 

0 0 1 0 0 04 

Unit In mm 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

.... 
d 
+1 
N 
M 

2.54 ±0.25 1.3 ±O.25 

O.46~:~g 
Note' 

l '··2

4±O.3 ~ 

I. 

~'2 • .;g:lg 1 

17.4 MAX. 
I 

Note 2 

Note: 1. 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. 

2. This value is meesured at the end of leads. 
3. All dimensions are in millimeters. 

A""7Q 
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TOSHIBA MOS . MEMORY PRODU.CTS 
TMM2464AP 

!DESCRIPTIONI 

The Tl-lM2464AP / AF is a 8,192 word x 8 bit one time programmable read only memory, 
and molded in a 28 pin plastic DIP. 
The T~m2464AP/AF's access time is 200ns, and has low power standby mode which reduces 
the power dissipation without increasing access time. 
The electrical characteristics and programming method are the same as U.V. EPROM 
TMM2764AD's. 
Once progra~ed, the TMM2464AP/AF can not be erased because of using plastic DIP 
without transparent window. 

!FEATURESI 

o Single 5 volt power supply 
o Fast access time: 200ns (Max.) 
o Power dissipation: 100mA(active current) Max. 

30mA(standby current) Max. 
o Low power standby mode: CE 
o Output buffer control : ITE 
o Fully static operation 

o High speed programming mode 
o Single location programming 
o Three state outputs 
o Inputs and outputs TTL compatible 
• Compatible with TMM2764AD and ROM 

TMM2365P, TC5365P., 
o 28 PIN standard plastic package 

TIftJ.2464AP 
o 28 PIN flat package: TMH2464AF 

IPIN CONNtCIIONI (TOP VIEW) 

Vpp 1 
iBLOCK DIAGRAHI 

A12 
A7 

A6 
AS 
At", 

AS 
A2 

Al 
AO 

00 
01 
02 

IPIN NAMEsl 
AO tV A12 Address Inputs 
00 tV 07 Outputs (Inputs) 

Vce 
Pm! 
N.C. 

A8 
A9 
n.:l 
CE 
A10 
GEl 

07 
06 
05 
04 
03 

Ir.1OoE SELECTION I 

AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
A9 

A10 
All 
A12 

PGH 
CE Chip Enable Input ~ MODE (27) 
OE Output Enable Read H Input 

Program Control Output Deselect * 
PGM 

Input Standby * 
N.C. No Connection Program L 

Program Supply Vpp * Voltage Program Inhibit 

VCC VCC Supply H 
Voltage (+5V) Program Verity H 

GND Ground *: 
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GND 

-

CE OE Vpp 
(20) (22) (1) 

L L 

* H 5V 

H * 
L * 
H * 
L H 

~2.5v 

L L 

H or L 

VCC 
(28) 

5V 

6V 

00 01 02 0:3 04 05 06 07 

ARRAY 
8192x8 bi ts 

00 tV 07 POHER 
(11 tV 13,15 tV 19 
Data Out 

Active 
High Impedance 

High Impedance Standby 

Data In 

High Impedance 
Active 

High Impedance 

Data Out 



MAXIMUM RATINGS 

SYHBOL ITEM RATING UNIT 

VCC VCC Power Supply Voltage -0.6 IV 7.0 V 
Vpp Program Supply Voltage -0.6 'V 14.0 V 

VIN Input Voltage -0.6 IV 7.0 V 

VOUT Output Voltage -0.6 IV 7.0 V 

PD Power Dissipation 1.5 W 

TSOLDER Soldering Temperature· Time 260 • 10 °c • sec 

TSTRG • Storage Temperature -55 'V 150 °c 

TOPR • Operating Temperature o IV 70 °c 

READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIR Input High Voltage 2.0 - VCC+l.O 

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 2.0 Vee VCC+0.6 

D.C. and OPERATING CHARACTERISTICS 
(Ta=O IV 70°C, VCC=5V±5%, Unless othert.,ise noted) 

SYMBOL PARAMETER TEST C011HTION MIN. TYP. MAX. UNIT 

ILl Input Current VIN=O 'V Vce - - ±10 J,lA 

ICC1 Supply Current (Standby) CE=VIH - - 30 rnA 

ICC2 Supply Current (Active) CE=V1L - - 100 rnA 

VOH Output High Voltage IOH=-400J,lA 2.4 - - V 

VOL Output Low Voltage IOL=2.1mA - - 0.4 V 

IpP1 Vpp Current Vpp=O 'V V CC+O • 6 - - ±10 J,lA 

11.0 Output Leakage Current V OUT=O • 4 V 'V V CC - - ±10 J,lA 
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TMM2464AP 

A.C. CHARACTERISTICS 

(Ta=0"-'70°C, Vcc=5V±5%, Vpp=2.0V"-'VCC+0.6V, Unless otherwise noted) 

SYHBOL PARAMETER MIN. MAX. UNIT 

tACC Address Access Time - 200 ns 

tCE CE to Output Valid - 200 ns 

tOE OE to Output Valid - 70 ns 
tpGM PGH to Output Valid - 70 ns 

tDFI CE to Output to High-Z 0 60 ns 
tDF2 OE to Output to High-Z 0 60 ns 
t DF3 PGX to Output High-Z 0 60 ns 
tOR Output Data Hold Time 0 - ns 

AC TEST CONDITIONS 
• Output Load I TTL Gate and CL=IOOpF 
• Input Pulse Rise and Fall Times IOns Max. 
• Input Pulse Levels 0.45V to 2.4V 
• Timing Measurement Reference Level: Inputs 0.8V znd 2.0V, Outputs O.8V and 2.0V 

CAPACITANCE * (Ta=25°C, f=l~rnz) 

SYHBOL PAR..<\}fETER TEST CDr,'Tl)ITION MIN. TYP. I MAX. UNIT 

eIN Input Capacitance VIN=OV - 4 I 6 pF 

COUT Output Capacitance VOUT=OV - 8 ! 12 pF 

* This parameter is periodically sampled and is not 100% tested. 

TItHNG WAVEFORHS 

AO-l:.l2 =x ~ I teE 

,\\\~'W M#/$~ CE 

! 
I 

/w~~;@/~ tOE 

,\\\~\\\~ CE 

I 
I I 

tpGM 

pm!' ~ 
t.t..CC 

HIGH Z HIGH Z 
00-07 
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HIGH SPEED PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. HAX. UNIT 
VIR Input High Voltage 2.0 - VCC+1.0 V 

VIL Input Low Voltage -0.3 - 0.8 V 

Vce VCC Power Supply Voltage 5.75 6.0 6.25 V 
Vpp Vpp Power Supply Voltage 12.0 12.5 13.0 V 

D.C. and OPERATING CHARACTERISTICS (Ta=25±5°C, Vce=6V±0.25V, Vpp=12.5V±0.5V) 

SYMBOL PARAMETER TEST CO~i)ITION MIN. TYP. MAX. UNIT 
ILl Input Current VIN=O", Vee - - ±10 lJA 
VOR Output High Voltage I OH=-400lJA 2.4 - - V 

VOL Output Low Voltage IOL=2.lrnA - - 0.4 V 

ICC VCC Supply Current - - - 100 rnA 

IpP2 Vpp Supply Current Vpp=13.0V - - 50 rnA 

A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, Vec=6V±0.25V, Vpp=12.5V±0.5V) 

SYMBOL PARA..~TER TEST CONDITION MIN. TYP. MAX. UNIT 

tAs Address Setup Time - 2 - - lJs 

tAH Address Hold Time - 2 - i - lJS 

tCES eE Setup Time - 2 - - lJS 

tCEH CE Hold Time - 2 - - lJS 
tDS Data Setup Time - 2 - - lJs 

tDH Data Hold Time - 2 - - lJS 

tvs VPP Setup Time - 2 - - lJs 
tpw Program Pulse Width - 0.95 1.0 1.05 ms 
topw Additional Program Pulse Width Note 1 2.85 3.0 78.75 ms 
tOE OE to Output Valid - .- - 100 ns 
tDF2 OE to Output in High-Z CE=VIL - - 90 ns 

A.C. TEST CONDITIONS 
• Output Load 1 TTL Gate and CL (lOOpF) 
• Input Pulse Rise and Fall Time IOns Hax. 
• Input Pulse Levels 0.45V and 2.4V 
• Timing Measurement Reference Level: Input 0.8V and 2.0V, Output 0.8V and 2.0V 

Note 1: topw depend on the program pulse width which is required in the initial 
program. 
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TIMING WAVEFORMS (HIGH SPEED PROGruu~) 

ADDRESSES 

00-07 UNKNOWN Din STABLE 

I tDs I tDs 

I 

~I 1 r tOPW 

I 
I I 

I 

Vpp l////;,rbJ I 
I I PReORAl( 

?~OG;t.:'J.! VE.'l:tIFY PROGRAM 

INITIAL PROGRAM ADDITIONAL PRoaruuA 
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. 

I 

3. The Vpp supply voltage is permitted up to l4V for program operation, 
so the voltage over l4V should not be applied to the Vpp terminal. 

When the switching pulse voltage is applied to the Vpp terminal, the 
overshoot voltage of its pulse should not be exceeded l4V. 
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OPERATION INFORMATION 
The TMM2464AP/AF's six operation modes are listed in the following table. 

Mode selection can be achieved by applying TTL level signal to all inputs. 
In the read operation mode, a single 5V power supply is required and the 
levels required for all inputs are TTL. 

~ 
-- CE OE Vpp VCC PGH 00 'V 07 
(27) (20) (22) (1) (28) (11 'V 13, 15 'V 19) 

READ Read H L L Data Out 
OPERATION Output Deselect * * H 5V 5V High Impedance 
(Ta=O'V 70°C) Standby * H * High Impedance 

Program L L * Data In 
PROGRAH 
OPERATION * H * High Impedance 

Program Inhibit l2.5V 6V 
H L H High Impedance 

(Ta=25±5°C) 
Program Verify H L L Data Out 

Note: H; VIH, *; VIR or VIL 

READ r~ODE 

POWER 

Active 

Active 

Standby 

Active 

Active 

Active 

Acti\?e 

The TMM2464AP/AF has three control functions. The chip enable (CE) controls 
the operation pOvTer 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 PG~=VIH, the output data is valid at the outputs 
after address access time from stabilizing of all addresses. 
The GE to output valid (tCE) is equal to the address access time (tACC). 
Assuming that 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 tpGH from the rising edge of PGM. 

OUTPUT DESELECT MODE 
Assuming that CE=VIH or OE=VIH, the outputs will be in a high impedance state. 

So two or more T~~12464AP/AF can be connected together on a common bus line. 
tmen CE is decoded for device selection, all deselected devices are in lmv power 
standby mode. 

STANDBY MODE 

The THH2464AP/AF has a low power standby mode controlled by the CE signal. 
By applying a TTL high level to the CE input, the T~~12464AP/AF is placed in the 
standby mode which reduce the operating current from 100mA to 30mA, and then the 
outputs are in a high impedance state, independent of the OE and the PGM inputs. 
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PROGRAM VERIFY MODE 
The verify mode is to check that the desired data is correctly programmed 

on the programmed bits. 

