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TOSHIBA 

1. Dynamic RAM 

Capacity Device Number Organization Process (os) ~y~: S~:=I~~ Max. (mW) Pins =To Access Time Max. Powe~ Dissipation I 

_'-:;R:c:A,C~'--f--,'Cco:A~C,--+-M_;ocn'",(c-ns_)+_(c;Vc-) _+--A_ctive Standby i 
1-----+cTc-Mc·M~-c416P-2 I 150 100 320 +5 

16K B;' TMM416P-3 16.384 x 1 NMOS 200 135 375 -5 462 20 II 16 

1----- ~~:;:;~:i-~-- -~ ~~~ 1:~ ~~~ +12 1 1 

[TMM4164P-3 I' 150 100 260 +5 I 275 1 27~5 I 16 

I I TMM4164P-4 1 ~oo 135 330 I I 1 

I 
64K B;, I TMM41~ 65,536 x 1 NMOS _ ~ 60 ~ 1 

1 TMM4164AP-15 1 L 150 75 260 +5 i 275 I 22 1 16 

1 TMM4164AP-20 1 200 100 330 _ J I 

[ 256KB;~:rTM~M4i256c~121262144X1 I NM~- -'20---60 220 +5 _3:JO----! 27.5 1 16 
"ITMM41256C-15 I') 150 __ ~~._I 260 275 

Note; TMM41256C : Page Mode Parts 

2. Static RAM 

4K Bit 

TMM314AP __ I 
'TMM-:l14APL-1 1 1,024 x 4 

rnv,M314AP L -3 

TMM314APL 

NMOS 

550 

450 450 
1----c2=-=0C:C0-+---::ZOO-- +5 -----+------1 

300 300 385 

450 450 

~MtJl2~1~P-121 1 024 x 4 NMOS 120 120 +5 330 _ 

Pins 

18 

18 

Alternate 
Source 

MK4116-2 

MK4116-3 

MK4116-4 

Alternate 
Source 

12114-2 

;2114-3 

i2114 
----:--
12114L-2 
i2114L-3 

i2114L 

i2114A 

18 12147-3 

TMM2114AP-15. ' 150 150 I 
~M~1t5D=1---1-4~;;;'~--::-O~ 55 f-~--+-5-+--9C-9:-:0--+---1~:-:, 5--+--+------1 

TMM315D I ' 70 70 1 880 110 
TMM2016P/D-1 ---1- 100-- --:,00-1--- - 660 8''"3---+-----4-----1 
f--------, 1 

c-----
24 (HM6116) TMM2016P/D : 2,048 x 8 NMOS ~ r--~ +5 __ 550 __ +_~_.Jl~ __ 

I TMMW16P/D.::::z1 t-----+- 20~~ I--~~---- f-_7_70: __ +--__ 1c.:6c::5 __ +--_-+ ___ -J 
1~~~26~~ 90 90 I f------~ 

I 
24 (HM6116i I 

1 

1 
1 24 -
1 

l2~~~AP-10 1 2048 x 8 : NMOS 100 100 +5 II--~!.---i 
ITMM2016AP=i2l' I 120 120 358 I 

I 16K B;' LT'''1M201.6!,P~~~! _____ -+-_L_~ 150 1. 358 ---------1--+-----
I *1 TMM2015AP-90 ti' 90 -90----' --;;;;0-'-1 
I *1 -rMM2015AP~ I 1-- 1'00 - -1'00- --358-----1 
1 *ITMM2015AP-=12- 2,048x8 'j' NMOS 120 120 +5 358 1 

38.5 

38.5 

I 1 1 

I 
I 

I 
24 

1 

-

1 *1TMM2~ 150 150 358 1 

I 'TMMwiSD=4;,'----------+ 45 45 I -+--==---+-1-----+--1------1 
1~ ____ ~M3.-0-18-D-55-~-,,-~l:~ClS ~_55=I_-----'=----J_55_J_~ _____ 7_8_8 __ 1 __ 1_0_5 __ ~ 
Note; Package TMM2016AP 0.6 inch width 01 P 

TMM2Q15AP: 0.3 inch width DIP 
TMM2018D: 0.3 inch width 01 P 

Note; Package Material P: Plastic C: Ceramic 0: Cerdip F: Plastic Flat 
*Preliminary: These are target specifications and are subject to change without notice. 
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TOSHIBA 

3. CMOS Static RAM 

Access Cycl. Power Power Dissipation Alternate 
Capacity Device Number Organization Process Time Time Supplies Max. (mW) Pins Source 

Max. Ins) Min. (ns) (VI Active Standby 

1 K Bit TC5501P 450 450 i5101l-1 
256 x 4 CMOS +5 83 0.055 22 

TC5501 P-l 650 650 i5101l 

TC5047AP-l 550 650 
1.024 x 4 CMOS +5 110 0.11 20 J,tP0445 

TC5047AP-2 800 1000 

TC5504AP/AD-2 200 300 

TC5504AP/AD-3 
27.5 0.11 

300 420 
4.096 x·l CMOS +5 18 iHM65041 

TC5504APl/ADl-2 200 300 

TC5504APl/ADl-3 420 
27.5 0.005 

300 

TC5514AP/AD-2 200 200 

18 I 
4K Bit 

TC5514AP/AD-3 300 
27.5 0.11 

300 
1.024 x 4 CMOS +5 

TC5514APl/ADl-2 200 200 

TC5514APl/ADl-3 
27.5 0.005 

300 300 
iHM6514) 

TC5513AP/AD-20 200 200 0.11 

TC5513APl/ADl-20 
1.024 x 4 CMOS +5 27.5 18 

200 200 0.005 

TC5514P 450 450 138 
1.024 x 4 CMOS +5 r--;,o 0.11 18 

TC5514P-l 650 650 

TC5516AP/AD/AF-2 200 200 
385 0.165 

TC5516AP/AD/AF 250 250 
2.048 x 8 CMOS +5 24 -

TC5516APl/AOl/AFl-2 200 200 
385 0.005 

TC5516APl/AOl/AFl 250 250 

TC5517AP/AD/AF-2 200 200 iTMM20161 

TC5517AP/AD/AF 
385 0.165 

iHM6116l) 250 250 
16K Bit 2.048 x 8 CMOS +5 24 

TC5517APl/AOl/AFl-2 200 200 

TC5517APl/ADl/AFl 
385 0.005 

250 250 

TC5517BP/BD/BF-20 200 200 0.165 iTMM2016) 

TC5517BPl/BOl/BF l-20 
2.048 x 8 CMOS +5 55 ---0:005 24 

iHM6116L) 200 200 

TC5518BP/BD/BF -20 200 200 0.165 
2.048 x 8 CMOS +5 55 .~ 24 -

TC5518BPl/BDl/BF l-20 200 200 

• TC5564P-1O 100 100 
0.11 

• TC5564P-15 150 150 

• 'Tc5564P l- 1 0 
8.192x8 CMOS +5 55 r------ 28 -

100 100 

• TC5564Pl-15 150 150 
0.005 

64K Bit 
TC5565P-12 120 120 

CMOS/ 
5.5 

TC5565P-15 150 150 

'Tc5565Pl-12 
8,192x8 +5 55 r------ 28 -

NMOS 120 120 

TC5565Pl-15 150 150 
0.55 

Note Package Material P: Plastic C: Ceramic D: Cerdip F: Plastic Flat 
*Preliminary: These are target specifications and are subject to change without notice. 

- 4 -



TOSHIBA 

4. Erasable Programmable ROM 

Access Cycle Power Power Dissipation 

Capacity Device Number Organization Process Time Time Supplies Max. (mW) 
Pins Alternate 

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

TMM2764D-2 200 200 630 184 i2764 
TMM2764D 250 250 

64K Bit 8,192<8 NMOS +5 28 
TMM2764DI-2 200 200 

683 210 -TMM2764DI 250 250 

I TMM27128D-20 200 200 
128K Bi. 16,384 < 8 NMOS +5 630 184 28 i27128 

TMM27128D-25 250 250 

Note; TMM2764DI/DI-2: (Operating temperature range: _40°C ,",-,85°C) 

5 Mask Programmable ROM 

Device Nnumbe, I O'9ani,a'ion 

Access Cycle Power I Power Dissipation 

Capacity Process Time Time Supplies Max. (mW) Pins 
Alternate 

Max. (ns) Min. (nsl (V) I Active Standby Source 

~~Bit f~!,1t.,1~~~4P __ _~,04~><.~ NMOS 450 450 +5 I 440 - 24 i2316E 

TMM333P 450 450 

I 
525 24 TMS4732 

32K Bit 4,096 < 8 NMOS +5 
r-- ___ ~1v1fIt12332~---

I 
350 350 550 83 24 i2332 

, TMM2364P 

I 
250 350 220 83 28 i2364 

64K Bit TMM2365P 8,192<8 NMOS ~---~j +5 
~ 

138 28 (12364) 

TMM2366P I 200 200 550 138 24 MK36000 

128K Bit * . TMM23128P 16,384 < 8 NMOS 200 200 +5 I 440 110 28 -
256K Bit TMM23256P 32.768 < 8 NMOS 150 230 +5 I 220 55 28 -

6, CMOS Mask Programmable ROM 

! I Access : Cycle I Power Power Dissipation 

Capacity I Device Number Organization Process Time Time Supplies Max. (mW) 
Pins Alternate 

i : Max. (ns) I Min, (ns) I (V) Active Standby Source 

TC5332P I TMM2332 
[TC5333P 

; 450 I 450 

32K Bit ~O 540 +5 I 39 0.11 24 
(TMM2332) 

! TC5334P 
4,096 x 8 CMOS 

. 450 450 
I TM~~ 

TC5335P 450 540 (TMM333) . TC5364P 250 350 28 , TMM2364 

64K Bit * ~-- 8,192 < 8 CMOS 250 250 +5 39 0.11 

I 
28 TMM2365 

TC5366P 250 250 24 TMM2366 

256K Bit * TC53256P 32,768 < 8 CMOS 350 450 +5 83 0.11 I 28 (TMM23256) 

Note Package Material P: Plastic C: Ceramic D: Cerdip F: Plastic Flat 
*Preliminary: These are tartet specifications and are subject to change without notice. 
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TOSHIBA DYNAMIC RAM 

S 
TMM416P-2 TMM416P-3 TMM416P-4 2: -m 

(150 ns) (200 ns) (250 ns) J:a 

DYNAMIC RAM TMM4164P-2 TMM4164P-3 TMM4164P-4 

(120 ns) (150 ns) (200 ns) 

TMM4164AP-12 H TMM4164AP-15 H TMM4164AP-20 

(120 ns) (150 ns) 1200 ns) 

0"> 

TMM41256C-12 H TMM41256C-15 

(120 ns) (150 ns) 

*: PRELIMINARY 



! I 
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-l 

TOSHIBA STATIC RAM (NMOS STATIC RAM, CMOS STATIC RAM) 

190 nsl 

(90 ns) 

*: PRELIMINARY ... 
o 
(II 
::I: -
= 



00 

TOSHIBA EPROM 

TMM2764D-2 TMM2764D 

TMM2764DI-2 TMM2764DI 

(200 ns) (250 ns) 

TMM27128D-20 TMM27128D-25 

(200 ns) (250 ns) 

DI version: Operating Temperature = -40 ~ 85°C 

TOSHIBA MASK ROM (NMOS MASK ROM, CMOS MASK ROM) 

CMOS I-----.--li 32 K BIT 

*.-.-----, 
TC5364P 
TC5365P 
TC5366P 

(250 ns) 
*r,-------------, 

TC53256P 

lCl50 nsl 

TC5332P. TC5333P 
TC5334P. TC5335P 

(450 ns) 

*: PRELIMINARY 

~ :c -r: 



MEMORY SELECTION GUIDE 1. 

BOO 
TC5047AP-2 

700 

TC5501 P TC5514P-l 
600 

TC5047AP-l 
500 

----
TMM314AP 

TC5501P TC5514P TMM334P 

.:0 400 
UJ 
:;; 
>= 
Ul 

1<0 Ul 300 UJ 
, U 

u « TMM314AP-3 
TC5514AP-3 
TC5504AP-3 

TC5516AP TMM416P-4 TC5517AP 

200 

TMM314AP-l TMM2016P-2 TCC5517AP-2 
TMM416P-3 *TC5517BP-20 TC5514AP-2 
TC5516AP-2 *TC551BBP-20 TC5513AP-20 

TMM2016P *TMM2015AP-12 
TMM2114AP-12 TMM2016AP-12 *TMM2015AP-15 
TMM2114AP-15 TMM2016AP-15 TMM416P-2 

100 

TMM315D TMM2016P-1 *TMM2015AP-l0 
TMM2016AP-10 *TMM2015AP-90 TMM315D-1 
TMM2016AP-9Q TMM2018D-55 

TMM201BD-45 

lK Bit 4K Bit 16K Bit 

TC5332P 
TC5333P 
TC5334P 
TC5335P 
TMM333P 

TMM2332P 

TMM2764D 
TMM2364P 
'lfTC5364P 
*TC5365P 
'lfTC5366P 

TMM4164P-4 
TMM27640-2 
TMM2365P 
TMM2366P 
TMM4164AP-20 

TMM4164P-2/3 
TMM4164AP-12/15 
*TC5564P-15 
TC5565P-12/15 

*TC5564P-10 

32K Bit 64K Bit 

TMM27128D-25 

TMM2712BD-20 
*TMM2312BP 

TMM23256P 

128K Bit 

Note; *: Preliminary 

• TC53256P 

*TMM41256C-12 
*TMM41256C-15 

256K Bit 

a en :z: -I: 

ji 
" 

i 
I! 

:.1 
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MEMORY SELECTION GUIDE (2) 

Memory Type 

Dynamic RAM 

Nch Static RAM 

RAM 

CMOS Static RAM 

EPROM 

Nch MASK ROM 

ROM 

CMOS MASK ROM 

*PRELIMINARY 

1 K Bit 4K Bit 16K Bit 

TMM416P 

TMM2016P 
TMM314AP 

TMM2016AP 
TMM2114AP 

*TMM2015AP 
TMM315D 

TMM2018D 

TC5517AP/AF 
TC5047AP 

TC5514P 
TC5516AP/AF 

TC5501P 
TC5514AP 

*TC5517BP/BF 

TC5513AP 
*TC5518BP/BF 

TMM334P 

i 
Memory Capacity :z: -

32K Bit 64K Bit 128K Bit 256K Bit = 
TMM4164P 

*TMM41256C 
TMM4164AP 

*TC5564P 
TC5565P 

TMM2764D 
TMM27128D 

TMM2764DI 

TMM2364P 
TMM333P 

TMM2365P *TMM23128P TMM23256P 
TMM2332P 

TMM2366P 

TC5332P 
*TC5364P 

TC5333P 
*TC5365P 

TC5334P 
*TC53256P 

*TC5366P 
TC5335P 

I 



..... ..... 

MEMORY SELECTION GUIDE (3) 

Bit I 
----~~ 1 

4 

Word ~~~~_ I 
~ ~i + 

256 TC5501P 

I---- ---1 
1,024 

2,048 

I 

I 

TMM314AP TMM2114AP 

TC5047AP TC5514P 

TC5514AP TC5513AP 

8 

TMM2016P TMM2016AP 

*TMM2015AP TMM2018D 

TC5516AP/AF TC5517AP/AF 
I 
! 
I 
I *TC5517BP/BF *TC5518BP/BF 

: -----------j -------1----------- -~----- r 

1----------- I TMM315D ---JI 

TMM334P 

TMM2332P 

i TC5504AP I 
I 1 . -r-_mn I ! 

TC5332P 

TC5334P 

*TC5564P 

*TC5364P 

4,096 

• I I 

I I 
*TC5365P 

*TC5365P 

8,192 

! I 
I I 
I _-"1 __ _ L-~-~~--+-~- I I 

TMM2764D 

16,384 t-=~---~ 
32,768 

65,536 

262,144 

*PRELIMINARY 

TMM4164P 

TMM4164AP 

*TMM41256C 

TMM27128D 

*TMM23128P 

TMM23256P 

*TC53256P 

TMM333P 

TC5333P 

TC5335P 

TC5565P 

TMM2364P 

TMM2365P 

TMM2366P 

a 
In :z: -III :.. 



TOSHIBA 

en 
w 
(,) 

:;; 
w 
Cl 
w 
a:: 
::> 
f­
::> 
u. 
Cl 
z « 
f­
Z 
w 
a:: 
a:: 
::> 
2 
f­
::> 
o 
~ 
Q. 

>­a:: 
o 
::!E 
w 
::!E 
w 
Cl 

3F 
w 
f­
>­
CIl 

« 
CIl 

:t: en 
~ 

MROM (TMM23250) 

1) I~ ~ IWo I~ ~~ ~E~PR~O~M~(T_M_M_2~7_12~8~) __ ~~>~~-~_~~~ __ +-_<{~" __ ~_~ __ =-__ ~-+--+---r--r~ 
~ I<: MROM (TMM23128) ~ li£ .( <{ I~ 16'6' 

Q) 

I<: 
N 
M 

~C_R_A_M_(_TC_5_5_64_/_65_) ____ ~_~~_~~~ ~~~_.~i __ +-_<{_" ___ I~ __ ~I ___ I~_: __ ~-+ __ +-__ ~~~ 
£~ £~ ~!~ ~ MROM (TMM2365) 

MROM (TMM2364) 

EPROM (TMM2764) 

CMOS MROM (TC5333) 

CMOS MROM (TC5332) 

MROM (TMM2332) 

CRAM (TC5517) 

CRAM (TC5516/18) 

SRAM (TMM2016/15) 

MROM (TMM334) 

~ I~ I~ 
---+--+--4--~--~ 

~ 1£ 16' 

i § § ~ @ § E § § a E N 

I ~ [:<f~ ~ § ~ ~ ~ ~ ~ ~ ~ ~ ~ 

·---:Ie-.--------.·. .:, .:. .:, ~ ~~ -2r~ ~ ~ ~ ~ ~ ~ 
i MROM (TMM334) .; .;( .,'£ .; .,'£ .r .£ .? 0 r5 a 13 
r--.----------~------.~~~~~--~~ 

a; 
~ 
N 
M 

SRAM (TMM2016/15) 

CRAM (TC5516/18) 

CRAM (TC5517) 

MROM (TMM2332) 

CMOS MROM (TC5332) 

CMOS MROM (TC5333) 

EPROM (TMM2764) 

~ MROM (TMM2364) 
~ 

<1i MROM (TMM2365) 

CRAM (TC5564/65) 

cj 
z 
~ 
z 
cj 
z 

~ 
~~ ~M_R_O_M~(_TM __ M_23_1_2_8) __ ~ __ ~z~+-~ __ -+ __ +--4 __ ~ __ ~-+ __ +--+ __ +-__ ~~~ 
~ ~ EPROM (TMM27128) ~ 

~~ iii I MROM (TMM23256) 
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TOSHIBA 

CROSS REFERENCE 

1. 16 K Bit Dynamic RAM 

------------
Access Tim 150 ns 200ns 250 ns 

Toshiba TMM416P-2 TMM416P-3 TMM416P-4 

Fairchild F16K-2 F16K-3 F16K4 
Fujitsu MB8116H MBB116E MB8116N 

~716A-2 
~-

f--- HM4716A-3 HM4716A-4 Hitachi 
~-

Intel 2117-2 2117-3 2117-4 
Intersil IM7116-3 IM7116-4 
Mitsubishi M5K4116-2 M5K4116-3 M5K4116-4 
Mostek MK4116-2 MK4116-3 MK4116-4 -- ~_. 

Motorola MCM4116C-2 MCM4116C-3 MCM4116C-4 
National Semi. NM5290-2 -iiM5290-3 
NEe j.! PD416C/D-3 j.!PD416C/D-2 j.!PD416C/D-1 
TI TMS4116-15 TMS4116-20 TMS4116-25 

2. 64K Bit Dynamic RAM. 

120ns 150 ns 200 ns 

Toshiba TMM4164P-2 TMM4164P-3 TMM4164P-4 

Fujitsu MB8264-15 MB8264-20 
Hitachi HM4864-2 HM4864-3 
Intel 2164-15 2164-20 
Mitsubishi M5K4164N-15 M5K4164N-20 
Motorola MCM6665-15 MCM6665-20 
NEe j.!PD4164-3 j.!PD4164-2 
OKI MSM3764-12 MSM3764-15 MSM3764-20 
TI TMS4164-15 TMS4164-20 

3. 4K Bit Static RAM 

1,024 x 4 4,096 x 1 

Access Time 200ns 300 ns 450ns 55 ns 70ns 

Toshiba TMM314AP·1/APL-1 TMM314AP·3/APL-3 TMM314AP/APL TMM315D-1 TMM315D 

AND Am9114EPC Am9114CPC Am9114BPC 
AMI S2114-2 S2114-3 S2147 
Fujitsu MB8114EL MB8114NL MB8147H MB8147E 
Hitachi HM472114AP-2 HM472114AP-3 HM472114AP-4 HM6147-3 HM6147 
Intel 2114-2/L2 2114-3/L3 2114/L 2147-3 2147 
Intersil IM7114-2/L2 IM7114L 
Mitsubishi M5L2114LP, S-2 M5L2114LP, S-3 M5L2114LP,S 
Motorola MCM2114-20 MCM2114-30 MCM2114-45 MCM2147-55 MCM2147-70 
National MM2114-21-2L MM2114-3/-3 L MM2114/-L MM2147-3 MM2147 
NEe j.!PD2114LC/D-3 j.!PD2114LC/D-1 j.!PD2114LC/D j.!PD2147D-3 j.!PD2147D-2 
SYNERTEK SY2147 
TI TMS4045-20 TMS4045-45~ TMS2147-5 TMS2147-7 

- 13 -



TOSHIBA 

4. 1 K/4K Bit CMOS RAM 

1 K Bit 4 K Bit 

256x4 1,024 x 4 1,024 x4 4,096 x 1 

Toshiba TC5501P TC5047AP TC5514P TC5504P 
TC5514AP/TC5513AP TC5504AP 

Fujitsu MB8414 MB8404 
Harris HM6501 HM6514 HM6504 
Hitachi HM435101 HM4334 HM4315 
Intel i5101 L 
Intersil IM6514 IM6504 
Mitsubishi M5L5101P-1 M58981S-45 
NEC !tPD5101 !tPD445 !tPD444 
Oki MSM5114 MSM5104 
RCA MWS5114 

5. 16 K Bit NMOS/CMOS S1atic RAM 

16 K Bit 

NMOS CMOS 

Toshiba 
TMM2016P TC5516AP TC5517AP/BP TC5518BP TMM2016AP 

Fujitsu MB8128 MB8417 TM8416 MB8418 
Hitachi (HM6116l (HM6116) (HM6117) 
Mitsubishi M58725 
NEC !t PD4016 !tPD447 !t PD446 !t PD449 
OKI MSM2128 MSM5127 MSM5128 MSM5129 

6. ROM (EPROM & MROM) 

EPROM MROM 

64 K Bit 32 K Bit 64 K Bit 

TMM333P TMM2332P 
TMM2364P Toshiba TMM2764D TC5334P TC5332P TMM2366P 

TC5335P TC5333P TMM2365P 

Fujitsu MB2764 MB8332 MB8333 MB8364 
Hitachi HN482764 HM46332P HN48364 
Intel i2764 i2332 i2364 
Mitsubishi M58333 M58735 M58334 
Mostak MK32000 MK37000 MK36000 
Motorola 
NEC !tPD2332 !tPD2364 
Oki MSM2764AS 
TI TMS4732 TM54754 

- 14 -
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TOSHIBA MOS MEMORY PRODUCTS 
16384 WORD x 1 BIT DYNAMIC RAM 

NCHANNEL SILICON GATE MaS 

DESCRIPTION 

The TMM416P is a 16,384 words by 1 bit MOS 
random access memory circuit fabricated with 
TOSHIBA's double poly N-channel silicon gate proc­
ess for high performance and high functional density. 

The TMM416P uses a single transistor dynamic 
storage cell and dynamic control circuitry to achieve 

FEATURES 

• 16,384 words by 1 bit organization 
• Fast access time and cycle time 

DEVICE tRAC tRC 

TMM416P-2 150 ns 320 ns 

TMM416P-3 200 ns 375 ns 

TMM416P-4 250 ns 410 ns 

• Industry standard 16 Pin plastiC DIP 
• Standard ± 10% power supply (+12V, ± 5V) 
• Lower power: 462mW operating (max.) 

20mW standby (max.) 

TMM416P-2, TMM416P-3, 
TMM416P-4 

high speed and low power dissipation. Multiplexed 
address inputs permit the TMM416P to be packaged 
in a standard 16 pin plastic 01 P. This package size 
provides high system bit densities and is compatible 
with widely available automatic testing and insertion 
equipment. 

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

• Common 1/0 capability using "Early Write" or:era­
tion 

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

• All inputs and output TTL compatible 
• 128 refresh cycles I 2 msec 
• Compatible with MK4116 

PIN CONNECTIONS BLOCK DIAGRAM 

(TOP VLEW) 

PIN NAMES 

AO-A6 Address Inputs 

CAS Column Address Strobe 

D,N Data In 

DOUT Data Out 

RAS Row Address Strobe 

WAITE Read/Write Input 

Vee Power (-5V) 

Vce Power (+5V) 

VDD Power (+12V) 

vss Ground 

WRITEo---------------------~~ 

A'~ A, A, A, A, 
A, 
A, 

Vooo--

17 -
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TOSHIBA 

ABSOLUTE MAXIMUM RATINGS 

RATING i- VALUE I UNITS NOTES I 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 ~ 70°C) (Note 21 

-SYMBOL! 
-----
PARAMETER 

Voo 

VCC 
Supply Voltage 

VSS 
----'~ 

VSS 
-----

Input High Voltage, RAS, CAS, WR I VIHC 

VIH Input High Voltage, except RAS, CAS 

VIL Input Low Voltage, all inputs 
----~- .. --

--·---__ l_~ _.TYP. _+-~AX_~. UNITS I NOTES jl 

~~ 12.0 13.2 1 V -1 3 

4.5 -- 5.0 1 5.5 1 V 1- 3,4 ~ 
1 0 0 0 i-v-'- 3 

",--___ ---+_-4.5--=5-:o~i -~51-v-l-3- • 

TE 2~ 7.0 ....':I..~3--! 
,WR ITE I 2.4' i 7.0 V 3 I 

--i---=10:l...-=-~-0-.8 V --t-~I 

DC ELECTRICAL CHARACTERISTICS 

(Voo = 12.0V ± 10%, VCC = 5.0V ± 10%, Vss = OV, Vss = -5.0V ± 10%, Ta = O°C ~ 70°CI (Note 21 

- --- - --1~-MIN~' -r M-Ax'- UNITS NOTESl.S -- -- -3~~ ____ 5 ___ 1 
6 -I 

valuel --=-=1 200 IlA I 
---- -- - ------. -- ------

15 I mA I I 

-- ~1011o____r IlA I 

SYMBOL PARAMETER 
,------ -- ------

1001 OPERATING CURRENT 
'---c--

Average power supply operating curren ICCl _._c'--
(RAS, CAS cycling: tRC = minimum ISSl ---_ ... 
STANDBY CURRENT 1002 

ICC2 Power supply standby current 

. ur=--+-_100-~L-_ /1A~ ___ J 
, 27 ' mA . 5 

mode. 0 - -'0 ---';-;;--1---1 
~lf1lum~ __ ~ _____ 1 - 200=--t---;;-A ___ ~ __ 

ode operation ~ 1= ~7 -l-:- mA =1-~--: 
mumvaluel ___ + 200 -F3~~~ __ ~ 

Input leakage current, any input (Vss=-5V -10 1 10 \ Il A I I 

OV <;; VIN <;; +7.oV, all other pins not under test = OVI , 

OUTPUT LEAKAGE CURRENT ----T -10-----~ -+-, --Il-A--l'----
(DOUT is disabled, OV <;; VOUT <;; +5.5VI ' I 
OUTPUT LEVE'~'-----

I VOH .-. __I "1 2.4 ~,4 _V V ji4 _J1 I Output "H" level voltage (Iou T = -5mAI ___ _ 
r-----r-O~U=T~P~U=T-LEVELS--

~O_L_---'L....0_u_t_p_ut "L" level voltage (lOUT = 4.2mAI 

, ISS2 (RAS = VIHC, DOUT = High Impedan 

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

REFRESH CURRENT 

: ICC3 Average power supply current, refresh 

L_I!3..SL __ (RAS cycling, CAS = VIHC : tRC = mi 

\ 1004 -PAGE-M'OD-ECURRENf---'-

I ICC4 Average power supply current, page m 

PS4 
(RAS=VIL,CAScycling: tpc =mini 

INPUT LEAKAGE CURRENT 

eel 

10 ILl 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(VDD = 12.0V± 10%; VCC = 5.0V± 10%, VSS = OV, VB B = -5.0V ± 10%, Ta = oDe -70°C) 

tcp 
mode cycle only) 

60 80 100 

TOSHIBA 

(NOTES2,7,8,1O) 

ns 

ns 

ns 

NOTES 

9 

9 

15 
-~--

--

2 2 2 ms 

-20 -20 -20 17 
tR E F Refresh pe_r_io_d~~ ____ ---cc-~~~+--=-+~~~-+----ccc-+--__ ~-+---c-c-+--~~-+~~~-+~-=~-i 
twcs WRITE command set-up time ns 

60- 80 90 ns 17 

110 
r--

145 175 17 ns 

tCWD 'CAS to WR ITE delay -~~+-co 
tRwD RAS to WRITE delay 

- 19 -



TOSHIBA 

TIMING WAVE ... un' .... 

• READ CYCLE tRC 

ADD'RESSES 

DOUT 

VIHC -:------,l1\I-_____ t:.!A~R:!__~_~_1 
VIL-

tCSH 

tCAC 

VALID DATA ~~: -------------OPEN ---------<1 
~----'I 

~Don'tCarB 

• WRITE CYCLE (EARLY WRITE) 

tRAS 

FOOl VIHC-
VIL-

tAR 

tCSH 

CAS VIHC 
VIL 

ADDRESSES 

WRiTE VIHC 

°OUT 

VOH-____________________ _ 

VOL OPEN 
m Don't Care 

- 20 -



TOSHIBA 

• READ-WRITE/READ-MODIFY-WRITE CYCLE 

RAS 

CAS 

ADDRESSES 

WRITE 

DOUT 

D,N 

v'HC-
V,L -

V'HC-
V'L-

V'HC-
V'L-

VOH-
VOL_ 

tAR 

tASH 
~--------------1------+--------tCSH--------------~ 

tCAS--------------~ J---~----~--

~ Don'tCare 

• "RAS-ONLY" REFRESH CYCLE 

ADDRESSES 

DOUT 
VOH-

VOL -------------------------------

OPEN ----------------____________________ __ 

~ Don'teare 

Note: CAS = V,HC. WRITE = Don'teare 

- 21 -



TOSHIBA 

• PAGE MODE READ CYCLE 

ADDRESSES 

DOUT 

WRITE 

~Don'tCare 

• PAGE MODE WRITE CYCLE 

tAR 

RAS VIHC -

V,L -

teAs 

CAS V'HC-
V,L -

ADDRESSES 
V,H 
V,L 

WRITE 
V,HC 
V,L 

D,N 
V,H 
V,L 

f?J Don't Care 

- 22 -



TOSHIBA 

CAPACITANCE 

(VDD = 12.0V ± 10%, Vee = 5.0V ± 10%, Vss = OV, VBB = -5.0V± 10%, f = 1MHz, Ta = O°C - 70°C) 

SYMBOL PARAMETER 

Ci l Input Capacitance (Ao·A.). DIN 

Ci, Input Capacitance RAS, CAS, WRITE 

Co Output Capacitance (DOUT) 

POWER DERATING CHARACTERISTICS 

. I.--j-. t-+-
;.I(MUo) 

f-+-I- \ lSI-
60t--t- - r--

(--411-3) 

Cvcle Ra.e (MHd ~ 10JltRC (no) 

"00 . , 
I I 
I I < t;-7"}"'-~ 

o I v~~',J'...." 

NOTES 

.0 , 
I-~ +,0//1'. 
f- ,~~ 

, ~"t'.(~'.-1""1 
J.e1 ,/ 

J~ ,{ i 1 
1 1 

" 
I I ,. ,. ,., .. 

CycOllFlnt1MHzl_l0l /'FtC (n.) 

Flg.2 'Re".IDOI 

1 

•. , 

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

2. T a is specified here for operation at freq~encies to 
tAC ~tRC (min.). Operation at higher cycle rates With reduced 
ambient temperatures and higher power dissipation is permissible, 
however. provided AC operating parameters are met. See Fig. 1 
for derating curve. 

3. All voltages are referenced to VSS. 
4. Output voltage will swing from Vss to V CC when activated with 

no current loading. For purposes of maintaining data in standby 
mode, VCC may be reduced to Vss without affecting refresh 
operations or data retention. However, the VOH (min.) specifica­
tion Is not guaranteed in this mode. 

5. IOO~' 1003 and 1004 depend on cycle rate. See figures 2. 3 and 
4 for 100 limits at other cycle rates. 

6. ICC1 and ICC4 depend upon output loading. During readout of 
high level data VCC Is connected through a low Impedance to data 
out. At all other times ICC consists of leakage currents only. 

7. After the application of supply voltages or after axtanded parlods 
of bias (greater than tREF: 2ms) without clocks. the davice must 
perform about eight initialization cycles prior to normal opera­
tion. 

8. AC measurements assume tT = 5ns. 
9. The spe~ifiC8tions for tAC (min.). tAMW (min.) and tAWC (min.) 

are used only to indicate cy<;le !ime at which proper operation 
ove~the full temperature range (0 C:e;;;T a :e;;;70oC) is assured. 

10. VIHC (min.) or VIH (min.) and VIL (max.) are reference lavelsfor 

TYP. 

4 

8 

5 

Fig. 3 'flC ".1003 

CvcleTime 'PC (n.) 

Cvcle fI.t\O (M+iz) m 10'/tPC 

Fig. 4 'PC".I 004 

I 

MAX. UNIT 

5 pF 

10 pF 

7 pF 

measuring timing of input signals. Also. transition times are meas­
ured between VIHC or VIH and VIL. 

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

12. Assumes that tRCo ~tRCD (max.) 
13. Measured with a load equivalent to 2 TTL loads and 100pF. 
14. tOFF (max.) defines the time at which the output achieves the 

open circuit condition and is not referenced to output voltage 
lavels. 

15. Operation within the tRCo (max.) limit insures that tAAC (max.) 
can be met. tRCO (max.) is specified as a reference point only: if 
tRCo is greater than the specified tRCO (max.) limit, then access 
time is controlled exclusively by tCAC' 

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

17. twCS. tCWD and tAWD are not restrictive operating parameters. 

23 -

They are included In the data sheet as elactrical characteristics 
only. 

If twcs ~ twcs (min.). the cycle is an aarly write cycle and the 
data out pin will remain open circuit (high impedance) throughout 
the entire cycle: 

If tCWD ~ tCWD (min.) and tAWD ~tRWD (min.1. 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. 

.-_.- - --- ----~--- --- --~ ~-~---------- -



TOSHIBA 

APPLICATION INFORMATION 

ADDRESSING 

The 14 address bits required to decode 1 of the 
16.384 cell locations within the TMM416P are 
multiplexed onto the 7 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 7 row address bits into tbe chip. The 
second clock. the Column Address Strobe (CAS). 
subsequently latches the 7 column address bits into 
the chip. Each of these signals. RAS and CAS. trig­
gers a sequence of events which are controlled by dif­
ferent 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 (tR AH) has been satisfied and the 
address inputs have been changed from Row address 
to Column address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched 
into an on-chip register by a combination of WR ITE 
and CAS while RAS is active. The later of the signals 
(WRITE or CAS) to make its negative transition is the 
strobe for the Data In (DIN) register. This permits 
several options in the write cycle timing. In a write 
cycle. if the WR ITE input is brought low (active) 
prior to CAS. the 01 N is strobed by CAS and the set­
up and hold times are referenced to CAS. If the 
input data is not available at CAS time or if it is 
desired that the cycle be a read-write cycle the 
WRITE signal wi II be delayed unti I 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. 01 N is referenced to 
WR ITE in the timing diagrams depicting the read­
write and page-mode write cycles while the "early 
write" cycle diagram shows DIN referenced to CAS). 

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

DATA OUTPUT CONTROL 

The normal condition of the Data Output (DO UT) 
of the TMM416P is the high impedance (open­
circuit) 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. Do UT 
will remain valid from access time until CAS is taken 
back to the inactive (high level) condition. 

If the memory cycle in progress is a read. read­
modify write. or a delayed write cycle. then the data 
output will go from the high impedance state to the 
active condition. and at access time will contain the 
data read from the selected cell. This output data is 
the same polarity (not inverted) as the input data. 
Once having gone active. the output will remain valid 
until CAS is taken to the precharge (logic 1) state. 
whether or not RAS goes into precharge. 

If the cycle in progress is an "early-write" cycle 
(WRITE active before CAS goes active) .. then the 
output pin will maintain the high impedance state 
throughout the entire cycle. Note that with this type 
of output configuration. the user is given full control 
of the DOUT pin simply by controlling the plaoament 
of WRITE command during a write cycle. and the 
pulse width of the Column Address Strobe during 
read operations. Note also that even though data is 
not latched at the output. data can remain valid from 
access time until the beginning of a subsequent cycle 
without paying any penalty in overall memory cycle 
time (stretching the cycle). 

PAGE MODE OPERATION 

The "Page-Mode" feature of the TMM416P al­
lows for successive memory operations at mu Itiple col­
umn locations of the same row address with increased 
speed without an increase in power. This is done by 
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strobing the row address into the chip and maintain­
ing the RAS signal at a logic 0 throughout all succes­
sive memory cycles in which the row address is com­
mon. This "page-mode" of operation will not dis­
sipate 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 addresses within each 2 millisecond time interval. 
Although any normal memory cycle will perform the 
refresh operation, th is function is most easily accom­
plished with "RAS-only" cycles, RAS only refresh 
results in a substantial reduction in operating power. 
This reduction in power is reflected in the IDD3 
specification. 

POWER CONSIDERATIONS 

Most of the circuitry used in the TMM416P is 
dynamic and most of the power drawn is the result of 
an address strobe edge. (refer to the TMM416P cur-

TYPICAL CURRENT WAVEFORMS 

TOSHIBA 

rent waveforms in Fig. 5) In system applications 
requiring lower power dissipation, the operating 
frequency (cycle rate) of the TMM416P can be re­
duced and the (guaranteed maximum) average power 
dissipation of the device will be lowered in accord­
ance with the ID D 1 (max.) spec limit curve illustrated 
in Fig. 2. 

It is possible to operate certain versions of the 
TMM416P family (-2 and 3 speed selections for 
example) at frequencies higher than specified, provid­
ed all AC operati~g parameters are met. Operation at 
shorter cycle times « tRe min.) results in higher 
power dissipation and, therefore, a reduction in 
ambient temperature is required. Refer to Fig. 1 for 
derating curve. 

POWER UP 

The TMM416P requires no particular power sup­
ply sequencing so long as the Absolute Maximum 
Rating Conditions are observed. However, in order to 
insure compliance with the Absolute Maximum Rill­
ings, TOSHIBA recommends sequencing of POWei 

supplies such that VBB is applied first and rernov,,,1 
last. VBB should never be more positive than V,;,; 
when power is applied to VD D. 

RAS/CAS CYCLE LONG RAIl/CAS CYCLE "RASONLYCYCLE 

100 
(mAl 

I" 
(rnA) 

I" (rnA) 

, 

,- r- . 1\ . r-r--

H-+J I- - .. 

Ii 

0-· 

1~ , 
1/ , 

, 
, 

III , 
I rv V , 

~IJ f-

~ -\ 
I····· 

A~ 
IIr, 

V-
~ V 

A 

/\ A 
I 11'1 

\I-'~ 

Voo lJ.2V 

V" - -4.5V - -

TS = 25°C 

~ 
- tEl \ Lill JI\ - -)' I~ .A- I 

II I'--111 " \j 11 -v 
.L 

I j 

ft 
1\ A I' 
/ /1\ If'I'l /1\ 

ltv 1/ ~ ~I-' IV \1-- l!'-' ~ 
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TOSHIBA 

TYPICAL CHARACTERISTICS 

4 

, 

0 

O 

f;-

u " < 
~ 
; 

, 

0 

Normalized AccllllS Time tRAC 

III V S P I V I DO U PV gtage 

TJ -50"<: 

...... r--... 

....... t-

Voo IV) 

Normalized AC>Ce$S Time 

VIT' Junction Temperatura . 

1/ 
V 

/ 
/ 

60 , 
TJ ("cl 

1002 (Stendbyl 

',4r--,'-·':..V'-'0"0'-'".":;.""-"-'-v.;,.",,.'"::, ____ -, 

" ° Ii -1--1--' 

,0 
Voo (V) 

VBS = --4.5V 

Tj ",sooe 

" 

. 
" 

Normalized A<:"eIlTlma tRAe 

vs Ves Sl,Ipply Voltage 
,.4r--,---"'r-'T-F-,-----, 

Vas IV) 

1001 (Allersglt) 

v,; VOO Supply Voltage 

VSS- --4.5V 

TJ ",soge 

tRC·- 3 'Sna 

--
Veo IV) 

1002 (Standby) 

VI Tj JunctIon Temperatura 

Vss ~ --4.5V 

VOO '" 13.2V 

--
'0 
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Normalized Ac.::8n Time tRAe 

VI Vee Supply Voltage 

TJ "50"<= 

0,O';-3--'---;--L--!---L---!~--L--:! 

Vee (V) 

1001 (Average) 

VI TJ Junction Temperature 

1003 (RAS Only) 

VII VOO Supply Voltllglt 

Voo (V) 

Voo ~ 13.2V 

Ves "'4.5V 

tAC -375", 

Ves - -4.5V 

Tj -sooe 
tRC=375nl 



;; 
i 
;; 

1003 (R"AS Only) 
vs Tj Junction Temperatur& 

V,HC,V,LC Input Le"els 

v< VOP Supply Voltage 

Ves ~ -4.SV 

Vao ~ 13.2V 

tRC ~ 375 ns 

¥as - -S.5V for V,HC 

Ves = -4.5V for V, LC 

Tj = 50°C 

O~8--L-~--~~~~~7-~~ 

Vao (V) 

V'H' V'L Input L .. " .. ls 

vs Vas Supply Voltage 

Voo = 13.2V for V IH 

VOO ~ 10.SV for VIL 

Tj ~ SOoC 

Vee (V) 

1004 (Page Mod .. ) 

vs VOO Supply Voltal/8 

¥as = -4.5V 

Tj _ 50°C 

tpc - 225 ns 

-1---1--

Vao (V) 

V,H. V,L Input Levels 

us Yao Supply VoltaGo 

Vss ~ -S.5V for V,H 

Ves - -4.5V for VIL 

Tj _ 50°C 

V'HC_ VII .. C Input L .. vels 

vs Tj Junction Temperature 

I 

I -

Voo ~ 13.2V. Vee ~ -S.5V for VIHC 

VOO ~ 10.8V. Ves ~ -4.5V for VILC 
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'004 (Page Mode) 

vi Tj Junction Temperatur. 

¥as - -4.5V 

.....----t----- - ---f---- VOO = 13.2V 

tpc = 225 n. 

-

VIHC. VILe Input Levels 

V5 ¥as Supply Voltage 

-

I 

t- I 

1--n=1=~. 
Voo = 13.2V for VrfJr 

Vap ~ lO.8V for V'Le 

Tj = 50°C 

Vss (V) 

V,H. VII. Input Levels 

vs Tj Junction Temperature 

J 

I 

Voo ~ 13.2V, Vee ~ -5.SV for VIH 

VOO = 10.8V. Vee ~ -4.SV forVIL 
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OUTLINE DRAWING 

16 15 14 13 12 11 10 9 Unit in rnm 

!I!~~:~;} 
12345678 

19.9 MAX. 

SO SO C~;;~ X.--+;~------------------'I .. 
:!' 
o 
ui 

2.54 ±O.25 

1.4 ±O.15 

0.5 ±O.15 

L~~~ 
0.2 MAX. I 7.62 _ B.BO I 

Note: Each lead pitch is 2.54mm. All leads are located within O.26mm. 

of their 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 IIcellses ara Implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry, 

©Mar.,1980 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
65,536 WORD X , BIT DYNAMIC RAM 

N-CHANNEL SILICON GATE MOS 

DESCRIPTION 

The TMM4164P is the new generation dynamic 
RAM organized 65,536 words by 1 bit, it is successor 
to the industry standard TMM416P. 

The TMM4164P 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. 

FEATURES 

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

DEVICE tRAc tRC 
TMM4164P·2 120 ns 260 ns 
TMM4164P·3 150 ns 260 ns 
TMM4164P-4 200 ns 330 ns 

• Single power supply of 5V± 10% with a bUllt·ln 
Vee generator 

• Low power; 275mW operating (MAX.) 
27.5mW standby (MAX.) 

PIN CONNECTION (TOP VIEW) 

PIN NAMES 

Ao -A, 
CAS 

~-
NC 
DOUT 
RAS 
WRITE 

Vcc 
Vss 

NC 
D,N 

WRITE 
RAS 
.Ao 
A, 
AI 

Vce 

Address Inputs 
Column Address Strobe 

Data In 
No - Connection 

Data Out 
Row Address Strobe 
Read/Write Input 
Power (+5V) 
Ground 

Vss 
CAS 
DOUT 
A. 
A3 
A. 
As 
A, 

- 29 

TMM4164~~ TMM4164~3 

TMM4164P-4 

Multiplexed address inputs permit the TMM4164P 
to be packaged in a standard 16 pin plastic DIP. 
This package size provides high system bit densities 
and is compatible with widely available automated 
testing and insertion equipment. 

System oriented features include single power supply 
of 5V ±10% tolerance, direct interfacing capability 

with high performance logic families such as Schottky 
TTL. 

• Industry standard 16 pin plastic DIP 
• Output unlatched at cycle end allows two-dimen­

sional chip selection 

• Common I/O capability using "EARLY WRITE" 
operati;:m 

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

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

BLOCK DIAGRAM 

A, 

A, 

A, 

A, 

A, 

A, 

A, 

A, 

.----a Vee 

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



TOSHIBA 

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 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 

Vll I nput Low Voltage -1.0 0.8 V 2 

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

SYMBOL PARAMETER MIN. TYP. MAX. UNITS NOTES 

OPERATING CURRENT 
ICC I Average Power Supply Operating Current 50 mA 3,4 

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

STANDBY CURRENT 
ICCl Power Supply Standby Current 5 mA 

(RAS = VIH. DOUT = High Impedance) 

REFRESH CURRENT 
Icc3 Average Power Supply Current, Refresh Mode 40 mA 3 

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

PAGE MODE CURRENT 
Icco Average Power Supply Current. Page Mode 40 mA 3,4 

(RAS = Vll, CAS Cycling: tpc = tpc MIN.) 

