
TOSHIBA MUS MEMORY PRODUClI 
32,768 WORD X 8 CMOS PSEUDO STATIC RAM 
SILICON MONOLITHIC 
SILICON GATE CMOS 

I OEseRI PrIm! I 

TC51832P-85, TC51832P-l0 
TC51832P-12 

The TCSl832P is a 2S6K bit high speed cnos pseudo static RAH organized as 32,768 
Hords by 8 bits. The TCSl832P utilized one transistor dynamic memory cell ~vith C~IOS 
peripheral circuit to provide large capacity, high speed and low power features. System 
oriented features include single pot"er supply of SV±lO% torelance. The OE/RFSH input 
allotvs t~1I'O types of refresh operation - auto refresh .:lnd self refresh. The TCSl832P 
also features static RA1-1 like ~.,rrite function that the input data is ~.Jritten into the 
~emory cell at the rising edge of R/W, thus being easy to interface with microprocessor. 
The TCSI832P is a pin-compatible tvith 256K bit GIOS static RA~'I - TCS52S7P and is 
r.;ouided .J. standard 0.6 inch ~Jid th plas tic DIP. 

I FEATURESI 

• Organization: 32,768 \·:ord x 3 bit 
• Fast Access Time and Cycle Time -- TC51832P-85 TC51832P-IO TC51832P-12 -tCEA CE Access Time . G5ns lOOns 120ns 
tOEA OE Access Time 35ns 40ns SOns 
t1C Cycle Time USns 160ns I90ns 
• Single Power Supply: SV~lO% 
• Static RA1·! like ~irite Function 
• All inputs and outputs: TTL Compatible 

IPHI COnNECTION I 
(TOP V[f0N) 

Al4 VDD 

Al2 R/W 

A7 Al3 

A6 A8 

• Low Power Dissipation 
Operating 303~J(TC51332P-85) 

248mW(TCSI832P-IO) 
220mhl (TC518 32P-12) 

Standby 5.5mH 
Self Refresh: 5.SmW 

• THO types of Refresh Cperation 
Cilpability 
Auto Refresh 
Self Refresh 

• Pin Compatible with 256K bit aIDS 
Static RAH TC552S7P 

A5 A9 I BLOCK OIAGRMII A4 All 

A3 OE/RFSH 

A2 AIO VDD GND 

Al CE 

AO I/08 COLUMN 
DECODER 

I/O I I/07 

I/O 2 I/06 00 
0 

I/03 I/05 . Al4-A8 ;::::r 
~ 

GND I/04 0 
;::::r 

iPIIl rlAr'IEsl 
A7-AO 

AO 'V Al4 Address Inputs 

R/~~ 
Read/Hrite Control 
Input 

OE/RFSH Output Enable/Refresh 
Input 

CE Chip Enable Input 
II/ol 'V 1/08 Data Input/Output 

VDD Power (+5V) 
GND Ground R/W o---~~-t--------------------------------~ 
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TC51832P-85, TC51832P-l0 
TC51832P-12 

r1AX mUM RA TI riGS 
STIIBOL IT~1 

VIN Input Voltage 

VOUT Output Voltage 

VOO Power Supply Voltage 

TOPR Operating Temperature 

TSTG Storage Temperature 

TSOLOER Soldering Temperature· Tine 

PD Pm'ler Oissipation 

lOUT Short Circuit Output Current 

D.C. RECGr;illENOED OPERATING CONDITIONS (Ta=O '" 70°C) 

RATING 

-1.0",7.0 

-1.0",7.0 

-1.0"'7.0 

0", 70 

-55'" 150 

260 • 10 

600 

50 

SY:·mOL ITEH HIN. TYP. ~fAX. 