The verify is accomplished with OE and CE at VIL and PGM at VIR. 

PROGRAM INHIBIT MODE 
Under the condition that the program voltage (+12.5V) is applied to Vpp 

terminal, a high level CE or PG11 input inhibits the TMN2464AP / AF from being 

programmed. Programming of two or more T~~f2464AP/AF in parallel with different 

data is easily accomplished. That is, all inputs except for CE or PGM may be 

commonly connected, and a TTL low level program pulse is applied to the CE and 

PGM of the desired device only and TTL high level signal is applied to the 

other devices. 

HIGH SPEED PROGRA~1MING MODE 
The device is set up in the high speed programming mode when the program

ming voltage (+12.5V) is applied to the V?? terminal with VCC=6V and PGM=V1H. 

The programming is achieved by applying a single TTL low level lms pulse the 

PGM input after addresses and data are stable. Then the programmed data is 

verified by using Program Verify Hode. 

If the programmed data is not correct, another program pulse of lms is applied 

and then programmed data is verified. This should be repeated until the pro

gram 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. 
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HIGH SPEED PROGRAM MODE FLOW CHART 

ADDRESS -
NEXT ADDRESS 

OVERPROGRAM 3X PULSES OF lms~ 
OR ONE PULSE OF 3Xmsec DURATION 

NO 
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IELECTRIC SIGNATURE MODEl 

Electric signature mode allows to read out a code from T~m2464AP/AF 

which identifies its manufacturer and device type. 

The programming equipment may reads out manufacturer code and device code from 

TM}12464AP/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 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 TMM2464AP/AF. 

~ AO 07 06 05 04 03 02 01 00 REX 
SIGNATURE (10) (19) (18) (17) (16) (15) (13) (12) (11) DATA 

Manufacture Code VIL 1 0 0 1 1 0 0 0 98 

Device Code VIR 0 1 0 1 0 0 1 0 52 

Notes: A9=12V±O.SV 

Al 'V A8, AlO'V A12, CE, OE=VIL PGH=VIH 
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OUTLINE DRAWINGS (T~r2464AP) 

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 

2.54(.1 00)±0.25(.01 0) 

0.5(.020)±0.15(.006) 

1.4(.055)±0.15(.006) 

it 5.2~600ITYP. ,I 

0 25(010)+0.1 (.004) 
. . -0.05(.002) 

I 17.4(.685)MAX. I • • 

Note 1. Each lead pitch is 2. 54!!'.!!!. All leads are locG.tec "dthin O. 2S!Z!l 

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 (TMM2464AF) 

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 

18.9(.744)MAX. 

~ 
o 
3-
o 
+1 
~ 
o 
3-
o 

N 
o 
o 
it 
o 

TMM2464AP 

Unit in mm (inches) 

* 11.8i.465I±O.3i·01 21 I ~~ ~ 14 · 
d~ ~ 

.. I 1..,.5i.059I±O.4i.O 161 

Note: Lead pitch is 1.27 and tolerance is ±O.12 against theoreticai 

center of each lead that is obtained on the basis of No.1 and 

No.28 leads. 
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IOESCRI PTIONI 

The TMM24l28AP / AF is a 16,384 word x 8 bit one time programmable read only memory, 
and molded in a 28 pin plastic DIP. ~lli24l28AP/AF's access time is 200ns, and has 
low power standby mode which reduces the power dissipation without increasing access 
time. The electrical characteristics and programming method are the same as U.V. 
EPROM TMM27l28AD's. Once programed, the TMM24128AP/AF can net be erased because of 
using plastic DIP without transparent window. 

IFEATURESI 

• Single 5 volt power supply • Single location programming 
• Fast access time: 200ns (Max.) • Three state outputs 
•. Power dissipation: 100mA (active current) Max. • Inputs and outputs TTL compatible 

30mA(standby current) Max. • Compatible with TMM27l28AD and 
MASK ROM TMM23l28P • Low power standby mode: CE 

• Output buffer control : OE 
• Fully static operation 
• High speed programming mode 

• 28 PIN standard plastic package 
: ~1M24l28AP 

• 28 PIN flat package: TMM24l28AF 

\BL-oCK OIAGRAf41 
Vee 
Pml 
A1S 
A8 

A5 A9 
A4 All 
AS IDT 
.402 

Al alI 
AO 07 

00 06 

01 05 
02 04 

GND 03 

IPIN NAMESI 
AO 'V A13 Address Inputs 
DO 'V D7 Outputs (Inputs) 

CE Chip Enable 
Input 

OE Output Enable 
Input 

PGM Program Control 
Input 

Program Supply Vpp Voltage 

VCC Supply 
Vce Voltage (+5V) 
GND Ground 

Vpp GND Vee 

AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
A9 

AIO 
All 
Al2 
A13 

IMOOE SELECTION I 

~ MODE 

Read 
Output Deselect 
Standby 
Program 

Program Inhibit 

Program Verify 

PGM 
(27) 
H 

* 
* 
L 

* 
H 

H 
*: 
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CE OE VPP 
(20) (22) (1) 

L L 

* H 5V 
H * 
L * 
H * 
L H ~2.5V 

L L 
H or L 

00 010203040506 07 

16,384 X 8 bit 

Vec 00 'V 07 
POweR 

(.28) (11 'V 13,15 'V "19) 

Data Out 
Active 

5V High Impedance 
High Impedance Standby 

Data In 
High Impedance 

6V Active 
High Impedance 

Data Out 



MAX IMUM RATINGS 

SYMBOL ITEM RATING UNIT 

VCC VCC Power Supply Voltage -0.6'V7.0 V 

Vpp Program Supply Voltage -0.6'V 14.0 V 

VIN Input Voltage -0.6'V7.0 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 O'V 70 °c 

READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 - VCc+l. O V 

VIL Input Low Voltage -0.3 - 0.8 V 

VCC VCC Power Supply Voltage 4.75 5.00 5.25 V 

Vpp Vpp Power Supply Voltage 2.0 Vee Vec+O· 6 V 

D.C. and OPERATING CHARACTERISTICS 
(Ta=O'V 70°C, VCC=5V±5% Unless otherwise noted) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 
ILl Input Current VIN=O 'V VCC - - flO lolA 

ICCI Supply Current (Standby) CE=VIH - - 30 mA 

ICC2 Supply Current (Active) CE=VIL - - 100 mA 

VOH Output High .Voltage IOH=-4OOlolA 2.4 - - V 

VOL Output Low Voltage IOL=2.lmA - - 0.4 V 

IpPl Vpp Current Vpp=O 'V VCC+O.6 - - flO lolA 

ILO Output Leakage Current VOUT=0.4V'V VCC - - flO lolA 



A.C. CHARACTERISTICS 
(Ta=0'U70°C, VCC=SV±S%, Vpp=2.0V'VVCc+O.6V, Unless otherwise noted) 

SYHBOL PARAMETER MIN. MAX. UNIT 

tACC Address Access Time - 200 ns 

tCE E[ to Output Valid - 200 ns 

tOE OE to Output Valid - 70 ns 
tpGM PGM to Output Valid - 70 ns 

tDFl CE to Output in High-Z 0 60 ns 
tDF2 OE to Output in High-Z 0 60 ns 

tDF3 PGM to Output in High-Z 0 60 ns 
tOH Output Data Hold Time 0 - ns 

A.C. TEST CONDITION 
• Output Load 1 TTL Gate and CL=lOOpF 
• Input Pulse Rise and Fall Time IOns Max. 
• Input Pulse Levels 0.45V to 2.4V 
• Timing Measurement Reference Level: Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V 

CAPACITANCE * (Ta=25°C, f=IMHz) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

CIN Input Capacitance VIN=OV - 4 6 pF 

COUT Output Capacitance VOtrr-OV - 8 12 pF 

* This parameter is periodically sampled is not 100% tested. 

TIMING WAVEFORMS 

4 AO-Al.3 

tCE 

rl CE ~\\\\'i 
I 

tOE 
OE 

tPG!O{ 

roM 

tACC 

HIGH Z HIGH Z 
00-07 DATA OUTPUTS 
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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 - VCc+1.0 V 

VIL Input Low Voltage -0.3 - '0.8 V 

VCC VCC Power Supply Voltage 5.75 6.0 6.25 V 
Vpp Vpp Power Supply Voltage 12.0 12.5 13.0 V 

D.C. and OPERATING CHARACTERISTICS (Ta=25±5°C, VCc=6V±0.25V, Vpp=12.5V±0.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 
ILl Input Current VIN=O '" VCC - - ±10 llA 
VOH Output High Voltage ~OH"'-400llA 2.4 - - V 

VOL Output Low Voltage I OL=2.lIDA - - 0.4 V 
ICC VCC Supply Current - - - 100 IDA 

IpP2 Vpp Supply Current Vpp"'13.0V - - 50 mA 

A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, Vcc=6V±0.25V, Vpp=12.5V±0.5V) 
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT 

tAS Address Setup Time - 2 - - llS 
tAB Address Hold Time , - 2 - - lls 
tCES CE Setup Time - 2 - - lls 

teEn CE ?old. Ti:::.e - 2 - - ~s 

tDS Data Setup Time - 2 - - lls 
tDH Data Hold Time - 2 - - lls 
tvs Vpp Setup Time - 2 - - llS 
tpw Program Pulse Width - 0.95 1.0 1.05 ms 

topw Additional Program Pulse Width Note 1 2.85 3.0 78.75 ms 

tOE OE to Output Valid - - - 100 ns 

tDF2 OE to Output in High-Z CE=VIL - - 90 ns 

A.C. TEST CONDITIONS 
Output Load 1 TTL Gate and CL(lOOpF) 
Input Pulse Rise and Fall Time IOns Max. 
Input Pulse Levels O.45V and 2.4V 
Timing Measurement Reference Level: Input 0.8V and 2.0V, Output 0.8V and 2.0V 

Note 1: topw depens on the program pulse width which is required in the initial 
program. 
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TIMING WAVEFORMS (HIGH SPEED PROGRAM) 

t 

Din STABLE 

tOPW 

VPP 
tvs 

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 l4V for program opera
tion, so the voltage over l4V should not be applied to the Vpp 
terminal. 

When the switching pulse voltage is applied to the Vpp terminal, 
the overshoot voltage of its pulse should not be exceeded l4V. 
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OPERATION INFORMATION 
The TMM24l28AP/AF's six operation modes are listed in the following table. 

Mode selection can be achieved by applying TTL level signal to all inputs. 
In the read operation mode, a single 5V power supply is required and the levels 
required for all inputs are TTL. 

--------- PGM CE OE Vpp VCC 00'" 07 
POW~:H 

(27) (20) (22) (1) (28) (11",13, 15", 19) .- --.-
READ Read H L L Data Out Activ2 
OPERATION Output Deselect * * H 5V 5V High Impedance Active 
(Ta=O", 70°C) Standby * H * High Impedance Standby 

--
PROGRAM Program L L * Data In Active 

OPERATION * H * High Impedance Active 
Program Inhibit l2.5V 6V 

(Ta=25±5°C) H L H High Impedance Active 

Program Verify H L L Data Out Active 

Note: H; VIH, 

READ MODE 
The TMM24l28AP/AF 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 selecticn. 
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. 
The CE to output valid~CE) 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 CE. 
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=VIH or OE=VIH, the outputs will be in a high impedance state. 