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

All Other Pins Not Under Test = OV) 

10 (ll 
OUTPUT LEAKAGE CURRENT 
(DcUT is disabled. OV ~ VOUT ~ +5.5V) -10 10 JJ.A 

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

SYMBOL PARAMETER 
TMM4164P-2 TMM4164P-3 TMM4164P-4 

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

tRC Random read or write cycle time I 260 260 330 

tRWC Read-write cycle time 260 270 335 

tRMW Read-modify-write cycle time 265 310 390 

tpc Page mode cycle ti me 140 170 225 

tRAC Access time from RAS 120 150 200 

tCAC Access time from CAS 80 100 135 

tOFF OutpJt buffer turn-off delay 0 35 0 40 a 50 

tT Transition time (rise and fall) 3 35 3 35 3 50 

tRP RAS precharge time 90 100 120 

tRAS RAS pulse width 120 10,000 150 10,000 200 10,000 

tRSH RAS hold ti me 80 100 135 

tCSH CAS hold ti me 120 150 200 

tCAS CAS pulse width 80 10,000 100 10,000 135 10,000 

tRCO RAS to CAS delay time 25 40 25 50 30 65 

tCRP CAS to RAS precharge time a a a 
tASR Row Address set-up time a a a 
tRAH Row Address hold time 15 15 20 

tASC Column Address set-up time 0 a 0 

tCAH Column Address hold time 40 45 55 

tAR 
Colurnn Address hold time 

80 95 120 referenced to RAS 

tRCS Read command set-up time a a 0 

tRCH Read command hold time a a a 
tWCH Write command hold time 40 45 55 

tWCR 
Write command hold time 

80 95 120 referenced to ~ 

twp Write command pulse width 40 45 55 

tRWL Write command to RAS lead time 40 45 55 

tcwL Write command to CAS lead time 40 45 55 

tos Data-in set-up time 0 0 0 

tOH Data-in hold time 40 45 55 

tOHR Data-in hold time referenced to RAS 80 95 120 

ICp 
CAS precharge time (for page-

50 60 80 mode cycle only) 

tREF Refresh period 2 2 2 

twcs Write command set-up time -10 -10 -10 

tCWD CAS to WR ITE delay 50 60 80 

tRWO RAS to WR I TE delay 90 110 145 
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UNITS NOTES 
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TIMING WAVEFORMS 

• READ CYCLE 
tRAS 

AAS 

tCSH 

tACO I tRSH 

CAS VIH ___ ----------~!:======~~==:-~-----t~~--------~~r---~---------------
VIL ___ 

ADDRESSES 

DOUT VOH --- OPEN 
VOL ___ ------------------------~~-----------------<~I-V-A-L-'D--D-A-T-A-J 

~ Don't Care 

• WRITE CYCLE (EARLY WRITE) 

'AC 

AAS 

tCSH tAP 

ADDRESSES 

WAITE 

VDH---~ ________________________________________ DPEN---------------
VOL---

rza Don't Care 
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• READ-WRITE/READ-MODIFY-WRITE CYCLE 

AAS 

CAS 

ADDRESSES 
VIH-

V'L-

WRITE 
VIH-

VIL-

DOUT VOH -

O'N VIH -

VIL -

• "RAS·ONLY" REFRESH CYCLE 

RAs 

ADDRESSES 
VIH­

VIL--~~~~~~~~ 

VOH-

tASA 

ROW ADDRESS 

TOSHIBA 

~ Don'teare 

tAC 

°OUT VOL --------------------------------~OPEN-------------------------------------

Note: CAS = VIH, WAITE = Don't Care, A7 = Don't Care 
E22l Don't Care 
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• PAGE MODE READ CYCLE 

cAs 

ADDRESSES VIH ~ 
VIL-

DOUT 

~ Don'teare 

• PAGE MODE WRITE CYCLE 
tRAS 

RAS V1H_ 

V1L-

CAS V,H 

V,L 

ADDRESSES 
V,H 

V,L 

WAITE V,H 

V,L 

D'N V,H 

v,L 

~ Don't Care 
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TOSHIBA 

CAPACITANCE 

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

SYMBOL PARAMETER MIN, TYP, MAX, UNITS 

CI I Input Capacitance lAo - A" DIN I 4 5 pF 

CI2 Input Capacitance IRAS, CAS, WRITEI 8 10 pF 

Co Output Capacitance I DOUT I 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 Vss, 
3. Icc I, Icc>, Icc. depend on cycle rate. 
4. Icc 1, 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 8AS 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 V1H and V1L . 

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

increase by the amount that tRCO exceeds the value shown. 

9, Assumes that tRCD ~ tRCD Imax.l. 
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. Operation within the tRCO (max.) limit insures that tRAC (max.) can be met. tRCO (max.) is specified a reference point only: 

If tRco is greater than the specified tRCO (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 WRITE leading edge in read-write or read­
modify-write cycles. 

14. twcs, tCWD and tRWO are not restrictive operating parameters. They are included in the data sheet as electrical characteristics 

only. If twcs ~ twcs Imin.I, the cycle is an early write cycle and the data out pin will remain open circuit Ihigh impedancel 
throughout the entire cycle: 

If tCWD ~ tCWD (min.) and tRWD ~ tRWD (min.), the cycle is read-write cycle or read-modify-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. 

APPLICATION INFORMATION 

ADDRESSING 
The 16 address bits required to decode 1 of the 

65,536 cell locations within the TMM4164P 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 which are controlled by different 

- 35 

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 untfl 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 (tRAH) has been satisfied and the 
address inputs have been changed from Row address 
to Column address information. 
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DATA INPUT/OUTPUT 
Data to be written into a selected cell is latched 

into an on-chip register by a combination of WR ITE 
and CAS while RAS is active. The later of the signals 
(WR ITE or CAS) to make its negative transition is the 
strobe for the Data In (DIN) register. This permits 
several options in the write cycle timing. In a write 
cycle, if the WR ITE input is brought low (active) 
prior to CAS, the i:1N 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 WR ITE in the inactive or high state 
throughout the portion of the memory cycle in which 
CAS is active (low). Data read from the selected cell 
will be available at the output within the specified 
access time. 

DATA OUTPUT CONTROL 
The normal condition of the Data Output (C\oUT) 

of the TMM4164P 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 TMM4164P 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 aLa 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 (AD - A,) 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. 

Unit in mm 
16 15 14 13 12 11 10 9 

OUTLINE DRAWINGS 

l[t:~:: ::-) 
12345678 

199 MAX 

1.4±O.15 -2.54±O.25 O.5±O.15 

7.62±O.25 

8' 

+0.1 
0.25-0.05 

0.2 MAX. 1--,7.:0.60=2,--.:;.8",.8.:;.°--1 

Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudi-
nef position with respect to No.1 and No. 16 leads. 
All dimensions are in millimeters. 

Note: Toshiba does not assume any responsibilitY for US,", of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 
©Apr .. 1982 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
65,536 WORD X 1 BIT DYNAMIC RAM 

N-CHANNEl SILICON GATE MOS 

DESCRIPTION 

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. 

FEATURES 

• 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 
.---;~ 

• S Ingle power supply of 5V ± 10% with a bullt'ln 
Vss generator 

• Low power; 275mW operating (MAX.) 
22mW standby (MAX.) 

PIN CONNECTION 

PIN NAMES 

(TOP VIEW) 

NC 
DIN 

WRITE 
RAS 

Ao 
A, 
Al 

Vce 

I Ao - A, Address Inputs 

Vss 
CAS 
DOUT 
A, 
A3 
A4 
As 
A, 

I !-1_C=A~S~_--r __ C_o_lu_m_n~AddressS =-t'--ro.:...b_e _____ _ 

L.0N I Data I,."n"----__________ -i 
'NC -+ II-C""NC-o - Connection 

--" 
I 

I 
~ I Data Out 

f-~~RA=S~-+--.Rco=-w,,-,A-,dc.:::drc.:ce=ss--=S:..:ctr-o-,-b-,-e--. _. ____ _ 
WRITE , Read/Write Input 

~Vcc--'-~P-ow-e--r (+5V) 

: Vss Ground 

TMM4 I 64AP- I 2 
TMM4 I 64AP- I 5 
TMM4164AP-20 

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

Multiplexed address inputs permit the TMM4164AP 
to be packaged in a standard 16 pin plastic DIP. This 
package size provides high system bit densities and 
is compatible with widely available automated testing 
and insertion equipment. 

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

• Industry standard 16 pin plastic DIP 
• Output unlatched at cycle end allows two-dimen­

sional chip selection 

• Common I/O capability using ;'EARLYWRITE" 
operation 

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

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

BLOCK DIAGRAM 

----0 Vee 

A, 

A, 
A, 

A, 
A, 

A, 
A, 
A, 
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ABSOLUTE MAXIMUM RATINGS 

ITEM SVMBOL RATING UNITS NOTES 

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

Power Supply Voltage Vcc -1-7 V 1 
Operating Temperature TOPR 0-70 °c 1 

Storage Temperature TSTG -55-150 °c 1 

Soldering Temperature . Time TSOLOER 260 . 10 °C . sec 1 

Power Dissipation Po 600 mW 1 

Short Circu it Output Current lOUT 50 mA 1 

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

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

I
rl-cMcB,OL;II-::ERATING CURR::~AMETER--------- -MIN-~: TVP -r MA_X_ :- UNITS ! NOTEs_I 

Average Power Supply Operating Current : 50 I mA 34 
1--___ I--''--R_A_S--',_C_A .. _S __ Cyciing: tRC ~ tRC MIN.I I I I 

STANDBV CURRENT I ! I 
Icc, I Power Supply Stahdby Current i I 4 mA I 

'-..-. I (RAs ~ VIH, DOUT ~ High Imped_a_n_ce_I __________ +--___ +--____ l-- I I 

~~::g~Sp~;~~~~~~ Current, Refresh Mode 40 i mA II 3 1 
,RAS Cycling, CAS ~ VIH: tRC ~ tRC MIN.I I I 
PAGE MODE CURRENT i--r----r-.--- i II : 
Average Power2!Pply Current, Page Mode 40 I' mA I 3,4 : 
(RAS ~ VIL,CASCycllng: tpc ~tpc MIN.I ---i-----i-. -----i 
INPUT LEAKAGE CURRENT -----------1 II ! 
Input Leakage Current, any Input 'OV~VIN ~6.5V, I -10 10 pA I II 

All Other Pins Not Under Test ~ OVI ! 
II III 

I OUTPUT LEAKAGE CURRENT II i I 

r-_IO_I_L_I -j1-'"D"OorU"T'iiorS,d,is"ab"l",ed_,_0_V_~_V..:O:cU:..T,--~_+_5_.5_V_I _____ --+ __ -_1_0_-+-~_+0 _~I~_P_A_--I ___ 1 

OUTPUT LEVEL 1--11 
VOH Output "H" Level Voltage (lOUT ~ -5mAI 2.4 I V 

OUTPUT LEVEL --~~--------r---~---~I----r---I----~I 

Output "L" Level Voltage 'lOUT ~4.2mAI _____ -'-___ --" ___ --'.i __ O_.4 __ -1.I' __ V __ .L... ___ J VOL 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = 5V ± 10%, Ta = 0 ~ 70°C) (Notes 5, 6, 7) 

TMM4164AP-12 TMM4164AP-20 

TOSHIBA 

SYMBOL PARAMETER 
TMM4164AP-15 

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 IRise and Fall) 3 35 3 35 3 50 ns 6 

tRP R AS Precharge Ti me 90 100 120 ns 

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

tRSH RAS Hold Time 60 75 100 ns 

tCSH CAS Hold Time 120 150 200 ns 

tCAS CAS Pulse Width 60 10,000 75 19,000 100 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 

lAse Column Address Set-Up Time 0 0 0 ns 

tCAH Column Address Hold Time 35 45 55 ns 

tAR 
Column Address Hold Time 

95 120 155 ns Referenced to RAS 

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 Ifor 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 WRITE Delay 100 125 160 ns 14 
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TIMING WAVEFORMS 

• READ CYCLE 
tRAS 

RAS 

tCSH 

I tRSH tCRP 

ADDRESSES V1H-

WAITE VIH -

V I L ~LLLL~'-.LLLL.Lr'"-'CL./ 

DOUT VOH - OPEN 
VOL _------------------------~~-----------------<~I-V-A-L-'D--D-A-T-A-/I 

tz2J Don't Care 

• WRITE CYCLE (EARLY WRITE) 

tRC 

RAS VrH-

VIL-

CAS VtH_ 

VIL_ 

VrH_ 
ADDRESSES 

VrL-

WAITE VrH_ 

VIL-

D,N V'H_ 

Vll-

DOUT 
VOH_ 

VOL ------------------------------------------OPEN---------------
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• READ-WRITE/READ-MODIFY-WRITE CYCLE 

tAwcltRMW 

AAS VtL-

CAS 

VIH-
ADDRESSES 

VtL-

WAITE 
VIH-

V1L-

DOUT 
VOH-

D,N 
VtH -
V1L -

~ Don't Care 

• "RAS-ONLY" REFRESH CYCLE 
tAC 

ADDRESSES 
VIH­

V I L -'-'-.LI--U-.l...L.L.i-c.L.W-l.IJ 
ROW ADDRESS 

DOUT 
VOH-

VOL ----------------------------------'DPEN-----------------------------------
Note: CAS ~ V1H , WRITE ~ Don't Care, A7 ~ Don't Care E:Zl Don't Care 

41 -



TOSHIBA 

• PAGE MODE READ CYCLE 
tRAS 

CAS 

ADDRESSES V'H-
V,L -

DOUT 

WAITE 

~ Don'tCare 

• PAGE MODE WRITE CYCLE 

tAR 
RAS 

ADDRESSES 

WRITE 

fZ3 Don't Care 
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TOSHIBA 

CAPACITANCE 

<Vee= 5V ± 10%, f = 1MHz, Ta = 0 - 70·C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNITS 

CI I Input Capacitance lAo - A7 , DIN) 4 5 pF 

Cil Input Capacitance IRAS, CAS, WRITE) 8 10 pF 

Co Output Capacitance IDoUT) 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 Vss. 

3. Icc I, Icc3, Icc. depend on cycle rate. 
4. Icc I, Icc. depend on output loading. Specified values are obtained with the output open. 
5. An initial pause of 200llS is required after power:up followed by any 8 RAS cycles before proper device operation is achieved. 
6. AC measurements assume tT = 5ns. 

7. V'H (min.) and V1L (max.) are reference levels for measuring timing of input signals. Also, trans'ition times are measured be­

tween VIH and VIL. 

8. Assumes that tRCD ;::; tRCD Imax.). 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 Imax.). 
10. Measured with a load equivalent to 2 TTL loads and 100pF. 

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

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

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

14. twcs. tewD and tRWD are not restrictive operating parameters. They are fncluded 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 Imin.) and tRWD ~ tRwD Imin.), 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.!a out lat access time) is indeter­
minate. 

APPLICATION INFORMATION 

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 Add ress 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 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 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 (tRAH) has been satisfied and the 
add ress inputs have been changed from R ow add ress 
to Column address information. 
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DATA INPUT/OUTPUT 
Data to be written into a selected cell is latched 

into an on-chip register by a combination of WR ITE 
and CAS while RAS is active. The later of the signals 
(WR ITE or CAS) to make its negative transition is the 
strobe for the Data In (DiN) register. This permits 
several options in the write cycle timing. In a write 
cycle, if the WR ITE input is brought low (active) 
prior to CAS, the 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,theWRITE 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 ate referenced to the 
negative edge of WRITE 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 Qutput 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-

OUTLINE DRAWINGS 

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 (A. - A,) 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. 

(£!~~j 
12345678 

_If 19.9 MAX. -;.j 

i--fT~ ~ 
;;; 
o o 
'" Z 
~ 
~.L~f:J:--~J_JL-+1l1-Jl::=:::ld:=:::::\I::jj:;::~ 

0.2 MAX.j 7.62-8.80 

8' 

1.4±0.15 

2.64 ± 0.25 O.5±O.15 

Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudi· 
nat position with respect to NO.1 and No. 16 leads. 
AJI dimensions are in millimeters. 

Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 
©Apr .• '1983 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
262,144 WORD X 1 BIT DYNAMIC RAM 

N-CHANNEL SILICON GATE MOS 

DESCRIPTION 

The TMM41256C is the new generation dynamic 
RAM organized 262,144 words by 1 bit, it is successor 
to the industry standard TMM4164P. 

The TMM41256C utilizes TOSHIBA's N-channel 
Silicon gate process technology as well as advanced 
circuit techniques to provide wide operating margins, 
both internally and to the system user. 

Multiplexed address inputs permit the TMM-

FEATURES 

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

DEVICE 

TMM41256C-12 

TMM41256C-15 

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

• Low Power: 
330mW Operating (MAX.) (TMM41256C-12) 
275mW Operating (MAX.) (TMM41256C-15) 
27.5mW Standby (Max.) 

PIN CONNECTION (TOP VIEW) 

AS Vss 
DIN 

WRITE DOUT 

RAS A6 

Ao A, 

A2 A4 

A, As 

vee A7 

PIN NAMES 

~_A~ 1-"'''''""''''· ---- =l 
. c..;;s-. -- I Column Address Str.Obe ___ _ 

DIN__ I Dat_a_ln ___________ ---j 
DOUT Data Out 

~"'.§. _ Row Address Strobe 

I WRITE Read/Wr'::it':-e-:-:I_np~u~t~ ___ _ 
L VcZ-- -Power (+5VI 

1 Vss _~_Groun~ ____________ __' 

TMM4 I 256C- I 2 
TMM4 I 256C- I 5 

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

41256C to be packaged in a standard 16 pin ceramic 
DIP. This package size provides high system bit 
densities and is compatible with widely available 
automated testing and insertion equipment. 

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

• Industry standard 16 pin ceramic DI P 
• Output unlatched at cycle end allows two-dimen­

sional chip selection 

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

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

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

BLOCK DIAGRAM ....----cVcc 
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ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

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

---""wer Supply Voltage VCC -1_7 V 1 

~erating Temperature TOPR 0_70 °c 1 

~orage Temperature TSTG -55-150 °c 1 - ~----.----~--
°c . sec Soldering Temperature . Time TSOLOER 260·10 1 

~wei Dissipation Po 1 W 1 
----

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

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

_.§..~~O~_f-___ ~ARA!-'1~~R___ M-'~_t==TYP ___ ~AX.___ UNITS NOTES I 
Vcc Supply V"'-tag:.__________ _~_~:D _____ -~-I---"'---t__~ 

--~--- ~f~~;~~~:----=~=_---~-r=__---f---¥a-- --~----1---l 

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

SYMBOL 

ICCI 

IC/:2 

---

PARAMETER 
---

OPERATING CURRENT 
Average Power Supply Operating Current 
(RAS, CAS Cycling: tRC ~ tRc MIN.I 

STANDBY CURRENT 
Power Supply Standby Current 
(RAS~CAS~VIHI 

REFRESH CURRENT 
Average Power Supply Current. Refresh Mode 

TMM41256C-12 

TMM41256C-15 

TMM41256C-12 

MIN. MAX. 

60 

50 

UNITS NOTES 

mA 3,4 

5 mA 

45 
mA 3 ICC3 

(RAS Cycling, CAS ~ VIH : tRC ~ tRC MI 

PAGE MODE CURRENT 

40 
----"----

N.I TMM41~6_C_-1_5_-f ____ +-_ 

ICC4 Average Power Supply Current, Page Mod 
(RAS ~ VIL, CAS Cycling. tpc ~ tpc MI 

45 
3,4 mA 

40 

TMM41256C-12 

N.I TMM41256C-15 

INPUT LEAKAGE CURRENT 
II(Ll Input Leakage Current, any input (OV ~ VIN ~6.5V, -10 10 JlA 

All Other Pins Not Under Test ~ OVI 
--

lOlL) 
OUTPUT LEAKAGE CURRENT 
(DoUT is disabled, OV:o; VOUT:O; +5.5VI 

10 JlA -10 

VOH 
OUTPUT LEVE L 

I- Output "H" Level Voltage (lOUT ~ -5m 
1-------- ----"-~"--"~"-- --------

V 2.4 
AI 

VOL 
OUTPUT LEVEL 

I _" __ 
Output "L" Level Voltage (lOUT ~ 4.2m 0.4 V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

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

SYMBOL PARAMETER 
TMM41256C-12 

MIN. MAX. 

TMM41256C-15 

MIN. MAX. 
UNITS 

tRC Random Read or Write Cycle Time 220 - 260 - ns 
[--~-- " "-

tRWC Read-Write Cycle Time 240 - 285 - ns 

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

~- Page Mode Cycle Time 120 - 145 - ns .. _-_ .. -
tRAC Access Ti me from RAS - 120 - 150 ns --_ .. _-
tCAC Access Ti me from CAS - 60 - 75 ns 

.-------~~--.- - -------[--_. 

tOFF Output Buffer Turn-Off Delay 0 35 0 40 ns 
. -_ .. - --"--3""- -_ .. 

tT Transition Time (Rise and Fall) 3 50 50 ns 
f---

tRP RAS Precharge Ti me 90 - 100 - ns - ----
~AS RAS Pulse Width 120 10,000 150 10,000 ns 

L..._. __ ----
tRSH RAS Hold Time 60 75 ns 

tCSH CAS Hold Time 120 _~2...._ 
1o~00 

ns 
-~-,---,-

10,000 tCAS CAS Pulse Width 60 75 ns 

~- RAS to CAS Delay Ti me 25 60 25 75 ns 
.---

tCRP CAS to RAS Precharge Time 0 - 0 - ns 
-"-_. --

tCPN CAS Precharge Ti me 25 - 25 - ns 
.. _----[--- ._.-,------- -_. 

tcp 
CAS Precharge Time (for Page Mode 

50 60 - ns Cycle Only) 

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

tRAH Row Address Hold Time 15 - 15 - ns 

~SC Column Address Set-Up Time 0 - 0 - ns 

tCAH ---l--Column Address Hold Time 35 - 45 - ns 
-.--C--. 

tAR 
Column Address Hold Time 

95 - 120 Referenced to RAS - ns 

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

tRCH 
Read Command Hold Time 

0 - 0 Referenced to CAS 
- ns 

tRRH 
Read Command Hold Time 

15 - 20 Referenced to RAS - ns 

~H Write Command Hold Time 35 - 45 - ns 

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

twp Write Command Pulse Width 35 - 45 - ns 

_1fl.WL Write Command to RAS Lead Time 35 - 45 - ns 

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

tos Data- I n Set -U p Ti me 0 - 0'- - ns 

tOH Data-In Hold Time 35 - 45 - ns 

tOHR 
Data·1 n Hold Ti me 95 - 120 -

Referenced to RAS ns 

tREF Refresh Period - 4 - 4 ms 

Write Command Set-Up Time -10 
t----c--[----- r----

twcs - -10 ns 

tcwo CAS to WRITE Delay 40 - 50 - ns 

tRWO RAS to WRITE Delay 100 - 125 - ns 
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CAPACITANCE 

(Vee = 5V ±10%, f = lMHz, Ta = 0 - 70°C) 

SYMBOL PARAMETER MIN. MAX. UNITS 

CI1 I nput Capacitance (Ao - As , DIN) 6 pF 

CI2 I nput 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. ICCl' 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 200/1s is required after power-up followed by any 8 RAS cycles before proper device operation is achieved. 

6. AC measurements assume tT = 5 ns. 

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

tween VIH and litl. 

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 V'(hich 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.llimit, then access time is controlled exclusively by tCAC. 

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

15. twcs, tCWD and 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. 

TIMING WAVEFORMS 
'RC 

-WAS VIH - ----,J. 
VIL_ 

VIH_T7"'~~';7TTTdr~-~----------t--~TTTTTTT 
v I L - LLLLLLLL...'-'-'''-"-.LJ 

DOUT VALID DATA 

~ Con'tenre 
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• WRITE CYCLE (EARLY WRITE) 
'RC 

