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• 
1. DYNAMIC RANDOM ACCESS MEMORIES 

Device Organl-
Access Cycle Power Power Package Alternate 

CapaCity 
Number zatlon 

Process Time Max TlmeMln Supplies DISsipation 
Source Insl Insl IVI Max ImWI Matenal Pins 

TMM416D -2 150 320 t5 
-3 16.384 xl NMOS 200 375 -5 462/20 Cerdlp 16 MK4116 

16 K Bit 
-4 250 410 +12 

TMM416P -2 150 320 t5 
-3 16.384 x 1 NMOS 200 375 -5 462/20 PlastiC 16 MK4116 
-4 250 410 +12 

64 K Bit 
*TMM4164C -3 

65,536 xl NMOS 
150 320 

t5 275/275 Ceramic 16 
-4 200 330 

--

2. CMOS STATIC RANDOM ACCESS MEMORIES 

DeVice Organl-
Access Cycle Power Power Package Alternate 

Capacity Process Time Max TlmeMm Supplies DISSipation 
Number zatlon 

Insl Insl IVI Max ImWI Material Pms Source 

TC5501P 
256 x 4 CMOS 

450 450 
t5 83/0 055 PlastiC 22 15101 L 

-1 650 650 

TC5501D 
256x 4 CMOS 

450 450 
+5 83/0 055 CerdlP 22 15101 L 

1 K Bit -1 650 650 

TC5508P 370 450 
-4 1,024 xl CMOS 450 550 +5 55/0 055 PlastiC 16 IM6508 
-1 550 700 

TC5047AP -1 
1,024 x 4 CMOS 

550 650 
t5 110/0 11 PlastiC 20 

-2 800 1000 
-

TC5504P 450 550 
-1 4,096 xl CMOS 550 700 +5 110/0 11 PlastiC 18 HM6504 
-2 800 1000 

*TC5504AP -2 
4,096 xl CMOS 

200 300 
t5 275/0 11 PlastiC 18 HM6504 

-3 300 420 

*TC5504APL-2 
4,096 x 1 CMOS 

200 300 
+5 275/0 005 PlastiC 18 HM6504 

-3 300 420 

*TC5504AD -2 
4,096 xl CMOS 

200 300 
t5 275/011 Cerdlp 18 HM6504 

-3 300 420 

4 K Bit 
*TC5504AD L-2 

4,096 xl CMOS 
200 300 

t5 275/0 005 CerdlP 18 HM6504 
-3 300 420 

TC5514P 450 450 138/0 11 
-1 1,024 x 4 CMOS 650 650 t5 

110/0 11 
PlastiC 18 HM6514 

-2 800 800 

*TC5514AP -2 
1,024 x 4 CMOS 

200 200 
t5 275/0 11 PlastiC 18 HM6514 

-3 300 300 

*TC5514APL-2 
1,024 x 4 CMOS 

200 200 
t5 275/0 005 PlastiC 18 HM6514 

-3 300 300 

*TC5514AD -2 
1,024 x 4 CMOS 

200 200 
t5 275/0 11 Cerdlp 18 HM6514 

-3 300 300 

*TC5514ADL-2 
1,024 x 4 CMOS 

200 200 
t5 275/0005 Cerdlp 18 HM6514 

-3 300 300 

*TC5516AP 
2048 x 8 CMOS 

250 250 
t5 

385/0 165 
PlastiC 24 *TC5516APL 250 250 385/0005 -

16K Bit 
*TC5517AP 385/0165 

2048 x 8 CMOS 
250 250 

+5 PlastiC 24 --*TC5517APL 250 250 385/0 005 

Note 
New Memory Prod ucts 
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• 
3. STATIC RANDOM ACCESS MEMORIES 

Device 
Access Cycle Power Power Package Alternate o,ganll p Capacity 

Number 
rocess Time Max Time Min Supplies DISSipation 

I PinS 
Source zatlon 

(ns) (ns) (VI Max (mWI Material 
-- --~-

I 
TMM314AP 

1,024 x 4 I 
450 450 I 

-3 NMOS 300 300 +5 550 Plastic I 18 2114 
-1 200 200 

4K 81t 
TMM314APL 

I 
450 450 

I -3 1.024 x 4 NMOS 300 300 +5 385 Plastic 18 2114L 
-1 200 200 i 

TMM3150 
I 

70 70 
+5 

880/110 
1 

18 2147 
-1 

4.096 xl NMOS 
55 55 L990/165~L::dIP 

-~ 

I 

TMM2016P 150 150 

I 

550/83 I 
16 K Bit -1 2,048 x 8 NMOS 100 100 +5 660/83 

I 
Plastic 24 -

-2 200 200 770/165 

4. ERASABLE/PROGRAMMABLE READ ONLY MEMORIES 

I TMM323D i' i 450 L 450 i +5 525/132, I 
16 K 8" ~~_-_1'---f-2_.o_4_8_X_8--+1 ___ N_M_0 __ S_~ __ i ---,,3~5O~_+ il ____ +~5~5~0~/1~38~ ~~e'clip_L2~ ~~1~ 

I 'TMM323D I I 2,048 x B+--IN,-,-M=0,"S--f~---=-:45",0,---_+----=4~5"0_--f_--,+"5_+--,,,52~5,,-/,,15,,,8, __ '--=C,-::e,dIP I 24 12716 

I 
TMM2732D ! 4.096 x 8 -I NMOS 350 I 350 I +5 788/132 il Ce,dlP I 24 12732 

32 K Bit *TMM2732DI I 4,096 x 8 i NMOS 350 350 +5 788/158 CerdlP 24 12732 

Note TMM323DI and TMM273201 are Industrtal spec (wide operating temperature range -40 """'S5°C) parts 

5. MASK PROGRAMMABLE READ ONLY MEMORIES 

Capacity I DeVice Organl-
Access Cycle Power Power 

L Package Alternate 
Process Time Max Time Min Supplies DISsipation 

Number zatlon 
(nsl (nsl (VI Max (mWI i Material Pins Source 

16 K Bit TMM334P 2.048 x 8 NMOS 450 450 +5 440 I Plastic 24 12316E -~ 
-=--c-::-~ 

TMM333P 4.o9~8 NI;,ios--~~~ ~-.~- +5 _,~2~_~ __ ~st~ 24 TMS4732 32 K Bit 

~:~-
450 

---~-~ ~--

32 K Bit TMM2332P 4,096 x 8 NMOS 350 +5 550/83 __ ~_,~~_ 24 12332 

64 K Bit TMM2364P 8,192x8 NMOS 250 350 +5 220/83 Plastic 28 12364 

Note 
New Memory products 

NOTE Power DISSipation Active Power/Standby Power 
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MEMORY SELECTION GUIDE 1 II 
800 

... Note In the case of synchronous device, Application 

the chart of microcomputer 
application IS not always applicable 

I because of the timing requirements 
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MEMORY SELECTION GUIDE 2 

1" 

I <:11 Z 

" . E 
.= 

~ 
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___ __! _-+_ I 1 +-_~ __ 
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TC5501 P ~C550.4P.L. I T.MM314A .. PL TMM334P I2:NiM323D 
TC5508P4 _-l-~~551~_., _____ +_ ___ __~M333P-+--_ __ +1 _____ --1 

--- -- -------t--- TMM2332;+----~ --- - I TMM2732~ 
1 TMM323~ ~__ 1___ ----+-I---------l 

l-----I-----+-IT-M-M-3-14-A-P-L-31-----+T-M-M-3-14-AP3 ~ =t 1 I 

TC5516AP TMM416D .A I 1 I I 
TC5517AP 4/P+ I 
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• 
MEMORY SELECTION GUIDE 3 

~ 1 Bit 4 Bit 8 Bit 
Word 

256 TC5501P/D 
--

TMM314AP/APL 

1024 TC5508P 
TC5047AP 

TC5514P 

TC5514AP/AD 

TMM2016P 
TMM323D 

2048 TMM334P 
TC5516AP 
TC5517AP 

TMM315D TMM2732D 

4096 TC5504P TMM2332P 

TC5504AP I AD TMM333P 

8192 TMM2364P 

16384 TMM416P/D 

32768 

65536 TMM4164C 
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CROSS REFERENCE 
1. 16K Bit Dynamic RAM 

-- --~s T,me I 150 ns 200 ns 250 ns 

~~a I TMM416D·2/P·2 _ ~ TMM4160:J/P-3- "~+F-_-~--~-.-~,-c:T:M:M=4~1~6;D~.4:/:P.~4=-~-~-~ 
Fairchild T- ~ 1 t31<:}_ _ __ _ - F2E'~ 3__ ~~~~-:-6-N----- ~_ 
:~::~:i -- t - . ~:~:::, - f --~-~-~-~-~6-6:-3----+----H~M--4716A-4---
Intel __ -l- __ 2117 -2 _____ _ __ 21 ~7_~ _ ___ _ __ 2_1_1_7_-4 _______ _ 

I--'Iltersil__ _+___ ___ _____ __ ~11~ _____ -+I ____ IM_7_11_6~_A _____ __i 

M,tsublShl 1_ M5~16-2 ____ 1_· __ M.5. K4116-3 _~M5K~~~4 ____ -i 
r-_~ostek___ MK4116-2 _--+ _____ M~411_63 I MK4116-4 __ 

Motorola I MCM4116C2 I MCM4116C-3 MCM4116C~4 
r--r;;;t;;;;;;;ISo';;:-- MM5290-2 MM52903 -- ~--------~~---

NEe 
f----=-~ 

TI 

2. 4K Bit Static RAM 

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

l I'PD416C/D3 r--' TMS4i 16-15---
I'PD416C/D~2 

----.,---

TMS4116~20 

I' PD416C/D~ 1 

TMS4116~25 

1.024 x 4 ______ ~6 ~ ___ ~~_ 
~ssTi...,,~ ___ ~_O_n_s __ n ~~oo ns-- =-- 450';s--_~ __ 55ns 70 ns 

~hiba_ TMM314AP:1/APL·1 TMM314AP-3/APL·3 TMM314AP/APL ~~TM~.;.;M~3~15~D~.~1_*_~T~M;.;;M=31~5~D~~ 

AMD Am9114EPC Am9114CPC Am9114BPC 
------ __ L-________ -- ---- _ -- _ j -~- - -~ 1- ______ _ 

AMI i S2114~ _ ~ 3 -- t +- S2147 

Fujitsu ' MB8114EL MB8114NL _ ~B814~t_~~8147E __ _ 

--E: .11~:~::~ r'!;i~£~"~""+;~~~M"-I~-j ;~~" .. =: 
M,tsublShl M5L2114LP. S 21 M5L2114LP. S 3 M5L2114LP.S +- 't ~~-;-; 