So two or more TMM24l28AP/AF 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 TMM24l28AP/AF has a low power standby mode controlled by the CE signal. 

By applying a TTL high level to the CE input, the TMM24l28AP/AF is placed in the 
standby mode which reduce the operating current from 100mA to 30mA, and then the 
outputs are in a high impedance state, independent of the OE and the PGM inputs. 
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PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is correctly programmed 

on the programmed bits. 

The verify is accomplished with OE and CE at VIL and PGM at VIR. 

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 being 

programmed. Programming of two or more TMM24128AP/AF in parallel with different 

data is easily accomplished. That is, all inputs except for CE or PGM may be 

commonly connected, and a TTL low level program pulse is applied to the CE and 

PGM of the desired device only and TTL high level signal is applied to the other 

devices. 

HIGH SPEED PROGRAMMING MODE 

The device is set up in the high speed programming mode when the programm

ing 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 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 lms is applied 

and then programmed 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 w~dth 3 times that needed for programming is applied. 

w~en programming has been completed, the data in all addresses should be 

verified with VCC=Vpp=5V. 
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HIGH SPEED PROGRAM MODE FLOW CHART 

ADDRESS -
NEXT ADDRESS 

OVERPROGRAM 3X PULSES OF lmsec 
OR ONE PULSE OF 3Xmsec DURATION 

NO 
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TMM24128AP 

IELECTRIC SIGNATURE MODEl 

Electric signature mode allows to read out a code from TMM24l28AP/AF which 

identifies its manufacturer and device type. 

The programming equipment may reads out manufacturer code and device code from 

TMM24l28AP/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 con

ditions is manufacturer code. Device code is identified when address AO is set 

to VIH' These two codes possess an odd parity with the parity bit of MSB (07). 

The following table shows electric signature of TMM24l28AP/AF. 

~ 
AO 07 06 05 04 03 02 01 00 HEX. 

SIGNATURE (10) (19) (18) (17) (16) (15) (13) (12) (11) DATA 

Manufacture Code VIL 1 0 0 I 1 0 0 0 98 

Device Code VIH I I 0 I 0 0 I I D3 

Notes: A9=12V±0.5V 

AI'\. A8, AlD '\ .. A13, cr, CE=VIL PGH=VIH 
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TMM24128AP 

OUTLINE DRAWINGS (TMM24128AP) 

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 

37.4(1.472)MAX. 1;;'5.24
1
.
600

llYP. ,I 

0.5(.020)±0.1 5(.006) 

1.4(.055)±0.1 5(.006) 
2.54(.1 00)±0.25(.0 10) 

I 17.4(.685)MAX. I . ~ 

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 (TMM24l28AF) 

28 27 26 25 24 23 22 21 20 19 18 17 16 15 

2 3 4 5 6 7 8 9 10 11 12 13 14 

18.9(.744)MAX. 

~ 
o 
3-
ci 
+1 
~ 
o 
3-
ci 

N 
o 
q 
lj) 
o 

TMM24128AP 

Unit in mm (inches) 

~~ ~ ".B(.465)±O.3(.O,2) I 
lj) I- ~ 
d~ ~ 

.1 L 1.5(.059)±O.4(.O 16) 

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 
32,763 WORD X 8 BIT ONE TIME 
PROGRAMMABLE READ ONLY MEMORY 

SILICON STACKED GATE MOS 

OESCRI PTION 

TM M24256AP/ AF 

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. 
The electrical characteristics and programming method are the same as U.V. EPROM TMM27256AD's. 
Once programmed, the TMM24256AP/AF can not be erased because of using plastic DIP without transparent window. 

FEATURES 

• Fast access time : 200ns 
• Low power dissipation 

Active : 1 00 mA 
Standby : 30 mA 

• Single 5V power supply 

PIN CONNECTION (TOP VIEW) 

vPP VCC 

A12 A14 

A7 A13 

A6 A8 

AS Ag 

A4 A11 

A3 OE 

A2 AlO 

A1 CE 

Ao °7 
00 06 

01 Os 

02 04 

GND 03 

PIN NAMES 

Ao~A14 Address Inputs 

00~07 Outputs (Inputs) 

CE Chip Enable Input 

OE Output Enable Input 

VPP Program Supply Voltage 

VCC VCC Supply Voltage (+SV) 

GND Ground 

• Fully static operation 
• High speed programming mode 
• Inputs and outputs TTL compatible 
• Pin compatible with ROM TC53257P, TMM23256P, 

EPROM TMM27256D/AD and TC57256D 
• Standard 28 pin DIP plastic package: TMM24256AP 
• Plastic Flat Package : TMM24256AF 

BLOCK DIAGRAM 

vpp GND VCC 03 04 Os 06 07 

OE 

CE 

AO 
A1 
A2 
A3 
A4 
As 
A6 
A7 MEMORY CELL 
A8 ARRAY 
Ag 32,768X8 bits 

A10 
A11 
A12 
A13 
A14 

MODE SELECTION 

~ ',CE OE Vpp VCC 00~07 POWER 
MODE (20) (22) (1 ) (28) (11 ~13, 1 5~19) 

Read L L Data Out Active 
Output Deselect * H SV SV High Impedance 

Standby H * High Impedance Standby 

Program L H Data In 

Program Inhibits H H 12.SV 6V High Impedance Active 

Program Verify * L Data Out 

* H or L 
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TMM24256AP/ AF 
MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

VCC VCC Power Supply Voltage -0.6-7.0 V 

Vpp Program Supply Voltage -0.6~14.0 V 

VIN Input Voltage -0.6-7.0 V 

VI/O Input I Output Voltage -0.6-7.0 V 

Po Power Dissipation 1.5 W 

TSOLDER Soldering Temperature 260·10 °C'sec 

TSTG Storage Temperature -55~150 °c 

TOPR Operating Temperature 0-70 °c 

READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 VCC+1.0 V 

VIL Input Low Voltage -0.3 0.8 V 

VCC VCC Power Supply Voltage 4.75 5.00 5.25 V 

Vpp Vpp Power Supply Voltage 2.0 VCC VCC+0.6 V 

D.C. and OPERATING CHARACTERISTICS (Ta=O~70°C, VCC=5V±5%) 

SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT 

III Input Current VIN=O-VCC ±10 JJ.A 

ICC1 Supply Current (Standby) CE =VIH 30 mA 

ICC2 Supply Current (Active) CE =VIL 100 mA 

VOH Output High Voltage IOH=-400,uA 2.4 V 

VOL Output Low Voltage IOL =2.1mA 0.4 V 

IpP1 Vpp Current Vpp=0-VCC+0.6V ±10 JJ.A 

ILO Output Leakage Current VOUT=O.4V-VCC ±10 JJ.A 
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TMM24256AP/AF 
A.C. CHARACTERISTICS (Ta=O~70°C, VCC=5V±5%, Vpp=2.0V~VCC+O.6V) 

SYMBOL PARAMETER 

tACC Address Access Time 

tCE CE to Output Valid 

tOE OE to Output Valid 

tDF1 CE to Output in High-Z 

tDF2 OE to Output in High-Z 

tOH Output Data in Hold Time 

A.C. TEST CONDITIONS 

• Output Load 
• Input Pulse Rise and Fall Times 
• I nput Pulse Level 

TEST CONDITION MIN. 

CE=OE=VIL 

OE=VIL 

CE=VIL 

OE=VIL 0 

CE=VIL 0 

CE=OE=VIL 0 

1 TTL Gate and CL =100 pF 
10ns Max. 
0.45V~2.4V 

MAX. 

200 

200 

70 

60 

60 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

• Timing Measurement Reference Level Inputs O.BV and 2.0V, Outputs O.BV and 2.0V 

CAPACITANCE * (Ta=25°C, f=1 MHz» 

SYMBOL PARAMETER TEST CONDITION 

CIN Input Capacitance VIN=OV 

COUT Output Capacitance VOUT=OV 

* This parameter is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS 

(READ) 

HIGH Z 

MIN. TYP. 

4 

8 

MAX. UNIT 

6 pF 

12 pF 



PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

~ 

SYMBOL PARAMETER MIN. TYP. MAX. 

VIH Input High Voltage 2.0 VCC+1.0 

VIL Input Low Voltage -0.3 0.8 

VCC VCC Power Supply Voltage 5.75 6.0 6.25 

VPP VPP Power Supply Voltage 12.0 12.5 13.0 

D.C. and OPERATING CHARACTERISTICS (Ta=25±5°C, VCC=6V±O.25V, Vpp=12.5V±O.5V) 

SYMBOL PARAMETER TEST CONDITION MIN. TYP. 

III Input Current VIN=O-VCC 

VOH Output High Voltage IOH=-400pA 2.4 

VOL Output Low Voltage IOL =2.1mA 

ICC VCC Supply Current 

IpP2 VPP Supply Current Vpp=13.0V 

VID A9 Auto Select Voltage 11.5 12.0 

A.C. PROGRAMMING CHARACTERISTICS (Ta=25±5°C, VCC=6V±O.25V, Vpp=12.5V±O.5V) 

SYMBOL PARAMETER 

tAS Address Setup Time 

tAH Address Hold Time 

tCES CE Setup Time 

tCEH CE Hold Time 

tOES OE Setup Time 

tos Oata Setup Time 

tOH Oata Hold Time 

tvps VPP Setup Time 

tvcs VCC Setup Time 

tpw Initial Program Pulse Width 

topw Overprogram Pulse Width 

tOE OE to Output Valid 

tOFP OE to Output in High-Z 

A.C. TEST CONDITIONS 

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 CL (100pF) 
10ns Max. 
0.45V-2.4V 

MIN. TYP. 

2 

2 

0 

0 

2 

2 

2 

2 

2 

0.95 1 

2.85 3 

Input O.BV and 2.0V, Output O.BV 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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UNIT 

V 

MAX. UNIT 

±10 pA 

V 

0.4 V 

120 mA 

50 mA 

12.5 V 

MAX. UNIT 

Jls 

Jls 

ns 

ns 

JlS 

JlS 

Jls 

JlS 

JlS 

1.05 ms 

78.75 ms 

150 ns 

130 ns 



TIMING WAVEFORMS (PROGRAM) 

(VCC=6V±O.25V, Vpp=12.5V±O.5V) 

vPP 
tvps 

vcc tvcs 

TMM24256AP/AF 

PROGRAM PROGRAM VERIFY 

Note 1. Vee must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

2. Removing the device from socket and setting the device in socket with Vpp=12.5V 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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T:MM24256AP/AF 
OPERATION INFORMATION 

The TMM24256AP/AF's six operation modes are listed in the following table. Mode selection can be 
achieved by applying TTL level signal to all inputs. 