RAs VIH - ----'\I----~'___~ 
VIL--

ADDRESSES 
VIL_ 

0" VIH_ 

V 1L -

DOUT 
VOH -

VOL-

~oon'tcarB 

.READ-WRITE/READ·MOOIFV-WRITE CYCLE 

tRwc/tRMW 

tRAS 

tCSH 

~~~-F====~~~;t---l---- tCAS 

VIH~ 

ADDREsses v I L - i..U "'=='-" "CL./;.,....:::==~ '\L..'-L.'-L.'-L.'-LLL.L.L:..L..':LLL.L.f-'-',-":-i..L/ 

OOUT 
VOH- __ -+ ________ _ 
VOL-

• "RAS - ONLY" REFRESH CYCLE 

V'H _ ---------,(, I----~=----t .c--------~d.. 
vIL-

ADDRESSES VIH_ -""--""-T7,..,...,..,,...;;~=!=::=~-L77TTTTTTTTTT77--r;'TTTT77777-r;"77 
V,,_ '-'-"-"--'-'-'-''-'-'-i.J 1'--_---01 "'-'-'-''-'-':.L..<CW:..L.'-LLLLLLL-'-''-'-W-LLLL-,-

DOUT ~~:= ____________ _ 
CAS e VIH, WFiTTE ~ Don't care, A8 .. Don't care EZI Don', care 
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• HIDDEN REFRESH CYCLE 

RAS VfH-

VIL-

VIH~ e", 
VIL-

ADDRESSES VIH -

VIL-

~:~= I////////it b 
I. 'R=-1Ae 'CAe 

VOH- -----------j;;-------
VOL----- OPEN VALlDD7I-TA ______ ----' 

• PAGE MODE READ CYCLE 

• PAGE MODE WRITE CYCLE 
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APPLICATION INFORMATION 

ADDRESSING 
The 18 address bits required to decode 1 of the 

262,144 cell locations within the TMM41256C 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 unitl 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 ~n-chip register by a combination of WR ITE 
and CAS while RAS is active. The later of the signals 
(WR ITE or CAS) to make its negative transition is 
the strobe for the Data In (DIN) register. This permits 
several options in the write cycle timing. In a write 
cycle, if the WR ITE input is brought low (active) 
prior to CAS, the DIN is strobed by CAS and the 
set-up and hold times are referenced to CAS. If 
the input data is not available at CAS time or if it 
is desired that the cycle be a read-write cycle, the 
WRITE signal will be delayed until after CAS has 

TOSHIBA 

made its negative transition. In this "delayed write 
cycle" the data input set-up and hold times are re­
ferenced to the negative edge of WR ITE rather 
than CAS. (To illustrate th is feature, DIN is referenced 
to WRITE in the timing diagrams depicting the 
read-write and page mode write cycles while the 
"ea~write" cycle diagram shows DIN referenced 
to CAS). 

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

The normal condition of the Data Output (DOUT) 
of the TMM41256C 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 TMM41256C 
allows for successive memory operations at multiple 
column locations of the same row address with 
increased speed without an increase in power. This 
is done by strobing the row address into the chip and 
maintaining the RAS signal at a logic 0 throughout 
all successive memory cycles in which the row address 
is common. This "Page Mode" of operation will 
not dissipate the power associated with the negative 
going edge of RAS. Also, the time required for 
strobing in a new row address is eliminated, thereby 
decreasing the access and cycle times. 
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REFERSH 
Refresh of the dynamic cell matrix is accompl ished 

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 funciton 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. 

MEMORY CYCLE 

r" \ 

" 

- OPEN 
/ 
\ 

DOUT 

HIDDEN REFRESH 
An optional feature of the TMM41256C 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). 

REFRESH CYCLE REFRESH CYCLE 

r,~ 
I 
I 
I 
I 

I 

VALID DATA >--

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

OUTLINE DRAWINGS 

1] 
20.6 MAX. 

I" ",MAX "I ~I 

rnTIFl1 
2.54 TYP. O.46±O.1 1.4±O.1 

7.62 ± 0.5 

9.0 MAX. 

Note: Each lead pitch 1s 2.54mm. All leads are located within O,25mm of their true longitudinal position with raspectto 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 reserves 
the right, at any time without nOitce, to change said circuitry. 

© Apr., 1983 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
1024 WORD x 4 BIT STATIC RAM 

N CHANNEL SILICON GATE DEPLETION LOAD 

TMM314AP 
TMM314AP-1 
TMM314AP-3 

TMM314APL 
TMM3 I 4APL - I 
TMM3 I 4APL-3 

DESCRIPTION 

TMM314AP family is 1024 word x 4 bit high 
speed read write memories operated with 5 V single 
power supply. The memories with 6 Tr. cells are 
static in operation and require no clocks or refresh 
period and suitable for use in microprocessor appl ica­
tion systems where high performance, low cost, sim­
ple interfacing are important design objectives. 

TTL directly and to drive 1 STTL or 5 LSTTLS. 
TMM314AP family is fabricated with N channel 

silicon gate depletion load type MOS technology by 
ion implantation for fast speed, stable performance 
and reliability. 

The chip is moulded in the standard 18 pin plastic 
package of 0.3 inch width for low cost and high den­
sity assemb Iy. TMM314AP family is able to be connected to 

FEATURES 

• Fully decoded 1024 word x 4 bit organization • Low Power dissipation and Access time 
• Static operation - No clocks or refresh period 
• Single 5V supply voltage - Vcc = 5V ± 10% 
• Easy memory expansion - CS input 
• Three state output - Wired OR tie capability 
• Inputs and outputs directly TTL compatible 

Power and Access time (maximum value)_~ __ _ 

=------L Access~~-Power 
L TM~}14APl I ..1QCl._n_s_-----I_---'"=='-----------I 
~....:rMM314AP-3 I 300 ns I 550 m'I'J~ I 

• Data input/output terminal is common 
• Input· protected - All inputs have protection 

against static charge 

, TMM32.4:.~_J __ 450 ns I 550 mw--=1 
t-._._. :r... MM314APL 1 ..1()()_rlS_._.±. 385 mW I 
I ~i'J1M314APL-3 __ ~. n-,- _ ~~~ 
Drv1M~~I'.~L...~ 450 ns I 38~.J • 2114 Type Pin compatible 

PIN CONNECTION (TOP VIEW) 

A6 Vee 
As A7 

A4 As 

A9 

Ao 1/01 
Al 1/02 

A2 1/°3 
cs 1/°4 

WE 

BLOCK DIAGRAM 

A4~"'A==:::] 
As~.., .... ==:::] 

A6~"'A==:::] 
A7~-b==::::1 
AS~"'A==:::] 

A9~""1--<===t... __ -.J 

I/Ol~...J~-----' 

1/02 ~t--r::'='I---l 
I /0 3 ....... .LJ''''-'=----' 
1/04.~+-C_+--1 

es 

WE 
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MAXIMUM RATINGS 

DC RECOMMENDED OPERATING CONDFflONS 

DC CHARACTERISTICS (Ta = 0 - 70·C) 
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AC CHARACTERISTICS (Ta" 0 - 70·C. Vee" 5V ± 10%. CL = 100pF. tr. tf ~ 10 nsl 
READ CYCLE 

SYMBOL PARAMETER TMM314AP-l/APL~ TMM314AP-3/APL-3 TMM31~~P~_ 
1------+----c---------.----~~-1 MAX. Mir:cJ-MAX MIN. LI--i1AX 

UNIT 

ns t RC Read Cycle Time I 200 : - 300' - 450 I -
tACC Access Time I - j 200 - j 300 - 450 ns 

l----'tc"'o""'--+-C--'h'-'ip..:.S=-e-le'c---=t T-i-m-e-- -- -----[ _ '70 _ -f-! -=1-=-00=----+------+-I--=l.::0-0=-----r--;,-;-

l-----'t"'cx"--+_O_u-'-tP_u_t _A_ct_iv_e __ f_ro_m_~_. _ _ ___ __~O_ .J. __ -__ 1---=2-=-0_-+i __ -___ 1---=2cO __ ..J1 __ -__ I--__=ns=----i 

l----=to""o~-+_C_h.c.iP_D_e_sel""~2i'l1.e _ _ ° + __ 4,0 ___ +--_-=-O __ --l_~ ° I 100 i ns 

~_tO~H_.~. ClLJtp-":t..f:l0lcJ~r"-lTl A_ddressCh.:.nile __ _20_----1 _ _=__ __~_.J _ _=_ _ __ .20 ___ L-I_-_--"--_n-=-s....J 

f-~_R_~V\lri.t.e..Rec 
toow . Output Hi. 

tos Data Setu 

tOH Data Hold 

tAW Address to 
----
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TIMING WAVEFORMS 

READ CYCLE 

V,L 

V I H ..,......,..,"""'"--.,. __ 

WRITE CYCLE 

V,H 

Ao "-'A9 

V,L 

V,H 

Cs 

V,L 

V,H 

WE 

V,L 

VOH/V,H 

1/01 '" 1/04 

VOL/VII .. 

\~------~----~ 

twe 

Note 1 : WE is high for a READ CYCLE. 

1.5V 
DATA OUT 

VALID 

DATA IN 

STABLE 

:, twp is measured from the latter of Cs or WE going tow ,to 

the earlier of CS or WE going hlgn. 
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TYPICAL CHARACTERISTICS 
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OUTLINE DRAWINGS 

18 17 16 15 14 13 12 11 10 ",1::::::]] Unit in mm 

123456789 

22.8 MAX. 

r-----------------,:~~ 

2.54 ±O.25 

O.S±O.15 If! 

Notes: Each lead pitch is 2.54 mm. All leads are located within 
0.25 mm of their true longitudinal position with respect to 
No.1 and No. 18 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. 

©Mar., 1980 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
1024 WORD x 4 BIT STATIC RAM 

DESCRIPTION 

The TMM2114AP is a 4,096 bits static random 
access memory organized as 1024 words by 4 bits and 
operates from a single 5V power supply. Toshiba's 
high performance device technology provides both 
high speed and low power features with maximum 
operating current of 60mA and maximum access time 
of 120ns/150ns. The memories with 6Tr. cells are 
fully static in operation and require no clocks or 
refresh periods. Therefore the TMM2114AP is most 

FEATURES 

• 1024 Word x 4 Bit organization 
• Fully static operation 
• Single 5V supply voltage 
• All inputs and outputs: Directly TTL compatible 
• Three state output: Wired OR capability 
• Common data inputs and outputs 

PIN CONNECTION (TOP VIEW) 

TMM2 I 14AP- 12 
TMM2 I I 4AP- I 5 

suitable for use in microcomputer peripheral memory 
where high performance, lower cost, simple inter­
facing are required. 

The TMM2114AP is fabricated with N channel 
silicon gate depletion load type MOS technology by 
ion implantation for high speed, high performance 
and high rei iab i I ity. 

The chip is moulded in the standard 18 pin plastic 
package with 0.3 inch width. 

• 2114A type pin compatible 
• Fast Access ti me and Low Operating Current 

(Max.) 

TMM2114AP-12 TMM2114AP-15 

120 150 

60 60 

• Input protected: All inputs have protection against 
static charge. 

Vee BLOCK DIAGRAM 

A7 

As 

A9 

I/O j 

Aj I/O, 

I/o, 
1/04 

WE 

PIN NAMES 

Ao -A, IColumn A,ddress Inputs 

A4 - A9 Row Address Inputs 

I/O j - 1/04 Data Input/Output 

CS Chip Select Input 

WE Write Enable Input 

c----Ycc Supply Voltage 

GND Ground 

A4--~----l 

As 
A6 --jAl:==c1 

A7 
As 
A9 

I/Oj 

1/02 -~1.?--r--"'" 
lID3 ~orr., ..<--t---j 

1/04 

cs 
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TOSHIBA 

TRUTH TABLE 

CS WE DIN DOUT MODE 

H . . High Impedance Non·decode 

L H . Data Output Read 

L L H/L Data Input Write 

• Lor H 

MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

VCC Supply Voltage -0.5-.1.0 V 

VIIO 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) 850 mW 

DC RECOMMENDED. OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH I nput High Voltage 2.0 - Vcc+1.0 V 

VIL Input Low Voltage -0.5 - 0.8 V 

Vcc Supply Voltage 4.5 5 5.5 V 

DC CHARACTERISTICS (Ta = 0 ~ 70°C) 

SYMBOL PARAMETER CONDITIONS MIN. TYP.' MAX. UNIT 

IlL I nput Leakage Current VIN = OV - 5.5V -10 - 10 /lA 

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

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

ILO Output Leakage Current CS=VIH orWt:=VIL -10 - 10 /lA 
VOUT = O.OV - 5.5V 

Icc Supply Current lOUT =OmA - - 60 mA 

, Ta = 25°C, Vcc = 5V 
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TOSHIBA 

AC CHARACTERISTICS (Ta = 0 -70°C, Vee = 5V ± 10%, 1·TTL Gate & CL = 10OpF, tr, tf ~ 10 nsl 

READ CYCLE 

TMM2114AP·12 TMM2114AP-15 
SYMBOL PARAMETER I--- UNIT 

MIN. TYP.* MAX. MIN. TYP.* MAX. 

__ tRC Read Cycle Time 120 - - 150 - - ns 

tAce Access Time - - 120 - - 150 ns 

_____ teo Chip Select Time - - 70 - - 70 ns 
-~ 

tex Output Active from CS 10 - - 10 - - ns 

~----~~select Time 0 - 35 0 - f----- 40 ns 

tOH Output Hold From Address Change 20 - - 20 - - ns 

WRITE CYCLE 
,-------- ------r 

SYMBOL I PARAMETER TMM2114AP-12 TMM2114AP-15 UNIT 
I MIN. TYP.* MAX. MIN. TYP.* MAX. 

C----- ,:wc 'Write Cycle Time 1 ~~ __ - _____ ~~- f---------=------ ns 

i ______ twP_~~~_~-wri;e-p~Is-;,-W;dth 70 90 ns 

tWR WriteREl<:()~ery_T'-ITlEl=_______ 0 - - ______ 1---- _____ 0... I------=------_~ __ -------".'-_ 
tOOW()~~p'"-~_H_igh_ZF-,o_ITl_II'J~ __________ ~Jl.----l----=--- __ ..:35 0 40 __ ---""--------

~.s._- ~"ta~etu-"-Tim"-----_____________ I---____ z.~ __ --=---- --=---t---~Q.... _____ ~~ ns 
f----- tOH Data Hold Time 0 0 ns 

tAW Address to Write Setup Time 0 0 ns 

CAPACITANCE (Ta = 25°C, f = 1MHz) 

PARAMETER CONDITIONS 

I nput Capacitance Y,N ~ AC Ground 

Output Capacita:~nc:ce::""'_...L_-----,V-",OUT ~ AC Ground 

Note; This parameter is periodically sampled and not 100% tested. 
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TOSHIBA 

TIMING WAVEFORMS 

• READ CYCLE 

V,H 

Ao ""'Ag 

V,L 

cs 
V ,H 

V,L 

VOH 

1/01 ~1!04 

VOL 

• WRITE CYCLE [1] *(1) 

V,H 

Ao """"Ag 

V,L 

CS 
V,H 

V,L 

V,H 

WE 

V,L 

VoHlVtH 

1/01 ~1!04 

VoL/V1L 

1.5V 

'we 

1.5V 

'121 
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1,5V 

'os 

DATA OUT 
VALID 

DATA IN 
STABLE 

1.5V 

1.5V DON'T CARE 



• WRITE CYCLE [2] *(1) 

'we 

V,H 

Ao "'Ag 
V,L 

cs 
V,H 

1.5V 

V,L 
'WP 

VIH 

WE 1.5V 

VIL 
'DS 

VOH/VIH 

liD, -liD. 1.5V 

VOL/VI L 

Note *(1): A write occurs during the overlap of a low CS and low WE. 

And twp is specified as the logical 'AND' of Cs and WE. 
·(2): If the CS low transition Occurs simultaneously with or latter from WE low transition, the output buffers remain in a high impedance 

state in this period. 

OUTLINE DRAWINGS 

18 17 16 15 14 13 12 11 10 

-"'"f : : : : : : : :UI 
Unit: mm 

2.54 ± 0.25 

Note: All dimensions are in millimeters. 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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TOSHIBA 

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

© Feb., 1983 Toshiba Corporation 
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TOSHIBA M:OS MEMORY PRODUCTS 
4096 WORD x 1 BIT STATIC RAM 
N CHANNEL SiLiCON GATE DEPLETION LOAD 

DESCRIPTION 

TMM315D/TMM315D-1 are 4096 word x 1 bit 
read write memories operated with 5V single power 
supply. The memories are static in operation and 
require no clocks or refresh period. This device has 
two types in data access - address access and ~hip 
select access which are equal and very high speed. 
When CS goes high, this device is deselected and 
changes into the low power standby mode automati­
cally, and keep its state during the period that CS is 
high. Accordingly, this device is suitable for use in 

FEATURES 

• Fully decoded 4096 word x 1 bit organization 
• Static operation - No clocks 
• 5V single power supply 
• Easy memory expansion - ES input 
• Standby feature - CS = V I H 
• I/O separate 
• Three state output 
• Directly TTL comp.atible 

PIN CONNECTION (TOP VIEW) 

Vee A6 A7 Ag A9 AtO All DIN ES 

18 17 16 15 14 13 12 11 10 

4 5 

PIN NAMES 

[~~~=-~'--~~t __ ~o\N!,.ci~res.s.ir1~u~,-- ____ ~ 
A. - A" I Column Address inputs 

DIN Data in_p_ut __________ ---j 

_2.:;.lJT_ ~ ___ E..ata.()tJtfJU~ ______ ~ __ 
CS Chip select input r-\AlE --~~-~~ ~~Writ;;n-;;iJl;i;;_put--~---

I--\;;;~./GND- ~==!~.."~'-up[ll\l ______ ~~ 

TMM31SD 
TMM3ISD-1 

larger memory system which the majority of devices 
are deselected, and is suitable for use in cache memo­
ry required very high speed. TMM315D/TMM315D-1 
are directly TTL compatible and its output can drive 
the TTL up to 5, TMM315D/TMM315D-1 are fabri­
catea with N-channel silicon gate depletion load type 
technology for stable and high performance. The 
chip is mounted in the standard 18 pin package of 0.3 
inch width for low cost purpose. 

• Current and Access time (Maximum value) 

I~--~PARAMETER I TMM315D 1 TMM315D 

rAct,ve Current (Max) ! 180 mA 160 mA 

1&a~bY Current (M~)--j+- 30 rnA 20 mA--

EAddr;~Ac~e~tlm;---~ --~- -70~-

Chip select Access time 55 ns 70 ns 
--~~~~-- -----------_.-

• Pin to pin compatible - i2147/i2147-3 
• Inputs protected - All inputs have protection 

against static charge. 

BLOCK DIAGRAM 

Row 

Decoder 

Ao-4>_-r---' 
Al--D--I 
A2---D--I 
A3---{)---l 

A4--D--I 

A5-~=L_---1 

DIN------II>---I 

Memory 

Cell Array 
(64 x 64) 

-Vee 
-GND 

DOUT 
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TOSHIBA 

OPERATION MODE 

CS WE Output Power Mode 

H . High-Impedance Standby Deselected 

L H Data out Active Read 

L L High-Impedance Active Write 

MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

Vee Power supply voltage -1.5 -7.0 V 

VIN,OUT I nput and output voltage -1.5 -7.0 V 

T apr Operating temperature 0-70 °C 

Tstrg Storage temperature -55 -150 °C 

Tsolder Soldering temperature· time 260 . 10 °C . sec 

Po Power dissipation (Ta - 70°C) 1.0 W 

lout DC output current 20 mA 

DC OPERATING CONDITIONS 

SYMBOL PARAMETER CONDITIONS MIN, TYP. MAX. UNIT 

VIH Input high voltage - 2.0 - 6.0 V 

VIL Input low voltage - -1.0 - 0.8 V 

Vee Power supply voltage - 4.5 5.0 5.5 V 

DC and OPERATING CHARACTERISTICS 

Ta = 0 -70°C, Vee = 5_0V~ 10%,unless otherwise noted 

SYMBOL PARAMETER CONDITIONS MIN, TYP. MAX. UNIT 

VOH Output high voltage Isource - -4,0 mA 2.4 - - V 

VOL Output low voltage Isink = 8 mA - - 0.4 V 
-

IOH Output high current VOH -2.4V -4.0 - - mA 

IOL Output low current VOL =O.4V 8.0 - - mA 

III Input leakage current VIN =O-Vee - ±0.01 ±10 p.A 

ILO Output leakage current 
VOUT =0-4,5V 

±0.1 ±50 p.A 
CS = VIH orWE = VIL 

-

I CS = VIL TMM315D - - 160 mA 
lee Operati ng current 

'TMM315D-l 180 mA output open - -

Iss Standby current 
CS = VIH TMM315D - - 20 mA 

output open TMM315D-l - - 30 mA 

Issp Peak power on current 
CS = VIH TMM315D - - 50 mA 

during power on TMM315D-l - - 70 mA 

• Typical values are at Vee = 5.0V, Ta = 25°C. 
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TOSHIBA 

A.C. CHARACTERISTICS 

Ta = 0 ~ 70°C, Vee = 5V± 10%,unless otherwise noted. 

• READ CYCLE 

TMM315D·1 TMM315D 
SYMBOL PARAMETER UNIT 

MIN. MAX. MIN. MAX. 

Read cycle time 55 
--t-o 

70 tRe - - ns 

tAee Address access time - 55 - 70 ns ._-_ .. _-t-.. _.-
teo, Chip select access time 1 - 55 - 70 ns 

teo, Chip select access time 2 - 65 - 80 ns 
-------_. f--. 

tOH Output hold from address change 5 - 5 - ns 

tLZ Chip selection to output in low Z -~ - 10 - ns 

tHZ Chip deselection to output in high Z 0 40 0 40 ns 

tpu Chip selection to power up time 0 - 0 - ns 
- -- ... 

, tpo Chip deselection to power down time - 30 - 30 ns 

I. WRITE CYCLE 

TMM315D·1 TMM315D 
SYMBOL PARAMETER UNIT 

MIN. MAX. MIN. MAX. 

Write cycle time -~ 
-_.- c-. 

70 ns twe -

tew Chip selection to end of write 45 - 55 - ns 

tAW Address valid to end of write 45 - 55 - ns 

tAS Address set up time 0 - 0 - ns 

twp Write pulse width 35 - 40 - ns 
-~ .. ----" .. -.------------

tWR Write recovery time 10 - 15 - ns 

Data set up time 
._-1-"25- 30 tos - - ns 

tOH Data hold ti me 10 - 10 - ns 

i toow Write enable to output in high Z 0 30 0 35 ns 
._-_._------- f--

two Output active from end of write 0 - 0 - ns 

• AC TEST CONDITIONS 

I Input pulse levels 0 ~ 3.5V 
~i--ln-p-u-t~r~is-e-a-nd~fa~ICI-t'~i-m-e-s-----'---'--~-1~0c-ns---~ 

· Input and output timing reference levels 1.5V 
i~utput 1a"~-·-c......--------+--=S-ee-=FC"ig-.-=1---1 

CAPACITANCE (Ta = 25°C, f = 1.0 MHz) 
Fig. 1 0 utput load 

SYMBOL PARAMETER 

CIN Input capacitance 

COUT Output capacitance 

rhis parameter is periodically sampled and is not 100% tested. 
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TIMING WAVEFORMS 

Vcc ICC ----- - ___ fy-____________ ----..I 
SUpplV 
Cu, .. ", 

--I'<>~.I-
DOUT "O, ____ -'-O"'."c:"-'-" .. '-I;"..:." ____ ~ 

Note: (1) Addresses are to valid prior to or coincident with ES transition low. 

(2) teo1: Chip is deselected for a time that Is greater than 55 ns prior to selection. 
tc02: Chip Is deselected for a time that is less than 55 ns prior to selection. 

OUTLINE DRAWINGS 

Note: 1. Each lead pitch Is 2.54 mm. All 
leads are located within 0.25 mm of 
their true longitudinal position with 
respect to No.1 and No. 18 leads. 

2. All dimension. are in millimeters. 2.54 T.-"y"p:... -1---1-
O.46±O.15 

1.52±O.25 

Unit in mm 

8.00 ...... ,0.20 

Note: Toshiba dOBS not assume any responsibility for use of any circuitry descrl!Jed; no circuit patent licenses are Implied. and Toshiba reserves the 
right. at any tJme without notice, to change said circuitry. 

©Aug., 1980 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
2048 WORD X 8 BIT STATIC RAM 

N CHANNEL SILICON GATE DEPLETION LOAD 

DESCRIPTION 

The TMM2016P/D is a 16384-bit static random ac­
cess memory organized as 2048-words by 8-b its and 
operates from a single 5V power supply. Common 

8-bit input/output, output enable (OE) and pin-com­
patibility with 2716 type EPROM (TMM323D) allow 

a wide application in microprocessor peripheral 
memory. 

In memory expansion, low power application is 

possible by using the chip select input (CS). When CS 

FEATURES 

• Pin compatible with 2716 type EPROM 

• Single 5V supply - Vcc = 5V ± 10% 

• Access time and current 

C;~~;iM~~~l-:/-~'T-~-~-~-ci--6~-~-/,,--,---TiT-M-~-~-i-,~--~-D"2 
~~erating~urrent (M~~~m!, __ + 120mA __ I_~ 
~bycurrent(MAx.) I 15mA I 15mA . ~ 

• Power down feature - CS 

TMM2016P/0 
TMM20 I 6P- 1/0- I 
TMM2016P-2/0-2 

is in V'H level, the device is in low power standby 
mode. 

TMM2016P/D is fabricated with ion implanted N· 
channel silicon gate technology. This technology pro­
vides high performance and high reliability. The 
TMM2016P/D is offered in both standard 24 pin 
plastic and cerdip packages, 0.6 inch in width. 

• Output buffer control - OE 

• Easy memory expansion - CS 
• Static operation - No clock or timing strobe re-

quired 

• Directly TTL compatible - All inputs and outputs 

• Common data input and output 
• Three state outputs - Wired OR capability 

• Inputs protected - All inputs have protection 
against static charge. 

PIN CONNECTION BLOCK DIAGRAM 

PIN NAMES 

SYMBOL 

AO-A3 

A4 - AlO 

CS 

WE 

1/01 -I/OS 

OE 

Vcc 

GND 

NAME 

Column Address Inputs 

Row Address Inputs 

Chip Select Input 

Write Enable Input 

Data Input/Output 

Output Enable Input 

Power 15V) 

Ground 

0----t==J~ 

cs 
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TOSHIBA 

MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

Vee Power Supply Voltage -0.5 -7.0 V 

VIN, OUT Input and 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 ITa - 70°C) 1.0 W 

D.C. RECOMMENDED OPERATING CONDITIONS (Ta = 0 - 70°C~ 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.2 - Vee +1.0 V 

VIL I nput Low Voltage -0.5 - 0.8 V 

Vee Supply Voltage 4.5 5.0 5.5 V 

D,C. CHARACTERISTICS (Ta = 0 - 70"C, Vee = 5V ± 10%~ 

F~I:~~L~- ~.·I·~~~~;~~iZ;~~~--+ 
I 10H ~-"-liJut HighCurren~_ _+ 
__ ~~ ____ ~~~~_! Low Current ______ , _____ + _ 

VOH Output High Volta~ _ ----------L-'J; 

CONDITIONS MIN. TYP. MAX. UNIT 
------ -----

VIN=0-5.5V - - ±10 IlA 

YilLJT_ = 2AV ! -1.0 - - mA 
- --- --------~ 

__ \lQUT = OAV I 2.1 I - - mA 

IOUT=-1.0mA 2A - - ----v-
VOL.. __ +_ Output Low Voltage t 

I 
---~--T 

I 

Output Leakage Current 

lOUT =2_lmA - , - OA V 

CS = VIH or WE = VIL or OE = V IH I - - ±10 IlA 
VOUT =O-Vee I 
CS = Vee TMM2016P/P-l/D/O-l 1 - - 30 mA 
lOUT =OmA ----- ----- -

during powe(.on TMM2016P-2/o-2 - - 45 mA r:BP Peak Power-on Current 

CS = V IH TMM2016P/P-l/0/0-1 - I - 15 mA 

-'-QUT = Om,,- __ I TMM20 16P-2/D-2 - I - 30 mA 
ISB Standby Current 

I 

L Operating Current 

- TMM2016P/O - - 100 mA 
CS = V IL --1---

TMM2016P-l/0-1 - - 120 mA 
lOUT =OmA 

TMM2016P-2/0-2 - - 140 mA 
-

*Note; ICC exceeds 'S8 maximum during power on. A pull-up resistor to Vee on the CS input is required to keep the device deselected; otherwise, 
power-on current approaches I cc active. 

* CAPACITANCE (Ta = 25°C, f = 1 MH~~ 

SYMBOL PARAMETER CONDITIONS MAX. UNIT 

CIN I nput Capacitance VIN = AC. Ground 5 pF 

COUT Output Capacitance VOUT = A.C. Ground 10 pF 

.. Note; This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta = 0 - 70·C, Vee = 5V ± 10%) 
READ CYCLE 

,-- --_. 

SYMBOL PARAMETER 

tRe Read Cycle Time 

tAee Add ress Access Time 

teo Chip Select Access Time 

tOE Output Enable Time 

tOH Output Hold Time from Address Change 

telz Output in Low-Z from CS 

tCHZ Output in High-Z from CS 

tOLZ Output in Low-Z from ~ 

tOHZ Output in High-Z from OE 

tpu Chip Selection to Power up Time 

tpo Chip Oeselection to Power down Time 

WRITE CYCLE 

SYMBOL PARAMETER 

twc Write Cycle Time 
f------- --,,-

tew Chip Selection to End of Write 

tAS Address Set up Time r twp 

t 
Write Pulse Width 

~R Write Recovery Time 

tDS Data Set up Time 

tDH I Data Hold Time 

tWlZ t Output in Low-Z from WE 

tWHZ Output in High-Z from WE 

A.C. rEST COND ITIONS 

I nput Pulse Levels 

Input Rise and Fall Times 

Input and Output Timing Reference Levels 

Output Load 

Note: Output Load - lTTL Gate and CL '" 100pF 
(Including scope and jig) 

TMM2016P/D 

MIN. MAX. 

150 -

- I 150 

- 150 

- 55 

10 -

10 -
- 55 

5 I -

- 50 

0 -

- 60 

, Tf0M2016P/D 

MIN. MAX. 

15d -

120 I 
-

I 20 -
100 -

10 -

60 -

15 -
5 -

- 50 

0- 3,5 V 

10ns 

1,5V 

See Note 

73 -

TOSHIBA 

TMM2016P-l/D-l TMM2016P-2/D-2 
UNIT 

MIN. MAX. MIN. MAX. 

100 - 200 - ns 

- 100 - 200 ns 

- 100 - 200 ns 

- 35 - 55 ns 

10 - 10 - ns 

10 - 10 - ns 

- 40 - 55 ns 

5 r - 5 - ns 

- 35 - 50 ns 

0 - 0 - ns 

- 50 - 60 ns 

I TMM2016P-l/Dl TMM2016P-2/D-2 
UNIT 

MIN. MAX. MIN. MAX. 

100 - 200 - ns 
- --

90 - 150 - ns 

20 - 20 - ns 

70 - 120 - ns 

10 - 10 - ns 

40 - 60 - ns 

10 - '15 - ns 

5 - 5 - ns 

- 35 - 50 ns 



TOSHIBA 

TIMING WAVEFORMS 

'A' :::,:'~I-;~~~~~_-_-_-_-_-_-_'A_C~~~~~~~_-_-~;1--1 -'O-H--------
OE ={ 

tOHZ 

OUTPUT DATA VAllO 

UNKNOWN 

(8) READ CY () CLE 2 'AC CS 

_ 'CHZ~ 'CO-- tCLZ --=-
OUTPUT DATA VALID 

~ 
I 

'PD 

rcc __ ~~~_ t-SUPPL y ISB jz= 
CURRENT ------/1 

(C) WRITE CYCLE (1) 

ADDRESS 

OE 

CS 

WE 
'WP------~r-__ J_ _______ _ 

DOUT 

D,N 

__ ,C'DS 'DH,r= _ 
__________________ f-DATA IN STABLE, t-
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(01 WRITE CYCLE (21 

ADDRESS 

CS 

WE 

DOUT 
HIGH IMPEDANCE 

~'DS 
011\1 ---------------/iDATA IN STABLE 

* Note: READ CYCLE (1) - WE is high for Read Cycle. 

Device is continuously selected, CS =' V I L' 
READ CYCLE (2) - All addresses are valid prior to or coincident with Cs transition low. 

ijiiEis high for Read Cycle. DE = VIL' 

WRITE CYCLE (2) - OE = VIL' 
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TOSHIBA 

OUTLINE DRAWINGS 

• Plastic package 

242322212019181716151413 

1 2 3 4 5 6 7 B 9 1011 12 

~J 
254±"oJl~~flT ~ ~ 

0.S±0.15 ::?: 

M 

• Cerdip package I 32.4 MAX. I 

i 24 23 22 2'20'9'8'7'6'5'4'3 h 

~:~:::::~~-~ 
1 2 3 4 5 6 7 8 9 1011 12. 

t~~ 

1 025+0':=~ 
I 

-0'0 ~I 
. 15.24 ......... 17.78 _I 

Noto' Each lead pitch is 2.54 mm All leads are located within 0.25 mm of their true longitudinal position with respect to 
No.1 and No. 24 leads. 
All dimensions are in millimeters 

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

the right, at any time without notice, to change said circuitry, 
© Oct., 1981 Toshiba Corporation 

PRELIMINARY 

Characteristics are subject to change without notice. 

- 76 -



TOSHIBA MOS MEMORY PRODUCTS 
2,048 WORD x 8 BIT STATIC RAM TMM20 I 6AP-90 

TMM20 I 6AP- I 0 
TMM20 I 6AP- I 2 
TMM20 I 6AP- I 5 

DESCRIPTION 

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/100ns/ 
120ns/150ns and maximum operating current of 
80mA/65mA/65mA/65mA. When CS is a logical 

FEATURES 

• Access Time and Current 

~l Access 
Operating Standby 

Part Number J Time (Max.1 
Current Current 
(Max. I (Max.) 

TMM2016Ap·90 90ns SOmA 7mA 

TMM2016Ap·l0 lOOns 65mA 7mA 

TMM2016AP·12 120ns 65mA 7mA 

'TMiv12016AP·15 150ns 65mA 7mA 

high, the device is placed in a low power standby 
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: OE 
• Three Stage Outputs 
• All Inputs and Outputs: Directly TTL Compatible 
• Inputs protected: All inputs have prtoection aga­

inst static charge. 

PIN CONNECTION 
BLOCK DIAGRAM 

Vee 

A, A8 

As A9 

A4 WE 
A3 DE 

AjO 

CS 
1/0, 

1/07 

1/02 liO, 
1/03 1105 

GND 1/04 

PIN NAMES 
I SYMBOL NAME 

Ao ~A3 Column Address Inputs 

A4 ~ A,o Row Address Inputs 

CS Chip Select Input 

WE Write Enable Input 

I/O, ~ I/O, Data Input/Output 

OE Output Enable Input 

Vee Power (5V) 

GND Ground 

4 v-

5 

, ~ 
A 

A 

A 

A 

A 

A 

7 

, v-

9 0-

v-

~ 
,---

0: 

~ 
UJ 
0 

~ 0 

f=> U 

-::"" 
UJ 
0 

~ ;: 0 

~ 0: 

~ 

::f~ 
~"I 
'""-.... 

.... -----
~ 

-...... 

u ---.... 

~ 
~ 
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TOSHIBA 

MAXIMUM RATINGS 
I SYMBOL ITEM RATING UNIT 

Vcc Power Supply Voltage -0.5-7.0 V 

V'N, VOUT Inpul/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 

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH I nput High Voltage 2.0 - Vcc +1.0 V 

V,L I nput Low Voltage -0.5 - 0.8 V 

Vcc Supply Voltage 4.5 5.0 5.5 V 

D.C. CHARACTERISTICS (Ta = 0 - 70°C, Vee = 5.0V ± 10"10) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

I,L I nput Leakage Current V,N ~ OV - 5.5V -10 - 10 /1A 

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 ~ V,H orWE ~ V,L or -10 - 10 /1A OE ~ V'H, VOUT ~ OV - 5.5V 

Issp Peak Power-on Current CS ~ Vcc, lOUT ~ OmA - - 30 mA 

Iss Standby Current CS ~ V'H, lOUT ~ OmA - - 7 mA 

ICC1 
Operating Current CS ~ V'L, lOUT ~ OmA - - 65 mA 
TMM20 16AP·l 0/·12/·15 

ICC2 
Operating Current CS ~ V'L, lOUT ~ OmA - - 80 mA 
TMM2016AP·90 

CAPACITANCE* (Ta = 25°C, f = 1.0 MHz) 

i SYMBOL i PARAMETER CONDITIONS MAX. UNIT 

I C'N I I nput Capacitance V,N ~ A.C. Ground 5 pF 

I COUT I Output Capacitance V,N ~ A.C. Ground 10 pF 

.. Note: This parameter is periodically sampled and is not 100% tested. 
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TOSHIBA 

A.C. CHARACTERISTICS (Ta = 0 ~ 70°C. Vee = 5V ± 10",{,) 

READ CYCLE 

PARAMETER 
~MM201~~:~O_ ~16AP-10 jTMM2016AP-12 TMM2015AP-15 

UNIT SYMBOL 
M.IN. MAX. MIN. MAX. i MIN. MAX. MIN. MAX. 

tRC Read Cycle Time 90 - 100 - 120 - 150 - ns 

tACC Address Access Time - 90 - 100 - 120 - I 150 ns 

tco I Chip Select Access Ti me - 90 - 100 I - 120 I - 150 ns 

tOE I Output Enable Time - 35 - 35 I - 50 , - 55 ns 

tOH 
I Output Data Hold Time from 

Address Change 10 - 10 - 10 I - I 
I I 

10 - ns 

tClZ I Output in Low-Z from CS 10 - 10 - I 10 - 10 - ns 

tCHz Output in High-Z from CS - 40 - 40 I - 40 - 55 ns I 
tOlZ Output in Low-Z from OE 5 - 5 - 5 - 5 - ns 

tOHZ Output in High-Z from OE - 35 - 35 - 35 - 50 ns 
Chip Selection to Power Up Time 

- -b 0 0 0 tpu - - - - ns 

tPD ChipDeselection to Power Down Time - 50 - 50 - 50 - 50 ns 

WRITE CYCLE 

I SYMBOLl PARAMETER 
TMM2015AP-90 TMM2016AP-10 TMM2016AP-12 TMM2016AP-15 

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

MAX_ 

f.--twc I Write Cycle Time 90 I - I 100 - 120 - 150 - ns 

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

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

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

-- f-----
tWR a - a - 0 - 0 - ns 

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

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

tWlZ Output in Low-Z from WE 5 - 5 - 5 - I 5 - ns 

~- Output in High-Z from WE - 25 - 30 - 35.---L - 50 ns 

A.C. TEST CONDITIONS 
~ 

I nput Pulse Leveis o -3.5V 

Input Rise and Fall Time 10 ns 

Input and Output Reference Le')els 1.5V 

Output Load 1 TTL Gate & CL ~ lOOp F 
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TOSHIBA 

TIMING WAVEFORMS 

(A) READ CYCLE [1] (1) 

RC 

ADDRESSES 

tACC to HZ 

\\\\\\\\\\ 
tOE 

ljllil IIIIIII I I III 

DOUT 
~ 

tOH 

HIGH IMPEDANCE ~ HIGH IMPEDANCE 

~ 
OUTPUT DATA VALID WMN. 

UNKNOWN 

(B) READ CYCLE [2](1)(21 

OUTPUT DATA VAllO 

UNKNOWN 

Supply 

Current 
:::mnm"t 

(C) WRITE CYCLE [1] (31 

twc 

ADDRESSES 

DOUT 
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(D) WRITE CYCLE [2]13) 
twe 

ADDRESSES 

DOUT 

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

Device is continuously selected, CS = VIL in read cycle [11. 

(2) All address are valid perior to or simultaneously with CS transistions. 

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

TOSHIBA 

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 6E 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 .. 

(8) tCHz, tOHZ. tWHZ .. 

r 
(;S, OE -----

IA) 

HIGH IMPEDANCE 

SV 

1.8Kn 

DOUTo---~r-----~ 

CL =30pF r 1.0Kn 

Output Enable Time 

Output Disable Time 

~O.lSV 
O.lSV 

~f--

l-

18) 

~I O.lSV 
GH IMPEDANCE 

~ O.lSV 

Fig. 1 Output load condition for enable and disable time measurement. 
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TOSHIBA 

OUTLINE DRAWINGS 

~::c~:::~] 
1 2 3 4 5 6 7 8 9 10 11 12 X 

32.4 MAX. 

2.54 ± 0.25 1.4±O.15 

O.5±O.15 

« 
:; 

Unit: mm 

I 15.24 TYP. I 

t::!:t 
I 17.4 MAX. I 

Note: Each lead pitch is 2.S4mm. 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. 

© Feb., 1983 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
2,048 WORD x 8 BIT STATIC RAM 

DESCRIPTION 

TMM20 I 5AP-90 
TMM20 I 5AP- I 0 

TMM20 I 5AP- I 2 
TMM20 I 5AP- I 5 

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 90ns/ 
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 N channel silicon 
gate MOS technology for high performance and high 
reliability, 

FEATURES 

• Access Time and Current 

~ Access 
Operating 

Part Number Time (Max,) 
Current 
(Max,) 

TMM2015AP-90 90ns SOmA 

TMM2015AP-10 lOOns 65mA 

~2015AP-12 120ns 65mA 

TMM2015AP-15 
L-~_ 

150ns 65mA 

PIN CONNECTION 

Vee 
A8 
A, 
WE 
OE 

A2 AIO 
A, CS 
Ao Il0g 

I/O, I/O, 
I/O, I/O, 
1/0 3 I/Os 
GND 1/04 

PIN NAMES 

SYMBOL NAME 

Ao -A3 Column Address Inputs 

A4 "" AlO Row Address Inputs 

CS Chip Select Input 

WE Write Enable Input 

I/O, - I/Os Data Input/Output 

OE Output Enable Input 

Vcc Power (5V) 

GND Ground 

Standby 
• High Density Assembly Capability: 

0,3 inch package 
Current 
(Max,) 

7mA 

7mA 

7mA 

7mA 

(24 pins plastic DIP) 
• Single 5V Power Supply 
• Fully Static Operation 
• Power Down Feature: CS 
• Output Buffer Control: OE 
• Three State Outputs 
• All Inputs and Outputs: Directly TTL Compatible 
• Inputs protected: All inputs have protection 

against static charge, 

BLOCK DIAGRAM 

A4 o----f::,.----, 
As ~ t--~--' 

A, o---f::r-­

A, o----f::,.--­
A8o----f::,.--­
A, ~--"'_-

MEMORY 
CELL ARRAY 
(128x16x8) 

----0 Vee 

--------0 GND 

I/O, O--------1---f>_----====f----'L'---Io==o;--[>.~-___, 
I/O, o----~---f>_~ 
1/03 o-----ffi--f:::.----l--'II I,----;I------il 
1/04 o----~-f'>__+_ 

I/O s O-------1H+H---f>_+---1111 
I/O, o------.lH+H---f>_+_---" II 
I/O, o----.JjH+H---f,,>-+_---" I 
I/O 8 o--Jjjrl+H---f>_+----l 
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TOSHIBA 

MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

Vcc Power Supply Voltage -0.5-7.0 V 

V'N, 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 

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

V,H Input High Voltage 2.0 - Vcc+1.0 V 

V,L Input Low Voltage -0.5 - 0.8 V 

Vcc Supply Voltage 4.5 5.0 5.5 V 

D,C, CHARACTERISTICS (Ta = 0 - 70°C, Vee = 5.0V ± 10"10) 

SYM80L PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

I'L I nput Leakage Current V,N '=. OV - 5.5V -10 - 10 j1~ 
VOH Output High Voltage lOUT = -1.0mA 2.4 - - V 

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

ILO Output Leakage Current CS= V,H orWE = V,L or -10 - 10 IlA OE = V'H, VOUT = OV - 5.5V 

Issp Peak Power-on Current CS = Vce, lOUT = OmA - - 30 mA 

Iss Standby Current CS= V'H, lOUT = OrllA - - 7 mA 

ICC1 
Operating Current CS = V'L, lOUT = OmA - - 65 mA 
TMM2015AP-l0/-12/-15 

ICC2 
Operating Current CS = V'L, lOUT = OmA - - 80 mA 
TMM2015AP-90 

CAPACITANCE* (Ta = 25°C, f = 1,0 MHz) 

I SYMBOL I PARAMETER CONDITIONS I MAX. UNIT 

L C'N J I nput Capacitance V,N = A.C. Ground I 5 pF 

L COUT J Output Capacitance V,N - A.C. Ground I 10 pF 

* Note: This parameter is periodically sampled and is not 100% tested. 
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TOSHIBA 

A.C. CHARACTERISTICS ITa = 0 - 70°C, Vee = 5V ± 1ook) 

READ CYCLE 

~MM2015AP.90 TMM2015AP·10 TMM2015Ap·12 TMM2015Ap·15 
SYMBOL PARAMETER UNIT 

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

tRC Read Cycle Time 90 - 100 - 120 - 150 - ns 

tAcc Address Access Time - 90 - 100 I - 120 - 150 ns 

tco Ch i p Select Access Ti me - 90 - 100 I - 120 - 150 ns 

tOE Output Enable Time - 35 - 35 - 50 i - 55 ns 

tOH 
Output Data Hold Time from 

10 - 10 - 10 - 10 - ns Address Change 

tCLZ Output in Low·Z from CS 10 - 10 - 10 - 10 - ns 

tCHz Output in High·Z from CS - 40 - 40 - 40 - 55 ns 

tOLz Output in Low·Z from DE 5 - i 5 - 5 - 5 - ns 

tOHZ I Output in High·Z from OE - 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 

WRITE CYCLE 

SYMBOL 
TMM2015AP·90 TMM2015AP·10 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 Output in Low·Z from WE 5 - 5 - 5 - 5 - ns 

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

A.C. TEST CONDITIONS 

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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TOSHIBA 

TIMING WAVEFORMS 

(A) READ CYCLE [1] (1) 

ADDRESSES 

DUTPUT DATA VALID 

UNKNOWN 

(B) READ CYCLE [2]11)(2) 

eo 

~ ~ 

DOUT OUTPUT DATA VALID 

~ 

I 
UNKNOWN 

tpu tpD 

----- ----- I 
f 

I 

Supply Icc 

Current ISB 

(C) WRITE CYCLE [1]13) 

twe 

ADDRESSES 
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(01 WRITE CYCLE [2J (3) 
twe 

ADDRESSES 

twp 

tDS 

DATA IN VALID 

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

Device is continuously selected, CS = VIL in read cycle [11. 

(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. 

TOSHIBA 

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. 

BE is allowed to be low or high level in write cycle. 

If the BE 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 .. 

(8) tCHZ, tOHz, tWHz . 

k-

I-

(A) 

DOUT 
HIGH IMPEDANCE 

SV 

1.SKU 

I 
1.0KU 

Output Enable Time 

Output Disable Time 

~O.'SV 
O.1SV 

l-

k-

(B) 

c=tl O.1SV 
GH IMPEDANCE 

~ O.1SV 

Fig. 1 Output load condition for enable and disable time measurement. 
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TOSHIBA 

OUTLINE DRAWINGS 

7.62 ±O.25 

30.0 MAX. 

2.54 ±O.25 0.5 ±O.15 

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

longitudinal position with respect to No.1 and No, 24 leads. 

I 
,I 

" ,I 
\~O.25~g:;g 

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. 

© Feb., 1983 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
2,048 WORD x 8 BIT STATIC RAM 

N-CHANNEL SILICON GATE MOS PROCESS 

DESCRIPTION 

The TMM2018D 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 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 maximum 

standby current is 20mA. 

FEATURES 

• Fast access time 
tACC = 45 ns: TMM2018D-45 
tACC = 55 ns: TMM2018D·55 

• Low power dissipation 
Icc = 150mA 
ISB = 20mA 

• Single 5V power supply 
• Fully static operation 

TMM20 I 80-45 
TMM20180-55 

Thus the TMM2018D is most suitable for use in 

cache memory and high speed storage. The TMM-
2018D 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 TTL compatible 

• Power down feature: CS = VIH 
• Output buffer control: OE 
• Three state outputs 
• Inputs protected: All inputs have protection aga­

inst static charge. 

• Package: 24 pin standard cerdip package, 0.3 inch 
width 

PIN CONNECTION BLOCK DIAGRAM 

Vee 
As 

A9 

WE 
OE 
AI. 

es 
liDs 

1/07 

1/06 

1/05 

1/0 4 

PIN NAMES 

A. - AI. -1-- Address I nputs I 
~1 - I/Os_ 1 __ Data Input/Output 

~ ___ ~.htP5electJ.rpLJt_~ 
I WE Write Enable Input 

I OE I Output Ena~.0E.u.t. 
Vee Power (+5V) ~ 

I .c"'n 1 __ rc ... ~~ _ -=-- _ L 

A4 

As 

A6 

A, 

As 

A9 

AI. 

1/01 

1/02 

1/03 

1/04 

1/05 

1/06 

1/07 

I/OS 

CS 
WE 

DE 

o-~-

0- ~ ~ 
O----~8f-- MEMORY 

CELL ARRAY 
0-

~ 
w (128 x 16 x 8) 

0-
D -:<>-- ;: 
0 0-

~ 0: 

0- - I I 

::rF ~ 
-

COLUMN I/O 
CIRCUIT §l1ll 

COLUMN II' 
_~I 

DECODER "---. 

~ 

~~ l-¥¥f "--, 
"--, 

II <......-... Ao At A2 A3 ~ II 

}-

I 
L::::d...J 
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TOSHIBA 

MAXIMUM RATINGS 
,--~ 

SYMBOL ITEM RATING UNIT 

Vee Power Supply Voltage -3.5~ 7.0 V 

VIN Input Voltage -3.5~ 7.0 V 

VIIO Input/Output Voltage ":'3.5 ~ 7.0 V 
-~ 

Topr Operating Temperature O~ 70 °c 
Tstrg Storage Temperature -55 ~ 150 °c 
Tsolder Soldering Temperature . Time 260·10 °c . sec 

Po Power Dissipation 0.9 W 

lOUT D.C. Output Current 20 rnA 

D.C. RECOMMENDED OPERATING CONDITIONS 
---
~_BOL PARAMETER MIN. TYP. MAX. UNIT 

VIH I nput High Voltage 2.0 - Vee + 1.0 V 

Vil Input Low Voltage -3.0 - 0.8 V 

Vee Power Supply Voltage 4.75 5.0 5.25 V 

D.C. CHARACTERISTICS (Ta = 0 ~ 70°C, Vee = 5V ±5%) 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

III I nput Current VIN - o~ Vee - ±1O !J.A 

VOH Output High Voltage IOH = -4.0rnA 2.4 - V 

VOL Output Low Voltage IOl - 8.0 rnA - 0.4 V 

ILO Output Leakage Current VOUT - O~ Vee - ±50 !J.A 
CS = VIH 

Icc Operating Current CS = Vil - 150 rnA 

ISB Standby Current CS - VIH - 20 rnA 

ISBP Peak Power-on Current CS Vee, Vee O~ 5.5V - 40 rnA 

CAPACITANCE* (Ta = 25°C, f = 1MHz) 

r- SYMBOL I PARAMETER I CONDITIONS I MAX. UNIT 

CIN I Input Capacitance I VIN =OV I 5 

I COUT I Output Capacitance T VOUT - OV I 10 
pF 

'"Nota. ThIs parameter is periodically sampled and is not 100% tested.; 

- 90 -



TOSHIBA 

A.C. CHARACTERISTICS (Ta = 0 - 70'C, Vcc = 5V ±5%) 

Read Cycle 

TMM2018D-45 TMM2018D-55 
SYMBOL PARAMETER UNIT 

Min. Max. Min. Max. 

tRC Read Cycle Time 45 55 

tACC Address Access Time 45 55 
-~---

tco Chip Select Access Time 45 55 
--1-----

tOE Output Enable to Output Valid 20 25 

tCLZ Chip S3lection to Output in Low-Z 5 5 

tCHz Chip Deselection to Output in High-Z 0 20 0 20 ns 
~-~-

tOLz Output Enable to Output in Low-Z 0 0 

tOHZ Output Disable to Output in High-Z 0 15 0 20 

tOH Output Data Hold Time 5 5 
---- ---

tpu Chip selection to Power Up Time 0 0 

tpo Chip Deselection to Power Down Time 30 30 

Write Cycle 

SYMBOL PARAMETER 
TMM2018D-45 

Min. Max. 

TMM2018D-55 

Min. Max. 
UNIT 

twc Write Cycle Time 
1-------45-- 55 

tew Chip Selection to End of Write 40 50 

tAS Address Set up Time 0 0 

twp Write Pulse Width 35 40 

tWR Write Recovery Time 0 0 ns 

tWLZ WE to Output in Low-Z 0 0 

tWHZ WE to Output in High-Z 0 15 0 20 
-

tos Data Set up Time 20 20 

tOH ~Data Hold Time 0 0 
--

Vee 
A.C. TEST CONDITIONS 

Input Pulse Levels 0_ 3.5V 510.11 

Input Rise and Fall Times 5 ns 

Input and Output Timing Reference Levels_ r------ 1.5V 

Output Load See Fig. 1 

I/O P1 N 0----.------1 

300n 

Fig. 1 Output Load 
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TOSHIBA 

TIMING WAVEFORMS 

ADDRESSES 

tOHZ 

DE 

DOUT 
OUTPUT DATA VALID 

Read Cycle 2. (WE = VIH. DE = VIL) 

'RC 

cs 

DOUT OUTPUT DATA VALID 

SUPPLY ICC 

CURRENT ISB----------~ 

Write Cycle 1. 

'WC 

tcw 

'WP 
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TOSHIBA 

Write Cycle 2. 

ADDRESSES 

tcw 

tWP 

WE 

DOUT 

Note: 

1. In read cycle 2, all addresses are valid prior to or coincident with CS transition low. 
2. The Operating terpperature (Tal is guaranteed with transverse air flow exceeding 400 linear feet per minute. 

3. During the period of selected state (CS = VI Ll. all address inputs must not be in a high impedance state. 
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TOSHIBA 

OUTLINE DRAWINGS 

Unit in mm 

24 23 22 21 20 19 18 17 16 15 14 13 

f:::::::::::J] 
1 2 3 4 5 6 7 8 9 10 11 12 

~. 
32.4 MAX. 

~ 
~ -lO-2:~~~ 

2.54 TYP. I. 8.6_'02 J 
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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CMOS Static Random Access Memories 
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CD .... 

4 KBit CMOS STATIC RAM COMPARISON TABLE 
1K x 4 CMOS STATIC RAM 

Device Number TC5514AP TC5513AP 

~e Mode CE R/W Addresses 1/0 1_ 4 Power CE R/W Addresses 1/0 1_ 4 Power 

WRITE L L Valid DIN 1000 L L Valid DIN 1000 
OPERATION 

MODE 
READ L H Valid DOUT 1000 L H Valid DOUT 1000 

STANDBY H . Fixed 
High-Z loos H High-Z loos 'H' or 'L' * * 

H * Transition High-Z 1000 ----- --
All address input circuits are not controlled by CE. All address input circuits are controlled by CEo 

CE 

~.=EP 
Aoo---

Address ~ I 
Difference in control function Buffers A.o---

Buffers 
A. -

Once address transition occur, the device is activated Only when address transition occur under the 

independent of IT input levels. condition of CE ;;0 L, the devicE. is activated. 

Difference in access time from 
Address Access time 200 ns Address Access time 200 ns 

address and chip enable 
Chip Enable Access time 70 ns Chip Enable Access time 200 ns 

- - ----

-t a 
CIJ 
% -
= 



~ 

16KBit CMOS STATIC RAM COMPARISON TABLE 

PIN CONFIGURATION 

OPERATION MODE 

Device Number 
! 

I~~ 18 20 

Mode Name CE 2 CE, 

WRITE I L L 

i READ L L 

i 

I 
STANDBY 1 L H 

I STANDBY 2 H * 
I 

OUTPUT I~ I~ DESE LECT 

TC5516AP 

TC5516AP 

1-8,22 
21 23,19 

RIW Ao ""'A 10 

L Valid 

H Valid 

* * 

* * 

j~ l~ 

VDD 

A. 

A, 

R/W 

CE, 

A" 

CE 2 

!IDa 
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I~ 
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Power 

CE DE 
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1000 L L 

1000 I~ I~ 
loos H * 

I~ L H 
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21 
1-8,22 
23,19 
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21 23,19 

CE2 CE, R/W Ao ...... A lO 

L L L Valid 

L L H Valid 

* H * * 

H * * * 

~ ~ I~ ~ 

VDD 

A, 

A, 

R!W 

CE, 

A" 

CE 2 

l/Os 

9-11 
13-17 

1/0,_8 

DIN' 

DOUT 

High·Z 

High·Z 

~ 

Power 

1000 

1000 

100S 

loos 

~ 
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m :z: -
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DATA RETENTION CHARACTERISTICS (Ta = -30 - 85°) 

SYMBOL PARAMETER CONDITIONS 

VDR Data Retention Voltage OV:;; CE:;; 0.2V 
or 

IDDS Data Retention Current VDD-0.2V:;; CE:;; VDD *(3) 

tCDR 
Chip Deselection to 
Data Retention Time 

tR Recovery Ti m e 

Note (1): Refer to IDDS specification in individual data sheet. 
(2): Read cycle time. 

TIMING CHART 

DATA RETENTION MODE 

VDD----....... 
4.5V 

Voo VDR---------------~----------------------------_/ 

Min. Max. 

2.0 5.5 

- Note (1) 

0 -

tRC Note(2) -

4.SV 

GND----------~------------------------------------~---------------

tCDR 

CE 

CE ,- - - - - -- - - - -- - ----- - ------------- - ---~ 

Note (3): For 16K Bit CMOS RAM, VOO-O.5V 5 CE 'S VOO 

Details are specified in Tess, 6/17/18 data sheets. 
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TOSHIBA MOS MEMORY PRODUCTS 
256 WORD x 4 BIT CMOS RAM 

DESCRIPTION 

The TC5501P/D is afullystatic read write memory 
organized as 256 words by 4 bits using CMOS tech~ 
nology. Because of ultra low power dissipation, the 
TC5501 P/D can be used as battery operated portable 
memory system and a Iso as a nonvo lati Ie memory 
with battery back up. The TC5501 P/D operates from 
a single 5V power supply with a static operation, so 
that the no refresh periods are required. This simpli· 
fies the power supply circuit design. 

FEATURES 

• Low Power Dissipation 
55)J.W (MAX.) STANDBY 
83mW (MAX.) OPERATING 

• Single 5V Power Supply 
• Data Retention Voltage 2V to 5.5V 
• Package 

. PlasticDIP: TC5501P 
Cerdip DIP' TC5501D 

PIN CONNECTION 

(TOP VIEW) 

PIN NAMES 

DOUT1 

DIN2 L-__ --' 

VDD 
A, 

R/W 

CEI 

DO 

CE, 

DOUT4 

DIN4 

DOUT3 

DIN3 

DOUT2 

___ ~A~O_-_A~7~ __ -+ ____ A_dd_r_e'.' __ ln~p_ut_' ____ ~ _______ ~ 
R!W Read Write Input 

GEl, CE2 Chip Enable Inputs 

OlN1 "'4 Data Inputs 

--i--____ D"O"U ... T'-' _-..:'4~-+ ___ Dc_at_a Outputs 
00 Output Disable Input 

~J?~~_D ____ L-_ Po~~ Supply Ter-m-;na-I-, ------.j 

TCSSO 1 P/- 1 
TCSSO 10/-1 

The three state outputs simplify the memory ex~ 
pansion making the TC5501 P/D suitable for use in a 
microprocessor peripheral memory. Since the mini~ 
mum data retention voltage is 2V, the battery back 
up system needs only simple circuit. By using Toshiba's 
original C'MOS technology, the device circuitry is 
not only simplified but wide operating margin and 
noise margin are also realized. 

The TC5501P/Dis offered in standard 22 pin plastic 
and cerdip packages, 0.4 inch in width. 

• Fully static operation 
• Three State Output 
• Input/output, TTL Compatible 
• Access Time 

TC5501 P/D ,tACC ~ 450ns (MAX.) 
TC5501P·l/D~1; tAcc~650ns (MAX.) 

BLOCK DIAGRAM 

DOUT1 

DOUT2 

°OUT3 

DOUT4 
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TOSHIBA 

MAXIMUM RATINGS 

SYMBOL ITEM RATING UNITS 

Voo Power Supply Voltage -{).3 -7.0 V 

VIN Input Voltage -0.3 - Voo + 0.3 V 

VOUT Output Voltage O-Voo V 
-

Po Power Dissipation (Ta - 85'C) 800 mW 

T SOLOER Soldering Temperature· Time 260·10 QC·sec 

TSTG Storage Temperature -55-150 'C 

TOPR Operating Temperature -30-85 'c 

DC RECOMMENDED OPERATING CONDITION 

SYMBOL PARAMETER MIN TYP. MAX. UNITS 

Voo Power Supply Voltage 4.5 - 5.5 V 

VIH Input High Level Voltage 2.2 - Voo + 0.3 V 
---

V IL Input Low Level Voltage -0.3 - 0.65 V 
VOH Data Retention Voltage 2.0 - 5.5 V 

--

DC CHARACTERISTICS (Ta = -30 - 85'C) 

SYMBOL--'-

I 

-
I PARAMETER CONDITIDNS MIN TYP (1) MAX. UNITS 

liN J nput Current O;?VIN ;?Voo - ±0.05 I ± 1.0 /lA 

loos Standby Current 
VOO = 2.0V to 5.5V 

- 0.2 ! 10 J1A 
CE 2 = 0.2V, Output open --+-1000 Operating Current Voo = 5.5V, tCYC = 1/ls -

" i '"--c-"'A ~ ILO Output Leakage Current O;? VOUT ;?Voo - ± 0.05 i ± 1.0 /lA 

10H Output High Current Voo - 4.5V, VOH - 2.4V -1.0 

-~%-+-= -- :~ " ____ 0_ 

10L Output Low Current Voo =4.5V, VOL =OAV 2.0 

Note (1) Ta= 25°C VOD = 5V 

CAPACITANCE (2) (Ta = 25'C) 

SYMBOL PARAMETER 1 CONDITIONS I MIN TYP. MAX. I UNIT 

CIN I nput Capacitance I V IN =OV,f=lMHz J - 5 10 J pF 

COUT 
~-

Output Capacitance I VOUT - OV, f -lMHz I - 7 15 I pF 

Note (2) This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS 

• READ CYCLE 

SYMBOL PARAMETER 

tRC Read Cycle Time 

tACC Address Access Time 

tAcel CE I Access Time 

tACC2 CE2 Access Time 

tODO OD Access Time 

tCOE Output Enable Time 

tDIS Output Disable Time 
----

tOH Output Data Hold Time 
-------------

• WRITE CYCLE 

SYMBOL PARAMETER 

twc Write Cycle Time 

tAw Address Setup Time 

tcw CE2 Setup Time 

twp Write Pulse Width 

tDS Data Setup Time 

tDH Data Hold Time 

tWR Write Recovery Time 

A.C. TEST CONDITIONS 

• Output Load 
• I nput Pulse Levels 

100 pF + 1 TTL Gate 
0.45V,2.4V 

• Timing Measurement Reference Levels 
Input 0.65V, 2.2V 
Output 0.65V,2.2V 

• Input Pulse Rise and Fall Times lOn, 

TOSHIBA 

TC5501P/D TC5501P-l/D-l 
UNIT 

MIN. MAX. MIN. MAX. 

450 - 650 - ns 

- 450 - 650 ns 

- 400 - 600 ns 

- 500 - 700 ns 

- 250 - 350 ns 

0 - 0 - ns 

0 130 (; 150 ns 
--f-- ------ -------I----~ 

0 - 0 - ns 
--

TC5501 P/D TC5501P-l/D-l 
UNIT 

MIN. MAX. MIN. MAX. 

450 - 650 - ns 

130 
f-------

150 - ns 

130 - 150 - ns 

250 - 400 - ns 

250 - 400 - ns 

50 - 100 - ns 

50 - 50 - ns 
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TOSHIBA 

Read Cycle 

Write Cycle 1 'we 

ADDRESS STABLE 

'wp 

eEl VIL V,L 

'ew 

eE, 

R/W V,H V,H 
V,L V,L 

00 

DOUT 

D,N 

Write Cycle 2 'we 

ADDRESS STABLE 

V,H 
GEl 

V'L V,L 

CE, 

'wp 

R/W V,H V,H 
V'L V,L 

00 

DOUT 

D,N 
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TYPICAL CHARACTERISTICS 
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TOSHIBA 
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TOSHIBA 

OUTLINE DRAWINGS 

PLASTIC PACKAGE 

~~::E:J] 
Unit in mm 

1 2 3 4 5 6 7 8 9 1011 

10.16 ±O.OS 

10.41 "'11.51 

CERDIP PACKAGE 

r::::::::]] 
1 2 3 4 5 6 7 8 9 10 11 

Notes: Each lead pitch is 2.54 mm. All leads are located within 
0.25 mm of their true longitudinal position with respect to 
No.1 and No. 22 leads. 

Note: Toshiba does not assume any res~nsibHity 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. 

©Mar .• 1981 Toshiba Corporation 
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TOSHI;BA MOS MEMORY PRODUCTS 
1024 WORD X 4BIT CMOS RAM 

SILICON GATE CMOS 

DESCRIPTION 

The TC5047 AP is a static read write memory 
organized as 1024 words by 4 bits using CMOS 
technology. Because of ultra low power dissipation, 
the TC5047 AP can be used as battery operated 
portable memory system and also as a nonvolatile 
memory with battery back up. The TC504 7 AP 

, operates from a single 5V power supply with a static 
operation, so that the no refresh periods are requ ired. 
This simplifies the power supply circuit design. 

FEATURES 

• Low Power Dissipation 
110IlW (MAX.) STANDBY 
110mW (MAX.) OPERATING 

• Single 5V Power Supply 
,. Data Retention Voltage; 2.0~5.5V 

• 20 PI N Plastic Package 

PIN CONNECTION 

(TOP VIEW} 

Data I/O~ 

PIN NAMES 

Ao ~A9 Address Inputs 

CE, 

A, 

A, 

Data 1/° 4 

Data 1/03 

~"/W'--__ t--:-Re--:a_d-::cW_'-:-itec-'--:n_pu_t _______ '_--i 
eEl' eEl Chip Enable inputs 

, __ ~~a,-,I",/O:cJ,,,,~,,.+_.D_._ta_'_n,--pu_t/_O_u-,tP_"_t ________ -I 
00 Output Disable Input 

VOO/GND Power Supply Terminals 

TC5047AP-1 
TC5047AP-2 

The three state outputs simplify the memory 
expansion making the TC5047AP suitable for use in a 
microprocessor peripheral memory. Since the mini· 
mum data retention voltage is 2V, the battery back 
up system needs Only simple circuit. By using 
Toshiba's original C2 MOS technology, the device 
circuitry is not only simplified but wide operating 
margin and noise margin are also realized. 

The TC5047AP family is moulded in a dual·in·line 
20 pin plastic package, 0.4 inch in width. 

• Static Operation 
• Three State Outputs 
• Input/Output; TT L Compatible 

• Access Ti me 
TC5047AP·1, t AcC ~550ns (MAX.) 
TC5047 AP·2; t Acc ~ BOOns (MAX.) 

BLOCK DIAGRAM 

AOo--

Al 

A2 

A3O----------

A. 

Data 1/°2 

Data 1/°3 

I~ 

'" [L 

w 
"-

'""-'"::> 
~rn 
D 
D 
« 

w 
U 

[L 

w 
a 
0 

~ 
a 
s: 
0 
[L 

MEMORY 

CELL ARRAY 

64 x 64 

-----0 Voo 

--------VGND 
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TOSHIBA 

MAXIMUM RATINGS 

SYMBOL ITEM 

Voo Power Supply Voltage 

VIN Input Voltage 

VOUT Output Voltage 

Po Power Dissipation ITa = 85°C) 

T SOLDER Soldering Temperature' Time 

TSTG Storage Temperature 

TOPR Operating Temperature 

DC RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. 

Voo Power Supply Voltage 4.5 
V IH Input High Level Voltage Voo-l.5 
VIL Input Low Level Voltage -0.3 

VOH Data Retention Voltage 2.0 

DC CHARACTERISTICS 

SYMBOL PARAMETER CONDITIONS 

liN I nput Current OV:S:V1N :S:Voo 

VOO = 2 - 5.5V 

loos Standby Current 
CE, = O.2V:Output Open 

1000 Op~ating Current VDo=55V, tCyc=llls 

ILO Output Leakage Current OV:S:VOUT:S:Voo 

10H Output High Current Voo=4.5V, VOH = 2.4V 

10L Output Low Current Voo = 4.5V, Vo L = O.4V 

Ci (21 Input Capacitance f - lMHz 

Co 121 Output Capacitance f - lMHz 

Ta"'2S0C, VOD=5V Note (1) 

Note (2) This parameter is periodically sampled and is not 100% tested. 

- 110-

RATING UNIT 

-0.3 -7.0 V 

-0.3 - Voo + 0.3 V 

0- Voo V 

700 mW 

260· 10 °C'sec 

-55 - 150 °c 

-30-85 °c 

TYP. MAX. UNIT 

5.0 5.5 V 

- Voo+0.3 V 

- 0.6 V 

- 5.5 V 

MIN. TYP. (11 MAX. UNIT 

0 ±0.05 ±1.0 IlA 

0 0.2 20 IlA 

0 10 20 mA 

0 ±O.l ±5.0 IlA 

-1.0 -2.0 - mA 

1.6 2.0 - mA 

- 5 10 pF 

- 7 15 pF 



A.C. RECOMMENDED OPERATING CONDITIONS 

• TC5047AP·' 

SYMBOL PARAMETER CONDITIONS 

TRC Read Cycle Time 

twc Write Cycle Time 

tCES CE Setup Time 

t CEH CE Hold Time VDD = 4.5 - 5.5V 

tpc Precharge Time CL = 100pF 

t CE CE Pulse Width VIH = VDD - 1.5V 

twp Write Pulse Width - Voo + 0.3V 

tos Data Setup Time VI L = -0.3 - 0.6V 

tOH Data Hold Time Ta = -30 - 85°C 

tcw Write Setup Time 

t RS Read Setup Time 

tRH Read Hold Time 

Note (3) teEs + tCEH ~ 100 ns 

• TC5047 Ap·2 

SYMBOL PARAMETER CONDITIONS 

tRC Read Cycle Time 

twc Write Cycle Time _. 

tCES CE Setup Time 

tCEH CE Hold Time Voo = 4.5 - 5.5V 

tpc Precharge Time CL = 100pF 

tCE CE Pulse Width VIH = Voo -1.5V 

twp Write Pulse Width - Voo + 0.3V 

tos Data Setup Time VI L = -0.3 - 0.6V 

tOH Data Hold Time Ta = -30 - 85°C 

tcw Write Setup Time 

tRS Read Setup Time 

tRH Read Hold Time 

Note (4) teEs + tCEH ~ 200 ns. 

A.C. CHARACTERISTICS 

• TC5047AP·' 

SYMBOL PARAMETER CONDITIONS 

tACC Access Time Voo = 4.5 - 5.5V 

tOIS Output Disable Time CL = 100pF 

tCOE Output Enable Time VOH =2.4V, Vo L =0.6V 

• TC5047Ap·2 

SYMBOL PARAMETER CONDITIONS 

tAcC Access Time Voo = 4.5 - 5.5V 

tOIS Output Disable Time CL=100pF 

tCOE Output Enable Time VOH =2.4V, VOL = 0.6V 

TOSHIBA 

MIN. MAX. UNIT 

650 - ns 

650 - ns 

20 (3) - ns 
20(3) - ns 

100 - ns 

550 - ns 

300 - ns 

300 - ns 

0 - ns 

350 - ns 

0 - ns 

0 - ns 

MIN. MAX. UNIT 

1000 - ns 

1000 - ns 

20 (4 ) - ns 
20(4) - ns 

200 - ns 

800 - ns 

500 - ns 

500 - ns 

0 - ns 

550 - ns 

0 - ns 

0 - ns 

MIN. TYP. MAX. UNIT 

- - 550 ns 

- - 100 ns 

- 100 - ns 

MIN. TYP. MAX. UNIT 

- - 800 ns 

- - 200 ns 

- 200 - ns 



TOSHIBA 

TIMING WAVEFORMS 

• Read Cycle tAC 

ADDRESS X VIH V,H K STABLE 
V,L V,L 

t~ ~H tee ~ 

CE, --.l 
V,H V,H V,H 

V,L V,L 

tpc 

~ V,H V,H 

V,L V,L V,L 
CE, 

V,H 

VIL / OD 

~1 
tAS t:;H 

V,H 

~ 

~ 
tOIS -~ 

tCOE 
HIGH Z VOH ~ 

HIGH Z 
VALID DATA 

VOL 

A/W 

°110 

UNKNOWN 

• Write Cycle twc 

ADDRESS !)< V'H V,H K V,L 
' STABLE 

V,L 

teEs 
E 

tCEH 

1::::::: 
teE ~ 

eel V,H V,H V,H 

--.l V,L V,L 

tpc 

~ V,H V,H 
V,L V,L V,L 

CE, 

tcw 

OD 

twp 

, \ V,H 
, , 

V,L V,L / ,'----- - _____ J 
A/W 

tDS ~ 
HIGH Z I'V,H DATA IN V,H 

'kV,L STABLE V,L 
DON'T CARE 
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TYPICAL CHARACTERISTICS 
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TOSHIBA 
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OUTLINE DRAWINGS 

..... 

10 

VOD"'4.5V 

V 
c 

J: -10 - I-- E' 

-20 

-30 
60 90 -30 

Unit in mm 

E~~I~~~:~II] 
1 2 3 4 5 6 7 8 9 10 

27.5 MAX. x « 
:;;; 

Z .; 
~ 

'" ci 

1.2 ±0.15 

2.54±0.25 0.5 ±0.15 

I 10.16+0.1 \ I 

B 
I 

. -0.05 I 
. 10.16 -11.80 . 

tOH -Ta 

VOO ==4.5V 

30 60 90 
Ta (oC) 

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

true longitudinal position with re" .. -t:t 

to No.1 and No. 20 leads. 

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

©Mar., 1980 Toshiba Corporation 

Distributed by 
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TOSHIBA MOS MEMORY PRODUCTS 
4096 WORD x 1 BIT CMOS STATIC RAM 

SILICON GATE CMOS 

TC5504AP-2/-3, TC5504APL-2/-3 
TC5504AD-2/-3, TC5504ADL-2/-3 

DESCRIPTION 

The TC5504AP/AD is a 4,096 bit high speed and 