~rol;;--=-T_MCM21142~ ~~CM2114~30 - MCM211445 - I MCM2147~5=j~~MCM2147~7~ 
NatIonal MM2114~2/-2L , MM21143/-3L MM2114/-L MM21473 ,MM2147 

~~~ERTEK I ",PD2114LC/D 3 I }.;PD:z114LC/[)~-=-rPD2114Lc/D_=+!1~3147D3 ~:~~~;7D2 
Ti- -i-TMS404520 ---I __ LIMs404545 ~ TMS21475 I TMS21477 
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3. CMOS RAM 

1 K Bit 4 K Bit 16 K Bit 

256 x 4 1,024 x 1 1,024 x 4 1,024 x 4 4,096 x 1 2,048 x 8 ----- ----

I- TC5504P 
ToshIba 

TC5501P 
TC5508P TC5047AP 

TC5514P 
TC5516AP TC5501D TC5514AP TC5504AP 

fujitsu MB8401 MB8414 MB8404 
--

Harris HM6501 HM6508 HM6514 HM6504 
f-------- --- -- -------- f-------- - - ----- ---

Hitachi HM435101 HM4334 HM4315 HM6116 

Intel 1510lL 
-- ---

Intersll IM6508 IM6514 IM6504 
--1---

MltsublShl M5L5101 LP-1 M58981S-45 
---------

NEC Il PD5101 IlPD443 Il PD445 Il PD444 
----- ------ --

Okl MSM5114 MSM5104 

RCA MWS5114 

4. ROM (EPROM & MROM) 

EPROM MROM 
--- - ------- -

16 K Bit 32K BIt 16 K BIt 32 K BIt 64 K BIt 
----- ---1-------
~~o-'~Iba ___ ~M323D- TMM2732D ~~_TMIVI~~-" __ ~~ _~IM~~3~P-_ TMM2332P TMM2364P - -

FUjitsu MB8516 MB8532 MB8316 
-------f------- ---- - - -- - --- --- 1---------

HItachi HN462716 HN462732 HN2316E HN46332P 
------- --

Intel 12716 12732 12316E 12332 _~~64_~ --------1--------- ~----- -~----

MltsublShl M5L2716K M5L2732K 
--1--- --

Mostek MK4716 MK34000 MK32000 MK37000 
------- ---------

Motorola MCM2716 

NEC Il PD2716D IlPD2332 
-------

Ok, MSM2716AS MSM2732AS MSM3781AS 
----- ------

TI TMS2516 TMS4732 

- 8 -



Dynamic Random Access Memories 
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TOSHIBA MOS MEMORY PRODUCTS 
16384 WORD x 1 BIT DYNAMIC RAM 

N CHANNEL SILICON GATE MOS 

DESCRIPTION 

The TMM416P/D 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/D uses a single transistor dynamiC 
storage cell and dynamiC control circuitry to achieve 

FEATURES 

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

TMM416P/D-2, TMM416P/D-3, 
TMM416P/D-4 

high speed and low power diSSipation Multiplexed 
address Inputs permit the TMM416P/D to be pack­
aged In a standard 16 pin plastiC and cerdlp DIP 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 

FtDEVICEU tR~-t -t;;:-- ---'j 
-TMM4113P/D 2 - 150;;s- - - 320 n;--
TM~4~6PiD ~ _ -20~ ;;s __ ~ __ - ~75;;S =-

[T~M~16P/D-4 -1 __ 2~ ns ___ 1 __ ~O-"s~ 

• Common I/O capability uSing "Early Write" opera­
tion 

• Read-Modlfy-Wrlte, RAS-only refresh, and Page-
Mode capability 

• Industry standard 16 Pin DIP 
• All Inputs and output TTL compatible 

• Standard ± 10% power supply (+12V, ± 5V) 
• 128 refresh cycles / 2 msec 
• Compatible With MK4116 • Lower power 4fl2mW operating (max) 

20mW standby (max) 

PIN CONNECTIONS 

(TOP VIEW) 

PIN NAMES 

AO-A6 Address Inputs 

DOUT Data Out 

RAS Row Address Strobe 

-WRITE 

~!L~ 
vee 

t~~~--

Read!Wnte Input 

Po;;;r(-S-V) 
Power (+5V) 

po-we-; {tl.~2=-:V~I ___ ---I 
Groun~d _____ -1 

• Package 

BLOCK DIAGRAM 

-11-

PlastiC 
Cerdlp 

DIP TMM416P 
DIP TMM416D 



• 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0 - 70°C) (Note 2) 

DC ELECTRICAL CHARACTERISTICS 

(Voo = 12 OV± 10%, Vee = 5.0V± 10%, VSS = OV, VBB = -5,OV± 10%, Ta = O°C -70°C) (Note 2) 

- 12-



• 
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Voo ~ 12 OV± 10%, VCC ~ 5 OV± 10%, Vss ~ OV, VBB ~ -5 OV± 10%, Ta ~ O°C -70°C) (NOTES2, 7,8,10) 

E.::OL Random r~::~;~t:~~: E204°~~~ '~3r7~5M4~~h4~2;~N5M41:;x4 U::TS 

~.:;WC Read,wrlte cycle time -+320 =r: ns 

,tRM~ Read modlfy·wrlte cyci"2'.lll_e __ ---,-320 4
2

0
2

5
5 

_ 12;5Cl~05 _ ns 
~~. Page mode cycle time 1_170. f-=- ns 

tRAC AccesstlmefromRAS ' 150 200 250 ns 11,13 
tCAC Access time from CAS -- --- t- f 100 135 165 ns 12,13 

tOFF -OutP~tbuff;rturn·offdela-y- -to, 40 0 50 0 60 ns 14 

tT I. _Transitlon_ .. tlme .. I.r.,sean. d·.fal.l) ... . ... '. il~ ~.'-' _3 50 3 50 ns -1-101 

,2,Rf' [ RAS precharge tim:... ___ .. _ 100 ___ ~ 150 ns ~ 
tRAS ... + .... RA .. 2p.~-.w. Idt~ ___ .. _-.. ' . 150.. _ 32'0~. -L2Cl~_ 32,000 250 32,000 __ ns_-+ __ _ 
~ , RASholdtim.e". _ __1100 ... 135 1~ ns __ 

f--!CSHn~ho~~me __ . __ .__ 150 200 250 ns __ 

c-,~ t~~.~ .•. ~ ......• ~.~ .• S.s.~~ •.. I~:.~I: .. :~.a .. y.t.I.m~ ._.- ...... _._~t.I .. l~~100~~ 1~~ lO,O~tll~ l='o~~ ~: 15.J ~. CAS ~ R~predlilrge.2":"e _~J;2~ i -20 I tj-~ _j~ns +---1 ~ Row Address set-up time 0 ,OJ 0 +--= ns 
I tRAH - Row Addres;-;;-~Id t~me - - . 20 I 25-1 - 3t1- ns--If-----1 

tA,SC. Colu;;-;n Acjd;ess set·up w,;e _____ ' .. -= .. 1.~. "-.~- .-.. -10+-.. h" - _ns .. T. I 
tCAH ~::~:~ ::~;::: ~~~~::: ___ I~II _ ~l _ 55 _ _ 7~ __ + _~ I 

tA R 1 9.5 ____ 1_20_ _+160 'I, I ns .. __ _~_ re~e~ced to_R_A_S___ , . __ _ 

!. tR C5 __ +-___ Re~ com.m .. a~~ .. s .. et-~.p. time 0 0 0 ! ns 
tRCH~ __ Read command hold time 0 ----- 0 .. .. Ol~+ 

~C" I:::=~:: :::: ::~: "'1::------. -- 75 -- --~'- ~s-- ------r--! "--1 
tw C R referenced to RAS 95 ! 160 ns I I 

.·lvvp~- Write command pulse wlci;~-' 45 I ---: -55 ,.-- 75 ~s-t·· =l" 
,2RW .. ~. ' .'N..":t.ecommand to RAS lead time---+-.. 50 _.-_ t-Ta- I,. 8U _ns.. , ... __ . 

tc;WL ..:.. Write command to CAS lead time ----i-~ I 70, _ 85 I ns ___ ~ 
tos I Data'ln set·up time I'.~I· 0 r--- 0 + ns 2E'.....J 

NOTES 

9 

9 

9 

ns 

t;EF ~esh peno-d-------- 2-1 I -2 --2- -~~ 

~~: I ~;~ir;~rt :.:~;"mc- . l-~ t~ -_. P! t!= t:: I -+-r--c-~-:---·+----:~-=~---j' 
- t;;'W~ RAStoWRITEdelay -=-_______ l1~ __ -_tl;' ~ 175_ "T-ns 17 
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• 
TIMING WAVEFORMS 

• READ CYCLE tAC 

tRAS 

ADDRESSES 

------------------------OPEN----------------~ VALID DATA 

[Z1 Don't Care 

• WRITE CYCLE (EARLY WRITE) 

tRAS 

ADDRESSES 

WRiTE V'HC-

V1L-

D,N 
VIH-

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

-- 14 --



• 
• READ-WRITE/READ-MODIFY-WRITE CYCLE 

tRAS 

ADDRESSES 

~ Don't Care 

• "RAS-ONL Y" REFRESH CYCLE 
'RC 

ADDRESSES 

DOUT 
VOH-__________________________ ___ 

VOL 
OPEN 

rn Don't Care 

Note CAS <= VIHC. WRITE = Don't Care 
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• 
• PAGE MODE READ CYCLE 

V,H 
ADDRESSES VIL 

• PAGE MODE WRITE CYCLE 

AAS VIHC -
V,L -

CAS 
VIHC -
V,L -

ADDRESSES 
V,H 
V,L 

WRITE 
VIHC 
V,L 

D,N 
V,H 
V,L 

tRAS 

~Don'tCare 

tCSH 

rn Don't Care 

- 16-



POWER DERATING CHARACTERISTICS 

~+--t0':rY'-Y-~, - ;-~ 
~-~ 

~---~ 

~z~~~/,-=~ 
'-" -~--r' -' i-I 

NOTES 

10-'/'RC: In,) 

IDDl 

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 frequencies to 

tRC ;;:: tAC (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 Vee when activated With 

no current loading For purposes of maintaining data In standby 

mode, Vee may be reduced to Vss Without affecting refresh 

operations or data retention However, the VOH (min) speCifica­

tion IS not guaranteed In thiS mode 

1001, I D 03 and 1004 depend on cycle rate See figures 2, 3 and 

4 for too limits at other cycle rates 

6 ICCl and ICC4 depend upon output loading DUring readout at 

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 extended periods 

of bias (greater than tREF 2ms) Without clocks, thedevlce must 

perform about eight Initialization cycles prior to normal opera-

8 AC measurements assume tT '" 5ns 

9 The speCifications for tRC (min ), tRMW (min) and tRWC (min) 

:~eer ~~e: f~I~I;:~~~~~~cr:t;a~~~I~oJ';<~: '~t;~~~r~Pae:su~:~ratlon 
10 VIHC (min) or VIH (min) and VIL (max) ere reference levels for 

Cycle T,metRC In'l 

lO,lil RC in,1 

Fog 3 tRC "' 'OD3 

!pcin'l 

10'/,PC 

F'9 4 tPC"" D D4 

• 

measuring timing of Input Signals Also, tranSition times are meas­

ured between VIHC or VIH and VIL 

11 Assumes that tRCO ~tRCO (max) If tRCO IS greater than the 

maXimum recommen~d value shown In thiS table, tRAC will in­

crease by the amount that tRCO exceeds the value shown 

'2 Assu mes that tRCO L tRCO (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 

levels 

15 Operation Within the tRCD (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 

16 These parameters are referenced to CAS leading edge In early write 

cycles and to WRITE leading edge In delayed wnte or read-

modifY-Write cycles 

17 twcs, tcwo and tRWO are not restrictive operating parameters 

They are Included In the data sheet as electrical characteristics 
only 

17 -

If twcs ~ twcs (min ), the cycle IS an early write cycle and the 

data out Pin Will remain open CIfCUlt (high Impedance) throughout 
the entire cycle 

If tcwo ~ tcwo (min) and tRWO ~tRWD (min ), the cycle is a 
read-Write cycle and the data out will contain data read from the 

selected cell If neither of the above sets of conditions IS satisfied, 

the condition of the data out (at access time) IS Indeterminate 



• 
APPUCATION INfORMATION 

ADDRESSING 

The 14 address bits required to decode 1 of the 
16,384 cell locations within the TMM416P/D are 
mu Itlplexed 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 the 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 (tRAH) has been satisfied and the 
address Inputs have been changed from Row address 
to Column address information. 

DA TAl NPUT /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 (D,N) register This permits 
several options In the write cycle timing In a write' 
cycle, if the WRITE Input IS brought low (active) 
prior to CAS, the D, 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 will be delayed until after CAS has 
made its negative transition. In this "delayed write 
cycle" the data Input set-up and hold times are 
referenced to the negative edge of WR ITE rather than 
CAS. (To illustrate this feature, D,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 D, N 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 U T) 
of the TMM416P/D IS the high Impedance (open­
circuit) state That IS to say, anytime CAS IS at a high 
level, the DO UT 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 

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 placement 
of WR ITE 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/D al­
lows for succesSive memory operations at multiple 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 perform Ing 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, thiS 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/D IS 
dynamiC and most of the power drawn IS the result of 
an address strobe edge (refer to the TMM416P/D cur-

TYPICAL CURRENT WAVEFORMS 

• 
rent waveforms In Fig 5) In system applications 
requIring lower power diSSipation, the operating 
frequency (cycle rate) of the TMM416P/D 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/D family (-2 and 3 speed selections for 
example) at frequencies higher than specified, provid­
ed all AC operating 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/D 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 Rat­
Ings, TOSH I BA recommends sequencing of power 
supplies such that VBB IS applied first and removed 

last VB B should never be more positive than VSS 
when power IS applied to VDD 

LONG R:AS/o5AS CYCLE RAS DNL Y CYCLE 

'DO 
IrnAI 

'" (rnA) 

Voo - 132V 

of-+- -+-+-+----j----jf.-+-+-+-+-+-+--+-+-+--+----j----j---jVSB =-45V+--+--
0- - -t-+-+-+~c-Ic-I - e-I- -1-

~: 1)!\r~I\' ~~~'-~;~I\ l!f~ '~r 
J - - t-f--I-+-+-+-+-+-+-t- t---t-t-

oe-e-I--+-- - l- I- l- 1-1 - -I 1\ - f-

o~ I +- 1-- . It +-[--1\-/ \--JI-\c+-+-+ 1--l--+--IfJ:t-L., 

o '1liiI -~ - 1 V Ii '11\ v, 
o 11 + I-I- -''++["\++'-+-+-1--
of-- j-~t-C-t-I j-- - ---r t-+- , V 
o - -4-- t- -+-t- . 1-- i I f---. -+.-f---j-'ft+-+-I--+-

0__ (~(t71 +-- , I 1\ 
o 11m I(~\ t-#-A~tAf..:e- /,/'11\. Iii /11\ >1) . ~ i--+! \ fjf--\""I---V I V ',+- \p..1--
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• 
TYPICAL CHARACTERISTICS 
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1003 (RAS Only) 
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Vse - -5 5V for VIHC 
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V)H. VIL Input Levels 
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1004 (Page Mode) 
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I 

I -
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VOO ~ 10 8V, Vee = -4 5 V for VILC 
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• 
1004 (Page Mode) 

vs TJ JunctIon Temperatura 

Vse ~ _4 5V 

'----r-- - -- VOO ~ 13 2V 

VIHC. VILC Input Levels 

vs Vee Supply Voltage 

VIH. VIL Input Levels 

vs TJ JuncY,on Temperature 

I 

I 

tpc ~ 225 ns 

Voo = 13 2V. Vee ~ -5 5V for VIH 

VOO ~ 10 8V, Vee = -4 5Vfor VIL 



• TOSHIBA 

OUTLINE DRAWINGS 

• Plastic Package 

• Cerdip Package 

16 15 14 13 12 11 10 9 tt::::;) 
12345678 

199 MAX 

8 0 

x.---I~---------------------­
~ 
~ 

2 54±O 25 a SiD 15 

z 
~ 
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(::::::)1 
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L-------20 0 MAX ----_ 

Unit In mm 

Irl Irm--l 
~ 1 +01~ 

o 25~O 05 

ffil, 79±025 II 

0° ""' 15° 

I 025:g~5 I 
1---860-1020---

1 Each lead pitch IS 2 54mm All leads are lOCated within 0 25mm of their true longitudinal position with respect to No 1 and 
No 16 leads 

2 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, 1981 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 TMM4164C IS the new generation dynamic 
RAM organized 65,536 words by 1 bit, It IS successor 

to the Industry standard TMM416D/P 
The TMM4164C 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 I tRC +- I 

TMM4164C3 15~' 320 ns 
TMM4~ _ 200 n~±-:C33"::0=ns=-~ 

• Single power supply of 5V ± 10% with a bUilt-In 
VBS generator 

• Low power, 275mWoperating (MAX) 
27 5mW standby (MAX) 

PIN CONNECTION 

PIN NAMES 

(TOP VIEW) 

NC 
DIN 

WRITE 
RAS 

Ao 
A, 
Al 

Vee 

K;:::: A-;-TAdd;ess Inputs 
CAS : Column Address Strobe 

Vss 
CAS 
DOUT 
A. 
A, 
A. 
As 
A, 

--, I ,- -, - --' - --,-, 
I DIN Data In 
I NC -- -I-N;-~-C-o-';;;-ec-tlo-n-------

, DOUT Data Out .. - --'----[ 

I_,RAS' --, RowAddressStrobe _____ : 

L W~I~_!_, Read/Wnte Input == 
I~'-'t' ~ow:r_(+5V) --------.---. ----, -,~ 
l~ __ , Ground _____ .J 

TMM4164C-3 
TMM4164C-4 

Multiplexed address Inputs permit the TMM4164C 

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 single power supply of 5V 
Include ± 10% tolerance, direct Interfacing capability 
with high performance logiC families such as Schottky 
TTL 

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

Sional chip selection 

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

• Read-Modlfy-Wrlte, RAS-only refresh and Page 
Mode capab iI Ity 

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

BLOCK DIAGRAM 

----0 Vee 
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• 
ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input and Output Voltage VIN, VOUT -1-7 V 1 
Power Supply Voltage Vcc -1-7 V 1 
Operating Temperature TOPR 0-70 'C 1 
Storage Temperature TSTG -55-150 'C 1 

Soldering Temperature Time T SOLDER 260 10 'C sec 1 

Power DISSipation Po 1 W 1 

Short Circuit Output Current lOUT 50 mA 1 

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

~o~r='------ PARAMETER 

OPERATING CURRENT 
" ________ M_, _IN_-+-_T_Y_P_,J' ,,_5,0 __ , f UNmIAT4N03T4'"--

Icc 1 Average Power Supply Operating Current I 
e--__ -+-'-("'RA-'.S" CAS Cyclmg tRC = tRC MIi'J.__ I 

STANDBY CURRENT I' I --,- ,--- I 
ICC> Power Supply Standby Current , 5 mA 

(RAS = V1H DOUT = High Impedance) I I ---J 
i--'--'--IREFRESH ~URRENT r. I i'----t----+- I 

Icc, I Average Power Supply Current, Refresh Mode I ___ 1, 40 mA 3 j 
(RAS Cycling, CAS = VIH ,~c =tR.C,~ _____ ,_L ___ + ' __ , 

-'--IPAGEMODE CURRENT I' I 
ICC4 Average Power Supply Current, Page Mode I I II 40 _m_A_ 3,~ 

c------ :~;~T=L~~~~sE~~~nk~ic=tPcMIN ; I -1 ',_ 

I,ILI Input Leakage Current, any Input (OV~V'N ~65V, I -10 10 IlA 

f.-______ e--1A:.:::.c11 Other Pms Not Under Test = OVI , 
,,-

! OUTPUT LEAKAGE CURRENT ! 
1
0 III (DOUT IS disabled, OV ~ VOUT ~, +55VI -L--=~~- _____ +---~ _ __ Il A __ +_, ____ -j 

VOH OUTPUT LEVEL I 24 
f-______ +-.:-O~utPut "f::I" ~v~oltage (lOUT = -5mAI + ___ __ 

V OUTPUT LEVEL , __ 1_, __ ,_" 1_, __ OL Output "L" Level Voltage (lOUT = 4 2mAI ..L L,_,_, __ , ____ , ______ _ 

-- 24 --
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = 5V ± 10%, Ta = 0 - 70°C) (Notes 5, 6, 7) 

• 
I~M~00- PARAMETER --- -f~:~41,6~:x . M~~M4;6~:X I UN,T-;-EOTES 

~ --1- Random-Rea~rWnte-Cycl;-Tlm-;- 320 --+ 330 -I --n; -

Lt;wZ--I--Readw;:;:;;C~T,me =~ - - = _32~ 1_- 350_ I=-=-~_-= 
f~M""----_I_ReadModlfYWnteCycleTlme -+--~ ___ ~~ __ I ns 

~ ~. ____ Page Mod~cl."-~'m-,,--__ ! 170 225 __ . ___ I ns ~_ 

i _tRA<=" -'- Access Time from RAS __ ---1 150 ____ L __ ~()~I ns +- 8, 10 

r- tCAC _+ __ J\ccessTlmefrom_CAS_ _ _ c-- 100 __ 1- 1~ \_ ns 9,10 
I !oFF Output Buffer Turn Off Delay 0 40 CO' 50 'ns 11 
\ __ t:r.... 1 TranSition_Time IR,se_aild Falll-- ----3 i~----':I 3--\ --5()-L ns t--Ji_ 

tRJ'.. .. ---+ RAS PrechargeTlme I 100--+__ 1~ \ __ I--n_s_.-;-_ 

I '",C I "" eo"w,"," -+ '"', I W.OOO' "'" ;emO. "" 

: ::: r ~1 r,::i:~--=---=~~ ~-_ ~~L I-~O'O:. : .~~.3~ -tf,-. lO';:.1=~~.-~~~~~- J 

~
.2FlC~ RAS to CAS Delay Time I 25 , __ 50... j ____ 30 __ , _~_"'---- -l-- 22 __ 1 

tCRP ~S ~ RAS !recharge ~Ime _ 0 1 _0 L _ --"S -; ____ I 
.2,ASR =-r Row Address Set Up Time __ 0 ____ I ° I" .' _ns _ I _ ' 

tRAH_ i_ RowAddres~Ho\cj_T~ ________ 2Cl.J 1 __ 25 I nS_I_~ 
f~C--' 1- Column Address~tlJr)TIn:"'.. __ ~----I-_.~ -5 L- I _ n'--____ --:1 
r-~~H-~--I ~::~:~ ~::;!:: :::: ~::-;- -- - --'----~ -O---=l.l 55 [I ns _L_ --I 
I_tAR i _Referenced to RAS __ . i_ .-= _-'--__ 120 _"'- L __ 1 

tRCS Read Command Set·Up.Tlme . __ ~ _ 0-- 1 __ .. ° ~ns -1.--. 
tRCH Read Command Hold Time t,' ° t- + 0 __ -- ·~.--~n-sS -t-, . 
tWCH Wnte Command Hold Time 45. 55=--~ __ -----, 

t I Wnte CommandJ::Iold Time 95 1 120 I J ns 
W(:H \_ RefeTenced tD£)\S_ __ _ _ ._ _ ---+ __ ---1 _ _, _ 

twp I Write Command Pulse Width I 45 + 55 I ns 
tRWU WrrteComma-;;;;-to-RAS-Le;;dT;;-;;---~-50 - 1--701------;:,-s------ 1 

[ tcw=-t Wnte Co;"mand to CAfLead 1'rm"- ----t-"::'507 ___ - ~-=-701--__ L ns ;:~ 
I __ tDS _ _ Data In SetlJiJ.Tlm..". _ ~ __ 0 _1. --i 0_ -----f- ns __ , _ 1_3 __ 
~ ~_~ ....J2at~ Hol<:i. T'r-"-"--___ _ _ l-45_" __ _...25 I ns I 13 
,tDHI3.. I_Da!aJ.r.1.HoleJT,me£leferr,ncedtoRj\S __ 1 __ 95_~ __ ~ 12Q. Ln'------t-
I, t CAS Precharge Time If or Page Mode 60 I 1 80 I I 
r t::F--1 

. ~~~~:s~~~;rOd-------·--J---~ 2 2 :ss_I ___ ~ 
~twcs +--Wrlte C~m-"nd s,,~Up -Tlme-----= __ .1=-10 --j- -10 J- ns --r 14-- l 
~:~-_l-. ~~~.::::H~~,:~ =-- -_----=i.... 1~~ __ 1. l~~...c-=L: . J .1~ 
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• 
TIMINGWAVIFORMI 

• READ CYCLE 
tRAS 

RAS tAR 

tCSH 

ADDRESSES 

WAITE VIH 

~~: ________________________ ~O~P~E~N~ ______________ _<~I-V-A-L-'D--D-A-T-A-/I 

tz:j Don't Care 

• WRITE CYCLE (EARLY WRITE) 

RAS 

CAS 

ADDRESSES 

WAITE 

DOUT VOH -::.... ________________________________________ OPENI--------------
VOL-

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

ADDRESSES 

~ Don'teare 

• "RAS-ONLY" REFRESH CYCLE 
'RC 

tASR 

ADDRESSES ROW ADDRESS 

DOUT 
VOH-
VOL --------------------------------~OPEN--------------------------__________ __ 

Note: CAS '" VIH. WFi"ITE = Don't Care 
fZZI Don't Care 
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• 
• PAGE MODE READ CYCLE 

RAS 

CAS 

ADDRESSES V'H­
VIL~ 

DOUT 

WRITE 

• PAGE MODE WRITE CYCLE 

RAS 

ADDRESSESES VIH 
V,L 

tRAS 

~ Don'teare 

tCSH 

~ Don't Care 
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• 
CAPACITANCE 

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

SYMBOL PARAMETER MIN TYP. MAX. UNITS 

CI I I nput Capacitance (Ao - A7 , DIN) 4 5 pF 

CI. I nput Capacitance (RAS, CAS, WR ITE) 8 10 pF 

Co Output Capacitance (DOUT) 5 7 pF 

NOTES 

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., Icc4 depend on cycle rate 
4 Icc I, Icc4 depend on output loading Specified values are obtained with the output open 
5 An IOltlal pause of lOOlls IS required after power·up followed by any 8 RAS cycles before proper device operation IS achieved 
6 AC measurements assume tT = 5ns 

7 V1H (min) and V1L (max) are reference levels for measunng timing of Input signals Also, transition times are measured be­

tween V,H and V,L 

8 Assumes that tRCD :s: tRCD (max) If tRCD IS greater than the maximum recommended value shown In thIS table, tRAC will 
Increase by the amount that tACO exceeds the value shown 

9 Assumes that tRCD ~ tRCD (max) 
10 Measured with a load equivalent to 2 TTL loads and 100pF 

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

12 Operation WlthlO the tRCD (max) limit Insures that tRAC (max) can be met tRCD (max) IS specified a reference pOint only 
If tReD IS greater than the specified tRCD (max) limit, then access time IS controlled excluSively by tCAC 

13 These parameters are referenced to CAS leading edge 10 early wnte cycles and to WRITE leading edge In delayed wnte or read· 
modlfy-wnte cycles 

14 twcs, tewD and tRwD are not restnctlve operating parameters They are Included In the data sheet as electncal charactenstlcs 

only If twcs ~ twcs (min l. 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 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 Indeter­
minate 

APPLICATION INFORMATION 
ADDRESSING 

The 16 address bits required to decode 1 of the 
65,536 cell locations within the TMM4164C 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 onto 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 
address Inputs have been changed from Row address 
to Column address information 

- 29-



.TOSHIBA 

DATA INPUT/OUTPUT 
Data to be written Into a selected cell IS latcnea 

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 (DtN) 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-wr~ycle 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 WRITE rather than CAS (To Illus­
trate thiS feature, D'N 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 D'N 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 ([bUT) 

of the TMM4164C IS the high Impedance (open clr-

OUTLINE DRAWINGS 

16 15 14 13 12 11 10 

D Q 0 
1 2 3 4 5 6 7 

206MAX 
, 

x 
< 
~ 

CUlt) 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 TMM4164C al­

lows for successive memory operations at multiple 
column locations of the same row address With 
Increased speed Without an Increase In power ThiS IS 
done by strobing the row address Into the chip and 
maintaining the RAS signal at a logiC 0 throughout all 
successive memory cycles In which the row address IS 
common ThiS "Page-Mode" of operation Will not 
dissipate the power associated With the negative gOing 
edge of RAS Also, the time reqUired for strobing In 
a new row address IS eliminated, thereby decreaSing 
the access and cycle times 

REFRESH 
Refresh of the dynamiC cell matrix IS accomplished 

by performing a memory cycle at each of the 128 row 
address (Ao - A.) 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 

o 2S-tO 1 
~-O05 

90MAX 

Note Each lead pitch IS 2 54 mm All leads are located Within 0 25 mm of the.r true longltudl-
nal POSition With raspect to No 1 and No 16 leads 
All dimenSions are In millimeters 

Note Toshiba does not assume any responSIbilitY for use of any circuitry described, no Circuit patent licenses are Implied, and Toshiba reserves 
the right. at any time Without notice, to change said circUitry 
© Mar, 1981 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
1024 WORD x 4 BIT STATIC RAM 

N CHANNEL SILICON GATE OEPLETION LOAD 

TMM314AP 
TMM314AP-1 
TMM314AP-3 

TMM314APL 
TMM314APL-1 
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 applica­
tion systems where high performance, low cost, Sim­
ple InterfaCing are important deSign objectives 

TMM314AP family IS able to be connected to 

FEATURES 
• Fully decoded 1024 word x 4 bit organization 
• 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 
• Data Input/output terminal IS common 
• Input protected - All Inputs have protection 

against static charge 

• 2114 Type Pin compatible 

TTL directly and to drive 1 STTL or 5 LSTTLS 
TMM314AP family IS fabricated With N channel 

silicon gate depletion load type MaS 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
sltyassembly 

• Low Power diSSipation and Access time 
Power and Access time (maximum value) 

Access time Power 

TMM314AP-l 200 ns 550 mW 

TMM314AP-3 300 ns 550mW 

TMM314AP 450 ns 550mW 

TMM314APL-l 200 ns 385mW 

TMM314APL-3 300 ns 385mW 

TMM314APL 450 ns 385mW 

PIN CONNECTION {TOP VIEW} BLOCK DIAGRAM 

A. 
A. Vee -Vee As 

A, A. Row Memory cell array ""-GND 

AS A, 64 x 64 

A, AS 

AO 1/01 
A, 

A, 1/02 

A2 1/0 3 1/0 1 

CS 1/0 4 1/0 2 

WE 
1/0 3 

1/04 

PIN NAMES 

Ao -A~ Column Address Inputs 

A. -A, Row Address Inputs 

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

--Chip Select Input CS --
WE Write Enable Input 

VCC Supply Voltage 

GND Ground 
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• 
MAXIMUM RATINGS 

DC RECOMMENDED OPERATING CONDITIONS 

DC CHARACTERISTICS ITa .. 0 - mOC) 

SYMBOL PARAMETER 
---"--

IIH Input High Current 

I II L Input Low Current 
l\j':':O'-H-+-O'utput High VoTtage 

VOL 

IOH 

IOL 