~R) CE OE Vpp VCC OO~07 

MODE (20) (22) (1 ) (28) (11 ~13, 15~19) 
POWER 

Read L L Data Out Active 
Read Operation 

Output Deselect * H SV SV High Impedance Active 
(Ta=O~70'C) 

Standby H * High Impedance Standby 

Program L H Data In Active 
Program Operation 

Program Inhibit H H 12.SV 6V High Impedance Active 
(Ta=2S±S'C) 

Program Verify * L Data Out Active 

Note: H; VIH. L; VIL. *; VIH or VIL 

READ MODE 

The TMM24256AP/AF has two control functions. The chip enable (CE) controls the operation power 
and should be used for device selection. 
The output enable (OE) control the output buffers, independent of device selection. Assuming the 
CE=OE=VIL, the output data is valid at the outputs after address access time from stabilizing of all 
addresses. 
The CE to 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 
TMM24256AP/AF's can be connected together on a common bus line. When CE is decoded for device 
selection, all deselected devices are in low power standby mode. 

STANDBY MODE 

The TMM24256AP/AF has a low power standby mode controlled by the CE signal. By applying a 
high level to the CE inputs, the TMM24256AP/AF is placed in the standby mode which reduces the 
operating current to 30mA from 1 OOmA (about 70% reduction) and the outputs are in a high impedance 
state, independent of the OE inputs. 

CI"\O 



TMM24256AP/AF 
PROGRAM MODE 

Initially, when received by customers, all bits of the TMM24256AP/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 TMM24256AP/AF is in the programming mode when the Vpp input is at 12.5V and CE is at TIL
Low level under OE=VIH. 
The TMM24256AP/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 VIH or VIL. 

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 TMM24256AP/AF from being programmed. 
Programming of two or more TMM24256AP/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 TIL Low level program 
pulse is applied to the CE of the desired device only and TIL high level signal is applied to the other 
devices. 

HIGH SPEED PROGRAMMING MODE 

The program time can be greatly decreased by using this high speed programming mode. The device 
is set up in the high speed programming mode when the programming voltage (+12.5V) is applied to 
the Vpp terminal with VCC=6V. 
The programming is achieved by applying a single TIL 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 pulse of 1 ms 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 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. 
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';"::~~;:~;::~}';~;'l' ' 
"'~MWifi~56A"/AF 

HIGH SPEED PROGRAM MODE FLOW CHART 

NG 

OVERPROGRAM 3X PULSES OF 1 msec 
OR ONE PULSE OF 3X msec DURATION 

NO 
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TMM24256AP/AF 
ELECTRIC SIGNATURE MODE 

Electric signature mode allows to read out a code from TMM24256AP/AF which identifies its 
manufacturer and device type. 
The programming equipment may read out manufacturer code and device code from TMM24256AP/AF 
by using this mode before program operation 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 the address 
lines are set to VI L for read operation. Data output in this conditions is manufacturer code. Device code 
is identified when address AO is set to VIH. These two codes possess an odd parity with the parity bit 
of MSB (07) 

The following table shows electric signature of TMM24256AP/AF. 

~ Ao 07 06 05 04 03 02 01 00 HEX. 
SIGNATURE (10) (19) (18) (17) (16) (15) (13) (12) (11 ) DATA 

Manufacture Code VIL 1 0 0 1 1 0 0 0 98 

Device Code VIH 0 1 0 1 0 1 0 0 54 

Notes: A9=12V±O.5V 
A1~A8, A10~A14, CE, OE=VIL 

-511-



TMM24256AP/AF 
OUTLINE DRAWING (TMM24256AP) Unit in mm (inches) 

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 

37.4(1.472)MAX. 

025(010)+0.1 (.004) 
. . -0.05(.002) 

0.5(.020)±0.15(.006) 

1.4(.055)±0.1 5(.006) 
2.54(.1 00)±0.25(.0 10) 

I.. 17.4(.685)MAX. .! 

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. 



OUTLINE DRAWING (TMM24256AF) 

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 

18.9(.744)MAX. 

TMM24256AP/AF 

;;:r 
o 
3-
ci 
+1 
;;:r 
o 
3-
ci 

N 
o 
q 
iD 
o 

Unit in mm (inches) 

~ 11.8(.4651±O.3(.O 121 I ~~ iD ,4 ~ 

;~ ~ 
.1 1 .. 1.5(.0591±O.4(.0161 

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 
64K BIT (8K WORD X 8 BIT) MASK ROM 
N-CHANNEL SILICON GATE 

DESCRIPTION 

The TMM2365P is a 65536 bit fully static read 
only memory organized as 8192 words by 8 bits with 
a low bit cost, thus being most suitable for use in 
programming of production apparatus using micro
processor. 

The TMM2365P is fully compatible with a 64 K 
bits EPROM TMM2764D, so completely replace 
EPROM socket. 

The TMM2365P also features an automatic stand
by power mode. When deselected by Chip Enable 

FEAtURES 

• Single 5V power Supply 
• Access Ti me: 200ns max. 
• Power Dissipation 

Average Current: 1 OOmA max. 
Standby Current: 25mA max. 

• I nput and Output: TTL Compatible 

TMM2365P 

(CE 1 - 3/CE, - 3), the operating current is reduced 
from 100mA (MAX) to 25mA(MAX). Output Enable 
(OE) is effective in preventing data confliction of a 
common bus line. 

The TMM2365P is fabricated with ion implanted 
N-channel silicon gate technology. This technology 
allows a production of high performance. 

The TMM2365P is moulded in a 28 pin standard 
plastic package, 0.6 inch in width. 

• Three State Outputs: Wired OR Capability 

• Output Buffer Control: OE 
• Programmable Chip Enable: CE, ICE, , CE2 /CE 2 

CE 3 /CE 3 

Easy Memory Expansion 

• Compatible with 64K EPROM TMM2764D 

PIN CONNECTION. BLOCK. DIAGRAM 

N. c. 
Al2 2 
A7 3 
A6 4 
As 5 
A4 6 
A3 7 
A2 8 
Al 9 

Ao 10 
Do 11 
DI 12 
O2 13 

GNO 14 

PIN NAMES 
Ao '"" AI2 

Do'"" D7 

OE 

CE I /CE I ,CE 2/ 
CE2 ,CE 3 /CE 3 

N. C. 

Vec 
GND 

vee 
CEI/CEI/NC 
CE2/CE2/NC 

As 
A9 

~ Al1 
w OE 
> 
c.. AIO 
0 CE3/CE3 t: 

D7 
18 D6 

17 Ds 
16 D4 

15 D3 

Address inputs 

Data outputs 

Output enable input 

Chip enable inputs 

No connection 

Power supply terminal 

Ground 

Ao 
Al 

(/) 

A2 a: 
w 

A3 u.. 
u.. 

A4 ::J 
co 

As l-
::J 

A6 c.. 
~ 

A7 (/) 

As 
(/) 
w 

A9 
a: 
0 

AIO 
0 
<{ 

Al1 
AI2 

Vee GNO 

5 

(/) 

a: 
W 
0 
a: 
0 

8 u 
w 
0 
~ 
0 
a: 

OUTPUT BUFFERS 

COLUMN 
DECORDERS 

32x8 

MEMORY CELLS 
256 x 32 x 8 



SYMBOL ITEM RATING UNIT 

Vcc Power Supply Voltage -0.5 - 7.0 V 

VIN, VOUT I nput and Output Voltage -0.5 - 7.0 V 

TOPR Operating Temperature 0- 70 °c 

TSTG Storage Temperature -55 - 150 °c 

Tso Soldering Temperature· Time 260·10 °c • sec 

Po Power Dissipation (Ta = 70°C) 1.0 w 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

VIH I nput High Voltage - 2.0 - Vcc+ 1 V 

VIL Input Low Voltage - -0.5 - 0.8 V 

VCC Power Supply Voltage - 4.5 5.0 5.5 V 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

IIH Input High Cu.rrent VIN = 5.5V - 10 IJ.A 

IlL I nput Low Current VIN = GND - -10 IJ.A 

VOH Output High Voltage IOH = -4001J.A 2.4 - V 

VOL Output Low Voltage IOL = 3.2mA - 0.4 V 

ILO Output Leakage Current OV s: VOUT ~ Vcc -10 10 IJ.A 

ICCl Standby Current CE = 2.0V, CE = 0.8V - 25 mA 

ICC2 Average Current tcYc=200nS,IOUT=OmA - 100 mA 

SYMBOL PARAMETER MIN. MAX. UNIT 

tACC Access Time - 200 ns 

tCE Output Delay Time from CE 1-3/CE 1-3 - 200 ns 

tOE Output Delay Time from OE - 70 ns 

too Output Turn off Delay - 60 ns 

tCYC Cycle Time 200 - ns 

• Output Load : lTTL Gate + 100pF • Timing Measurement Reference Levels : 

• Input Rise and Fall Times (10% - 90%) : 5 ns 

• Input Pulse Levels : 0.8 - 2.2V 
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TMM2365P 

CAPACITAN.CE (Ta = 25°C, f = 1MHz) 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

CIN I nput Capacitance VIN = A.C. GND - 8 pF 

COUT Output Capacitance VOUT = A.C. GND - 10 pF 

Note: This parameter is periodically sampled and is not 100% tested. 

riMING WAVEFORMS 

CYC 

) ADDRESS STABLE X 
tACC 

CEI - 3 

X CEI - 3 X 
tCE 

\ I 
tOE 

too 

Do -7 /X"XIXX DATA VALID 1\. 
'WlXII~ -V 

Note: tOD is specified from DE or CE/CE, whichever occurs first. 

The TMM2365 has self substrate-bias generator 
internally. So a minimum 100~s time delay is 

required after the application of Vee (4.5 - 5.5V) 
before proper device operation is aeh ieved. 
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TMM2365P 

28 27 26 25 24 23 22 21 20 19 18 17 16 15 

R1.5 

2 3 4 5 6 7 8 9 10 11 12 13 14 

~ 37.4MAX. I ~ 

f'~--~--+--
.I~ 

2.~'O.25 .11. 
0.5±0.15 

1.4±0.15 0.2MAX. 
---~ 

Z 
~ 
N 
M 

Unit in mm 

15.24 TYP. 

025+0 .1 
. -0.05 

I. 17.4MAX. .1 
Note : Each lead pitch is 2. 54mm. All leads are located within 0.2 5mm of their true longitudinal position with respect 

to No.1 and' No. 28 leads. 
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TOSHIBA MOS MEMORY PRODUCTS 
64K BIT (8K WORD X 8 BIT) MASK ROM 
N-CHANNEL SILICON GATE MOS 

DESCRIPTION 

The TMM2366P is a 65536 bit fully static read 
only memory organized as 8192 words by 8 bits with 
a low bit cost, thus being most suitable for use in 
programming of production apparatus using micro
processor. 

The TMM2366P also features an automatic standby 
power mode. When deselected by Chip Enable (CEI 
CE), the operating current is reduced from 100mA 
(MAX) to 25mA (MAX). 

FEATURES 

• Single 5V power Supply 
• Access Time: 200ns max. 
• Power Dissipation 

Average Current: 100mA max. 
Standby Current: 25mA max. 

TMM2366P 

The TMM2366P is fabricated with ion implanted 
N-channel silicon gate technology. 
This technology allows a production of high perform
ance. 
The TMM2366P is moulded in a 24 pin standard 
plastic package, 0.6 inch in width. 