low power static random access memory organized as 
4,096 words by 1 bit using CMOS technology, and 
operates from a single 5-volt supply. 

On chip latches are provided for addresses, data 
input and output, and read write control allowing 
efficient interfacing with microprocessor systems. 

The TC5504AP/AD is a fully CMOS RAM, there­
fore it is suited for use in low power applications 
where battery operation and battery back up for non-

FEATURES 

• Standby Current 
O.2JlA (Max.) at Ta = 25'C }. TC5504APL/ADL 
1.0JlA (Max.)atTa=60'C 
20JlA (Max.) TC5504AP/AD 

• Low Power Dissipation 15mW (Typ.) operating 
• Single 5V Power Supply 5V ± 10% 

I • Data Retention Supply Voltage 2 - 5.5V 
• All Inputs and Output: Directly TTL Compatible 

PIN CONNECTION 

(TOP VIEW) 

Ao 1 18 VDD 

Al 2 17 All 

A4 3 16 A,O 

As 4 15 A9 

A2 5 14 As 

A, 6 13 A7 

DOUT 7 12 A, 
R/W 8 11 D,N 

GND 9 10 CE 

PIN NAMES 

volatility are required. Furthermore the TC5504APL/ 
AD L guaranteed a standby current equal to or less 
than 1JlA at60'C ambient temperature. 

The TC5504AP/AD is guaranteed for data reten­
tion at a power supply as low as 2 volts. The TC5504 
AP/AD is directly TTL compatible in all inputs and 
output. 

The TC5504AP/AD is offered in both standard 18 
pin plastic and cerdip packages, 0.3 inch in width. 

• Access Time 
200ns (Max) TC5504AP/APL/AD/ADL-2 
300ns (Max.) : TC5504AP/APL/AD/ADL-3 

• Static Operation 
• On Ch ip Address Register 
• Three State Output 
• Package 

Plastic DIP TC5504AP/APL 
Cerdip DIP TC5504AD/ADL 

BLOCK DIAGRAM 

Memory Cell 

Array 

64 x 64 ---QGND 
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TOSHIBA 

MAXIMUM RATINGS 

~~S~Y~M~B~O~L~~ __ ~ __ ~ __ ~~ ____ IT~E~M __________________ .t-____ ~R~A~T~IN~G~ __ .-+.~~N~IT 
Voo Power Supply Voltage ~0.3 - 7.0 

VIN Input Voltage ~0.3 - 7.0 

t~~~~V~O~U;T~~~~~t~~~O::o=-~u=-t;p~u~t=-O-v~~_o:.~lta~g-,=e~~~~~~~---------------~,--------c-::c~-c~-=--=--c--:--co-c-~-c~-c-------+t-_-_-_-_-___ -=o;-;;v~oo-:o:~~~;~~·~~--~-;cV ~ 
Power Dissipation II--_T=C",55",0,--4::.A.::.P-,,1 A':-"--P:::L_+ __ ---=5:.::5-=0 ___ + __ -'-~__cw~---____j1 
ITa = 85'C)~~ __ ..J ____ T~5~~/AD::cL= _ _+__------=.8 . .::.00.c.....---_t_--_;;_c_m-W---_j 

Soldering Temperature ._~~ ____ . ___ ~ ___ 260 . _1_0 ___ ----I ___ '_C,.:-:C·:--se-c----I 
Storage Temperature -55 - 150 

Po 

-30-85 'c 
____________________ ,, _______ .L-_____ _ 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

Voo Power Supply Voltage 4.5 5.0 5.5 V 

VIH I nput High Voltage 2.2 - Voo + 0.3 V 

VIL I nput Low Voltage -0.3 - 0.8 V 

VOH Data Retention Voltage 2.0 - 5.5 V 

D.C. CHARACTERISTICS (Voo = 5V ± 10%, Ta = ~30'C to 85'C, unless otherwise noted) 
.-- --~-----. -- ---~--------c-- -.~--- ------

SYMBOL PARAMETER CONDITIONS ~:..._ TYP.111 MAX. UN..'!... _. 

IlL Input Leakage Current OV:;;; VIN ~ Voo - ~ ± 1.0 /1A 

CE = Voo-=2.~V, OV:;;;Vou:r~\/[)[) _____ 
------- -----

ILO Output Leakage Current ~ ~ ±5.0 /1A 

10H Output High Level Current VOH = 2.4V -1.0 - - -~ 

10L Output Low Level Cu~-;;m VOL = 9JlV . 2.0 - - mA 
-------

Voo = 2V - 5.5V TC5504APL ITa = 25'C ~ ~ 0.2 

CE = Voo - 0.2V TC5504ADL ITa = 60'C 1.0 
/1 A 

loos 
- -

Standby Current 
other inputs = TC5504AP 

- 0.05 20 /1A 
0.2V or Voo - O.2V TC5504AD 

---
10001 tcyele = 1 /1S, lOUT =OmA - - 10.0 mA 

10002 
Operating Current 

tcycle = l/1S, VIH - V 00 ,vIL - OV, lOUT - OmA 3.0 5.0 mA -

Note(1) Voo =5V, Ta=25'C 

CAPACITANCE(2) (Ta = 25'C) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

CIN I nput Capacitance VIN=OVf=lMHz - 4 8 pF 

COUT Output Capacitance VOUT =OV f = 1MHz - 5 10 pF 

Note (2): This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (VDD = 5V ± 10%, Ta = -30·C to 85·C, unless otherwise noted) 

TC5504AP-2/ APL-2 TC5504AP-3/APL-3 
SYMBOL PARAMETER TC5504AD-2/ADL-2 TC5504AD-3/ADL-3 

MIN. MAX. MIN. MAX. 

tRC Read Cycle Time 300 420 -

Write Cycle Time 300 
-- - 420~ twc -

tRMWC Read Modify Write Cycle Time 390 
- 1------

580 
--

- -
tAS Address Setup Time 5 - 5 -

--------------~- ----_.- ~------
tAH Address Ho Id Time 60 - 80 -

--
IpC Precharge Time 80 - 100 -

" .. -
Chip Enable Hold Time tCEH 200 300 -

IACC Access Time - f-----zoo-- - 300 

taD Output Disable Time - 70 - 100 

tCOE --
Output Enable Time ------f------ 0 

- 0 -1----_ .. _. __ ...... _. __ .. -
tRS Read Setup Time 0 - 0 -

tRH Read Hold Time 0 - 0 -

tws Write Setup Time 0 - 0 -

tWH Write Hold Time 60 - 80 -

tDS Data Setup Time 5 - 5 -

tDH Data Hold Time 60 - 80 -
1---

Write Enable to CE Hold Time tWCH 80 - 150 -
tMD Modify Time 0 - 0 -

--- ---- --------_.-----. -~- ----

A.C. TEST CONDITIONS 

Output Load 
Input Pulse Levels 

100pF + 1TTL Gate 
0.6- 2.4V 

Timing Measurement Reference Levels 

Input O.BV and 2.2V 
Output O.BV and 2.2V 

Input Pulse Rise and Fall Times : 10 ns 
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UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



TOSHIBA 

TIMING WAVEFORMS 

• READ CYCLE 

R/W 

DOUT ..;..;;='-"'''-''===----~00<xx:1(1 
1<-"=------1' 

UNKNOWN 

• WRITE CYCLE 

H I 'AH .~~ ______ --.. 

Address )RSTABLE ~~~ X 
-----t'pe 'We '-----

~d eE 

R/W 

DOUT HIGH IMPEDANCE 

• READ MODIFY WRITE CYCLE 
tAS tAH 

8~ 
Address \if"IH VIHt',( 'v--

____ ~/~STAaLE f\~-------------~ 
tpcVll r-V_'_" _____ t~R~M~w~e~_~~~~~~~~\l 

V'H 

R/W 

DOUT __________ -{& 
VALID 

UNKNOWN 
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TYPICAL CHARACTERISTICS 
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TOSHIBA 

OUTLINE DRAWINGS 

• PLASTIC PACKAGE 

18 17 16 15 14 13 12 11 10 ",1:::::: ]] Unit in mm 

123456789 

2.54 ±O.25 

O.S±O.lS tq 

• CERDIP PACKAGE 

[:::::] 1[ 
1 2 3 4 5 6 7 8 9 , 

-; ~I I ~"±02 I 

~=========~-~Jl! [==1\ 0_" 
1 L~ 

2.54TY? -1 
O.46±O.1S 

"I 
1 

8.2,,-,9.5 

Each lead pitch is 2.54 mm All leads are locatad wahin 0 2Smm of the" longitud,nal position 
WiTh fespaetlO No.1 endNo 18 leads 
All dimensions are in milHmetars 

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. 

© Feb., 1981 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
1024 WORD x 4 BIT CMOS STATIC RAM 

SILICON GATE CMOS 

DESCRIPTION 

The TC5513AP/AD is a 4,096-bit high speed static 
random access memory organized as 1,024 words by 
4 bits and operates form a single 5-volt supply. 

The TC5513AP/AD is a fully CMOS RAM and is 
therefore suited for use in low power applications 
where battery operation and/or battery back up for 
nonvolatility are required. The TC5513AP/AD is 

FEATURES 

• Low Power Dissipation 
27.5m W/MHz (MAX.): Operating 

• Standby Current 

TC5513AP-20jTC5513APL-20 
TC551 3AD-20jTC55 13ADL-20 

guaranteed for data retention at power supply volt­
ages as low as 2.0 volt. All inputs and outputs are 
TTL compatible. 

The TC5513AP/AD is packaged in a standard 18-
pin dual-in-line plastic and cerdip package, 0.3 inch 
width. 

• Data Retention Supply Voltage 
2V to 5.5V 

• Fully Static Operation 

O.2IlA (MAX.) at Ta = 25°C 1 
1.0J1A (MAX.) at Ta = 60°C 1 TC5513APL/ADL-20 

• On-chip Address Transition Detector 

• Three State Outputs 

20llA (MAX.) TC5513AP/AD-20 
• Fast Access Time 

IACC: 200ns (MAX.) 
• Single 5V Power Supply 

PIN CONNECTION ITOP VIEW) 

PIN NAMES 

Ao ~A9 

R/W 
CE 
Data 1/01 -4 

Voo/GND 

A, 

A, 

A, 

Data 1/0 1 

Data 1/02 

Data 1/° 3 

Data 1104 

AM 

Address Inputs 
Read Write Input 
Chip Enable Input 

Data Input/Output 
Power Supply Terminals 

• Inputs and outputs Directly TTL compatible 

• Package 
• Plastic DIP: TC5513AP-20/APL-20 

Cerdip DIP: TC5513AD-20/ADL-20 

BLOCK DIAGRAM 

A, 

A, 

A, 

~ A, 

A, m 

A, 

DII0 1 

0 1/°2 

D1I0 3 

D1/0 4 

CE 

AM 
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TOSHIBA 

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 I/O Voltage -0.3 - Voo -Hl.5 V 

Po Power Dissipation (Ta = 85°C) I TC55l3AP/APL 550 mW 

J TC55l3AD/ADL 800 mW 

TSOLOER Soldering Temperature' Time 260' 10 °c . sec 

TSTG Storage Temperature -55 -150 °c 

TOPR Operating Temperature -30 - 85 °c 

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 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. CHARACTERISTICS (Ta = -30°C - 85°C, Voo = 5V ± 10%) 

SYMBOL PARAMETER CONDITIONS MIN. Typl MAX. UNIT 

IlL Input Leakage Current OV~VIN SVoo - - ±1.0 pA 

ILO Output Leakage Current CE = VIH, OV S V I/O SVoo - - ±1.0 p.A 

10H Output High Current VOH = 2.4V -1.0 - - mA 

10L Output Low Current VOL=O.4V 2.0 - - mA 

TC55l3APL·20ITa=25°C - - 0.2 pA 

I DOS Standby Current 
Voo = 2V -5.5V 

TC55l3ADL.2<j Ta=60°C - - 1.0 p.A 
CE ~ Voo -0.2V TC5513Ap·20. tC5513AO·20 - 0.05 20 p.A 

10001 tcycle = Ips, lOUT = OmA - 5.0 9.0 mA 

Operating Current tCYcle= Ips, VIH =Voo, VIL =OV, mA 
10002 

lOUT =OmA 
- 3.0 5.0 

Note (1): Voo = 5V, Ta = 25°C 

CAPACITANCE (Ta = 25°C, f= 1MHz) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

CIN In pu t Capac i tance VIN = OV - 4 8 pF 

CI/O Input/Output Capacitance VI/O - OV - 5 10 pF 

Note (2): Th is parameter is periodically sampled and is not 100",(, tested. 
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A.C. CHARACTERISTICS (Voo = SV ± 10%. Ta = -30 - 8S'C) 

• READ CYCLE 

TC5513Ap·20/APL-20 
SYMBOL PARAMETER TC5513AD-20/ADL-20 

MIN. MAX. 

tRC Read Cycle Time 200 -

tACC Access Time - 200 

tco CE Access Time - 200 

tOH Output Data Hold Time 15 -

tOIS Output Disable Time - 60 

tCOE Output Enable Time 5 -

• WRITE CYCLE 

TC5513AP-20/APL-20 
SYMBOL PARAMETER TC5513AD-20/ADL-20 

MIN. MAX. 

twc Write Cycle Time 200 -
tAW Address Setup Time 0 -
twp Write Pulse Width 120 -

tos Data Setup Time 120 -

tOH Data Hold Time 0 -

tWR Write Recovery Time 0 -

A.C. TEST CONDITIONS 

• Output Load : 100pF + 1 TTL Gate 
• Input Pulse Levels: O.6V.2.4V 
• Timing Measurement Referenoe Levels 

Input : O.8V,2.2V 
Output : O.8V,2.2V 

• Input Pulse Rise and Fall Times: 10ns 
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TOSHIBA 

TIMING WAVEFORMS 

• Read Cycle (1) 

• Write Cycle 1 (R/W Controlled) 

• Write Cycle 2 (CE Controlled) 

Notes: (1) R/W is high for a Read Cycle. 

(2) If theCE low transition occurs simultaneously with the A/W low transition, the output buffers remain in high impedance state. 
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TYPICAL CURRENT WAVEFORM 

ADDRESS 

'DD 
(mA) 

80 

60 n 
40 

20 

f"'-
IV 

50ns/DIVISION 
VOO '" 5.5V 

II 
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TOSHIBA 

OUTLINE DRAWINGS 

• PLASTIC PACKAGE 

18 17 16 15 14 13 12 11 10 

"'1::::: :::nr 
23456789 

22.8 MAX. 

2.S4±O.25 

D.5±O 15 ~ 

• CERDIP PACKAGE 

1817 16 15 14 13 12 11 10 

123456789 

22.8 MAX. 

2.54 TYP. 1.52±O.25 

O.46±a.lS 

Unit: In mm 

fl'4±O'2 

0'" 150 --

Notes: (1) Each lead pitch is 2.S4mm. All leads are located within O.25mm of their longitudinal position with respect to No.1 and No. 18 leads. 

All dimensions are in millimeters. 

Note: Toshiba does not assume any responsibilitY for use of any circuitry described; no clrcuit patent licenses are Implied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 

Apr!., 1982 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
1024 WORD X 4 BIT CMOS STATIC RAM 

SILICON GATE CMOS 

DESCRIPTION 
The TC5514AP/AD is a 4,096 bit high speed and 

low power static random access memory organized as 
1,024 words by 4 bits using CMOS technology, and 
operates from a single 5-volt supply. 

The TC5514AP/AD is compatible with the indus­
try produced NMOS 2114 type 4KRAM, yet offers a 
more than 90% reduction in power of their NMOS 
equivalents. 

The TC5514AP/AD is a fully CMOS RAM, there­
fore it is suited for use in low power applications 
where battery operation and battery back up for 

FEATURES 

• Standby Current 
0.2/lA (Max) at Ta=25"C } TC5514APL/ADL 
1.0/lA (Max.) at Ta=60"C 
20/lA (Max.) TC5514AP/AD 

• Low Power Dissipation: 15mW (Typ.) operating 
• Single 5-volt Supply 5V ± 10% 
• Data Retention Supply Voltage 2 ~ 5.5V 
• Three State 0 utputs 
• All Inputs and Outputs Directly TTL Compatible 

PIN CONNECTION 

PIN NAMES 

Ao ~A, 

R/W 
CE 

Data 1/0 , ~ 4 

VDD/GND 

(TOP VIEW) 

Voo 
A7 

As 

A, 
Data 1/01 

Data 1/02 

Data 1/03 

Data 1/04 

R/W 

Address Inputs 

Read Write Control Input 

Chip Enable Input 

Data Input/Output 

Power Supply Terminals 

TC5514AP-2/-3, TC5514APL-2/-3 
TC5514AD-2/-3, TC5514ADL-2/-3 

nonvolatility are required. Furthermore the TC5514 
AP L/ AD L guaranteed a standby current equal to or 
less than l/lA at 60"C ambient temperature is availa­
ble. 

The TC5514AP/AD is guaranteed for data reten­
tion at a power supply as low as 2 volts. The TC5514 
AP/AD is directly TTL compatible in all inputs and 
outputs. 

The TC5514AP/AD is offered in both standard 18 
pin plastic and cerdip packages, 0.3 inchs in width. 

• Access Time 
200ns (Max.) : TC5514AP/APL/AD/ADL-2 
300ns (Max.) : TC5514AP/APL/AD/ADL-3 

• Fully Static Operation 
• On-chip Address Transition Detector 
• Fully Compatible with TMM314AP Family 

(Nch 2114 type 4KRAM) 
• Package 

Plastic DIP TC5514AP/APL 
Cerdip DIP TC5514AD/ADL 

BLOCK DIAGRAM 

Precharge Circuit 

A4 

AS Memory Cell ----0 VDO 
A6 

~GND 
A7 ~ 
AS m 

Array 

(64 x 64) 

A9 

01/°1 

01/°2 

01/0 3 

01/0 4 

CE 

R/W 
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TOSHIBA 

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 110 Voltage O-Voo V 

I TC5514AP/APL 
r-------- -

mW Power Dissipation 550 
Po 

(Ta = 85°C) I TC5514AD/ADL 800 mW 

TSOlOER Soldering Temperature· Time 260 . 10 °C· sec 

TSTG Storage Temperature -55 -150 °C 

TOPR Operating Temperature -30 -85 °C 

D.C. RECOMMENDED OPERATING CONDITIONS 

~BOL------P-A-R-A-M-ET-E-R-----L-MII\I.:.-
Voo Power Supply Voltage 4.5 

TYP. MAX. UNIT 
'- --5-.0 --- ----5-.5---+----V---1 

f---cV~IH'---_ _+,---c_ln,p--u-t ~gh Level Volt_ag=-e ____ --t ___ --::-2-;:.2_____ - __ Voo + 0.3 V 
Vil Input Low Level Voltage -0.3 -- -:=- 0.8 V 

VOH Data Retention Voltage 2.0 __ ..L....._-___ .L. __ 55 ____ '----_~ 

D.C. CHARACTERISTICS (Voo = 5V ± 10%, Ta = -30 - 85°C unless otherwise noted.) 

'sYMBOL 
-_._-- -'.- -_.- ---_.- ------_._------- '-'-'--------_.--,---- --

UNIT PARAMETER CONDITIONS MIN. TYP. (1) MAX. -- ----_._---- ------ ----
III Input Leakage Current OV~VIN ~Voo - - ± 1.0 /1A 

ILO Output Leakage Current CE=VIH'OV~ VI/O~VOO - - ± 1.0 /1A 

10H Output High Current VOH = 2.4V -1.0 - - mA 

10l Output Low Current Val = 0.4V I 
f----~ 2.0 -

TC5514APL ITa = 25°C - - 0.2 /1A 
Voo = 2V - 5.5V 

TC5514ADL ITa=60°C - - 1.0 MAl 
loos Standby Current All Inputs = 

0.2V or Voo - 0.2V 
TC5514AP 

0.05 /1A I - 20 
TC5514AD I 

10001 
Operating Current 

tcycie'" l/1s, lOUT = OmA - 5.0 I 9.0 j mA 
10002 tcycle = l/1s, VIH - Voo, Vil = OV, lOUT· OmA I - 3.0 5.0 

Note (1)' VOO =5V, Ta=25°C 

CAPACITANCE(21 (Ta = 25°C, f = 1 MHz) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

CIN Input Capacitance VIN =OV - 4 8 pF 
~-

Input/Output Capacitance VI/O·OV 5 10 pF CliO -

Note (2): This parameter is periodically sampled and is not 100% tested. 
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A.C.CHARACTERISTICS (VDD =5V±10%, Ta=-30-S5·C) 

• READ CYCLE 

SYMBOL PARAMETER 

tRe Read Cycle Time 

tAee Access Time 

teo CE Access Time 

tOH Output Data Hold Time 

tDIS Output Disable Time 

teoE Output Enable Time 

• WRITE CYCLE 

SYMBOL PARAMETER 

twe Write Cycle Time 

tAW Address Setup Time 

twp Write Pulse Width 

tDS Data Setup Time 

tDH 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 
TC5514AD-2/AD L-2 

MIN. MAX. 

200 -
- 200 

- 70 

15 -

- 60 

5 -

TC5514AP-2/APL-2 
TC5514AD-2/ADL-2 

MIN. MAX. 

200 -
0 -

120 -

120 -
0 -
0 -

-133 -
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TC5514AP-3/APL-3 
TC5514AD-3/ADL-3 UNIT 

MIN. MAX. 

300 - ns 

- 300 ns 

- 100 ns 

20 - ns 

- SO ns 

5 - ns 

TC5514AP-3/APL-3 
TC5514AD-3/ADL-3 UNIT 

MIN. MAX. 

300 - ns 

0 - ns 

150 - ns 

150 _. ns 

0 - ns 

0 - ns 



TOSHIBA 

TIMING WAVEFORMS 

• Read Cycle'" 

ADDRESS 

eE 

DOUT 

• Write Cycle 1 (RIW Controlled) 
twe 

ADDRESS 

Ce (2) 

A/W 

~l _____ t~D~s~ ____ ~-+ ___ tDH 

• Write Cycle 2 (CE Controlled) 
f----------- twc ___ ~ ___ _ 

ADDRESS 

A/W 

VIL STABLE 

tCQE I tOIS 

DOUT ---~--
Notes: (1) A/W is high for a Read Cycle. 

(2) If the CE low transition occurs simultaneously with the A/W low transition, the output 
buffers remain in a high impedance state. 
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TOSHIBA 

• PLASTIC PACKAGE 

18 17 16 15 14 13 12 l' 10 

"'.~[:::::: :lfJr 
Unit in mm 

123456789 

22.8 MAX. 

I,--=J--

2.54 ±O.25 1.4 ±0.15 

0.5±0.15 ~ 

• CERDIP PACKAGE 

c:::::] 
1 2 3 4 5 6 7 8 9 

IU~l 
-025 +0.1 • 

I -0.05 I I . 
I 

~-?:.~~ 

Each lead pitch i$ 2.54 mm All leads are located within O.25mm of their longitudInal posll,on 
with respect to No 1 and No. 18 leads. 

Alldimansionsllr,,",millimeters. 

0_15° 

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. 

© Oct., 19B1 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
1024 WORD X 4 BIT CMOS RAM 

SILICON GATE CMOS 

DESCRIPTION 

The TC5514P is a full static read write memory 
organized as 1024 words by 4 bits using CMOS 
technology. Because of ultra low power dissipatiotl, 
the TC5514P can be used as battery operated 
portable memory system and also as a nonvolatile 
memory with battery back up. The TC5514P oper­
ates from a single 5V power supply with a static 
operation, so that the no refresh periods are required. 
This simplifies the power supply circuit design. 

FEATURES 

• Low Power Dissipation 
110 p.W (MAX.) STAND BY 
110mW (MAX.) OPERATING; TC5514P-1 
138mW (MAX.) OPERATING; TC5514P 

• Data Retention Voltage 2V to 5.5V 
• Single 5V Power Supply 
• 18 PIN Plastic Package 

PIN CONNECTION 
(TOP VIEW) 

18 VDD 

17 A, 

16 As 

15 A" 
14 Data 1/01 

AI 6 13 Datall~ 

A, 7 12 Data 1/°3 

CE 8 11 Date 1/°4 

GND 9 10 R/W 

PIN NAMES 

Ao~Ao Address Inputs 

RNI Read Write Input 

CE Chip Enable Input 

Data I/O, ~4 Data Input/Output 

VOD/GND Power Supply Terminal 

TC5514P 
TC5514P- I 

The three state outputs simplify the memory 
expansion making the TC5514P suitable for use in a 
microprocessor peripheral memory. Since the mini­
mum data retention voltage is 2V, the battery back 
up system needs only simple circuit. By using 
Toshiba's original C'MOS technology, the device 
circuitry is not only simplified but wide operating 
margin and noise margin are also realized. 

The TC5514P family is moulded in a dual-i'l·line 
18-pin plastic package, 0.3 inch in width. 

• Full Static Operation 
• Three State Outputs 
• Input/Output TTL Compatible 
• Access Time 

TC5514P ; tAcC = 450ns (MAX.) 
TC5514P-1; tACC = 650ns (MAX.) 

BLOCK DIAGRAM 

01101 

01/02 

01/0 3 

01/0 4 
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TOSHIBA 

MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

Voo Power Supply Voltage -0.3~7.0 V 

VIN Input Voltage -0.3~Voo + 0.3 V 

VOUT Output Voltage O~Voo V 

Po Power Dissipation (Ta ~ 85°C) 550 mW 

TSOLOER Soldering Temperature· Time 260 ·10 °c . sec 

TSTG Storage Temperature -55~150 °c 

TOPR Operating Temperature -30~85 °c 

D.C. RECOMMENDED OPERATING CONDITION 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

Vo~ Power Supply Voltage 4.5 5.0 5.5 V 

VIH I nput High Level Voltage 2.2 - Voo +0.3 V 

VIL Input Low Level Voltage -0.3 - 0.65 V 

VOH Data Retention Voltage 2.0 - 5.5 V 

D.C. CHARACTERISTICS (Ta = -30 ~ 85°C) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. 111 MAX. UNIT 

liN Input Current O:>:VIN :>:Voo - +0.05 + 1.0 /LA 

Voo ~ 2V to 5.5V 

loos Standby Current CE ~ Voo -O.2V; Output Open - 0.2 20 /LA 
Other Inputs ~ O.2V or Voo -O.2V 

1000 Operating Current 
Voo ~ 5.5V, tCYC = l/LS I TC5514P - 13 25 mA 
Output Open I TC5514P-1 - 10 20 mA 

ILO Output Leakage Current O~VOUT:>:VOO - ±0.05 + 1.0 /LA 

IOH Output High Current Voo ~ 4.5V, VOH ~ 2AV -1.0 -2.0 - mA 

10L Output Low Current Voo ~ 4.5V, VOL ~ OAV 2.0 3.0 - mA 

Cj (2) I nput Capacitance f~ 1MHz - 5 10 pF 

Co (2) Output Capacitance f~ 1MHz - 7 15 pF 

Note (1) Ta "" 25°C VOD "" 5V 

(2) This parameter is periodically sampled and is not 100% tested. 
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A.C. RECOMMENDED OPERATING CONDITION 
TC5514P 

SYMBOL PARAMETER 

tRC Read Cycle Time 

twc Write Cycle Time 

twp Write Pulse Width 

tos Data Setup Time 

tOH Data Hold Time 

tWR Write Recovery Time 

tAW Address Setup Time 

tOH Output Data Hold Time 

TC5514p·1 

SYMBOL PARAMETER 

tRC Read Cycle Time 

twc Write Cycle Time 

twp Write Pulse Width 

tos Data Setup Ti me 

tOH Data Hold Time 

tWR Write Recovery Time 

tAW Address Setup Time 

tOH Output Data Hold Time 

TOSHIBA 

CONDITIONS MIN. MAX. UNIT 

450 - ns 

450 - ns 
Voo = 4.5 ~ 5.5V 

350 -
Cl = 100pF + 1 TTL Gate 

ns 

200 - ns 
VIH = 2.2 ~ Voo + 0.3V 

0 - ns 
Vil = -0.3 ~ 0.65V 

0 - ns 
Ta = -30 ~ 85°C 

30 - ns 

30 - ns 

CONDITIONS MIN. MAX. UNIT 

650 - ns 

650 - ns 
Voo = 4.5 ~ 5.5V 

350 - ns 
Cl = 100pF + 1 TTL Gate 

200 - ns 
VIH = 2.2 ~ Voo + 0.3V 

0 - ns 
VI l = -0.3 ~ 0.65V 

0 - ns 
Ta = -30 ~ 85°C 

50 - ns 

30 - ns 
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A.C. CHARACTERISTICS (Ta = -30 - 85°C) 

TC5514P 

SYMBOL PARAMETER CONDITIONS 

tACC Access Time 
Voo = 4.5 - 5.5V 

tco CE Access Time 

to IS Output Disable Time 
CL = 100 pF 

VOH =2.2V, VOL =0.65V 
tCGE Output Enable Time 

TC5514P-l 

SYMBOL PARAMETER CONDITIONS 

tACC Access Time 

tco CE Access Time 
Voo = 4.5 - 5.5V 

tOIS Output Disable Time 
CL = 100pF 

VOH = 2.2V, VOL = 0.65V 
tCOE Output Enable Time 

- 142-

MIN. TYP. MAX. UNIT 

- - 450 ns 
- - 450 ns 
- - 150 ns 

20 150 - ns 

MIN. TYP. MAX. UNIT 

- - 650 ns 

- 650 ns 
--

'-'50 - ns 

20. 150 - ns 



TIMING WAVEFORMS 

(1) 
• Read Cycle 

ADDRESS 

• Write Cycle 1 (RiW Controlled) 

ADDRESS 

_(2) 
CE 

A/W 

• Write Cycle 2 (CE Controlled) 

ADDRESS 

CE 

A/W 

DOUT 

Notes: (1) A/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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TOSHIBA 

OUTLINE DRAWINGS 

18 17 16 15 14 13 12 11 10 

e,"{~:: :::~lJJ 
Unit: mm 

2.54 ± 0.25 

Note: All dimensions are in millimeters. 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. 

Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 
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TOSHIBA MOS MEMORY PRODUCTS 
2048 WORD x 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 

TC5516AP/-2, TC5516APL/-2 
TC5516AD/-2, TC5516ADL/-2 
TC5516AF/-2, TC5516AFL/-2 

DESCRIPTION 

The TC5516AP/AD/AF is a 16384-bit static 
random access memory organized as 2048 words by 8 
bit using CMOS technology, and operates from a 
single 5 volt supply. 

The TC5516AP/AD/AF is featured by two chip 
enable inputs, that is, CE 1 for fast memory access 
and CE2 for a minimum standby current mode, and 
is suited for low power appl ication where battery 
operation or battery back up for nonvolatility are 
required. Furthermore the TC5516APUADL/AFL 

FEATURES 

• Standby Current 
0.2/lA (Max.) at Ta = 25°C} TC5516APU 
1.0/lA (Max.) at Ta = 60°C ADL/AFL 
1.0/lA (Max.) at Ta = 25°C} TC5516AP/ 
5.0/lA (Max.) at Ta = 60°C AD/AF 

• 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 

A. 

As 

A3 

A2 
A, 

1/02 
1/0 3 

PIN NAMES GNO 

Ao -A,o Address Inputs 

RNi ReadNirite Control Input 

CE" CE 2 Chip Enable Inputs 

I/O, - I/O. Data Input/Output 

VDD Power (+5VI 

GND Ground 

VOO 
A. 

A9 

R/W 

CEI 
A,o 

CE2 
1/0 8 

1/0 7 

1/°6 
1/05 

1/04 

guaranteed a standby current equal to or less than 
l/lA at 60°C ambient temperature is avialable. 

The TC5516AP/AD is also featured by pin com 
patibility with 2716 type EPROM. This means 
that the TC5516AP/AD and EPROM can be in 
terchanged in the same socket, and the flexibility 
in the definition of the quantity of RAM versus 
EPROM obtained as a result allows the wide applica­
tion in microcomputer system, 

• Access Time 
250ns (Max.): TC5516AP/APL/AD/ADL/AF/AFL 
200ns (Max.): TC5516AP·2/APL-2/AD·2/ADL-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 
Cerdip DIP: TC5516AD/ADL 
Plastic FP TC5516AF/AFL 

BLOCK DIAGRAM 

--oiVOD 

MEMORY CELL ~ GNO 
ARRAY 

128 x 128 

R/W 
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TOSHIBA 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL ITEM RATING 

Voo Power Supply Voltage -0.3V-7.0V 

Y,N Input Voltage -0.3V - Voo + 0.3 

Vito Input/Output Voltage -0.3V - Voo + 0.3 

Po Power Dissipation (Ta - B5°C) O.BW (0.45W)* 

TSTG Storage Temperature -55°C - 150°C 

TOPR Operating Temperawre -30°C - B5°C 

TSOLDER Soldering Temperature· Time 260°C· 10 sec 

'Plastic FP 

RECOMMENDED D.C. OPERATING CONDITIONS (Ta = _30°C - 86·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 

VOH Data Retention Voltage 2.0 - 5.5 V 

D.C. CHARACTERISTICS (Ta = -lO°C - 85·C. VDO = 5V ±10%) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

I,L I nput Leakage Current O$;V,N $;Voo - - ±1.0 p.A 

ILD I/O Leakage Current CEo = V'H, OV $; Vito $; Voo - - ±5.0 p.A 

10H Output High Current VOH =2.4V -1.0 -2.0 - mA 

bL Output Low Current VOL =0.4V 2.0 3.0 - mA 

100S1 CEo - 2.2V - 1.0 3.0 mA 

CEo = Voo -0.5V 
TC5516APL/ Ta = 25°C - - 0.2 
ADL/AFL Ta = 60°C - - 1.0 

100S2 Standby Current 
TC5516AP/ 

Ta = 25°C - 0.05 1.0 p.A 

Voo = 2- 5.5V 
AD/AF 

Ta = 60°C - - 5.0 
Ta = 85°C - - 30 

10001 
Operating Current 

CEo - OV, Y,N - V'HN'L, lOUT - OmA - 40 70 

10002 CE". - OV, Y,N - Voo/GND, lOUT - OmA 30 
mA - 55 

Note: Typical values are at Ta = 25°C, Voo = 5V. 

CAPACITANCE 

PARAMETER 

Input Capacitance 

Input/Output Capacitance 

Note: This parameter is periodically sampled and is nQt 100% tested. 
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A.C. CHARACTERISTICS (Ta = -30 ~ 85°C, Voo = 5V ±10%) 
_ Read Cycle 

TC5516AP-2/APL-2 
SYMBOL PARAMETER TC5516AD-2/ADL-2 

TC5516AF-2/AFL-2 

TC5516AP / AP L 
TC5516AD/ADL 
TC5516AF/AFL 

MIN. MAX_ MIN. MAX. 

tRc Read Cycle Time 200 -
tACC Access Time - 200 

tC01 CE 1 to Output Valid - 100 

tC02 CE 2 to Output Val id - 200 

tCOE CE 1 or CE 2 to Output Active 10 -
-------'---

too Output High-Z form Deselection - 80 

tOH Output Hold from Address Change 10 -
• Wrote Cycle 

SYMBOL PARAMETER 

twc Write Cycle Time 

twp Write Pulse Width 

tAW Addresss Set Up Time 

tWR Write Recovery Time 

toow Output High-Z from R/W 

tOEW Output Active from R/W 

tos Data Set Up Ti me 

tOH Data Hold Time 

A.C. TEST CONDITIONS 

Output Load 
Input Pu Ise Levels 
Timi ng Measurement Reference Levels 

Input 
Output: 

Input Pulse Rise and Fall Times 

TIMING WAVE FORMS 

-Read Cycle 

Addresses 

DOUT 

TC5516AP-2/APL-2 
TC5516AD-2/ADL-2 
TC5516AF-2/AF L-2 

MIN. 

200 

160 

0 

10 

-

10 

80 

a 

100 pF + ITTL Gate 
0_6V,2.4V 

0.8V and 2.2V 
0.8V and 2.2V 
10ns 
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MAX. 

-

-

-

-

80 

-

-
-

OUTPUT 
DATA VALID 

250 -

- 250 

- 100 

- 250 

10 -

- 80 

10 -

TC5516AP/APL 
TC5516AD/ADL 
TC5516AF/AFL 

MIN. MAX. 

250 -

200 -

0 -

10 -

- 80 

10 -

120 -

0 -

'OH 

TOSHIBA 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



TOSHIBA 

• Write Cycle 1 

Addresses 

eE2 

eEl 

R/W 

DOUT 

• Write Cycle 2 

Addresses 

R/W 

DOUT --------------------~~ 
Y'./V'V'y'y 

~ UNKNOWN 

- 148-

'we 

V,L 

V,L 

twP (2) 

DATA IN STABLE 

'we 

DATA IN STABLE 



TOSHIBA 

NOTE: (1) R/W is high for a Read Cycle. 
(2) twp is specified as the logical "AND" of CE 1, CE2 and R/W. 

twp is measured from the latter of CE 1, CE2 or R/W going low to the earlier of CE 1, CE2 or R/W 
going high. 

(3) tOH, tos 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 CEl 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 

CE 2 low transition, the output buffers remain in a high impedance state in th is period. 
(7) A write occurs during the overlap of a low CE 1, low CE2 and low R/W. In write cycle 2, write is 

controlled by either CEl or CE2. 

ILDATA RETENTION CHARACTERISTICS (Ta = -30 - 85°C) I 

SYMBOL I PARAMETER MIN. TYP. I MAX. UNIT 

VoR I Data Retention Power Supply Voltage 2.0 - I 5.5 V 

I TC5516APL! Ta ~ 25°C - - i 0.2 

I AOL!AFL Ta ~ 60°C J - - I 1.0 

I 

loos I Standby Current Ta - 25°C , - I 0.05 I 1.0 J1A 

I 
TC5516AP/ 

Ta ~ 60°C ! 5.0 I I AO/AF 
- i -

I Ta ~ 85°C - - I 30 

tCoR I From Chip Deselection to Data Retention Mode 0 I 
- I - i J1s 

-

tR I Recover Time _______________ 1 tRC (1) -
I 

- J1S 

Note 11) tRC Read Cycle Time. 

VOD---------------, 
DATA RETENTION MODE 

VDO -O.5V 

GND ____________________________________________________________________ __ 

Note: (2) If the VI H level of CE2 is 2.2V, during the period that the VOO voltage is going down from'4.5V to 2.7V, ISSDl current flows. 
(Referto D.C. CHARACTERISTICS or TYPICAL CHARACTERISTIC FIGURES.) 
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TYPICAL CHARACTERISTICS 
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1000 vs. Ta 
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OUTLINE DRAWINGS 

• Plastic DIP 

242322212019181716.151413 

~=::]] 
1 2 3 4 5 6 7 8 9 1011 12 

2.54 ±O.26 1.4±O.16 

O.5±0.15 

• Cerdip DIP 

32.4 MAX. 

o 
JE:1 
I 17.4 :AX. I 

I 15.24±0.3 I . . ~ . 

1025+0 .,5 ~ 
I 

. -0.10 I 
. 15.24 ...... 17.78 . 

TOSHIBA 

Nota: Each lead pitch Is 2.54mm. All leads are located within O.25mm of their true longitudinal position with raspect to No.1 and 
No. 24 leads. All dimensions are In millimeters. 
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• Plastic FP 

N M 
ci ci 
+1 +1 
<Xl IX! ,; 

0""" 1.27 110.,5+0.05 

16.5 MAX 

Note: Each lead pitch is 1.27mm. 
All leads are located within O.lmm of their true longitudinal position with respect to No.1 and No. 24 leads. 
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PACKAGE INFORMATION FOR FLAT PACKAGE 

This new flat package is a very small and thin compared with conventional standard dual-in-line package. 
Differences are as follows. 

1. Difference in dimension between flat and 
standard package. 

Unit'mm 

Flat package Standard package 

Length 16.5 32.4 

Width 9.0 14.2 

Lead Pitch 1.27 2.54 
Thickness 1.6 5 

3. Advantage of this package 

Small dimensions 
Capability of High Density Assembly 

2. Comparison ·in occupied space. 

DIP 

• 
• 
• Capability of thin Assembly - Capability of Assembly on both side of PC board. 

4. PC pattern layout example 
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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. 

© Apr., 1982 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
2048 WORD x 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 

TC5517AP -2, TC5517APL/-2 
TC55 I 7AD/-2, TC5517ADL/-2 
TC5517AF/-2, TC5517AFL/-2 

DESCRIPTION 

The TC5517AP/AD/AF is a 16384-bit static ran­
dom access memory organ ized as 2048 words by 8 
bits using CMOS technology, and operates from a 
single 5 volt supply. 

The TC5517AP/AD/AF is featured by output 
enable and chip enable inputs, that is, OE for fast 
memory access and CE for a minimum standby cur­
rent mode, and is suited for low power application 
where battery operation or battery back up for non-

FEATURES 

• Standby Current 
0.21lA (Max.) at Ta = 25°C} TC5517 APL/ 
1.01lA (Max.) at Ta = 60°C ADL/AFL 
1.01lA (Max.) atTa=25°C } TC5517AP/ 
5.01lA (Max.) at Ta = 60°C AD/AF 

• 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) 

vao 
A. 

A, 

RM 

A, DE 
A, A" 

CE 

I/Os 

110, 
1/° 2 1/°6 
1/0 3 lIDs 
GNO "°4 

PIN NAMES 

14.0'" AlO Address Inputs 

R/W Read/Write Control Input 

DE ·Output Enable Input 

CE Chip Enable Input 

I/O, -I/O, Data Input/Output 

'VDD Power (+5V) 

GND Ground 

volatility are required, Furthermore the TC5517APL/ 
ADL/AFL guaranteed a standby current equal to or 
less than 11lA at 60°C ambient temperature is avail­
able, 

The TC5517 AP/ AD is also featured by pin com 
patibility with 2716 type EPROM. This means 
that the TC5517AP/AD and EPROM can be in­
terchanged in the same socket, and the flexibility 
in the definition of the quantity of RAM versus 
EPROM obtained as a result allows the wide applica­
tion in microcomputer system. 

• Access Time 
250ns (Max.) 

200ns (Max,) : 

TC5517 AP/APL/AD/ADL/AF/ 
AFL 
TC5517 AP-2/APL-2/AD-2/ 
AD L-2/AF-2/AFL-2 

• Two Control Input (CE, OE) 
• Pin Compatible with Nch Static RAM TMM2016P 
• All I nputs and Outputs Directly TTL Compatible 
• Three State Outputs 

• Package 
Plastic DIP 
Cerdip DIP 
Plastic FP 

TC5517AP/APL 
TC5517AD/ADL 
TC5517AF/AFL 

BLOCK DIAGRAM 

CE 
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ABSOLUTE MAXIMUM RATINGS 

SYMBOL ITEM RATING 

Voo Power Supply Voltage -0.3V - 7.0V 

V,N I nput Voltage -0.3V - Voo+0.3V 

Vila I nput/Output Voltage -0.3V - VDo+0.3V 

Po Power Dissipation (Ta - 85 C) 0.8W (045W)* 

TSTG Storage Temperature -55°C-150°C 

TOPR Operating Temperature _30°C - 85°C 

TSOLOER Soldering Temperature' Time 260°C' 10 sec 

'Plastlc FP 

RECOMMENDED D.C. OPERATING CONDITIONS (Ta = _30°C - 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 

VOH Data Retention Voltage 2.0 - 5.5 V 

D.C. CHARACTERISTICS (Ta = _30°C - 85°C, Voo = 5V ± 10%) 

SYMBOL PARAMETER CONDITIONS MIN TYP. MAX. UNIT 

I,L Input Leakage Current O~V'N ~Voo - - ±1.0 IlA 

ILO I/O Leakage Current CE = V'H, OV ~ VI/a ~ Voo - - ±5.0 IlA 

IOH Output High Current VOH - 24V -1.0 -2.0 - mA 

IOL Output Low Current VOL - 04V 2.0 3.0 - mA 

100S1 CE-2.2V - 1.0 3.0 mA 

TC5517APL! Ta - 25°C - - 0.2 

CE= Voo - 0.5V 
ADL/AFL Ta - 60 C - - 1.0 

100S2 Standby Current Ta = 25°C - 0.05 1.0 IlA 
Voo = 2- 5.5V TC5517AP/ 

Ta = 60°C 5.0 
AD/AF 

- -

Ta = 85°C - - 30 

10001 CE - OV, V,N - V'H/V'L, lOUT - OmA - 40 70 
Operating Current mA 

10002 CE OV. V ,N VoD/GND, lOUT OmA 30 55 

Note. TYPical values are at Ta - 25 C, Voo - 5V. 

CAPACITANCE ITa = 25°C, f = 1MHz) 

I SYMBOL PARAMETER I MIN. I TYP. MAX. UNIT j 
I C'N Input Capacitance I - I 5 10 pF I 
I CI/O Input/Output Capacitance I - I 5 10 pF j 

" Note. This parameter IS periodically sampled and IS not 100% tested. 
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A.C. CHARACTERISTICS (Ta = -30 - 85°C, Voo = 5V ± 10%) 

• Read Cycle 

TC5517 AP-2/APL-2 
SYMBOL PARAMETER TC5517 AD-2/ADL-2 

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) 

Addresses 

TC5517 AP-2!APL-2 
TC5517 AD-2/ADL-2 
TC5517 AF-2/AF L-2 

MIN. 
-

200 

160 

0 

10 

-

10 
-

80 

0 

100pF + lTTL Gate 
O.6V,2.4V 

O.8V and 2.2V 
O.8V and 2.2V 
lOns 
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MAX. 

-

-

-

-

80 

-

-

-

TOSHIBA 

TC5517AP/APL 
TC5517AD/ADL 
TC5517AF!AFL 

UNIT 

MIN. MAX. 

250 - ns 

- 250 ns 

- 100 ns 

- 250 ns 

10 - ns 

- 80 ns 

10 - ns 

TC5517AP!APL 
TC5517AD!ADL UNIT 
TC5517AF!AFL 

MIN. MAX. 

250 - ns 

200 - ns 

0 - ns 

10 - ns 

- 80 ns 

10 - ns 

120 - ns 

0 - ns 
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• Write Cycle 1 (1) 

'we 

Addresses 

IT 

R/W 

DOUT 

D,N 

V,L V,L 

• Write Cycle 2 (2) 

'we 

Addresses 

CE 

R!W 

UNKNOWN 
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NOTE (1) R/W is high for a Read Cycle. 

(2) OE = V IH or V IL . If OE = V IH 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 earlier 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 ITa = -30 - 85°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VOR Data Retention Power Supply Voltage 2.0 - 5.5 V 

TC5517 APL! Ta = 25°C - - 0.2 

ADLiAFL Ta = 60°C - - 1.0 

IOOS2 Standby Current Ta - 25° - 0.05 1.0 IlA 
TC5517AP/ 

Ta = 60°C 5.0 - -
AD/AF 

Ta - 85°C 30 - -

tCOR From Chip Deselection to Data Retention Mode 0 - - Ils 

tR Recovery Time tRC(l) - - IlS 

Note (1) tRC Read Cycle Time 

DATA RETENTION MODE 

VDD--------------~ 

VOO-O.5V 

GND------------------------------------------------------------------------

Note (2) If the VIH level of CE is 2.2V, during the period that the VOO voltage is going down from 4.5V to 2.7V, 'ODS1 current flows. 
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OUTLINE DRAWINGS 

• Plastic DIP 

1 2 3 4 5 6 7 8 9 101112 

• Cerdip DIP 

32.4 MAX. 

~:::::jl 
x 1 2 3 4 5 6 78 9101112 

~ 2 
t2 ~ I 1524+03 I ~ 00 ~ • 

1~~~ll ~ 
T025~gl~ ~I I. 1524-1778 • O.46~8:1& 

Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudinal position with respect to No.1 and No. 24 feads. 
All dimensions are in millimeters. 
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• Plastic FP 

.. 

J 
ci 
+1 ;;; 
"! ~ 

N '" ci ci 
+1 +I 
<XI ~ <Xi 

0 ........ 1.27 II O.15±o.o5 

16.5 MAX 

Note: Each lead pitch is 1.27 mm. 
All leads are located within 0.1 mm of their true longitudinal position with respect to No, 1 and No, 24 leads. 

- 163-



I U::iHI tlA 

PACKAGE INFORMATION FOR FLATPACKAGE 

This new flat package is a very small and thin com­
pared with conventional standard dual-in-I ine package. 
Differences are as follows. 

1. Difference in dimension between flat and standard 
package. 

Flat package 

Length 16.5 

Width 9.0 

Lead Pitch 1.27 

Thickness 1.6 

3. Advantage of this package 
Small dimensions 

Unit' mm 

Standard package 

32.4 

14.2 

2.54 

5 

Capability of High Density Assembly 

2. Comparison in occupied space 

DIP 

Capability of thin Assembly--Capability of Assembly on both side of PC board. 

4. PC pattern layout example 

0 0 
l~ " 

-~ ~:l:~"!!~~ 

b 
' ~~ 

': 
, 10 " 

'I ...:r:~5 I, 
" 

'I - , ': -
" " " GND LINE ~ " I, " " 

13.0 (tE) (DE) (mm) 

Note: Toshiba C:,)9S 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. 

©Nov., 19B1 Toshiba Corporation 
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-TOSHIBA MOS MEMORY PRODUCTS 
2048 WORD x 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 

DESCRIPTION 
The TC5517BP/BD/BF is a 16384-bit high speed 

and low power fully static random access memory 
organized as 2048 words by 8 bits using CMOS 
technology, and operates from a single 5 volt supply. 

The TC5517BP/BD/BF has a output enable input 
(OE) 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 200ns and maximum 
operating current is 5mA/MHz are achieved. 

FEATURES 
• Low Power Dissipation 

27.5mW/MHz (Max.) Operating 

• Standby Current 
0.2/1A (Max.) at Ta = 25°C 1 TC5517BPL/ 
1.0/1A (Max.) at Ta = 60°C BDL/BF L-20 
1.0/1A (Max.) at Ta = 25°C} TC5517BP/BD/ 
5.0/1A (Max) at Ta = 60°C BF-20 

• Single 5V Power Supply. 5V± 1 0% 
• Data Retention Supply Voltage 2.0 ~ 5.5V 

• Fully Static Operation 

PIN CONNECTION (TOP VIEW) 
A7 Vpp 

A6 As 
As A9 
A4 A/W 
A3 DE 
A2 A,o 

A, CE 
AO 1/0 8 

1/0 1 1/07 
1/02 1/°6 

1/°3 1105 

GNP 1/04 
PIN NAMES 

Ao - A ,o _~~ess Inputs 
~'-- Read/Write Control Input 

-----------

~~--t Output Enable Input 

-~-+ Chip Enable Input 

I/O, ~ I/Os ~ta Input/Output 

VDD---T Power 1+5VI 
--

--
GND I Groun<;J 

TC5517BP-20, TC55 I 7BPL-20 
TC551 7BO-20, TC551 7BOL-20 
TC5517BF-20, TC5517BFL-20 

Thus the TC5517BP/BD/BF is most suitable for 
use in low power appl ications where battery operation 
or battery back up for nonvolatility are required. 
Furthermore the TC5517BPL/BD L/BF L guaranteed a 
standby current equal to or less than l/1A at 60°C 
ambient temperature available. 

And the TC5517BP/BD/BF is pin compatible with 
2716 type EPROM. This means that the TC5517BP/ 
BD/BF 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.) 
tOE = 70ns (Max.) 

• Output Buffer Control: OE 
• On-chip Address Transition Detector 
• All inputs and outputs Directly TTL Compatible 

• Three State Outputs 

• Package 
Plastic DIP: TC5517BP/BPL 
Cerdip DIP: TC5517BD/BDL 
Plastic FP : TC5517BF/BFL 

BLOCK DIAGRAM 
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OPERATION MODE 

MODE CE OE R/W Ao"""" A IO I/O, -, POWER 
Read L L H Stable Data Out 1000 
Write L - L Stable Data In 1000 
Output Deselect . H . . High Impedance 1000 
-'Standby H . . . High Impedance loos 

Note: *: H or L **: Data Retention Mode 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL ITEM RATING 

Voo Power Supply Voltage -0.3V -7.0V 

VIN Input Voltage -0.3V - Voo + 0.3V 

VI/a I nput/Output Voltage -0.3V - Voo + 0.3V 
Po Power Dissipation ITa - 85 C) 0.8W 1O.45W) • 

TSTG Storage Temperature _55°C - 150°C 

TOPR Operating Temperature -30°C - 85°C 

TSOLOER $oldering Temperature . Time 260°C· 10 sec. 

• Plastic FP ~ 0.45W 

RECOMMENDED D.C. OPERATING CONDITIONS (Ta = -30°C - 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 

D.C. CHARACTERISTICS (Ta = -30°C - 85°C, VDD = 5V ± 10%) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

IlL I nput Leakage Current O~ VIN ~Voo - - ±1.0 J1A 
ILO I/O Leakage Current CE ~ VIH ' OV ~ VI/a ~ Voo - - ±5.0 J1A 

--!oo- Output High Current VOH - 2.4V -1.0 -2.0 - mA 

10L Output Low Current VOL - O.4V 2.0 3.0 - mA 

100Sl CE ~ 2.2V - 1.0 3.0 mA 

CE ~ Voo -0.5V 
TC5517BPL Ta~25°C - I - 0.2 
/BDLiBFL·20 Ta-60°C - - 1.0 

100S2 I Standby Current I TC5517BP/ 
Ta-25°C - I 0.05 1.0 J1A 

I Voo ~2-5.5V Ta~60°C - - 5.0 
BD/BF·20 

Ta-85°C 30 - -

10001 I teyele ~ 200ns VIN ~ VIH NIL - - 30 
10002 Operating Current 

L CE ~ OV, lOUT ~ OmA VIN Voo/GND 25 
mA 

10003 tcycle == 1 JlS VIN VIHNIL - - 10 
10004 IT ~ OV, lOUT ~ OmA VIN - Voo/GND - - 5 

° Note: TYPical Values are at Ta ~ 25 C, Voo ~ 5V. 

CAPACITANCE (Ta ~ 25°C, f = 1MHz) 

PARAMTER 
Input Capacitance 

Input/Output Capacitance 
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A.C. CHARACTERISTICS (Ta = -30 - 85°C, Voo = 5V ± 10%) 

• Read Cycle 

SYMBOL PARAMETER 

tRC Read Cycle Time 

tACC Access Time 

tOE OE to Output Valid 

tco CE to Output Val id 

tCOE OE or CE to Output Active 

too Output High-Z from Deselection 

tOH Output Hold from Address Change 

• Write Cycle 

SYMBOL PARAMETER 

twc Write Cycle Time 

twp Write Pulse Width 

tAw Address Set up Ti me 

tWR Write Recovery Time 

toow Output High·Z from R/W 

tOEW Output Active from R/W 

tos Data Set up ti me 

tOH Data Hold Time 

A.C. TEST CONDITIONS 

Output Load 
I nput Pulse Levels 

100pF + 1TTL Gate 
O.6V,2.4V 

Timing Measurement Reference Levels 
Input 
Output: 

Input Pulse Rise and Fall Times 

TIMING WAVEFORMS 

• Read Cycle (1) 

Addresses 

OE 

DOUT 

O.8V and 2.2V 
O.8V and 2.2V 
10ns 
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MIN. MAX. UNIT 

200 - ns 

- 200 ns 

- 70 ns 

- 200 ns 

10 - ns 

- 60 ns 

10 - ns 

MIN. MAX. UNIT 

200 - ns 

150 - ns 

0 - ns 

0 - ns 
- 60 ns 

10 - ns 

'90 - ns 

0 - ns 

VOH OUTPUT 
VOL DATA VALID 
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• Write Cycle 1 (2) 

'we 

Addresses 

CE 

RIW 

DOUT 

• Write Cycle 2 (2) 

'we 

Addresses 

CE 

RIW 

DOUT 

~ UNKNOWN 
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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 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) 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 

VOR Oata Retention Power Supply Voltage 2.0 - 5.5 V 

TC5517BPLI Ta~25°C - - 0.2 
BOL/BFL·20 Ta~60°C - - 1.0 

loOS2 Standby Current Ta~25°C - 0.05 1.0 /1A 
TC5517BP/ 

Ta~60°C - - 5.0 
BO/BF·20 

Ta~85°C - - 30 

tCOR From Chip Deselection to Data Retention Mode 0 - - /1S 

tR Recovery Time tRcl 11 - - /1S 

Note (1) tRC; Read Cycle Time 

VDD---------------; DATA RETENTION.MODE 

CE 
Voo - O.5V 

GND'---------------------------------------------------------------------
Note (2) If the V,H level of EE is 2.2V, during the period that the VOO voltage is going down from 4.5V to 2.7V. 'ODS1 current flows. 
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OUTLINE DRAWINGS 
• Plastic DIP 

• Cerdip DIP 

~~:~~::~~~]J 
1 2 3 4 5 6 7 8 9101112 

N 

M 

32.4 MAX. 

~~ ~c~~~~~~~~~r!r 
1 2 3 4 5 6 7 8 9 101112 

~It 
+0.15 

0.46_0 . 10 

t::1 
~ 
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 

"<: 

]:1 
0 
+1 ;;; 
"' S 

N 

ci ci 
+1 +1 
ro "! 

'" :: 

0'""" 1.27 II. D.15 ±D.D5 

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. 
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PACKAGE INFORMATION FOR FLAT PACKAGE 
This new flat package is a very small and thin compared with conventional standard dual-in-line package. 

Differences are as follows. 

1. Difference in dimension between flat and 
standard package. 

Flat package 

Length 16.5 

Width 9.0 

Lead Pitch 1.27 

Thickness 1.6 

3. Advantage of this package 
Small dimensions 

Unit :mm 

Standard package 

32.4 

14.2 

2.54 

5 

Capabi I ity of High Density Assembly 

2. Comparison in occupied space 

DIP 

D 
Capability of ·thin Assembly -- Capability of Assembly on both side of PC board. 

4. PC pattern layout example 

(CE) (DE) 
" , 

~ 

=="-

I" 
I~ 

( 

1r ·1 l~ " " - " 
---:. -I- 1 .5 

-I -;: " ~ 
" ': " 

GND LINE 

" 
I 13.0 

(CE) (DE) (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. 

© Mar., 198;1 Toshiba Corporation 
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~TOSHIBA MOS MEMORY PRODUCTS 
2048 WORD x 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 

DESCRIPTION 

The TC5518BP/BD/BF is a 16384-bit high speed 
and low power fully static random access memory 
organized as 2048 words by 8 bits using CMOS 
technology, and operates from a single 5 volt supply. 

The TC5518BP/BD/BF has two chip enable inputs, 
CE 1 and CE 2, which are 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. 

Thus the TC5518BP/BD/BF is most suitable for 

FEATURES 

• Low Power Dissipation 
27.5mW/MHz (Max.) Operating 

• Standby Current 
O.2/lA (Max.) at Ta = 25°C}TC5518BPLI 
1.0/lA (Max.) at Ta = 60°C BDLlBFL-20 

1.0/lA (Max.) at Ta = 25°C}TC5518BP/BD/ 
5.0/lA (Max.) at Ta = 60°C BF-20 

• Single 5V Power Supply: 5V±10% 
• Data Retention Supply Voltage 

2.0 - 5.5V 
• Fully Static Operation 

PIN CONNECTION (Top VIEW) 

A7 

A6 

As 

A4 

A3 

A, 

A, 

Ao 

1/0 1 

1/°2 

1/03 

GND 

PIN NAMES 

~,...",AI0 Address Inputs 

~- ReadJWrite Control Input 

CE,.CE, Chip Enable Inputs 
~. 

I/O, - 1/08 Data Input/Output 
V~-D~~IP-;:;;;;er (+5VI 

------- --'-T 
GND. I 'Ground 

VDD 

AS 

A, 

R/W 

CEl 
A,o 

CEz 
1/0 8 

1/07 

1/°6 
1105 

1/04 

--
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TC5518BP-20, TC5518BPL-20 
TC5518BD-20, TC5518BDL-20 
TC5518BF-20, TC5518BFL-20 

use in low power applications where battery operation 
or battery back up for nonvolatility are required. 
Furthermore the TC5518BPLI BDLlBFL guaranteed 
a standby current equal to or less than 1/lA at 60°C 
ambient temperature available. 

And the TC5518BP/BD/BF is pin compatible with 
2716 type EPROM. This means that the TC5518BP/ 
BD/BF 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.) 

• Two Chip Enables (CE 1, 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: 
Cerdip DIP: 
Platic FP 

TC5518BP/BPL 
TC5518BD/BDL 
TC5518BF/BFL 

BLOCK DIAGRAM 
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OPERATION MODE 
I MODE -,---- CE 2 CE, R/W Ao - A,o I/O, -, POWER 

Read I L L H Stable Data Out 1000 I 

Write I L L L Stable Data In 1000 
.* Standby 1 I . H * * High Impedance loos 
•• Standby 2 I H . * . High Impedance loos 

Note; *; H or L **: Data Retention Mode 

ABSOLUTE MAXIMUM RATINGS 
SYMBOL ITEM I RATING I 
Voo Power Supply Voltage -0.3V _ 7.0V 

I 
! ----

VIN Input Voltage -0.3V - Voo+0.3V I 

VI/O I nput/Output Voltage 
I 

-0.3V - Voo+0.3V I 
Po Power Dissipation ITa - 85 C) 0.8W 10.45W)* 

I TSTG Storage Temperature _55°C _ 150°C 

TOPR Operating Temperature -30°C _ 85°C I 
--~--.. I 

~OLOER ------&;Idering Temperature Time 260°C· 10 sec -I 
*: Plastic FP ~ 0.45W 

RECOMMENDED D.C. OPERATING CONDITIONS (Ta = -30°C - 85°C) 
I SYMBOL I PARAMETER MIN. TYP. MAX. UNIT 

Vnn I Power Supply Voltage 4.5 5.0 5.5 V 

VIH I Input High Voltage 2.2 - Voo+0.3 V 
--

VIL I Input Low Voltage -0.3 - 0.8 V 

~H I 
-- -~--- .-1----. 

Data Retention Voltage . _'--____ 2y __ - 5.5 V 

DC CHARACTERISTICS (Ta = -30°C - 85°C Voo = 5V±10%) 
iiY~BOL~PARAMETER I CONDITIONS MIN. TYP. MAX. UNIT 

I 

0L Input Leakage Current O<VIN SVoo - - ±1.0 p.A 

~. I/O Leakage Current IT, -VIH,OVSVI/OSVOO - - ±5.0 p.A 

10H Output High Current I VOH - 2.4V -1.0 -2.0 mA 

10L Output Low Current VOL - OAV 2.0 3.0 mA 

~-- l CE, 2.2V or CE, - 2.2V 1.0 3.0 mA 

r-;;:;:- I TC5518BPL Ta-25°C - - 0.2 mA 
CE, ~Voo -0.5V or /BDL/BFL.20r-ra~600C - - 1.0 

100S2 Standby Current CE, ~ Voo -0.5V Ta-250C - 0.05 1.0 

Voo ~ 2 - 5.5V 
TC5518BP/ Ta~60oC - - 5.0 

p.A 

BD/BF·20 
Ta-85°C - - 30 

10001 !cycle - 200ns, CE 1 ~ VIN - VIHIVIL - - 30 

10002 CE, ~ OV, lOUT ~ OmA VIN ~ Voo/GND - - 25 
mA 

10003 
Operating Current 

!cycle - 1 p.s, CE, - I VIN - VIHIVIL - - 10 

10004 eE, ~ OV, lOUT ~ OmA VIN - Voo/GND 5 

° Note: TYPical Values are at Ta ~ 25 C, Voo ~ 5V 

CAPACITANCE 
PARAMETER 

Input Capaci:tance 

Input/Output Capacitance 

Note: This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Ta = -30 - 85°C, Voo = 5V ± 10%) 

Read Cycle 

SYMBOL PARAMETER MIN. 

tRC Read Cycle Time 200 

r----2"'-cc Access Time -

tCOl CE 1 to Output Valid 

tC02 CE, to Output Valid -

tCOE -CE 1 or CE, to Output Active 10 

too Output High·Z from Deselection -

tOH Output Hold from Address Change 20 

Write Cycle 

SYMBOL PARAMETER 

twc Write Cycle Time 

twp Write Pulse Width 

tAW Address Set up Time 

tWR Write Recover Time 

_toow Output High·Z from R!W 

tOEW Output Active from -R/W 

_ tos Data Set up Time 

tOH Data Ho·ld Time 

A.C. TEST CONDITIONS 

Output load 
Input Pulse levels 
Timing Mesurement Reference levels 

Input 
Output. 

Input Pulse Rise and Fall Times 

TIMING WAVEFORMS 

Read Cycle (1) 

Addresses 

DOUT 

I MIN. 

I 200 

I 150 
0 

I 0 
-
10 

I 90 

I 0 

100pF + nTl Gate 
0.6V,2.4V 

O.SV and 2.2V 
O.SV and 2.2V 
10 ns 
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TYP. I MAX. UNIT 
- I - ns 
- I 200 ns 

200 ns 
- I 200 ns 

- I - ns 
- I 60 ns 
- L - ns 

I TYP. I MAX. UNIT 
- I - ns 

I - I - ns 
- I - ns 
- - ns 
- I 60 ns 
- i - ns 
- I - ns 
- I - ns 

tRC 

OUTPUT DATA VALID 
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Write Cycle 1. 

Addresses 

RfW 

DOUT 

Write Cycle 2. 
'We 

Addresses 

R/W 

v,H:Jc,.-_____ -",L :,:------

DIN DATA IN STABLE 

~ UNKNOWN 
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Note: (1) R/W is high for a Read Cycle. 
(2) twp is specified as the logical "AND" or CE 1, CE2 and R!W. 

twp is measured from the latter of CE 1, CE2 or R!W going low to the earlier of CE 1, CE2 or 
R/W going high. 

(3) tOH, tos are measured from the earlier of CE 1, CE2 or R!W going high. 
(4) If the CEl, 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 CEl 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) ~he 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 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 CE2. 

DATA RETENSION CHARACTERISTICS (Ta = -30 - 85°C) 
SYMBOL PARAMETER MIN. I TYP. MAX. UNIT 

VOR Data Retention Power Supply Voltage 2.0 - 5.5 V 

I TC5518BPL/ Ta ~ 25°C - - 0.2 

~L/BFL-20 Ta ~ 60°C - - 1.0 

IOOS2 Standby Current 
TC5518BP/ 

Ta ~ 25°C - 0.05 I 1.0 /lA 

Ta ~ 60°C I 

BO/BF·20 
- I - 5.0 

Ta ~ 85°C - , - 30 

tCOR From Chip Deselection to Data Retention Mode 0 - - /ls 

tR Recover Time tRC(l) - - /lS 

Note (1) tRC : Read Cycle Time 

VDD -------, I--_---'CDC-'AT'-'A RETENTION MODE 

Voo -O.5V 

GND-----------------------------------
Note (2) if the V1H level of CE2 (CE 1) is 2.2V, during the period that the VOO voltage is going down from 4.5V to 2.7V, 10051 

current flows. 
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OUTLINE DRAWINGS 

• Plastic DIP 

• Co,dip DIP 

~==3] 
1 2 3 4 5 6 7 8 9 101112 

32.4 MAX. 

2.54 ± 0.25 1.4 ±0.15 

0.5±0.15 

i. 
:; 
N 
M 

I 32.4 MAX. 

~:::~3] 
1 2 3 4 5 6 7 8 9 101112 

r:J 
~ 

I 17.4 MAX. .1 

Not's: Each lead pitch is 2.S4mm. All leads are located within O.2Smm of their true Jongjtudianl position with respect to No.1 and No.24 leads. 

All dimensions are in millimeters. 
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• Plastic FP 

.. ]1 ci 
+1 

'" "l £ 

N <'I 
ci ci 
+1 +1 
<Xl "! .. 

0 ...... 1.27 \ I O.1S±O.OS 

16.5 MAX 

Note: Each lead pitch is 1.27mm. 
All leads are located wit-hln O.1mm of their true longitudinal position with raspect to No.1 and No. 24 leads. 
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PACKAGE INFORMATION FOR FLAT PACKAGE 

This new flat package is a very small and thin compared with conventional standard dual-in-line package. 

Differences are as follows. 

1. Difference in dimension between flat 
and standard package. 

Flat package 

Length 16.5 

Width 9.0 

Lead Pitch 1.27 

Thickness 1.6 

3. Advantage of this package 

Small dimensions 

Unit: mm 

Standard package 

32.4 

14.2 

2.54 

5 

Capability of High Density Assembly 

2. Comparison in occupied space 

I '" 

D 
Capability of thin Assembly - Capability of Assembly on both side of PC board. 

4. PC pattern layout example 

" 

" 

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. 

©Mar" 1983 Tosh1ba Corporation 

Distributed by 
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-TOSHIBA MOS MEMORY PRODUCTS 
8192 WORD x 8 BIT CMOS RAM 

SI LICON GATE CMOS 

DESCRIPTION 
The TC5564P is a 65,536-bit high speed static 

random access memory organized as 8,192 words by 
8 bits using CMOS technology, and operates from a 
single 5-volt supply. 

The TC5564P features output enable and th ip 
enable inputs, that is, OE for fast memory access and 
CE 1, CE2 for a minimum standby current mode. 
So it is suited for a high speed, and low power appl i­
cations where battery operation and/or battery back 
up for nonvolatility are required. The TC5564P is 
guaranteed for voltage as low as 2.0 volt. Furthermore 
the TC5564PL is guranteed a standby current equal 

FEATURES 

• Low Standby Current 
0.2/1 A (Max.) at Ta = 25°C }TC5564PL-l0 
1.0/1 A (Max.) at Ta = 60°C TC5564PL-15 

° } TC5564P-l 0 
20 /1A (Max.) at Ta = 85 C TC5564P-15 

• Low Power Dissipation 
27.5mW/MHz (Max.) Operating 

• 5V Single Power Supply 

• 8,192 Word x 8 Bit 
• Fully Static Operation 
• Data Retention Supply Voltage: 2.0 - 5.5V 

PIN CONNECTION (TOP VIEW) 
TC556.:1P 
TC5564PL 

1/01 11 

1/02 12 

1/03 13 

64k bit EPROM 
TMM2764D 

TC5564P- I OjP- 15 
TC5564PL- I 0 PL- I 5 

to or less than l/1A at Ta = 60°C ambient temperature 
avai lab Ie. 

The TC5564P also features pincompatibility with 

the 64K bit EPROM (TMM2764D). This means that 
the TC5564P and EPROM can be interchanged in 
the same socket, and flexibility in the definition of 
the quantity of RAM versus EPROM obtained as a 
result allows the wide application in microcomputer 
system. 

The TC5564P is moulded in a dual-in-line 28 pin 
standard plastic package, 0.6 inch width. 

• Acx;ess Time 

~ 
-- - ITC5564P 10"'"Tc5564P15-' 

- TC5564P L 10 I TC5564P L 15 : 

Address Access ~ T- 1;-0 I 150 _~ Time (Max) ns ns 
----==::---- - --------1------- - -- -- ---

I CE 1 Access Time I 100 1 150 L (Max.) . ns ns I 
CE,Access Ti-;;"-;---I-~~~ - ----1-5-0- ~I 

16~~~u~tabl;_-~-: --~O ~I 70 :: .. -~~ 
L_:rim~ (MaxJ. __ ----L.._ i 
• Directly TTL Compatible 

All Inputs and Outpus 

• Stndard 28 Pin DIP 
• Pin Compatible with 2764 type EPROM 

BLOCK DIAGRAM 
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OPERATION MODE 

Operation Mode I CE, I CE, OE I R/W I/O, - 1/08 Power 

Read L I H L I H DOUT 1000 
Write L --1 H . 

I L D'N 1000 
~-

Output Deselect L I H H I * High-Z 1000 
H i . * I . High-Z loos Standby I I , . _L_~ ___ L_ 

. 
I 
. High-Z loos -- I 

MAXIMUM RATINGS = ~~@:_l _________ IT_E_M ______ +-_____ _ 
Voo I Power Supply Voltage 
------~ ~---------~--c,-------------+--------

____ VI~_ _ ! Input Vo_ltcca9=-e_-c-c-______ +-____ c-=_c-c-_________ +-_-,-____ __ 
VI/O r-I~~t-;~d Output Voltage 

Po ~ Power Dissipation 1 
---T';;,~~; - I---Soldering Temperature--------r------

T strg I Storage Temperature 

T apr. Operating Temperature 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL -- ,------ -i'ARAMETER MIN_ i TYP_ I MAX_ UNIT I 
------.~ -

Voo Power Supply Voltage 4.5 I 5,0 
I 

5,5 V I 
I 

-I 
VIH Input High Voltage 2.2--t--~---t Voo +0.3 V 

VIL t Input Low Voltage -0.5 - 0.8 V 

__ \/OH _ Data Retention Supply Voltage -- -~~-~-=--~ 5,5 V I 

D.C. and OPERATING CHARACTERISTICS (Ta = -30 - 85°C, VDD = 5V ±10% Unless otherwise noted) 

'SYMBOL ------ ] PAFiAr\..iETER 1 MIN. 

~LH ~~t~t~:~~g~~r~:~tnt -r~: =_02:~00-------------------=-t-i-l:===~=0=~I=====~=====~====~ 
~L:_~ ~ __ ()utPu~,="w Current - -! ~~~: ~1:Vor CE, = V,L or - 40_t--__ t--__ t--_--j 

Output Leakage I 
ILO Current I R/W = VIL or OE = VIH I -

TYP, MAX. UNIT 

±1.0 /1A 

mA 

mA 

±1.0 /1A 

1 VOUT = 0 - Voo _ ----------'1----+---+---+---1 
i CE, = V,L and CE, = VIHl teyele = 1 /1s 1 

1000' Operating Current I --+---+--+-~--I 
f--___ t __________ ~O~t;-he~r~l~n.~put =-'i~':i~ __ 1 ~foonS= __ '_--

10 
mA 

45 

10002 Operating Current 
CE, = Voo -0.2V teyele - l/1s 5 

I Other Input ------- ------ mA 

I CE, = O.2V and l - 1 

~ -0 2Vj~_ LCyele~~OOns i 40 1 __ __ 

rlo",o",Sec, __ -+_S_ta __ n_d __ b_Y-,--C_"'''m ___ + ,_,: ~~,~ "' CO, - '" - i -, - t m' 
CE, = Voo -o2vor-1TC5564PL-1O~-=-~5~~ -1- ---3 m02 -+--

100S2 Standby Current ICE, = O.2V TC5564PL-15~ 60°C 1 - - 10 1 /1A 

~___ _____ VDO =20-55V __ FC5564P:]QrrC5564Pi5=1--=_ -----'-_2_0_-'-__ ~ 
Note: In standby mode with CE, ~ Voo -0,2V, these specification limits are guaranteed under the condition of CE, ~ Voo 

-O.2V or CE, ~ O,2V. 
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CAPACITANCE (Ta = 25'C) 

A.C. CHARACTERISTICS (Ta = -30 - 85'C, Voo = 5V ± 10%) 

Read Cycle 

1- ---,------ -
: SYMBOL ~ PARAMETER , 

, , , 

t§;0;~~it . == 
I -- -O-;:'tputEn,jbl8to---

I tOE I Output in Valid I 

i --------rchip Enable ICE 1, CE,) to i 
I tCOE i Output in Low-Z : 
i- - - --- - - --r--Ou-tpu-t E~;ble to I 

I tOEE I Output in Low-Z 

tOD I Output in High-Z 

CONDITIONS 

V,N = 2.4V /06V 
V1H = 2.2V 

V1L = O.8V 

t r , tj ~5ns 

VOH = 2.2V 

VOL = O.8V 

Output 

Load: 

CL 1100pF) 

and l-TTL 

Gate 

-10/PL-1O TC5564P-15/PL-15 
c;--

-l-M!-Xc __ ~_ MIN. MAX 
- 150 -

- -- ---- ~---

; TC~5().'l~ 
MIN. 

100 

UNIT 
---------

ns _._---

t-lOO - 150 
ns 

100 - 150 ns ----,--
~~5~ __ T--"~ 100 I -

I 
I I 50 70 I ns I -
I 