Output Low Voltage 

Output High Current 
"---------,. 

Output Low Current 

CONDITIONS MIN. TYP.' MAX. UNIT 

VIN = 5.50 V _. __ -+-. ___ +-__ l~O,---+-.--'CJl~A,--...j 
VI~-V---··- -10 JlA 

ISOURCE - -1 0 m-A-·--·-I------oo2-cAc-+------c2=S-·f-------=--- --v-
-- - -------+----+---c-c--- f--- 04 

ISINK=3.:2..m"'--____ 015 V_ 
VOUT = 2.4 V 

VOUT - 0.4 V 

CE:-VIHOrWE = VIL 

-1.0 -5.~.5:"_-l ____ t-_m,-----A_ 
2'---65 mA 

_._.- .. _.-

I LO Output Leakage Current 
__ ---+ __________ j~V=O,UT=O.4V-VCC . I - --I------t----.-

nAM3"~---- ---;-5~ZI-----=- 50 
PL/PL·l/PL·3 --=cc=-.-----.--'--=--.---+-.-"c'------I 

lOUT ~ 0 mA O°C-
---+-=T=-M=-M314A 

O°C 

ICCl Supply Current 

25°C 70 ICC2 Supply Current P/P-l/P-3 
lOUT =0 rnA 

L_ •• ________ L •. _ .•. _. __ . ___ --'---=-='-'---_____ . ..L. __ ....L __ -----' ___ --'--__ -'-__ --' 

, Ta = 25°C, Vee = 5V 

- 34-



• 
AC CHARACTERISTICS fT .... 0 - 70·C, Vee'" 5V ± 10%, CL ... 100pF, t,-, 'tf ~ 10 ns) 

READ CYCLE 

SYMBOL PARAMETER 
TMM314AP-1/APL-1 TMM314AP-3/APL-3 TMM314AP/APL 

UNIT 
MIN I MAX. MIN I MAX MIN I MAX 

tRe Read Cycle Time 200 I - 300 I - 450 I - ns 

tAee Access Time - ! 200 - I 300 - 450 ns 

teo Chip Select Time - J 70 - I 100 - I 100 ns 

tex Output Active from CS 20 I - 20 i - 20 I - ns 

too Chip Deselect Time 0 I 40 0 : 80 0 I 100 ns 

tOH Output Hold from Address Change 20 I - 20 I - 20 I - ns 

WRITE CYCLE 

SYMBOL PARAMETER 
TMM314AP-1/APL-1 TMM314AP-3/APL-3 TMM314AP/APL 

UNIT 
MIN MAX MIN MAX MIN MAX 

twe Wrrte Cycle Time 200 - 300 - 450 - ,.11'" 
twp Wrrte Pulse Width 120 - 150 - 200 - • 'n's 

tWR Write Recovery Time 0 - 0 - 0 - ns 

to OW Output High Z from WE 0 i 40 0 
, 

80 0 100 ns 

tos Data Setup Time 120 - 150 - 200 - ns 

tOH Data Hold Tome 0 - 0 - 0 - ns 

tAW Address to Wrrte Setup Time 30 - 30 I - 30 - ns 

CAPACITANCE ITa'" 25°q. f = 1 MHz) 

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

I C'N I Input Capacitance I V,N = AC Ground I - 1 - 5 pF 

I COUT I Output Capacitance I VOUT = AC Ground I - I - 5 pF 

Note ThIS parameter IS perrodlcally sampled and not 100% tested 
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• 
TIMING WAVEFORMS 

READ CYCLE 

V,H 

Ao -A9 

v,L 

V,H 

a: 
v,L 

VOH 

1/01 -1/0 4 

VOL 

WRITE CYCLE 

V,H 

Ao ,..,A9 

V,L 

V,H 

Co 

V,L 

V,H 

WE 
V,L 

VOH/VIH 

1/01 -1/04 

VOL/V\L 

'we 

Note 1 WE is high for a READ CYCLE. 

DATA OUT 

VALID 

DATA IN 

STABLE 

twp is measured from the latter ofCs orWE gOIng low to 

the earlier ofCS or WE going high 
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TYPICAL CHARACTERISTICS 
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• TDSHIBA 

OUTLINE DRAWINGS 

Unit in mm 

24 2322212019181716 15 1413 

1 2 3 4 5 6 7 8 9 101112 

Note. Each lead pitch IS 2 54 mm All leads are located withIn 025 mm of their 

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 descnbed, no circuit patent licenses are implied, and Toshiba reserves 
the nght, at any time without notice, to change said circuitry 

©Mar, 1980 Toshiba Corporation 

- 38-



TOSHIBA MOS 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 wnte memones operated With 5V single power 
supply. The memories are static In operation and 
require no clocks or refresh penod. This deVice has 
two types in data access - address access and chip 
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 dunng 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 - CS input 
• Standby feature - CS = VI H 
• I/O separate 
• Three state output 
• Directly TTL compiltlble 

PIN CONNECTION (TOPVIEW) 

Vee A6 A, A8 A9 AID All DIN ~ 

18 11 16 15 14 13 12 11 10 

4 5 6 8 

PIN NAMES 

Ao -As Row Address Inputs 

A. -All Column Address Inputs 

DIN Data input 

DOUT Data output 

CS Chip select input 

WE Wflte enable Input 

Vcc/GND Power supply 

- 39 

TMM315D 
TMM315D-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 TIL compatible and ItS output can drive 
the TTL up to 5. TMM315D/TMM315D-1 arefabn­
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) 

PARAMETER TMM3l5D-l TMM3l5D 

Active Current (Max) leomA leomA 

Standby Current (Max) 30mA 20mA 

Address Access time 55 ns 7D ns 

ChiP select Access time 55 ns 70 ns 

• Pin to Pin compatible - 12147/i2147-3 
• I nputs protected - All Inputs have protection 

against static charge 

BLOCK DIAGRAM 

AO--/Z-=-r----, 
Al--D===I 
A2--;::~-l 

A.--D===I 
A4--C>--l 

Row 

Decoder 

As-~=L_-' 

W"E-->--<-./ 

Memory 

Cell Array 
(64)C 64) 

-Vee 
-GND 



• 
OPERATiON MODE ~ 

I 

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 -15-70 V 

VIN.OUT Input and output voltage -15-70 V 

Topr Operating temperature 0-70 °C 

Tstrg Storage temperature -55-150 °C 

Tsolder Soldering temperature - time 260 10 °C sec 

PD Power dissipation ITa = 70°C) 10 W 

lout DC output current 20 mA 

DC OPERATINO CONDITIOIIS 

SYMBOL PARAMETER CONDITIONS MIN_ TYP_ MAX. UNIT 

VIH Input high voltage - 20 - 60 V 

VIL Input low voltage - -10 - 08 V 

Vee Power supply voltage - 45 50 55 V 

DC and OPERATING CHARACTERISTICS 
Ta = 0 -70°C. Vee = 5.0V± 1 O%.unless otherWise noted 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

VOH Output high voltage Isource - -40 mA 24 - - V 

VOL Output low voltage ISlnk =8 mA - - 04 V 

IOH Output high current VOH=24V -4.0 - - mA 

IOL Output low current VOL=O.4V 80 - - mA 

III Input leakage current VIN =O-Vee - ±001 ±10 p.A 

ILO Output leakage current 
VouT=0-4.5V 

±O 1 ±50 p.A 
CS=VIH orWE=VIL 

-

CS = VIL TMM315D - - 160 mA 
lee Operating current 

TMM315D-l 180 mA output open - -

Standby current 
CS=VIH TMM315D - - 20 mA 

ISB 
TMM315D·l 30 mA output open - -

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

during power on TMM315D-l 70 mA - -

• TYPical values are at Vee = 5.0V. Ta = 25°C. 
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• 
A.C. CHARACTERISTICS 

Ta = 0 ""' 70°C, Vee = 5V± 10%,lJnJess otherwise noted 

• AC TEST CONDITIONS 

I Input pulse levels 

r-In-P~t n~~ and fall times 
----I' 0-35~_1 

, 10 ns 

CAPAC IT ANCE (Ta = 25"C. f = 1.0 MHz) 
Fig. 1 Output load 

SYMB~-PARA-METER j' MAX.--
-.- --~. .- ---+-----! 

~_c:IN_ Input capacrtance_ _ __5=-_+_ 
i COUT ~OutPutcapacltance- - 7 
L ______ ~ ___ L--____ .______ _~ __ . __ .L. ___ .J 

This parameter IS periodically sampled and )s not 100% tested 
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• TOSHIBA 

TIMING WAVEFORMS "'"~~AOC 
"0" --------
V P, •• ,Oy,O" •• alld ~ ________ _ 

Ot. L'OH 

~1-

1------- 'we ---- --------i 

Note (1) Addresses are to valid prior to or cOincident with CS transition low. 

(2) teol 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 dimensions are In millimeters 2.54 T~Y~P.,-+-_-+-

O.4SIO 15 

Umtmmm 

1 52±O 25 

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 , 1981 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
2048 WORD X 8 BIT STATIC RAM 

N CHANNEL SILICON GATE DEPLETION LOAD 

DESCR1PTION 

The TMM2016P IS a 16384-blt static random ac­
cess memory organized as 2048-words by 8-blts and 
operates from a single 5V power supply Common 

8-blt Input/output, output enable (OE) and pin-com­
patibility with 2716 type EPROM (TMM323D) allow 
a wide application In microprocessor peripheral 
memory 

I n 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 

• Power down feature - CS 

TMM2016P 
TMM2016P-1 
TMM2016P-2 

IS In V ,H level, the deVice IS In low power standby 
mode 

TMM 2016P IS fabricated with Ion Implanted N­
channel silicon gate technology ThiS technology pro­
vides high performance and high reliability The chip 
IS moulded In a 24 pin standard plastiC package, 06 
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 OLJtputs 
• 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 -A1O 

CS 

WE 

1/01 -I/OS 

OE 

VCC 

GND 

A, , 
A6 

A5 

A, 4 

A3 5 

A, 6 
A, 
AO 

1/01 9 

1/02 10 

1/03 11 

GND 12 

~ 
" g 

NAME 

24 v" 
23 A, 
22 ~ 
21 WE 
20 OE 
19 A10 
18 os 
17 liDS 
16 1/°7 
15 J/06 
14 1/°5 
13 1/°4 

Column Address Inputs 

Row Address Inputs 

Chip Select Input 

Wnte Enable Input 

Data Input/Output 

Output Enable Input 

Power (5VI 

Ground 

cs~ 
WE<>-i ~ 
0' 
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(128x16xS) 

~Vcc 

-E----o GND 



• 
MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

Vee Power Supply Voltage -0 5 ~7 0 V 

V'N, OUT I nput and Output Voltage -05~70 V 

TaPA, Operating Temperature O~ 70 °c 

TSTG Storage Temperature -55 ~ 150 °c 

TSOLOEA Soldering Temperature· Time 260 10 °c sec 

Po Power Dissipation ITa - 70°C) 10 W 

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

SYMBOL PARAMETER MIN TYP MAX UNIT 

V,H Input High Voltage 22 - Vee + 1 0 V 

V,L I nput Low Voltage -05 - 08 V 

Vee Supply Voltage 45 50 55 V 

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

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 
---

~--~?ut Leakage Current Y,N ~ 0 ~ 5 5V - - ±10 IlA 

IOH Output High Current V OUT ~24V -10 - - mA 

IOL Output Low Current VOUT - 0 4V 21 - - mA 
--

VOH Output High Voltage lOUT ~ -1 OmA 24 - - V 

VOL Output Low Voltage IOUT~21mA - - 04 V 

CS~V'H orWE~V'L orOE ~V'H 
, 

I ILO Output Leakage Current - - ±10 IlA 
VOuT~O~Vee 

CS ~ Vee 
TMM20 16P /P-1 -

I 
- 30 mA 

*ISBP Peak Power-on Current lOUT ~OmA 
dun ng power on 

TMM2016P-2 - - 45 mA 

CS ~ V,H TMM2016P /P-1 - - 15 mA 
ISB Standby Current 

lOUT ~OmA TMM2016P-2 30 mA - -

- TMM2016P - - 100 mA 

Icc Operating Current 
CS ~ V,L 

TMM2016P-1 - - 120 mA 
lOUT ~ OmA 

TMM2016P-2 - - 140 mA 

"'Note ICC exceeds ISB 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 MHz) 

SYMBOL PARAMETER CONDITIONS MAX UNIT 

C'N I nput CapaCItance V ,N ~ A C 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 ITa = 0 - 70°C, VCC = 5V ± 10%) 
READ CYCLE 

SYMBOL PARAMETER 

tRC Read Cycle Time 

tAcc Address Access Time 

tco Chip Select Access Time 

tOE Output Enable Time 

tOH Output Hold Time from Address Change 

tCLZ Output In Low-Z from CS 

tCHz Output In Hlgh-Z from CS 

toLZ Output In Low-Z from OE 

to HZ Output In High-Z from OE 

tpu Chip Selection to Power up Time 

tpo Chip Deselewon to Power down Time 

WRITE CYCLE 

SYMBOL PARAMETER 

twc Write Cycle Time 

tcw Chip Selection to End of Write 

tAS Address Set up Time 

twp Write Pulse Width 

tWR Wnte Recovery Time 

tos Data Set up Time 

tOH Data Hold Time 

tWLZ Output In Low-Z from WE 

tWHZ Output In Hlgh-Z from WE 

A.C. TEST CONDITIONS 

I nput Pulse Levels 

Input Rise and Fall Times 

I nput and Output Timing Reference Levels 

Output Load 

Note Output Load - , TTL Gate and CL'" 100pF 
(Including scope and Jig) 

TMM2016P 

MIN MAX 

150 -

- 150 

- 150 

- 55 

10 -
10 -

- 55 

5 -

- 50 

0 -
- 60 

TMM2016P 

MIN MAX 

150 -

120 -
20 -

100 -

10 -

60 -

15 -
5 -

- 50 

Q-35V 

10ns 

15V 

See Note 
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• 
TMM2016P-l TMM2016P-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 - 5 - ns 

- 35 - 50 ns 

0 - 0 - ns 

- 50 - 60 ns 

TMM2016P-l TMM2016P-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 



• 
TIMING WAVEFORMS 

(A) READ CYC~E (1) ~ ~~----------------tRC---------------~ 

ADDRESS ~--------------------------------- -to-H----------------------

OE 

OUTPUT DATA VALID 

UNKNOWN 

(8) READ CYCLE (2) 
tRC 

CS 
-, 

tco_ - tCHZ - tCLZ -
DOUT OUTPUT DATA VALID 

/ 

~ 
I 

tpD 
ICC __ ~'<-"""!' _ 

SUPPLY ISB r 
CURRENT ----

(C) WRITE CYCLE (1) 
~------------------twc------------------~ 

ADDRESS 

OE 

CS 

WE 

DOUT 

~P----~I)----~--------------

____ .c_tDS ---'---­

_______________________________ 1f---DATAINSTABL~ 
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(0) WRITE CYCLE (2) 
~-----------------tvvc----------------~~ 

ADDRESS 

CS 

~--------'WP--------~ 
WE ------~--_rl~~~,1 1/----4---------------

DOUT 
HIGH IMPEDANCE 

E'DS 
______________________________ /~AINSTABLE 

~ Note READ CYCLE (1) - WE IS high for Read Cycle 

Device IS continuously selected, CS '" V, L 
READ CYCLE (2) - All addresses are valid pnor to or COincident with CS transition low 

~ IS high for Read Cycle OE = V,L 
WRITE CYCLE (2) - OE = V,L 
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_TOSHIBA 

OOTLfNE DRAWINGS 

242322212019181716151413 

1 2 3 4 5 6 7 8 9 1011 12 

324 MAX 

17 4 MAX .1 

Note Each lead pitch IS 2 54 mm All leads are located Within 025 mm of their 

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 descnbed, no CirCUit patent licenses are Implied, and Toshiba reserves 

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

© Mar., 1981 Toshiba Corporation 

PRELIMINARY 

Characteristics are subject to change without notice 
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CMOS Static Random Access Memories 
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• TOSHIBA MOS MEMORY PRODUCTS 
256 WORD x 4 BIT CMOS RAM 

SILICON GATE CMOS 

DESCRIPTION 

The TC5501 P/D IS a fully static 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 also as a nonvolatile 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 
55j.1W (MAX) STANDBY 

· 83mW (MAX) OPERATING 
• Single 5V Power Supply 
• Data Retention Voltage 2V to 5 5V 
• Package 

· Plastic DIP TC5501 P 
· Cerdlp DIP. TC5501D 

PIN CONNECTION 

(TOP VIEW) 

DIN1 9 

DOUTl 

DIN2 

PIN NAMES 

voo 
A. 

R/W 

eEl 

00 

CE2 

DOUT4 

DIN4 

DOUT3 

DIN3 

DOUT2 

Ao """'A7 Address Inputs I 
1--. -- _.-

R!W 
. -. __ ._. -----------1 

Read Write Input I 

GEl. C.E-=2'-- __ +_.C.h.'p.E.n.ab.le_ln.p.ut.'_ .~ ~ 
r- __ D_IN_t_~_4 Data Inputs --

DOUTt ~ 4 Da'".Clutp.",,- _ _ __ _ 

DO Output Disable Input 
1----_ .. _. __ ._._--- - - --

Voo/GND Power Supply Terminals _~ 

TCSSO I P/- I 
... TCS§QiPl:_1 _ 

The three state outputs Simplify the memory ek 
panslon 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 C2 MOS technology, the device circuitry IS 
not only Simplified but wide operating margin and 
nOise margin are also realized 

The TC5501P/Dls offered In standard 22 pin plastic 
and cerdlp packages, 0 4 Inch In width 

• Fully static operation 
• Three State Output 
• Input/output, TTL Compatible 
• Access T I me 

TC5501 P/D ,tACC:C; 450ns (MAX.) 
TC5501 P-l /0·1, tACC:C; 650ns (MAX) 

BLOCK DIAGRAM 

°OUT1 

DOUT2 

DOUT3 

°OUT4 
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• 
MAXIMUM RATINGS 

~-r-- I SYMBOL ITEM RATING UNITS 
,~~-

Voo Power Supply Voltage -03-70 V 

VIN Input Voltage -03- Voo + 0 3 
V~ 

VOUT Output Voltage O-Voo V 

Po Power DISSipation (Ta = 85·C) 
-+---

800 mW 
~--I--~ 

°C sec TSOlOER Soldering Temperature Time 260 ·10 

TSTG Storage Temperature 
~--~--,-------_ .. 

·C -55-150 
~-.----

.2CJ!'F1_ Operating Temperature -30- 85 ·C 

DC RECOMMENDED OPERATING CONDITION 

'SYMBOL PARAMETER MIN I TYP MAX UNITS r--
L Voo Power Supply Voltage 45 - 55 V 

----------"- --

~ Input High Level Voltage ~22_+--=- Voo + 0 3 V 

Vil Input Low Level Voltage 
.-

-03 i - 065 J-----v---
VOH Data Retention Voltage --------~ 2 o.~ - 55 V 

----~-------------- -- . 

DC CHARACTERISTICS ITa = -30 - 85"C) 

SYMBOL PARAMETER ~_ CONDITIONS MIN TYP(1) MAX UNITS --
liN I nput Current O;;:VIN ;;:Voo - ±O 05 ± 10 IlA 

loos Standby Current 
Voo - 2 OV to 5 5V 

- 02 10 pA 
CE, = 0 2V. Output open 

--~-. -~--

1000 Operating Current Voo = 5.5V, tCYC = 11ls - 6~2 15 mA 

ILO Output Leakage Current O~VOUT ~Voo - ±005 ± 10 IlA 

10H Output High Current Voo - 4.5V, VOH - 2 4V -10 -20 - mA 

I IOl ..l Output Low Current Voo =45V, Val =04V 2.0 30 - mA 
--

CAPACITANCE (2) (Ta" 25"C) 

f---S_Y_M_B_O_L--+ ____ PAR_A_M_E_T_E_R ____ .-/--I __ C"'O::.cND IT IONS 

---1 V IN = OV, f =,_1_Mc-:Hcczcc-__ + ___ -I_--=_--I 
---.l-""~ - OV..!= 1 MHz ___ -'-___ -" 

CIN I nput Capacitance 

~~ Output CapaCItance 

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

• READ CYCLE 

A.C. TEST CONDITIONS 

• Output Load 
• Input Pu Ise Levels 

100 pF + 1 TTL Gate 
o 45V, 2 4V 

• Timing Measurement Reference Levels 
Input 0.65V, 2 2V 
Output 0 65V, 2 2V 

• Input Pulse Rise and Fall Times 10ns 

,. 
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• 
Read Cycle 

ADDRESS 

eE2 

00 

DOUT 

Write Cycle 1 
twe 

ADDRESS 

'WP 

eE2 

IH 

00 

DOUT 

Write Cycle 2 'We 

ADDRESS STABLE 

V,H 
eEl V,L V,L 

eE2 

'WP 

"N; V,H VIH 
V,L V,L 

00 

DOUT 

DIN 

54 



TYPICAL CHARACTERISTICS 
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• 
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400 
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-
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OUTLINE DRAWINGS 

PLASTIC PACKAGE 

~::!::~=n 
Unit in mm 

1 2 3 4 5 6 7 8 9 10 11 

10.16 ±O 05 

0.25 ~~.15 
10.4' ...... '1.51 

CERDIP PACKAGE 

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

Note. Each lead pitch IS 254 mm All leads are located Within 
025 mm of their true longitudinal pOSition With respect to 
No 1 and No 22 leads. 

Note Toshiba do.s not anume any responSibility for use of any CirCUItry described, no Circuit patent !lcenses ar. Implied, and Toshiba reserves the 
right, at any time Without notice, to change Aid circuitry 

©Feb. 1981 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
1024 WORD X 1 BIT CMOS RAM 

SILICON GATE CMOS 

DESCRIPTION 

The TC5508P IS a static read write memory 
organized as 1024 words by 1 bit uSing CMOS 

technology Because of ultra low power diSSipation, 

the TC5508P can be used as battery operated 
portable memory system and also as a nonvolatile 
memory with battery back up. The TC5508P 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 
55/J.W (MAX.) STANDBY 
55mW (MAX) OPERATING 

• Single 5V Power Supply 
• Data Retention Voltage, 2.0-5.5V 

• 16 PI N Plastic Package 

• Static Operation 

PIN CONNECTION 
(TOP VIEW) 

VDD 

D,N 

A, R/W 

A. 

A, 

A, 

DOUT A, 

GND 

PIN NAMES 

A '~A Address Inputs 

R/W Read Wnte Input 

CE ChIp Enable Input 

Data Input 

°OUT Data Output 

VOO/GND Power Supply Terminals 

TC550BP 
TC550BP-1 

TC550BP-4 

The three state output Simplify the memory 

expansion making the TC550SP 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 
cllcultry IS not only Simplified but Wide operating 
margin and nOise margin are also realized. 

The TC550SP family IS moulded In a dual-In-Ilne 
16 pin plastiC packaqe, 0.3 Inch In Width. 

• Three State Output 
• I nput/Output, TT L Compatible 

• Latched Address Inputs 

• Access T I me 
TC550SP ,tAcc ~ 370ns (MAX.) 
TC550SP-4, tACC ~ 450ns (MAX.) 

TC550SP-1 , tACC ~ 550ns (MAX.) 

BLOCK DIAGRAM 

. 
A, 

il' 
a: Memory Cell Array 32 

32 x 32 

R/W 0---.,.....+--4..-1 

--------0 V 0 0 

-----OGND 
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• 
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 

D.C. CHARACTERISTICS ITa = -3lr-85" C) 

SYMBOL PARAMETER CONDITIONS 

liN Input Current O\l~VIN ~Voo 

Voo = 2V- 55V 

laos Standby Current CE = Voo-O 2V Output open 

Other Inputs=O.2Vor Voo-O 2V 

1000 Operating Current VOO = 55V, tCyc= 1p.s 

ILO Output Leakage Current OV~VOUT~VOO 
10H Output High Current Voo = 4 5V, VOH = 24V 

10L Output Low Current Voo=45V, VOL=04V 

C, (2) Input Capacitance f = 1MHz 

Co (2) Output Capacitance f = 1MHz 

Note(1) Ta=2So C VOD""5V 
Note (2) ThiS parameter IS periodically sampled and IS not 100% tested 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER 

Voo Power Supply Voltage 

VIH Input High Level Voltage 

VIL Input Low Level Voltage 

VOH Data Retention Voltage 

A.C. CHARACTERISTICS ITa = -3lr-85°C) 
• TC5508P 

SYMBOL PARAMETER 

tACC Access Time 

tCOE CE To Output Enable Time 

tOIS CE To Output DlSableTlme 

tROE RNI To Output Enable Time 

tROO RNI To Output Disable Time 

MIN 

45 

Voo-20 

-03 

20 

CONDITIONS 

Voo =45-55V 

VO H = 2.4V 

VOL = 08V 

CL = 100pF 

- 60-

RATING UNIT 

-03-70 V 

-03- Voo + 0 3 V 

O-Voo V 

500 mW 

260' 10 °C·sec 

-55 -150 °c 

-30- 85 °c 

MIN TYP (1) MAX UNIT 

- to 05 t10 IlA 

- 02 10 IlA 

- 6 10 mA 

- to 1 t50 IlA 

-1 0 -20 - mA 

20 30 - mA 

- 5 10 pF 

- 7 15 pF 

TYP MAX UNIT 

50 55 V 

- Voo+O 3 V 

- 08 V 

- 55 V 

MIN TYP MAX UNIT 

- - 370 ns 

0 - - ns 

- - 100 ns 

0 - - ns 

- - 100 ns 



• 
• TC5508P-4 

MIN --
,,--

MAX UNIT TYP 
,--,-

450 
---~ 

ns 
-~-----

0 ns 

130 ns 
-'0 ns ---,-, 

130 ns 

SYMBOL PARAMETER - -==t-CONDITIONS 

tACC Access Time _~ VOD = 4 5"" 5 5V 
teoE CE To Output Ena~ I 

,- 1---=---- VOH = 2 4V 
~§ ___ r--<:E ToOutput Disable Time I VOL = 0.8V 

tROE _~~OLJtput Enable Time I CL = 100 pF 
tROD RNV To Output Disable Time i 

• TC5508P-' 

SYMBOL PARAMETER CONDITIONS MIN. TYP MAX UNIT 

tACC Access Time Voo = 4 5 - 5 5V ~ ~ 550 ns 

teoE CE To Output Enable Time VO H = 24V 0 ~ ~ ns 

tOIS CE To Output Disable Time VOL=08V ~ ~ 150 ns 

tROE RNV To Output Enable Time CL = 100 pF 0 ~ ~ ris 

tROD RNV To Output Disable Time ~ ~ 150 ns 

A.C. RECoMMENDED OPERATING CONDITIONS' 
• TC5508P 

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT 

tAS Address Setup Time 20 ~ ns 

tAH Address Hold Time 50 ~ ns 

tpe Pre charge-TI me Voo = 4 5-5.5V 80 ~ ns 

teE CE Pulse Width CL ~ 100pF 370 ~ ns 

twp Write Pulse Width V'H=Voo~2 OV-Voo+O 3V 200 ~ ns 

tws Write Setup Time V,L =0 8V 0 ~ ns 

tWH Write Hold Time T a~~30-85° C 200 ~ ns 

tITH CE Hold Time 200 ~ ns 

tow Output Valid to RNV 0 ~ ns 

tos Data Setup T I me 200 ~ ns 

tOH Data Hold Time 0 ~ ns 

tRS Read Setup Time 0 ~ ns 

tRH Read Hold Time 0 ~ ns 

• TC5508P-4 

SYMBOL PARAMETER CONDITIONS MIN MAX UNIT 

tAS Address Setup Time 20 ~ ns 

tAH Address Hold Time ~ ~ ns _._---
tpc Precharge Time 100 ~ ns ------ -_.- -, 

tCE --f--- CE Pulse Width 450 ~ ns 

twp Write Pulse Width Voo ~ 4.5 - 5.5V 250 ~ ns 

~WS Write Setup Time CL = 100 pF 0 ~ ns 

V,H =Voo~2 OV-Voo+0.3V 
-----

tWH Write Hold Time 250 ~ ns _.-:---- ----
tCEH CE Hold Time V,L =08V 250 ns 

tow Output Valid to RNV Ta = ~30-sqoC 0 ~ ns 

tos Data Setup Time 250 ~ ns 

tOH Data Hold Time 0 ~ ns 

tRS Read Setup Time 0 ~ ns 

tRH Read Hold Time 0 ~ ns 
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' . 
• TC5508P-1 

SYMBOL PARAMETER CONDITIONS MIN MAX UNIT 

t AS Address Setup Time 20 - ns 

tAH Address Hold Time 80 - ns 

tpc Precharge T I me VDD=4 5-5 5V 150 - ns 

tCE CE Pulse Width CL =100 pF 550 - ns 

twp Wnte Pulse Width V,WVDD-2 OV-VDD +0 3V 300 - ns 

tws Write Setup Time V,L =0 8V 0 - ns 

tWH Write Hold Time Ta = -30-85° C 300 - ns 

tCEH CE Hold Time 300 - ns 

tow Output Valid to R/W 0 - ns 

tDS Data Setup Time 300 - ns 

tDH Data Hold Time 0 - ns 

tAS Read Setup Time 0 - ns 

tAH Read Hold Time 0 - ns 

"'tIMING WAVEFORMS 
• Read Cycle 

ADDRESS DON'T CARE 

tAS 

A/W 

tCOE 

HIGH Z 
°OUT 

• Early Write Cycle 1 

ADDRESS DON'T CARE 

CE 

tws tWH 

A/W 

tas 

DON'T CARE STABLE 

HIGH Z 
DOUT 

- 62-



• 
• Early Write Cycle 2 

'AS 

ADDRESS 
IH 

STABLE V,L DON'T CARE 

tpc 

CE V ,H V,H V,L 

'ws 

R/W 

V,L 

D,N DON'T CARE 

) HIGH Z 
DOUT 

• Read Modify Write Cycle 

ADDRESS DON'T CARE 

CE 

R/W 

DON'T CARE 

UNKNOWN VALID UNKNOWN 
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OUTLINE DRA~ 

16 15 14 13 12 11 10 9 

199 MAX 

~~-i;--------------------~II 
:; 

8" 

1 4±O 15 

2 54±O 25 o 5±O 15 

z 
~ 

"' o 

Unit In mm 

~ 1nn--1 
~ 1 +Ol~ 

025-005 

0.2 MAX 1---'--'''''---''-''''----1 
Note Each lead pitch IS 2 54mm All leads ~re located within 025mm 

of their longitudinal position with respect to No 1 and No 16 leads 

Note. Tcshlba does not assume any responsibility for use of any Circuitry deSCribed, no ClfCUlt patent licenses are Implied, and Toshiba reserves 

the right, at any time without notice, to change said ClfCU Itry 

©SePt, 1979 Toshiba Corporation 
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TOSHIBA MaS MEMORY PRODUCTS 
1024 WORD X 4BIT CMOS RAM 

SILICON GATE CMOS 

DESCRIPllON 

The TC504 7 AP IS a static read write memory 
organ Ized as 1024 words by 4 bits uSing CMOS 
technology. Because of ultra low power diSSipation, 
the TC504 7 AP can be used as battery operated 
portable memory system and also as a nonvolatile 
memory With battery back up. The TC5047AP 
operates 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. 

• Low Power Dissipation 
11O,..W (MAX.) STANDBY 
110mW (MAX.) OPERATING 

• Single 5V Power Supply 
• Data Retention Voltage, 2.0-5.5V 
• 20 PI N Plastic Package 

PIN CONNECTtON 
(TOP VIEW) 

A, 

PIN NAMES 

Address Inputs 

R/W Read Write Input 

Chip Enable inputs 

Data 1/0 ...... Data Input/Output 

00 Output Disable Input 

VOO/GND Power Supply Terminals 

voo 
A, 

R/W 

eel 
00 

CE, 

A. 

A, 

Data I/O. 

Data I/O., 

TC5047AP-1 
TC5047AP-2 

The three state outputs simplify the memory 
expansion making the TC5047AP sUitable for use In a 
microprocessor penpheral memory. Since the mini· 
mum data retention voltage IS 2V, the battery back 
up system needs Only simple circuit. By uSing 
Toshiba's onglnal 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'ln-llne 
20 Pin plastic package, 0.4 Inch In Width. 

• Static Operation 
• Three State Outputs 
• Input/Output, TTL Compatible 

• Access Time 
TC5047 AP·l, tACC ~ 550ns (MAX.) 