VOO Pm.,rer Supply Voltage 4.5 5.0 5,5 

VIH Input High Voltage 2.4 - 6.5 
VIL Input lOH Voltage -1.0 - 0.8 

D.C. ELECTRICAL CHARACTERISTICS (Voo=5V±10%, Ta=0",70°C) 

SY~lBOL PAR~·!ETER ~IIN • 

OPERATI~G CURRE~T TC5l832P-85 -
1000 Average Power Supply Operating Current TC5l832P-lO -

(CE, Address Cycleling: tRC=tRC ~.fIm TC5l832P-12 -
STANDBY CURRENT 1 

LOOSl Power Supply Standby Current, TTL Level Input -
(CE=OE/RFSH=VIH) 

SELF REFRESH CURRE~T 
IOOF Average Power Supply Self Refresh Current -

(CE=VOO-O. 2V, OE/RFSH=0.2V) 

I~;PUT LEAKAGE CURRE~T 
II(L) Input Leakage Current, any Input -10 

(OV ~ Vel ~ VOO, All Other Inputs not under Test=OV) 

IO(L) OUTPUT LEAKAGE CURRE~T -lQ (OOUT is disable, OV ~ VOUT ~ VOO) 

VOH OUTPUT HIGH LEVEL 2.4 Output "H" Level Voltage (IOUT= -SmA) 

VOL 
OUTPUT LmJ LEVEL 
Output "L" Level Voltage (1OUT=4.2mA) -
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UNITS NOTES 

V 

V 

V 

°c 

°c 1 

°c • sec 

mtJ 

rnA 

U:HT ~OTES 

V 
V 2 

V 

~rAX. mHTS ~;OTES 

55 
45 li'A 3,4 
4D 

1 rnA 

1 IT' ... -\ 

10 IiA 

10 uA 

- V 

0.4 V 



TC51832P-85, TC51832P-l0 
TC51832P-12 

ELECTRICAL CHARACTERISTICS AND RECor'1HErIDED AC OPERATING CONDITIONS 

(VDD=5V+10% Ta=O tV 70°C) (Notes 5 6 7 8 9) - , , , , , 
TC51832P-85 TC51832P-10 TC51832P-12 

SY:!BOL PARMIETER UNITS NOTES 
HIN. :fA.X. HIN. HAX. ~-tIN • :·I.-\X. 

tRC 
Random Read or Hrite Cycle 
Time 135 - 160 - 190 - ns 

tR1'(~~ Read Write Cycle Time 200 - 240 - 280 - ns 

tCE CE Pulse {..'idth 85 (10,000 100 10,000 120 10,000 ns 
tp CE Precharge Ti~e 40 - SO - 60 - ns 

tCEA CE Access Time - 85 - 100 - 120 ns 
tOEA OE Access Time - 35 - I 40 - I SO ns 

tCLZ CE to Output in Lm..r-Z 10 - 10 ! - 10 I 

! - ns 

tOLZ OE to Output in Lm..r-Z 0 - 0 I - 0 I - ns 

t~o;1.Z R/W to Output in Low-Z 0 i - 0 - a I - ns I 
tCHZ CE to Output in High-Z 0 20 0 30 0 I ]0 ns 10 I 
tOHZ OE to Output in High-Z 0 ! 20 0 i 

I 
30 0 i 30 ns 10 

t(.;1tZ R/\,l to Output in Hi:5h-Z 0 i 20 0 i 30 0 I JO ns 10 I 

t OHC 
OE Hold Time Referenced to I I I 
CE 0 - 0 I - a - ns 

I I 

tosc OE Set-Up Time Referenced 10 ! - 10 I - 10 - ns 
to CE i 

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

.t:RCH Read Command. Hold Time 0 I - 0 - 0 - ns 
t~.'P Write Pulse Width 60 - 70 I - 85 - ns 

t~::CH (;ri te Command Hold Time 60 I - 70 I - 85 - ns 

~'!ri te Command to CE Lead ! 