~~~. __ 1:_--,-___ + __ ~-:--I 
---- -+-- -~----__l _____ + ___ __I 

: 50 I 70 ns 
r-~ I Chip Enable ICE 1, CE,) to 

-- --- i OUtpu-t-E-n-a-b"-le-t-o-----1 

i tODO I Output in High-Z 
,---- I ---- -- -------

~ ____ J_()utput~"ta Hold Time _ 

------'--~--+------L-------':r__--____I 

_______ [~ __ ~_;O 30 i :oJ ___ :; __ 
Write Cycle 

CONDITIONS rRi=tYMBOL I PARAMETER 

twc Write Cycle Time , VIN - 2.4V /0.6V 

t:v-;, -- - - -t Write Pulse Width I r----- -chipselectio;;--;;,--------: 

: tcw End of Write : 
f-- -------- ---------- ~ 

~-""----- ~ddres.'cSe~up_~~ 
~_ ~W_R _______ + Write Recover~ Ti~e I 

I tODW I .R/w t.o. Output High-Z I 
~-- t;Ew---r-R}W to OutP~-tLO~Z--~ 

nt~s------~r Data-Set up Time -- r ------ - t- -----------1 
L_~_. Data Hold Time I 
Note: Input Pulse Levels = VIN 

V,H = 2.2V 

V1L = 0.8V 

Timing Measurement Reference Levels = V 1H , V 1L 
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TIMING' WAVEFORMS 

READ CYCLE (1) 

Addresses 

DE 

WR ITE CYCLE 1 (RIW Controlled Writel 

'wc 

Addresses 

'WP 

A/W 

CE2 
v,H 
V,L 

eEl VIH-

VIL -

DOUT 

VIH-
VIL--__________________________ -J 
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WRITE CYCLE 2 (4) (CE I Controlled Write) 

Addresses 

R/W 
V'L_ 

V,H 
eE2 

V'L_ 

GEl 

V,H-
VIL---__________________________ ~ 

WRITE CYCLE 3 (4) (CE 2 Controlled Write) 

Addresses 

R/W 

eEl VIH_ 
v,L _ 
~~~~~~~~ ______ 4¥~UL~LULULULULU 

DOUT 
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NOTE: 
(1) R!W is High for~ad Cycle. 
(2) Assuming that CE 1 Low transition or CE2 High transition occurs coincident with or after R/W Low 

transition, Outputs remain in a high impedance state. 
(3) Assuming that CE 1 High transition or CE2 Low transition occurs coincident with or prior to R/W 

High transition, outputs remain in a high impedance state. 

(4) Assuming that OE is High for Write cycle, Outputs are in high impedance state during this period. 

DATA RETENTION CHARACTERISTICS (Ta = -30 - 85°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VOH Data Retention Supply Voltage 2.0 - 5.5 V 
!TC5564PL.1O,I Ta = 25°C - - 0.2 IlA 

IOOS2 Standby Current PL·15 I Ta - 60°C - - 1.0 IlA 

I TC5564p·l 0, P·15 - - 20 IlA 

tCOR Chip Deselection to Data Retention Mode 0 - - IlS 

tR Recovery Time tRC - - IlS 

Note (1) tRC: Read cycle time CE 1 Controlled Data Retention Mode (2) 

CE 1 Controlled Data Retention Mode (2) 

Voo 
Voo 

4.5V 

V,H 

GNO 

CE 2 Controlled Data Retention Mode (4) 

Voo 

4.5V 

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 ~ VDD -O.2V. 
(3) If the VIH of CE 1 is 2.2V in operation, during the period that the VDD Voltage is going down from 

4.5V to 2.4V, IDDS1 current flows. 
(4) In CE2 controlled data retention mode, minimum standby current mode is achieved under the con­

dition of CE2 ;::; O.2V. 

DEVICE INFORMATION 

The TC5564P is an asynchronous RAM using address activated circuit technology, thus the internal opera­
tion 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 after only row address change, 
as is shown in the following figure. 

This peak current may induce the noise on VDD/GND line. Thus the use of about O.l!1F decoupling 
capacitor every device is recommended to eliminate such noise. 

1000 (MA) 

0 

0 

0 n 0 

\ 1\ 
0 

Fig. TVPICAL. CURRENT WAVE FORMS 

OUTLINE DRAWINGS 

f--

1-- f--

.-

f--

Voo ~ 5.EiV 

VIH"5.3V 

VIL"O.2V 

Horlzon200nS/dill 

i~~~~]~~~~~]] 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

'" .; 

Note: Each lead pitch is 2.54 mm. 

Unit:mm 

17.4 MAX. 

All leads are located within 0.25 mm of their true longitudinal position with respect to NO.1 and No. 28 leads. 
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Note; Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied,. and Toshiba reserves 
the right, at any t'ime without notice, to change said circuitry. 
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-TOSHIBA MOS MEMORY PRODUCTS 
8,192 WORD X 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 

DESCRIPTION 
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 provides 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 211 A typically. The TC5565P 
has three control inputs. Two chip enables (CE 1, 

CE2) allow for device selection and data retention 
control and an output enable input (OE) provides 

FEATURES 
• Low Power Dissipation 

27.5mW/MHz (Max.) Operating 

• Standby Current 
10011 A (Max.) 

1mA(Max.) 
TC5565PL·12, PL·15 
TC5565p·12, P·15 

• 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) 

PIN NAMES 

64k btt EPROM 
TMM2764D 

Ao~-AI~- .. -- Address Inputs 

R/W------ Read/Write Control Input 
---------------- --- - --------

OE Output Enable Input 

CE I. CE, Chip Enable Inputs 

f.."-I 1 . .::0-,-1_--'.:1 I.::O."8~+~~D-at-a-l-n:..pu-t-/O~ut-'-p-u-t ~~. _______ _ 

~~~ .. ~~--f-- ~~:~n-r dC"(+-5-V-I~~~~-----.--__i 
~-.~-.-~~~~~------~ 

N c. ._~~ __ I\I"-(:onnection __ ~ __ ~~~..l 

TC5565P- I 2/P- I 5 
TC5565PL- I 2/PL- I 5 

fast memory access. Thus the TC5565P is suitable 
for use in various microprocessor 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, 
resulting in flexibi lity 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 Time 

~ TC5565p·12 TC5565p·15 
TC5565PL·12 TC5565PL·15 

Address Access Time (MAX.) 120 ns 150 ns 
CE 1 Access Time (MAX.) 120 ns 150 ns =._--
~Access Time (MAX.) 120 ns 150 ns 
Output Enable Time (MAX.) 60 ns 70 ns 

• Directly TTL Compatible: All Inputs and Outputs 

• Standard 28 Pin DIP 
• Pin Compatible with 2764 type EPROM 

BLOCK DIAGRAM 
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OPERATION MODE 

Operation Mode CE, CE2 OE R/W I/O, - I/O, Power 
Read L H L H DoUT 1000 
Write L H · L D,N 1000 
Output Deselect L H H · High-Z 1000 

H . · · High-Z loos Standby . L · · High-Z loos 

MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

Voo Power Supply Voltage -0.3-7.0 V 

V,N Input Voltage -2.0-7.0 V 

VI/O Input and Output Voltage -0.5 - Voo +<l.5 V 

Po Power Dissipation 1.0 W 

Tsolder Soldering Temperature 260·10 °c . sec 

Tstrg Storage Temperature -55 - 150 °c 
Topr• Operating Temperature 0-70 °c 

D.C. RECOMMENDED OPERATING CONDITIONS 
~-

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

Voo Power Supply \foltage 4.5 5.0 5.5 V 

V,H Input High Voltage 2.2 - Voo +<l.3 V 

V,L Input Low Voltage -0.3 - 0.8 V 

L....'yOH Data Retention SuppifVoltage 2.0 - 5.5 V 

D.C. and OPERATING CHARACTERISTICS (Ta = 0 - 70°C. VOO = 5V ± 10%) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

.I,L I nput Leakage Current V,N =O-Voo - - ±1.0 pA 

10H Output High Current VOH = 2AV -1.0 - - mA 

10L Output Low Current VOL = OAV 4.0 - - mA 

Output Leakage 
CE, - V,H or CE2 - V,L or 

ILO Current R/W = V,L or OE = V,H - - ±1.0 /J.A 

VOUT =O-Voo 

Voo =5.5V,CE, =V,L 
teyele = l/J.s - - 10 mA 

10001 Operating Current CE2 = V,H 

Other Input = V,HN,L teycle = 1 OOns - - 45 mA 

Voo = 5.5V 
teyels = l/J.s - - 5 mA 

CE, =0.2V, 
10002 Operating Current 

CE 2 = Voo -0.2V 

Other Input = V,HN,L 
teyele =100ns - - 40 mA 

100Sl Standby Current CE, = V,H or CE 2 = V,L - - 3 mA 

*loOS2 
CE, = Voo -0.2V or CE 2 = 0.2v1TC5565PL - 2 100 pA 

Standby Current 
Voo = 2.0 - 5.5V iTC5565P 1.0 mA -

Note: In standby mode with CE, ~ Voo -0.2V, these specification limits are guaranteed under the condition of CE 2 ~ Voo 
-O.2V or CE2 ~ 0.2V. 
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CAPACITANCE 

P!,\RAMETER 

I,nput Capacitance 

CONDITIONS 

V1N ~ GND 

MAX. UNIT 
--------r---=---~ 

10 pF 

Output Capac_it_an_c_e __ _ VOUT ~ GND 10 pF 

Note~ This parameter is periodically sampled and is not 100% tested. 

A.C. CHARACTERISTICS (Ta = 0 - 70°C, Voo = 5V ±10%) 

Read Cycle 
,------

--------I---~---------

SYMBOL PARAMETER CONDITIONS TC5555P-12/PL-12 TC5555p·15/PL·15 UNIT 

I MIN. MAX. MIN. MAX. 

tRC Read Cycle Time V1N ~ 2.4V/0.5V 120 - 150 - ns 
------ -

tAcc Address Access Time VIH ~ 2.2V - 120 - 150 ns ,----c_ 
CE 1 Access Ti me V1L ~ O.SV tC01 - 120 - 150 ns 

c--
tC02 eE 2 Access Time tr, tf ;; 5ns - 120 - 150 ns 

Output Enable to VOH ~ 2.2V 
tOE 

Output in Valid VOL ~ O,SV 
- 50 - 70 ns 

tCOE 
Chip Enable (CE I. CE 2 1 to 

10 10 
Output in Low-Z Output Load: 

- - ns 

tOEE 
Output Enable to CL 1100pFI 

5 5 
Output Low-Z and l-TTL 

- - ns 

Chip Enable ICE I, CE 2 1 to Gate 
tOD 

Output in High-Z 
- 50 - 70 ns 

tODO 
Output Enable to -

50 - 60 ns 
Output in High-Z .- ---,------

tOH Output Data Hold Time 20 - 20 - ns 

Write Cycle 

CONDITIONS 
TC5565P-12/PL-12 TC5565p·15/PL·15 

UNIT SYMBOL PARAMETER 
MIN. MAX. MIN. MAX. 

twc Write Cycle Time VIN ~ 2.4V /0.6V 120 - 150 - ns 

twp Write Pulse Width V1H ~ 2.2V SO - 100 - ns 

tew 
Chip Selection to V1L ~ O.SV 

100 - 120 - ns 
End of Write t r,tf;;5ns 

tAS Address Set up Time 0 - 0 - ns 

tWR Write Recovery Time 0 - 0 - ns 

tWRI Write Recovery Time ICE I, CE 2 ) 10 - 10 - ns 

tODW R/W to Output High-Z - 50 - 70 ns 

tOEW R/W to Output Low-Z 10 - 10 - ns 

tDS Data Set up Ti me 50 - 50 - ns 

tDH Data Hold Ti me 0 - 0 - ns 

tDHI Data Hold Time ICE I, CE 2 ) 10 - 10 - ns 

Note: Input pulse levels ~ VIN 
Timing Measurement Reference levels == VIH, V 1L 
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TIMING WAVEFORMS 

• READ CYCLE (1) 

'RC 

Addresses 

CE, 

DOUT 

Unknown 

WRITE CYCLE 1 (4) (R/W Controlled Write) 

'WC 

Addresses 

'WR 

'WP 
R!W 

V IH _""""'..,....,'"''"'~"..,,.'"' I-~+-=--~-\ Vo7777777777...,-,-,-,-,-,-,-,r-r7"T"T7"7 

VIL--~~~~~~~~~~~ __ -f ____________ -ttLLk~~~~~LL~~~LL~~~ 

DOUT 
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WRITE CYCLE 2 (4) (CE I Controlled Write) 

Addresses 

'wc V'H_q; V'L- _______________________ ~ 

'AS 

A/W 

'cw 

'cw 

DOUT 

ViH_ 

V IL --_____________ --' 

WRITE CYCLE 3 (4) (CE, Controlled Write) 

Addresses 

A/W 

DOUT 
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NOTE: 
(11 R/W is High for~ad Cycle. 
(2) Assuming that CE 1 Low transition of CE2 High transition occurs coincident with or after R/W Low 

transition, Outputs remain in a high impedance state. 
(3) Assuming that CE 1 High transition or CE2 Low transition occurs coincident with or prior to R/W 

High transition~utputs remain in a high impedance state. 
(4) Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period. 

DATA RETENTION CHARACTERISTICS (Ta = 0 - lO°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VOH Data Retention Supply Voltage 2.0 - 5.5 V 

Stand by I TC5565PL-12, PL-15 - - 100 IlA 
loOS2 

Supply Current J TC5565P-12. P-15 - - 1.0 mA 

tCOR Chip Deselection to Data Retention Mode 0 - - IlS 

tR Recovery Time tRC(l) - - IlS 

Note (1): Read cycle time 

• CE 1 Controlled Data Retention Mode (2) 

VDD Data Retention Mode 

4.5V 

Voo -O.2V 

GND 

• CEz Controlled Data Retention Mode (4) 

VDD Data Retention Mode 

4.5V 

CEZ 

O.2V 

GND 
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NOTE: 
(2) In CEl controlled data retention mode, minimum standby current mode is achieved under the con· 

dition of CE2 ~ O.2V or CE2 ~ VDD -O.2V. 
(3) If the VIH of CE 1 is 2.2V in operation, during the period that the VDD 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 con· 

dition of CE2 ~ O.2V. 

DEVICE INFORMATION 

The TC5565P is an asynchronous RAM using address activated circuit technology, thus the internal 
operation is synchronous. Then once row address change occur, the precharge operation is executed by 
internal pulse generated from row address transient. Therefore the peak Current flows after only row address 
change, as is shown in the following figure. 

This peak current may induce the noise on Voo/GND lines. Thus the use of about O.1I1F decoupling 
capacitor every device is recommended to eliminate such noise. 

, 
: I i I 

I j X I 

1000 

} I ITl 1--of-,---f-T 
f-I T 1 o !----+-+- ...j -I---

0 
I 

f--L ~ I 
'.j.. 0 

I iii ! I I 
o I I II I 

i : 

: I--- -t-t -\H-.I---J..j i 
I I 

o I I t 1 i 1 
OUTLINE DRAWINGS 

Fig. TYPICAL CURRENT WAVE FORMS 

28 27 26 25 24 23 22 21 20 19 18 17 16 15 

VDO = S'.5V 

VIH ~ S.3V 

VIL m O.2V 

i •• ::] •• ::.]l 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

37.4 MAX. 

N 
M 

Note: Each lead pitch is 2.54 mm. 

Unit: mm 

17.4 MAX. 

All leads are located within O.25mm of their true longitudinal position with respect to N(). 1 and No. 28 leads. 
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Note: Toshiba does not assume any responsibitity for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves 
the right, at any t·jme without notice, to change said circuitry. 

© Apr., 1982 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
8,192 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY 

TMM2764D 
TMM2764D-2 N-CHANNEL SILICON STACKED GATE MOS 

DESCRIPTION 
The TMM2764D is a 8192 word x 8 bit ultraviolet 

light erasable and electrically programmable read only 
memory. For read operation, the TMM2764D's access 
time is 200 ns, and the TMM2764D operates from a 
single 5-volt power supply and has low power stand­
by mode which reduces the power dissipation with­
out increasing access time. The standby mode is 
achieved by applying a TTL-high level signal to the 
CE input. The maximum active current is 120mA 

FEATURES 
• Single 5-volt power supply 
• Fast access time TMM2764D 250 ns 

TMM2764D-2 200 ns 

• Power dissipation: 
120 mA (active current) Max. 
35 mA (standby current) Max. 