• Input and Output: TTL Compatible 
• Three State Outputs: Wired OR Capability 
• Programmable Chip Enable: CE/CE 
• Compatible with TMS4764 

PIN CONNECTION BLOCK DIAGRAM 

Ao "'" AI2 

Do"'" D7 

CE/CE 

Vee 
GND 

Address inputs 

Data outputs 

Chip enable input 

Power supply terminal 

Ground 

vee 
A8 

A9 
A\2 

CE/CE 
AIO 
All 
07 

0 6 

Ds 

0 4 

0 3 

CE/CE 

Ao 
AI 
A2 
A3 
A4 
As 

A6 
A7 
As 
A9 
AIO 
All 
AI2 

/::'"l-l 

Control 
Circuit 

vee GND 

5 

256 

Output 
Buffers 

Memory Cells 
256 x 32 x 8 



SYMBOL ITEM RATING UNIT 

Vee Power Supply Voltage -0.5-7.0 V 

VIN, VOUT Input and Output Voltage -0.5-7.0 V 

TOPR Operat i ng T em peratu re 0-70 °c 

TSTRG Storage Temperature -55 -150 °c 

TSD Soldering Temperature Time 260·10 °c • sec 

PD Power Dissipation (Ta = 70°C) 1.0 w 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

VIH Input High Voltage - 2.0 - VCc+ 1 V 

VIL Input Low Voltage - -0.5 - 0.8 V 

Vcc Power Supply Voltage - 4.5 5.0 5.5 V 

. 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

IIH Input High Current VIN = 5.5V - 10 /J.A 

IlL Input Low Current VIN = GND - -10 /J.A 

VOH Output High Voltage IOH = -400/J.A 2.4 - V 

VOL Output Low Voltage IOL = 3.2mA - 0.4 V 

I LO Output Leakage Current OV ~ VOUT ~ Vcc -10 10 /J.A 

ICCl Standby Current CE = 2.0V, CE = 0.8V - 25 mA 

leC2 Average Current tCYC = 200ns, lOUT = OmA - 100 mA 
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SYMBOL PARAMETER MIN. MAX. UNIT 

tACC Access Time - 200 ns 

tCE Output Delay Time from CE/CE - 200 ns 

too Output Turn off Delay - 60 ns 

tCYC Cycle Time 200 - ns 

• Output Load : 1TTL Gate + 100pF 

• Input Rise and Fall Times (10% '" 90%) : 5 ns 

• Input Pulse Levels : 0.8'" 2.2V 

• Timing Measurement Reference Levels : Input; 'IV and 2.0V 

Output; 0.8V and 2.0V 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

CIN Input Capacitnace VIN = AC. GND - 8 pF 

COUT Output Capacitance VOUT == AC. GND - 10 pF 

Note: This parameter is periodically sampled and is not 100% tested. 

tCYC 

)( ADDRESS STABLE ~ 
tACC 

CE 

CE/CE 
~ CE ) 

tCE too 

~r-
OATAVALIO 

~I\. 

'?ilifl\o ..=.V 

0 0 -07 

POWER ON 

The TMM2366 has a self substrate-bias generator 
internaly. So a minimum 100 ps time delay is 

required after the application of Vcc (4.5 - 5.5V) 
before proper device operation isachieved. 
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24 23 22 21 20 1 9 18 1 7 16 1 5 14 13 

R1.5 

89101112 

2.54 ± 0.25 

0.5 ± 0.15 

1.4 ± 0.15 

I 

15.24 TYP. I 
~. 

\,,----+-~1 
W 

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.24 leads. 
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TOSHIBA MOSMEMORY PRODUCTS 
128K BIT (16K WORD X 8 BIT) MASK ROM 
N-CHANNEL SILICON GATE 

DESCRIPTION 

The TMM23128P is a 131,072 bit read only 
memory organized as 16,384 words by 8 bits with 
low bit cost, thus being suitable for use in program 
memory for microprocessor and character generator. 

The TMM23128P is fully compatible with a 128K 
bits EPROM TMM27128D, so completely replace 
EPROM socket. 

The TMM23128P also features an automatic 

FEATURES 
• Fully Static Operation 
• 16,384 word x 8 bit Structure 
• Single 5V Power Supply 
• tACC = 200ns Max. 
• Topr =0-70°C 
• Icc ope == 80mA Max. 
• ICC sby = 20mA Max. 

PIN CONNECTION 

NC 

PIN NAMES 

Ao "" Au Address Inputs 

Do -07 Data Outputs 

AS 

A9 

Au 
OE 

AIO 

CE2/CE2 

07 

06 

CE I -2 /CEI- 2 Chip Enable Inputs 

OE Output Enable Input 

NC No Connection 

Vcc 5V Power Supply 

Vss Ground 

TMM23128P 

standby power mode. When deselected - by Chip 
Enable (CE1, 2/CE1, 2), the operating current is 
reduced form 80mA (Max.) to 20mA (Max.). Output 
Enable (OE) is effective in preventing data confliction 
of a common bus line. The TMM23128P is fabricated 
with ion implanted N-channel silicon gate technology. 
The TMM23128P is moulded in a 28 pin standard 
plastic package, 0.6 inch in width. 

• Input and Output TTL Compatible 
• Three State Outputs 
• Programmable Chip Enable 
• Pin Compatible with EPROM TMM27128D 
• 28 pin 600 mil. width DIP Plastic Package 

BLOCK DIAGRAM 

OEO-------------------~ 
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SYMBOL ITEM RATING UNIT 

Vce PoWer Supply Voltage -0.5 - 7.0 V 

VIN. VOUT Input and Output Voltage -0.5 -7.0 V 

PD Power Dissipation (Ta = 70°C) 1.0 w 
TOPR Operating Temperature 0-70 °c 

TSTG Storage Temperature -55 -150 °c 

TSOlDER Soldering Temperature· Time 260·10 °c . sec 

SYMBOL ITEM MIN. MAX. UNIT 

Vec Power Supply Voltage 4.5 5.5 V 

VIH Input High Voltage 2.2 Vcc + 1 V 

Vil Input Low Voltage -0.5 0.8 V 

SYMBOL ITEM CONDITIONS MIN. MAX. UNIT 

liN I nput Current OV~VIN SVcc - ±10 JJ.A 

IlO Output Leakage Current OV ~ VOUT ~ Vcc - ±10 JJ.A 

IOH Output High Current VOH = 2.4V -400 - JJ.A 

IOl Output Low Current VOL = O.4V 3.2 - mA 

Icc ope Operating Current Min. Cycle - 80 mA 

fCC sby Standby Current Note 1 - 20 mA 

Note 1: Standby state occutl when either CE1/CE lor CEz/CEZ Is disenabled. 

(Ta = 25°C, f = 1MHz) 

SYMBOL ITEM CONDITIONS MIN. MAX. UNIT 

CIN I nput Capacitance VIN = AC GND - 8 pF 

COUT Output Capacitance VOUT =AC GND - 10 pF 

Note: This parameter Is periodically lampled and II not 100% tested. 



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

SYMBOL ITEM 

tACC Access Time 

tCE Output Delay Time from CEl-2/CE 1-2 

tOE Output Delay Time from OE 

too Output Turn Off Delay 

tCYC Cycle Time 

AC Test Conditions 

e Output Load 1 TTL + 100pF 
elnput Rise and Fall Times (10% to 90%): 5 ns 
-Input Pulse Levels 0.6V to 2.4V 
-Timing Measurement Reference Levels Input O.BV and 2.2V 

Output: O.BV and 2.0V 

MIN. MAX. 

- 200 
- 200 
- 70 
- 60 

200 -

AO-Al3 ____ -J~J~:----------------A-D-D-R-E-SS-S-T-A-B-L-E---------------J)(~ ______ _ tl ... ----- tACC 

tCYC 

CEl-2 

too 
00-7 

DATA VALID 

Note: 
1) tCE specifies the time Interv~f CEl -2 ICE 1 -2) to become active until It Is actually being output. 
2) too II specified from OE or CE. whichever occurs first. 

APPLICATION INFORMATION 

UNIT 

ns 
ns 
ns 
ns 
ns 

TMM23128P has self substrate-bias generator 
internally. So a minimum lOOps time delay is 

required after the application of VCC (4.5V to 
5.5V) before proper device operation is achieved. 
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Unit In mm 

28 27 26 25 24 23 22 21 20 \19 18 17 1 16 15 

2 3 4 5 6 7 8 9 10 11 12 13 14 

15.24 TYP. 

2.54 ±0.26 1.4 ±0.15 

0.5 ±0.15 

.1 17.4 MAX. 

Note : Each lead pitch is 2. 54mm. All leads are located within O. 25mm of their true longitudinal position with respect 
to No.1 and No.28 leads. 
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TOSHIBA MOS MEMORY PRODUCTS 
256K BIT (32K WORD X 8 BIT) MASK ROM 
N-CHANNEL SILICON GATE 

OESCR 'PTION 
The TMM23256P is a 262,144 bit read only 

memory organized as 32,768 words by 8 bits with a 
low bit cost, thus being most suitable for use in 
.character generator. 

Consisting of static memory cells and clocked pe
ripheral circuitry, the TMM23256P provides a high 
speed and low power dissipation (access time 150ns, 
operating current 40mA). 

The TMM23256P also features an automatic stand
by power mode. When deselected by Chip Enable 
(CE), the operating current is reduced from 40mA to 

FEATURES 

• Single 5V Power Supply 
• Fast Access Time : 150ns (Max.) 
• Low Power Dissipation 

Average Current : 40mA (Max.) 
Standby Current : 10mA (Max.) 

• Inputs protected : All I nputs have Protection 

Against Static Charge 

PIN CONNECTION 

VCC 

AI4 

A13 
A6 As 

As A9 

All 

A3 OE 

A2 AIO 

CE 

AO 07 
Do 06 
01 Os 

02 04 
GND 03 

PIN NAMES 

Ao - AI4 Address Inputs 

Do - D7 Data Outputs 

OE Output Enable Input 

CE Chip Enable Input 

N.C. No Connection 

Vee Power Supp Iy T ermi nal 

GND Ground 

TMM23256P 

1OmA. Output Enable (OE) is effective in preventing 
data confliction on a common bys line. 

The TMM23256P uses the address latch system 
that the fall ing edge of CE latches all inputs except 
for OE, thus can be easily connected to a system 
where address and data buses are commonly used. 

The TMM23256P is fabricated with io~ implanted 
N-channel silicon gate technology. This technology 
allows a production on high performance. 

The TMM23256P is moulded in a 28 pin standard 
plastic package, 0.6 inch in width. 

• Edge Enabled Operation : CE 
• Output Buffer Control : OE 
• Input and Output : TTL Compatible 
• Three State Outputs : Wired OR Capability' 
• 28 pin Standard Plastic DIP 

BLOCK DIAGRAM 

OE o.__---____ V--,l r 
I 

Chip, Enable 

CE Input Buffer 

and Clock 

AO 

Al 

A2 

A3 

A4 
1J 

AS c 
ca 

A6 ~ 

~ A'7 ::J 

AS 
III 

; 
A9 C. 