I I tCt'lL Time 60 I - 70 - 85 - ns 
, 

Data Set-Up Time Referenced I I 
! 

tOS~·l to R/t.] 35 I - 40 - SO i - ns 11 

tosc Data S~t-Up Time Referenced 

I 40 50 I 11 to CE 35 - - - ns 
-

tomJ Data Hold Time Referenced to 
0 0 0 11 R/U - - - ns 

tOHC 
Data Hold Time Referenced to 

0 11 IT 0 - 0 - - ns 
I 

tASC Address Set-Up Time 0 - 0 - 0 - ns 12 

tARC Address Hold Time 20 - 25 - 30 - ns 12 

tFC Auto Refresh Cycle Time 135 - 160 - 190 - ns 

tRFD CE to RFSH Delay Time 40 - 50 - 60 - ns 

- 8-109-



TC5,1832P-85, ,TC51832P-l 0 
TC51832P-12 

(Continued) 

SY~mOL PARMIETER 

tFAP 
RFSH Pulse t.Jidth 
(Auto Refresh Cycle) 

tFP RFSH Precharge Time 

tFCE RFSH Active to CE Delay Time 

tFSR RFSH Precharge to CE Delay 
Time (Auto Refresh Cycle) 

tFAS RFSH Pulse ~~idth 
(Self Refresh Cycle) 

tFRS RFSH Precharge to CE Delay 
Time (Self Refresh Cycle) 

tFST 
RFSH Set-Up Time 
(Refresh Counter Test Cycle) 

tFHT RFSH Hold Time 
(Refresh Counter Test Cycle) 

tREF Refresh Period 

tT Transition Tine 
(Rise and Fall) 

TC51832P-85 

~-lIN • ~·tAX. 

80 8,000 

30 -
160 -

65 -
8,000 -

160 -
10 30 

65 8,000 

- 4 

3 50 
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TC51832P-10 TC51832P-12 
UNITS NOTES 

HIN. ~IAX. HIN. NA.X. 

80 8,000 80 8,000 ns 13 

30 - 30 - ns 13 

190 - 225 - ns 13 

80 - 95 - ns 13 

8,000 - 8,000 - ns 13 

190 - 225 - ns 13 
1---' 

10 JO 10 30 ns 

65 8,000 65 3,000 ns 

- 4 - 4 ms 

3 50 3 50 ns 



TC51832P-85, TC51832P-l0 
TC51832P-12 

CAPACITANCE (VOO=5V±10%, f=Umz, Ta=O '" 70°C) 
SYNBOL PARM·fETER HI~. HAX. UNIT 

CII Input Capacitance (AO '" A14) - 5 pF 

CI2 Input Capacitance (CE, OE/RFSH, R/m - 7 pF 

CIO Input/Output Capacitance (I/Ol'" 1/08) - 7 pF 

~OTES: 

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

2) All voltages are reference to G~O. 

3) 1000 depend on cycle rate. 

4) 1000 depend on output loading. Specified value are obtained with the output open. 

5) An initial pause 0 f lms ~vith high CE and high OE/RFSH is required after pO\Ver-up 
before proper device operation is achieved. 

6) AC measurements assume t r =5ns. 

7) VIH(min.) and VIL(max.) are reference levels for measuring timing of input sig
nals. Also, transition times are measured between VIH and VIL. 

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

9) The OE/RFSH input operates as the output enable input(OE) and refresh control 
input(RFSH) under the condition of that CE=VIL and CE=VIH, respectively. 

10) tCHZ, tOHZ, tt.JHZ define the time at \vhich the output achieves the ope~ circuit 
condition and is not reference to output voltage levels. 

11) In tvrite cycles, the input data is latched at the earlier of R/~.J or CE rising 
edge. Therefore the input data must be valid during set-~p time(tDS~' tOSC) 
and hold time(tDHW, tOHC). 

12) All address are latched at the falling edge of CEo Therefore must be valid 
during tASC and tARC. 

13) Two refres6 operation - auto refresh and self refresh are determind by the 
OE/RFSH pulse tvidth under the condition of CE=VIH. 

Auto refresh: OE/RFSH pulse tvidth ~ tFAP(max.) 

Self refresh: OE/RFSH pulse width ~ tFAS (min.) 

The following timing parameter must be kept before device proper operation is 
achieved after refresh. 