• Low power standby mode cr 

and the maximum standby current is 35mA. 
For program operation, the programming is achiev­

ed by applying a 50ms active TTL low program pulse 
to the PGM input, and it is possible to program 
sequentially individually., or at random. 

The TMM2764D is fabricated with the N-channel 
silicon double layer gate MOS technology and is 
packaged in a standard 28 pin dual in line cerdip 

package. 

• Output buffer control OE 
• Fully static operation 
• Programs with one 50 ms pulse 
• Single location programming 
• Three state outputs 
• Inputs and outputs TTL compatible 
• Pin compatible with i2764 and ROM TMM2364P 

BLOCK DIAGRAM 
PIN CONNECTION 

Lower 24 pins compatible with 32K 
(TOP VI EW) bit EPROM TMM2732D Vpp GND vee 

~g:;-
A'2 PGM 

A7 N.C. A7 
A6 As A6 
A5 Ag A5 
A. All A. 
A3 OE A3 
A2 A,o A2 
A, C10 A, 
Ao Ao 
0 0 0 0 0, 0, O2 O2 

GND GND 

PIN NAMES 

TMM2732D 

(TOP VIEW) 

Vee 
As 
Ag 
All 
DEIVpp 

A,o 
CE 
0 7 
06 
0 5 
O. 
03 

MODE SELECTION 

Note * H or L 
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MAXIMUM RATINGS 

,,"eo, r ---ITEi\.1-------± RATING l - UNIT -_Ve~ ___ VeePowerSupplyVoltage _________ ~O-~-!o---_l ___ v ~ 
Vpp Program Supply Voltage -06 - 220 1- V 1 
V,N --- - Input Voltage -06 - 70--- 1-------;;---1 

_-::y~u:;.-- -~_~~~()utPutVOlt;;;;- --====_ I -06 - 7.O---r=---v--. --J 

t~;" -r~~~~r§~::,~~--~-d }~~ ~'j~; - ~ --~ fG -~ 
READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS' 

D.C. and OPERATING CHARACTERISTICS (Ta ~ 0 - 70°C, Vee ~ 5V ± 5% Unless otherwise noted) 

-SY~~O~~+_ -~ ___ =£A-RA~§i~R_~-_ ==r ~ _____ <iO_N[)~TI()NS-MIN.~T= TY~- -MAx~L~NlT_ ~ 
III i Input Current I V,N"'O---"'ee t---.-----f------I- ±10_r_~A 
Ileeee-2. __ + Supply Current (Standby) . __ ~ CCEE "'_- VVI,Hl _._. __ -j ______ I ___ . ___ +-__ 3_5 __ +-_m_A_---j 

Supply Current (Active) I mA 
- ---.. " -----.------------ - --- -------- --. +--------1-------+-

VOH I Output High Voltage -,_-'2H~ -40CliLA____ 2.4 V 
-VOL- T --Output Low Voltage IOl '" 2.1 mA 0.4 V 

-Ip"P.- i- -V~p Cu-;rent ----- Vpp '" 0 - Vee +0.6 ± 10 _=-~AAJ 
-iLo-=T-_OU"tPu;:-~~"9""_C~rrent-_ _==_:::=2~T~0~_:?.cC"·- -_~ __ . ___ ~ ____ ~ .. _± ___ ~ . ~ 
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A.C. CHARACTERISTICS 

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 
lOns Max. 
O.8V to 2.2V 
Inputs 1 V and 2V, Outputs O.8V and 2.0V 

CAPACITANCE • ITa = 25°C. f = 1 MHz) 

* This parameter is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS (READ) 

AO ....... Al2 

CE 

PGM 

High Z 
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PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

D.C. and OPERATING CHARACTERISTICS 

A.C. PROGRAMMING CHARACTERISTICS 

A.C. Test Conditions 

• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pulse Levels 
• Timing Measurement Reference Level 

ITa~25±5°C, vee ~5V±5%, Vpp ~21V±O.5VI 

ITa ~ 25± 5°C, Vee ~ 5V± 5%, Vpp ~ 21V± O.5VI 

lTTL Gate and CL (100 pF) 
10ns Max. 
0.8 - 2.2V 
Input 1 V and 2V Output O.BV and 2.0V 
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TIMING WAVEFORMS (PROGRAM) 

PROGRAM OPERATION 1. (Vpp = 21V ± O.5V) 

AO ....... A12 

CE 

Din STABLE 

Vpp tvs 

PROGRAM OPERATION 2. (Vpp = 21V±O.5V) 

CE 

DE " 

PGM 

High Z 

Vpp tvs 

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 swl1:ching pulse voltage is applied to the Vpp terminal, the over-shoot voltage of its pulse should not be exceeded 22V. 
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ERASURE CHARACTERISTICS 

The TMM2764D'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 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 G L-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 [l1w/cm'] will 

OPERATION INFORMATION 

The TMM2764D'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 

Program .. L 
PROGRAM 

Program 
OPERATION 

ITa = 25±5°C) 
Inhibit H 
Program Verify H 

Note' H; VIH , L; VIL, *; V1H or V 1L 

READ MODE 

The TMM2764D 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. 

reduce the exposure time to about 20 minutes. (In 
this case, the integrated does is 12000 [l1w/cm'] 
x (20 x 60) [sec] "" 15 [w. sec/cm'] .) 

The TMM2764D's erasure begins to occur when 
exposed to light with wavelength shorter than 4000 

A. The sunlight and the fluorescent lamps will 
include 3000 ~ 4000 A wavelength components. 
Therefore when used under such I ighting for extend­
ed periods of time, the opaque seals - Toshiba 
EPROM Protect Seal AC901 - are available. 

operation mode, a single 5V power supply is required 
and the levels required for all inputs are TTL. 

The CE to output valid (tCE) is equal to the address 
access time (tACel. 

Assuming that CE = VIL, PGM ~ VIH and all ad­
dresses are valid, the output data is valid at the out­
puts 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 edqe of PGM. 
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OUTPUT OESELECT MODE 

Assuming that CE = VIH or OE = VIH, the outputs 
will be in a high impedance state. So two or more 
TMM2764D can be connected together on a common 

STANDBY MODE 

The TMM2764D has a low power standby mode 
controlled by the CE signal. By applying a TTL high 
level to the CE input, the TMM2764D is placed in the 
standby mode which reduce the operating current 

PROGRAM MODE 

Initially, when received by customers, all bits of 
the TMM2764D 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 TMM2764D is set up in the program operation 

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 program­
ming is achieved by applying a 50ms (tpw) active low 

PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the cond ition that the program voltage 
(+21 V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM2764D from being pro­
grammed. Programming of two or more TMM2764Ds 
in parallel with different data is easily accomplished. 

TOSHIBA 

bus line. When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 

from 120mA to 35mA, and then the outputs are in a 
high impedance state, independent of the OE and the 
PGM inputs. 

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 maximum 

value is 55ms. 
The levels required for all inputs are TTL. 
The TMM2764D can be programmed any location 

at anytime - either individually, sequentially, or at 
random. 

The TMM2764D 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 TTL low level program 
pulse is applied to the CE and PGM .of the desired 
device only and TTL high level signal is applied to the 
other devices. 
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OUTLINE DRAWINGS 

RD.64 

x 
<{ 
:; 

'" ,.; 

... 
o 

+1 

'" ,; 

-------l] 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

2.54±0.25 1.3±O.25 

O.46~~: ~~ 

Nota 1 

I~ 
15.24+0.3 

O.25~g:~~ 

I. 17.4 MAX. .I 
1 

Note 2 

Note: 1. Each lead pitch's 2.54mm. All leads are located within O.25mm of their true longItudinal position with respect No.1 and No. 28 leads. 
2. This value Is measured at the end of leads. 
3. All dimensions are In millimeters. 

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

©Nov •• 1981 Toshiba Corporation 
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-TOSHIBA MOS MEMORY PRODUCTS 
8,192 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY TMM2764DI 

TMM2764DI-2 N·CHANNEL SILICON STACKEO GATE MOS 

DESCRIPTION 
The TMM2764DI is a 8192 word x 8 bit ultraviolet 

light erasable and electrically programmable read only 
memory. For read operation, the TMM2764DI's ac· 
cess time is 200 ns, and the TMM2764DI 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 

FEATURES 
• Wide operating temperature Range -40-85°C 
• Single 5·volt power supply 
• Fast access time: TMM2764DI 250 ns 

TMM2764DI·2 200 ns 

• Power dissipation: 
130 mA (active current) Max. 
40 mA (standby current) Max. 

• Low power standby mode: CE 

CE input_ The maximum active current is 130 mA 
and the maximum standby current is 40mA. 

For program operation, the programming is achiev· 
ed by applying a 50ms active TTL low program pulse 
to the f5GM input, and it is possible to program 
sequentially individually, or at random. 

The TMM2764DI is fabricated with the N·channel 
silicon double layer gate MOS technology and is 
packaged in a standard 28 pin dual in line cerdip 
package. 

• Output buffer control : OE 
• Fully static operation 
• Programs with one 50 ms pu Ise 
• Single location programming 
• Three state outputs 
• Inputs and outputs TTL compatible 
• Pin compatible with i2764 and ROM TMM2364P 

PIN CONNECTION (TOP VIEW) ~ft";;·~~6~i;:'.;':;'~~~~~'. with 32K 

BLOCK DIAGRAM 
Vpp GND vee 

~. 
PGM 
N.C. 
As 
Ag 
Al1 
DE 
A '0 
IT A, 
0 7 Ao 
0 6 0 0 

0 5 0 , 
0 4 °2 

TMM27320 

(TOP VIEW) 

0 3 GNO L: __ -l 

PIN NAMES 

Ao -A,2 Address Inputs 

0 0 -07 Outputs (I nputs) 

CE Chip Enable Input 

OE Output Enable Input 

PGM Program Control Input 

N.C. No Connection 

Vpp Program Supply Voltage 

Vec Vcc Supply Voltage (+5V) 

GND Ground 

Vee 
As 
Ag 
A11 
O~/Vpp 
A10 
IT 
0 7 
0 6 
0 5 
0 4 
0 3 

MODE SELECTION 

~ PGM CE 
Mode (27) (20) 

Read H L 

Output Deselect: · . 
Standby · H 

Program L L 

Program · H 

Inhibit 
H L 

Program Verify H L 

Note: *: H or L 
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OE Vpp Vee 
(22) (1) (28) 

L 5V 

H 5V 

· 5V 
5V 

· 5V 

· • 5V 

21V 
H 5V 

L 5V 

Array 

8192 x 8 bits 

0 0 -0, 

(11-13,15-19) 
Po...ver 

Data Out 

High 
Active 

Impedance 

High 
Standby 

Impedance 

Data in 

High 
Impedance 

High 
Active 

Impedance 

Data Out 



TOSHIBA 

MAXIMUM RATINGS 

READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

D.C. and OPERATING CHARACTERISTICS (Ta = -40 ~ 85°C, Vee = 5V±5% Unless otherwise noted) 

ISYMBciL-T----PARAME~--- I CONDITIONS M~TYP~-!-MAX. I UNIT ~ 

~ __ ILI ' .. _.~. In.P~t.C~;''L_-_'- -.--.-r ~-=O~;;-~.:~ -: - 7 ±10 --;;;-A- ! 
ICC! I _S,'JPEI\i.c:urrent(Sta[l(jt>.vl __ I CE=V1H --. -- .. -1 : 40 mA-: 

_ ~~: __ ~~~~~~~~1~~~:~:~ve)=~~~[-~E~:.'I~~oot;A- -- t.=l{_t~=-+-~o.-~ _;~_J 
r- ~>·=t==3p:c]¥n~Vo~~-=====~ __ ~p~~~~rn~~~o=(=_ll ~ __ .. ----- _;~=~=~_i 
I ILO L_ Outpu~~~a~~CLJrrent : VOUT = 0.4~ Vee .. __ . __ - ± 10 /lA 
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A.C. CHARACTERISTICS 

Ta = -40 - 85'C, Vee = 5V±5%, Vpp = 2.2V - Vee + O.6V, Unless otherwise noted) 

SYMBOL PARAMETER 

A.C. Test Conditions 

• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pulse Levels 
• Timing Measurement Reference Level 

TMM2764DI·2 
CONDITIONS 

MIN. MAX. 

1 TTL Gate and CL = 100pF 
10ns Max. 
0.6V to 2.4V 

Inputs 1V and 2V, Outputs O.BV and 2.0V 

CAPACITANCE * ITa = 25'C, f = 1 MHz) 

* This parameter is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS (READ) 

AO r-.;A12 

CE 

OE 

High Z 
00 "'07 -----------< 
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TOSHIBA 

PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

"Mwe ---------iAeAMme M". ""e"~-t M":· - -",n-
':'L~__ _In_PLJt_H_i9_h_V~I_ta~g_e ____ ~ ___ ~ ___ r--___ -=~C::~~ __ + __ -____ _V,ee + 10 __ ~ 

i VVelLe _-~-~_. Input Low Voltage ~ ____ ~_. __ . _ __0_.8__ __~.J 
Vee Power Supply Voltage 4.75 5.0 5.25 V I 

L ~ . Vpp .-- -~-- - ----- ---c,'-cc--c---c--------1-----=2ccO'.cc5---+-_-_-c_2::-:~,,-c.0c:--_-- --2-1-5_-- -~---V-- -I' 
_ _ Vf'"-P0'N~s~pp~y_ Voitage_ _ _ _ _____ _ __ ~ _ . 

D.C. and OPERATING CHARACTERISTICS 

A.C. PROGRAMMING CHARACTERISTICS 

A.C. Test Conditions 

• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pu Ise Levels 
• Timing Measurement Reference Level 

(Ta ~ 25± 5°C. Vee = 5V± 5%. Vpp = 21V ± 0.5VI 

(Ta ~ 25± 5°C, Vee = 5V± 5%, Vpp = 21V± O.5VI 

HTL Gate and CL (100 pF) 
10ns Max. 
0.6- 2.4V 
Input 1 V and 2V Output O.SV and 2.0V 
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TOSHIBA 

TIMING WAVEFORMS (PROGRAM) 

PROGRAM OPERATION 1. (Vpp=21V±O.5V) 

AO""""A12 

Vpp tvs 

PROGRAM OPERATION 2. (Vpp = 21V±O.5V) 

High Z 

vpp tvs 

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 d8Ylce. 
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 over..,hoot voltage of Its pulse should not be exceeded 22V. 
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TOSHIBA 

ERASURE CHARACTERISTICS 

The TMM2764DI 's erasure is achieved by applying 
shortwave ultraviolet light which has awavelength of 
2537 A (Angstroms) to the chip through the trans­
parent window. Then integrated dose (Ultraviolet 
light intensity [w/cm'] x exposure time [sec.]) for 
erasure should be a minimum of 15 [W. sec/cm2] . 

When the Toshiba sterilizing lamp GL-15 is used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved with(n 
60 minutes. And using commercial lamps whose 
ultraviolet light intensity is a 12000 [llw/cm2] will 

OPERATION INFORMATION 

The TMM2764DI'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 

PGM CE 
1271 (201 

READ Read H L 
OPERATION Output Deselect · . 
'(Ta = -40_85°CI Standby · H 

Program L L 
PROGRAM · H 
OPERATION Program Inhibit 

L (Ta = 25 ±5°CI H 
Program Verify H L 

READ MODE 

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. 

reduce the exposure time to about 20 minutes. (In 
this case, the integrated dose is 12000 [llw/cm 2] 
x (20 x 60) [sec] '" 15 [w. sec/cm2] .) 

The TMM2764Dl 's erasure begins to occur when 
exposed to light with wavelength shorter than 4000 

A. The' sunlight and the fluorescent lamps will 
include 3000 - 4000 A wavelength components. 
Therefore when used under such lighting for extend­
ed periods of time, the opaque seals Toshiba 
EPROM Protect Seal AC901 - are available. 

operation mode, a single 5V power supply is required 
and the levels required for all inputs are TTL. 

OE Vpp Vcc O. -07 Power (221 (11 (281 (11_13.15_191 
L 
H 

· · · 
H 
L 

Data Out Active 

5V 5V High Impedance Active 

High Impednace Standby 
Data In Active 
High I mpednace 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 out­
puts 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. 
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OUTPUT DESELECT MODE 

Assuming that CE = VIH or OE = VIH, the outputs 
will be in a high impedance state. So two or more 
TMM2764D I can be connected together on a common 

STANDBY MODE 

The TMM2764DI has a low power standby mode 
controlled by the CE signal. By applying a TTL high 
level to the CE input; the TMM2764DI is placed in the 
standby mode which reduce the operating current 

PROGRAM MODE 

Initially, when received by customers, all bits of 
the TMM2764D I 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 

programm i ng. 
The TMM2764DI is set up in the program operation 

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 program­
ming is achieved by applying a 50ms (tpw) active low 

PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. 

PROGRAM INHIBIT MODE 

Under the condition that the program voltage 
(+21V) is applied to Vpp terminal, a high level CE or 
PGM input inhibits the TMM2764DI from being pro­
grammed. Programming of two or more TMM2764Dls 
in parallel with different data is easily accomplished. 

TOSHIBA 

bus line. When CE is decoded for device selection, all 
deselected devices are in low power standby mode. 

from 130mA to 40mA, and then the outputs are in a 
high impedance state, independent of the OE and the 
PGM inputs. 

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 maximum 

va lue is 55ms. 
The levels required for all inputs are TTL. 
The TMM2764DI can be programmed any location 

at anytime - either individually, sequentially, or at 

random. 
The TMM2764DI 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 PGMat VIH. 

That is, all inputs except fOT CE or PGM may be 
commonly connected, and a TTL low level program 
pulse is applied to the CE and PGM of the desired 
device only and TTL high level signal is applied to the 

other devices. 
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TOSHIBA 

OUTLINE DRAWINGS 

RD.54 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

I" 
15.24±O.3 

"I I 

0.25 ~g: ~~ 

I. 17.4 MAX. J 
I 

2.54±O.25 1.3±O.25 

0.46 ~~: ~~ 

Note 1 Note 2 

Note: 1. Each lead pitch is 2.54mm. All leads are located within O.25mm of their true longitudinal position with respect NO.1 and No. 28 leads. 
2. This value is measured at the end of leads, 
3, All dimensions are in millimeters. 

Note: Toshiba does not a$sum~ 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. 

©Nov .• 1982 Toshiba Corporation 

Distributed by 
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-TOSHIBA MOS MEMORY PRODUCTS 
I 16384 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY 

PROGRAMMABLE READ ONLY MEMORY 
TMM27128D-20 
TMM27 I 28D-25 

DESCRIPTION 
The TMM27128D is a 16384 word x 8 bit ultra­

violet light erasable and electrically programmable 
read only memory. For read operation, the TMM 
27128D's access time is 200 ns, 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. The stand­
by mode is achieved by applying a TTL-high level 
signal to the CE input. The maximum active current 
is 120 mA and the maximum standby current is 

FEATURES 
• Single 5-volt power supply 
• Fast access time: TMM27128D-25 250 ns 

TMM27128D-20 200 ns 
• Power dissipation: 

120 mA (active current) Max. 
35 mA (standby current) Max. 

• Low power standby mode: CE 
• Output buffer control: OE 

PIN CONNECTION 
(TOP VIEW) 

Vpp Vee 

A12 P"G"KIi 
A, Al3 

A6 A8 

As A9 

A, All 

A3 DE 
A2 A,o 

A, IT 
Ao 0, 

00 06 
0, 05 
02 0, 

35mA. 
For program operation, the programming isachi.eved 

by applying a 50 ms active TTL low program pulse 
to the PGM input, and it is possible to program 
sequentially, individually, or at random. 

The TMM27128D is fabricated with the N-channel 
sil icon double layer gate MOS technology and is 
packaged in a standard 28 pin dual in line cerdip 
package. 

• Fully static operation 
• Programs with one 50 ms pulse 
• Single location programming 
• Three state outputs 
• Inputs and outputs TTL compatible 
• Pin compatible with i27128 

BLOCK DIAGRAM 

DE 
CE 
PGM 

Vpp GNO Vee 

GND 03 MODE SELECTION 

PIN NAMES 

Ao ,.....,A 13 Address Inputs ~ PGM CE OE Vpp Vcc 0 0 ~O, 
Power 

Mode (27) (20) (22) (1) (28) (11~13, 15~19) 

0 0 ~ 0, Outputs (Inputs) 

CE Chip Enable Input 

Read H L L 5V Data Out 

· . Active 
Output Deselect H 5V 5V High Impedance 

OE Output Enable Input Standby · H · 5V High Impedance Standby 

PGM Program Control Input Program L L · 5V Data In 

Vl'P Program Supply Voltage 

Vcc Vcc Supply Voltage (+5V) 

Ic;ND Ground 

· H · 5V High Impedance 
Program Inhibit 21V Active 

H L H 5V High Impedance 

Program Verify H L L 5V Data Out 
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TOSHIBA 

MAXIMUM RATINGS 

SYM_BO_L~-+~~_~~~~~_IT_E_M~~ ____ ~ ___ ---_.~OA.-6T~~7~.0 __ ~ + _~_U_NV_I_T~_ 
Vee Vee Power Supply Voltage . _ _ ._-_.- -.---~-- ~.- .--~ ~- _. ---_.- -~ 

~._~~+-_p_r_o_gr_a_m_S_u_p_pl_y_V_o_lt_ag_e~~~~~~~~-j~ __ ~-_0_.6.~_- 22.0 I V 
VIN Input Voltage -0.6 - 7.0 - I~ - ---V---

---- - - --.---~~-------~.-+---------+---.- _. ---
VOUT Output Voltage -0.6 - 7.0 I V 

~~-=.==---+=-.po;e;-D;;i~t~;-------- I 1.5 -I.=-__ w _==~ 

~_.E_R-±~~~~n~~~~:~-:~-re- ~~."-_ -=.---====t ==~-~~-= ~ ~5-----t- --~Cot~---
TOpR. I Operating Temperature I 0 - 70 I °c 

READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL I PARAMETER --+ MIN. I TYP. MAX.! UNIT 
I·---~----t--- - ~-~-~- -~ ~~ - -~- --___ -1-______ --~-.-~--.. - L-~ __ ._ -

VIH I Input High Voltage -+ 2.0 I - Vee + 1.0 I V 
-----~1--·--·--~-~-- -'---~'-I .~- ---+.--~---
VIL I Input Low Voltage -0.3 I - 0.8· V --- -~ - - +- ~.- -- ~- .~ ~ ~-- - - - l-'~-'-- - .~~ ___ ---.1_ - --~ - --
Vee i Vee Power Supply Voltage I 4.75 ,- 5.25 I V 

Vpp 1 VppPowerSupplyVoltage -[--2.0-1- Vee --V~e~O~6'~1 V---

D.C. and OPERATING CHARACTERISTICS (Ta = 0- 70°C, Vee = 5V ±5% Unless otherwise noted) 
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TOSHIBA 

A.C. CHARACTERISTICS (Ta = 0 - 70°C, Vee = 5V ±5%, Vpp = 2.0V - Vee + O.6V, Unless otherwise noted) 

SYMBOL PARAMTER 

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 Ti me 

• AC Test Conditions 

• Output Load: 
• Input Pulse Ris~ and Fall Times: 
• Input Pulse Levels: 

TMM27128D-20 
CONDITIONS 

MIN. MAX. 

CE ~OE~VIL.PGM ~VIH - 200 

DE ~ VIL. PGM ~ VIH - 200 

CE ~ VIL. i'GM~ VIH - 70 

OE ~ CE ~ VIL - 70 

OE ~ VIL. PGM~ VIH 0 60 

CE~VIL.PGM~VIH 0 60 

OE ~ CE ~VIL 0 60 

CE ~ OE ~ VIL 0 -

1 TTL Gate and CL = 100pF 
10 ns Max. 
O.BV to 2.2V 

TM27128D-25 

MIN. MAX. 

- 250 

- 250 

- 100 

- 100 

0 90 

0 90 

0 90 

0 -

• Timing Measurement Reference Level: Inputs 1 V and 2V. Outputs O.BV and 2.0V 

CAPACITIANCE * (Ta = 25°C, f = lMHz) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. 

YN Input Capacitance VIN ~OV - 4 6 

COUT Output Capacitance VOUT -OV - 8 12 

• This parameter is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS (READ) 
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UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

UNIT 

pF 

pF 



TOSHIBA 

PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. 

VIH I nput High Voltage 2.0 - VCC + 1.0 

VIL I nput Low Voltage -0.3 - 0.8 
--

Vcc Vcc Power Supply Voltage 4.75 5.0 5.25 

Vpp Vpp Power Supply Voltage 20.5 21.0 21.5 

D.C. and OPERATING CHARACTERISTICS (Ta = 25 ± 5°C, Vee = 5V ± 5%, Vpp = 21V ± O.5V) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. 

III I nput Current VIN = 0 - Vcc - I - ±10 

VOH Output High Voltage IOH = -400/lA 2.4 - -

VOL Output Low Voltage IOL=2.1mA - - 0.4 

Icc Vcc Supply Current - - - 120 

IpP2 Vpp Supply Current Vpp = 21.5V - - 30 

A.C. PROGRAMMING CHARACTERISTICS (Ta = 25 ± 5°C, Vee = 5V ± 5%, Vpp = 21V ± O.5V) 

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 

tvs Vpp Setup Time 

tpw Program Pulse Width 

tcp Program Recovery Time 

tpAT Program Pulse Rise Time 

tpFT Program Pulse Fall Time 

tCE CE to Output Valid 

tOE OE to Output Valid 

tOF1 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: 

CONDITIONS MIN. 

- 2 
- 2 

- 2 

- 2 

- 2 

- 2 

- 2 

- 2 
- 2 

PGM = CE = VIL 45 

- 0 

- 5 

- 5 
- -
- -

OE = VIL -

CE = VIL -

nTL Gate and CL (100 pF) 
10 ns Max. 
0.8 - 2.2V 

TYP. 

-

-

-

-

-

-
-

-
-

50 

-

-

-

-

-

-

-

Input 1 V and 2V; Output 0.8V and 2.0V 
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MAX. 

-

-

-

-
-
-

-
-

-

55 

-

-

-
250 

100 

90 

90 

UNIT 

V 

V 

V 

V 

UNIT 

/lA 

V 

V 

mA 

mA 

UNIT 

/lS 

/ls 

/lS 

/lS 

/ls 

/lS 

JlS 

/lS 

/lS 

ms 

/lS 

ns 

ns 

ns 

ns 

ns 

ns 



TIMING WAVEFORMS (PROGRAM) 

PROGRAM OPERATION 1. (Vpp = 21V ± O.5V) 

PROGRAM OPERATION 2. (Vpp = 21V ± O.5V) 

Note: 1. Vee must be applied simultaneously or before Vpp and cut off simultaneously or after VpP. 

TOSHIBA 

HIGH Z 

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 over-shoot voltage of its pulse should not be exceeded 22V. 
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TOSHIBA 

ERASURE CHARACTERISTICS 

The TMM2712BD'serasure is achieved by applying 
shortwave ultraviolet light which has a wavelength 
of 2537 :1\ (Angstroms) to the chip through the 
transparent window. Then integrated dose (Ultra­
violet light intensity [w/cm'] x exposure time 
[sec.]) for erasure should be a minimur.n 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 win be achieved 
within 60 minutes. Arid using commercial lamps 

OPERATION INFORMATION 

The TMM2712BD'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 

PGM CE 
(27) (20) 

READ Read H L 

OPERATION Output Deselect · . 
(Ta = a _ 70°C) Standby · H 

Program L L 
PROGRAM Program Inhibit · H OPERATION 
(Ta = 25 ± 5°C) Program Inhibit H L 

Program Verify H L 

READ MODE 

The TMM2712BD 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. 

OE 
(22) 
L 
H 

· · · 
H 
L 

whose ultraviolet light intensity is a 12000 [/lw/cm'] 
will reduce the exposure time to about 20 minutes. 
(In this case, the integrated dose is 12000 [/l w/cm'] 
x (20 x 60) [sec] 2!< 15 [w.sec/cm' J.) 

The TMM27128D's erasure begins to occur 
when exposed to I ight 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. 

read operation mode, a single 5V power supply is 
required and the levels required for all inputs are 
TTL. 

vpp vcc 0 0 -0, 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 
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 ad­
dresses are valid, the output data is valid at the out­
puts after tPGM from the rising edge of PGM. 
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OUTPUT DESELECT MODE 
Assuming that CE = VIH or OE = VIH, the out­

puts will be in a high impedance state. So two or 
more TMM27128D can be connected together on a 

STANDBY MODE 
The TMM27128D has a low power standby mode 

controlled by the CE signal. By applying a TTL high 
level to the CE input, the TMM27128D is placed in 
the standby mode which reduce the operating current 

PROGRAM MODE 
Initially, when received by customers, all bits of 

the TMM27128D are in the "1" state wh ich is erased 

state. 
Therefore the program operation is to introduce 

"Os" data into the desired bit locations by electrically 
programming. 

The TMM27128D is set up in the program opera­
tion 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 pro­
gramming is achieved by applying a 50ms (tpw) 

PROGRAM VERIFY MODE 
The verify mode is to check that the desired 

data is correctly programmed on the programmed 

bits. 

PROGRAM INHIBIT MODE 
Under the condition that the program voltage 

(+2~ is applied to Vpp terminal, a high level CE 
or PGM input inhibits the TMM27128D from being 
programmed. Programming of two or more 
TMM27128Ds in parallel with different data is 

TOSHIBA 

common bus line. When CE is decoded for device 
selection, all deselected devices are in low power 
standby mode. 

from 120mA to 35mA, and then the outputs are ina 
high impedance state, independent of the OE and 

PGM inputs. 

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 maximum 

value is 55ms. 
The levels required for all input are TTL. The 

TMM27128D can be programmed any location at 
anytime - either individually, sequentially, or at 
random. 

The TMM27128D should not be programmed 
with D.C. signal applied to both CE and PGM inputs. 

The verify is accomplished with OE and CE at 

VI Land PGM at V IH· 

easily accomplished. That is, all inputs exoept for 
CE or PGM may be commonly connected, and a 
TTL low level program pulse is applied to·the CE 
and PGM of the desired device only and TTL high 
level signal is applied to the other devices. 
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TOSHIBA 

OUTLINE DRAWINGS 

AD.54 

.... 
ci 
+1 
N 
.; 

37.7 MAX 

7.1 ±D.2 

I I 
29 27 26 26 24 23 22 21 20 19 18 17 16 15 

2 3 4 6 6 7 8 9 10 11 12 13 14 

2.54 ±O.25 
1.3±O.25 

Note 1 Note 2 

Note: 1. Each lead pitch Is 2.S4mm. All leads are located within O.25mm of their true longitudinal position with respect No.1 and No. 28 
leads. 

2. This value "is measured at the end of leads. 
3. All dimensions are In millimeters. 
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-TOSHIBA MOS MEMORY PRODUCTS 
;2048 WORD x 8 BIT MASK ROM 

N CHANNEL SILICON GATE DEPLETION LOAD 

DESCRIPTION 

TMM334P is a 16,384 bits read only memory 
organized as 2048 words by 8 bits and is compatible 
with i2716 type (16K EPROM). It is suitable for use 

: in programming of production apparatus used micro 
: processor because of its low cost per bit. 

TMM334P's mask making is carried out by com­
puter using punched paper tape data of customer and 
then sample manufaG:turing will start. Then for cus­
tomer, 16384 bits memory data and three chip select 

! input active logic are programmable. 
Therefore TMM334P manufacturing -procedure 

goes through three steps before mass production. 
First step is a acceptance of customer's punched 

FEATURES 

• Single 5V supply voltage; VCC = 5V ± 10% 
• Access time; tACC = 450 ns. (Max.) 
• Directly TTL compatible; All inputs and outputs 

TMM334P 

paper tape data. Second step is a presentation of 
programmed sample (Engineering Sample) for cus­
tomers. Third step is a verification of Engineering 
Sample by customers. Sample verification is most 
important and Toshiba will enter into mass produc­
tion after above three steps are concluded. Then 
Toshiba will adopt a established on-line system and so 
can respond to a customer's needs quickly and can 
maintain a stable delivery. 

TMM334P is fabricated with ion implanted N­
channel silicon gate technology. This technology 
allows a production of high performance. TMM334P 
is moulded in a 24 pin standard plastic paclsage. 

• Programmable chip select inputs; CS1, CS2, C53 Easy memory expansion 
• Three state output; OR tie capability 
• Static operation; No clocks are required. 
• Input protected; All inputs have protection against static charge 
• Pin to pin compatible; TMM323C, i2316E, i2716 

PIN CONNECTION BLOCK DIAGRAM 

(TOP VIEW) 

Vee GNO 

1 r 
DO 01 02 D3D4DSD6 07 

07 

o. 
01 05 

CS1/CSt 
t 

• E 
CS~Cs2 

i ~ 
~E· 

CS3/CS3 u~ 

0, O. 

GNO 12 O. 
A7 

PIN NAMES ] 
Ao ~A. Row address inputs 

A7 ~ A10 Column address inputs 
Do ~D7 Data outputs 

CS I ICS I ~ CS.ICS. Chip select inputs 

VCC VCC Power Supply Voltage 

Ao , 
Al 

. 
A, = Memory cell array 

A, ~ 128 x 128 
A4 ~ 

AS 

A. 

GND Ground 

- 225-



TOSHIBA 

MAXIMUM RATINGS 

SYMBOL ITEM _________ 41------~~~------+_--~-----
V CC Power supply voltage ___________ ~.-________ = __ = ______ --+-__________ _ 

RATING UNIT 

-0.5 -7.0 V 

V IN, VOLJI..._ ___I "Put an<J.."-u!.~:t."_oltag"_ __________ ___ ___ 1 ______ --' __ '---.= ______ -----1-__________ __ -0.5-7.0 V 

T opc__ Operating temperature __ -+1 ______ _ 

1---------__ T---'-s'C'tg~ ____ _____I_---S--t;;;g-;;te-;;,pe;;,t~;;----- ----------- I 
0-70 

TSOLDER Soldering temperature· time : 

PD Power Dissipation T-r-a ~ 70°C 1 I 

D.C. OPERATING CONDITION 

r-SYMBOL 

VIH 

~L 
Vee 

D,C. and OPERATING CHARACTERISTICS (Ta = O'C - 70°C) 

Iso U R eE ~ -OAmA 
------------------ - -- -------

-55 -150 

260 . 10 

1.0 

°C 

°C 

°C . sec 
W 

MAX. UNI~ 

10 /lA 

-10 /lA 
- V 

OA V 
i 

I mA 

~_~ut hi!J~,,-I~~ _______ c 

VOL Output low voltage 
-- ----------- _~.N.K...~~!."'_A ______ f__-----41---_----'-'-03 . .20--+---------'--'----+------------1 

.'!!J lJL~}.:.~_________ __-__ O_A __ +--______ +---______ t------____ ------I ~--IO~H~--~O~u~tP~u~t--h~ig~h~cu~~~-----------
IOL 

ILO 
1--------­

Icc 

Output low current 

Output leakage current 

Supply current 

"Ta ~ 25°C, Vce ~ 5V 

I mA VOUT ~ O.4V 2.1 1 ____ 5 __ .0. ___ + ________ + ________ 
1 

CS ~ 0 .3V , CS ~ 2.0V 

_\lCJ U ':_~ (J-4Y_tOl __ V,--c,::.::... c._--+_ - i ±O.0_1. __ ~.--±-1-0--+_-/l--A--4 
-T-40 80 mA lOUT ~ OmA 

A.C. CHARACTERISTICS (Ta = O°C - 70°C, Vee = 5V ± 10%, CL = 100pF, tr, tf = 20ns) 

SYMBOL PARAMETER CONDITIONS I MIN. TYP." MAX. I 
UNIT I 

tAce Access time tAC ~ lOOns I - 270 450 1 
------- ----- -"------- 1 ns 

tco Output delay time from chip select tAC:;" tACC I 3D 120 
I - 1 ns 

too Output deselect time RL ~ lOOn -+-456- 70 100 I ns ----- l------
I 

tRe Read cycle time - - - ns 

" Ta ~ 25°C, Vee ~ 5V 

CAPACITANCE (Ta = 25°C, f = 1 MHz) 

SYMBOL PARAMETER CONDITIONS 

I 
MIN. TYP. I MAX. I UNIT 

CIN Input capacitance VIN ~ A. C. GND - 4 I 10 I pF 

COUT Output capacitance VOUT ~ A. C. GND I - 8 I 15 I pF 

Note: This parameter is periodically sampled and is not 100% tested. 
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TOSHIBA 

TIMING WAVEFORMS 

PAPER TAPE FORMAT 

Punched paper tape data must be a positive logic and use a 7 to 8 bit ASCII code. 
Format 1 (including Data and Check sum every word). 

NULL 

... TMM334P - XXXX ..,. 

CA LF 

CR LF 

N8; 

CR LF 

AuuuO; X07P3; .... ; XF1P5; 

CR LF 

CR LF 

A2040; X01Pl; .. ; X3AP4; 

CR LF 

(CSl '" 0) 

CR LF 

CR LF 

(CS3 '" 0) 

CR LF 

CR LF 

NULL 

Take NUL L more than fifty characters. 

Contents in single quotation mark (" . . . ") indicates a comment and XXXX is a user's 
number. 
CR and LF indicate carriage return and line feed respectively. 

Specify MSB pin. (0, or Do) 

N8 indicates a 8-bit mask pattern. 
Semicolon ( ; ) indicates a punctuation of data. 

R indicates an absolute address. Enter the address by decimal code every eight 
words. 

X indicates hexadecimal code. So enter the data represented by hexadecimal code 
every word after X. 

P indicates a check sum of its word. So enter a sum of one's number in a word by 
decimal code after P. 

Data modification: Enter the modified address before the End mark and then enter 
the data following above procedure independently or serialy. Modification can be 
allowed from 0 address to 2047 address. 

Customers can program the active logic of three chip select inputs independently. 
Specify the active logic of chip select input in the brackets. 
The example is shown in Figure. In this example, chip is active under the condition 
that CS1 = '0' and CS2 = '1' and CS3 = '0'. 

$ I nd icates an End mark. 

Take NULL more then fifty characters. 

- 227-



TOSHIBA 

Format 2 (including Data only every word) 

NULL 

'fTMM334P - XXXX" 

CA LF 

"MSB "" 07'" 

CR LF 

N8; 

CR LF 

RuuuO; X075A, .3BF1; 

CA LF 

R2032; XBCAE 

CA LF 

(CSt'" 0) 

CR LF 

(CS2' '" 0) 

CR LF 

CR LF 

CA LF 

NULL 

R indicates an absolute address. Enter the address by decimal code every sixteen 
words. 

X indicates a hexadecimal code and so enter the data of sixteen words continuously 
after X. 
Data modification: This procedure is following to Format 1. Otherwise specified in 
Format 1. 

Format 1 and Format.2 are Toshiba preferred Format. 
The other acceptable Format is Intel BN PF Format. 

OUTLINE DRAWINGS 

~:::r:::lj 
1 2 3 4 5 6 7 a 9 1011 12 

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

32,4 MAX, [:J All dimensions are in millimeters. 

O.5±O,15 

*=+-=1*­~O.05~ 

I 174 MAX. I 

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. 

©Mar., 1980 Toshiba Corporation 
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TOSIIBA MOS MEMORY PRODUCTS 
4096 WORD x 8 BIT MASK ROM 

N CHANNEL SILICON GATE DEPLETION LOAD 

DESCRIPTION 

The TMM333P is a 32,768 bits read only memory 
organized as 4,096 words by 8 bits. It is suitable for 
use in programming of production apparatus used 
micro processor because of its low cost per bit. 

The TMM333P's mask making is carried out by 
computer using punched paper tape data of customer 
and then sample manufacturing will start. Then for 
customer, 32,768 bits memory data and two chip 
select input active logic are programmable. 

Therefore the TMM333P manufacturing prooedure 
goes through three steps before moss production. 
Fi rst step is a acceptance of customer's punched 
paper tape data. Second step is a presentation of 

FEATURES 
• Single 5V supply voltage; VCC = 5V ± 5% 
• Access time; tACC = 450 ns. (Max.) 
• Directly TTL compatible; All inputs and outputs 

TMM333P 

programmed sample (Engineering Sample) for cus­
tomers. Third step is a verification of Engineering 
Sample by customers. Sample verification is most 
important and Toshiba will enter into mass produc­
tion after above three steps are concluded. Then 
Toshiba will adopt a established on-line system and so 
can respond to a customer's needs quickly and can 
maintain a stable delivery. 

The TMM333P is fabricated with ion implanted N­
channel silicon gate technology. This technology 
allows a production of high performanoe. The TMM 
333P is moulded in a 24 pin standard plastic package. 

• Programmable chip select inputs; CS1, CS2, Easy memory expansion 
• Three state outputs; OR tie capability 
• Static operation; No clocks are required. 
• Input protected; All inputs have protection against static charge 
• Pin to pin compatible; TMS4732 

PIN CONNECTION BLOCK DIAGRAM 
(TOP VIEW) 

PIN NAMES 

Ao -A. 

A, - All 
Do - D, 

CS, /CS,: CS2 /CS2 

VCC 
GND _. 

0, 
°2 

GNO 

Row address inputs 
Column address inputs 

Data outputs 
Chip select inputs 

Power supply terminal 
Ground 
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~ A4 

AS 
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Tr 
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TOSHIBA 

MAXIMUM RATINGS 

SYMBOL ITEM I RATING UNIT 

VCC Power supply voltage 1 -0.5 -7.0 V 

V'N, VOUT Input and output voltage + -0.5-7.0 V 
-~-.-- --------,---,-

~_~er. ___ 1--_ Operating temperature 0-70 °c 
--------~---

Tstg Storage temperature i -55-150 °C 

TSOLDER Soldering temperature· time I 260· 10 °C . sec 

Po Power' Dissipation ITa ~ 70°C) I 1.0 W 

D.C. OPERATING CONDITIONS 

SYMBOL PARAMETER CONDITIO~-'-N_,----_LTY~ __ +-_ MAX. UNIT 

V,H I nput high voltage V 
.. ~ 1------~~O"'+ - I VCC +2.. 

V,L I nput low voltage - -0.5 - 0.8 V 

VCC Power supply voltage - . 4.75 ---t---io-i 5.25 V 

D.C. and OPERATING CHARACTERISTICS (Ta = O°C - 70"C) 

~~.§..o..t:..... 1--__ ---'=-A...R~ET"..fl... _____ CONDITIONS MIN. TYP. MAX. UNIT 
f----

IIH Input high current V,N ~ VCC - 0.01 10 I1A -- ----,-,-- ---"------,----_. -_._.-.-

IlL Input low current --"""'~_~N_D _____ ---1---:-0 .D1 -10 I1A 
-

VOH Output high voltage Iso U R CE ~ -OAmA 2A 3.0 - V 
--- -----------

VOL Output low voltage ISINK ~2.1mA - 0.2 I 0.4 V 
- - ----- --- ---- .-- ------------

10H Output high current 
-- I--VOUT ~ 2AV -0.4 -3.0 - mA 

-
10L Output Jow current VOUT ~ O.4V 2.1 I. 5.0 j-__ - mA 

--~O.8V, CS ~ 2.0V 
ILO Output leakage current 

VOUT ~ O.4V to Vcc r=-r ±o~;-I ±10 I1A 
f.-------- ----- ~----.---

Icc Supply current lOUT ~ OmA - 60 100 mA 

* Ta ~ 25°C, VCC = 5V 

A.C. CHARACTERISTICS (Ta = ooe - 70°C, Vee = 5V ± 5%, CL "100pF, t r, tf; 20ns) 

SYMBOL PARAMETER I CONDITIONS MIN. I YP.' I MAX. UNIT 
tACC Access time tAC ~ lOOns - 300 I 450 ns ---

tco Output delay time from chip select tAC:<: tACC - 120 200 ns 
too Output deselect time - 0 100 150 ns 
tRC Read cycle time - 450 - - ns 

• Ta = 25°C, Vec ~ 5V 

CAPACITANCE (Ta = 25°C. f = 1 MHz) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

CIN Input capacitance V,N ~ A. C. GND - 4 10 pF 

COUT Output capacitance VOUT ~ A. C. GND - 8 15 pF 

Note: This parameter is periodically sampled and is not 100% tested. 
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TOSHIBA 

TIMING WAVEFORMS 

PAPER TAPE FORMAT 

Punched paper tape data must be a positive logic and use a 7 to S bit ASCII code. 
Format 1 (including Data and Check sum every word). 

NULL 

... TMM333P - xxxx ... 

CR LF 

CR LF 

N8; 

CR LF 

AuuuO; X07P3;. .; XF1P5; 

CR LF 

CR LF 

R4088; X01P1; . .. ; X3AP4; 

CA LF 

(CSl =0) 

CR LF 

(CS2 = 1) 

CA LF 

CR IF 

NULL 

Take NULL more than fifty characters. 

Contents in single quotation mark ( •. . • ) indicates a comment and XXXX is a user's 
number. 
CR and LF indicate carriage return and line feed respectively. 

Specify MSB pin. (0 7 or Do) 

NS indicates a S-bit mask pattern. 
Semicolon ( , ) indicates a punctuation of data. 

R indicates an absolute address. Enter the address by decimal code every eight 
words. 

X indicates hexadecimal code. So enter the data represented by hexadecimal code 
every word after X. 

P indicates a check sum of its word. So enter a sum of one's number in a word by 
decimal code after P. 

Data modification: Enter the modified address before the End mark and then enter 
the data following above procedure independently or serialy. Modification can be 
allowed from 0 address to 4095 address. 

Customers can program the active logic of two chip select inputs independently. 
Specify the active logic of chip select input in the brackets. 
The example is shown in Figure. In this example, chip is active under the condition 
that CS1 = '0' and CS2 = '1 '. 

$ Indicates an End mark. 

Take NULL more then fifty characters. 
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TOSHIBA 

Format 2 (including Data only every word) 

NULL 

",TMM333P ~ XXXXY 

CR LF 

CA LF 

NB; 

CR LF 

RuuuO; X075A ... 3BF1; 

CR LF 

A40BO; XBCAE .0085; 

CA LF 

(CSt = 0) 

CR LF 

(CSi = 0) 

CR LF 

CR LF 

NULL 

R indicates an absolute address. Enter the address by decimal code every sixteen 
words. 

X indicates a hexadecimal code and so enter the data of sixteen words continuously 
after X. 
Data modification: This procedure is following to Format 1. Otherwise specified in 
Format 1. 

Format 1 and Format 2 are Toshiba preferred Format. 
The other acceptable Format is Intel BNPF Format. 

OUTLINE DRAWINGS 

~t:::r::::L!1 
1 2 3 4 5 6 7 B 9 1011 12 

Note: Each lead pItch is 2.54 mm. All leads are located within 

0.25 mm of their true longitudinal position with respect 
to No.1 and No. 24 leads. 

['524J YP I 

t~l 
All dimensions are in millimeters. 

0,5 ±O.15 I '7.4 MAX. I 

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.,1980 Toshiba Corporation 
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-TOSHIBA MOS MEMORY PRODUCTS 
4,096 WORD X 8 BIT MASK ROM 

,N-CHANNEL SILICON GATE 

DESCRIPTION 

The TMM2332P is a 32768-bit read only memory 
organized as 4096 words by 8 bits with a low bit 
cost, thus being most suitable for use in programming 
of production apparatus using microprocessor. 
The TMM2332P features an automatic power down 
mode. When deselected by Chip Select (CS/CS), 

'the device is in low power (ISB~15mA MAX.) stand-
by mode. This device feature results in system power 

FEATURES 

• Single 5V-Power Supply 
, • Fast Access Time: 350ns (MAX.) 