A·IO 
.: 
'" ~ 

All -0 
A12 

1J 
<{ 

A13 

AI4 

6 

9 

Output 

Buffers 

8 

Column 

Decoder 

8 x 64 

512 262,144 bits 

Memory cell 

array 

I 
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SYMBOL ITEM RATING UNIT 

Vee Power Supply Voltage -0.5-7.0 V 

VIN, VOUT I nput and Output Voltage -0.5-7.0 V 

TOPR Operating Temperature 0-70 °C 

TSTRG Storage Temperature -55- 150 °C 

TSOLDER Soldering Temperature· Time 260 . 10 °C . sec 

PD Power Dissipation (Ta == 70°C) 1.0 w 

D .. C. OPERATING CONDITIONS (Ta=O-70'C) 

--s-YMBO-L 
.. ---- -

PARAMETER CONDITIONS MIN. rip. MAx. UNIT 

VIH Input High Voltage - 2.2 - Vee + 1 V 

VIL Input Low Voltage - -0.5 - 0.8 V 

Vee Power Supply Voltage - 4.5 5.0 5.5 V 

D.C. and OPERATING CHARACTERISTICS 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

IIH Input High Current VIN == 5.5V - 0.05 10 /JA 

IlL I nput Low Current VIN = GND - -0.05 -10 /JA 

VO H Output High Voltage IOH = -400/JA 2.4 3.3 - V 

VOL Output Low Voltage IOL = 3.2mA - 0.3 0.4 V 

ILOH VOUT == 5.5V I CE = 2.2V or - 0.05 10 J.J.A 

ILOL 
Output Leakage Current 

VOUT == O.4V I OE = 2.2V -0.1 -20 J.J.A -

leel Standby Current CE = 2.2V - - 10 mA 

lee2 Average Current tOte = 230ns, lOUT = OmA - - 40 mA 

• Typical values are at Ta = 25°C and Vee == 5V. 

CAPACITANCE' (Ta = 25°C, f = 1 MHz) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

CIN Input Capacitance V1N == A.C. GND - 5 10 pF 

. CoUT Output Capacitance VOUT == A.C. GND - 8 15 pF 

Note: This parameter is periodically sampled and is not 100% tested. 



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

SYMBOL PARAMETER CONDITIONS 

tCE CE pulse width -

tAS Address Setup Time -

tAH Address Hold Time -
-- --

tACC Access Time -

too Output Delay Time form OE -

too Output Turn off Delay -

tce CE off Time -

tCYC Cycle Time tAS = Ons, t r , tf = 5ns 
L---. 

• Typical values are at Ta = 25"C and VCC = 5V. 

A.C. TEST CONDITIONS 

• Output Load : 1 TT L Gate + 100pF 
• I nput Rise and Fall Times (10% - 90%) 5ns 
• I nput Pulse Levels : 0.8 - 2.4V 
• Timing Measurement Reference Levels Input 1 V and 2.2V 

Output; 0.8V and 2.0V 

TIMING WAVEFORMS 

MIN. TYP. MAX. UNIT 

150 - - ns 

0 - - ns 

30 - - ns 

- - 150 ns 

- .- 70 ns 

- - 70 ns 

70 - - ns 

230 - - ns 

'-_____ A_D_D __ R_ES_S_M __ A_Y_C_H_A~);-G-E------J)x(~--------------
CE tCE 

too 
OE 

HIGH· Z HIGH - z 

tCYC 

Note (1) too is specified from OE or CE, whichever occurs first. 

-"~1-



The TMM23256P has two control functions. 
The chip enable (CE) controls the operation power 

and should be used for device selection. The fall ing 
edge of the CE will activate the device and latch the 
addresses. The output enable (OE) control the out-

put buffers, independent of device selection .. Assum
ing that OE = VIL, the output data is valid at the 
outputs after tACC (150ns) from the falling edge of 
the CEo 

The operation modes of the TMM23256P are listed in the following table. 

MODE CE ADDR!::SS OE OUTPUT POWER 

Standby H * * High Impedance Standby 

Latch (- Valid * High Impedance -

Read L ** L Data Out Active 

Output Deselect L * H High Impedance Active 

Note * Don't care 
Address may change after tAH . 
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APPLICATION INFORMATION 

1. POWER SUPPLY DECOUPLING 
The operating current ICC waveforms for TMM 

23256P are shown in Fig. 1,2. 
The TMM23256P is a clocked device, so the tran

sient current peaks are produced on the CE transition 
and CE active level. 

The ICC current transients require adequate de
coupling of Vce power supply. 

2. POWER ON 
The TMM23256P requires initialization prior to 

normal operation. Two initialization methods are as 
follows: 

(1) A minimum 100,l1s time delay is required 
after the appl ication of V ce (+5V) before 
proper device operation is achieved. And dur
ing this period, CE must be at VIH level. 

(2) A minimum 100,l1s time delay is required 
after the application of Vee (5Vl, and then a 
minimum of one initialization cycle must be 
performed before proper dev.ice operation is 
acheived. 

Initialization cycle: An initialization cycle is one 
Chip Enable clock cycle from the first down edge of 
the CE till the next down edge. 
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1 

I 

80 

60 

40 

20 

0 

I I 
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1/\ lJ 

~ ~ '- ~J V \,.. lJ I--' 1--f---
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2.0V 1_ 

1\ 7 \ J 
O.OV 
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80 
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0 
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OUTLINE DRAWINGS 

Unit: mm 

28 27 26 25 24 23 22 21 20 19 1& 17 16 15 

Rl.5 

2 3 4 5 6 7 8 9 10 11 12 13 14 

0.5±0.15 

2.54±0.25 1.4±0.15 0.2 MAX. 

Note : Each lead pitch is 2. 54mm. All leads are located within O. 25mm of their true longitudinal position with respect 
to No.1 and No.28 leads. 
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TOSHIBA MOS MEMORY PRODUCTS 
64K BIT (8K WORD X 8 BIT) CMOS MASK ROM 
SILICON GATE CMOS 

DESCRIPTION 

The TC5364P is a 65,536 bit read only memory 
organized as 8,192 words by 8 bits with a low bit 

cost, thus being suitable for use in program memory 
of microprocessor and character generator. The 
TC5364P using CMOS technology is most suitable for 
low power applications such as battery operated 
system. 

The TC5364P is asynchronous type ROM which is 
consisting of address latch circuit, static memory 

FEATURES 

• Single Power Supply: 5V 

• Access Time: 250 ns 
• Low Power Dissipation 

Operating Current: 7mA (Max.) 
Standby Current: 20f.l. A (Max.) 

• Wide Operating Temperature Range: -40'" 85°C 
• Pin Compatible with 64K EPROM TMM2764 and 

NMOS ROM TMM2364/2365 

PIN CONNECTION 

NC/PD/PD VDD 

A\2 NC/CE,/CE, 

A7 NC/CE2/CE2 

A6 As 

As A9 

A4 Al1 
A3 OE 

A2 AIO 
A, CE3/CE 3 
Ao D7 

Do D6 
D, Ds 

D2 D4 

D3 

PIN NAMES 

Ao '" A12 Address inputs 

Do'" D7 Data outputs 

CE, '" CE 3 Chip enable inputs 
~-------~-

Po Power down input 

OE Output enable input 
~-

NC No connection 

Voo Power Supply 

GND Ground 

TC5364P 

cells and clocked peripheral circuitry. The falling 

edge of CE 3 (or rising edge of CE3) latches all inputs 
except for OE and PD/PD. 

The TC5364P has a PD/PD (optional) input for 
device power saving, and also has three programna ble 
chip enable inputs (CEl '" 3/CE 1 '" 3) and one output 
enable input (OE) for fast rre rro ry access and output 
control. 

The TC5364P is moulded in a 28 pin standard 
plastic package. 

• Edge Enable Operation: CE3/CE 3 

• Address Latch Type 
• Programmable Power Saving Input PD/PD /NC 

• Programmable Chip Select: CE1, CE2, CE3, Easy 
Memory Expansion 

• All Inputs and Outputs: TTL Compatible 

• Three State Outputs 

BLOCK DIAGRAM 

VDD GNQ 

PO r 1 
CE, 

CE2 

CE3 

OE 

Ao I 
U 

A, I- COLUMN DECODERS 
CIl <{ 

A2 a: ...J 

A3 
w 
LL 
LL 

A4O---- ::> 
As 

!XI 
I-

A6 ::> 
CIl Cl. 

~ 
a: 

A7 w 
CIl 0 

As CIl a: 
w 0 

A9 a: u 8,192 x 8 bit 
0 w Memory Cell Array 

AIO 0 0 

Al1 
<{ 

~ 
0 

A'2 a: 
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SYMBOL ITEM RATING UNIT 

Voo Power Supply Voltage -0.5-7.0 V 
----_ .. _---

VIN I nput Voltage -0.5-7.0 V 

VOUT Output Voltage O-Voo V 

Po Power Dissipation 1.0 W 
~ 

Topr Operating Temperature -40 - 85 °c 
Tstg Storage Temperature -55-150 °c 
TSOlDR Soldering Temperature· Time 260·10 °c . sec 

SYMBOL PARAMETER MIN. MAX. UNIT 

Voo Power Supply Voltage 4.5 5.5 V 

VIH Input High Voltage 2.2 Voo + 0.3 V 

Vil Input Low Voltage -0.3 0.8 V 

D~C.and OPERATING CHARActERISTICS (Ta == -40 ....., 8SoC, VOO = SV ± 10%) 

SYMBOL PARAMETER CONDITION MIN. MAX. UNIT 

liN Input Leakage Current OV~VIN ~Voo - ±1.0 /-LA 

IlO Output Leakage Current OV ~ VOUT ~ Voo - ±5.0 /-LA 

10H Output High Current VOH = 2AV -1.0 - mA 

10l Output Low Current VOL = OAV 2.0 - mA 

(CE, VIH) = 2.2V 
10001 (CE, VIL! = 0.8V - 10 mA 

Operating Current 
tCYC = 1/-Ls 

(CE, VIH) = Voo -0.2V 
10002 (CE, VIL) = 0.2V - 7 mA 

tCYC = 1J.J.s 

100Sl 
(CE, VIH) = 2.2V CE = 0.8V 
(CE, Vll) = 0.8V CE = 2.2V - 5 mA 

Standby Current 
Output = OPE N 

(CE) = 0.2V, (CE) = Voo -0.2V 
100S2 VIN = 0.2V or Voo -0.2V 

I 
- 20 /-LA 

Output = OPEN 

cApAcitANce- (Ta = 2SOC, f = 1MHz) 

SYMBOL PARAMETER CONDITIONS MAX. UNIT 

CIN I nput Capacitance VIN = OV 8 pF 
-- -----

COUT Output Capacitance VOUT = OV 10 pF 

'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 

tACC Chip Enable Access Time 

tOE Output Enable Access Time 

tAS Address Set up Ti me 

tAH Address Hold Time 

tcc Chip Enable Off Time 

tCES Chip Enable Setup Time from PO /PD 

tOED Output Disable Time from OE 

tCED Output Disable Time from CE3/Cb 

tpOH Output Hold Time from PO/PO 

tCYC Cycle Time 

Note1: Assumes than OE delay time to CE3/CE 3 ~ tACC - tOE 

. A.C.TESTCONOITIONS 

• Output Load: 1 OOpF + 1 TTL Gate 
• Input Levels: VIL =O.6V, VIH =2.4V 
• Timing Measurement Rference Levels 

Input: O.8V,2.2V 
Output: O.8V,2.2V 

• Input Rise and Fall Time: 5 ns 

TIMING WAVE FORMS 

AO -A12 

CEI/CEl, CE2ICE2 

DE 

tcc 

tCYC 

MIN. 

