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TOSHIBA TC51V8512AF/AFT-12,-15

TOSHIBA MOS DIGITAL INTEGRATED CIRCUIT SILICON GATE CMOS

524,288-WORD BY 8-BIT CMOS PSEUDO STATIC RAM
DESCRIPTION

The TC51V8512AF/AFT is a 4,194,304-bit CMOS pseudo static random access memory (PSRAM) organized as
524,288 words by 8 bits. It feature a one-transistor dynamic memory cell using CMOS peripheral circuitry to
provide large capacity, high speed and low power. It uses a single 2.7 to 3.6 V power supply. An OE/RFSH
input selects either auto or self refresh operation. This device family also features SRAM-like write functions
whereby data is written to the memory cell rising edge of R/W signal, for easy interfacing to microprocessors.
The TC51V8512AF/AFT is molded in 32-pin 0.525-inch small-outline plastic packages (SOP), and thin small-
outline plastic package (TSOP).

FEATURES
® Organized as 524,288 words by 8 bits ® Fast access time and low power dissipation.
(4,194,304 bits). ® Single power supply voltage of 2.7 to 3%6 V.
g @ Data retention power supply voltage of 2.0 t0 3.6 V.
TC51V8512AF Famil
amity ® Internal counter can be used for aute and self refresh
12 -15 operations,
teea CE Access Time 120 ns 150 ns @ Internal timer can be used for self refresh operation.
toea OE Access Time 60 ns 80 ns ® 2048 refresh cycles per 32 ms. i
2 : ® All inputs and outputs are TTL compatible.
tre Cycle Time 190 ns 230ns | @ Logic compatible with SRAM R/W pin.
Power Dissipation 99 mW 66mw | ® Pascg%géezszp son lismat h= Y, )
3.0V 40 -P-525-1. eight: 1.10 g typ
Sel Refresh Current | 22 TSOP I 32-P-400-1.27 (AFT) (Weight- 0.51 g typ)
PIN ASSIGNMENT (TOP VIEW) BLOCK DIAGRAM
AF\/}AFT
A18[0 1 32 Vpp
Alel] 2 31 A15 Vpp GND N
A140 3 301 A17 ° 8 > COLUMN
A120 4 290 R/W l i DECODER [
A70 5 28[1 A13 . 2=
A6l 6 270 A8 COLUMN ["g SENSE AMP |1 Zex
Asl 7 26[1 A9 A8 to 11 E’> BUPFER 8y L= vo GaTe  N§ B i 2
A4ll 8 251 A11 Lyl | =
A3l o 24 [1 OE/RFSH w 256 x 8 mt < o
A2[]10 23[1A10 | = P
A1 22[1CE A10 to 0 @ ADDRESS L1} w —
Aol12 21 1708 /| BUFFER (11) | L o) MEMORY o
1101013 2001107 ‘uj T ARRAY - -
102014 191 1706 I" a 2048 x 256 >
1103015 181 1705 REFRESH N = x 8 g
11 11
GNDI 16 17[1 104 counter (i ATY S Ex _8> 315
(Normal pinout) w [
PIN NAMES A <5
AQ to A18 | Address Inputs CE o> CLOCK | |— REFRESH [—=| REFRESH g “
RIW Read/Write Control GENERATOR [ | CONTROLLER TIMER
||
———— | Output Enable
OE/RFSH
_ Refresh Input OE/RFSH©
CE Chip Enable ._jD
/01 to 1/08]| Data Inputs/Outputs
Vpp Power RAW j_ /\
GND Ground
961001EBAT_

@ TOSHIBA is continually working to improve the quality and the reliability of its products. Nevertheless, semiconductor
devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress.
It is the responsibility of the buyer, when utilizing TOSHIBA products, to observe standards of safety, and to avoid
situations in which a malfunction or failure of a TOSHIBA product could cause loss of human life, bodily injury or
damage to property. In developing your designs, please ensure that TOSHIBA products are used within specified
operating ranges as set forth in the most recent products specifications. Also, please keep in mind the precautions
and conditions set forth in the TOSHIBA Semiconductor Reliability Handbook.