• Low Power Dissipation 
Operating Current ~ 100mA (MAX.) 
Standby Current ~ 15mA (MAX) 

• Power Down Featu Ie: CS / CS 
• Programmable Ch ip Select: CS / CS 
• Output Buffer Control: OE 
• Easy memory Expansion: CS / CS 

PIN CONNECTION 

A7 

A6 

As 

A4 

A3 

A2 

AI 

Ao 

Do 
0, 

0, 

GNO 

PIN NAMES 
--c--

Ao ""'A n 

0 0-0, 

CSICS 

OE 

Vcc 

GNO 

(TOP VIEWI 

Address Inputs 

Oata au tp uts 

Chip Select Input 

Vce 
As 

A, 

All 

5E 
AIO 

CSICS 
0, 

0 6 
05 

04 

0 3 

Output Enable Input 

Power (+5V) 

Ground 

TMM2332P 

saving in larger systems, where the majority of de­
vices are deselected. 

The TMM2332P is fabricated with ion implanted 
N-channel silicon gate technology. This technology 
allows a production of high performance. 

The TMM2332P is moulded in a 24-pin standard 
plastic package. 

• Static Operation 
• Pin Compatible with 2732 Type EPROM and 

i2332 
• All Inputs and Outputs: 

Directly TTL Compatible 

• Three State Outputs: Wired OR Capability. 
• Inputs Protected: All inputs have protection against 

static charge. 

BLOCK DIAGRAM 

CSICS 
5E 

A, 

As 

A, 

AIO ~ All 
'" Ao , 

AI r 
A2 ~ 
A3 :g .. 
A4 

As 

A6 

Memory Cell Array 
(256 x 1281 

- 233-



TOSHIBA 

MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

Vee Supply Voltage -0.5 - 7.0 V 

V,N Input Voltage -0.5 - 7.0 V 

VOUT Output Voltage -0.5 - 7.0 V 

TOPR Operating Temperature 0-70 'c 
TSTRG Storage Temperature -55- 150 'c 
TSOLDER Soldering Temperature-Time I 260 • 10 °CoSec 

PD Power Dissipation (Ta = 70'C) 1.0 W 

D.C. OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. t MAX. UNIT 

V,H Input High Voltage 2.0 - : Vee+ 1.O V 

V,L Input Low Voltage -0.5 - 1 0.8 V 

Vee Power Supply Voltage 4.5 5.0 J 5.5 V 

D.C. CHARACTERISTICS (Vee = 5V±10%. T. = 0-70'C) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

I,L Input Leakage Current V,N = 0- Vee - ±0.02 ±10 J.!A 

IOH Output High Current VOH = 2AV -OA -2.0 - mA 

IOL Output Low Current VOL = 0.4V 2.0 4.0 - mA 

ILO Output Leakage Current 
OE = V IH or CS = V IH 

VOUT = OAV - Vee - ±0.05 ±10 " J.!A 

lee Operating Current CS = V,L or CS = V ,H 
I 

-
, , 

: 
- 100 

I 
mA 

ISB Standby Current CS= V,H or CS= V ,L 
I 

15 mA 
I 

- -

CAPACITANCE (T.=O-70'C. f=lMHz) 

PARAMETER CONDITIONS 

J nput Capacitance 

Output Capacitance VOUT = OV 

Note: This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS (Vee: 5V± 10%, T. : 0 ~ 70°C) 

SYMBOL PARAMETER MIN. 

tRC Read Cycle Time 350 

tACC Access Time -

tco Chip Selection to Output Valid -

too OE to Output Valid -

tODC Chip Deselection to Output in High-Z -

tODO OE to Output in High-Z -

tpu Chip Selection to Power Up Time 0 

tpD Chip Deselection to Power Down Time -

A.C. TEST CONDITIONS 

Input Rise and Fall Times 

Ti ming Measurement Reference Levels 

20ns 

Input 0.8V and 2.0V 

Output Load; 1-TTL Gate and CL ~ 100pF 

A.C. TIMING WAVEFORMS 

Supply 
Current 

Address 

111------, 
cs/cs 

DE 

ICC -------~f 
ISB 

Output: 0.8V and 2.0V 

Note: (1) CS and CS waveforms are shown by dotted line and straight line respectively. 
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TYP. MAX. UNIT 

- - ns 

- 350 ns 

- 350 ns 

- 120 ns 

- 100 ns 

- 100 ns 

- - ns 

- 100 ns 



TOSHIBA 

ACCEPTABLE FORMAT 
Toshiba can accept programming and masking 

information for TMM2332P in the form of punched 
paper tape with Intel BNPF format or master devices 
(EPROM). 

OUTLINE DRAWINGS 

~~~~:~~:I~:~::lj 
1 2 3 4 5 6 7 8 9 1011 12 

32.4 MAX. 

2.54±O.25 

O.5±O.15 
N 
M 

t::l eB3f 
I 174 MAX. .1 

Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm longitudinal position with respect to No.1 and No. 24 leads. 

All dimensions are in millimeters. 
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-TOStiBA MOS MEMORY PRODUCTS 
64K BIT 18K WORD X 8 BIT) MASK ROM 

N CHANNEL SILICON GATE 

DESCRIPTION 

The TMM2364P is a 65536 bit 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. 

Consisting of static memory cells and clocked pe­
ripheral circuitry, the TMM2364P provides a high 
speed and low power dissipation (access time 250ns, 
operating current 40mA). 

The TMM2364P 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± 10% power Supply 
• Access Time: 250ns max. 
• Low Power Dissipation 

Average Current: 40mA max. 
Standby Current: 15mA max. 

• Input and Output: TTL Compatible 
• Three State Outputs: Wired OR Capability 

PIN CONNECTION 

N.C. Vcc 
A,12 CS,/CS, 
A7 CS,/CS, 
A, As 
As A., 
A., &. 
A, OE 
A, A" 
A, cr 
A., D7 
Do D, 
D, Ds 
D, D, 

GND D, 
PIN NAMES 

Ao -A12 Address inputs 

Do - D7 Data outputs 

cstcs Chip select inputs 
OE Output enable inpu 
CE Chip enable input 
N.C. No connection 

Vcc Power supply term'inal 

GND Ground 

TMM2364P 

15mA. Output Enable (OE) is effective in preventing 
data confliction on a common bus line. 

The TMM2364P uses the address latch system that 

the falling 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 TMM2364P is fabricated with ion implanted 
N-channel silicon gate technology. This technology 
allows a production of high performance. 

The TMM2364P is moulded in a 28 pin standard 
plastic package, 0.6 inch in width. 

• Edge En~bled Operation: CE 
• Output Buffer Control: OE 
• Programmable Chip Select: CS1 , CS2 

Easy Memory Expansion 

• Pin Compatible with i2364 
• Inputs protected: All inputs have protection 

against static charge. 

BLOCK DIAGRAM 

Vee GND 

DE ~-===---===:-1 II .1 f Do 0 1 O2 0 3 0 4 Os 0 6 0 1 

CS]/CSl 

CS,/GS, 

A,~-.---, 

A, I------------J~~_.l 
A, I 
A, 
A, 
A, 
A. 
A, 
A. 
A, 

A" 
Au 

l 
~ 
~ 

~ 
.!! 
] 

A"_-L-_J 

~ 256 65536 bits 
~ Memory cell 

~ array 
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TOSHIBA 

MAXIMUM RATINGS 

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 

TSTRG Storage Temperature -55-150 °c 

Tso Soldering Temperature· Time 260 . 10 °c . sec 

Po Power Dissipation ITa = 70°C) 1.0 w 

D,C. OPERATING CONDITIONS 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

VIH Input High Voltage - 2.2 - Vcc + 1 V 

V IL Input Low Voltage - -0.5 - 0.8 V 

Vcc Power Supply Voltage - 4.5 5.0 5.5 V 

D.C. and OPERATING CHARACTERISTICS (Ta = 0 - 70°C) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

IIH Input High Current VIN = 5.5V - 0.05 10 pA 

III I nput Low Current VIN = GND - -0.05 -10 pA 

VOH Output High Voltage IOH "' -400pA 2.4 3.3 - V 

Val Output Low Voltage IOl =3.2mA - 0.3 0.4 V 

ILOH 
Output Leakage Current 

VOUT = 5.5V I CE = 2.2V or - 0.05 10 pA 

ILOl VOUT = O.4V I DE = 2.2V - -0.1 -20 pA 

ICCI Standby Current CE = 2.2V - 8 15 mA 

Icc, Average Current tCYC = 350n8, lOUT = OmA - 20 40 mA 

* Typical values are at Ta '" 2SoC and Vee'" 5V. 
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A.C. CHARACTERISTICS (Ta = 0 - 70°C, Vee = 5V ± 10%) 

SYMBOL PARAMETER 

teE CE pulse width 

tAS Add ress Setup Time 

1--_ tAH Address Hold Time 

tAce Access Time 

too Output Delay Time from OE __ 
1--

~- Output Turn off Delay 

tce CE off Time 

tCYC Cycle Time 
-----

• Typical values are at Ta == 2SoC and Vee = 5V. 

A.C. TEST CONDITIONS 

• Output Load: ITTL Gate+ 100pF 
• Input Rise and Fall Times (10% - 90%): 5ns 

,. I nput Pulse Levels: 0.8 - 2.4V 

CONDITIONS 

-

-
-

-

-

-

-

tAS =:; Ons, tr, tf :::: 5ns 

• Timing Measurement Reference Levels: Input; 1 V and 2.2V 
Output; O.BV and 2.0V 
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MIN. TYP. MAX. UNIT 

250 - - ns 

0 - - ns 

50 - - ns 

- 150 250 ns 

- 50 120 ns 

- 40 70 ns 

90 - - I ns 

350 - - ns 



TOSHIBA 

CAPACITANCE (Ta = 25°C, f = 1MHz) 

PARAMETER CONDITIONS UNIT 

I nput Capacitance V1N = A.C. GND pF 

Output Capacitance VOUT - A.c. GND pF 

Note: This parameter is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS 

AO ""-'A12 

X ADDRESS, CSt. K ADDRESS, CS" CS, MA~ CHANGE X CS2 VALID 

CE ~ ~ I 
tcc 

tCE 

'\ ~ 
I 

too 
DE 

~ tAce 

~ HIGH-Z 

J> 
HIGH-Z 

DATA VALID 
~ 

tCYC 

Note (1) too is specified from DE or cr, whichever occurs first. 
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TOSHIBA 

OPERATION MODE 

CE CS " CS2 , Address OE OUTPUT MOOE 

H (1) (1) High Z 

~ Valid (1) High Z 

L (2) L Data out 

Note (1) Don't care 
(2) CSl. CS2. Address may change after tAH. 

APPLICATION INFORMATION 

1. POWER SUPPLY DECOUPLING 

The operating current Icc waveforms for TMM2364P are shown in Fig. 
1,2. 

The TMM2364P is a clocked device, so the transient current peaks are pro­
duced on the CE transition and CE active level. 

The Icc current transients require adequate decoupling of Vcc power 
supply. 

2, POWER ON 

The TMM2364P requires initialization prior to normal operation. Two 
initialization methods are as follows: 

(1) A minimum 100llS time delay is required after 'the application of 
Vcc (+5V) before proper device operation is achieved. And during 
this period, CE must be at V 1H level. 

(2) A minimum 100llS time delay is required after the application of 
Vcc (5VI, and then a minimum of one initialization cycle must be 
performed before proper device operation is acheived. 

60 

ICC 50 
(mA) 40 

30 

20 

10 

a 

Standby 

Latch 

Read 

1 cycle 

r-h 

I .. II 

II II 
,~ 1"'- I/"" 

o 100 200 300 400 500 

Time (ns) 

Fgi. 1 ICC vs time (es: Select) 

CE V.IH 
V,L 

60 

ICC 50 
(mA) 40 

30 

20 

10 

a 

1 cycle 

r- ,....., 

'" 
II J \ A J 

1-1-' 
i-'" 

o 100 200 300 400 500 

Time (ns) 

Fig.2 ICC vs time (es: Deselect) 

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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TOSHIBA 

TOSHIBA PAPER TAPE FORMAT 

Use 7 or S-bit (even parity) ASCII code paper Tape for ROM data input. 
Two acceptable formats which are described in section A and B are available. 

A. Format 1 (when a check sum per word is used) 

NULL 

'TMM2364P-OOOO' ) 

'MSB" D, ) 

NB; ) 

R 000l; X7FP7;. ;X07P3; ) 

R 0008; X38P3; ..... ;XE5P5; ) 

ROO 16; Xl0Pl; .... ;X6BP5; ) 

Ra176; X4DP4;.. ;XB5P5;" 

RB184; X2CP3; .. .. ;XA4P3; ) 

ICS," I) ) 

ICS2" D) ) 

$) 

NULL 

Preceding the first data field and following the last data field there must 
be a leader/trailer length of at least 50 null characters. 

Contents in a single quotation mark I. .. ,) signify a comment and 
000 0 indicates a four-digit user pattern number. 

) indicates carriage return and line feed. 

Specify the most significant bit (MSB) of the device outputs (0, or Do) 

NS indicates that the mask pattern is an S-bit pattern. 

Semicolon ( ; ) signifies a punctuation of data. 

R signifies an address. Enter the address with the four decimal digits 
every S-words after the character R. 

X signifies a hexadecimal digit. 
Enter the data with the two hexadecimal digits every' word after the 
character X. 

P signifies the check sum per word. 
Enter the sum of 1 in a one word decimal after the character P. 

* Data Modification 
Modifying single and continuous word data can be carried out by 
specifying the modifying addresses and inputting the data following the 
above proced ure before the end symbo I. 
Modification can be allowed from a to 8191 addresses. 

Specify the active logic of chip selects (CS, and CS 2 ) in the parentheses 
respectively. 
Enter" 1" and "0" when active at high and low levels, respectively. 
An example is shown in the left figure. 
In rhis example, the device is selected under the condition that CS, and 
CS2 are at high and low levels, respectively. 

$ signifies the End symbol. 
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TOSHIBA 

B. Format 2 (When a check sum per word is not used) 

NULL 

'TMM2364P-DOOO ) 

'MSB = 07) 

NB; .) 

RoDDa; X7F5A ..... 39E5') 

R0016 ; X1a8C .....• 241, ) 

R0032 ; X20BA .... 36C7; ) 

R8160; X1EC5 .... . 310E; ) 

A8176; X4DA6 .... 1BA4; ) 

(CS, = 1) ) 

(C.2 = a) ) 

$ J 

NULL 

R signifies an address. 
Enter the address with the four decimal digits every sixteen words after 

the character R. 

X signifies a hexadecimal digit. 
Enter the data of sixteen words continuously after the character X. 

Otherwise specified in Format 1. 

In addition, Toshiba can also accept programming and masking information for TMM2364P in the form 

of punched paper tape with Intel BNPF format or master devices (EPROMs). 
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TOSHIBA 

OUTLINE DRAWINGS 

28 27 26 25 24 23 22 21 20 19 18 17 16 15 

~:::]:::::::I~J 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

37.4 MAX. 

O.5±O.15 z 
~ 

2.54±O.25 1.4±O.15 0.2 MAX. N 
M 

Note: Each lead pitch is 2.54 mm. 
All leads are located within 0.25 mm of their true longitudinal position with respect to No.1 
and No. 28 leads. 

Unit: mm 

I. 17.4 MAX. 

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., 1980 Toshiba Corporation 
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-TOSHIBA MOS MEMORY PRODUCTS 
64K BIT (8K WORD x 8BIT) MASK ROM TMM2365P 

I 

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 Time: 200ns max. 
• Power Dissipation 

Average Current: 1 OOmA max. 
Standby Current: 25mA max. 

• Input and Output: TTL Compatible 

(CE1 _ 3/CE1 - 3), the operating current is reduced 
frDm 100mA (MAX) to 25mA(MAX). Output Enable 
(OE) is effective in preventing data conflictiDn 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 1 ICE 1 , CE2 /CE2 

CE3/CE3 
Easy Memory Expansion 

• Compatible with 64K EPROM TMM2764D 

PIN CONNECTION BLOCK DIAGRAM 

N. C. 

A6 

As 

~ 

A3 
A, 

Al 
Ao 

Do 
DI 

D, 

GND 

PIN NAMES 

Ao""'" A12 

Do - D, 

OE 

CEI/CEI,CE,/ 
CE, ,CE,/CE, 

N. C. 
--~--"-

Vce 
GND 

-

vee 
CEI/CEI/NC 

CE,/CE,/NC 

A, 
A, 

All 
BE 
AIO 
CE3/GE3 

D, 

D. 

Ds 
D4 

D, 

Address inputs 

Data outputs 

Output enable input 

Chip enable inputs 

No connection 
.-----:---c---

Power supply terminal 

Ground 

DE 

GEl/GEl 
1--'" 
:00: 
o.w 

CE,/CE, ~~ 
w:o 
,-"" GE3/eE3 
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0 
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Z 
0 
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MEMORY CELLS 
256 x 32 x 8 



TOSHIBA 

MAXIMUM RATINGS 

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 o ~ 70 °c 
TSTG Storage Temperature -55~ 150 °c 
Tso Soldering Temperature· Time 260' 10 °C· sec 

Po Power Dissipation ITa = 70°C) 1.0 w 

D.C. OPERATING CONDITIONS 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 
-------- --

VIH Input High Voltage - 2.0 - Vcc+l V --
VIL I nput Low Voltage - -0.5 - 0.8 V 

Vcc Power Supply Voltage - 4.5 5.0 5.5 V 

D.C. and OPERATING CHARACTERISTICS (Ta = a ~ 7aOC) 
---

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 
--

IIH Input High Current VIN = 5.5V - 10 /lA 

IlL I nput Low Cu rrent VIN = GND - -10 /lA 

VOH Output High Voltage 10H = -400/lA 2.4 - V 

VOL Output Low Voltage IOL = 3.2mA - 0.4 V 

ILO Output Leakage Current OV ~ VOUT ~ Vee -10 10 /lA r-----.. 
CE = 2.0V, CE = 0.8V ICC1 Standby Current - 25 mA 

ICC2 Average Current tCYc=200nS,loUT=OmA - 100 mA 

A.C. CHARACTERISTICS (Ta = a ~ 7aoC, Vee = 5V ± HI"Io) 

SYMBOL I PARAMETER MIN. MAX. UNIT I 
tACC Access Time - 200 ns 1 
tCE Output Delay Time from CE/CE - 200 ns I 

tOE Output DRlay Time from OE - 70 ns I 
too Output Turn off Delay - 60 ns I 
tCYC Cycle Time 200 - ns I 

A.C. TEST CONDITIONS 

• Output Load . lTT L Gate + lOOp F • Timing Measurement Reference Levels 

• Input Riseand Fall Times 110%~90%): 5ns 

• Input Pulse Levels . 0.8 - 2.2V 
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TOSHIBA 

CAPACITANCE (Ta = 25°C, f = 1MHz) 

SYMBOL I PARAMETER I CONDITIONS I MIN. I MAX. I UNIT I 
CIN 1 Input Capacitance I VIN = A.C. GND I I 8 I pF I 
COUT I Output Capacitance I VOUT = A.C. GND I I 10 I pF I 

Note: This parameter is periodically sampled and is not 100% test:ed. 

TIMING WAVEFORMS 

tCYC 

) ADDRESS STABLE ) 
tACC 

eEl"" 3 

X ~ ~ 
teE 

\ / 
I tOE 

too 

r 
Do""' 7 ~ DATA VALID 

Wf/II 

Note: too is specified from 6E or CE/CE, whichever occurs firsl:. 

POWER ON 

The TMM2365 has self substrate-bias generator 
internally. So a minimum lOOlls time delay is 

required after the application of Vcc (4.5 - 5.5V) 
before proper device operation is achieved. 
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OUTLINE DRAWINGS 

28 :17 26 2524 23 22 21 2019 18 17 16 15 Unit in mm 

R1,5 

2 3 4 5 6 7 8 9 10 11 12 13 14 

17.4MAX, .1 
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 

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. 

© Feb., 1983 Toshiba Corporation 
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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 
CEl, 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 

PIN NAMES 

Ao '" Al2 Address inputs 

Do ~ 0 7 Data outputs 

CE/CE Chip enable input 

Vcc Power supply terminal 

GND Ground 

Vee 

As 

A9 

AI2 

CE/CE 

AIO 

All 

D7 

D. 
Ds 

D4 
D, 

Vee GND 

I I 

CE/CE 
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TOSHIBA 

MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

Vcc Power Supply Voltage -0.5-7.0 V 

VIN, VOUT Input and Output Voltage -0.5-7.0 V 

TOPR Operating Temperature 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 

D.C. OPERATING CONDITIONS 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

VIH I nput High Voltage - 2.0 - Vcc+ 1 V 

VIL I nput Low Voltage - -0.5 - 0.8 V 

Vcc Power Supply Voltage - 4.5 5.0 5.5 V 

D.C. and OPERATING CHARACTERISTICS (Ta = 0 -70°C) 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

IIH I nput High Current VIN = 5.5V - 10 I1A 

IlL Input Low Current VIN = GND - -10 I1A 
VOH Output High Voltage IOH = -40011A 2.4 - V 

VOL Output Low Voltage IOL =3.2mA - 0.4 V 

ILO Output Leakage Current OV ,;: VO UT ,;: Vcc -10 10 I1A 

lecl Standby Current CE = 2.0V, CE = 0.8V - 25 mA 

ICC2 Average Current tCYC = 200ns, lOUT = OmA - 100 mA 
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TOSHIBA 

A.C. CHARACTERISTICS ITa = 0 - 70°C, Vee = 5V ±10%) 

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 

A.C. TEST CONDITIONS 

• 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; 1 V and 2.0V 

Output; 0.8V and 2.0V 

, CAPACITANCE (Ta = 25°C, f = 1MHz) 

SYMBOL I PARAMETER I CONDITIONS MIN. MAX. UNIT 

CIN T Input Capacitnace I VIN = A.C. GND - 8 pF 

COUT I Output Capacitance I VOUT = A.C. GND - 10 pF 

Note: This parameter is periodically sampled and is not 100% tested. 

TIMING WAVEFORMS 

tCYC 

X ADDRESS STABLE \ 

tACC 
CE 

CE/CE ) CE ) 
tCE too I 

:m DATA VALID 1\. 
"&/I J( 

I 

Do ..... 07 

POWER ON 

The TMM2366 has a self substrate·bias generator 
internaly. So a minimum 100 IlS time delay is 

required after the application of Vcc (4.5 - 5.5V) 
before proper device operation is achieved. 
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TOSHIBA 

OUTLINE DRAWING 

32.4MAX. I: 1 5.2~ TYP. I 
\I/_-L.~· 

~ 
2.54 ± 0.25 

0.5±0.15 

Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm langituidnal position with respect to No.1 and No. 24 leads. 

All dimensions are in millimeters. 

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

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

© Feb., 19Ep Toshiba Corporation 

Distributed by 
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~ TOSHIBA MOS MEMORY PRODUCTS 
16.384 Word x 8 Bit Mask ROM TMM23128P 
N-CHANNEL SILICON GATE MOS 

PRELIMINARY 

FEATURES 

• Fully Static Operation • Input and Output: TTL Compatible 
• 16,384 word x 8 bit Structure • Th ree State 0 utputs 
• Single 5V Power Supply • Programmable Chip Select 
• tAcC = 200 ns max. • Pin compatible with EPROM TMM27128 
• T apr = 0 _ 70°C • 28 pin 600 mi I. Width DI P Plastic Package 
• Icc ope = 80 mA max. 
• Icc sby = 20 mA max. 

PIN CONNECTION BLOCK DIAGRAM 

NC 1 28 VCC 

A'2 2 27 CSt/CS lINe 
OE 

A7 3 26 A13 

A. 4 25 As CSl/CSt 
As 5 24 A9 

A. 6 23 Au 

A, 22 OE CS2/CS2 
A2 21 AlO 
A, 20 CS2/CS2 
Ao 10 19 07 

Do 11 18 D. 
Ao 
A, 

0, 12 17 Os A2 
02 13 16 D. A, 

GND 14 15 0, A. 
As 

(TOP VIEW) 
A6 
A7 
A. 
A9 
AlO 
Au 

A'2 
A13 

PIN NAMES 

Ao - A13 Address Inputs 

Do - D7 Data Outputs 

cs, - ,res, - 2 Chip Select Inputs 

OE Output Enable I np·ut 

N.C .. _____ -+_=No..::C:.:-0c:n:.-ne::c:.:t:.:-ioc:n ______ -J 

vcc _____ 4-~5~V~P~o~w~e~r~S~Up~P~IY~--------_4 
I GN DC _________ -.l. ___ G_r_o.u~n~d'--______________ ---' 
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TOSHIBA 

Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are i'TIplied, and Toshiba reserves 

the right, at any time without notice, to change said circuitry. 

© Nov., 1981 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
TMM23256P 256K BIT (32K WORD x 8 BIT) MASK ROM TMM23256P 
N-CHANNEL SILICON GATE 

DESCRIPTION 
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, 
qperating 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 Inputs have Protection 

Against Static Charge 

PIN CONNECTION 

Vee 

A,. 

A13 

As 

A9 

A11 

DE 
AlO 

eE 
0, 

Os 
0, Os 

0, 

03 

PIN NAMES 

Ao "'" A14 Address Inputs 

Do - 0, Data Outputs 

OE Output Enable Input 

CE Chip Enable Input 

N.C. No Connection 

I ___ ':~'cc Power Supply Terminal 

GNO Ground 
-

10mA. Output Enable (OE) is effective in preventing 
data confliction on a common bys line. 

The TMM23256P uses the address latch system 

that the falling 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 ion 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 

Vee GND 

OEo>-----~~ I j 
I 

eE 

255 -

Chip. Enable 

I nput Buffer 

and Clock 

512 

Output 

Buffers 

Column 

Decoder 

8 x 64 

262,144 bits 

Memory cell 

array 



TOSHIBA 

MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

VCC Power Supply Voltage -0.5~7.0 V 

V IN , VOUT Input and Output Voltage -0.5~ 7.0 V 

TOPR Operating Temperature O~ 70 °C 

TSTRG Storage Temperature -55 ~ 150 °C 

TSOLOER Soldering Temperature· Time 260 . 10 °C . sec 

Po Power Dissipation (Ta = 70°C) 1.0 W 

D.C. OPERATING CONDITIONS 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 
-.---~ -

VIH Input High Voltage - 2.2 - VCC + 1 V 

VIL I nput Low Voltage - -0.5 - 0.8 V 

Vcc Power Supply Voltage - 4.5 5.0 5.5 V 

D.C. and OPERATING CHARACTERISTICS ITa = a ~ 70°C) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

IIH i I nput High Current VIN = 5.5V - 0.05 10 /lA 

IlL I nput Low Current VIN ~ GND - -005 -10 /lA 

VOH Output High Voltage IOH = -400/lA 2.4 3.3 - V 

VOL Output Low Voltage IOL = 3.2mA - 0.3 0.4 

'~I 
ILOH VOUT = 5.5V ICE = 2.2V or - 0.05 10 

ILOL 
Output Leakage Current 

VOUT = 0.4 V 101' = 2.2V -0.1 -20 /lA -

ICCI Standby Current CE = 2.2V - - 10 mA 

ICC2 Average Current tCYC = 230ns, lOUT = OmA - - 40 mA 
---

• Typical values are at Ta '= 2SoC and Vee = 5V. 

CAPACITANCE ITa = 25°C, f = 1 MHz) 

PARAMETER CONDITIONS 

I nput Capacitance VIN = AC. GND 

Output Capacitance VOUT = A.C. GND 

Note: This parameter is periodically sampled and is no't 100% tested. 
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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 -
---'------ -~-.----------

_._--1---
tACC Access Time -
~~ --- ----- - -

too Output Delay Time form DE -

too Output Turn off Delay -

tee CE off Time -
-

~~ye Cycle Time tAS - Ons, t r , tf - 5ns 

• Typical values are at Ta = 25"C and Vee = 5V. 

A,C, TEST CONDITIONS 

• Output Load 1 TTL Gate + 100pF 

• Input Rise and Fall Times (10% - 90%) 5ns 

• Input Pulse Levels 0.8 - 2.4V 
• Timing Measurement Reference Levels Input lV and 2.2V 

Output; 0.8V and 2.0V 

TIMING WAV.EFORMS 

MIN. TYP. MAX. UNIT 

150 - - ns 

0 - - ns 

30 - - ns 

- - 150 ns 

- -
, 70 ns 

- - 70 ns 

70 - - ns 

230 - - ns 

______ -J)xr~ __ A_~_~_~_~_~_S __ ______ A_D_D_R_E_S_S_M_A_Y_C_H_A~~~~G-E------Jjx(~----------~-
CE 

OE 

~~ 
~------------~~ .~ 

HIGH - z 

~-+---I~,o,~ 
DATA VALID 

I 
I 

tCYC I 
----------------~ 

HIGH - Z 

Nota (1) too is specified from DE or cr, whichever occurs first. 
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OPERATION INFORMATION 

The TMM23256P has two control functions. 
The chip enable (CE) controls the operation power 

and should be used for device selection. The falling 

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 ~ V I L, 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 I 
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 Vcc power supply. 

2. POWER ON 
The TMM23256P requires initialization prior to 

normal operation. Two initialization methods are as 

follows: 
(1) A minimum 100l1s time delay is required 

after the appl ication of V cc (+5V) before 
proper device operation is achieved. And dur­
ing this period, CE must be at VIH level. 

(2) A minimum 100l1s time delay is required 
after the application of Vcc (5V), 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. 

CE 

OE 

;;{ 
-5 
U 

50 

CE 

OE 

;;{ 
-5 
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lJ\V '\--i---J tJjY \r-r--l.! 
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Time Ins) 

Fig.1 ICC vs. Time (1) 

1 cycle 

2.0 V 

0.0 V 'I--t-
2.0 V 
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0 

0 

40 

20 

~, 

~ 
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\ IV IIr +--V 
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OUTLINE DRAWINGS 

Unit: 

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 

2.54 ±O.25 1.4±O.15 0.2 MAX. I. 17.4 Max. 

Note: Each lead pitch is 2.54 rnm. 

All leads are located within 0.25 mm of their true lingitudinal 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 ir"(lplied. and Toshiba reserves 
the right, at any time without notice, to change said circuitry. 

© Nov., 1981 Toshiba Corporation 
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32 K Bit CMOS MASK ROM COMPAR ISON TABLE 

PIN CONFIGURATION 

TC5332P TC5333P TC5334P TC5335P 

Operation Mode Table 

~PinName 
Number 

r--
Address Latch 

Read 

Standby 

Output Deselect 

Operation Mode 

~nName 
Number 

Addresses Latch 

Read 

Standby 1 

Standby 2 

Output Deselect 

Operation Mode 

Voo A7 

As A6 

A9 

All 

DE 

cEicr 

CE/CE OE 
(18) (20) 
~ 

~ - -~ 
H/L L 

L/H * 
H/L H 

TC5332P 

Addresses 

~ 
Valid 

* 
* 

Voo 

AS 

A9 

All 
---=-----, _O':' __ -.l 

A,O 

_~-=--=-J 
07 

Outputs 

~ 
Oout 

High-Z 

High-Z 

A6 

Power 

~ 
Active 

Standby 

Active 

Fully Static Operation (Asynchronous Type) 

TC5334P 

CE,ICE I CE, ICE 2 
Addresses Outputs Power (20) (211 

~ -~ ~ ~ ~ 
H/L H/L Valid Dout Active 

L/H * * High-Z Standby 

* L/H * High-Z Standby 

--------
~~ 

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

Fully Static Operation (Asynchronous Type) 

- 263-

GEl/eEl 
----------

TC5333P 

CE OE 
Addresses Outputs Power (18) (20) 

l- * Valid High-Z -

L L * Dout Active 

H * * High-Z Standby 

L H * High-Z Active 

Address Latched Operation (Synchornous Type) 

TC5335P 

CE OE 
Addresses Outputs Power (20) (211 

L * Valid High-Z -

L L * Dout Active 

H * * High-Z Standby 

~ ~ ~ ~~ 

----------L H * High-Z Active 
Address Latched Operation (Synchronous Type) 





J TOSHIBA MOS MEMORY PRODUCTS 
4K WORD x 8 BIT CMOS MASK ROM 

SI LICON GATE CMOS 

DESCRIPTION 

The TC5332P is a 32,768 bit low power read only 
memory organized as 4,096 words by 8 bits using 
CMOS technology, and operates from a single 5V sup­
ply. 

The TC5332P has a programmable chip enable 
input (CE/CE) for device selection and a output 
enable input (OE) for fast access and output control. 
The maximum access times from address and chip 
enable are both 450 ns. 

FEATURES 

• Access Time: 450ns 
• Low Power Dissipation 

1000 ~ 7mA (Max.) Operilting 
loos ~ 20jlA (Max.) Standby 

• All Inputs and Outputs: TTL Compatibl8 
• Three state outputs 

PIN CONNECTION (TOP VIEW) 

PIN NAMES 

Dj 

D, 

GND 

.~--

Ao ,....., Au ADDRESS INPUTS 

Do ~ D, DATA OUTPUTS 

VDD 

AS 

A9 

An 

OE 
AIO 

CE/eE 
D, 

D, 

D, 

D4 

D3 

CE/CE CHIP ENABLE INPUT 
.--

OE OUTPUT ENABLE INPUT 

VOO POWER (+5V) 

GND GROUND 
--

TC5332P 

The TC5332P is pin compatible with the industry 
produced NMOS ROM TMM2332P, yet offers a more 
than 90% reduction in power of their NMOS equiva­
lent. The TC5332P's maximum operating and stand­
by current is 7mA and 20jlA, respectively. Thus the 
TC5332P is most suitable for use in low power 
applications such as battery operated system. 

The TC5332P is molded in a 24 pin standard 
plastic package. 

• Fully Static Operation 
• Two Control Functions: CE/CE, OE 
• Programmable Ch ip Enable: CE/CE 
• Output Control: OE 
• Pin Compatible with TMM2332P and TMM2732D 
• Standard 24 pin Plastic Package 

BLOCK DIAGRAM 

Voo GND 

r r 
DE 

CE o---___ ~-q 

AO 

Aj 

A, 

A3 

A4 

A, 

A6 ~ A, 

" AS 
128 Memory Cell Array 

(256 x 128) 

A9 

AjO 

All 
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ABSOLUTE MAXIMUM RATINGS 

SYMBOL ITEM RATING 

Voo Power Supply Voltage -0.3V-7.0V 

VIN I nput Voltage -0.3V -7.0V 

VOUT Input/Output Voltage OV-Voo 

Po Power Dissipation ITa - 85°C) 0.8W 

TSTG Storage Temperature _55°C -150°C 

TOPR Operating Temperature _40°C -85°C 

TSOlOER Soldering Temperature· Time 260°C -10 sec 

RECOMMENDED D.C. OPERATING CONDITIONS (Ta = _40°C - 85°C) 

S.YMBOL 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 
-

D.C. CHARACTERISTICS (Ta'" -40°C - 85°C, Voo = 5V ± 10%) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

III I nput Load Current O'5::VIN '5::Voo - - ±1.0 IlA 

ILO Output Leakage Current CE = Vil ICE = VIHI. OV';:;Vout ';:;Voo - - ±5.0 IlA 

IOH Output High Cu rrent VOH = 2AV -1.0 -4.0 - mA 

IOl Output Low Current VOL = OAV 2.0 4.0 - mA 

100S1 CE - 0.8V ICE - 2.2V) - 0.5 2.0 mA 

100S2 
Standby Supply Current 

CE = 0.2V ICE = Voo - 0.2V) 0.05 20 - JlA 

10001 
CE - VIH ICE - VIL)' teye -lJls, 

- 6.0 10.0 mA 
Operating Supply VIN = VIH/VIl, lout = OmA 
Current CE - Voo ICE - OV), teye - lJls, 

10002 
VIN = Voo/GND, lout = OmA 

- 4.0 7.0 mA 

Note: Typical values are at Ta = 25°C, Voo = 5V. 

CAPACITANCE 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

CIN Input Capacitance - 5 10 pF 

Cout Output Capacitance - 5 10 pF 

Note: This parameter is periodically sampled and is not 100% tested. 
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A.C. CHARACTERISTICS ITa = -40 - 85°C. Voo = 5V ± 10%) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

tACC Address Access Time - - 450 ns 

tCE Chip Enable Access Time - - 450 ns 

tOE Output Enable Access Time - - 150 ns 
-

too Output Desable Time - - 100 ns 

tCYC Cycle Time 450 - - ns 

A.C. TEST CONDITIONS 

• Output Load lOOp F + lTT L Gate 
• Input Pulse Levels O.6V,2.4V 
• Timing Measurement Reference Levels 

Input O.8V and 2.2V 
Output O.8V and 2.2V 

• Input Pulse Rise and Fall Times 10ns 

TIMING WAVEFORMS 

tCYC 

:x Address Stable X 
tACC 

CE/CE 

ir----------

-----------~ 
----I 

------------
'eE '00 

;t '00 

I 'OE 

I 

G< Output Data Valid -

OPERATION MODE 

MODE CE/CE OE ADDRESS OUTPUTS 

Read H (LI L Valid Data out 

Standby L (HI . . High Z 

* : Don't care 
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TYPICAL CHARACTERISTICS 

500 

400 

0 

U 
300 

u 
~<!. 

200 

100 

400 

c:: 300 

1l 
~ 200 

3 

tAce vs. Voo 

Ta = 25°C 
CL = 10Qpf + lTTL 

5 6 

Von [V] 

t Ace vs. Ta 

VOO '" 4.5V 
Cl'" 100pF + lTTL 

100L_-4~0~--~--~4~0~~8~0~--­

Ta rOC] 

';( 
i 
o 
" " 

';( 
i 
8 
" " 

'0001 vs. Von 

IT '" a.BV 
BE = O.BV 
Ta = 25°C 

tcycl e '" 1Us 

5 

VOO [vI 

'OD02 vs. VOO 

CE '" O.2V 
DE = O.2V 
Ta=2Soc 

t cycle '" lus 

Voo [v) 

400 

300 

w 
.3 

200 

teE VS. VOO 

Ta = 25°C 
CL = 100pF + lTTL 

100~3----4~----5----6~-------­

VOO [V) 

400 

I: 300 

w 
U 

200 

100 -40 

';( 
i 
o 
" " 

';( 
2 

N o 
" " 

-40 

o -40 

teE vs. Ta 

Voo : 4.5V 
CL'" 100pf + lTTL 

a 40 80 

Ta rOc) 

10001 vs. Ta 

~D = S.5V 
CE = O.BV 
DE = O.BV 
tcycl e = If.ls 

80 

'0002 vs. Ta 
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VOO = 5.5V 
cr = O.2V 
DE: D.2V 
t cycfe = lJ,ls 

80 

0 

w 

.9 

w 
o 

<!. 
i 
N 
o 
" " 

150 

100 

50 

150 

100 

50 

40 

tOEVS.Voo 

Ta = 2SOC 
CL = 1 DOpF + lTTL 

Voo [V] 

toEvs,Ta 

VOO : 4.5V 
CL = 100pF + lTTL 

40 

Ta rOc] 
80 

'0001 vs. t cycle 

~~~.:V5V 
BE = O.BV 
Ta '" 2SoC 

--------------------

O~O----~--------~--~----~ 

T cycle [,us] 

'0002 vs. tcycl e 

~D = 5.5V 
CE : O.2V 
iSt = O.2V 
Ta '" 2SoC 

'--------

0~0----7---~----~--~--~ 

tcycle Lus] 



IOOS1 vs. VIN (CE) 

voo = 5.5V 
Other Input = O.S ..... 2.2V 
Ta == 25°C 

500 

~ 400 1 
.=, N 

300 
en 

;;; Cl 

C 200 
!? 

P 
100 

2.0 3.0 4.0 

v,NICEJ [V) 

2.5 VIH. VIL vs. Ta 

VIH Veo = 5.5V 

~ 
2.0 VIL Veo "" 4.5V 

oJ :t 
-; ~ 5: 
± 

1.5 ~ 
:I: 

-; !? 

1.0 

-40 40 80 

Ta rOc) 

10052 vs. Ta 
100 

1 10 
N 

:g 
C 

-40 80 

50 

30 

10 

-15 

-10 

-5 

0 
1.0 

I0052VS, VIN (CE) 

VOO = 5.5V 
Other Input:s 0.8~2.2V 
Ta = 25°C 

4.0 5.0 6.0 

V,NICEJ [V) 

IOH VS. VOH 

VOO = 4.5V 
Ta = 25°C 

~ 
2.0 3.0 4.0 

VOH [V) 
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2.5 
VIN. VIL vs. VOO 

Ta = 25°C 
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TOSHIBA PAPER TAPE FORMAT 

Use 7 or 8-bit (even parity) ASCII code paper tape for ROM data input. 
Two acceptable formats which are described in section A and 8 are avail­
able. 

A. Format 1 (when a check sum per word is used) 

NULL 

TC5332P-0000) 

'MSB= 07 ) 

N8; ) 

ROOOO; X7FP7; .... ; X07P3; ) 
R0008; X38P3; .... ; XE5P5;) 
R 0016; X10P1; .... ; X6BP5;) 

R4080;X40P4; .... ;X8BP5;) 

R4088; X2CP3; .... ; XA4P3;) 

(CS = 1)) 

NULL 

Preceding the first data field and following the last data field there must be 
a leader/trailer length of a least 50 null characters. 

Contents in a single quotation mark (. .....• ) signify a comment and 
ODD 0 indicates a four-digit user pattern number. 

) indicates carriage return and line feed. 

Specify the most significant bit (MSB) of the device outputs (07 or Do) 
N8 indicates that the mask pattern is an 8-bit pattern. 

Semicolon ( ; ) signifies a punctuation of data. 

R signifies an address. Enter the address with the four decimal digits every 
8-words after the character R. 

X signifies a hexadecimal digit. 
Enter the data with the two hexadecimal digits every word after the charac­
ter X. 

P signifies the check sum per word. 
Enter the sum of 1 in a one word decimal after the character P. 

* Data Modification 
Modifying single and continuous word data can be carried out by specify­
ing the modifying addresses and inputting the data following the above 
procedure before the end symbol. 
Modification can be allowed from 0 to 4095 addresses. 

Specify the active logic of chip enable a/CE (18PIN) in the parentheses. 
Enter CS = 1 and CS = 0 when active logic of chip enable is at high and low 
levels. respectively. 
An example is shown in the left figure. 
In this example the device is selected under the condition that cr/CE is 
at high level. 

$ signifies the End symbol. 
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B. Format 2 (When a check sum per word is not used) 

NULL 

TC5322P·0000) 

'MSB = 0 7 ) 

N8; ) 

R 0000; X7F5A .... 39E5; ) 

R 0016; X108C .... B241;) 

R 0032; X2DBA .... 36C7;) 

R4064; X1 EC5 .... 31DE;) 

R4080; X4DA6 .... 1 BA4; ) 

(CS = 1)) 

$ ) 

NULL) 

R signifies an address. 
Enter the address with the four decimal digits every sixteen words after the 
character R. 

X signifies a hexadecimal digit. 
Enter the data of sixteen words continuously after the character X. 

Otherwise specified in Format 1. 

In addition, Toshiba can also accept programming and masking information for TC5332P in the form of punched 
paper tape with Intel BNPF format or master devices (EPROMs). 
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OUTLINE DRAWINGS 

242322212019181716151413 

··"'·'{::I::~:]!I. 
123456789101112 

Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudinal position with respect to No.1 and No. 24 leads. 
All dimensions are in millimeters. 

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

© Spt. 1981 Toshiba Corporation 
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~ TOSHIBA MOS MEMORY PRODUCTS 
4,096 WORD X 8 BIT CMOS MASK ROM 

SILICON GATE CMOS 

DESCRIPTION 

The TC5333P is a 32)68 bit low power read only 
memory organized as 4,096 words by 8 bits using 
CMOS technology, and operates from a single 5V 
supply. 

The TC5333P has a chip enable input (CE) for 
device selection and a output enable input (OE) 
for fast memory access and output control. And the 
TC5333Puses the address latch system that the falling 
edge of CE latches all inputs except for OE, thus 
can be connected to a system where address and data 
buses are commonly used. The maximum access 

FEATURES 

• Access Time: 450 ns 
• Low Power Dissipation 

1000 = 7mA (Max.) : Operating 
100S = 20/lA (Max.): Standby 

• All Inputs and Outputs: TTL Compatible 
• Three State Outputs 

PIN CONNECTION (TOP VIEW) 

PIN NAMES 

Ao -A" Address Inputs 

Do - 0, Data Outputs 

CE Chip Enable Input 

OE Output Enable Input ._--
Voo Power (+5V) 

GNO Ground 

TC53·33P 

time from chip enable is 450 ns_ 
The TC5333P is pin compatible with the industry 

produced NMOS ROM TMM2332P, yet offers a more 
than 90% reduction in power of their NMOS equi· 
valent. The TC5333P's maximum operating and 
standby current is 7 mA and 20 /lA, respectively. 
Thus the TC5333P is most suitable for use in low 
power appl ications such as battery operated system. 

The TC533-3P is moulded in a 24 pin standard 
plastic package. 

• Two Control Functions: CE, OE 
• Address Latches: CE 
• Output Control: OE 
• Piri Compatible with TMM2332P and TMM2732D 
• Standard 24 pin Plastic Package 

BLOCK DIAGRAM 

Vee OND 

I I 
6Eo----d 

ceo--....... -d 

AO 

Al 

A, 

~ A, 
m 

A4 .. 
As -1-
A6 

a 
j 

A, e ~ .. 
128 .. 0 Memory Cell Array 

AS .. ~ 
(266 x 128) 0( 0 

A. ~ 
AIO 

a: 

All 
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ABSOLUTE MAXIMUM RATINGS 

SYMBOL ITEM RATING --
VDD Power Supply Voltage -0.3V-7.0V 

V1N Input Voltage -0.3V-7.0V 

VOUT Output Voltage OV-VOO 

~D_ Power Dissipation (Ta = 85°C) 0.8W 

TSTG Storage Temperature -55°C - 150°C 

I--TOPR Operating Temperature _40°C _85°C 

TSOlDER Soldering Temperature· Time 260°C· 10 sec 
-- .. _-_. 