Auto refresh: tFCE and tFSR 

Self refresh: tFRS 
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TC51832P-85, TC51832P-l 0 
TC51832P-12 

TIM! NG CHART 

READ CYCLE 

AO-Al4 

VIH -

V1L --

V1H __ --~r_~~----~~------------------~~~----~--------

VIL -

tOHZ 

1/01- I/O 8 V OH -----------t-----__ r------{V 
VOL -

DATA-OUT 

E?ZJ Don't Car e 

HRITE CYCLE 

V1H ---~------~~~----------------------~~--------~ 
V1L ~ 

AO-A14 

1/01-1/08 VIH 

V1L 
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tcWL 

tDSW 

tDSC 

DATA-IN 

~Don't Care 



TC51832P-85, TC51832P-l0 
TC51832P-12 

READ HRITE CYCLE 
tRMW 

CE vIH -

v1L -

AO-A14 V1H-

V1L-

o Ej/RFSH 
V1H-

V1L -

v IH -

V
1L 

-

lIN 

VIH-

V1L -

1/01-1/08 

LOUT VOH-

VOL-

tCLZ E?ZL]Don l t Care 

CE ONLY REFRESH CYCLE 

VIH ---.,----1..I\I-o_------------------f t::==~ 
V1L-

AO-Nt ADDRESS 

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

V1L-

V1H-----~r---~-----------------------------------------r-------------

V1L-

1/01-1/08 VOH - OPEN VOL---------------------------------- -----------------------------

E2Zl Don I t Care 
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TC51832P-85, TC51832P-l0 
TC51832P-12 

AUTO REFRESH CYCLE 

VI H _----~L 1-__ ,-; 

V1L -

1/01-1/08 VOH-
VOL _ ---------- OPEN 

Note) AO-A14, R/W=Don' t Care 

SELF REFRESH CYCLE 

1/01-1/08 VOH - __________ _ 
OPEN 

VOL -

Note) AO-A14,R/W=Don't Care 
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REFRESH COUNTER TEST CYCLE (READ WRITE) 

TC51832P-85, TC51832P-l0 
TC51832P-12 

~ tRd~ ~d~ VIli-- - _ tCE ¥f-
VIL - II 
~ ~: ///1///// //// /1/1////11 ///1 /I //II III 1//// //I //// ///11 II ///1/ /////1// AO-A14 

CE;,/RF'SH VIH 

VIL -

VIH 

VIL 

I tpRD I II ~ tpST tpHT 

t ~ ! 
I tRCS tCWL -I 

twp 
1 

i \. 

tDSW I fDHW 

,IN 

VIH_ 

VIL -

1/01-1/08 

LOUT 
VOH -

VOL -

tDSC 1 !tDHc 

F 
DATA-IN 

l,tWHZ 

tCEA I tOHZ ItwLz tCHZ 

rzM DATA-OUT W1 
tCLZ 

~Don/t Care 

REFRESH COUNTER TEST 

The internal refresh operation of TC51832P can be tested by REFRESH COUUTER 

TEST. This cycle perfor~s READ/~mITE operation taking the internal counter address 

as row address and fixed zero as column address. 

The test procedure is as follows. 

CD ~vrite "0" into all the memory cells at normal ~rrite mode. 

@ Read "0" out and ~vrite "1" in each cell by performing REFRESH COillJTER TEST. 

Repeat this operation 256 times. 

CD Check "1" out 0 f 256 bits at normal read mode, ~vhich ~vas ~vritten at ® 
CD Read "1" out and ~vrite "0" in each cell by performing REFRESH COUNTER TEST. 

Repeat this operation 256 times. 

® Check "0" out of 256 bits at normal read mode, ~vhich ~vas written at ® 
® Perform the above CD to @) the complement data. 
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TC51832P-85, TC51832P-l0 
TC51832P-12 

IOUTLINE ORA~HNGSI (6028A-P) 

28 

Unit in mm 

15 

14-

~.....-~~_ ......... 3_8,--.O_M,--~I\.X ......... ..-+-+..-,,--_ ~ I / I 1 5.2 4± 02 5 

1/ 

IJ + 0.1 
25 4 ± 0.2 5 II 025 - 0.0 5 

~iOTES: Each lead pitch is 2. 54rr:m. All leads are located ~vithin O. 25mm of 

their true longitudinal position ~th respect to No.1 and No.28 leads. 

All dimensions are in millimeters. 
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