@ The products described in this document are subject to foreign exchange and foreign trade control laws.

@ The information contained herein is presented only as a guide for the applications of our products. No responsibility
is assumed by TOSHIBA CORPORATION for any infringements of intellectual property or other rights of the third
parties which may result from its use. No license is granted by implication or otherwise under any intellectual

) ¢ property or other rights of TOSHIBA CORPORATION or others.

~ 71 @The information contained herein is subject to change without notice.
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TOSHIBA

TC51V8512AF/AFT-12,-15

TRUTH TABLE

CE OE/RFSH RIW A0to A18 1/101t0 8 CONDITION
L L X X X ouT Read
L X X X X IN Write
L H X X X HZ CE Only Refresh
H L x X HZ Auto/Self Refresh
H H kS X HZ Stand by

H - High Level Input (Viy = 6.0V to Vg min)

L - Low Level Input (ViN = V1, max to — 0.5V)

X e Don_’ii_ care

X X «- At CE falling edge, all address are “IN”, and at the other condition, the address

are £13 X »”
HZ - High Impedance

ABSOLUTE MAXIMUM RATINGS

SYMBOL RATING VALUE UNIT NOTE

Vin Input Voltage -1.01t0 7.0 \Y

Vout QOutput Voltage -1.01t0 70 \

Vpp Power Supply Voltage -1.01t0 7.0 \Y

Toprr Operating Temperature 0 to 70 °C :

Tstg Storage Temperature - 55 to 150 °C

TsoLDER Soldering Temperature (10%) 260 °C

Pp Power Dissipation 600 mwW

loyt Short Circuit Output Current 50 mA

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

SYMBOL PARAMETER MIN TYP MAX UNIT NOTE
Vpp Power Supply Voltage 2.7 3.0 36 \Y) 2
Viy Input High Voltage 2.1 - 6.0 \ 2
Vi Input Low Voltage - 05 - 0.4 \ 2
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TOSHIBA TC51V8512AF/AFT-12,-15

DC CHARACTERISTICS (Vpp = 3V % 10%, Ta = 0°to 70°C)

SYMBOL PARAMETER MIN [ TYP | MAX | UNIT | NOTE
Operating Current 120 ns version - 20 30
Ibbo (Average Power Supply) ) mA | 3,4
CE, Address Cycling: tpe = tre min 150 ns version - 15 20

Ipps1 %ndby Cu_rrel - - 0.5 mA
CE = V,y, OE/RFSH = Vi

Standby Current

I — — - - 40
BDS2 | €E = Vpp - 0.2V, OERFSH = Vpp - 0.2V #A

Self Refresh Current (Average)
IDDF1 —— — - - 0.5 mA
CE =V|y, OE/RFSH =V

Self Refresh Current (Average)

| ¢ - \Averas - - 40
PDF2 1 €E = Vpp - 0.2V, OE/RFSH = 0.2V #A

Auto Refresh Current (Average) 120 ns version - 20 30

bors | . , - mA 3
(OE/RFSH Cycling: tpc = tpc min) 150 ns version - 15 20
CE Only Refresh Current (Average) 120 ns version - 20 30

Ibbrs | — ) . - mA 3
(CE, Address Cycling: tge = tgre min) 150 ns version - 15 20

Input Leakage Current

|
W 1oV = iy = Vpp, All Other Inputs Not Under Test = 0V

Output Leakage Current
logy | Output Disable (CE = Vyy or OE/RFSH = V| or R/W = V|)), -10 - 10 pA
0V = Vour = Vpp

Output High Level Vbp

Vou - - %
lon = — 100 A - 02

VoL Output Low Level _ _ 0.2 v

loL = 100 4A

CAPACITANCE (Vpp = 3V, f = 1 MHz, Ta = 25°C)