RECOMMENDED D.C. OPERATING CONDITIONS (Ta = -40°C - 85°C) 

~r6C 
.. -1---------------PARAMETER MIN. TYP. MAX. UNIT 

- -- -_.- --------"--
VDD Bower Supply Voltage 4.5 5.0 5.5 V 

-~ I nput High Voltage 2.2 Voo+0.3 V 

V1l I nput Low Voltage -0.3 0.8 V 

D.C. CHARACTERISTICS (Ta = -406 C - 85°C, VOO = 5V ±10%) 
r--------~----~~--.-------------._~-~-~-._--_r~_=~ 

~YMBOL PARAMETER ___ C_O_N_D_IT_I_O_N_S ______ +-__ + __ -+ ___ f--_---j 

1-_111,. ___ -l...:I...:n=.pu=.t...:L=.o:.::a:.::d...:C:..:u ..... rr...:e...:n.:..t __ .+.;O,,;S;,-VIN S Voo 

!-.!Lp__ __ 2uti:lu:t.Leakage Current l~E = V1H , O ..... V--'S=. __ V ... ~ou~:t--'S=-V ..... .::o~o~ ____ +---:--:--+_--:-::c-+_=.:.::...-+I--=--'_I 
!-IQH. . ____ ._ OU!PLJt_Hi~_c..u.":e-"-:t.~_,:,?4V 

_.IOl Output Low C::LJ~~. ._i-,",Ol = O.4V 

MIN. TYP. MAX. UNIT 

±1.0 pA 

±5.0 /1A 

-1.0 -4.0 mA 

2.0 i 4.0 mA 

r CE = 2.2V 
2.0 5.0 mA 

0.05 20 /1A 

10DSt 
~~"0puts =~!f:I_.o __ r V_1",l ___ -.---I---+----+---+----j 

100S2 CE = Voo -0.2V 
I-____ I--_________ +o~t,~her inputs = 0.2V or Voo -0.2V 

Standby Supply Current 

6.0 10.0 mA 

4.0 7.0 mA 

CE = Vll, teye = 1 /1S, 

VIN = VIH/Vll.:.., _loo"-utc..=_O_m_A ______ +-__ + ___ r--__ + __ --I 
CE = OV, teye = l/1s, 

VIN = Voo/GND, lout = OmA 

10001 1-------' Operating Supply 

Current 
10002 

Note: Typical values are at Ta = 25°C, VOO = 5V. 

CAPACITANCE (Ta = 25°C, f = 1 MHz) 
SYMBOL ·~P~A~R~A~M~E=T=E=R------.-~~-,-~-.----,-----

Input Capacitance 

COUT Output Capacitance 

Note: This parameter is periodically sampled and is not 100% tested. 

- 274-



TOSHIBA 

A.C. CHARACTER ISTICS (Ta ~ -40 - 85°C Voo = 5V ± 10%) 
---------~------~----~------~----~ 

SY~BOL_---+. _ _ - PARAMETER ____________ ~~_ TYP. 

tACC Chip Enable Access Time -

_ tOE ___ ~pu~nabl~~ccess Tlm_e__ --l-__ -__ +-___ +---"=-=-_+---'-"--I 
tAS Address Setup Time I 30 

~------ --Address Hold TI':;;;-- 30 __ +-____ 1--___ +-_~ 

tee CE OFF time-· . _ t . _ ~_o.__ -- _I __ . ___ ~._ 

:~~H ~~~~;~~~~:'~i~~ ________ ~~ ~=- t ~~~_-=_-__ r-1~o--t, ~-
L~_~c _____ ~_~~~e~'me__ __ ______ __ j L- ,ns 

A.C. TEST CONDITIONS 

Output Load 
I nput Pulse Levels 

: 1 OOpF + lTTL Gate 
: 0.6V. 2.4V 

Timing Measurement Reference Levels 

Input : 0.8V and 2.2V 

Output: 0.8V and 2.2V 

Input Pulse Rise and Fall Times : 10 ns 

TIMING WAVEFORMS 

AO ,...,..,All 

CE 

OPERATION MODE 

M():Q:E7 100~RESSII OUTf'UTS J 
Read ___ : _L J~+. * I Data out 'I 

Standby I H I * * High Z 

~~~;hess_]L~ __ ~I~i~=--~ 
Don't care. 
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TOSHIBA 

TOSHIBA PAPER TAPE FORMAT 

Use 7 or 8-bit (even parity) ASCII code paper tape for ROM data input. 
Two acceptable formats which are described in section A and B are available. 

A. Format 1 (when a check sum per word is used) 

NULL 

'TC5333P-DDDD' ) 

'MSB = 07') 

N8;) 

RDDDO;X7EP7;. 

RDDD8;X38P3; . 

RDD16;XlOP1; . 

;X07P3; ) 

. ;XE5P5; ) 

... ;X6BP5; ) 

R4080;X40P4; . . .. ;XB5P5; ) 

R4088;X2CP3; . . . ;XA4P3; ) 

$) 

NULL 

Preceding the first data field and follwing the last data field there 
must be a leader/trailer length of at least 50 null characters. 
Contents in a single quotation mark (' . . ') signify a comment 
and DODD indicates a four-digit user pattern number. 

) indicates carriage return and line feed. 
Specify.the most significant bit (MSB) of the device outputs (D7 or DO) 
N8 indicates that the mask pattern is an 8-bit pattern. 
Semicolon (;) signifies a punctuation of data . 
. R signifies an address. Enter ,the address with the four decimal digits 
every 8-words after the character R. 
X signifies a hexadecimal digit. 
Enter the data with the two hexadecimal digits every word after the 
character X. 
P. signifies the check sum per word. 
Enter the sum of 1 in a one word decimal after the character P. 

* Data Modification 
Modifying single and continuous word data can be carried out by 
specifying the modifying addresses and inputting data following the 
above procedure before the end symbol. 
Modification can be allowed from 0 to 4095 addresses. 

$ signifies the End symbol. 
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B. Format 2 (when a check sum per word fis not used) 

NULL 

'TC5333P-DDDD' ) 

'MSB = D7') 

N8;J 

RDDDO;X7F5A .... 39E5; ) 

RDD16;X108C ..... B241;) 

RDD32;X2DBA ..... 36C7; ) 

R4064;X1EC5 ...... 31DE; ) 

R4080;X4DA6 ...... 18A4; J 

$ ) 

NULL 

R signifies an address. 
Enter the address with the four decimal digits every sixteen words 
after the character R. 
X signifies a hexadecimal digit. 
Enter the data of sixteen words continuously after the character X. 
Otherwise specified in Format 1. 

In addition, Toshiba can also accept programming and masking information for TC5333P in the form of 
punched paper tape with Intel BNPF format or master devices (EPROMs). 
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OUTLINE DRAWINGS 

24 23 22 21 20 19 18 17 16 15 1413 

~::::::::u]~~ 
1 2 3 4 5 6 7 8 9 10 11 12 

r::l 
B 
1 17.4 MAX. .1 

Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudinal position with respect to No.1 and No. 24 leads. 

, All dimensions are in millimeters. 

Note: Toshiba does not assume any responsibility for use of any circuity described; no circuit patent licenses are implied and Toshiba reserve the right, 

at any time without notice, to change ss'jd circuitry. 

~ Mar., 1982 Toshiba corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
4,096 WORD x 8 BIT CMOS MASK ROM 

SI LICON GATE CMOS 

DESCRIPTION 

The TC5334P is a 32.768 bit low power read only 
memory organized as 4,096 words by 8 bits using 
CMOS technology, and operates from a single 5V 
supply, 

The TC5334P has two programmable chip enable 
inputs (CE 1 ICE 1 and CE2/CE2) for device selection. 
The maximum access times from address and chip 
enab Ie are bot h 450 ns, 

The TC5334P is pin compatible with the industry 

FEATURES 

• Access Time: 450 ns 
• Low Power Dissipation 

1000 = 7 mA (Max.) : Operating 
100S = 20)J.A (Max.): Standby 

• All I nputs and Outputs: TTL Compatible 
• Three State Outputs 

PIN CONNECTION (TOP VIEW) 

A, VDD 

A6 A8 

A5 A9 

1'4 CE 2/CE2 
A, eEl/eEl 
A2 AIO 

A, A" 
Ao D, 

Do D6 
D, D5 

D2 D, 

GND D, 

PIN NAMES 

Address Inputs _ I 

OO~1:)7_ ~ata output_s_= 

I Chip Enable ~nputs __ 

VDD -----r-Power (+5VI 

GNO __ ; Gr-cou",n~d,-__ 

TC5334P 

produced NMOS ROM TMM333P, yet offers a more 
than 90% reduction in power of their NMOS equiv­
alent, The TC5334P's maximum operating and 
standby current is 7mA and 20)J.A, respectively. Thus 
the TC5334P is most suitable for use in low power 
appli~ations such as battery operated system. 

The TC5334P is molded in a 24 pin standard 
plastic package. 

• Fully Static Operation 
• Two Programmable Chip Enables: 

CE 1 ICE 1, CE 2/CE2 
• Pin Compatible with TMM333P 
• Standard 24 pin Plastic Package 

BLOCK DIAGRAM 

eE2 

A8 

A9 

A,o 

AltO 

Voo GND 

I '( 

~ i 128 

o 
~ 
a: 

Memory Cell Array 

(256 x 128) 
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ABSOLUTE MAXIMUM RATINGS 

---sYMBOL ITEM RATING 
~--------j--------------------------------+------------------------~ 

Voo Power Supply Voltage -0.3V - 7.0V 

_VIN Input Voltage -0.3V - 7.0V 

VOUT Output Voltage OV - Voo 

Po .. =!-",ower Di~sipation ITa - 85°CI 0.8W 

_ TST~________ _~torag.: Temperatu"'-____ .___ _55°C - 150°C 

__ . lOPR Operati"!..~empera~"'_._. _40°C - 85°C 
_"T§OLOER ________ . I Soldering Temperature· Tim-e-----·---------+---------2606C~------

RECOMMENDED D.C. OPERATING CONDITIONS (Ta = -40°C ~ 85°C) 

r~- SYMBOL • U' PARAM--ET-E-R------~ ---M-.IN~-TYp:-~AX. 'I. UNIT] 
\/00__ Power SlJi)ply Voltage 4.5 5.0 5.5 V I 

~ -- - - --- --,-nput High VOlta-'g'-e ______________ -+_·-__ ~20·.23 _1~_ =-- _~00.+~0.3. -L.:::::yV=-·~ ... J 
__ VIL _ _ Input~w 'yo1t"ge __ _ .... _1 J 

D.C. CHARACTERISTICS (Ta = -40°C - 85°C, Voo = 5V ± 10%) 

SYMBcJLi--PARAMETER--T CONDITIONS MIN. TYP. MAX. UNIT I 
IIL--~nputL;'ad Current O:;? VIN ~ Voo --------------+------+------+--±-l.--O--J---Il-A---l-il 
I LQ.::::~=_~~J)litPli~ ~eal(ag".~lJrrent CE = VI L (CE = VIH I, a V :;? Vout :'? Voo _____ -c-:c._+-.-:-::--+_± __ 5._0 __ t--...c.Il_A:---i' 
IOH__ __ ,_Output High Current __ [',/OI::f..= 24\/...._ -1 0 -4.0 mA 
IOL r Output Low Current VOL = 04V --·-----·------------c2c-0::-+---4c-.0::-+-------t--m-cA--l 

100S1 1--- - ------- - --CE-;-;;'-08V Or {E; ;;o8V------------t-----+_ -I 

CE , = CE, = VIH 

ICE I = CE, = VILltCYC = 1J1S 6.0 10.0 mA 

~ Operating Supply VIN = VIf2./VIL lout = OmA . ____________________ --; _____ --1 
Current 1rt, = CE, = Voo 

10002 ICE I = CE, = OVI tCYC = 11ls 4.0 mA 

VIN = Voo!GND lout = OmA 

Note: Typical values are at Ta "" 25°C, VOD '" 5V, 

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

=SvM~--r --------~PARAMETER-----·----~~M~I~N-. ~ TYP. 

Ls~ ______ . I Inpu-t-'c::-a-p-ac-:i-ta-n=ce====================~=~__ --:5=---+----:-:-----t------c::---1 

~~UT ______ ~ __ O_u_t_p_u_t_C_ap_a_c_it_an_c_e_ _ ____ ~ ______ ~ ____ 5 ____ ~ ______ ~ __ _ 
Note: This parameter is periodically sampled and is not 100% tested. 
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A.C. TEST CONOITIONS 

Output Load 
I nput Pulse Levels 

: 100pF + lTTL Gate 
. 0.6V, 2.4V 

Timing Measurement Reference Levels 
Input 0.8V and 2.2V 
Output. O.8V and 2.2V 

Input Pulse Rise and Fall Times . 10 ns 

TIMING WAVEFORMS 

OPERATION MODE 

Standby 
l 

Don't care 

tCYC 

Address Stab Is 

teE 
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! MIN. TYP. MAX I UNIT 

- - 450 I ns 
-

- - 450 I ns 

- - 100 I ns 
- _. 450 j-==t--;;;--
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TOSHIBA PAPER TAPE FORMAT 

Use 7 or B-bit (even parity) ASCII code paper tape for ROM data input. 
Two acceptable formats which are described in section A and B are available. 

A. Format 1 (when a check sum per word is used) 

NULL 

'TC5334P-DDDD ) 

'MSB = D7') 
NB;) 

RDDDO;X7FP7; . ;X07P3; ) 

RDDD8;X3BP3; .... ;XE5P5; .J 
RDD16;X10P1; ..... ;X6BP5;) 

R40BO;X4DP4; ..... ;XB5P5; ) 

R40B8;X2CP3; . . . ;XA4P3; ) 

(CS, = 11 ) 

ICS2 = 0) ) 

NULL 

Preceding the first data field and following the last data field there 
must be a leaderltrailer length of at least 50 null characters. 
Contents in a single quotation mark (' . . ') signify a comment 
and DODD indicates a four-digit user pattern number 
~ indicates carriage return and line feed. 

Specify the most significant bit (MSB) of the device outputs (07 or Do) 
NB indicates that the mask pattern is an B-bit pattern. 
Semicolon(;) signifies a punctuation of data. 
R signifies an address. Enter the address with the four decimal digits 
every B-words after the character R. 
X signifies a hexadecimal digit. 
Enter the data with the two hexadecimal digits every word after the 
character X. 
P sign ifies the check sum per word. 
Enter the sum of 1 in a one word decimal after the character P. 

* Data Modification 
Modifying single and continuous word data can be carried out by 
specifying the modifying addresses and inputting data following the 
above procedure before the end symbol. 
Modification can be allowed from 0 to 4095 addresses. 

Specify the active logic of chip enables CE ,ICE1 (20 PIN) and CE21 
C E2 (21 PIN) in the parentheses respectively. 
Enter CS1 = 1 or CS1 = 0 when active logic of CE 1/CE1 is at high 
or low levels, respectively. 
Enter CS2 = 1 or CS2 = 0 when active logic of CE 2/CE2 is at high 
or low levels, respectively. 
An example is shovyn in the left figure. 
In this example, the device is selected under the condition that CE 11 
eE1 and CE2/CE2 are at high and low levels, respectively. 

$ signifies the End symbol. 
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TOSHIBA 

B. Format 2 (when a check sum per word is not used) 

NULL 

'TC5334P-DDDD) 

'M5B = 07') 

N8;) 

RDDDO;X7F5A .... 39E5: ) 

RDD16;X108C ..... B241:"/ 

RDD32;X20BA ___ . _ 38C7: ) 

R4064;X1EC5 ..... _31DE:) 

R4080;X40A6 ...... 1BA4:) 

(CS, = 1) ) 

(C5, = 0) ) 

$) 

NULL 

R signifies an address. 
Enter the address with the four decimal digits every sixteen words 
after the character R. 
X signifies a hexadecimal digit. 
Enter the data of si xteen words continuously after the character X. 
Otherwise specified in Format 1 

In additon, Toshiba can also accept programming and masking information for TC5334P in the form of 
punched paper tape with Intel BNPF format or master devices (EPROMs). 
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OUTLINE DRAWINGS 

242322 2120 1918 17 1615 1413 

'~'- ~::::uu:::Jl 
1 2 3 4 5 6 7 8 9 10 11 12 

2.54 ±~O_.2_5_~--+___ -+Hl---===-
a.5±O.15 

N 

'" 
Note: Each lead pitch is 2.54 mm. 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. 

Note: Toshiba does not assume any responsibility for use of any circuity described; no circuit patent licenses are implied and Toshiba reserve the right, 

at any time without notice, to change said circuitry, 

© Mar., 1982 Toshiba corporation 
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· TOSHIBA MOS MEMORY PRODUCTS 
4,096 WORD x 8 BIT CMOS MASK ROM 

SILICON GATE CMOS 

DESCRIPTION 

The TC5335P is a 32,768 bit low power read only 
memory organized as 4,096 words by 8 bits using 
CMOS technology, and operates from a single 5V 
supply. 

The TC5335P has a chip enable input (CE) for 
device selection and a output enable input (OE) for 
fast memory access and output contro I. And the 
T C5335P uses the add ress I atch system that the 
falling edge of CE latches aLI inputs except for 
OE, thus can be connected to a system where address 
and data buses are commonly used. The maximum 

FEATURES 

• Access Time: 450 ns 
• Low Power Dissipation 

1000 = 7 mA (Max.) : Operating 
loos = 20p.A (Max.): Standby 

• All Inputs and Outputs: TTL Compatible 
• Three state outputs 

PIN CONNECTION (TOP VIEW) 

A7 VDD 

A. As 

As A. 

A. oe 
A, CE 
A2 A10 

Al All 

Ao 07 

Do D. 

01 Os 

0, D. 

GND 0, 

PIN NAMES 

Ao -All Address Inputs 

Do - 0, Data 0 utp uts 

CE Chip Enable Input 

OE Output Enable Input 
~----.-----. 

Voo Power (+5V) 

GNO Ground _. 

TC5335P 

access time from chip enable is 450 ns. The TC 
5335P is pin compatible with the industry produced 
NMOS ROM TMM333P, yet offers a more than 90% 
reduction in power of their NMOS equivalent. The 
TMM5335P's maximum operating and standby current 
is 7 mA and 20 p.A, respectively. Thus the TC5335P 
is most suitable for use in low power applications 
such as battery operated system. 

The TC5335P is moulded in a 24 pin standard 
plastic package. 

• Two Control Functions: CE, OE 
• Address Latches: CE 
• Output Control: OE 
• Pin Compatible with TMM333P 
• Standard 24 pin Plastic Package 

BLOCK DIAGRAM 

Voo GND 

I I 
oeo----q 

CEo--~--d 

AO 

Al 

A, 
~ A, 
~ 

A. ID 
-",. 

As S 
A. ~ 

~ 
A, 

! ,28 Memory Cell Array 
AS 

" 
(256 x 128) 

A9 <I: 

A,O 

All 
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ABSOLUTE MAXIMUM RATINGS 

SYMBOL 
~ 

ITEM 

Voo Power Supply Voltage 

V,N Input Voltage 

VOUT Output Voltage 

Po Power Dissipation (Ta = 85°CI 

TSTG C:torage Temperature 

TOPA Operating Temperature 

TSOLOER 
~~-. 

Soldering Temperature . Time 

RECOMMENDED D.C. OPERATING CONDITIONS (Ta = --40°C- 8GoC) 
--

MBO-L--~--'-------------pj\RAMETER----- -

o I Power Supply Voltage 

SY 

Vo 

V,H 

V,L 

MIN. 

4.5 

I Input High Voltage 2.2 

I Input Low Voltage -0.3 

D.C. CHARACTERISTICS (Ta = _40°C - 85°C, Voo = 5V±10%) 

SYMBOL I PARAMETER I 
CONDITIONS 

~~-~- --,- -----_._. 

1-----11 L I Input Load Current o :S;V'N :S;Voo 
CE - V,H , OV ~ Vout :s; Voo ILO I Output Leakage Current -_. 

IOH I Output High Current VOH = 2AV 
I Output Low Current ~L = OAV r--'0L 

I CE = 2.2V 
100S1 I other inputs =:: V 1H or V rL --_. __ .. ---- Standby Supply Current r===------ - ... - -----

I CE = Voo -0.2V 

-

100S2 
--- _~er inputs_=_Oc:z,V.<Jr_Voo -0.2\.1 __ 

10001 
CE = V'L, teye = 1/15, 

Operating Supply V,N =V'H/V'L, lout=OmA 
Current 

[--=----

10002 
CE = OV, leye = 1 /15. 

V,N = Voo/GND, lout = OmA 

Note: Typical values are at Ta = 2SoC, Voo = 5V 

CAPACITANCE (Ta = 25°C, f = 1 MHz) 

RATING 

-0.3V -7.0V 

-0.3V-7.0V 

OV- Voo 

0.8W 

-55°C - 150°C 

_40°C _85°C 

260°C ·10sec 

TYP. MAX. UNIT __ 

5.0 5.5 V 

- Voo+0.3 V 

- 0.8 V 

MIN. TYP. MAX. UNIT 

- - ±1.0 /lA_ 
- - ±5.0 I /1A 

-1.0 -4.0 - mA -- -~ 

2.0 4.0 - mA 

- 2.0 
I 

5.0 mA 

- 0.05 I 20 /1A 
-'------

I 

- 6.0 I 
10.0 I mA I 

I 

- 4.0 7.0 mA 

SYMBOL PARAMETER UNlq 

L~_CC()'NLJ:r._~~~~~~I_n_p~ut_C_a_p_a~ci_ta_n_c_e~~-_-_-_-_-_-_-~~-.+-~~~~T-~~~~+-~~~~+--Pp.FF~ Output Capacitance : ___ J 
Note: This parameter is periodically sampled and is not 100% tested. 
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TOSHIBA 

A.C. CHARACTERISTICS (Ta = -40 - 85¢C, VDD = 5V ±10%) 

r--sYMBOL PARAMETER . ~~---------+~~~~~4_~~+_~~ MIN . TYP. MAX. UNIT 

450 tACC Chip Enable Access Time 

tOE Output Enable Access Time 

tAS Address Setup Time 30 

tAH Address Hold Time 30 

tcc CE OFF time 70 
-----

tCEH Chip Enable Hold Time 450 
-------

-----------
540 

r-------------'---.---+----:=----. ---------------
too Output Desab . ..:le_T:...i_m_e __________ . ____ -+ ______ _ 
tCYC Cycle Time 

A.C. TEST CONDITIONS 

Output Load 
Input Pu'ise Levels 

: 1 OOpF + nTL Gate 
: 0.6V, 2.4V 

Timing Measurement Reference Levels 
Input : O.SV and 2.2V 

Output: O.SV and 2.2V 
Input Pulse Rise and Fall Times : 10 ns 

TIMING WAVEFORMS 

OPERATION MODE 
- -

MODE CE OE ADDRESS OUTPUTS 

Read L L . Data out 

Standby H * * High Z 

Address 
L . Valid High Z 

L Latch 

Don't care. 

tCEH 

'OE 
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150 ns 
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TOSHIBA PAPER TAPE FORMAT 

Use 7 or 8-bit (even parity) ASCII code paper tape for ROM data input. 
Two acceptable formats which are described in section A and B are available. 

A. Format 1 (when a check sum per word is used) 

NULL 

'TC5335P-DDDD' ) 

'MSB = 07') 

N8;) 

RDDDO;X7FP7; 

RDDD8;X38P3; 

RDD16;Xl0P1; . 

. . . . ;X07P3; ./ 

. ;XE5P5;~ 

.. . ;X6BP5;~ 

R4080;X40P4; .. ;XB5P5; ~ 
R4088;X2CP3;. . ... ;XA4P3; ) 

$) 

NULL 

Preceding the first data field and following the last data field there 
must be a leader Itrailer length of at least 50 null characters. 
Contents in a single quotation mark (' . ') signify a comment 
and OODO indicates a four-digit user pattern number . 
.-/ indicates carriage return and line feed. 

Specify the most significant bit (MSB) of the device outputs (D 7 or 
Do) 
N8 indicates that the mask pattern is an 8-bit pattern. 
Semicolon (;) signifies a punctuation of data . 
R signifies an address. Enter the address with the four decimal digits 
every 8-words after the character R. 
X signifies a hexadecimal digit . 
Enter the data with the two hexadecimal digits every word after the 
character X. 
P signifies the check sum per word. 
Enter the sum of 1 in a one word decimal after the character P. 

* Data Modification 
Modifying single and continuous word data can be carried out by 
specifying the modifying addresses and inputting the data following 
the above procedure before the end symbol. 
Modification can be allowed from 0 to 4095 addresses. 

$ signifies the End symbol. 
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B. Format 2 (when a check sum per word is not used) 

NULL 

'TC5335P-OOOO' ) 

'MSB = D7') 

NB;) 

ROOOO;X7F5A .... 39E5; ) 

R0016;X10BC ..... B241; ) 

R0032;X2DBA ..... 36C7; ) 

R4064;X1EC5 . 31DE; ) 

R40BO;X4DA6 ...... 1 BA4; ) 

NULL 

R signifies an address. 
Enter the address with the four decimal digits every sixteen words 
after the character R. 
X signifies a hexadecimal digit. 
Enter the data of sixteen words continuously after the character X. 
Otherwise specified in Format 1. 

In addition, Toshiba can also accept programming and masking information for TC5335P in the form of 
punched paper tape with Intel BNPF format or master devices (EPROMs). 
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OUTLINE DRAWINGS 

___ 3_2._4 M_A_X. __ ----, I i h 
, .Jt:?t 

1 17.4 MAX. .1 Q,5±O.15 
N 
M 

2.54 ± 0.25 

Note: Eac.h lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudinal pOsition with respect to No.1 and No. 24 leads. 

All dimensions are in millimeters. 

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

© Mar., 1982 Toshiba corporation 
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·~TOSHIBA MOS MEMORY PRODUCTS 
TC5364P 64K BIT (8K WORD x 8 BIT) CMOS MASK ROM 

TC5364P 
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 appl ications 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: 2011 A (Max.) 

• Wide Operating Temperature Range: -40 - 85°C 
• Pin Compatible with 64K EPROM TMM2764 and 

NMOS ROM TMM2364/2365 

PIN CONNECTION 

Voo 
AI. NC/CEl/CEl 
A7 NC/CE 2/CE2 

AS 

A9 

Au 
A, DE 
A. AIO 
AI CE3/CEs 

D7 

o. 
Os 

o. 
0, 

PIN NAMES 
r---

Ao -- AI2 Address inputs 

Do - D7 Data outputs 

CE I - CE, Chip enable inputs 
--

Po Power down input 

OE Output enable input 
-

NC No connection 
f--._.- ...•.. -

VDD Power Supply 

GN6 Ground --

PRELIMINARY 

cells and clocked peripheral circuitry. The falling 

edge of CE3 (or rising edge of CE3) latches all inputs 
except for OE and PO/PD. 

The TC5364P has a PO/PO (oPtional) input for 
device power saving, and also has three prograrrma ble 
chip enable inputs (CE, - 3/CE, - 3) and one output 
enable input (OE) for fast memory 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 PO/PO INC 
• Programmable Chip Select: CE" CE2, CE3, Easy 

Memory Expansion 
• All Inputs and Outputs: TTL Compatible 
• Three State Outputs 

BLOCK DIAGRAM 

Voo GND 
PO 

eel 

eE2 

eE3 

DE 

AO 

AI 

A. 

A, 

A4O---

As 

A6 

A7 

As 

A9 

AIO 

Au 

AI. 

J: 
U .... 

<J) ..: 
0: .J 
w 
::: 
" ., 
.... 
" .. 
~ 
<J) 
en 
w 
0: 
0 
0 
..: 

n 

<J) 
0: 
W 
o 
IC 
o 
~ 
o 
s: 
o 
IC 

8,192)( 8 bit 
Memory Cell Array 
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MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

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 W 

Topr Operating Temperature -40- B5 °c 
T,tg Storage Temperature -55 _ 150 °c 
TSOLOR 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 CONDITION 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 

IOH Output High Current VOH = 2AV -1.0 - mA 

IOL Output Low Current VOL = OAV 2.0 - mA 

(CE, VIH) =2.2V 
10001 (CE, VIL) = O.BV - 10 mA 

Operating Current 
teye = 1p., 

(CE, VIH) = Voo -0.2V 
10002 (IT, VIL) = 0.2V - 7 mA 

teye = 1p.s 

(CE, VIH) = 2.2V CE = O.BV 
100Sl (CE, VIL) '" O.BV CE = 2.2V - 5 mA 

Standby Current 
Output = OPEN 

(CE) =0.2V, (CE) =Voo -0.2V 
100S2 VIN = 0.2V or VOO -O.2V - 20 p.A 

Output = OPEN 

CAPACITANCE* (Ta = 25°C, f = lMHz) 

I SYMBOL I PARAMETER CONDITIONS MAX. UNIT 

I CIN I Input Capacitance VIN = OV B pF 

I COUT I Output CapaCItance _. VOUT -OV 10 pF 

·This parameter is periodically sampled and Is not' 00% tested. 
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TOSHIBA 

A.C. CHARACTERISTICS (Ta = 40 - 85°C, Voo = 5V ± 10%) 

~YMB_O-~_L_-_-__ --"4-__ -_-_-_"========PA=R=A==M=E=T=E=R============~====M=I=N="_--_-_~+-_-_-___ M~A~X~"~~~~~~~~-U_-N_-_IT~~~~ 
l--_t-'CA"c''c'----___ +--ChiP Enable Access Time __________ __~ _____ 2_5_0 ______ I1:~ 

tOE Output Enable Access Time 1 00 ns 

tAS r---Add;ess Set up Ti me 0 ns 

~_----_~r---_.-~dd~~-!d Tim~ _______________________ ~? __ +-- ns I 
f---- tcc Chip Enable Off Time _~ _llIl ____ l-_ ! ns : 

tCES ~ __ ~ Chip Enable Setup Time from PO 90 i =-- - -~=r--~----J 
tOED Output Disable Time from OE i 90 ! ns I I--_--=-O=-___ ~_ --- ---- -- -- - - -~- -- -- - ------+' ---=cc---+--------, 
tCED ___ ~_tPLJtl:)lSabl"_:r:lI1le fr0m.c:~ _____ __-___ I _ 90 I ns I 

I--_:--':"'~"':'-------+--~"-~~~;-'-~~:o~~ :r~~~Orn~I:)~=_=_=-_l~- -~~o __ f_~~ =t __ ~: __ J 
Note1: Assumes than DE delay time to CE3/CE 3 ;; tAce - tOE 

A.C. TEST CONDITIONS 

• Output Load: 
• Input Levels: 

100pF + 1 TTL Gate 

VIL = O"6V, VIH = 2AV 
• Timing Measurement Rference Levels 

Input: O.8V,2"2V 

Output: O"8V,2"2V 
• Input Rise and Fall Time: 5 ns 

TIMING WAVE FORMS 

)t Valid :K 
h-M~ 

~ 
tee 

DE 

teEs 

PD/PO ~ 
OPERATION MODE 

Noto: H: V'H, L: V'L, "'; V,H or V,L 

tCYC 

tAce 

.1 
-+ 

PO 

PO 
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TOSHIBA 

OUTLINE DRAWING 

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 

2.54 + 0.25 

_ <H+!o----'O::;.S=±::.°CO·'''-S 

1.4 ±O.15 

Note: Each lead pItch is 2.54 mm. 

Unit: mm 

15.24 TYP. 

All leads are located within O.2Smm 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. 

© Apr., 1983 Toshiba Corporation 
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-TOSHIBA M'OS MEMORY PRODUCTS 
I TC5365P 64K BIT (8K WORD X 8 BIT) CMOS MASK ROM 

TC5365P 
SILICON GATE CMOS 

DESCRIPTION 

The TC5365P is a 65,536 bit read only memory 
organized as B,192 words by 8 bits with a low bit 
cost, thus being suitable for use in program memory 
for microprocessor and character generator. 

The TC5365P using CMOS technology is most 
suitable for low power applications such as battery 
operated system. 

FEATURES 

• Single Power Supply: 5V 
• Low Power Dissipation 

Operating Current: 7mA (Max.) 
Standby Curr~nt: 20!1A (Max.) 

• Compatible with 64K EPROM TMM2764 and 
64K NMOS ROM TMM2365P. 

PIN CONNECTION 

NC VDD 

NC/CEt/CEl 

NC/CE2/CE2 

A6 As 

As A9 

A4 AlJ 

A, DE 
A2 AIO 
A, CE3/CE3 

Ao D7 

DO D6 
D, Ds 
D, D4 

GND D, 

PIN NAMES 

The TC5365P is an asynchronous type ROM 
which has three programmable chip enable inputs 
(CEl - CE3/CE 1 - CE3), and one output enable 
input (OE) for fast memory access and output control. 

The TC5365P is moulded in a 28 pin standard 
plastic package. 

• Fully Static Operation 
• Programmable chip select: CEl, CE2, CE3 

Easy Memory Expansion 

• All Inputs and Outputs: TTL-Compatible 

• Three State 0 utputs 

BLOCK DIAGRAM 

CE1o---
CE 2 

CE3 

DE 

Ao 

A, 

'" A2 a: 

A, ~ 
u. 

A4 ::l 
Ol 

As f-

A6 ii' 
Z 

A7 

'" As :il 
A9 

a: 
0 
0 
< 

All 
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TOSHIBA 

MAXIMUM RATINGS 
I 

SYMBOL 
I 

ITEM RATING UNIT I 

Voo Power Supply Voltage -0.5 - 7.0 V 

V,N Input Voltage -0.5 - 7.0 V 

VOUT Output Vol tage O-Voo V 

Po Power Dissipation 1.0 W 

Topr Operating Temperature -40 -85 °c 
~st~ _____ Storage Temperature -55-150 °c 
'------..--TSOlOER 

_._--
Soldering Temperature . Time 260·10 °c . sec 

D.C. OPERATING CONDITIONS (Ta ~ -40 - 85°C) 

I SYMBOL PARAMETER MIN. MAX. UNIT 

~ VOO 
Power Supply Voltage 4.5 5.5 V 

-------~---

V,H I nput High Voltage 2.2 Voo + 0.3 V 

eVil Input Low Voltage -0.3 0.8 V 

I D.C. and OPERATING CHARACTERISTICS (Ta ~ -40 - 85°C, VOO ~ 5V ±10%) 
--~ 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

liN Input Leakage Current OV<;;V'N <;; Voo - ±1.0 J.lA 

ILO Output Leakage Current OV <;; VOUT <;; Voo - ±0.5 /1A 

10H Output High Current VOH = 2.4V -1.0 - rnA 

10l Output Low Current VOL = O.4V 2.0 - rnA 

(CE, V,H) =2.2V 
10001 (CE, V,l ) = 0.8V - 10 rnA 

Operati ng Current tcye = l/1s 

(CE, V,H) - Voo -0.2V 
I 

I 
10002 

I 
(CE, V,l) = 0.2V 

I 
- 7 rnA 

tCYC = l/1s 
I 

(CE, V,H) = 2.2V I 
I 

100Sl (CE, V,l) = 0.8V I - 2 rnA 

Standby Current 
Output = OPEN I 
(CE)=0.2V,(CE)=Voo -0.2V 

I 
IOOS2 V,N = OV -Voo - 20 /1A 

Output = OPEN 

CAPACITANCE* (Ta ~ 25°C, f ~ lMHz) 

r SYMBOL I PARAMETER CONDITIONS MAX. UNIT RN =flnput Capacitance V,N = OV 8 pF 

( COUT - Output Capacitane VOUT'= OV 
-----,---

10 pF 

*This parameter is periodically sampled and is not 100% tested. 
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TOSHIBA 

A.C. CHARACTERISTICS (Ta = -40 - 85°C, Voo = 5V ±10%) 

SYMBOL PARAMETER MIN. MAX. UNIT 

tAcC Access Time - 250 ns 

tCE Chip Enable Access Time - 250 ns 

tOE Output Enable Access Time - 100 ns 
~~ 

tCED Output Disable Time from CE/CE 0 90 ns 

tOED Output Disable Time from OE 0 90 ns 

tOH Output Hold Time 0 - ns 

tCYC Cycle Time 250 - ns 

Note1: AssumesthatOEdelaytimetoCEl ,....,CE3/CEl "'-'CE3 ~tAcc-toE 

A.C. TEST CONDITIONS 

• Output Load: 100 pF + lTTL 

• I nput Levels: VIL = 0.6V, VIH = 2.4V 
• Timing Measurement Reference Levels 

Input 0.8V,2.2V 
Output: 0.8V,2.2V 

• Input Rise and Fall time: 5 ns 

TIMING WAVE FORMS 

tCYC 
.--~-

AO '"'-'A12 ) Valid ) 
tACC 

t I-
'eE ~ 
,I 'OE t *" 
I ~~ 

1fiifI:/) Valid 'lXY'N'X'Ii'i. 
1\ ~'A;~N\, 

OPERATION MODE 

MODE CE, ICE,I CE, ICE 2 1 CE,ICE,I OE Outputs I 
I Read HILI HILI HILI L Valid J 

LIH) * * * I 
Output * LIHI * * Hi9h-Z~ Deselect * * LlH) 

i~~-*--~~-

* . * I H 
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TOSHIBA 

OUTLINE DRAWING 

28 27 26 25 24 23 22 21 20 19 18 17 16 15 

--+------tt-j 
2 3 4 5 6 7 8 9 10 11 12 13 14 

37.4 MAX. 

a.S±O.lS 

2.54 ±O.25 1.4 ±O.15 

Note: Each lead pitch is 2.54 mm. 

i 
i 
" M 

Unit: mm 

15.24 TYP. 

All leads are located within O.26mm 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 t-ime without notice, to change said circuitry. 

© Apr., 19B3 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
TC5366P 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: 5V 
• Access Time: 250 ns 
• Low Power Dissipation 

Operati ng Current: 7mA (Max.) 
Standby Current: 2011 A (Max.) 

PIN CONNECTION 

A7 VDD 
Ao A8 

As A. 

A4 A'2 

A, CE/CE 
A2 AIO 

AI Au 

Ao 07 

Do Do 
0, Os 

02 D4 

GND 0, 

PIN NAMES 

Ao ~A'2 Address inputs 

Do ~'D7 Data outputs _ ... 

_ CE/CE Chip enable inputs 

VDO Power supply 

GND Ground 
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TC5366P 

PRELIMINARY 

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 

Voo GND 

1 I 
CE 

AO 

AI 

'" A2 I[ 
w 

A, .. .. 
A4 ::> 

III 

As f-

Ao ir 
A7 :!: 

'" A8 '" w 
A. 

I[ 

" AIO " « 
Au 

All 



TOSHIBA 

MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

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 W 

_~opr _ 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 I nput Leakage Current OV S; VIN S; Voo - ±1.0 /LA 

ILO Output Leakage Current OV S; VOUT S; Voo - ±0.5 /LA 

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 (IT, VILI = O.BV - 10 mA 

Operating Current 
teye = l/Ls 

(CE, VIHI - Voo -0.2V 
10002 (CE, VILI = 0.2V - 7 mA 

teye = 1p.s 

(CE, VIHI =2.2V 
loos, (CE, VILI = O.BV - 2 mA 

Standby Current 
Output = OPEN 

(CEI - 0.2V, (CE I - Voo -0.2V 

100S2 VIN =OV -Voo - 20 /LA 
Output = OPE N 

CAPACITANCE* (Ta = 25°C, f = lMHz) 
PARAMETER CONDITIONS MAX. UNIT 

Input Capacitance IN B p 
Output Capacitance VOUT OV 10 pF 

·This parameter is periodically sampled and Is not 100% tested. 
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TOSHIBA 

A.C. CHARACTERISTICS (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 0 90 ns 

tOH Output Hold Time 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 

tCYC 

AO "'-'A12 ~ Valid ~ 
tACC 

X l: 
teE 

~ ~ 
CE/CE 

High-Z ./IllJ:M High-Z 
Valid 

r 

OPERATION MODE 
I MODE CE ICE) Output 

Read HIL) Valid 

Output LIH) High-Z 
Deselect 

Note: H: VIH, L: VIL 
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TOSHIBA 

OUTLINE DRAWINGS 

~u{~:::I:::]] 
1 2 3 4 5 6 7 8 9 101112 

Note: Each lead pitch is 2.54 mm. All leads are located within O.2Smm longitudinal position with respect to No.1 and 24 leads. 
All dimensions are in millimeters. 

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

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

© Apr., 1983 Toshiba Corporation 
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-TOSHIBA MOS MEMORY PRODUCTS 
TC53256P 256K BIT (32K WORD x 8 BIT) CMOS MASK ROM 

SILICON GATE CMOS 

DESCRIPTION 

The TC53256P is a 262,144 bit read only memory 
organized as 32,768 words by 8 bits with a low bit 
cost, thus being suitable for use in program memory 
of microprocessor and character generator. The 
TC53256P using eMO S technology is most suitable 
for low power applications such as battery operated 
system. 

The TC53256P is a synchronous type ROM 
which is consisting of address latch circuit, static 
memory cells and clocked peripheral circuitry. 

FEATURES 

• Single 5V Power Supply: 5V 
• Access Time: 350 ns (Max.) 
• Power Dissipation 

Operating Current: 15mA (Max.) 
Standby Current: . 20llA (Max.) 

• Pin Compatible with 256K NMOS ROM 
TMM23256P 

PIN CONNECTION 

CS/CS/NC 

A12 

A, 

A, 

As 

A4 

A3 

Az 

Al 

Ao 

DO 

Dl 

D2 

GND 

PIN NAMES 
,----------~ 

Ao ...... A 14 Address inputs 

Do ~ D7 Data outputs 

~s Chip select input 
-: . 
~~ __ -+-Na caneetlon 

CE I Chip enable input 

OE I Output enable input 

VDD I Power sup~ly 

VDD 

A14 

A13 

AS 

A9 

An 

OE 
AlO 

CE 
D, 

D, 

DS 

D4 

D3 

I ._------
liND 
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TC53256P 
PRELIMINARY 

The CE fall ing edge latches all inputs except for 
CS/CS and OE. 

The TC53256P has a programmable chip select 
input (CS/CS, optional) for device power saving, 
one chip enable input (CE) for device selection, 
and one output enable input (OE) for fast memory 
access and output control. 

The TC53256P is moulded in a 28 pin standard 
plastic package. 

• Edge Enable Operation: CE 
• Address Latch Type 
• Programmable Chip Select Input: CS/CS/NC 
• All Inputs and Outputs: TTL Compatible 
• Three State Outputs: Wired OR capability 

BLOCK DIAGRAM 

VDD GND 

j 1 
CS~---"~ 

CE 

AO 

Al 

AZ 

A3 
<Jl 

A4 I!: 
UJ 

As u. 
u. 

A6 ::> 
OJ 

A7 <Jl 
<Jl 

As UJ 
I!: 3,2768 x 8 

A9 D 
D MEMORY CELLS 

AlO « 
An 

A12 

A13 

A14 



TOSHIBA 

MAXIMUM RATINGS 

L ,VMooe -I noM RATING UNIT 

VDD Power Supply Voltage -0.5 ~ 7.0 V 
---~ ~---~--~~------

bV'N Input Voltage ~:5 ~ VDD + 0.5 V 
~-- -----

VOUT Output Voltage O~ VDD V 

PO ~ Power DISSipation 
-~---- ------.-~~~- f--------~-w-~ 

0.8 
-----~- - -- - - -- --- - --------- ---~-- --- -------

I T,tg i Storage Temperature -55~ 150 °c 
----- ------r- T opr _-+ Operating Temperature °c -40~ 85 

T,ld Soldering Temperature. Time 260·10 °c . sec 
--

-- ._------

D.C. OPERATING CONDITIONS (Ta = -40 ~ 85°C) F ,v""Oe - ~--eA","T,,, . - ~ ~.-~-...:-Mc=IN::..~~+-I~T,:"Y",:P--"~-+~....:.cM.:..A.:..X.:... ~+-~U=,N~c~~ 
V;;;;------ -P-;'wer Supply VO.'.t"-.~--·- 4 .. 5 --1--. __ 5:.:.-,-0~~+-~...:5,,-.5=--~+-~~V~~--j 
VIH Input High Voltage 2.2_.~__ - ___ -+ __ V-'D"'D=---+_0_.3~+_~~V~--

I -V-IL-- Input LowVoltag,,_=-_===--____ ~~.3_~-_·_I'__--__ -_--__ -_~-~~...L~~0_.8~~ . ..L. __ ~V~~..J 

D.C. and OPERATING CHARACTERISTICS (Ta = -40 ~ 85°C, Voo = 5V ± 10%) 
-----sYM=B-;c:O-;-L---,-~~-"P-;-A-=R--;A-;-M-:-:E:-:T:-;:Ec::R=--~-.,-------~CocOO-:N-:cD::cI:::Tc;-IOO:-N;-:-S-:::-~~---,-I--;-M-;-:I-:cNc-. ----,~-;-M:-:A-:X-;-.~-r~N IT 

----;;;:-- Input Leakage Current VIN ~ a ~ VDD \ - ± 1.0 --f- /1A 

CS~VIL(CS~VIHlor i 
ILO Output Leakage Current CE ~ VIH or OE ~ VIH - ± 1.0 /1A 

_____ . -+-_~ ______ ~r"'Oc~U~T--~:O__:V:__:__~-V-,D=D~~~~-i!__~_:_::_~_+_~~--~_+_~--A __ ~_I 
IOH Output High Current VOH - 2.""'------.~----J-----l-.0~_+~-_=2--.cO:---- ~-. mm

A 
_I 

I IOL I Output Low C-"rr:"!.___ VOL - O:-.4",V~---:-:~=__--~~,1 ~~-~~-+-~~~~-+-~~~~--1 
I IDDS II Standby Current CS ~ ov (CS - VDDI or II - 820 /1A I 
!__~~~~-+-~~~~~~~--+-C-E-~--V~DD=---an-d-.V-'I~N-~-O-V~(V~O~D~I~ __ ~~ __ _+_-~-----~II~~~---I 
, _~I_D_DO~l ~-il VIN ~ VIH/VIL. teyele ~ 1/1' I - 25 mA I 
r Operating Current f--=~=--"'-'---'~c~--:--~-r--~~- -=---~j-I ~~--:-~--11 

VIN ~ VDD/OV, teyele - 1/1' I - I 15 i mA i IDD02 

CAPACITANCE* (f = 1MHz, Ta = 25°C) 
~---~--,---------:---:-------. 

SYMBOL PARAMETER MIN. I MAX. UNIT 

CIN Input Capacitance I 10 pF 
COU-T~~~-+--------output Capaeitanee--- - ~---------t--=:----I -~1 O~~--'-~p--:F~--I 

L..~...:::.'-'--~~~...L __________ ._. ____ . __ ________ l._~ ___ L ____ ~~~~~~ 

*This parameter is periodically sampled and is not 100% tested. 
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TOSHIBA 

A.C. CHARACTERISTICS 
--

SYMBOL PARAMETER MIN. MAX. UNIT 
.. _.--- -. ---- - ---- -- _. -- .. _- ..-

tCYC Cycle Time 450 - ns 

tACC Chip Enable Access Time - 350 ns 

tOE Output Enable Access Time - 120 ns 
-----

too Output Disable Time 0 100 ns 

90----
-- - _._--

tcp Precharge Ti me - ns . __ .-
tAS Address Set-up Time 50 - ns 

-
tAH Address Hold Time 50 - ns 

tess Chip Select Set-up Time 50 - ns 

Nota 1: Assumes that BE delay time to EE ~ tACC - tOE 
Note 2: TOO Is specified from EE, OE or CS/CS trailing edge, whichever occurs first. 

AC TEST CONDITIONS 

• Output Load: 100pF + nTL 
• Input Levels: O.6V, 2.4V 
• Timing Measurement Reference Levels 

Input: O.8V,2.2V 
Output: O.8V,2.2V 

• Input Rise and Fall Time: 5 ns 

TIMING WAVEFORMS 

AO,-.,;A14 

estcs 

HIGH-Z 

OPERATION MODE 

MODE CS(CS) CE OE Ao""" 14 Outputs 

Read H(L) L(""L) L Valid Data out 

L(H) . . · 
Output Deselect . H . · High Z . . H · -

Note: H: VIH. L: VIL. "'; VIH or VIL 
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TOSHIBA 

OUTLINE DRAWING 

Unit: mm 

28 27 26 25 24 23 22 21 20 19 18 17 16 16 

----+----------j 
2 3 4 5 6 7 8 9 10 11 12 13 14 

15.24 TYP. 

SOc 

0.6 ±O.15 

2.54 ±O.25 1.4±O.15 I· 17.4 MAX. 

Note: Each lead pitch Is 2.54 mm. 
All leads 8fB iocated within O.26mm 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. 

© Apr., 1983 Toshiba Corporation 
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