TC5047 AP·2, t ACC ~ 800ns (MAX.) 

BLOCK DIAGRAM 

I~ 
AO 

AI 
en 
a: 

A, ~ en .. 

w 

" 
a: 
w 
0 
0 
~ 

MEMORY 

A, en" 
~ .. C CELL ARRAY 

A. D 3: 
D D 

As .. a: 

Data 1/01 

Date 1/02 

Data 1/04 

CE"o--/:)o-..-----+­

CE Io----ct.-J 

R/Wo---+OU 

ocO----dU 

64 x64 

CE 

--oVOO 

------0 GND 
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• 
SYMBOL ITEM 

Voo Power Supply Voltage 

VIN Input Voltage 

VOUT Output Voltage 

Po Power DISSipation ITa ~ 85°C) 

TSOLOER Soldering Temperature· Time 

TSTG Storage Temperature 

TOPR Operating Temperature 

DC RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN --
Voo Power Supply Voltage 45 

VIH Input High Level Voltage Voo-1.5 

V IL Input Low Level Voltage -03 

VoH Data Retention Voltage 20 

DCCHARACTERISTtCS (Ta: _30-85°C) 

SYMBOL PARAMETER CONDITIONS 

liN Input Current OV"::VIN "::Voo --
Voo = 2 - 5 5V 

loos Standby Current 
CE, = 0 2V. Output Open 

1000 Operating Current Vo o =5 5V, tCyc=lfJ.s 

ILO Output Leakage Current OV.,:: VOUT":: Voo 

10H Output High Current Voo=4 5V, VOH - 2 4V 

10L Output Low Current Voo - 4 5V, VOL - OAV 

C, 121 Input Capacitance f - 1MHz 

Co 121 Output Capacitance f - 1MHz 

Ta = 26° C, Voo '" 5V Note (1) 

Note (2) ThiS parameter IS periodIcally sampled and IS not 100% tested 
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1 
I' 

RATING UNIT 

-03-70 V 

-03-Voo +03 V 

0- Voo V 

700 mW 

260' 10 °C·s:.~ 
-55-150 °c 

-30- 85 °c 

TYP MAX UNIT 

50 5.5 V 

- Voo+O 3 V 

- 06 V 

- 55 V 

MIN TYP III MAX UNIT 

0 ±O 05 ±10 fJ.A 

0 02 20 fJ.A 

0 10 20 mA 
--

0 ±O 1 ±50 fJ.A 

-10 -20 - mA 

16 20 - mA 

- 5 10 pF 

- 7 15 pF 



A.C. RECOMMENDED OPERATING CONDITIONS 

• TC5047AP·1 

SYMBOL PARAMETER CONDITIONS 

TRC Read Cycle Time 
--

__ ~wc Write Cycle Time 
--

tCES CE Setup Time 
t-----~--- --

tCEH CE Hold Time Voo = 4 5 - 5 5V 
t-

Precharge Time CL = 100 pF tpc 

tCE CE Pulse Width V, H = Voo - 1 5V 
t----- ----~~ 

Wnte Pulse Width - Voo + 03V twp 
1-----

Data Setup Time VIL = -03-06V tos 

tOH Data Hold T I me Ta = -30 - 85°C 

tcw Write Setup Time 

t RS Read Setup Time 
t-- --~--~-- -

Read Hold Time tRH 

Note (3) tCES + tCEH .;;; 100 ns 

• TC5047AP-2 

SYMBOL PARAMETER CONDITIONS 

tRC ~_ Read Cycle Time 

twc Write Cycle Time 
t-----~ 

__ ~Setup Time 
--~-------

_____ ti=§ 
~--

t-__ ~CEH_ CE Hold Time Voo = 45 - 5 5V 
----

r---~~ Precharge Time CL=100pF 
--

CE Pulse Width tEE V IH = Voo - 1 5V 
r-----~~-- -

twp Write Pulse Width - Voo + 03V 

tos Data Setup Time VI L = -03 - 0 6V 

tOH Data Hold Time Ta = -30 - 85°C 

tcw Write Setup Time 
t-----tRS Read Setup Time 
I--~~~ 

Read Hold Time tRH 

Note (4) teEs + tCEH ~ 200 ns 

A.C. CHARACTEFUSTICS 

• TC504 7 AP-1 

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 

• TC5047AP-2 

l SYMBOL I PARAMETER CONDITIONS 

i tAce! Access Time Voo = 4 5 - 5 5V 
I ' 

CL = 100pF ~! Output DISable Time 

L tCOE I Output Enable Time VO H =2 4V, VOL = 06V 
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• 
MIN MAX UNIT 

650 - ns 

650 - ns 
2013) - ns 

2013) - 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 14 ) - ns 

2014 ) - ns 

200 - ns 

800 - ns 

500 - ns 

500 - ns 
r--- 0 - ns 

550 -
I ns 

0 - I ns 

0 - ns 

MIN I TYP MAX UNIT 

- I - 550 ns 

-
I 

- 100 ns 

- i 100 - ns 

I MIN TYP MAX UNIT 

I - - 800 ns 

! - - 200 ns 

1 - 200 - ns 



• 
'TIMING WAVEFORMS 
• Read Cycle 'RC 

V,H V,H ~ )( V,L STABLE 
V,L 

ADDRESS 

'~ ~H tCi ~ 

---.I 
V,H V,H V,H 

V,L V,L 
CEI 

'PC 

~ V,H V,H 

VIL Vll V,L 
CE, 

00 
V,H 

VIL / 

,.It ~ ~H 

Vl1 V,H 

I 'ACC 

~ 
tOIS -~ 

tCOE 
HIGH Z VOH 

~ 
HIGH Z 

VALID DATA 
VOL 

R/W 

UNKNOWN 

• Write Cycle 'wc 

V,H K STABLE 
V,L 

ADDRESS DI V,H 

________ --f~V~I~L------------------------------~~ 

teEs ~H E '----
tee ~ 

eel 
---.I 

VIH VIH 
V,L 

V,H 
V,L 

'PC 

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

V,H 

V,L 

'cw 

00 

twp 

R/W ,"\ V,H / 
', _____ _ l:\.V...:.,:1 L=--___________ V..;I.:;L'hI _ ____ _ J' 

tos ~ 
r--------

\.)-__ ;.:H;.:IG;.;H,;,.:Z~_-<I l' V,H DATA IN V,H 

01/0 _________ .1 ~1\.:V~I!;.L ______ S_T_A_B_L_E __ .... V!!'L;J 
DON'T CARE 
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TYPICAL CHARACTERISTICS 
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• 
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·TOSHIBA 

c 

"' 9 

400 

300 

200 

100 
1-

o 
30 o 

tos -Ta 
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Tb50471p 1 

30 

OUTLINE DRAWINGS 

10 

VOO""45V 

---r- c 

~ 
-10 -- " 
-20 

-30 
60 90 -30 

Unit mmm 

e::::::::: IIJ 
1 2 3 4 S 6 7 8 9 10 

27 S MAX 

8' 

S' 

z 
~ 

"' o 

1 2±0 1S 

2.54 ±O.25 0 5 ±O 15 

I, 1016+01 I 

a 
I 

-OOS I 
. 1016 "-'1180 . 

tOH -Ta 

VOO = 4 SV 

30 60 90 
Ta (oe) 

Note Each lead pitch IS 2 54mm All leads 

are located Wlthm 025 mm of their 

true longltudmal position with re""'~-::t 

to No 1 and No 20 leads 

Note TO$hlba does not assume any responSlblllty for use of any Circuitry described, no Circuit patent licenses are Implied, and Toshiba reserves 
the nght, at any time without notice, to change said circuitry 

©Mar, 1980 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
4096 WORD X 1 BIT CMOS RAM 

SI LICON GATE CMOS 

DESCRIPTION 

The TC5504P IS a static read write memory 
organized as 4096 words by 1 bit uSing CMOS 

technology. Because of ultra low power diSSipation, 
the TC5504P can be used as battery operated 

portable memory system and also as a ~onvolatile 
memory with battery back up. The TC5504P 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 
• 110/1W(MAX) STANDBY 
, 110mW (MAX) OPERATING 

• Single 5V Power Supply 
• Data Retention Voltage, 2 0~5 5V 
• 18 PI N PlastiC Package 
• Static Operation 

PIN CONNECTION 

(TOP VIEW) 

PIN'NAMES 

~.---------.~--------------------------

f---~~Al~_ Address Inputs 

~--'cR~/W""-----+--.cRc::e'=d Write Input 
CE Chip Enable:..�'''"-:pu:.:' _________ --j 

~--~D~IN~--+--~D~'~":.:'~"PUc::'------------~ 
~.-D-~O~UT.~-~-D~,'~,-O:.:U~'P:.:U~'----.-----~ 

VOO/GND Power Supply Terminals 

TC5504P TC5504P- I 
TC5504P-2 

The three state output simplify the memory 
expansion making the TC5504P 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 TC5504P family IS moulded In a dual'ln-llne 
18 pin plastiC package, 0.3 Inch In Width 

• Three State Output 
• Input/Output, TTL compatible 

• Latched Address Inputs 

• Access T I me 
TC5504P tACC ~ 450ns (MAX) 
TC5504P·1, t ACC ~ 550ns (MAX) 

TC5504P·2, tACC ~ 800ns (MAX) 

BLOCK DIAGRAM 

A,o---

A\0--- __ _ 

64 

R/W o---..--t--<L~ 

---0 Voo 
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• 
MAXIMUMRATtNGS 

SYMBOL ITEM RATING UNIT 

f--__ v-'o"'o"--___ t--___ P_o_w_e_r_S_u'-'pp'-I'-y_voltage -0.3 -7.0 Vv 

I VIN Input Voltage -0.3 - VOO + 0.3 

~UT Output Voltage :----t-----O--=-c::Vc:D~D~----+---m-Vc:w.,-------l 
I---_~:~_=_~'. Power DIsSipation ITa = 85°C) 550 

L I~Qq!~B_ _., .. _~~~?~_~!1Jl !~perat!:!:~_~"I_m_e __ , __ . __ 2_60_1_0 __ , °c se,c, ___ -.J 
, °C'-
~ ___ T-"'S-'T,G,, ___ -+ ____ S_to_r_age.e_T_e_m-'p_e_ra_t_u_re -55 - 150 0c 
i T OPR,, ____ ..L ____ O_'-pe_r_a.tl~_g _T e_m_p_er_a_tu_re_, -30 - 85 

DC CHARACTERISTICS ITa = -30 ~ 60°C) 

ETER CONDITIONS MIN TYP 111' MAX I UNIT 

t Clv ,;;: VIN ~I,I[)D. -

I 

±O 05 I ±10 

I 

/1A 
-- -,--

VDD = 2Vto 5 5V I 

rent CE = VOD -0 2V, output open - 02 I 20 

I 

/1A 

Other Inputs = 0 2V or VDO-O 2V 

rrent VDD = 55V, tCYC = l/1s -
I 10 I 20 mA 

'-. ---
~c5V~V~UT ~Vo~·-----'-.. ' ±0.1 age Current I -

I 
I 

±5.0 I /1A 
---- --------

I 
Current VOD=4 5V, Vo H-2 4V -1.0 -2.0 -

I mA 
--'-_0-

Current VOD-4.5V, VOL -O.4V 

I 

2.0 
I 

3.0 i 
-

I 
mA _., . -, --_. 

Itance j= lMHz - I 5 I 10 I pF 
--- '-- ,------, 

-

Note (1) Ta""2SoC VDD""SV 

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

DC RECOMMENDED OPERATING CONDITIONS 

_ ... _J;YMBQ1. -+- PARAMETER I MIN I ,-'T...:.Y'-P_+-_Mc::A'-"-"X.'---tI_--=U"'N"'IT'-----j1 

! . . V DO . j Power Supply Voltage ! 4.5 I 50 55 I V I 

[ ~£~ -t-~~~~:t~:= 1 ~~r_0_~_'l.L· __ · .. ___ .L._v_o_~_.:_O,_3 __ .L ]I ___ ~ __ -, l] 

AC CHARACTERISTICS ITa = -30 ~ 85° C) 

TC5504P 

SYMBOL PARAMETER CONDITIONS 

tAcc Access Time Voo=45-55V 

tCOE CE To Output Enable Time CL = 100 pF 

tDIS CE To Output DISable Time VOH =24V 

tROE R!W To Output Enable Time VOL =08V 

tROD R!W To Output Disable Time Ta = -30 - 85°C 
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MIN TYP MAX UNIT 

- - 450 ns 

0 - - ns 

- - 100 ns 

0 - - ns 

- - 100 ns 

l 
I 

I 

I 

I 

\ 

I 



TC5504P-1 

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

tAce Access Time Voo - 4.5 - 5.5V I - - ! 550 

teoE CE To Output Enable Time CL =100pF I 0 - ! -

I 

-,---
to IS CE To Output DiSable Time VOH = 2.4V 

--
tROE RIW To Output Enable Time VOL = 0.8V 

tROO 
L_._ 

R/W To Output Disable Time Ta = -30 - 85"C 

TC5504P-2 
~---.- .. ._. 

~~B~f- PARAMETER CONDITIONS 

tAce Access TI me Voo = 4 5 - 5.5V 

I-- . ...!~.QL. CE To Output Enable Time CL =100pF t= tOIS CE To Output Disable Time VOH = 2.4V 

-----.!.fl9.E........ R/WTo Output Enable TI~~ VOL = 0.8V 

..t£l()o R/W To Output Disable Time I Ta = -30 - 85"C 

AC RECOMMENDED OPERATING CONDITION 

TC5504P 

SYMBOL PARAMETER CONDITIONS 

tAS Address Setup Time 

tAH Address Hold Time 

tpe Precharge Time 

fEE CE Pulse Width 

twp Write Pulse Width Voo = 45 - 5 5V 

Wrtte Setup Time CL = 100 pF 

- -

-= -

-

T MH-TV:-
I 
! 0 J -r----=---r-_ 

~ 0 I -

- I -

MIN 

20 

80 

100 

450 

250 

0 ~. 
tWH Write Hold Time V ,H = Voo-2V-Voo+0 3V 250 

tEEH CE Hold Time V,L =0 8V 

tow Output Valid to R/W Ta = -30 - 85"C 

tos Data Setup Time 

tOH Data Hold Time 

tRS Read Hold Time 

tRH Read Hold Time 

TC5504P-1 
~----~--.-- ._--._ .. _----.,-------_.-

SYMBOL 

twp 

PARAMETER 

Address Setup Time 

Address Hold Time 

Precharge Time 

CE Pulse Width 

_. _Wr.'2".!'LJi'.e_ Wldth'-. ____ ....j 

I--- tvv..s _. 1----Wrlte..:S:.::e~t.u:.::p..:T~_'_m..:e _____ _ 
tWH Write Hold Time 

1---__ tEEH CE Hold Time 

1-- .. __ tcJw .. _ -I--- i)utput Valid to R/W 

tos Data Setup Time 

1--__ . .2Cl.H ._ Data Hal d T I me 

tRS Read Setup Time 

tRH 
L-_. 

Read Hold Time 

CONDITIONS 

Voo = 4 5 - 5.5V 

CL = 100pF 

V'H=Voo-2V-Voo+0.3V 

V ,L = 0.8V 

Ta = -30-85"C 
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250 

0 

250 

0 

0 

0 

MIN 

20 

80 

150 

550 
f--·· 300 
1--. 

0 

300 

~-~~.+. 
. 0, 

300 

~-~ 
0 

i 100 

I -

I 100 

MAX. 

800 

-

200 

-

200 

MAX 

-

-

-

-

-

-

-
-

-
-

-

-

-

MAX 

• 
UNIT 

ns 

ns 

ns 

ns 
--

ns 

UNIT 

ns 

ns 

ns 

ns 

ns 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

i ns 

ns 

ns 

.--
UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 



• 
TC5504P·2 

SYMBOL PARAMETER CONDITIONS MIN MAX UNIT 

tAS Address Setup Time 20 - ns 

tAH Address Hoi d T I me VDD = 4 5 - 55V 100 - ns 

tpc Precharge Time CL = 100pF 200 - ns 

teE CE Pulse Width V 'H=VOD-2V-VDD+0.3V 800 - ns 

twp Write Pulse Width V,L = a 8V 500 - ns 

tws Write Setup Time Ta = -30 - 85'C 0 - ns 

tWH Write Hold Time ~ - ns 

tCEH CE Hold Time 500 - ns 

tow Output Valid to R/W a - ns 

tDS Data Setup Time 500 - ns 

tOH Data Hold Time 0 - ns 

tRS Read Setup Time 0 - ns 

tRH Read Hold Time 0 - ns 

TtMINO WAVEFORMS 
• Read Cycle 

'AS 

ADDRESS V,H 
V'C 

DON'T CARE 

'PC 

V,H V,H 
V'C 

'RS teE 

RIW 
V,H 

tCOE tOIS 

HIGH Z 
DDUT--------~~~-------r---------{ VPLID 

'ACC 

• Earlv Write Cycle 1 

'AS 

V,H 
V'C 

ADDRESS DON'T CARE 

'PC 

V,H V,H 
tee 

V'C 

'ws 'WH 

R/W 
V'C 

'os 

DON'T CARE STABLE 

°OUT 
HIGH Z 
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• 
• Early Write Cycle 2 

'AS 

ADDRESS VIH. 
V'C 

STABLE DON'T CARE 

'PC 

cr V,H VIH 
V'C 

'ws 

A/W 
V'C 

D,N DON'T CARE 

DOUT ) HIGH Z 

• Read Modify Write Cycle 

ADDRESS ~:~ STABLE DON'T CARE 

'PC 

CE 

A/W 

DOUT 

UNKNOWN UNKNOWN 
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• ToaHISA 

OUTLINE DRAWINGS 
Unit In mm 

242322212019181716151413 

1 2 3 4 5 6 7 8 9 101112 

Note Each lead pitch IS 2 54 mm All leads are located wlthm 025 mm of their 

longitudinal position with respect to No 1 and No 24 leads 
All dimensions are In millimeters 

Note Tcshlba does not assume any responsibility for use of any CirCUitry described, no Circuit patent licenses are implied, and Toshiba reserves 

the nght, at any time without notice, to change said circuitry 

©Mav. 1980 Toshiba Corporation 
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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 2J.<A (Max) at Ta = 25°C } 
1 Op.A (Max) at Ta = 600C TC5504APL/ADL 
20p.A (Max.) TC5504AP/AD 

• Low Power DISSipation 15mW (Typ ) operating 
• Single 5V Power Supply 5V ± 10% 
• Data Retention Supply Voltage . 2 - 5 5V 
• All Inputs and Output Directly TTL Compatible 

PIN CONNECTION 

(TOP VIEW) 

AO 1 18 VDD 

AI 2 17 All 

A4 3 16 AIO 

As 4 15 A. 

A, 5 ,. A. 

A, 6 13 A7 

DOUT 7 12 A. 

R!W 8 11 DIN 

GND 9 10 CE 

PIN NAMES 

Ao - All Address Inputs 

RNJ Read Write Control Input 

CE Chip Enable Input 

D,N Data Input 

DOUT Data Output 

Vaa Power 

GND Ground 

volatility are reqL/ired Furthermore the TC5504APL/ 
AD L guaranteed a standby current equal to or less 
than 1p.A at 60°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 cerdlp 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 Chip Address Register 
• Three State Output 
• Package 

PlastiC DIP TC5504AP/APL 
Cerdlp DIP TC5504AD/ADL 

BLOCK DIAGRAM 

Memory Cell 

Array 

64 x 64 --QGND 
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• 
MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

VDD Power Supply Voltage -03-70 V 
-~ -~ ---.---~ f------~-

VIN Input Voltage -03-70 V 

VOUT Output Voltage O-VDD V 

T TC5504AP/APL 550 
1--------

Power DIssipation mW_ 
PD 

(Ta = 85°C) L __ T~504AD/AD L 800 mW 
~-- e---

°c TSOLDER Soldering Temperature Time 260 10 sec 

TSTG Storage Temperature -55-150 °c 

TOPR Operating Temperature -30 - 85 °c 
--------- ~-------- --~ -- ----

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VDD Power Supply Voltage 4.5 5.0 55 V 

VIH Input High Voltage 2.2 - VDD + 0.3 V 

V IL I nput Low Voltage -0.3 - 08 V 

VDH Data Retention Voltage 20 - 55 V 

D.C. CHARACTERISTICS (Voo = 5V ± 10%, Ta = ~30°C to 85°C, unless otherwise noted) 

SYMBOL PARAMETER CONDITIONS 
~--~-~~-~--~--~-~--

MIN TYP.llI MAX UNIT 

IlL I nput Leakage Current 

ILO Output Leakage Current 

IOH Output High Level Current 

IOL Output Low Level Current 

IDDS Standby Current 

OV:S:VIN:S:VDD - ~~!~l--~ 
f---'=''-_l-_-''-~==~=='-I---"C_E_=_V-,-"D"D_-=0-=2:-=V-,,0:V ~ VOUT ~ V~~- - - ±5 0 /lA 

===~_=-"+=V,,,0:'cH~=24V -- ---------t--.:..:1()-+----=-~ _ O~-= __ :_~_' 

I---~~~~~~~~~---+---~-+~--~~~ 
20 /lA I 

IDD01 -+---+-1-0~-O-f-;;;Ai 
Operating Current I 

L--=ID~D~O~2'-~ ___________ L_~~ __ ==~ __ ~~~ ____ =~ ______ L ______ ~_L __ ~ ____ 5~0__ m~ 

Note (1) VDD = 5V, Ta = 25°C 

CAPACITANCEi21 (Ta = 25°C) 

SYMBOL PARAMETER I CONDITIONS MIN TYP. MAX. UNIT 

CIN Input Capacitance I VIN=OV f=1MHz - 4 8 pF 

COUT Output Capacitance I VOUT =OV f = 1MHz - 5 10 pF 

Note (2) ThIS parameter is periodically sampled and IS not 100% tested 
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• 
Ac. CHARACTERISTICS (Voo = 5V ± 10%, Ta = _30o e to 85°e, unless otherwise noted) 

SYMBOL PARAMETER TC5504AD-2/ADL-2 TC5504AD-3/ADL-3 UNIT }
- TC5504A.P-2 .. /APL-2. TC5504AP-3/APL-3 

~ - --cMc-A~Xc--t---cM-IN - 'MAX-

f-f----_t"RC ___ ._ ~ _~_~R~e_a~d=-c~_y~c=_le=__T-,.m=e===-~_----+-'-C3cO:":0- ----.:- --+----:4cc2-=-0---l--------+--n-s----I 

f---twc Write Cycle Time =j __ ~ 300 ________ -~ ___ +_~4 __ c2:.:0 __ +_----~--~-s __ _ 
tRMWC Read Modify Write Cycle Time 390 580 ns 

tAS Address Setup Time 5 5 ns 
1----'-"''------+------------
f--_t~A~H~ __ ~~A~d~d__:r~es~s~H__:o~ld-T~lm~e-------,--60 -+_. ____ -+ __ 8~0 __ t_----+_--n-s--~ __ ~--+- ~cha_r_ge_T_'m_e ________ +_--::-::8--:c0--+_----- 100 ns 

tCEH Chip Enable Hold Time 200-- ~---:306- ns 
A T \ f-- 200--+---=-=-"--+--3-0-0----1--·---·--

tACC _ .. _<:.ces'--'-"2e. ___ . ______ --+ ____ --+ ____ -+ ____ --t __ '___-+ __ n-'--s_-I 

---.!Q_,D__ OutP~DlSableTlme _. ~ 70 i 100 ns 
~OE ______ ()lJtputin"ble Time __ - --=-0----+-_ ° i ns 

'"" eO"""" "~me 0 -t co- "" 
tRH Read Hold Time ----t_--O--t_----- _ _0 ____ ~-~~_+----'ns'--__II 
:::-f---~;::: ~:I~~~~e----~-~- fa- +-- ---8-~-~- -=--- --1--~-:---I. 
tDS D-a-ta-S-e-t~p-T-,m-;-- 5 5 ---------+--n-s ---1 

1-- ::~H~;f----:~~;f~o~~i:~: CE HOldTI~:_~~-=_=__:--6~_= _~_-_-=- -j~-~~~1~~~====~====-=~ .. -.. _.~--+ __ ~ __ ~ ~-_~=:=-=-=-~ 

A.C. TEST CONDITIONS 

Output Load 
Input Pu Ise Levels 

100pF + 1TTL Gate 
06- 24V 

Timing Measurement Reference Levels 
Input 0.8V and 2.2V 
Output 0.8V and 2,2V 

Input Pulse Rise and Fall Times 10 ns 
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TIMING WAVEFORMS 

• .READ CYCLE 

UNKNOWN 

• WRITE CYCLE 

DOUT HIGH IMPEDANCE 

• READ MODIFY WRITE CYCLE 
tAS tAH 

Add,e" ____ ~>f.AA5%<~------------~><== 
tpcV1L ~V_r_L _____ t~R~M~W~C~_~_~~~~~~~ 

VrH CE 

R/W 

DOUT __________ ~~~ 
VALlO 

UNKNOWN 

- 82-



TYPICAL CHARACTERISTICS 
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_TOSHIBA 

OUTLINE DRAWINGS 

• PLASTIC PACKAGE 

18 17 16 15 14 13 12 11 10 ·,,1:::::::1] 
254±0.25 

• CERDIP PACKAGE 

123456789 

22.8 MAX 

~------------------.~~~ 

1 4±O 15 

o 5±0 15 

z 
:; 

[:::::] -~ 
123456789 

Unit In mm 

Note Each lead pItch IS 2 54 mm All leeds ~rll located Wlth,n 0 25mm of their longltudonal POSitIon 
wl,h ,espect 10 No 1 and No 19 leads 

All dImenSIons ere on mllhmeters 

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 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 diSSipation, 
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 
110l1W (MAX) STAND BY 
110mW (MAX) OPERATING, TC5514P-1/-2 
138mW (MAX) OPERATING, TC5514P 

• Data Retention Voltage 2V to 5 5V 
• Single 5V Power Supply 
• 18 PI N PlastiC Package 

PIN CONNECTION 
(TOP VIEW) 

,. Voo 

'7 A, 

'6 As 

'5 A. ,. Data II0t 

'3 Data 1/02 

'2 Data 1/°3 

" Date 1/04 

GNO 9 '0 A/W 

PIN NAMES 

Ao -A. Address Inputs 

R/W Read Write Input 

CE Chip Enable Input 

Data I/O, -. Data Input/Output 

VDD/GND Power Supply Terminal 

TCSS 14P TCSS 14P-1 
TCSSI4P-2 

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-In-Ilne 
18-pln 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) 
TC5514P-2, t ACC = 800ns (MAX) 

BLOCK DIAGRAM 
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• 
MAXIMUM RATINGS I 

SYMBOL ITEM RATING UNIT 

Voo Power Supply Voltage -03-70 V 

V ,N Input Voltage -0 3-Voo +03 V 

VOUT Output Voltage O-Voo V 

Po Power DISSipation (Ta ~ 85°C) 550 mW 

TSOLDER 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 

Voo Power Supply Voltage 45 50 55 V 

V,H Input High Level Voltage 22 - Voo +0.3 V 

V,L Input Low Level Voltage -03 - 065 V 

VOH Data Retention Voltage 20 - 55 V 

D.C. CHARACTERISTICS (Ta = -30 - 85"C) 

SYMBOL PARAMETER CONDITIONS MIN TYP III MAX UNIT 

liN 1 nput Current O~VIN ~Voo - +005 + 10 IlA 

Voo = 2V to 55V 
-

loos Standby Current CE ~ Voo -0 2V. Output Open - 02 20 IlA 
Other Inputs ~ 0 2V or Voo -02V 

1000 Operating Current 
Voo = 5 5V. tCYC ~ 11lS 1 TC5514P - 13 25 mA 

Output Open I TC5514P·1f.2 - 10 20 mA 

ILO Output Leakage Current O~VOLJT~VOO - +005 + 10 IlA 

10H Output High Current Voo=45V.VOH~24V -10 -20 - mA 

10L Output Low Current VOO ~45V. VOL ~04V 20 30 - mA 

Ci (2) I nput Capacitance f ~ 1MHz - 5 10 pF 

Co (2) Output Capacitance f ~ 1MHz - 7 15 pF 

Note (1) Ta= 25°C V OD = 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 

tDS Data Setup Time 

tDH Data Hold Time 

tWR Write Recovery TIme 

tAW Address Setup Time 

tDH Output Data Hold Time 

TC5514P-1 

SYMBOL PARAMETER 

tRC Read Cycle Time 

twc Wnte Cycle Time 

twp Wnte Pulse Width 

tDS Data Setup Time 

tDH Data Hold Time 

tWR Wnte Recovery TIme 

tAW Address Setup Time 

tDH Output Data Hold Time 

TC5514P-2 

SYMBOL PARAMETER 

tRC Read Cycle Time 

twc Wnte Cycle Time 

twp Write Pulse Width 

tDS Data Setup Time 

tDH Data Hold Time 

tWR Wnte Recovery Time 

tAW Address Setup Time 

tOH Output Data Hold Time 

• 
CONDITIONS MIN. MAX UNIT 

450 - ns 

450 - ns 
VDD=45-55V 

350 - ns 
CL = 100pF + 1 TTL Gate 

200 - ns 
VIH = 2 2 - VDD + 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 
VDD =45-5 5V 

350 - ns 
CL = 100pF + 1 TIL Gate 

200 - ns 
VIH =22-VDD+03V 

0 - ns 
VIL=-03-065V 

0 - ns 
Ta = -30 - 85°C 

50 - ns 

30 - ns 

CONDITIONS MIN MAX UNIT 

800 - ns 

800 - ns 
VDD =45-55V 

450 - ns 
CL = 1 OOpF + 1 TTL Gate 

250 - ns 
V IH = 2 2 - VDD + 0 3V 

0 - ns 
VIL=-03-065V 

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 MIN TYP MAX UNIT 

tAee Access Time - - 450 ns 

teo CE Access Time 
Voo =45-55V 

- - 450 ns 

tOIS Output Disable Time 
CL=100pF 

- - 150 ns 

teoE Output Enable Time 
VOH =22V, VOL =0 65V 

20 150 - ns 

TC5514p·1 

SYMBOL PARAMETER CONOITIONS MIN TYP MAX UNIT 

tAce Access Time - - 650 ns 

teo CE Access Time 
Voo=45~55V 

- - 650 ns 

tOIS Output DISable Time 
CL = 100 pF 

- - 150 ns 
VOH = 2 2V, VOL =0 65V -. 

teoE Output Enable Time 20 150 - ns 
--"----~ ---~ 
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TIMING WAVEFORMS 

• Read Cycle(l) 

____ ~~~;;============'A=C~==========~t 
ADDRESS 

DOUT 

• Wrote C~cle (R/W Centrolled) 

ADDRESS 

_(2) 
CE 

AJW 

• Wrote Cycle 2 (CE Controlled) 

ADDRESS 

AJW 

DOUT 

Notes (1) R/W IS high for a Read Cvcle 

(2) If the EE 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 

Unit In mm 

242322212019181716151413 

1 2 3 4 5 6 7 8 9101112 

Note Each lead pitch IS 2 54 mm All leads are located wlthm 025 mm of their 
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 c.lrcuitry deSCribed, no Circuit patent licenses are Implied, and Toshiba reserves 
the nght, at any time without notice, to change said circuitry 

©Sept, 1979 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 
0.21lA (Max) at Ta~25'C} TC5514APL/ADL 
1 OIlA (Max.) at Ta~60'C 
20llA (Max) TC5514AP/AD 

• Low Power DISSipation 15mW (Typ ) operating 
• Single 5-volt Supply 5V ± 10% 
• Data Retention Supply Voltage 2 - 55V 
• Three State Outputs 
• All Inputs and Outputs Directly TTL Compatible 

PIN CONNECTION 

(TOP VIEW) 

VDD 

A7 

As 

A. 

Data 1/01 

Data 1/02 

Data 1/03 

Data 1/04 

R!W L-__ --I 

PIN NAMES 

Ao -A. Address Inputs 

Rf\N Read Write Control Input 

CE Chip Enable Input 

Data I/O, - 4 Data Input/Output 

Voo/GND Power Supply Terminals 

TC5514AP-2/-3, TC5514APL-2/-3 
TC5514AD-2/-3, TC5514ADL-2/-3 

nonvolatility are reqUired Furthermore the TC5514 
APL/ADL guaranteed a standby current equal to or 
less than lilA 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 cerdlp packages, 0.3 Inchs In width 

• Access T I me 
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 
Cerdlp DIP TC5514AD/ADL 

BLOCK DIAGRAM 

Precharge Circuit 

A4 

As Memory Cell 

A6 

A7 
~ 

'S 
AS on (64 x 64) 

Array 

A. 

0110 1 

011°2 

01/0 3 

01/04 

CE 

R!W 

---0 VOO 

..........oGND 
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• 
MAXIMUM RATINGS 

\~ 
!' 

SYMBOL ITEM RATING UNIT 

Voo Power Supply Voltage -03-70 V 

VIN Input Voltage -03-70 V 
--

VI/O I/O Voltage O-Voo V 
----

Power DISSipation I TC5514AP/APL 550 mW 
Po 

(Ta = 85·CI 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 

SYMBOL PARAMETER MIN TYP MAX UNIT 
-- --

Voo Power Supply Voltage 45 50 55 V 

VIH Input High Level Voltage 22 - Voo +03 V 

VIL Input Low Level Voltage -03 - 08 V 

VOH Data Retention Voltage 20 - 55 V 
--

D.C. CHARACTERISTICS (Voo = 5V ± 10%, Ta = -30 - 85·C unless otherwISe noted 1 

-- -- -----
SYMBOL PARAMETER CONDITIONS MIN TYP (11 MAX UNIT 

OV~VI~ ~Voo 
---

IlL I nput Lea kage Current - - ±10 !J.A 

ILO Output Leakage Current CE =VIH'OV~ VI/O ~Voo - - ±10 !J.A 

10H Output High Current VOH =24V -10 - - mA 

10L Output Low Current VOL =04V 20 - - mA 

TC5514APL ITa = 25·C - - 02 !J.A 
Voo =2V-55V 

TC5514ADL ITa=60·C - - 10 !J.A 
loos Standby Current All Inputs = 

TC5514AP 
02VorVoo -02V - 005 20 !J.A 

TC5514AD 

10001 
Operating Current 

tcycle = 1!J.s, loUT = OmA - 50 90 
rnA 

10002 tcycle -1!J.s, VIH - Voo, VIL - OV, lOUT -OmA - 30 50 

Note (11 Voo =5V, Ta=25·C 

CAPACITANCE(2) (Ta=25·C, f=1MHzl 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

CIN Input Capacitance VIN =OV - 4 8 pF-

CI/O Input/Output Capacitance VI/O -OV - 5 10 pF 

Note (21 ThIS parameter IS periodically sampled and IS not 100% tested 
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A.C. CHARACTERISTICS (Voo ~ 5V ± 10%, Ta ~ -30 - 85°C) 

• READ CYCLE 

SYM80L PARAMETER 
TC5514AP-2/APL-2 
TC5514AD-2/ADL-2 

TC5514AP-3/APL-3 
TC5514AD-3/ADL-3 

• 
UNIT 

MAX __________ ~------------------------~---M~IN~--r_-M--A-X--~---M~-I-N-~-
l--__ t"RC"----__ --+ ___ Read Cycle T~me ________ ________L_200 ___ i--____c-----__t---3-00-~= ns 

--:-----t---­
ns I----'t-"'A~CC"--__ +_-~cce~s-~m~-- +_ 20_0._ _ _____ 300 