SYMBOL PARAMETER MIN MAX UNIT
Ch Input Capacitance (A0 to A18) - 5 pF
Cp2 Input Capacitance (CE, OE/RFSH, R/W) - 7 pF
Cio Input/Output Capacitance - 7 pF

Note: This parameter is periodically sampled and is not 100% tested.
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TOSHIBA TC51V8512AF/AFT-12,-15

AC CHARACTERISTICS (Vpp = 3.3 £ 0.3V, Ta = 0°to 70°C)

SYMBOL PARAMETER MIN TYP | MAX UNIT | NOTE
Operating Current 120 ns version - 25 40
Ibbo (Average Power Supply) ) mA | 3,4
CE, Address Cycling: tpe = tre min 150 ns version - 20 30

Ipps1 %ndby Cu_rrel - - 0.5 mA
CE = V,y, OE/RFSH = Vi

Standby Current

| i . - - 50
BDS2 | €E = Vpp - 0.2V, OERFSH = Vpp - 0.2V #A

Self Refresh Current (Average)
IDDF1 —— — - - 0.5 mA
CE =V|y, OE/RFSH =V

Self Refresh Current (Average)

| ¢ - \Averas - - 50
PDF2 1 €E = Vpp - 0.2V, OE/RFSH = 0.2V #A

Auto Refresh Current (Average) 120 ns version - 25 40

bors | . , - mA 3
(OE/RFSH Cycling: tpc = tpc min) 150 ns version - 20 30
CE Only Refresh Current (Average) 120 ns version - 25 40

Ibbrs | — ) . - mA 3
(CE, Address Cycling: tge = tge min) 150 ns version - 20 30

Input Leakage Current

|
W 1oV = iy = Vpp, All Other Inputs Not Under Test = 0V

Output Leakage Current
logy | Output Disable (CE = Viy or OE/RFSH = V|4 ar RAW=V)y), -10 - 10 pA
0V = Vour = Vpp

Output High Level Vbp

Vou - - %
lon = — 100 A - 02

VoL Output Low Level _ _ 0.2 v

loL = 100 4A
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TOSHIBA

TC51V8512AF/AFT-12,-15

AC CHARACTERISTICS (Vpp = 2.710 3.6 V, Ta= 0°to 70°C) (Notes: 5, 6)

-120 -150

SYMBOL PARAMETER MIN VAKX MIN AKX UNIT NOTE
tre Random Read or Write Cycle Time 190 - 230 - ns

trRvW Read-Modify-Write Cycle Time 250 - 290 - ns

tee CE Pulse Width 120 10,000 150 10,000 ns

tp CE Precharge Time 70 - 80 - ns

teea CE Access Time - 120 - 150 ns

toea OE Access Time - 60 - 80 ns

teLz CE to Output in Low-Z 20 - 20 - ns

tolz OE to Output in Low-Z 0 - 0 - ns

twiz Qutput Active from End of Write 5 - 5 - ns

tenz Chip Disable to Output in High-Z 0 30 0 30 ns 7
tonz OE Disable to Output in High-Z 0 30 0 30| ns 7
twHz Write Enable to Output in High-Z 0 30 0 30 ns 7
tosc OE Setup Time Referenced to CE 0 - 0 - ns 7
toHC OE Hold Time Referenced to CE 15 - 15 - ns 7
tres Read Command Setup Time 0 - 0 - ns

treH Read Command Hold Time 0 - 0 - ns

twe Write Pulse Width 35 - 35 - ns

twcH Write Command Hold Time 70 - 70 - ns

tewl Write Command to CE Lead Time 35 - 35 - ns

tpsw Data Setup Time from R/W 30 - 30 - ns 8
tose Data Setup Time from CE 30 - 30 - ns 8
toHw Data Hold Time from R/'W 0 - 0 - ns 8
toHC Data Hold Time from CE 0 - 0 - ns 8
tasc Address Setup Time 0 - 0 - ns 9
tAHC Address Hold Time 25 - 25 - ns 9
tre Auto Refresh Cycle Time 190 - 230 - ns

treD RFSH Delay Time from CE 70 - 80 - ns

trap RFSH Pulse Width (Auto Refresh) 80 8,000 80 8,000 ns 10
tep RFSH Precharge Time 40 - 40 - ns 10
tras RFSH Pulse Width (Self Refresh) 8,000 - 8,000 - ns 10
trRs CE Delay Time from RFSH (Self Refresh) 250 - 300 - ns 10
tReF Refresh Period (2048 cycles, A0 to A10) - 32 - 32 ms

i1 Transition Time (Rise and Fall) 3 50 3 50 ns
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TOSHIBA TC51V8512AF/AFT-12,-15