-

-
--

0 

50 

90 

90 

-

-

-

350 

Don't Care 

00-07--------------------~--------------------~~ 
tCES 

PO/PO 
PO 

OPERATION MODE 

MODE PD(PD) CE I (CE tl CE 2 (CE 2 ) CE 3 (CE 3 ) 

Read L(H) H(L) H(L) H5(L1J 

H(L) * * * 

* L(H) It * 
Output 

* * L(H) * 
Deselect 

* * * L(H) 

* * * * 
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MAX. UNIT 

250 ns 

100 ns 

- ns 
- ns 

f---------

- ns 

- ns 

90 ns 

90 ns 

90 ns 

- ns 

OE Outputs 

L Valid 

* 
* 

* High-Z 

* 
H 



OUTLINE DRAWING 

Unit: mm 

28 27 26 25 24 23 22 21 20 19 18 17 16 15 

2 3 4 5 6 7 8 9 10 11 12 13 14 

37.4 MAX. 15.24 TYP. 

0.5 ±0.15 

2.54 ± 0.25 1.4 ±0.15 

Note : Each lead pitch is 2. 54mm. All leads are located within 0.2 5mm of their true longitudinal position with respect 
to No.1 and No.28 leads. 
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····':·tOSBI'DA .. MOS· ...• IIIEIOlly···PII811_, 
64K BIT (8K WORD X 8 BIT) CMOS MASK ROM 
SILICON GATE MOS 

OlileR.PTION 
The TC5365P/F is a 65,536 bit read only mem

ory organized as 8, 1 92 words by 8 bit with a low bit 
cost, thus being suitable for use in program memory 
of microprocessor, and in character generator. The 
TC5365P/F using CMOS technology is most suitable 
for low power applications where battery operation is 

.feAT,UIU::$ 
• single 5V Power Supply 

• Access Time: 250ns(Max.) 

• Power Dissipation 

Operating Current: 7mA(Max.) 

Standby Current: 20,uA(Max.) 

• Pin Compatible with 64K EPROM TMM 27640 

• Full Static Operation 

Ao-A12 

00-07 

NC 

NC 
A12 

A7 
A6 
AS 
A4 
A3 
A2 
Al 
AO 
DO 
Dl 
D2 

GND 

CE1-CE3/CEl -CE3 

OE 

Voo 

GNO 

VDD 
NCICE/eEl 
NCICE/CE2 
A8 
A9 
All 
DE 
AIO 
CE3/CE3 
D7 
D6 
DS 
D4 
D3 

Address Inputs 

Data Outputs 

No connection 

Chip enable inputs 

Output enable input 

Power supply 

Ground 

TC5365P 
TC5365F 

required. 
The TC5365P/F has three programmable chip 

enable input CE1-CE3/CE1-CE3, for device selec
tion and one output enable input (OE) for fast mem
ory access and output control. 

• Programmable Chip Enable 

• All Inputs and Outputs: TIL Compatible 

• Three State Outputs 

• Package 
Plastic DIP: TC5365P 

Plastic FP: TC5365F 

CEl 
CE2o----a 
CE3 

OE 

AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
A9 
AlO 
All 
A12 

VDD GND 

r r 

CE 

Ul 

~ 
:::J 
0:1 Ul 
1- ffi :::J Cl 0.. 

2S 0 
U 

Ul ~ 

i2 Cl 
0:: ?: Cl 0 Cl 
-=t: 0:: 

COLUMN DECODERS 

8,192 X8 bits 

Memory Cell Array 
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SYMBOL ITEM RATING UNITS 

Voo Power Supply Voltage -0.5-7.0 V 

VIN Input Voltage -0.5-7.0 V 

VOUT Output Voltage O-Voo V 

Po Power Dissipation 1.0/0.6· W 

TOPR Operating Temperature -40-85 'C 

TSTG Storage Temperature -55-150 'C 

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

NOTE: * Plastic FP 

(Ta= -40-85'C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

Voo Power Supply Voltage 4.5 5.5 V 

VIH Input High Voltage 2.2 Voo+0.3 V 

VIL Input Low Voltage -0.3 0.8 V 

(Ta= -40-85'C. Voo=5V± 1 0%) 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

liN Input Leakage Current OV~VIN~VOO - ±1.0 p.A 

ILO Output Leakage Current OV~VOUT~VOO - ±5.0 p.A 

10H Output High Current VOH=2.4V -1.0 - mA 

10L Output Low Current VOL=O.4V 
/ 

2.0 - mA 

(CE. VIHI=2.2V 

10001 (CE. Vld=0.8V - 10 mA 

Operating Current 
tCyc= 1ps 

(CE. VIH)=Voo-0.2V 

10002 (CE. Vld=0.2V - 7 mA 

tcyc= 1 p's 

(C::. VIH)=2.2V 

100Sl (CE. VIL)=0.8V - 2 mA 

Standby Current 
Output=OPEN 

(CE)=0.2V. (CE)=Voo-0.2V 

loos2 VIN=OV-Voo - 20 p.A 

Output=OPEN 
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(Ta= -40-85°C, VDD=5V± 10%) 

SYMBOL PARAMETER MIN. MAX. UNIT 

lAcc Access Time 250 ns 

tCE Chip Enable Access Time 250 ns 

tOE Output Enable Access Time 100 ns 

tCED Output Disable Time from CE 1 -3/CE 1 -3 o 90 ns 

tOED Output Disable Time from OE o 90 ns 

tOH Output Hold Time o ns 

tCYC Cycle Time 250 ns 

Note1: Assumes that OE delay to CEl-3/CEl-3~ tACC-tOE 
Note 2: Output disable time (tCED, tOED) is specified from CEl-3/, CEl-3, OE whichever occurs first. 
A. C. TEST CONDITIONS 
Output load 100pF+1TIl 
Input levels VIL=0.6V, VIH=2.4V 
Timing Measurement Reference Levels 

Input: 0.8V, 2.2V 
Output: O. 8V, 2. 2V 

Input Rise and Fall Time 5ns 

TIMING. WAVEFORMS 

){ Valid 

tACC 

)t 
tCE 

\1 
.\-
I 

SYMBOL PARAMETER 

CIN Input Capacitance VIN=OV 

Caul Output Capacitance VOUl=OV 

H : VIH, l: VIL. * : VIH or VIL 

MODE CEJ(CE1} CE2(CE2) 

Read 
"" 

H(L) H(l) 
,... 

l(H) * 
Outputs * l(H) 

Deselect * * 
* * 
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~ 
I 

! )( 
I 

\ 

tCED 

tOE 
1--

I· I 

tOH tOED 
~ ~ 

~~ Valid ~ ~ 

CONDITIONS MAX. UNIT 

8 pF 

10 pF 

CE3(CE3) OE Outputs 

H(L) L Valid 

* * 
* * 

L(H) * 
High-Z 

* H 



• Plastic DIP 

28 27 26 25 24 23 22 21 20 19 18 17 16 15 

----+-- --------tt] 
1 2 3 4 5 6 7 8 9 10 11 12 13.14 

37.4MAX. 

1.4±0.15 254±O·".1 1 ' 
0.5±0.15 

NOTE: Each lead pitch is 2. 54mm. 

I· 

Unit:mm 

0.25+ 0.1 
-0.05 

17.4MAX. 

·1 

All leads are located within 0.2 5mm of their true longitudinal position with respect to NO.1 and No. 28 leads . 

• Plastic FP 

·1 
1.5±0.4 

1l.8±0.3 

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 MOSMEMORY PRODUCTS 
64K BIT (8K WORD X 8 BIT) CMOS MASK ROM 
SILICON GATE CMOS 

DESCRIPTION 

The TC5366P is a 65,536 bit read only memory 
organized as 8,192 words by 8 bits with a low bit 
cost, thus being suitable for use in program memory 
of microprocessor and character generator. 

The TC5366P using CMOS technology is most 
suitable for low power applications such as battery 

FEATURES 

• Single Power Supply: bV 
• Access Time: 250 ns 
• Low Power Dissipation 

Operating Current: 7mA (Max.) 
Standby Current: 20J..L A (Max.) 

.... "., .. 
PIN CONNECTION 

A7 VDD 
A6 AS 
As A9 
A4 A12 

A3 CE/CE 
A2 AIO 

Al All 
Ao 07 
Do 06 
01 05 
02 D4 

GND 03 

PIN NAMES 

Ao '" A12 Address inputs 

Do'" 0 7 
1--------. 

Data outputs 

CE/CE Chip enable input 

VD D Power supply 

GN.D Ground 

TC5366P 

operated system. 
The TC5366P is an asynchronous type ROM 

and has a programmable chip enable input for device 
selection and device power saving. 

The TC5366P is moulded in a 24 pin standard 
plastic package. 

• Fully Static Operation 
• Programmable Chip Enable: CE/CE 
• All Inputs and Outputs: TTL Compatible 
• Three State Outputs 

BLOCK DIAGRAM 

VDD GND 

1 1 Do 01 02 03 04 Os 06 07 

CE 

CE 

Ao 

Al 
C/) 

COLUMN DECODERS 

A2 0:: 
w 

A3 u. 
u. 

A4 ::::> 
m 

As I-
::::> 

A6 a.. 
C/) 

A7 ~ 0:: 
C/) w 

As C/) 0 
w 0 8,192 x 8 bit 

A9 0:: U Memory Cell Array 
0 w 

AlO 0 0 
~ ~ All 0 

Al2 0:: 
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SYMBOL ITEM RATING UNIT 

Voo Power Supply Voltage -0.5 - 7.0 V 

VIN I nput Voltage -0.5-7.0 V 

VOUT Output Voltage O-Voo V 

Po Power Dissipation 1.0 W 

Topr Operating Temperature -40-85 °c 
Tstg Storage Temperature. -55 - 150 °c 
TSOLOER Soldering Temperature. Time 260 ·10 °c . sec 

- -
D.C. OPERATING CONDITIONS (Ta = -40 - 85°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

Voo Power Supply Voltage 4.5 5.5 V 

VIH Input High Voltage 2.2 Voo + 0.3 V 

VIL Input Low Voltage -0.3 0.8 V 

D.C. and OPERATING CHARACTERISTICS (Ta = -40 - 85°C, Voo = 5V ±10%) 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

liN Input Leakage Current OV~VIN ~Voo - ±1.0 J.l.A 

ILO Output Leakage Current OV ~ VOUT ~ Voo - ±0.5 J.l.A 

10H Output High Current VOH = 2.4V --1.0 - mA 

10L Output Low Current VOL = O.4V 2.0 - mA 

(CE, VIH) = 2.2V 
10001 (CE, VIL) =0.8V - 10 mA 

Operating Current 
tCYC = 1J.1.s 

(CE, VIH) = VOO -0.2V 
10002 (CE, VIL) = 0.2V - 7 mA 

tCYC = 1J.1.s 

(CE, VIH) = 2.2V 
100Sl (CE, VIL) = 0.8V - 2 mA 

Standby Current 
Output = OPEN 

(CE) = O.2V, (CE) = Voo -O.2V 
100S2 VIN == OV - VOO - 20 J.l.A 

Output = OPEN 

CAPACITANCE* (Ta = 25°C, f = 1MHz) 
SYMBOL PARAMETER CONDITIONS MAX. UNIT I 
CIN Input Capacitance VIN - OV 8 pI- I 
COUT Output Capacitance VOUT - OV 10 pF I 