~~~ ~t;:~p~:'~~dT~;,,-;- I ___ ~= ---?~---- --- 20---jc---1-00----+----~s-s----+ 
Lr---------=-=--___ :-"~O"_ISE"_-_--_-____"_-____ ~_~--'-~b_~_:_~_~s_a_a~~i"~---------t- -:-5--- 60 5 _8_0 __ ___t----~-:--

• WRITE CYCLE 

SYMBOL r--- --PARA~ET~:- -~~~~~:~~2}/~~L~22 I ~~~~~:~~3;/~~L~33-----UN-I-;-
~--t- W~~t~Cv-;j;T~;;;;--- --- - -~6-- _~X_ - --1-1~6- _____ M--'-~..::X-'-----t---------1 

ns 
tAW Address Setup Time I 0 - 0 - ns 

ns 
-~ 

I ns 
twp Write Pulse Width + 120 -
tos Data Setup Time ------ --- 120----------

150 -
--

150 -

ns 0 -tOH Data Hold Tim." _________ -L ___ O~--+---------+_--------+_------___t--------__j 
tWR Write Recovery Time I __ 0 ____ --' ___ - ____ -'---______ ------1 ________ ---L ________ -' 

A.C. TEST CONDITIONS 

• Output Load 
• Input Pulse Levels 

100 pF + 1 TTL Gate 
06V,24V 

• Timing Measurement Reference Levels 
Input 08V, 22V 
Output 08V, 22V 

• Input Pulse Rise and Fall Times 10 ns 

0 - ns 
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• 
fiMitiltnvAVEFORMS 

• Read Cycle(1) 

ADDRESS 

DOUT 

• Write Cycle 1 (R/W Controlled) 

ADDRESS 

ee 12) 

A/W 

DOUT 

• Write Cycle 2 (CE Controlled) 
'we 

ADDRESS STABLE 

'WA 

A/W 

STABLE 

DOUT -----------------'~----------------------
Notes (1) R/W IS high for a Read Cycle 

(2) If the CE low transition occurs Simultaneously with the A/W loYII tranSlllon, the output 
buffers remain In 8 high Impedance state 
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• 
OUTLINE DRAWINGS 

• PLASTIC PACKAGE 

"'"~t:~:~ :::If] 
7 8 9 

Unit In mm 

I" 228 MAX 

• CERDIP PACKAGE 

C:::::::IJ , 9 

Note Each lead pitch 
with respect to ~So2 64 mm AU 11I8Q' 
All dimensions ere,~ ~~~'~~81r~ le8d5

are 
located within 0 25mm of thefr 10 

ng'tudmal positIOn 

- 97-



_TOSHIBA 

Notes Toshiba does not assume any responsibility for use of any circuitry described, no Circuit patent licenses are Implied, and Toshiba reserves the 

nght, at any time Without notice, to change said CircUitry 

©Feb. 1981 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
2048 WORD x 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 

DESCRIPTION 

The TC5516AP IS a 16384-blt static random access 
memory organized as 2048 words by 8 bits uSing 
CMOS technology, and operates from a Single 5 
volt supply 

The TC5516AP IS featured by two chip enable 
Inputs, that IS, CE, for fast memory access and CE2 

for a minimum standby current mode, and IS sUited 
for low power application where battery operation 
or battery back up for nonvolatility are required 
Furthermore the TC5516APL guaranteed a standby 
current equal to or less than 11lA at 60°C ambient 

FEATURES 

• Standby Current 
o 21lA (Max I at Ta = 25°C 
1 OIlA (Max I at Ta = 60°C 
30llA (Max I 

TC5516APL 

TC5516AP 
• Low Power DISSipation 200mW (Typ I Operating 
• Single 5V Power Supply 
• Data Retention Supply Voltage 2 0 - 5.5V 

PIN CONNECTION ITOP VIEwl 

PIN NAMES 

Ao ""-' AIO I ADDRESS INPUTS 

~jW I READ/wRITE CONTROL INPUT 

CE" CE 2 I CHIP ENABLE INPUTS 

I/O, -I/O, DATA INPUT/OUTPUT 

Voo I POWER (+5V) 

~GND __ l~_GROU~ ____ ~~ 

TC5516AP 
TC5516APL 

temperature IS available 
The TC5516AP IS also featured by pin compatibIli­

ty With 2716 type EPROM ThiS means that the 
TC5516AP and EPROM can be Interchanged In the 
same socket, and the fleXibility In the definition of 
the quantity of RAM versus EPROM obtained as a 
result allows the wide applicatIon In microcomputer 
system 

The TC5516AP IS moulded In a dual-In-Ilne 24 Pin 
standard plastiC package 

• Fully Static Operation 
• Fast Access Time 250ns (Max I 
• Two Chip Enable (CE" CE 2 I for Simple Memory 

ExpanSion and Battery Back Up 
• All Inputs and Outuput Drrectly TTL Compatible 
• Three State Outputs 
• Standard 24 Pin PlastiC Package 

BLOCK DIAGRAM 

R/W 

MEMORY CELL 

ARRAY 
128 x 128 

VDD 
---0 

GND 
---0 
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• 
ABSOLUTE MAXIMUM RATINGS 

"I 
! 

TOPR 
----.---

---=r----- -a 3:A~'-N7Gov-------~ 
---------,--- - --=iJ3Ij-;::;-'iov~ ---

_~__ av - VOO 
Power DISSipation ITa = 85°C) =-i= 08W 

---St;;;:a-g-e-T-e-mp~-ra-t-ur-;'---'---" -=- -5E/C-;::-15ao~c·--

Operating Tempera-t-ur-e----------- -3aoC - 85°C .----. 

Soldering Temperature Time 26aoC- 10 sec 
----"----

L.§!MBOL:---r---·-- -------;-:rEM------·-
VOO Power Supply Voltage 

~-r:;-' Input Voltage 

__ =VyQ__ Input/Outpu1Voltag-;---

T SOLOER 

RECOMMENDED D.C. OPERATING CONDITIONS (Ta = -30·C - 8S·C) 

ESYMBOL PARAM~~ .... ---I-~-~p MAX UNIT I 
VOO Power SLJiOply Voltage 45 5 a 55 V 

f- V,H _ I InputHI9.t1Voltage __________ + ___ 2:z..... _ - Voo +0.3 V i 
f _ V'L __ ~nplJ!.Low VoI~"2"- _ __ ___ __-03 _ ---:::----r-~_ DB --~~ V -1 
l VOH Data Retention Voltage 20 - 55 V I 

D.C. CHARACTERISTICS (Ta'" -3Q·C - SS·C, VOO z SV ± 10%) 

rS~,~BOcr-, ';put :~:Ac~~r:~tR-=- i-a ~~:-~ ~:OND IT 'ONS __ -. _____ +"'M"" N,-,---+-,-T-,-Y-,-P ___ ~X() ~~±T] 

, ... ~~-.. 'll--~~t~::~ai~~ ~~:r~~f I ~~: == ~,~OV ~ VI!~ ~ V~_o.._ ----_10r--=-20-r--:t~ 0 ~~ 
~'_ lo~ - ~utput LZ'';Curre-nt ===r~a 4V ____ _ ~1-_-=-3-=a----;.i __ -+---"m.::.A-'----j 

100SI ~ CE2 =22V - 10 I 30 mA r -- ----,----,-::T=--a---=-=25:ococ::-r---t----+--:ac-:2c-t--1 
Standby Supply Current I CE2 = VOO - a 5V I TC5516APL ~--.-- -- --~ - --;;-- /lA_ 

100s2 Voo =2-55V ~ L~6a C - 10. ' 

I J~26AP ~ - O()2...~ =r-
[ .... 

I~.O~I-I'-o-.-. --..... . CE;:OV,VIN=V~HN~~uT=OmA- I - 40 70. ------ peratlng Supply Current ~~. - . ~ I mA I 
10002 . _ __ _ ' CE2 =o.V, V,N =VooIGND, lOUT =amA - _~_ 55 

Note TYPical values are at Ta = 25°C, Voo = 5V 

CAPACITANCE ITa = 26·C. f = 1MHl!!) 

t
' -SYMBOL:- PARAMrnR---"':'-=+_ MIN-=-_ 

_ ----=C:"-IN-'----_-+_-----c' nput Capacitan_c_e _______ --, __ _ 

CliO _L. __ 'n_p_u_t/_O_u_t_pu_t_C_a_p_ac_'_ta_n_ce ______ ~ ____ -L ____ ~ _____ ~ __ _ 

Note ThiS parameter IS periodically sampled and IS not 100% tested 
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A.C. CHARACTERISTICS {Ta -~ - Sc. Voo .. 5V :I: 10%1 
• Read Cycle 

SYMBOL PARAMETER 
--

tRC Read Cycle Time 

tACC Access TIme 

_ tCOI ___ _ CE, to (lutput Valid 

tco, CE, to Output Valid 

~OE CE , or CE, to Output Active 

too Output H,gh-Z from Deselectlon 

tOH Output Hold from Address Change 

• Write Cycle 

SYMBOL PARAMETER 

twc Write Cycle Time 
-

twp Wnte Pulse Width 

tAW Address Set up Time 

tWR Wnte Recovery Time 

~OW Output Hlgh-Z from RNI/ 

tOEW Output Active from RNI/ 

tos Data Set up Time 

tOH Data Hold Time 

A.C. TEST CONDITIONS 

Output Load 
Input Pu Ise Levels 

100pF + nTL Gate 
06V,24V 

Timing Measurement Reference Levels 
Input 0 BV and 22V 
Output 0 BV and 2 2V 

Input Pulse Rise and Fall Times 10 ns 

TIMING WAVEFORMS 

• READ CYCLE 

Addresses 

eE, 

MIN 

250 

-
-
-

10 

-
10 

MIN 

250 

200 

0 

10 

-
10 

120 

0 
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• 
TYP MAX UNIT 

--
- - ns 

- 250 ns 
- 100 ns 

- 250 ns 

- - ns 

- 80 ns 

- - ns 

TVP I MAX UNIT 

- - ns 
I - - ns 

- - ns 

- - ns 

- 80 ns 

- ns 

- - ns 

- - ns 



• 'I 
I 

• WRITE CYCLE 1. 
·WC 

Addresses 

CE, V,L 

CEI 
V,L 

twp(2) 

A/W 

DOUT 

• WRITE CYCLE 2. 
'WC 

Addresses 

A/W 

DOUT 

V1H VIH 
DATA IN STABLE 

DIN VIL VIL 

~ UNKNOWN 
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• 
NOTE (1) RIW IS high for a Read Cycle 

(2) twp IS specified as the logical "AND" of CE, , CE2 and RIW. 
twp IS measured from the latter of CE " CE 2 or R/W gOing low to the earlier of CE , , CE 2 or R/W 
gOing high 

(3) tDH, tDS are measured from the earlier of CE , , CE2 or R/W gOing high 
(4) If the CE, or CE2 low transition occurs simultaneously with or latter from the R/W low transition 

In a Write Cycle 1, the output buffers remain In a high Impedance state In thiS period 
(5) If the CE , or CE 2 high transition occurs prior to or simultaneously with the R/W hlgn 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 , or eE2 

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 , , low CE2 and low R/W 

In write cycle 2, write IS controlled by either CE, or CE2 

DATA RETENTION CHARACTERISTICS ITa = -30 ~ 85°C) 

--sYMBOL--r---------
PARAMETER MIN TYP MAX UNIT 

~I::i. __ Data Retention Power Supply Voltage 20 - 55 V 
-- -,-- --- l TC5516APL ~!a - 25:C 

- - ---+- 02 JJ.A 

IODS2 Standby Supply Current Ta = 60 C - - 10 JJ.A 

---
TC5516AP - - 30 i JJ.A --- ------ -._- ---" ---

-+~ tCDR Chip Deselectlon to Data Retention Mode 0 - -
------

tR Recovery Tim tRC 11) - -
------------ --

Note (1) tRC Readcyclbtlme 

DATA RETENTION MODE 

VDD-----------~ 

VOO-O.5V 

GND-----------------------------------------------------------

Note 
(2) If the VIH level of CE2 IS 2 2V, during the period that the VOO voltage IS gOing down from 4 5V to 27V, 

ISS01 current flows 
(Refer to 0 C CHARACTERISTICS OR TYPICAL CHARACTERISTICS) 
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• 
TYPICAL CHARACTERISTICS 

250 

200 

~150 

100 

eo 

60 

20 

,./ o 
100 

eo 

60 

20 

3 

'" f'... 
4 

V 

200 

----

Ta"'2S0C 
CL = 100pF 

-.......... -
Voo (V) 

VOO=45V 
Ta= 2SoC 

./" 
// 

,./ 

300 
CL (pF) 

1000 VI Voo 

,/ 

/' 

4 5 
Voo (V) 

400 

eel =OV 
Ta = 25°C 

L 
/ 

500 

20 0 

150 

'-... 