Notes:

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

2) All voltage are referenced to GND.
3) Ippo., Ipprs and Ippr4 depend on cycle rate.
4) Ippo depends on output loading. Specified values are obtained with the output open.

5) An initial pause of 100 xs with CE High is required after power-up before proper device operation
is achieved.

6) Measured with a load equivalent to 1 TTL load and 100 pF.

7) Parameters tcHz, tonz and twhz define the time at which the output achieves the open circuit
condition and is not referenced to output voltage levels.

8) In write cycles, input data is latched at the earlier of the R/W or CE rising edge. Therefore, input
data must be valid during the setup time (tpsw or tpgc) and hold time (tpgw or tpHOE).

9) All address inputs are latched on the falling edge of CE. Therefore, all address inputs must be
valid during tasc and tamc.

10) Two refresh operations—auto refresh and self refresh—are defined by the RFSH pulse width under

the condition CE = V.

Auto refresh: RFSH pulse width = tpap (max)

Self refresh : RFSH pulse width = tpag(min)
The timing parameter (tprs) must be observed for proper device operation in accordance with the
following conditions.

¢ After self refresh

® When OE/RFSH = “L” after power-up
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TOSHIBA TC51V8512AF/AFT-12,-15

DATA RETENTION CHARACTERISTICS (Ta = 0° to 70°C)

SYMBOL PARAMETER MIN TYP MAX UNIT
Vpu Data Retention Supply Voltage 2.0 - 3.6 \
VpH = 3.3V - - 40 pA
IopE2 Self Refresh Current
Vpy = 3.6V - - 50 LA
tr Recovery Time 5 - - m$
V * *
DD
27V ——mmmmmm— \ ------------------ y A —
VDH ———————————— — C I N il -
Vpp
GND
DATA RETENTION MODE
trep terg
Viy
ﬁl’ RFSH 0 ns minimum iR I
= 0.2V
GND
/ = Vpp - 0.2V / |

(Note)o R/W, A0 to A18 = Don’t care.
o Ippr1 is applied with OE/RFSH = ViL, max, CE = VIH min

o In all states except Data Retention Mode, Auto Refresh or CE-Only Refresh with 2048 cycles
per 32ms is required.

*  The raising and falling slope of Vpp should be more than 50 ms in order to operate the device safely (20 ms/ V).
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TOSHIBA TC51V8512AF/AFT-12,-15

TIMING DIAGRAMS

READ CYCLE
tre .
tCE < P
__ Vg — X (¢ >
CE vy —_/ \—t 12 |
tasc taHC
<+ >
Vin = / ADDRESS
A0 to A8y, " _ I I 7
 tosc _ tonc tosc |
o ViH —_— ur 4 ' .’ = 4
OE/RFSH y ' _ / \_t / /
tRes | g o - trReH
V|H —_— > X
RW vy — / tcea > tonz N—
toea > R o
"0 o8 vou DATA OUT
/08 VoL — B oLz R "
P terz -
WRITE CYCLE 1 (OE HIGH)
< tre .
e tee | tp q
__ Vi — \- | P e 18
CE vy —_/ \—k i—/ \;

tasc tanc >

M } "L/

A0 to A18,, h ADDRESS 7
ViL —=% 4 'F T N

t
tosc <> — ‘%
L 4 tye h
OERFSH / < > N\
< towr >
Vig — \4 twp o #
R/W - >/
ViL — N Z
¢ _ tosw | |, foHw ¢
DSC < > < «INEP | tohc
1101 to VIH i 7F N N
DATA IN N b
Vo8 v, _° ¢ P 7
Don't care
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TOSHIBA TC51V8512AF/AFT-12,-15