·This parameter is periodically sampled and is not 100% tested. 
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TC5366P 

A.C.CHARACTERtSTICS (Ta = -40'" 85°C, Voo = 5V ±10%) 
SYMBOL PARAMETER MIN. MAX. UNIT 

tACC Access Time - 250 ns 

tCE Chip Enable Access Time - 250 ns 

tCED Output Disable Time from CE ICE 0 90 ns 

tOH Output Hold Ti me 0 - ns 

tCYC Cycle Time 250 - ns 

A.C. TEST CONDITIONS 

• Output Load: 100pF + 1 TTL 
• Input Levels: VIL = O.6V, VIH = 2.4V 
• Timing Measurement Reference Levels 

Input: O.8V,2.2V 
Output: O.8V,2.2V 

• Input Rise and Fall Time: 5ns 

TIMING WAVE FORMS 

CYC 

AO -A12 ~: Valid Jt 
tACC 

CE/CE ! ): 
tCE ~ ~ 

00- 0 7 
High-Z 

~- WN¥ High-Z 
Valid 

:x.XXXXJ..f.., 

OPERATION MODE 

MODE CE (CE) Output 

Read H(Ll Valid 

Output L(H) High-Z 
Deselect 

Note: H: VIH. L: VIL 
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~:::~:J':::~:JI] 
1 2 3 4 5 6 7 8 9 1011 12 

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.24 leads. 
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256K BIT (32K WORD X 8 BIT) CMOS MASK ROM 
SILICON GATE MOS 

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 TC53257P/F using CMOS technology is 
most suitable for low power applications where bat-

• Single 5V Power Supply 
• Access Time: 200ns(Max.) 
• Power Dissipation 

Operating Current : 25mA(Max.) 
Standby Current : 20,uA(Max.) 

• Pin Compatible with 256K EPROM TC57256D 
• Full Static Operation 

Ao-A14 

00-07 

NC 

CE/CE 

OE 

VDD 

GND 

(TOP VIEW) 

VDD 
Al4 
Al3 
A8 
A9 
All 
5E 
AIO 

a/CE 
D7 

D6 
D5 
D4 
D3 

Address Inputs 

D~ta Outputs 

No connection 

Chip enable input 

Output enable input 

Power supply 

Ground 
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TC53257P 
TC53257F 

tery operation is required. 
The TC53257P/F has one programmable chip 

enable input CE/CE, for device selection and one 
output enable input (OE) for fast memory access and 
output control. 

• Programmable Chip Enable 
• All Inputs and Outputs: TIL Compatible 
• Three State Outputs 
• Package 

Plastic DIP TC53257P 
Plastic FP TC53257F 

VDD GND 

r 1 DO D I D2 D3 D4 D5 D6 D7 

DE 

CE 

AO 

Al 

A2 

A3 

A4 

A5 12 
A6 ~ 

~ 
::J 

A7 o:l 

A8 
lfJ 
[3 

A9 
0:: 

32.768x8 Q 
Q MEMORY CELLS AlO ..: 

All 

Al2 

Al3 

Al4 



MAXIMUM RATINGS 

SYMBOL ITEM RATING UNITS 

Voo Power Supply Voltage -0.5-7.0 V 

V,N Input Voltage -0.5-7.0 V 

VOUT Output Voltage O-Voo V 

Po Power Dissipation 1.0 '0.6* W 

TSTG Storage Temperature -55-150 "C 

TOPR Operating Temperature -40-85 'C 

TsoLoEA Soldering Temperature- Time 260-10 ·C-sec 

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 

V,H Input High Voltage 2.2 - Voo+0.3 V 

V,L Input Low Voltage -0.3 - 0.8 V 

D. C. and OPERATING CHARACTERISTICS (Ta= -40-85·C, Voo= 5V± 1 0%) 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

ilL Input Leakage Current V'N=OV-Voo - ±1.0 J.lA 

ILO Output Leakage Current 
CE=V'H or OE=V'H - ±5.0 J.lA 
VOUT=OV-VOD 

10H Output High Current VOH=2.4V -1.0 - mA 

10L Output Low Current VOL=0.4V 3.2 - mA 

100s1 Standby Current CE=V'H CE=V'L - 2 mA 

100s2 Standby Current CE=VDo-0.2V, CE=0.2V - 20 J.lA 

10001 V'H=V'H VIL. tCYCLE=200ns - 40 mA 

Operating Current 

10002 VIN=Voo-O.2V/O.2V. tCYCLE=200ns - 25 mA 

CAPACITANCE 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

C'N Input Capacitance f=lMHz, Ta=25'C - 8 pF 

COUT Output Capacitance f=lMHz, Ta=25"C - 10 pF 

Note: This parameter is periodically sampled and is not 100% tested. 
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'C&~25¢7P 
TC~53257F 

(Ta= -40-85·C, VDD=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 

tOH Output Hold Time 

A. C. TEST CONDITIONS 
Output Load 
Input Levels 

100pF+ 1 TTL 
0.6V,2.4V 

Timing Measurement Reference Levels 

Input Rise and Fall Time 

TIMING WAVEFORMS 

AO-A14 

CE CE 

OE 

Input: 0.8V, 2.2V 
Output: O. 8V, 2. 2V 

5ns 

~ 

tCYC 

Valid 

tACC 

)( 
tCE 

'\ 

CE 

cr' 

L- ~E 

OPERATION MODE H : VIH, L: VIL, * VIHor VIL 

MODE CE(CE) [ OE i 

Read l(H) j L [ 

l(H) I H 
I Output Deselect i 
I 

H(L) I * ! 
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MIN. MAX. UNIT 

200 - ns 

- 200 ns 

- 200 ns 

- 70 ns 

0 60 ns 

0 - ns 

~ 

~ 
tCED -

j 
tOH tOED - I---- -

NV\1X.X Valid 
~ 

AO-14 [ Outputs [' Power [ 

Valid j Data out j Operating J 
* I 

I 

Operating 

I 

High-Z 
I 

I * I 
Standby 



• Plastic DIP 

Unit: mm 
28 27 26 25 24 23 22 21 20 19 18 17 16 15 

2 3 4 5 6 7 8 9 10 11 12 13 14 

37.4MAX. 

5° 

0.25~g:65 

1- 17.4MAX. 

NOTE: Each lead pitch is 2. 54mm. 
All leads are located within O. 25mm of their true longitudinal position with respect to No.1 and No. 28 leads . 

• Plastic FP 

I 

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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1M BIT (128K WORD X 8 BIT) CMOS MASK ROM 
SILICON GATE CMOS 

DESCRIPTION 
The TC531000P is a 1,048,576 bit 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, especially character 
generator. The TC531000P using CMOS technology 
is most suitable for low power applications where 

FEATURES 

• Single 5V Power Supply 
• Access Time: 200 ns (Max.) 
• Power Dissipation 

Operating Current: 30mA (Max.) 
Standby Current: 20p.A .(Max.) 

"NCONNECTION 

PIN NAMES 

Ao -Al6 

Do -D7 

CE/CE 

Voo 
GND 

Address inputs 

Data outputs 

VDD 

Al4 

Al3 
As 

A9 

Au 
Al6 

AlO 

CE/CE 

07 

06 

Os 
04 

03 

Chip enable input 

Power supply 

Ground 
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TC531000P 

battery operation are required. 
The TC531000P has one chip enable input 

CEiCE, programmable for device selection. 
The TC531000P is moulded in a 28 pin standard 

plastic package, 0.6 inch in width. 

• All Inputs and Outputs: TTL Compatible 
• Three State Outputs 
• 28 pin 600 mil width DIP Plastic package 
• Fully Static Operation 
• Programmable Chip Enable 

BLOCK DIAGRAM 

VDD GND 

r 1 

CE 

AO 

Al 

A2 

A3 

A4 
~======>I COl.UMN DECODE RS 

AS 

A6 

A7 

As 

A9 

AlO 

AU 

Al2 

Al3 

Al4 

AlS 

Al6 

(I) 

cr. w 
L1. 
L1. 
:::> 
III 
(I) 
(I) 
w 
0: 
0 
0 
< 

131,072 x 8 
MEMORY CEL.l.ES 



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 

Po Power Dissipation 1.0 W 

TSTG Storage Temperature -55 - 150 °c 

TOPA Operating Temperature -40_85 .oC 

TSOLOER Soldering Temperature· Time 260·10 °C· sec 

eTa = --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 I nput Low Voltage -0.3 0.8 V 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

IlL Input Leakage Current VIN = 0 "'" Voo - ±1.0 p.A 

ILO Output Leakage Current CE = VIH. VOUT = OV "'" Voo - ±5.0 p.A 

IOH Output High Current VOH = 2.4V -1.0 - mA 

IOL Output Low Current VOL = OAV 3.2 - mA 

100S1 Standby Current (CE. VIH)=2.2V. (CE. VIL)=O.8V - 5 mA 

100S2 Standby Current (CE)=O.2V, (CE)=VDD-O.2V, VIN=OV-VDD - 20 p.A 

10001 
Operating Current 

VIN = VIH/VIL. tcycle = 200 ns - 50 mA 

10002 VIN=VDD-O.2V/O.2V. tcycle= 200 ns - 30 mA 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

CIN Input Capacitance f = 1 MHz. Ta = 25°C - 8 pF 

COUT Output Capacitance f = 1 MHz. Ta = 25°C - 10 pF 

Note: This parameter Is periodically sampled and Is not 100% tested. 

-554-



SYMBOL PARAMETER 

tCYC Cycle Time 

tACC Access Time 

tCE Chip Enable Access Time from CE/CE 

teED Output Disable Time from CE/CE 

tOH Output Hold Time 

~¢rEtr·e()NQI':tIO~S' 
Output Load 
I nput Levels 
Timing Measurement Reference Levels 

Input 
Output 

Input Rise and Fall Time 

'jt 

CE/CE ): 

DOUT 

100pF + 1TTL 
O.6V,2.4V 

O.8V,2.2V 
O.8V,2.0V 
5ns 

tCYC 

V.lld 

tACC 

tCE 

CE 

CE 

~ 
~ 

MODE CE(CE) Ao -16 

Read L(H) Valid 

Output Deselect H(L) * 
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MIN. MAX. UNIT 

200 - ns 

- 200 ns 

- 200 ns 

0 70 ns 

0 - ns 

),. 

).: 
~ 

tCED 
r---

V.lld 

I 

Outputs Power 

Data out Operating 

High-Z Standby 



Unit: mm 

28 27 26 25 24 23 22 21 20 19 18 17 16 15 

2 3 4 5 6 7 8 9 10 11 12 13 14 

15.24 TYP. 

O.25~g·~5 

2.54 ±O.25 1.4 ±O.15 

0.5±0.15 

I. 17.4 MAX. .1 

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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