50 

0 

5 

0 

V," 
5---
0--

70 

60 

" .s 
0 
]50 

40 
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VOD"'45V 
CL = l00pF 
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IODS1 ~ VDD IODS1 ~ T, 
I. 

50 
Ta- 25°C Voo =5 5V 

30 eEl =2 2V 
eE2 "'22V 

....---- 14 other Inputs = 

./ 
other Inputs = 

;;( -- OB-22V 
08-22V E ;;( --E 10 

]'2 
]05 / r---

r-
03/ 10 

01 
4 -40 40 80 
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IODS1 V5 VIN (CEl ) 

20r-~--~~~~~~~------, F==t=~~~==t===~::~~~ Voo=55V 50 

~t;: ;~~s = 301---j----r---tt---i---__i 
Ta = 25°C 

151---i---~,-\-r--+----i 

11ol-_+--4-~\~_+--4_--t__+--__i 
~ 
9 "-

o 51--+--+-t----l'<._""'--+-t--+---i 

""" ?~0--~-2~0.-~~3~0.-~~4~0~~-t50 L-~3~0.-~~~~--~--L-~~~ 
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• 
IODS2 vs Voo 

-

-

....... 

20 

-
VOP (V) 

IOH vs VOH 

"-... 
"'-., 

30 
YaH (V) 

Voo =4 5V 
Ta= 2SoC 

12 

Ta = 25°C 

eE2 = VDO-O 5V 

~ -

Voo "'45V 
Ta = 25°C 

"- ... 
40 



• TOSHIBA 

OUTLINE DRAWINGS 

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

it __ 32_'4M_AX'_~I_ ~ 
2.54 ::to.25 

r.=J 
~ 

I 17.4 MAX. I 

Note Each lead pitch IS 2 54 mm All leads are located within 025 mm of their true longitudinal position with respect to No 1 and No 24 leads 
All dimensions are 10 millimeters 

Note Toshiba does not assume any responsibility for use of any Circuitry described, no Circuit patent licenses are Implied, and Toshiba reserves 

the nght, at any time without notice, to change said circuitry 

© Feb, 1981 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
2048 WORD x 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 

DESCRIPTION 

The TC5517 AP IS a 16384-blt static random access 
memory organized as 2048 words by 8 bits uSing 

CMOS technology, and operates from a Single 5 volt 
supply. 

The TC5517AP IS featured by output enable and 

chip ~able Inputs, that IS, OE for fast memory access 
and CE for a minimum standby current mode, and IS 
sUited for low power application where battery opera­

tion or battery back up for nonvolatility are required 

Furthermore the TC5517APL guaranteed a standby 
current equal to or less than l}1A at 60'C ambient 

FEATURES 

• Standby Current 

02}1A iMax.) atTa=25'C } TC5517APL 
1 O}1A iMax.) at Ta = 60'C 
30}1A iMax.) TC5517 AP 

• Low Power DISSipation 200mW iTyp ) Operating 
• Single 5V Power Supply 
• Data Retention Supply Voltage 20- 55V 

PIN CONNECTION (TOP VIEW) 

PIN NAMES 

AD - AID Address Inputs 

I __ RNV ReadNVnte. Control Input 

r OE Output Enable Input . 

IT Chip Enable I nput ~ 
1,/01 -1~Os Data Input/Output __ -=-
I GV_ND~D· ____ ~ __ p~o_w_e_r_I_+_5V~) ______________ __ 

Ground 

TC5517AP 
TC5517APL 

PRELIMINARY 

temperature IS available 
The TC5517AP IS also featured by Pin compatibili­

ty With 2716 type EPROM ThiS means that the 
TC5517AP and EPROM can be Interchanged In the 
same socket, and the fleXibility In the definition of 

the quantity of RAM versus EPROM obtained as a 
result allows the wide application In microcomputer 

system 
The TC5517AP IS moulded In a dual-In-I,ne 24 pin 

standard plastiC package 

• Fast Access Time : 
tACC = 250ns iMax) 
tOE = lOOns iMax) 

• All Inputs and Output Directly TTL Compatible 

• Three State Outputs 
• Standard 24 pin PlastiC Package 

• Fully Static Operation 

BLOCK DIAGRAM 

CE 
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• 
ABSOLUTE MAXIMUM RATINGS 

SYMBOL ITEM RATING 

Voo Power Supply Voltage -0 3V ~ 70V 

V,N Input Voltage -0 3V ~ 70V 

Vila Input/Output Voltage o ~ Voo 

Po Power DISSipation ITa - 85'C) o 8W 

TSTG Storage Temperature -55'C ~ 150'C 

TOPR Operating Temperature -30'C ~ 85'C 

T SOLDER Soldering Temperature Time 260'C 10 sec 

RECOMMENDED D.C. OPERATING CONDITIONS ITa = -30·C - 8S'C) 

SYMBOL PARAMETER MIN TYP MAX UNIT 

Voo Power Supply Voltage 45 50 55 V 

V ,H Input High Voltage 22 - Voo +03 V 

V ,L Input Low Voltage -03 - 08 V 

VOH Data Retention Voltage 20 - 55 V 

D.C. CHARACTERISTICS (Ta = -30'C - 85'C, VOO = 5V ± 10%) 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

I'L I nput Load Current O;'?V'N ;'?Voo - - ± 10 flA 

ILO I/O Leakage Current CE ~V'H,OV;'?VI/O ;'?Voo - - ±50 flA 

10H Output High Current VOH -24V -1 0 -20 - mA 

10L Output Low Current VOL -0 4V 20 30 - mA 

100S! CE - 2 2V - 10 3.0 mA 

Standby Supply Current IT ~ Voo -0 5V I TC5517APL :Ta~25:C - - 02 

loos, Ta ~ 60 C - - 10 flA 
Voo ~2~55V I TC5517AP - 005 30 

1000! CE ~OV, V,N ~V'H/V'L, lOUT ~OmA - 40 70 
Operating Supply Current 

CE ~OV, V,N ~Voo/GND, lOUT -OmA 
mA 

10002 - 30 55 

Note TYPical values are at Ta ~ 25'C, Voo ~ 5V 

CAPACITANCE ITa'" 25'C, f '" 1MHz) 

PARAMETER 

I nput Capacitance 

I nput/Output Capacitance 

Note ThiS parameter IS periodically sampled and IS not 100% tested 
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A.C. CHARACTER ISTICS (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 Valid 

tCOE OE or CE 10 Output Active 

too Output Hlgh-Z from DeseJectlon 

tOH Output Hold from Address Change 

• Write Cycle 

SYMBOL PARAMETER 

twc Wnte Cycle Time 

twp Write Pulse Width 

tAw Address Set up Time 

tWR Write Recovery Time 

toow Output Hlgh·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 

100pF + lTTL Gate 
06V,24V 

Timing Measurement Reference Levels 
Input O.8V and 2 2V 
Output 0 8V and 2 2V 

Input Pulse Rise and Fall Times 10 ns 

TIMING WAVEFORMS 

• Read Cycle(1) 

Addresses 

CE 

OE 

DOUT 

MIN 

250 
-

-

-

10 
-

10 

MIN 

250 

200 

0 

10 
-

10 

120 

0 

'RC 
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• 
TYP MAX UNIT 

- - ns 

- 250 ns 

- 100 ns 

- 250 ns 

- - ns 

- 80 ns 

- - ns 

TYP. MAX UNIT 

- - ns 

- - ns 

- - ns 

- - ns 

- 80 ns 

- - ns 

- - ns 

- - ns 



.TOSHl 

• Write Cycle ,(2) 

'We 

Addresses 

CE 
V,L 

RIW twp(3) 
V,L 

High Impedance 
DOUT (4) 

'OS 

V,H 

D,N 

V,L 

• Write Cycle 2(2) 

'We 

Addresses 

eE 

RIW 

DOUT 

VIH~ ______________ ~L 

D,N 

V,L 

~ 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) tDH, tDS are measured from the earlier of CE or R/W gOing high 
(5) If the CE low transition occurs simultaneously with or latter from the R/W low transition In a Write 

Cycle 1, the output buffers remain In a high Impedance state In thiS period 
(6) If the CE high transition occurs prior to or Simultaneously with the R/W high transition in a Write 

Cycle 1, the output buffers remain In a high Impedance state In thiS period 
(7) If the R/W is low or the R/W low transition occurs prior to or Simultaneously with the CE low transl· 

tlon, the output buffers remain In a high Impedance state In thiS period 

DADA RETENTION CHARACTERISTICS (Ta" -30- 85·C) 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VOR Data Retention Power Supply Voltage 20 - 55 V 

I Ta = 25°C - - 02 IJA 

loos2 Standby Supply Current TC5517APL I ° 
10 IJA Ta = 60 C - -

TC5517AP - - 30 IJA 

tcoR From Chip Deselectlon to Data Retention Mode 0 - - IJs 

tR Recovery Time tRC(1) - - IJS 

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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_TOSHIBA 

OUTLINE DRAWINGS 

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

32.4 MAX 

254 ±O.25 

Note. Each lead pitch IS 2.54 mm All leads ara located within 0.25 mm of their true longitudinal position with respect to No.1 and No 24 leads. 
All dimensions are 10 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., 1981 Toshiba CorporatJOn 
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Mask Programmable Read Only Memories 
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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 12716 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 manufacturing 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, Vee ~ 5V± 10% 
• Access time, tAee ~ 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 pacisage 

• Programmable chip select Inputs, CS1, CS2, CS3 Easv memory expansion 
• Three state output, OR tie capability 
• Static operation, No clocks are required 
• Input protected, All Inputs have protection against st91IC charge 
• Pin to Pin compatible, TMM323D, 13316E, 12716 

PIN CONNECTION 
(TOP VIEW) 

PIN NAMES 

D1 

D2 

GND 

Vee Vee Power Supply Voltage 
r-------~G~~N~~D~-_-_-_-_-_-_-_+L-_~~G~r~Ou~n~d 

BLOCK DIAGRAM 

CS,jCSI 
CS2/ CS2 

CS3/CS-3 
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• 
MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

VCC Power supply voltage -05-7 a v 
VIN, VOUT Input and output voltage -05-70 V 

--- ---- ------ - ------- ----- - --- -- -- - ---- --

___ Toer _ ---
_Operating temperature 0-70 °c 

~g Storage temperature -55 -150 °C 
--

TSOLDER Soldering temperature time 260 . 10 °c sec 

PD Power Dissipation (Ta ~ 70°C) 10 W 

D.C. OPERATING CONDITION 

SYMBOL PARAMETER CONDITIONS I-~- TYP MAX UNIT 

V,H I nput high voltage 
1----

- 20 - Vee + 2_ I---~--
V,L Input low voltage - -05 - 08 V 

Vee Power supply voltage - 45 - 55 V 

D.C. and OPERATING CHARACTERISTICS ITa .. O·C - 70·CI 

~~M~O::L~~ ___ ~P~A_.~R~A~M~E~T~E~R _____________ ~ND~IT~IO~N~S~_+_~M~I~N~._+-T~Y~P~~~M~A~X~~~U~N~I~T~ 
IIH Input high current V,N ~ Vee ___ = ____ o~ ___ ~ ___ +-_-'Jl"-A'_'_____j 

II L I nput low current ____ +_~V~I N-'----~__'G~N~D=---________ +------+--O-=-.:.::O-'-l--I_----'l-=O--+----'Jl'-'A-'---___1 

>-_V_=O~HI---_I-=-O-,-U-=tP--,u-,-t--,h.:.:',g",h--,v-=o--,lt.::-ag",e------- ________ ls_OU_R..c;.§.. ~ _-0 4iTlA _______ ~ __ >-__ 3__'0 ___ _+-----+_--V--_____j 

VOL Output low voltage_I~I'::!~"J 1Il1fo. _______ I-_=-__ ~}__ a 4 V 

!---...:I.:::O~H"'___+--=O-=U-=tP:.:u:.:t-=h:"ig~h-=c:::u::..:rr-=e:.:nt=---------------I__V~OUT ~ 2 4V -0 4 -3 a mA 

>--'-IO~L __ _I---=O-=u-=tP-=u-=t-=lo:.:w-=-cu:.:r-=re:.:n-=t--------------I__V~O~U-=T-~_0~~4~V __ ------4--~~1__-5-0- mA 
CS~08V,CS~20V 

±O 01 ±10 ILO 
e--------­

lee 

Output leakage current VOUT ~ a 4V to Vee 
----~ - ------~--- t--------- --- -I-- -----+---+---_+-----1 

Supply current lOUT ~ OmA 40 80 mA 

* Ta ~ 25·C, Vee ~ 5V 

A.C. CHARACTERISTICS ITa" O'C - 70·C. Vee" 5V:!: 10%, CL .. 100pF. tr, tf" 2Ons) 

SYMBOL PARAMETER CONDITIONS MIN TYP: MAX UNIT 
tAec Access time tAC'::;; lOOns 

-----I- - 270 450 ns ----
tAe 2 tACC tco Output delay time from chip select - 80 120 ns 

tOD Output deselect time RL~100n a 70 100 ns 
tRC Read cycle time - 450 - - ns 

• Ta ~ 25°C, Vec ~ 5V 

. CAPACITANCE IT.· "C. f -, MH.d , 
SYMBOL PARAMETER CONDITIONS MIN. TYP. I MAX UNIT 

C,N Input capacitance V,N ~A.C GND - 4 I 10 pF 

COUT Output capacitance VOUT ~ A. C GND - 8 I 15 pF 

Note ThiS parameter is periodically sampled and is not 100% tested. 

--116 --

I 



• 
TIMING WAVEFORMS 'RC 

V'H---+--.. 
cs /cs 

V,,---+---' 1"'=-------.../ 

'co 

PAPER TAPE FORMAT 

Punched paper tape data must be a positive logic and use a 7 to 8 bit ASC II code 
Format 1 (Including Data and Check sum every word). 

NUL.L 

.... TMM334P - xxxx .... 

CA LF 

.... MSB ::. 07 .... 

CR LF 

N8, 

CA L.F 

AuuuO, X07P3,. . XF1P5, 

CR LF 

CA LF 

R2040, X01Pl, . X3AP4, 

CR LF 

CR LF 

CR LF 

CA LF 

CR LF 

NULL 

Take NULL more than fifty characters 

Contents In single quotation mark CO' 'f') Indicates a comment and XXX X IS a user's 
number 
CR and LF Indicate cam age return and line feed respectively 

Specify MSB pin. (D 7 or Do) 

N8 indicates a 8-blt 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 senaly 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. I n thiS example, chip IS active under the condition 
that CS1 ~ '0' and CS2 ~ '1' and CS3 ~ '0' 

$ Indicates an End mark 

Take NULL more then fifty characters 

-117-



_TOSHIBA 

Format 2 (including Data only every word) 

NULL 

.. TMM334P - XXXX'" 

CR LF 

TMSB = 0; ..,. 

CR LF 

N8, 

CR LF 

RuuuO, X075A .. 3BF', 

CR LF 

R2032, XBCAE 

CA LF 

(CSt = 0) 

CR LF 

CR LF 

(CS3 = 0) 

CA 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 

~~~E~:~:lfl 
1 2 3 4 5 6 7 8 9101112 

Note Each lead pitch is 254 rnm All leads are located Within 

025 mm of their true longitudinal position With respect 
to No 1 and No. 24 leads [:J All dimensions are In millimeters 

OS±O.15 

*~ff ~O.05ij 

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 roshlba Corporation 
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TOSHIBA 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 USI ng 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 procedure 
goes through three steps before mass production 
First step IS a acceptance of customer's punched 
paper tape data. Second step IS a presentation of 

FEATURES 
• Single 5V supply voltage, Vee = 5V± 5% 
• Access time, tAee = 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 performance 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, 
A7 '""-' All 

Do - D, 
es, /es,: eS2 /CS2 

Vee 
GND 

Vee 

AS 

A9 

CS2/CS2 

CSt/CSt 

AIO 

All 

0, 

0, 

0, 05 

0, 0, 

GNO 03 

Row address Inputs 

Column address Inputs 

CS1/CS-, 
CS~CS-2 

___ l?ata outputs 
Chip select Inputs ~~--

Power supply term mal 

Ground 
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DO 0, 02 D3D4DSD6 07 

o 

Memory cell a.rray 

128 x 256 



• 
MAXIMUM RATINGS 

~----,S::,Y~M:::B~O::,L"----_-I-.-_______ ---,-IT .. E::"M~ ___ ~ ______ f--- ____ .. R .. A-'-TC,�'-'Nc::G'--___ ___j--~U'-'N'-IT'---_I 
VCC Power supply voltage _.~ __ -_0~.~5_-_7=--c0 ___ _I---V_,__-_____I 

VIN,VOLJ:r:_f-_ Inputandoutputvoltage__ -05-70 V 

_ T opr __ =~£~~~ng temperat~~ .:. _______ ~_~ _____ O~;;,._7_0'_-_ -_-_-_-__ +-___ oC, __ _ 

_ -r:stg___ Storage temperature f.----- ~~5:::2~_.~ __ -l-___ 0_C __ ___j 
TSOLDER Soldering temperature time 260 . 10 °C sec 

PD Power DISSipation ITa = 70°C) 1 0 w 

D.C. OPERATING CONDITIONS 

SYMBOL PARAMETER CONDITIONS MIN, TYP MAX I UNIT 

VIH I nput high voltage ---~ -~-.~.- Vcc + 1 I V 
---------,,----~- --------- ---08--~-VIL I nput low voltage - -05 

:----~ --- ~~--- 1-------f---5Z'-5--t-V-VCC Power supply voltage - 475 50 

D.C. and OPERATING CHARACTERISTICS (Ta '" O°C - 70°C) 

~YMB~'=-l--____ P~AM~ ___ _ _ COt--)[) IT IONS _-+_M_I_N-'.,_f-_T_Y_P-'.,--+_M-'.A_'_X_--+_U_N_IT-----1 

IIH Input high current ___ _ ___ I VIN =VCC-----l------j---OO~f--10---Il~ 
II Lin put low cu rrent V I N = G N D _-___ +--_-,eO-=0:.:1_+--_-_1'_'0'---l-__ Il=-A=---___j 

VOH Output high voltage --==_~= ISOU_R ci~ -0 -~ITlA _~!_ ~ ___ -_____ V __ _ 

~_ Output low volt8[je __ !siN t<..= 2 ~",-A _ _ __ _-__ -!-I_-=0 .. 2=-----+_-"0_4'---l-_V'----I 

10H Output high current - --- t Vou_T_=_2_4_V _ _ _ --:0.=--4_-!-!_--=3'--0=----+ __ -__ -l--"m:cA~---+ 
10 L Output low current VOUT = 0 4V 2 1 50 I - _--I---_m:cA_-! 

:~: ~ :~~~ ~~:::~: clJr~~t______~~~U:T~ =~1¥;:2V~~j_ =-------~ ::~+--±l-~-:--l-'-Il-m-:--I 
" Ta = 25°C, Vcc = 5V 

A.C. CHARACTERISTICS (Ta = O°C - 70°C, Vee" 5V± 5%. C~ "'100pF, tr, tt '" 20m) 
SYMBOL '1 PARAMETER I CONDITIONS MIN TYP," I MAX UN~L 

tACC I Access time tAC ~~()Q"-'- ____ - 300 I 450 ns 
1 Output delay ti;;;-;j,:o-;;;-ct;ip~~ 

------
tco tAC ~ tACC - 120 I 200 ns 
tOD ! _ ?utp_ut deselect tlm~ - 0 100 I 150 ns 

-- -------- .-----

I tAC i-Read cycfetlme---- - 450 - - ns 

"Ta = 25°C, VCC = 5V 

CAPACITANCE (Ta = 25°C. f· 1 MHz) 

r SYMBOL I PARAMETER I CONDITIONS I MIN, I TYP, MAX I UNIT 

r CIN 1 Input capacitance I 
-

VIN = A. C GND I - I 4 10 I pF 

I COUT I Output capacitance I VOUT = A. C GND I - I 8 15 I pF 

Note This parameter is periodically sampled and is not 100% tested, 
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• 
TIMING WAVEFORMS 'RC 

v," 
AO-Al\ 

v" 

v," 
CS /cs 

v" 

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 

.. TMM333P " XXxX .. 

CA L.F 

... MSa = 07'" 

CR LF 

N8, 

CA l.F 

RuuuO, X07P3,. . ,XF1 PS, 

CA LF 

CA LF 

R4088.X01P1, . ,X3AP4, 

CA LF 

(CSI -0) 

CA LF 

(CS2" 1) 

CR LF 

CR LF 

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 carnage return and line feed respectively. 

Specify MSB Pin (0, or Do) 

N8 indicates a 8-blt mask pattern. 
Semicolon ( , ) Indicates a punctuation of data 

R indicates an absolute address. Enter the address by deCimal code every eight 
words 

X Ind Icates 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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Format 2 (including Data only every word) 

NUl.L 

'fTMM333P - XXXX. 

CR LF 

.MSB;: 07'" 

CR LF 

N8, 

CR LF 

AuuuO, X075A 3BF1, 

CA IF 

R4080, XBCAE .. 0085, 

CR LF 

(CSl = 0) 

CR LF 

CA 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 DRAWINQS 

~~~E:~::IU 
1 2 3 4 5 6 7 8 9 101112 

Note Each lead pitch IS 254 mm All leads are located within 
025 mm of their true longitudinal position with respect 
to No 1 and No. 24 leads 

324 MAX x 

" :; [;;J 
~005 t 

All dimenSions are In millimeters 

05 to 15 

'" " 
I 174MAX I 

Note Toshiba does not assume any responslbllltv for use of any cirCUitry described, no Circuit patent 'Icenses 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 MOS TMM2332P 
----------- -- -- - -- ----- --------

DESCRIPTION 

The TMM2332P IS a 32768-blt 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 ~ 1 OOmA (MAX.) 
Standby Current ~ 15mA (MAX) 

• Power Down Feature CS I CS 
• Programmable Chip Select CS I CS 
• Output Buffer Control OE 
• Easy memory ExpanSion CS I CS 

PIN CONNECTION 

PIN NAMES 

A-o-A n 

---0;-07 

CSICS 

OE 

Vcc 
GNO 

ITOP VIEW) 

Address Inputs 

Data Outputs 

Chip Select Input 

Vee 
As 

A9 

An 

DE 
AlO 

CSICS 
D7 

D, 

Ds 

D4 

D3 

Output Enable Input 

Power (+5V) 

Ground 

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-pln standard 

plastic package 

• Static Operation 
• Pin Compatible with 2732 Type EPROM and 

12332 

• All Inputs and Outputs 
Directly TTL Compatible 

• Three State Outputs Wired OR Capability 
• Inputs Protected All Inputs have protection against 

static charge 

BLOCK DIAGRAM 

eSlcs 
DE 

A7 

As 

A9 

AIO . 
An 'S 

'" 
0 
"-

Al c 

A2 ~ 
A3 ~ 

<{ 
A4 

As 

A, 

128 

Do 0 1 °2 0 3 0 4 Os D6 0 7 

Memory Cell Array 
1256 x 128) 

I' 
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• 
MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

Vee Supply Voltage -05- 7 0 V 

V,N Input Voltage -05- 7 0 V 

VOUT Output Voltage -05- 7 0 V 

TOPR Operatlng Temperature 0-70 °c 

TSTRG Storage Temperature -55-150 °c 

TSOLOER Soldering Temperature"Tlme 260 • 10 °CoSec 

Po Power Dissipation (Ta = 70°C) 10 W 

D.C. OPERATING CONDITIONS 

SYMBOL PARAMETER MIN TYP I MAX. UNIT 

V,H Input High Voltage 2.0 - ! Vee+1 0 V 

V,L Input Low Voltage -05 08 V 

Vee Power Supply Voltage 45 r-- 50 I 5.5 V 

D.C. CHARACTERISTICS (Vee = 5V±10%, T. = 0-70°C) 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

I'L I nput Leakage Current V,N = 0- Vee - ±O 02 ±1O pA 

IOH Output High Current VOH = 24V -04 -20 - mA 

IOL Output Low Current VOL = 04V 20 40 - mA 

ILO Output Leakage Current 
OE = V IH or CS = V IH 

VOUT~ 04V-Vec - ±o 05 ±10 pA 

lee Operating Current CS = V,L or CS = V,H - - 100 ! mA 
I 

IS8 Standby Current CS = V,H or CS = V,L - - 15 mA 

CAPACITANCE. (T. = 0 - 70°C, f = 1MHz) 

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

I C'N I Input Capacitance I V,N = OV - 5 I 10 I pF 

I COUT I Output Capacitance I VOUT = OV - 8 I 15 I pF 

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 Deselectlon to Output In HI9h-Z -

tODO OE to Output In H,gh-Z -

tpu Chip Selection to Power Up Time 0 

tpD Chip Deselectlon to Power Down Time -

A.C. TEST CONDITIONS 

Input Rise and Fall Times 

Timing Measurement Reference Levels 

20ns 

Input o SV and 2 OV 

Output 0 8V and 20V 

Output Load, l-TTL Gate and CL = 100pF 

A.C. TIMING WAVEFORMS 

TYP MAX 

- -

- 350 
- 350 
- 120 

- 100 

- 100 

- -

- 100 

~---------------------tRC------------------------~~ 

Supply 
Current 

Address 

(1)-----__ 

CS/CS 

OE 

ICC 

IS8 

Note (1) CS and CS waveforms are shown by dotted line and straIght Ime respectively 
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• 
UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

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~::::)] 
1 2 3 4 5 6 7 8 9 101112 

324 MAX 

o S±O 15 

Ll 
£~ 
I '7.MAX I 

Note Each lead pitch IS 2 54 mm All leads are located within 025 mm 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 

© Feb. 1980 Toshiba Corporation 
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• TOSHIBA MOS MEMORY PRODUCTS 
64K BIT (8K WORD X 8 BIT) MASK PROGRAMMABLE ROM 