WRITE CYCLE 2 (OE CLOCKED & LOW)

tre
vV ) < e » : Lo :
_ Vup— < 4
CE vy —_/ \—k Z \
t
t — AHC
Vih —7
A0 to A18 ADDRESS
ViL
lonc o
o V= B’ 4 X
OE/RFSH v, __ /< \\ tosc >
P Tow .
tres twer < — >
Vin — twe -
RW v — Ii \—\ Z
Ipsc
tpsw | toH <tDHC‘
Vin {oata v b
Ny, o4 2 y4
I/01 to Lz, Loz Ve Wiz tgi —CHZ
| VOB  vou— N I/
O v RZ 7 Nz
READ-MODIFY-WRITE CYCLE
Trvw
te <« P
CE
w_/ N] Y N
tasc > | taHC )
Vv —
A0 to At8 " % % ADDRESS W
IL
| toH t'qsc
_ Vig — 3 v d b4
OERFSH ' _ N / /
tres PN « towl >
VIH —  d \4 twe o ¥
RW v —4 = ',Z
tosw <2HVY,, | |
<—1D5C «p| [DHC
Ml { patain D
Noowy P A - Tz, / 4
101 to h torn | g forz twiz é‘CHZ5
L VSor Vou~. X oataout ) 2N
UT v <ozy /% 4
Don't care

1997-06-11 9/12



TOSHIBA

TC51V8512AF/AFT-12,-15

CE-ONLY REFRESH

tre
\Y tCE H
. _ |« X
o VH \ x
ViL —/ X 3
tasc <> <_tAL>
ViH —% v 4
A0 to A10 % ADDRESS
ViL — X
t
tosc | OHC
__ Vig — 4
OE/RFSH |, T\_
L —
tRes g p »
VIH — -+ N
R/W
Vi —4/ \7
101 to /08 xOH_ OPEN

oL—

AUTO REFRESH

Note: A11 to A18 = Don't care.

Vih —

CE
ViL —

Don’t care

P tre .
treD b i
tep
o Lep <FAP teap < lep
I T 7 7
OERFSH ;, _ / \‘ \/ \L 7[
Vou —
/01 to /08 VoL — OPEN
Note: R/W, A0 to A18 = Don't care.
SELF REFRESH
v 7“ 2
—ViH —
CE
| < treD >
trp e tras 1|
I T i
OE/RFSH / \
L — {« 7
i
Vou —
/01 to 1108 Vo OPEN

Note: R/W, A0 to A18 = Don't care.
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TOSHIBA TC51V8512AF/AFT-12,-15

PACKAGE DIMENSIONS (SOP32-P-525-1.27)

Units in mm

ERARAAAARAARRART 1 27

13.335
(525mi)

N/
10.7340.2
14.13+0.3

KRN EEELELELLL) i

- 8
J75TYP 30,
0175 - —u—_" 3201 025G

1.27
21.1MAX
e 20.610.2
- ol
[ 0
iy 3|
M N
W g ey oy v J\
- [=]
5104 H [
'g ! I 0.8+0.2

Weight: 1.10g (typ)
TC51V8512AF-12,-15
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TOSHIBA TC51V8512AF/AFT-12,-15

PACKAGE DIMENSIONS (TSOPII 32-P-400-1.27)

Units in mm

32 17
HHHHHBHBEHBHHBAAHAABAHE — f ”ﬁ"
prt
3
par{ B
2=
&)
= S —t A
HHEHHHEHHHHHHHEEH : 2
oosTve | | , 04301 o3
1.27
21.35MAX
20.9540.1 o % ©
| 23 &
I 3 2 E
i )
()

0.1+0.05

Weight: 0.51g (typ)
TC51V8512AFT-12, - 15
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