TMM2364P 
N CHANNEL SILICON GATE MOS 

----------------

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 

PIN NAMES 

Do 
0, 
D, 

GND 

Vee 
CSj/CS 1 

CS 2 /CS2 

A, 
A, 

Au 
DE 
Aw 
CE 
0, 
0, 
0; 
0, 
0, 

~~~y_---=/\_d_dr _8_SS __ 'n_p __ ut_s ______ -----j 

t-~~~----4- -~;;~~~~t~~p~~----=---= 
__ 9~ ___ ~ Output enable Input 

i CE I Chip enable Input 

:NC---~~~~~~~~o-n------~_--
L--Y~- j' Power supply terminal __ 

i GND __ GrolJ~ _________ ---" 

-----------------------

15mA Output Enable (OE) IS effective In preventing 
data confliction on a common bus line 

The TMM2364P uses the address latch system that 

the fall Ing edge of CE latches all Inputs except for 
OE, thus can be eaSily connected to a system where 

address and data buses are commonly used 
The 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 CS" CS, 

Easy Memory ExpanSion 

• Pin Compatible With 12364 
• I nputs protected 

BLOCK DIAGRAM 

CE 

A, __ r---, 

All Inputs have protection 
against static charge 

Vee GND 

A, f------------j 
A, ~----_,~----~ 
A, 
A, 

A, 
A, 
A_ 

A, 
A, 

A,o 

A" 
A 1: __ '--_--' 

256 65536 bits 

Memory cell 
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• 
MAXIMUM RATINGS 

SYMBOL ITEM 

Vcc Power Supply Voltage 

Y,N, VOUT I nput and Output Voltage 

TOPR Operating Temperature 

TSTRG Storage Temperature 

TSD Soldering Temperature Time 

PD Power DISSipation (Ta = 70°C) 

D,C. OPERATING CONDITIONS 

SYMBOL PARAMETER CONDITIONS MIN 

V,H Input High Voltage - 22 

V,L Input Low Voltage - -05 

Vcc Power Supply Voltage - 45 

D.C. and OPERATING CHARACTERISTICS (Ta = 0 - 70°C) 

SYM80L PARAMETER CONDITIONS 

I'H Input High Current Y,N = 5 5V 

I,L I nput Low Current Y,N = GND 

VOH Output High Voltage IOH = -400p,A 

VOL Output Low Voltage IOL =32rnA 

ILOH VOUT=55V I CE = 2 2V or 

ILOL 
Output Leakage Current 

VOUT =04V I OE =2 2V 

Icci Standby Current CE = 2 2V 

Icc2 Average Current tCYC = 350ns, lOUT = OrnA 

• Typ1cal values are at Ta = 2SoC and Vee <= 5V 

-128-

RATING 

-05 -7 0 

-05-70 

0-70 

-55 - 150 

260 10 

10 

TYP MAX 

- Vcc + 1 

- 08 

50 55 

MIN TYP MAX 

- 005 10 

- -005 -10 

24 33 -

- 03 04 
- 005 10 

- -01 -20 

- 8 15 

- 20 40 

UNIT 

V 

V 

°c 

°c 

°c sec 

W 

UNIT 

V 

V 

V 

UNIT 

p,A 

p,A 

V 

V 

p,A 

p,A 

rnA 

rnA 

it 
1'1 

, 



• 
A.C. CHARACTERISTICS (Ta ~ 0 ~ 70°C, Vee ~ 5V ± 10%) 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UN_~ 

tCE CE pulse width - 250 - - ns 

tAS Address Setup Time - 0 - - ns 

~H Address Hold Time - 50 - - ns 
-~~------~ 

tACC Access Time - - 150 250 ns ---------------
too Output Delay Time from OE __ - - 50 120 ns 

--

__ too __ ~tPut Turn off Delay - - 40 __ ~ 70 ns 

~~- CE off Time - 90 - - ns 
I------------~--

tCYC Cycle Time tAS == Ons, tr, tf = 5ns 350 - - ns 
---~~- --~--~---~----'- -~ 

• Typical values are at Ta "" 25°C 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 
• Timing Measurement Reference Levels Input, lV and 2.2V 

Output, 0 8V and 2 OV 
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• I'~ 

CAPACITANCE (Ta = 25°C, f = 1MHz) 

PARAMETER CONDITIONS 

I nput Capacitance V,N = A C GND 

Output Capacitance VOUT -AC GND 

Note This parameter'$ periodically sampled and IS not 100% tested 

TIMING WAVEFORMS 

AO ...... A12 
ADDRESS, CSt. CS2 MAY CHANGE X 

~--------------~r'-------' ~-----------

CE 'CE 

'00 
DE 

HIGH-Z HIGH-Z 

tCYC 

Note (1) too IS specified from DE or CE, whichever occurs first 
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OPERATION MOOE 

CE CS" CS" Address OE OUTPUT 

H (1) (11 High Z 

~ Valid (1) High Z 

L (21 L Data out 

Note (1) Don't care 
(2) CSt. 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 decoupl,ng of Vcc power 
supply 

60 

ICC 50 
(rnA) 40 

30 

20 

10 

o 

• 
MODE 

Standby 

Latch 

Read 

1 cycle 

- r--M 

~'LA 
I .. 

r II 
I~ r0- W'" 

100 200 300 400 500 

Time (ns) 

Fgl 1 ICC vs time (eS Select) 

2. POWER ON 

The TMM2364P requires Initialization prior to normal operation Two 
Initialization methods are as follows 

(1) A minimum 100ILS time delay IS required after 'the application of 
Vcc 1+5V) before proper device operation IS achieved And dUring 
thiS period, CE must be at V ,H level 

(2) A minimum 100ILs time delay IS required after the application of 
Vcc 15V), and then a minimum of one Initialization cycle must be 
performed before proper device operation IS achelved 

crVIH 
V,L 

60 

ICC 50 
(rnA) 40 

30 

20 

10 

o 

1 cycle 

,.-

A 

II J 1 A J 
rl-'l 

~ 
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 

-131-



• 
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 

·TMM2364P.[JOOO· ) 

'MSB" 0, ) 
NS. ) 

R OOCb. X7FP7. 

A ODDs. X38P3. 

RDD16,Xl0P1, 

R8176, X4DP4, 

R8184, X2CP3, 

.X07P3. ) 

.• XE5P5. ) 

;X6BP5. ) 

.XB5P5. ) 

,XA4P3, ) 

ICS," 11 ) 

ICS, "01 ) 

$ ) 

NULL 

Preceding the first data field and following the last data field there must 
be a leader/traller length of at least 50 null characters 

Contents In a single quotation mark (, ,) signify a comment and 
ODD 0 ,nd,cates a four·d,g,t user pattern number 

) indicates camage return and line feed 

Specify the most significant bit (MSB) of the deVice outputs (D, or.oo) 

N8 indicates that the mask pattern IS an 8-blt 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 Mod ,f,cat,on 
Mod IfYlng single and continuous word data can be camed out by 
specifYing the modifYing addresses and Inputting the data following the 
above procedure before the end symbol 
Modification can be allowed from a to 8191 addresses 

SpeCify the active logiC of chip selects (CS, and CS,) In the parentheses 
respectively 
Enter" 1" and "0" when active at high and low levels, respectively 
An example IS shown In the left figure 
I n thiS example, the deVice IS selected under the cond It Ion that CSt and 
CS, are at high and low levels, respectively 

$ signifies the End symbol 
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• 
B Format 2 (When a check sum per word IS not used) 

NULL 

'TMM2364PDOOO' ) 

'MS. "D7 .) 

N8, .) 

R DODD, X7 F5A 

RDD16 ,Xl08C 

R0032 , X20BA 

R8160, X1EC5 

A8176, X4DA6 

ICS, "11 ) 

ICS, "0) ) 

NULL 

39E5 ) 

.241, ) 

36C7, ) 

31DE, ) 

lBA4, ) 

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 

""1::::::I::::::ll1 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

374 MAX 

Note Each lead pitch IS 2 54 mm 
All leads are located within 025 mm of their true longitudinal POSition with respect to No 1 
and No 28 leads 

Unit mm 

L 1l0MAX .1 

Note Toshiba does not assume any responsibility for usa of any circuitry descnbed, 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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Erasable/Programmable Read Only Memory 
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TOSHIBA MOS MEMORY PRODUCTS 
2048 WORD x 8 BIT EPROM 

N CHANNEL SILICON STACKED GATE MOS. 

DESCRIPTION 

The TMM323D IS a 2048 word x 8 bit ultraviolet 
erasable and electrically programmable read only 
memory For read operation It requires a Single 
5-volt power supply only The maximum active pow­
er disSipation IS 525mW while the maximum standby 
power diSSipation IS only 132mW, a 75% savings 
Programming can be executed by applYing 25-volt 
and 5-volt at the Vpp and Vcc terminals respectively, 
and applYing a TTL level Signal at the other Input 
terminals Programm Ing the one bit location requires 

FEATURES 

• Slngle.5-volt power supply 
• Access time TMM323D ,450ns (MAX) 

TMM323D-l, 350ns (MAX) 

Current 100 mA (active) 
25mA (standby) 

• Three state output 
• Particular bit location programming 

PIN CONNECTION 

24 Vee 
23 As 
22 A9 

~6 ~P 
19 AIO 
18 PD/PGM 
17 07 
16 06 
15 05 
14 04 
13 03 

MODE SELECTION 

PIN NAMES 

r Ao -AIO .] Add .. res;es ==:J r 0 0 -0, I Ou'tputs ~ 
~-Cs I Chip Select ~ 
]' PD/PGM Power downl I 
, Program I 

i Vcc-:V;;;;- Po~;;;;;;IyI 
L.<'.ND_ Ground _ J 

~SI PD/PGM TCS 
-
Vpp Vee Outputs 

MODE (181 (20) (21) (24) (9-11,13-17) 

Read 1 V,L V,L 5V 5V o out 
Deselect , . V,H 5V 5V High Z 
Power Down V,H . 5V 5V High Z 

Program IJUl V,H I V,H 
V,L 25V r 5V D In 

Program ~ VIL' ] V,L 25V I 5V D out Verify 
Program 1 V,L i V,H 25V 5V High Z Inhibit 

--
• V,L or V,H 

TMM323D 
TMM323D-l 

only a Single pulse, and It IS pOSSible to program 

sequentially, Individually or at random Under the 
condition Vpp ~ 25V, read operation IS permitted In 
the program verify mode, and also programming IS 
,nh,b,tted by selecting the program inhibit mode 

The TMM323D IS fabricated With the N-channel 
silicon double layer gate MOS technology and IS 
packaged In a standard 24-pln dual-In-I,ne cerdlp 
package 

• Programs With one 50ms pulse 
• Total programming time 100 second 
• Inputs and outputs TTL compatible dUring read 

and program 
• Pin to pin compatible to.2716 type EPROM 

BLOCK DIAGRAM 

! 
I ~ ( I I 

16384 bit Memoly Cell 

( 28 ~ow ~ 16 Colu!'lln x 8 bi1) , , , , 
, ' , , 
I : : : 

-137-



• 
MAXIMUM RATINGS 

ITEM 
~----~ 

Vee Supply Voltage with respect to Ground 

Vpp Supply Voltage with respect to Ground 

All Input Voltages with respect to Ground 

All Output VA Itages with respect to Ground 

Power Dissipation 
-

Soldenng Temperature Times 

Storage Temperature 

Operating Temperature 
--

READ OPERATION 

D.C. and A.c. OPERATING CONDITIONS 

PARAMETER SYMBOL 

Power supply Vec (1.2) 

Power supply Vpp (2) 

D.C. and OPERATING CHARACTERISTICS 
Ta=0-70°C 

TMM323D 

TMM323D-l 

PARAMETER SYMBOL I MIN 

I nput Load Current I III 

Output Leakage Current ILO 
f----:-:--

Vpp Current (Read) IpP! 
f------

Vcc Current (Standby) I Icc! 

Vcc Current (Active) Ilcc> f--c------------- - - ~----r_--

I nput Low Voltage VIL -01 

I nput High Voltage V,H 20 
~----

VOL Output Low Voltage 

Output High Voltage VOH 2.4 

At. CHARACTERISfICS 

Ta = 0 - 70°C. Vpp = Vee ± 0.6V 

SYMBOL RATING UNIT 

Vee --03-+7 V 

Vpp -0.3 - + 26 5 V 

VIN -03-+7 V 

VOUT -03-+7 V 

Po 15 W 

TSOLOER 260·10 °C . sec 

TSTG -65 -+ 125 °C 
-

TOPR 0-70 °C 
~---

MIN. TYP MAX UNIT 

475 5 525 V 

45 5 55 V 

VCC-O 6 5 VCC + 0 6 V 

TYP 13) MAX UNIT 
i 

CONDITIONS 

±10 p.A I V,N = 5 25V 

±10 p.A V OUT = 5 25V/0 45V 

5 mA Vpp = 5 S5V 

10 25 mA PD/PGM = VI H. CS = VI L 

57 100 mA PD/PGM = CS = VI L 

OS V 

Vec + 1 V 

045 V IOL =2 lmA 

V IOH = -400p.A 

PARAMETER SYMBOL 
TMM323D TMM323D-l 

CONDITIONS 

Address to Output Delay tAeC! 
PD/PGM to Output Delay tACC> 
Chip Select to Output Delay tco 
PD/PGM to Output Float tpF 

Chip Deselect to Output Float tOF 
Address to Output Hold tOH 

• A.C. Tost Conditions 
Output Load ITT L + loopF 
Input Rise and Fall Times (10%-90%) ~ 20ns 
Input Pulse Levels VIL = O.SV. VIH = 2.2V 

MIN. MAX MIN. 

450 

450 

120 

0 100 0 

0 100 0 

0 0 

Timing Measurement Reference Level Inputs lV & 2V. Outputs 0 SV & 2V 
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MAX 
UNIT 

350 ns PD/PGM = CS = VIL 

350 ns CS = V IL 
120 ns PD/PGM = VI 

100 ns CS = VIL 

100 ns PD/PGM = VIL 

ns PD/PGM = CS = VIL 



(Note 4) 

CAPACITANCE 

Ta=25°C,f=lMHz 

PARAMETER 

~put Capacitance 

Output Capacitance 

I SYMBOL 

CIN 

I COUT 

TIMING WAVEFORMS (READ) 

A. Read Mode PO/PGM = VIL 

B. Standby Mode 

I 
I Min 
T 

I 

Address 

Output 

LIMITS 

Typ Max 

4 

8 

'co 
(120ns) 

MAX 

tAce1 
(450nsMAX) 

High Z 

6 

12 

• 
UNIT CONDITIONS 

pF VIN - OV 

pF Vout=OV 

High Z 

Address ------------------~~~---------------------------
Address N + m 

PO/PGM 

Output -=~~~;~=~--....!:!~i...:...~~tjO~.~'.~V~.~II~d~~~) _ for Addr.ss N + m 
High Z 

Note 1 Vee must be applied sImultaneously or before Vpp and cut off simultaneously or after Vpp _ vccs--L 

2 The Vpp terminal Is permitted to connect the Vee terminal dIrectly during non-programming 
3 TYPical values are at Ta'" 2SoC and nomInal supply voltages 

4 ThiS parameter IS perIodically sampled and IS not 100% tested 

Vpp~ 

5 The tACC2 IS 8 output data delay time (t. access time) from address or PO/PGM whichever changes lete 

PROGRAM OPERATION 

Ta = 25°C ± 5°C, Vee = 5V ± 5%, Vpp = 25V ± 1V (Note 1,2,3) 

D.C. PROGRAMMING CHARACTERISTICS 
-

~_ PARAMETER SYMBOL MIN TYP. MAX UNIT CONDITIONS 
-

I I nput Current III ±1O IJ.A V,N = 5 25V/0 45V 

Vpp Supply Current Ipp, 5 mA PD/PGM - VI L 

Vpp Supply Current IpP2 30 mA PD/PGM = VIH Dunng Programming Pulse 

Vee Supply Current lee 100 mA lOUT =0 mA 

I nput Low Level VIL -01 08 V r---
Input High Level V,H 20 Vee + 1 V 
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• 
A.C. PROGRAMMING CHARACTERISTICS 

-~~ - ~.~------- --.~-,------- --, 

PARAMETER SYMBOL MIN TYP. MAX UNIT 00'""'0'" j -
Address Setup Time tAS 2 Il s 

-.-.---.~ ~- f--~--- -----~~--~ 

CS Setup T I me tcss 2 IlS 
~- ---- --

Data Setup Time tos 2 IlS 
~.----.-~-~ r--2-

--_. -----
I Address Hold Time - tAH IlS J 

--~ -~--

C--CS Hold Time ~=tlcS~- ~ IlS ----~ ---. 

Data Hold Time ~ __ t[)H 2 
~ Il

S c---.------ ~ 

Chip Deselect to Output FloatDelay I to F 

Chip Select to Output Delay tco 
---

Program Pulse Width tpw 

Program Pulse Rise Time tPRT 

Program Pulse Fall Time tPFT 

• A.C. Test Conditions 
Input Rise and Fall Times (10% - 90%) 'S 20ns 
Input Pulse Levels V,L = 0 8V, V,H = 2 2V 

I 

I 

-- 120-+ ns - '1 -- - - -- --- ----1 
0 PD/PGM = VI L 

-- i 120- --ns- -tpD/PGM = V, L --~ 
45 50 i 55 i ms 

5 ns 

--~~-. ns ----.-J 

Timing Measurement Reference Level Input 1 V & 2V, Output 0 8V & 2V 

TIMING WAVEfORMS !PROGRAM) 
Vpp = 25V ±1V, Vee = 5V±S% 

Address 

Data 

PD/PGM 

---I_--IProgram Verify 

tAH 
(2j.1S MIN) 

High Z 

~--~~~~r-->rtco 

tpw 
(4S ....... S5ms) 

(120n5 
MAX) 

tpFT 
---(5ns MIN) 

Address N +m 

Note 1 Vee must be applied Simultaneously pr before Vpp and cut off Simultaneously or after Vpp ___ ..... vcc---.l L 
Vpp~ 

2 Sometimes removing the device from socket and settl n9 the deVice in socket under the condition Vpp = 25V ± 1 V may destroy Its 

device, so =t should be noted dUring programming 

3 Vpp supply voltage IS permitted up to 26V programming. so the voltage over 26V should not be applied to Vpp 

Particularly when sWitching pulse voltage IS applied to Vpp, also the over-shoot voltage of ItS pulse should not be exceeded 26-volt 
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ERASURE CHARACTERISTICS 

The TMM323D's memory cell data can be erased 
by applYing light with wavelengths shorter than 4000 
A. (lA = 10-8 cm) 
Sunlight and the fluorescent lamps may Include 
3000 - 4000 A wavelength components 

Therefore when used under such lighting for 
extended periods of time, an opaque seal (Toshiba 
EPROM Protecting Seal AC 901 etc) Will be required 
to protect the TMM323D Generally, ultraviolet light 
with a wavelength of 2537 A IS recommended for 
TMM323D-eraslng, and In thiS case the Integrated 
dose (ultraViolet light Intensity [w/cm'] x time [sec]) 
should be over 15 [w sec/cm' ] 

OPERATING INFORMATION 
TMM323D-operatlon-modes are classified Into SIX 

types, as shown In the follOWing table Each mode 
can be selected by TTL level signals only The VCC 
and V pp power supplies required are only 5-volt for 
read operation, and the Vpp power supply required IS 
25-volt dUring program operation only. 

I_=:-~~~~--~.'."'-.~-'~:a~ .. --!~~S~=~--'-~ ..... _ PD~~:M 
____ ~Y"er Down VIH 

When Toshiba sterilizing lamp GL-15 IS used and 
the deVice IS exposed at a distance of 1-cm from the 
lamp surface, erasure should be completed In about 
60 minutes 

And uSing a lamp whose ultraviolet light Intensity 
IS a 12000 [/1 w/cm'] Will reduce the exposure time 
to about 20 minutes 
(In thiS case the Integrated dose should be 12000 
[jIw/cm'] x (20 x 60) [sec] "" 15 [w sec/cm2 ] ) 

cs 
(20) 

Vpp 

(211 

Vcc 
(24) 

Outputs 

(9-11, 13-17) 

• 

_V.:.."cIL~----+_-----,,5V , 5V i D o.:..:uc:.t __ _ 

~L __ 5=--V--c-_=-----j __ -_-5=--V.-c-_Tt-= __ H--cI-=-9h~Zc-__ 

. ____ --l--__ .:c5.:..V_---t-_.;.., __ ~""--------+-- _f1'g:ch_ Z __ _ 

I Read Operation I Desel;ct =:-=l-

I ~PrograrT1----._ ...J1JL 0:~ V,H 
25V 5V D In 

t Program Operation ~rogram Verify V, L V, L 25V 5V D out 

High Z L. ______ ...L~.:..Pr:..::02g:..::ram Inhlb:.:it __ --.l __ V:.-I.._L ___ l.-_V.:.-.:.' H:......_..1_----=c2.:::.:..5V 5V 

*VIL or VIH 

Read Mode 

Assuming that PO/PGM = V,L and CS = V'L, the 
output data IS available within tAce! (MAX.) after 
stab II III ng of the add ress. 
And assuming that PO/PGM = V,H or CS = V'H, the 
outputs will become high Impedance In state. 

When all addresses are in the fixed state and CS = 
V'L, the output data is available within tACC, 
(MAX) after the PO/PGM Input IS changes to V,L 
from the V,H level (Outputs change to data available 
state from a high Impedance state) 

When all addresses are In the fixed state and POI 
PGM = V'L, the output data is available within tco 
(MAX) after the CS Input is changed to V,L from 
the V,H level (Outputs change to data available state 
from a high Impedance state.) 

Deselect Mode· 

Assuming that CS = V, H, the outputs Will be In a 
high Impedance state So two or more TMM3230s 
may be tied together on the same data bus And the 
ES Input of the selected chip must be at the V, L 
level, and that of the other chip must be at the V, H 
level 
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Power Down Mode 

Assuming that PD/PGM = V I H, the power dissipa­
tion will be reduced to one-fourth of normal active 
power. (I e. 525mW .... 132mW) 
Then all outputs will become high Impedance in state 
Independent of the CS Input level 

Program Mode 
Initially when received by customers all bits of the 

TMM323D are In the "1" state which IS the erased 
state 

Therefore programming IS carned out by electrical­
ly writing In the "0" state at the desired bit locations 

Programming can be completed by applYing the 
TTL level pulse signal with a pulse width of from 45 
to 55 ms to PD/PGM Input under the condition 
where Vpp = 25V and CS = VI H 

Programming the TMM323D IS permitted In any 
sequence and also at any particular bit location 

But the PD/PGM pulse width applied at one bit 
location should be over 45ms up to 55ms, and 
rewriting Into the written location IS not permitted 

When programming IS carned out by applYing a 
DC voltage (VIH level) Instead of a pulse to the PDf 
PGM Input, erroneous writing may occur sometimes, 

OUTLINE DRAWINGS 

I 71±02 

I~~ 2221201918171616 

, 
3 4 

Note 1 

046+015 
-010 

so a pulse whose recommended width IS 50ms should 
be used In program m Ing. 

Programming the same data to two or more TMM 
323Ds simultaneously can be accomplished by con­
necting the respective pins together 

Program Verify Mode 

In this mode the Vpp power supply IS 25V 
But assuming that PD/PGM = VI Land CS = VI L, 

It can be pOSSible to read written data 
For normal read operation, the Vpp power supply 

voltage required IS 5V 

Program Inhibit Mode 

Assuming that PD/PGM = VIL and CS =VIH under 
Vpp = 25V, It IS able to inhibit the programming 

According to the above, programming Into two or 
more TMM323Ds mounted on a board will be pos­
sible 

Programming Into a deSired chip tied on a common 
bus line Independently IS pOSSible by connecting all 
respective Inputs except PD/PGM together and apply­
Ing a pulse to the PD/PGM Input of a deSired chip and 
applYing DC voltage at the VI L level to the PD/PGM 
Inputs of the other chip. 

Note 

1 Each lead Pitch IS 254 mm All leads are located 

WithIn 025 mm of their true longitudinal POSition 

With respect to No 1 and No 24 leads 

2 ThiS value IS measured at the end of leads 

3 All dimenSions are In millimeters 

1.,"" \ 
I ",-,,, I 

Note 2 

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 siud cirCUitry 

©Jun. 1980 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
2048 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY TMM323DI 
N CHANNEL SILICON STACKED GATE MOS, 

DESCRIPTION 

The TMM323DI IS a 2048 word x 8 bit ultraviolet 
light erasable and electrically programmable read 
only memory For read operation It requires a single 
5-volt power supply only, the output data IS accessed 
within 450ns, and power up to 525mW IS dissipated 
For standby mode, the maximum power dissipation 
can be reduced to 158mW, a 70% saving, by changing 
the mode to power down mode Also when the mode 
IS changed from power down to the read mode, the 
output data IS accessed within 450ns Programming 
can be executed by applYing 25-volt and 5-volt at the 
Vpp and V cc terminals respectively, and applYing a 

FEATURES 

• Wide operating temperature range 
Ta = -40 - 85"C 

• Single 5-volt power supply 
• Access time 450ns (max) 

Power diSSipation 525mW (active power) 
158mW (standby power) 

• Three state output 

PIN CONNECTION 

24 Vee 
23 As 
22 A9 

~~ ~P 
19 AlO 
18 PD/PGM 
17 07 
16 06 
15 Os 
14 04 
13 03 

MODE SELECTION 

PIN NAMES 

~~ PINSrPD/PGMTCsTI!PP'lvcc I outputsl 
~ODE--------~I (18~ (21) (24) (9-11,13-17) 

Read ~L VIL ....';)V! 5V D out I 
Deselect • I V,H 5V 5V Hlg"llZl 
"f5OWerD~VIH I . I 5V 5V Hlg'tlz-I 

Program 1J1Jl~'H 'VIH125V i; 5V D In 
, IL I 

I Program 
Verify 

I V,L I V,H125V I 5V I High Z 

-IE- VIL or VIH 

TTL level Signal at the other input terminal pro­
gramming the one bit location requires only a Single 
pulse, and It IS pOSSible to program sequentially, 
indiVidually or at random Under the condition 
Vpp = 25V, read operation IS permitted In the pro­
gram verify mode, and also programming IS Inh,b,tted 
by selecting the program Inhibit mode 

The TMM323D I IS fabricated with the N-channel 
Silicon double layer gate MOS technology and IS 
packaged In a standard 24-pln dual-In-I,ne cerdlp 
package 

• Particular bit location programming 
• Programs with one 50ms pulse 
• Total programming time 100 second 
• Inputs and outputs TTL compatible dUring read 

and program 
• Pin to pin compatible to 2716 type EPROM 

BLOCK DIAGRAM 

, , , 
I ! I I I 

16384 bit Memory Cell 

( 28 Row ~ 16 Column x 8 bi1) , , , , , , , , 
I : 
i : 
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• 
MAXIMUM RA'JINOS 

ITEM+_ SYMBOL 
I 

RATING UNIT 
1---------------- -------.--.. 

Vcc -03-+7 V Vcc Supply Voltage with respe.ct to Ground 

Vpp Supply Voltage with respect to Ground 
I 

Vpp -0.3 - + 25.5 V 

All Input Voltages with respect to Ground V,N I -0.3-+7 V 
---

I VOUT -r-':'03~7 V All Output Voltages with respect to Ground 
I 

-

I 15 W Power Dissipation 

I 
Po 

Soldering Temperature Times TSOLOER I 250·10 °c sec 

Storage Temperature TSTG -55 - + 125 °C 

Operating Temperature TOPR --40 - 85 °C ._. __ 3--- 1_-
--_._-----------------

READ OPERATION 

D.C. and OPERATING CHARACTERISTICS 

(Ta == -40 "-' 85°C, Vee == 5V ± 5%, unless otherwise noted) 

I -- PARAMETER II' S~~M-I-N--,-T-Y-P-13-I-,--M-A-X--'I. -U-N-IT-': ---C-O-N-D-IT-IO--N-S-----, 

Input load Current III ~ ±1O J I'A I V'N=525V 
Output Leakage Current ILO i ±10 , I'A I VOUT -=--=5---:2--=5,--V·cc/O,--:-c45=-V-,-----j 

-V;;;-C~rrent(~--- IpP! I -6 . I mA I Vpp = 5 85V 

----vcc-i::;;;:~e~t (Standby) __ ._-+ Icc! I I 10J __ ~0=t= mA , PD/PGM ~-'::.-'-H-. =CS~=-V-'-L---I 
_vcc~~r.':flt~Ac8"e~ ____ ~_Ic:.C.2-- ----~----~---J.- mA IpD/PGM = CS = V,L 

Input low Voltage ---------r-~----O 1 __ f------- __ 08 I V I 

-~~t~~~'~=wV~;~~:-;---r ~~~---~- f-- V~c4; 1 I ~ I IOL =2 lmA 
--

Output High Voltage __ I VOH _~ _ I V I IOH = -40_0-'-I'_A ____ ...J 

AC. CHARAC'JERISTICS 
(Ta = -40 - 85°C. Vcc = 5V ± 5%. Vpp = Vcc ± 0 5V. unless otherWise noted) 

I----PARAME~;;__ SYMBOL- --i:.-cIM-c-,--=IT"'S-----cc(Nc-o-te-,--=3c-)---,--U-N-IT-'I---c-O-N-D-IT-I-O-N-S-------, 

Address t;O~tPut Delay I tAcc ---~~'T'i~ -'c---'M~t-5~~-+--n-s ---cI-P-D-/-PG-M = CS = V,L i 
PD/PGM to Output Delay I tACC2 280 450 ns CS = V,L ! 
~ect to Out;;~t Delay+tco --t-----h13~ ___ n_s_-+I ~PD=/,--P-G-M-=-V--"=-L------jl 

PD/PGM to Output Float _____ i tpF ° 100 ns CS =V ,L ------J 
i~C-h-I'--p-D-e-se-le-c-t-to-O-u~tP-u-t-F-lo~a~t-~I'-~to~F~ __ t--O~-+i'---_+-l,cO~O-_+--ns~~I-P~D~/-P~G~M~=~V~IL~ ___ ~ I 
I Address to Output Hold tOH ° I I ns I PD/PGM = CS = V,L I L-__________ ~_~'____~ __ -L __ ~ ___ L_ __ _L _____ _ 

• A.C. Test Conditions 
Output load ITTl + 100pF 
Input Rise and Fall Times (10%-90%) ~ 20ns 
Input Pulse levels V,L = ° 8V. V,H = 2.2V 
Timing Measurement Reference level Inputs lV & 2V. Outputs ° 8V & 2V 
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• 
INote4) 

CAPACITANCE 

TIMING WAVEFORMS (READ) 

A Read Mode 
~----

PD/PGM = VIL 

Address 

Output 

tco 
(120n5) 

MAX 

tACe} 
(450n5 MAX) 

High Z 
High Z 

Address ---------~ 1/--------------
Address N + m 

PD/PGM 

OutPut--~rta~"'~~~-~~~~~~~[D~'~t"VV'~I~;d~ __ -~ 
for Address N for Address N + m 

High Z 

Note 1 Vee must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp _ Vee s--L 
2 The Vpp terminal Is permitted to connect the Vee termmal directly durmg non·programmlnQ 

3 TYPical values are at Ta "" 2SoC and nominal supply voltages 

Vpp~ 

4 This parameter IS periodically sampled and IS not 100% tested 

5 The tACC2 IS a output data delay time (; e access time) from address or PD/PGM whichever changes late 

PROGRAM OPERATION 

Ta = 25°C ± 5°C, Vee = 5V ± 5%, Vpp = 25V± 1 V INote 1,2,3) 

D.c. PROGRAMMING CHARACTERISTICS 

1- PARAMETER ISY:BO~ i -M-'N--r TYP.-- _ MAX~~~T ~ L- CONDITI~NS 
_ Inp--"tCLJrr~flt -=-_---- I I~I - +-_-__ - _~ I'A _i_-""~=525V/045V 
~VPP Supply Curren~_ __ ~t _ --1- I 5 I mA t PD/PGM = VI L_ 

I Vpp Supply Current I Ipp 30 , mAt" PD/PGM _= __ V __ IH ____ ~ ~g Programming Pulse 2 I I -~- -- '~ ~ . ~ I 

~-~~~tS~::'C~v~;re~~_---fr lu~~-t - _L1 ~ 100~F,:~ _IO~~O:~-=-=----JI 
L_~t_rilgh Level_ -- ___ ~ VIH_ L 2 0 I Vt:<:+ 2J---",.--l __ __ 

l 
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• 
A.C. PROGRAMMING CHARACTERISTICS 

--- --

PARAMETER SYMBOL MIN TYP. MAX UNIT CONDITIONS 

Address Setup Time 
-- ys __ 2 ---- !.IS 

CS Setup Time tess 2 !.IS 
Data Setup Time tDS 2 !.IS 

I Address Hold Time tAH 2 !.IS --
CS Hold Time tesH 2 !.IS I 
Data Hold Time 2 

I I tDH !.Is !-" - ~----- --- ----- --- ---- --- --- --------l 
Chip Deselect to Output FloatOelay tDF 

Chip Select to Output Delay teo 

Program Pulse Width tpw 

Program Pulse RISe Time tPRT 

Program Pulse Fall Time tPFT 

• A.C. Test CondItions 

Input RISe and Fall Times (10% - 90%) -;; 20ns 
Input Pulse Levels V,L =08V, V,H =22V 

0 120 ns PDiPGM = V, L 
1-------:---- - -

120 ns i PDiPGM = V, L 

45 50 55 ms I 
5 ns 

5 ns 

Timing Measurement Reference Level Input 1V & 2V, Output 0 8V & 2V 

TIMING WAVEFORMS (PROGRAM) 
Vpp = 25V ±lV, Vee = 5V±S% 

Address 

Data 

PD/PGM 

tpRT 
(5nl MIN) 

Program---;---

- tCSH 
(2MsMIN) 

tpFT 
(5nsMIN) 

Note 1 Vee must be applied simultaneously 9r before Vpp and cut off simultaneously or after Vpp _____ • Vcc...J L 
Vpp~ 

2 Sometimes removing the deVice from socket and setting the device In socket under the condition Vpp = 25V±1V may destroy Its 

deVice, so It should be noted dUring programmmg 

3 Vpp supply voltage IS permltUtd up to 26V programming, 10 the voltage over 26V should not be applied to Vpp 
Particularly when switching pulse voltage IS applied to Vpp, also the over-shoot voltage of Its pul'e should not be exceeded 26-vott 
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ERASURE CHARACTERISTICS 

The TMM323DI's memory cell data can be erased 
by applYing light with wavelengths shorter than 4000 
A. (IA ~ 10-8 cm) 
Sunlight and the fluorescent lamps may Include 
3000 - 4000 A wavelength components 

Therefore when used under such lighting for 
extended periods of time, an opaque seal (Toshiba 
EPROM Protecting Seal AC 901 etc) will be required 
to protect the TMM323DI Generally, ultraviolet light 
with a wavelength of 2537 A IS recommended for 
TMM323DI· erasing, and In thiS case the Integrated 
dose (ultraviolet light Intensity [w/cm'] x time [sec]) 
should be over 15 [w sec/cm'] 

OPERATING INFORMATION 
TMM323DI·operatlon·modes are claSSified Into SIX 

types, as shown In the following table Each mode 
can be selected by TTL level Signals only The Vce 
and Vpp power supplies required are only 5·volt for 
read operation, and the Vpp power supply required IS 
25·volt during program operation only. 

When Toshiba sterilizing lamp G L·15 IS used and 
the deVice IS exposed at a distance of l·cm from the 
lamp surface, erasure should be completed In about 
60 minutes 

And uSing a lamp whose ultraviolet light intensity 
IS a 12000 [llw/cm'] Will reduce the exposure time 
to about 20 minutes 
(In thiS case the Integrated dose should be 12000 
[,uw/cm2] x (20 x 60) [sec] '" 15 [w sec/cm'] ) 

• 

II" ····~~DE -= ..........•..... PIN~_ I P~~:~M -I -(~~I--~;,~~~ (g~~~~~t~71 
~~ ___ +_V~ VI~ ~ .. +..2'1 --+- -0 OlJ~_~ 

I Re~d opera: n~~::~~~o~~--=--=i-=_V~H --= +- VIH __ . i- ~b ~~ ;. ~:i~~-_~ r Program I..IUL 0:: I V,H 1 25V I 5V . Din' 
I Program Operation 1-------L -----~ ----~-- ---+ -----

L :;:~;:: ~~i';~t ~~ ___ ~:~ _J' ~,'~ ~_~~ _:=:~ '1 ~~-J 
*VIL or VIH 

Read Mode 

Assuming that PD/PGM ~ VIL and CS ~ VIL, the 
output data IS available Within tACC! (MAX.) after 
stabiliZing of the address 
And assuming that PD/PGM ~ VIH or CS ~ VIH, the 
outputs will become high Impedance In state 

When all addresses are In the fixed state and CS ~ 
VIL, the output data IS available Within 450ns after 
the PD/PGM Input IS changes to VIL from the V,H 
level (Outputs change to data available state from a 
high Impedance state.) 

When all addresses are In the fixed state and PDf 
PGM ~ VIL, the output data IS available Within 120ns 
after the CS Input IS changed to V IL from the VIH 
level (Outputs change to data available state from a 
high I mpedance state) 

Deselect Mode 

Assuming tHat CS ~ VIH. the outputs Will be In a 
high Impedance state. So two or more TMM323Dls 
may be tied together on the same data bus And the 
CS Input of the selected chip must be at the V,L 
level, and that of the other chip must be at the VIH 
level 
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Power Down Mode 

Assuming that PD/PGM : VIH, the power dissipa­
tion will be reduced to about one-third of active 
power (I e 525mW ~ 158mW) 
Then all outputs will become high Impedance in state 
Independent of the CS Input level 

Program Mode 
Initially when received by customers all bits of the 

TMM323D I are in the "1" state which is the erased 
state 

Therefore programming IS carned out by electrical­
ly writing In the "0" state at the desired bit locations 

Programming can be completed by applYing the 
TTL level pulse signal with a pulse width of from 45 
to 55 ms to PD/PGM Input under the condition 
where Vpp : 25V and CS: VIH 

Programming the TMM323DI IS permitted In any 
sequence and also at any particular bit location 

But the PD/PGM pulse width applied at one bit 
location should be over 45ms up to 55ms, and 
rewriting Into the written location IS not permitted 

When programming IS earned out by applYing a 
DC voltage (VIH level) Instead of a pulse to the PDf 
PGM Input, erroneous writing may occur sometimes, 

OUTLINE DRAWINGS 

71 ±02 

Note 1 

so a pulse whose recommended Width IS 50ms should 
be used In programming. 

Programming the same data to two or more TMM 
323D Is simultaneously can be accomplished by con­
necting the respective PinS together 

Program Verify Mode 

In thiS mode the Vpp power supply IS 25V 
But assuming that PD/PGM : VI Land CS: VI L, 

It can be possible to read written data. 
For normal read operation, the Vpp power supply 

voltage requ I red IS 5V 

Program Inhibit Mode 

Assuming that PD/PGM : VI Land CS : VI H under 
Vpp : 25V, It IS able to inhibit the programming 

According to the above, programming Into two or 
more TMM323Dls mounted on a board Will be pos­
Sible 

Programming Into a deSired chip tied on a common 
bus line Independently IS possible by connecting all 
respective Inputs except PD/PGM together and apply­
Ing a pulse to the PD/PGM Input of a deSired chip and 
applYing DC voltage at the VI L level to the PD/PGM 
Inputs of the other chip 

Note 

1 Each lead pitch IS 2 54 mm All leads are located 

wlthm 0 25 mm of their true longitudinal position 

with respect to No 1 and No 24 leads 

2 ThiS value IS measured at the end of leads 

3 All dimenSIons are In millimeters 

£ ~ 
I 

o,,~;: I 
162_175 . 

Note2 

Note Toshiba does not assume any responSibility for use of any circUitry deSCribed, no CirCUit patent licenses are Implied, and Toshiba reserve. 
the right, at any time without notice, to change Aid circuitry 

©Feb .• 1981 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
4096 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE ROM TMM2732D 
N CHANNEL SILICON STACKED GATE MOS 

DESCRIPTION 

The TMM2732D IS a 4096 word x 8 bit ultraviolet 
light erasable and electrically programmable read only 
memory For read operation, the TMM2732D's 
maximum access time IS 350 ns, and the TMM2732D 
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 maxllnum active current 
IS 150 mA and the maximum standby current IS 25 
mA 

FEATURES 

• Single 5-volt power supply 
• Fast access time 350 ns Max 
• Power diSSipation 

150 mA Max (active current) 
25 mA Max (standby current) 

• Low power standby mode CE 
• Output buffer control OE 

PIN CONNECTION (TOP VIEW) 

PIN NAMES 

Ao -All Address Inputs 

~O7 Data Outputs (Inputs) 

CE Chip Enable Input 

OE / Vpp Output Enable Input/Program Power 

Vce Power (+5V) 

GND Ground 

For program operation, the programming IS achiev­
ed by applYing a 50 ms active TTL low program pulse 
to the CE Input, and It IS pOSSible to program sequen­
tlally, individually, or at random 

The TMM2732D IS fabricated With the N-ehannel 
silicon double layer gate MOS technology and IS 
packaged In a standard 24 Pin dual In line cerdlp 
package 

• Fully static operation 
• Programs With one 50 ms pulse 
• Single location programming 
• Total programming time about 200 second 

• Three state outputs 
• Inputs and outputs TTL compatible 
• Pin compatible With 12732 and ROM TMM2332P 

BLOCK DIAGRAM 
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• 
MODE SELECTION 

~ 
CE OE / Vpp vee Outputs 

MODE (18) (20) (24) (9 -11, 13- 17) 
Read V,L V,L +5V DOUT 
Output Deselect . V,H +5V High Impedance 
Standby V,H . +5V High Impedance 
Program V,L Vpp +5V D'N 
Program Verify V,L V,L +5V DOUT 
Program Inhibit V,H Vpp +5V High Impedance 

MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

Vee Vee Supply Voltage -03-70 V 

OE / Vpp Program Supply Voltage -03-265 V 

V,N Input Voltage -03-70 V 

VOUT Output Voltage -03-70 V 

PD Power DISSipation 16 W 

TSOLDER Soldering Temperature Time 260 10 °c sec 

TSTRG Storage Temperature -65 -125 °c 

TOPR Operating Temperature 0-70 °c 

READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN TYP MAX UNIT 

Vee Vee Supply Voltage 475 50 525 V 

V,H I nput High Voltage 20 - Vee + 10 V 

V,L Input Low Voltage -03 - 08 V 

D.C. and OPERATING CHARACTERISTICS 

(Ta ~ 0 - 70°C, Vee ~ 5V ± 5%, unless otherwISe noted) 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

III I nput Load Current V,N ~0-525V - - ±10 p.A 

ILO Output Leakage Current VOUT ~O 4- 5 25V - - ±10 p.A 

leet Vee Current (Standby) CE ~ V,H - - 25 mA 

lee2 Vee Current (Active) CE ~ V,L - - 150 mA 

VOL Output Low Voltage IOL ~ 21 mA - - 04 V 
VOH Output High Voltage I OH ~ --400 p.A 24 - - V 
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A.C. CHARACTERISTICS 

(Ta = 0 - 70°C, VCC = 5V ± 5%, unless otherwise noted) 
,------

SYMBOL PARAMETER CONDITIONS MIN, 

tACC Address Access Time CE = OE = VIL -

tCE CE to Output Valid OE = V IL -

tOE OE to Output Valid CE = VI L -

tOFl CE to Output In Hlgh-Z OE = VIL CE = V IH 0 

tOF2 OE to Output In H Igh-Z CE = V IL . OE = VIH 0 

tOH Output Data Hold Time CE-OE=VIL 0 

A.C. TEST CONDITIONS 

Output load nTl Gate and CL (100 pF) 
Input Pulse Rlseand Fall Times :;; 20 ns 
Input Pulse levels 08- 22V 

Timing Measurement Reference level Inputs 1 V and 2V 

Outputs 0 8V and 2V 

CAPACITANCE * (fa = 25°C. f = lMHz) 

I SYMBOL PARAMETER CONDITIONS 

i CINl Input Capacitance Except OE/V~_ r-VIN=OV 

l CIN2 Input Capacitance (OE/Vpp) V IN = OV 

MIN 

-

-
__ 0 ______ -- ------

I COUT Output Capacitance VOUT =OV -

* This parameter IS periodically sampled and IS not 100% tested 

TIMING WAVEFORMS (READ) 

AO ",A 11 

CE 

OE 
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TYP. MAX UNIT 

- 350 ns 

- 350 ns 

- 120 ns 

- 100 ns 

- 100 ns 

- - ns 

TYP. MAX UNIT 

- 6 pF 

- 20 pF 

- 12 p~ 



• 
TYPICAL CHARACTERISTICS 
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• 
PROGRAM OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN 

VIH Input High Voltage 20 

VIL Input Low Voltage -03 

Vec Vcc Supply Voltage 475 

Vpp Program I nput Voltage 24 

D.C. PROGRAMMING CHARACTER ISTICS 

(Ta = 25 ± 5°C, Vcc = 5V ± 5%, Vpp = 25V ± lV) 

SYMBOL PARAMETER CONDITIONS 

III Input Current VIN =0- 525V 
-

VOH Output High Voltage 10H = -400 pA 

VOL Output Low Voltage 10L = 21 mA 

Icc VCC Supply Current -

Ipp Vpp Supply Current CE = VIL OE = Vpp 

A.C. PROGRAMMING CHARACTERISTICS 

(Ta = 25 ± 5°C, Vee = 5V ± 5%, Vpp = 25 ± lV) 

SYMBOL PARAMETER 

tAS Address Set Up Time 

tOES OE Set Up Time 

tos Data Set Up Time 

(1) tAH Address Hold Time 

tOEH OE Hold Time 

tOH Data Hold Time 

tOF CE to Output In H,gh-Z 

tCE CE to Output Valid 

tpw Program Pulse Width 

tPRT Vpp Pulse R 158 Time 

tVR Vpp Recovery Time 

Note (1) tAH (Program Operation 11 = 0 ps min 

tAH (Program Operation 21 = 2 ps min 

Refer to Timing Waveforms 

A.C. TEST CONDITIONS 

Input Pulse Rise and Fall Times 

Input Pu Ise Levels 

MIN 

2 

2 

2 

0 

2 

2 

-
-

45 

50 

2 

;; 20 ns 
08- 22V 

Timing Measurement Reference Level - Inputs 1 V & 2V 
Outputs 0 8V & 20V 
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TYP MAX UNIT 

- Vee + 1 0 V 

- 08 V 

50 525 V 

25 26 V 

MIN TYP MAX UNIT 

- - ±10 pA 

24 - - V 

- - 04 V 

- - 150 mA 

- - 30 mA 

TYP MAX UNIT 

- - ps 
- - ps 
- - ps 

- - ps 

- - ps 

- - ps 

- 100 ns 
- 350 ns 

50 55 ms 

- - ns 

- - ps 



.. 
TIMING WAVEFORMS (PROGRAM OPERATION) 

Program Operation 1 

CE 

PROGRAM MODE 
PROGRAM 
VERIFY MODE 

OE/Vpp 

CE 

tos 
tOH 

DATA IN 
(ADDRESS N) 

Program Operation 2 (OENpp = Vppl 

ADDRESS N 

tpw 

DATA IN (ADDRESS N) 

NOTE 1 Vee must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp 
2 Sometimes removing the deVice from socket and setting the deVice In socket under the condition 

Vpp = 25V ± 1 V may cause permanent damage to the deVice 
3 The Vpp supply voltage IS permitted up to 26V for program operation, so the voltage over 26V 

should not be applied to the Vpp Input When the SWitching pulse voltage IS applied to the Vpp 
Input, the over-shoot voltage of ItS pulse should not be exceeded 26V 

ERASURE CHARACTERISTICS 

The TMM2732D's erasure IS achieved by applYing shortwave ultraviolet light which has a wavelength of 25371\ 
(Angstroms) to the chip through the transparent Window Then Integrated dose (ultraviolet light Intensity 
[w/cm' J x exposure time [sec J) for erasure should be a minimum of 15 [w sec/cm' J 

When the Toshiba sterilizing lamp GL-15 IS used and the deVice IS exposed at a distance of 1 cm from the lamp 
surface, the erasure Will be achieved within 60 minutes And uSing commercial lamps whose ultraviolet light 

Intensity IS a 12000 [llw/cm' J Will reduce the exposure time to about 20 minutes. (In thiS case, the Integrated 
dose IS 12000 [llw/cm 2 J x (20 x 60) [sec] '" 15 [w sec/cm' J ) 

The TMM2732D's erasure begins to occur when exposed to light with wavelength shorter than 40001\ The 
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• 
sunlight and the fluorescent lamps will Include 3000 - 4000A wavelength components Therefore when used 
under such lighting for extended periods of time, the opaque seals - Toshiba EPROM Protect Seal AC901 -
are available 

OPERATION INFORMATION 

The TMM27320's SIX operation modes are listed In the follOWing table Mode selection can be achieved by 
applYing TTL level signal to all Inputs except for OENpp In the read operation mode, a signal 5-volt power 
supply IS required and the levels required for all Inputs are TTL 

In the program operation mode the OENpp IS pulsed from a TTL level to 25V 

~ MODE 
IT (18) OE/Vpp (20) Vcc (24) 0 0 - 0, (9-11,13-17) 

READ READ VIL VIL +5V DATA OUTPUT 
OPERATION OUTPUT DESELECT . VIH +5V HIGH IMPEDANCE 
(Ta = a - 70°C) STANDBY VIH . +5V HIGH IMPEDANCE 
PROGRAM PROGRAM VIL Vpp +5V DATA INPUT 
OPERATION PROGRAM VERIFY VIL VIL +5V DATA OUTPUT 
(Ta = 25 ± 5°C) PROGRAM INHIBIT VIH Vpp +5V HIGH IMPEDANCE 

READMOOE 
The TMM27320 has two control functions Chip Enable (CE) controls the operation power and should be 

used for device selection Output Enable (OE) controls the output buffers, Independent of device se)ectlon 
Assuming that CE ; OE ; VIL, the output data IS valid at the outputs Within address access time (350 ns max.) 

after stabiliZing of the addresses. 
The CE to output valid (tCE) IS equal to the address access time 
Assuming that CE ; VIL and addresses are stable, the output data IS valid at the outputs Within tOE (120 ns 

ma x ) after the fa Iling edge of 0 E 

OUTPUT DESELECT MODE 
Assuming that OE ; VIH or CE ; VIH, the outputs will be In a high Impedance state So two or more 

TMM27320s can be connected together on a common bus line When CE IS decoded for deVice selection, all 

deselected deVices are In low power standby mode 
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• 
STANDBY MODE 

The TMM2732D has a low power standby mode controlled by CE signal By applYing a TTL high level signal 
to the CE Input, the TMM2732D IS placed In the standby mode which reduce the operating current from 150 mA 
to 25mA, and then the outputs are In a high Impedance state, Independent of the OE Input 

PROGRAM MODE 

Initially, when received by customers, all bits of the TMM2732D are In the "1" state which IS erased state 
Therefore the program operation IS to Introduoe "as" data Into the desired bit locations by electrically program­
ming The TMM2732D IS set up In the program operation mode when applied the program Input voltage (+25V) 
to the OE!Vpp Input under CE = VIH 

Then programming IS achieved by applYing a 50 ms active low TTL program pulse to the CE Input after the 
addresses and data are stable ThiS program pulse should be a single pulse with 50 ms pulse Width per address 
word, and ItS maximum value IS 55 ms The levels required for the address and data Inputs are TTL The 
TMM2732D can be programmed at any time individually, sequentially, or at random The TMM2732D must not 
be programmed with a DC signal applied to the CE Input 

PROGRAM VERIFY MODE 

The verify mode IS to check that the deSired data IS correctly programmed on the programmed bits The verify 
IS accomplished with OE!Vpp and CE at VIL Data should be verified within tCE (350 ns max) after the failing 
edge of CE 

PROGRAM INHIBIT MODE 
Under the condition that the program Input voltage (+25V) IS applied to the OE!Vpp Input, a TTL high level 

CE Input inhibits the TMM2732D from being programmed 
Programming o~wo or more TMM2732Ds In parallel With different data IS eaSily acc~rnpllshed That IS, all 

Inputs except for CE are commonly connected, and the program pulse IS applied to the CE Input of the deSired 
deVice only and the TTL high level signal IS applied to the other deVices 
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• 
OUTLINE DRAWINGS 

324 MAX 

J 71 ±O 2 

A 0 64 ----t-] 
~ '524±03 

2 54:tO 25 _1Hr......:'-=3,,:t-=0c:2:::5=-__ 

Note 1 Note 2 

Note 1 Each lead pItch IS 2 54 mm All leads are located within 025 mm of theIr true longItudinal position with respect to No 1 
and No 24 leads 

2 This value IS measured at the end of leads 
3 All dimensions are In millImeters 
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©AU9 .1980 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
4096 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE ROM TMM2732DI 
N CHANNEL SILICON STACKED GATE MOS 

DESCRIPTION 

The TMM2732DI IS a 4096 word x 8 bit ultraviolet 
light erasable and electrically programmable read only 
memory For read operation, the TMM2732D I's 
maximum access time IS 350 ns, and the TMM2732DI 
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 150 mA and the maximum standby current IS 30 
mA 

FEATURES 

• Wide operating temperature range 
Ta = -40 - 85°C 

• Fast access time 350 ns Max 
• Power diSSipation 

150 mA Max. (active current) 
30 mA Max (standby current) 

• Low power standby mode CE 

PIN CONNECTION (TOP VIEW) 

PIN NAMES 

A" -A" Address Inputs 

O. -0. Data Outputs (Inputs) 

CE Chip Enable Input 

Vee 

A, 

A, 
Au 

OElVpp 

OE/Vpp Output Enable Input/Program Power 

Vcc Power (+5V) 

GND Ground 

For program operation, the programming IS achiev­
ed by applYing a 50 ms active TTL low program pulse 
to the CE Input, and It IS possible to program sequen­
tlally, individually, or at random 

The TMM2732D I IS fabricated With the N-channel 
silicon double layer gate MOS technology and IS 
packaged In a standard 24 Pin dual In line cerdlp 
package 

• Output buffer control OE 
• Fully static operation 
• Programs With one 50 ms pulse 
• Single location programming 
• Total programming time about 200 second 

• Three state outputs 
• Inputs and outputs TTL compatible 
• Pin compatible With 12732 and ROM TMM2332P 

BLOCK DIAGRAM 

Vpp GND Vee 

r---l 1 r 00 01 02 °30405°6°7 

I 
I 

OE 
OE. CE 

Output LogiC 
Circuit Buffers 

CE 

A. 

A, Column Column I/O 

A, Decoder C,rcurt 

A, 

A4 

As 
A. Memorv Cell 
A7 Row Arrav 
AS Dacod8f" 4,096 x 8 

AI. 

A" 
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• 
MODE SELECTION 

~) CE OE I Vpp vee Outputs 
MODE (18) (20) (24) (9 -11, 13- 17) 

Read V,l V,l +5V DOUT 
Output Deselect * V ,H +5V High Impedance 
Standby V ,H * +5V High Impedance 
Program V,l Vpp +5V D'N 
Program Verify V,l V,l +5V DOUT 
Program Inhibit V,H Vpp +5V High Impedance 

MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT 

Vee Vee Supply Voltage -03-70 V 

----oEI Vpp Program Supply Voltage -03- 26 5 V 

V,N Input Voltage -03-70 V 

VOUT Output Voltage -0 3 -70 V 

Po Power DISSipation 16 W 

TSOlOER Soldering Temperature Time 260 10 °c sec 

TSTRG Storage Temperature -65 -125 "C 
-

T OPR Operating Temperature -40- 85 "C 
--- ~ 

READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL 

I 

PARAMETER 

I 
MIN I TYP MAX UNIT 

_Vcc V cc Supp Iy Voltage 475 i 50 525 V 

V,H Input High Voltage I 22 I - Vee + 10 V 

V,l : I nput Low Voltage I -03 I - 08 V 

D.C. and OPERATING CHARACTERISTICS 

(Ta= ~40 '" 85°C, Vee = 5V ± 5%, unless otherwise noted) 

SYMBOL PARAMETER CONDITIONS MIN~TYP-'--MAX 
! 

UNIT 

III I nput Load Current V,N ~0-525V :=---+~ ~ ±1O J1A 
f----~ 

ILO Output Leakage Current VOUT ~ 0 4 - 5 25 V ±10 J1A _.--_._--- ~----

I ICC1 Vec Current (Standby) CE - V,H - - 30 mA 

lee2 Vee Current (Active) CE ~ V ,l - ! - 150 mA 

VOL Output Low Voltage IOl ~21 rnA -
1 - 04 V 

VOH Output High Volt<ige IOH ~ -400 J1A 24 I 
- - V 
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A.C. CHARACTERISTICS 

(Ta ~ -40 - 85°C, Vcc ~ 5V ± 5%, unless otherwISe noted) 

SYMBOL PARAMETER 

tACC Address Access Time 

tCE CE to Output Valid 

tOE OE to Output Valid 

tOFt CE to Output In Hlgh-Z 

tOF2 OE to Output In Hlgh-Z 

tOH Output Data Hold Time 

A.C. TEST CONDITIONS 

Output Load 
Input Pulse Rise and Fall Times 
Input Pulse Levels 

Timing Measurement Reference Level 

CONDITIONS 

CE ~OE ~VIL 

OE ~ VIL 

CE ~ VIL 

OE ~ VIL CE ~ V IH 

CE ~ VIL , OE ~ VIH 

CE ~OE ~VIL 

lTTL Gate and CL (100 pF) 
~ 20 ns 
a B-2 2V 

Inputs 1V and 2V 
Outputs a BV and 2V 

CAPACITANCE * (Ta = 25°C, f = 1MHz) 

MIN. 

-

-

-
a 
0 

0 

SYMBOL PARAMETER CONDITIONS MIN 

CINt I nput Capacitance Except OE/Vpp VIN~OV -

CIN2 Input Capacitance (OE/Vpp) V IN ~ OV -

COUT Output Capacitance VOUT ~OV -

.. This parameter IS periodically sampled and IS not 100% tested 

TIMING WAVEFORMS (READ) 

AO --All 

OE 
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• 
TYP. MAX UNIT 

- 350 ns 

- 350 ns 

- 120 ns 

- 100 ns 

- 100 ns 

- - ns 

TYP. MAX UNIT 

- 6 pF 

- 20 pF 

- 12 pF 



• 
PROGRAM OPERATION 

D.C. RECOMMENDED OpERATING CONDITIONS 

SYMBOL PARAMETER MIN 

V,H Input High Voltage 22 

V,l Input Low Voltage -03 

Vee Vee Supply Voltage 475 

Vpp Program Input Voltage 24 

D.C. PROGRAMMING CHARACTERISTICS 

(Ta = 25 ± 5°C, Vee = 5V ± 5%, Vpp = 25V ± 1 VI 

SYMBOL PARAMETER CONDITIONS 

III Input Current V,N =0- 525V 

VOH Output High Voltage IOH = -400 MA 

Val Output Low Voltage IOl - 21 mA 

Icc Vee Supply Current -
Ipp Vpp Supply Current CE = V Il OE = Vpp 

A.C. PROGRAMMING CHARACTERISTICS 

(Ta = 25 ±5°C, Vee = 5V ± 5%, Vpp = 25 ± lVI 

SYMBOL PARAMETER 

tAS Address Set Up Time 

tOES OE Set Up Time 

tDS Data Set Up Time 

(11 tAH Address Hold Time 

tOEH OE Hold Time 

tDH Data Hold Time 

tDF CE to Output in H,gh-Z 

teE CE to Output Valid 
--

tpw Program Pulse Width 

tpRT Vpp Pulse RISe Time 

tVR Vpp Recovery Time 

Note (11 tAH (Program Operation 11 = 0 MS min 

tAH (Program Operation 21 = 2 MS min 

Refer to Timing Waveforms 

A.C. TEST CONDITIONS 

Input Pulse Rise and Fall Times 
Input Pu Ise Levels 

MIN 

2 

2 

2 

0 

2 

2 

-

-

45 

50 

2 

:;:; 20 ns 
08- 22V 

Timing Measurement Reference Level - Inputs 1 V & 2V 
Outputs 0 8V & 20V 
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TYP MAX UNIT 

- Vee + 1 0 V 

- 08 V 

50 525 V 

25 26 V 

MIN TYP MAX UNIT 

- - ±10 MA 

24 - - V 

- - 04 V 

- - 150 mA 

- - 30 mA 

TYP MAX UNIT 

- - MS 
- - MS 
- - MS 

- - MS 

- - MS 
- - MS 
- 100 ns 

- 350 ns 

50 55 ms 

- - ns 

- - MS 



TIMING WAVEFORMS {PROGRAM OPERATION} 

Program Operation 1 

AO-All 

OE/Vpp 

PROGRAM MODE 

DATA IN 
(ADDRESS N) 

Program Operation 2 (OE/Vpp ~ Vppl 

ADDRESS N 

DATA IN (ADDRESS N) 

PROGRAM 
VERIFY MODE 

DATA OUT 
(ADDRESS N) 

'OF 

NOTE Vee must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp 

• 

2 Sometimes removing the device from socket and setting the device In socket under the condition 
Vpp ~ 25V ± 1 V may cause permanent damage to the device 

3 The Vpp supply voltage IS permitted up to 26V for program operation, so the voltage over 26V 
should not be applied to the Vpp Input When the sWitching pulse voltage IS applied to the Vpp 
Input, the over-shoot voltage of ItS pulse should not be exceeded 26V 

ERASURE CHARACTERISTICS 

The TMM2732D I's erasure IS achieved by applYing shortwave ultraviolet light which has a wavelength of 2537.0. 
(Angstroms) to the chip through the transparent Window Then Integrated dose (ultraviolet light Intensity 
[w/cm'] x exposure time [sec]) for erasure should be a minimum of 15 [w sec/cm'] 

When the Toshiba steriliZing lamp GL-15 IS used and the device IS exposed at a distance of 1 cm from the lamp 
surface, the erasure Will be achieved within 60 minutes And uSing commercial lamps whose ultraviolet light 
Intensity IS a 12000 [Ilw/cm'] Will reduce the exposure time to about 20 minutes (In thiS case, the Integrated 
dose IS 12000 [Ilw/cm'] x (20 x 60) [sec] EO< 15 [w sec/cm'] ) 

The TMM2732DI's erasure begins to occur when exposed to light with wavelength shorter than 4000.0. The 
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• 
sunlight and the fluorescent lamps will Include 3000 - 4000A wavelength components Therefore when used 

under such lighting for extended periods of time, the opaque seals - Toshiba EPROM Protect Seal AC901 -

are available 

OPERATION INFORMATION 

The TMM2732DI's SIX operation modes are listed In the following table Mode selection can be achieved by 
applYing TTL level signal to all inputs except for OE/Vpp In the read operation mode, a signal 5-volt power 
supply IS required and the levels required for all Inputs are TTL 

In the program operation mode the OE/Vpp IS pulsed from a TTL level to 25V 

~ MODE 
IT (18) OE/Vpp (20) Vcc (24) 0 0 - 0, 19-11, 13-17) 

READ READ VIL VIL +5V DATA OUTPUT 
OPERATION OUTPUT DESE LECT * VIH +5V HIGH IMPEDANCE 

STANDBY VIH * +5V HIGH IMPEDANCE 

PROGRAM PROGRAM VIL Vpp +5V DATA INPUT 
OPERATION PROGRAM VERIFY VIL VIL +5V DATA OUTPUT 

PROGRAM INHIBIT VIH Vpp +5V HIGH IMPEDANCE 

READ MODE 

The TMM2732D I has two control functions Chip Enable (CEI controls the operation power and should be 

used for device selection Output Enable (OEI controls the output buffers, Independent of deVice selection 
Assuming that CE = OE = VIL, the output data IS valid at the outputs within address access time (350 ns max I 

after stabilizing of the addresses 
The CE to output valid (tcEI IS equal to the address access time 
Assuming that CE = VIL and addresses are stable, the output data IS valid at the outputs within tOE (120 ns 

max I after the failing edge of OE 

OUTPUT DESELECT MODE 

Assuming that OE = VIH or CE = VIH, the outputs Will be In a high Impedance state So two or more 
TMM2732Dlscan be connected together on a common bus line When CE IS decoded for deVice selection, all 

deselected deVices are In low power standby mode 

-166-



• 
STANDBY MODE 

The TMM2732D I has a low power standby mode controlled by CE signal By applYing a TTL high level signal 
to the CE Input, the TMM2732DI IS placed In the standby mode which reduce the operating current from 150 mA 
to 30mA, and then the outputs are In a high Impedance state, Independent of the OE Input 

PROGRAM MODE 

Initially, when received by customers, all bits of the TMM2732DI 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 program­

ming The TMM2732DI IS set up In the program operation mode when applied the program Input voltage (+25V) 
to the OE/Vpp Input under CE ~ VIH 

Then programming IS achieved by applYing a 50 ms active low TTL program pulse to the CE Input after the 

addresses and data are stable This program pulse should be a single pulse with 50 ms pulse width per address 
word, and ItS maximum value IS 55 ms The levels required for the address and data Inputs are TTL The 

TMM2732DI can be programmed at any time Individually, sequentially, or at random The TMM2732DI must not 
be programmed with a DC signal applied to the CE Input 

PROGRAM VERIFY MODE 

The verify mode IS to check that the deSIred data IS correctly programmed on the programmed bits The verify 
IS accomplished with OE/Vpp and CE at VIL Data should be verified within tCE (350 ns max) after the failing 
edge of CE 

PROGRAM INHIBIT MODE 
Under the condition that the program Input voltage (+25V) IS applied to the OE/Vpp Input, a TTL high level 

EE Input Inhibits the TMM2732D I from being programmed 
Programming of two or more TMM2732DI S In parallel with different data IS easily accomplished That IS, all 

Inputs except for CE are commonly connected, and the program pulse IS applied to the CE Input of the desired 
device only and the TTL high level signal IS applied to the other devices 
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_TOSHIBA 

OUTLINE DRAWINGS 

I" 

324 MAX 

"I 

AD64 ] 
X 
'" :;; 1524±O.3 
N 
Oft 

025+0 .15 
-010 

X 2 64:t:0 25 1 3ID 26 I. '" :;; 
O.46~ ~~ 162 ...... 175 

Note 1 Note 2 

Note 1 Each lead Pitch IS 2 64 mm All leads are located within 0 25 mm of thetr true longitudinal position with respect to No 1 
and No 24 leads 
This value IS measured at the end of leads 
All dimensions are In millimeter. 

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 tlma without notice, to change said circuitry 

©Feb. 1981 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
2,048 WORD x 8 BIT CMOS STATIC RAM 

SI LICON GATE CMOS 

DESCRIPTION 

The TC5517BP IS a 16384-blt high speed and low 
power static random access memory organized as 

2048 words by 8 bits uSing CMOS technology, and 

operates from a single 5 volt supply 
The TC5517BP IS featured by output enable and 

chip enable Inputs, that IS, OE for fast memory access 

and CE for a minimum standby current mode, and IS 
sUited for low power application where battery opera­

tion or battery back up for nonvolatility are required 

FEATURES 

• Low Power DIssipation 
025/1 W (TYP) Standby 

25 mW (TYP ) Operating 

• Fast Access Time 
200 ns (Max) 

• Single 5V Power Supply 
• Fully Static Operation 

PIN CONNECTION 
A7 

A6 

As 

A, 

A, 

A2 

A, 

A. 

1/0 1 

1/°2 

1/03 

GND 

PIN NAMES 
-----~ 

Ao"""'" A IO Address Inputs 

RNi ReadNirite Control Input 

OE Output Enable Input 

CE Chip Enable Input 

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

VOD Power '(+5V) 

GND Ground 

VDD 

As 

A9 

R/W 

OE 

A,. 

CE 

II0g 

1/0 7 

1/0 6 

1105 

1/04 

J 

TC5517BP 

* This IS advance mformatlon and specifications 

are subject to change without notice. 

The TC5517BP IS also featured by Pin compatibili­
ty with 2716 type EPROM ThiS means that the 

TC5517BP and EPROM can be Interchanged In the 

same socket, and the fleXibility In the definition of 
the quantity of RAM versus EPROM obtained as a 

result allows the Wide application In microcomputer 

system 
The TC5517BP IS moulded In a dual-in-line 24 pin 

standard plastiC package 

• Low Power Standby Mode CE 
• Data Retention Supply Voltage. 2V to 5 5V 
• All Inputs and Outputs Directly TTL Compatible 

• Three State Outputs 
• Pin Compatible With TC5516AP 
• Standard 24 pin PlastiC Package 

BLOCK DIAGRAM 

CE 

1/08 

MEMORY CELL 

ARRAY 

128 x 128 

VDD 

GND 
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.TCJSHIIIA 

Note ToshIba does not assume any responsibility for use of any circuitry described, no Circuit patent hcens.s are ImplIed. and ToshIba reserves the 

right, at any time wIthout notice, to change said circuItry 

©Mar, 1981 ToshIba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
2048 WORD x 8 BIT CMOS STATIC RAM 

SILICON GATE CMOS 

DESCRIPTION 

The TC5518BP IS a 16384-blt 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 IS featured by two chip enable in­
puts, that IS cr. and CE, for a minimum standby 
current mode, and IS suited for low power application 
where battery operation or battery back up for non­
volatility are required 

FEATURES 

• Low Power DIssipation 
0.25!1 W nyp) Standby 

25 mW (TYP.) Operating 

• Fast Access Time 
200 ns (Max) 

• Single 5V Power Supply 
• Fully Static Operation 

PIN CONNECTION (Top VIew) 

A7 

A6 

As 

A, 

A, 

Ao 

1/°2 
1/03 

GNO 

PIN NAMES 

Ao ~ A,o Address Inputs 

VOO 
A, 

A9 A/W 
CE, 

AIO 

CE, 

1/08 
liD, 

1/0 6 

lIDS 

1/0 4 

RM ReadMrite Control Input 

CE, , CE, Chip Enable Inputs 

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

VDD Power (+5V) 

GND Ground 

TC551BBP 

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

The TC5518BP IS also featured by pin compatibili­
ty with 2716 type EPROM. This means that the 
TC5518BP and EPROM can be Interchanged In the 
same socket, and the flexibility In the definition of 
the quantity of RAM versus EPROM obtained as a 
result allows the Wide application In microcomputer 
system 

The TC5518BP IS moulded In a dual-In-Ilne ~4 pin 
standard plastic package 

• Low Power Standby Mode. cr. or tE, 
• Data Retention Supply Voltage. 2V to 5 5V 
• All Inputs and Outputs: Directly TTL Compatible 
• Three State Outputs 
• Pin Compatible with TC5516AP 
• Standard 24 pin Plastic Package 

BLOCK DIAGRAM 

1/0. V"TT77T1-n-1._---' 

R/W~-~ 
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• TOSHIBA I 
:1 

Note Toshiba does not assume any responSibility for use of any circuitry described, no Circuit patent licenses are Implied, and Toshiba reserves the 

nght, at any time without notice, to change said circuitry 

©Mar, 1981 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
2,048 WORD x 8 BIT STATIC RAM 

N-CHANNEL SILICON GATE OEPLETION LOAP 

DESCRIPTION 

The TMM2016H IS a 16384-blt high speed static 
random access memory organized as 2048-words by 
8-blts and operates from a single 5V power supply 

Common 8 bit Inputs/outputs are provided 
In memory expanSion, low power application IS 

possible by uSing the chip select Input (CS) When 
CS IS In V,H level, the deVice IS In low power standby 

FEATURES 

• Fast Access Time 
tACC = 35/45 ns (Max) 

• Power D Issi patl on 
ICC = 150mA (Operating) 

ISB = 20mA (Standby) 

• Single 5V Power Supply 
• Power Down Feature CS 
• Output Buffer Control _ OE 

PIN CONNECTION 

A, 

1/°2 

1/03 

PIN NAMES 
GND 

SYMBOL NAME 
I 

Ao ~A3 Column Address Inputs 

I A4 "'-' A10 Row Address Inputs 
- --------------

CS Chip Select Input 
---

I WE Write Enable Input 

I I/O, ~ 1/08 Data Input/Output 

I OE Output Enable Input 

Vec Power (5Vj 

I GND Ground 

Vee 
As 

A, 

WE 

OE 

AlO 

es 

1/08 

11O, 

1/0 6 

I/0s 

1/04 

-----

TMM2016H 

* ThiS is advance information and specifications 

are subject to change without notice. 

mode, and the operating current IS reduced to 20mA 
from 150mA. 

TMM2016H IS fabricated with Ion Implanted N­
channel silicon gate technology ThiS technology 
provides high performance and high reliability The 
chip IS placed In a 24 Pin standard dual In line pack­
age, 0 6 Inch In width 

• Easy Memory ExpanSion _ CS 

• Fully Static Operation 
No clocks or timing strobe required 

• Common Data Inputs/Outputs 

• Three State Outputs - Wired OR Capability 
• Inputs protected - All Inputs have protection 

against static charge 

BLOCK DIAGRAM 

IIO,o-l---j~E=3----'L---E=~~-' 
1I0,o-*----l'>l' 
1I03o-m---l2-!-' I 
1I0.o--tt+.---l.:>-t--' 
1I0s o--ttHt--l:>+---' 
1I06 o--tt+fH---l2-!----' 
110, o--ttHtk---t.>+-~ 
110, o--tt+ltttrl.:>-t--' 

cs 
WE 
OE 
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.TOeHIBA 

Note Toshiba does not assume any responSibility for use of any cirCUitry described, no Circuit patent hcenses are Implied. and ToshIba reserves the 
nght, at any time without notice, to change said circuitry 

©Mar. 1981 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
TMM2764D 8,192 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY TMM2764D 
N-CHANNEL SILICON STACK EO GATE MOS 

DESCR IPTION 

The TMM2764D IS a 8192 word x 8 bit ultraviolet 
light erasable and electrically programmable read only 
memory. For read operation, the TMM2764D's ac­
cess time is 200 ns, and the TMM2764D operates 
from a single 5-volt power supply and has a low 
power standby mode which reduces the power diS­
sipation without increaSing access time. The standby 
mode IS achieved by applying a TTL-high level signal 
to the CE Input. The maximum active current IS 150 

FEATURES 

• Single 5-volt power supply 
• Fast access time. 200 ns 
• Power dissipation: 

150 mA (active currentl 
35 mA (standby currentl 

• Low power standby mode. CE 
• Output buffer control. OE 

PIN CONNECTION 

(TOPVIEWI 

Vpp 28 Vee 

A'2 27 PGM 
A, 3 N C 

A6 25 AI 

As 24 A9 

Luwer24 pln,compat,blcwnh 
32K bit EPROM TMM2732D 

A4 6 23 All A4 

A; 7 22 5E A3 

A2 21 AlO A, 
Al 20 CE A, 

Ao 10 19 0 7 Ao 

00 11 18 0 6 
D[ 12 17 0, 

0, 13 16 04 
GND 14 15 0 3 

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

mA and the maximum standby current IS 35 mA 
For program operation, the programming IS achiev­

ed by applYing a 50 ms active TTL low program pulse 
to the PGM Input, and It IS possible to program se­
quentially, 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 cerdlp 
package. 

• Fully static operation 
• Programs with one 50 ms pulse 
• Single location programming 
• Three state outputs 
• Inputs and outputs TTL compatible 
• Pin compatible with 12764 and ROM TMM2364P 

BLOCK DIAGRAM 

PIN NAMES MODE SELECTION 

Ao""" AI2 Address Inputs 

0 0 -0, Outputs (Inputs) 
~lpGMICE OE vpp VCC 00 -°7 Power 
Mode 1271 (20) (22) (1) (28) 111-13,15-19) 

CE Chip Enable Input Read H L L 5V Data Out 

OE Output Enable Input Output Deselect * * H I 5V High Active 
5V Impedance 

PGM Program Control Input 

N.C. No. Connection 
Standby * f-! * 5V High Standby 

Impedance 

Vpp Program Supply Voltage 

VCC VCC Supply Voltage (+5V) 

GND Ground 

Program L L * 5V Data in 

Program * H * 5V High 
21V Impedance Active 

Inhibit 
H * * 5V Unknown 

Program Verify H L L 5V Data Out 

Note, * H ro L 
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.TDSHIBA 

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, 1981 Toshiba Corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
TMM23256P 256K BIT (32K WORD x BIT) MASK PROGRAMMABLE ROM 

TMM23256P N-CHANNEL SILICON GATE MOS 

DESCRIPTION 

The TMM23256P IS a 262,144 bit read only memo­
ry 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 peri­
pheral CIrcuitry, the TMM23256P provides a high 
speed and low power dissipation (access time 150ns, 
operating current 40mA). 

The TMM23256P also features an automatic stand­
by power mode When deselected by Chip Enable 
(CE), the operating current IS reduced from 40mA to 

FEATURES 

• Single 5V Power Supply 
• Fast Access Time. 150ns (Max) 

• Low Power DIssipation 
Average Current 40mA (Max.) 
Standby Current· 10mA (Max) 

• I nputs protected 
All Inputs Have Protection 

Against Static Charge 

PIN CONNECTION N C 

PIN NAMES 

Do ~ 0, Data Outputs __ 

Vcc 
AI4 

AI' 

A, 

A, 

All 

DE 
AIO 

CE 

D, 

D, 

D5 

D4 

D, 

ft', A,o ~ Al 41- ",dd ress I_n.:...p.u_"t_s. __ 

O~ ~utenable c..lnC':.P:c,.ut'----___ _ d CE 

NC 

I-~~~-

Ch'-l'...".nable ~--

I 
No Connection 

Power Supply Terminal 

Ground 
------

* ThiS IS advance information and specifications 
are subject to change Without notl(:8. 

10mA Output Enable (OE) IS effective In preventing 
data confliction on a common bus line 

The TMM23256P uses the address latch system 
that the failing 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, 06 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 

r r 
DoD 1 02030405D607 

OE 

Output 
Chip Enable 

Buffers 
CEO--- Input Buffer 

and Clock 

Ao 

AI Column Decoder 
A2 

A, 

A4 

AS 
8 x 64 

A, 

A, 

AS . 
A, ~ 
AIO C! 512 

262,144 bits 

All ~ Memory cell 

AI2 a: 
array 

A13 

AI4 
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I! 

Note Toshiba does not assume any responsibility for use of any clrcultry 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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• 
TOSHIBA ULTRA LOW STANDBY POWER CMOS MEMORY 

FEATURES 

Standby Current 
02 JlA (Max) at Ta ~ 25°C 
1 OJlA (Max)atTa~60°C 

Guaranteed Data Retention Supply Voltage 
20- 55V 

This characterIStiCS have made It possible to use primary Battery 
(for example Lithium Battery - Strong power, long life time) 

FAMILY 

DEVICE NAME ORGANIZATION ACCESS TIME (ns) 

TC5504APL -2 200 

-3 
4K WORDS x 1 BIT 

300 

TC5504AD L -2 200 

-3 300 

TC5514APL -2 200 

-3 300 
1KWORDS x 4BITS 

TC5514ADL-2 200 

-3 300 

TC5516APL 2K WORDS x 8 BITS 250 

NONVOLATILE APPLICATION 

Example Current Capacity VS Retention Time and Memory Size 

~ Retention (K byte) 2 4 

Time (Year) 

1 88 176 

5 44 88 

10 88 176 

CYCLE TIME (ns) PACKAGE 

300 
18 PIN PLASTIC 300 MI LS 

420 

300 

420 
18 PIN CERDIP 300 MILS 

200 
18 PIN PLASTIC 300 MILS 

300 

200 
18 PIN CERDIP 300 MILS 

300 

250 24 PIN PLASTIC 600 MI LS 

Units rnA H 

8 16 32 64 

352 70 140 280 

176 352 700 1400 

352 700 1400 2800 

Nominal Current Capacity of Lithium Battery IS usually from 750 to 5000 mA H In Cylinder type and from 
60 to 160 mA H In cOin type 

Even If the derating factor IS considered, Lithium Battery IS most sUitable battery for nonvolatile memory applica­
tions 
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8ATTERY BACKUP APPLICATION FOR TC6516AP/APL 
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CMOS RAM DATA RETENTION CHARACTERISTICS 

DATA RETENTION CHARACTERISTICS (Ta = Topr [2)) 

SYMBOL I PARAMETER I CONDITIONS ,---- MIN MAX I UNIT I 

VOR Data Retention Voltage 
I 

OV ~ CE ~O 2V 
20 I 

I I 
VOO -02V~CE~Voo 

55 V 
! 

I I 
I Chip Deselectlon to Data 

tCOR -- a I -

I 

/1s 
Retention Time , 

I 
I 

I 
------

tR Operation Recovery Time -- tRC[l] ! - I /1S i '-- I --- I I 

Note [11 tRC Read Cycle Time 
[21 T apr Operating Temperature 

TIMING CHART 

Data RetentIon Mode 

Voo 
45V 

VOA ------+''------------' 

CE 

, / 
r--- -

CE 
~ ______________ J 
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• 
TC5516AP Low Power Application 

When CEz goes high, the TC5516AP becomes to a low power standby state (IDDS = 30l1A Max.). 
The average operating current of TC5516AP depends on the CEz active duty (CEz active time to cycle time 

ratio) and Input levels 

Following figure show the above characteristics 

o 
o 
9 

1--~_-j_TC5516AP __ -1k­
eE2 Duty Cycle vs IDDO 

30'~--~~~--+---~-

25;1----~~~-\+---~--

T a'" 2SoC 

VDD· 5 5V 

GE2 Timing Waveform 

11 pSI 

20'1-----~~~~r-~-~---+_---~--

15.1-----~---+--~-f~--+_---~-

1011-----1-----+---~-~~~---~-

o 

I 
CE2 == normally 

V,L 

02 04 06 

___ 1 

T 

08 10 

GE2 = normally V1H 
(Standby State) 

Therefore the application with CEz clocked offers a reduction In average operating power of TC5516AP 
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16K BIT STATIC RAM TMM2016P Low Power Application 

Operating Average Current of TMM2016P 
When the CS goes high, the TMM2016P becomes to low power standby mode automatically There­

fore uSing of CS with clock make It possible to reduce the operating average power 

This characteristics are shown as following. 

ICC Average 
(mA) 

100 

80 

60 

40 

20 

ICC Average vs CS DuW(l) 

40 50 60 70 

CSDutv (%1 

Note (1) CS DutY = tcs ..;- tcycle 

cs 

tcs 
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• 
Application 

The synchronous applications using clock from MPU reduce the operating average power of TMM2016P, and 
achieve the system power saving. 

Examples are as follows. 

Example 1. (8085, Z80, etc.) 

Decode 
signal 

WA 

74LSOO 

----~~----------~ WE 

--~~------------~ OE 

Example 2. (8085, Z80) 

Decode 74LSOO 
signal 

MAEQ 
(Z80) 

ALE 
(8085) 

cs 

TMM2016P 

__________________ ~ WE 

__________________ ~OE 

Example 3, (6800) 

Decode 
signal 

A!W 

74 LSOO 

cs 

TMM2016P 

-------.----------~ WE 

.:><>-----1 OE 

74LS04 

In this application, CS IS controlled by WR 
and RD Signal from MPU. 

In MPU·8085 application with 3MHz, the 
duty cycle of CS becomes about 40%, and this 
application offers an about 50% reduction in 
operating power of TMM2016P 

In this application, CS IS controlled by 
MREQ signal from MPU·Z80 or ALE Signal from 
MPU·8085. 

In MPU·Z80 application, the duty cycle of 
CS becomes about 65%, and this application off· 
ers an about 30% reduction in operating power 
of TMM2016P. 

In thiS application, CS is controlled by </>2 
clock. 

Use of </>2 clock with 50% duty cycle offers 
an about 40% reduction in operating power of 
TMM2016P. 

In application with MPU·6802 In space of 
6800, enable </>2 output (E) signal is used as a 
clock of CS. 
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• 

Example 4 

TMM2016P 

WR-------r---------------------------------------fwe 
RD-------+-1~-----------------------------------fOE 

74LS138 

b-----jcs 

G2A 
G2. 

Al1 A 

A'2 • 
A'3 C Y 7 

TMM2016P 

WR WE 
-
OE 

74LS139 

Q.J CS G Yo 
Y, p-

Al1 A p-
A'2 • p-
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• 
Advantage of two chip enable inputs in CMOS Memory 
• Two chip enables offers both fast memory access and battery backu-p_ 
• Achievement of standby mode IS simplified by elimination of requirements on Inputs Only requirements 

Involve CE2 or CE2 (for example, CE2 for TC5501 P/D and TC5047AP, and CE2 for TC5516AP refer to 
speclflcatloni 

Example 1: Nonvolatile application simplified 

Example 2 

• One chip enable can be commonly used 

• No gates are required 

Data Retention 
-----+-----+----------+---- Control for battery backup 

Two-dimensional arrangement by decoding two chip enables 

• This application makes memory expansion easy without Increase In decoder devices 

decoded 1 
CEl 

----i;J 
I 
I 

---~~~ 
~-----~yr------~ 

decoded CE2 
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Case 1 

16K RAM Interchangeability 

• TC5516AP and TMM2016P OperatIon Mode 
--., -.- ------

R
~ ---TC-5516APc;-------,-----cTc;c.MccM=2ccOl:c:6"'pc---------j--, 

MO~~-~ ~ CE, {181E' _{201 (R/W {211 CS {lUb_Ej~U~1iiij 
Write Mod~ ____ L__ _ _~---+-__=L __ +_--'L=----If_·-L=-:co~r-H'---+---'L=----i' 
Read Mode ~_ L__ L ~_~ H_~ __ L __ L __ L H 

* For write mode, there IS a difference between TC5516AP and TMM2016P 

But In usual application, two RAM's are Interchangeable In same socket each other by simple 

Jumper wIring 

O---=-----WR 
'7----RD 

TMM2016P 

TMM2016P, TC5516AP 

2-80 

TMM2016P 

TMM2016P, TC5516AP 

WR 
RD 

decoded 
signal 

Case 2 

re--~---~---WR 

~-,~~~~t----RD 

O-___________ Decoded 

Signal 

} Z80 

-191-

• 



• 
TOSHIBA 16K BIT CMOS RAM COMPATIBILITY TABLE 

PIN CONFIGURATION 
TC6616AP TC5617BP TC561SBP 

VOO VOO VOO 
As AS AS 
A. A. A. 
R/W R/W R/W 

eE, of: eE, 
A,O A,O A,O 
eE, c.: eE, 
lIas lIas liDs 

"OPERATION MODE 
DEVICE NUMBER TC5516AP TC5517AP/BP TC5518BP 

PIN NO 18 20 21 18 20 21 18 20 21 

~ MODE 
CE, cE;" RNI 

POWER cr OE RNI 
POWER 

CE, CE , RNI 
POWER 

L 
ACTIVE 

L L 
ACTIVE 

L L L 
ACTIVE 

WRITE L L 
(1000) 

. 
(1000) (1000) 

H 
ACTIVE 

L L H 
ACTIVE 

L L H 
ACTIVE 

READ L L 
(1000) (10001 (1000) 

STANDBY 1 H 
ACTIVE 

I~ I~ I~ ~ H . STANDBY . . 
(1000) * (ioosl 

STANDBY 2 H 
STANDBY 

H 
STANDBY 

H * * 
STANDBY . * (Ioos) 

. * (Ioos) (Ioos) 

OUTPUT DESELECT ~ ~ I~ ~ H 
ACTIVE 

~ ~ I~ ~ . * (1000) 

Note " H or L 

Interchangeability of CMOS RAM with NMOS RAM 

1. 4K BIT 14K words x 1 bit) CMOS RAM - TC5504AP Family 

TC5504AP's function is compatible with M K41 04. 

MK4104-33 
MK4104-35 

Operating Temperature (oC) o - 70 

Vcc orVoo 5V ± 10% 

VIH (Min) 2.2V 

VIL (Max.) 08V 

Icc (Operating Current) (mA) 27 

ISB (Standby Current) 3mA 

tcycle (ns) 310/460 

tAce (ns) 200/300 
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TC5504P 
TC5504AP-2/AD-2 
TC5504AP-3/AD-3 

-30 - 85 -30 - 85 

5V ± 10% 5V ± 10% 

VOO - 2.0V 2.2V 

08V 08V 

20 5 

20llA 20llA 

550 300/420 

450 200/300 



• 
2. 4K BIT (lK words x 4 bits) CMOS RAM - TC5514AP Family 

The TC5514AP Family IS a high speed and very low power, fully static (asynchronous type) CMOS RAM, 
and IS compatible with Nch 2114 type RAM, yet offers a more than 90% reduction in power of their NMOS 
equivalents. 

2114·2 2114-3 2114 TC5514P 
TC5514AP-2/-3 
TC5514AD-2/-3 

Operating Temperature (oC) o - 70 -30 - 85 -30 - 85 

Vcc or VDD (V) 5V ± 5% 5V ± 10% 5V ± 10% 
~----

V,H (Min.) (V) 20 22 22 
.- --

V,L (Max) (V) , 0.8 0.65 08 
--

Icc (mA) 100/70 25 5 

IS8 (fJA) -- 20 20 

tRC (Read Cycle Time) (ns) 200 300 450 450 200/300 

tACC (Access Time) (ns) 200 300 450 450 200/300 

tco (Chip Select Access Time) (ns) 70 100 120 450 70/100 

twc (Write Cycle Time) (ns) 200 300 450 450 I 200/300 

twP (Write Pulse Width) (ns) 120 150 200 350 120/150 

, __ tQS (Data Set Up Time) (ns) 120 150 200 200 120/150 

tDH (Data Hold Time) (ns) 0 0 0 0 0--

3. 16K BIT (2K words x 8 bits) CMOS RAM - TC5516AP 

HM6116LP-2 ! 

-3 TMS4016NL TMM2016P-1 TC5516AP 
I -4 r----- _. 

Operating Temperature (oC) 0-70 0-70 o - 70 -30 - 85 

Vcc or VDO (V) 5V ± 10% 5V ± 5% 5V ± 10% 5V ± 10% 

I 

--- -. -I-
V,H (Min.) (V) 2.2 2.0 2.2 22 

f----. . .---- ----. --_. __ . --_.- - ---
V,L (Max) (V) 0.8 __ 0.8 0.8 0.8 

1-- .-------- - ---

IDDO or Icc (mA) 

-1-""0100 
90 100/120 70 (55)" 

(Operating Current) I 
---

I 
'DDS or ISB (mA) 

0.1 15 003 -
(Standby Current) --f----. -----.- --
tRC (ns) 

I 120/150/200 
I 

450 150/100 250 
(Read Cycle Time) 

l-

I 
1---·--~ -----

tACC (ns) 
120/150/200 150/100 250 , 450 

, (Access Time) 

I 

-~ .-- ._---

tco or tC02' (ns) --- ! 120/150/200 150 150/100 250 
(Chip Select Access Tlme_)_ +-; 

~tC()l"""Tr1Sj - --, 80/100/120 
, 

150 +-- __ 55/35 100 
~utPut Enable Tim,,) I _._--_ .. _- -----

; twc (ns) 120/150/200 450 150/100 250 
I (Write Cycle Time) -+--_ 

-- -- .- --
twp (ns) ! 

70/90/120 400 120/90 200 [ (Write Pulse Width) 

tos (ns) 

(Data Set up Time) 
[ 35/40/60 r 400 

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

60/40 120 

" Y,N ~ VDO/GND 
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• 
TOSHIBA BYTEWIDE MEMORY FAMILY PIN OUT. 

:t> Z 
;:; " 

'MASK ROM 

'EPROM 

TMM2364 (MROM) 

TMM2732 (EPROM) 

TMM2332 (M ROM) 

CMOS STATIC RAM 

STATIC RAM 

'" " TMM334 (MROM) ID 
~~~ __ ~~~ __ L-L-L-L-L-______ +-________________ ~ ~ 
~~SJ:l6':?J"~k~l'!' 
o 

nnnnnnnnnnnnnn 

§: -

uuuuuuuuUUUUUU 

::l P ~ £J J (3 ? Qi -$ g ~ ~ 
~ 0"'C () 

s: 

( 

TMM323 (EPROM) 

o 
m 
< 
Ci 
m 

TMM323 (EPROM) 

~~~~~--~------~~~------+-----------------~ ~ 
g TMM334 (MROM) ~ 

~~~~-4---4------~~<~------+-----------------~ 
!hI ~I ~I g STAl'IC RAM 

CMOS STATIC RAM 

TMM2332 (MROM) 

TMM2732 (EPROM) 

TMM2364 (MROM) 

*EPROM 

'MASK ROM 
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MEMO 

HJ5 



MEMO 
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TOSHIBA CORPORATION 

Printed In Ja a 


