


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































~ TC518128BPL/BFL/BFWL/BFTL-70V/80V/10V

Static RAM

AC Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%) (Notes: 5, 6, 7, 8)

| -70 -80 -10
SYMBOL PARAMETER UNIT | NOTES
MIN. | MAX. | MIN. | ‘MAX. | MIN. | MAX.
tre Random Read, Write Cycle Time 115 - 130 - 160 -
tamw | Read Modify Write Cycle Time 160 - 180 - 220 -
tce | CE Pulse Width 70 (10,000 80 |10,000{ 100 | 10,000 - 13
tp CE Precharge Time 35 - 40 - 50 -
tcea | CE Access Time - 70 - 80 - 100
toea | OE Access Time - 25 - 30 - 40
tcrz | CE to Outputin Low -Z 20 . 20 - 20 -
torz | OE to Output in Low -Z 0 - 0- - 0 -
twrz | Output Active from End of Write 0 - 0 - 0 -
tcuz | Chip Disable to Output in High-Z 0 20 0 20 0 25 9
tonz | OE Disable to Output in High-Z 0 20 0 20 0 25 9
twhz | Write Enable to Output in High-Z 0 25 0 25 ] 30 9
tops | OE Output Disable Setup Time 0 - 0 - 0 -
tops | OE Output Disable Hold Time 10 - 10 - 10 -
tres | Read Command Setup Time 0 - 0 - 0 -
tren | Read Command Hold Time 0 - 0 - 0 - ns
twp | Write Pulse Width 20 - 25 - 30 -
twen | Write Command Hold Time 35 10,000 40 10,000 50 10,000
tcwr | Write Command to CE Lead Time 20 |10,000| 25 |[10,000f 30 |10,000
tpsw | Data Setup Time from R/W 15 - 20 - 25 - 10
tpsc | Data Setup Time from CE 15 - 20 - 25 - 10
tonw | Data Hold Time from R/W 0 - 0 - 0 - 10
tpnc | Data Hold Time from CE 0 - 0 - 0 - 10
tasc | Address Setup Time 0 - 0 - 0 - 11
taHc | Address Hold Time 20 -~ 25 - 30 - 11
tauc | RFSH Command Hold Time 15 - 15 - 15 -
tec | Auto Refresh Cycle Time 115 - 130 - 160 -
trep | RFSH Delay Time from CE 35 - 40 - 50 -
teap | RFSH Pulse Width (Auto Refresh) 30 8,000 30 8,000 30 8,000 12
tep | RFSH Precharge Time 30 - 30 - 30 - 12
tras RFSH Pulse Width (Self Refresh) 8,000 - 8,000 - 8,000 - 12
trrs | CE Delay Time from RFSH (Self Refresh) 160 - "160 - 190 - 12 -
tree | Refresh Period (512 cycles, A0 ~ AB) - 8 - 8 - 8 ms
tr Transition Time (Rise and Fall) 3 50 3 50 3 50
tces | CE2 Low Setup Time 5 - 5 - -5 - ns 14
tcen | CE2 Low Hold Time 5 - 5 - 5 - 14
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Static RAM TC518128BPL/BFL/BFWL/BFTL-70V/80V/10V
3.0V Operation
DC Recommended Operating Conditions
SYMBOL PARAMETER MIN. TYP. MAX. UNIT | NOTES
Vpp | Power Supply Voltage 2.7 3.0 3.3 \"
Vi Input High Voltage Vpp - 0.2V - |Vpp+1.0V \ 2
ViL Input Low Voltage -0.5 - 0.2 \'
DC Characteristics (Ta = 0 ~ 70°C, Vpp = 3.0V+0.3V)
SYMBOL PARAMETER MIN. TYP. | MAX. | UNIT | NOTES
Operating Current (Average) _
Ibbo | TEF, CE2, Address cyciing: tag = trg min. 151 20 | mA |} 34
Ippsz | Standby Current - 15 25 pA
lpprz | Self Refresh Current (Average) - 15 25 HA
Auto Refresh Current (Average) _ _
IooFs | RFSH cycling: tr = teg min 2 | mA
CE only Refresh Current (Average) _
looFs | GET, CE2, Address cycling: tre =t min. 15 20 mA 8
Input Leakage Current _ _
L | 0V < Vi < Vpp, Al other Inputs not under test = 0V 0 | wA
Output Leakage Current _ _
'ow) | Output Disable, OV < Voyr < Vop 10 pA
, loy = -1mA 24 - —
Von | Output High Level \'
lon = -100pA Vpp-02V | - -
IOL =2.1mA - - 0.4
VoL | Output Low Level \
loL = 100pA - - 0.2
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TC518128BPL/BFL/BFWL/BFTL-70V/80V/10V Static RAM

AC Characteristics (Ta = 0 ~ 70°C, Vpp = 3.0V:0.3V) (Notes: 5, 6, 8)

SYMBOL PARAMETER MIN. | MAX. | UNIT | NOTES
trc | Random Read, Write Cycle Time 240 -
tamw | Read Modify Write Cycle Time 320 -
tce | CE Pulse Width 150 {10,000 13
tp | CE Precharge Time ' 80 -
tcea | CE Access Time - 150
toea | OE Access Time - 80
tcz | CE to Outputin Low -Z ' 20 -
torz | OE to Output in Low -Z 5 -
twiz | Output Active from End of Write 5 -
tocHz | Chip Disable to Output in High-Z 0 30 9
tonz | OE Disable to Output in High-Z 0 30 9
twHz | Write Enable to Output in High-Z 0 40 9
tops | OE Output Disable Setup Time 0 -
topH | OE Output Disable Hold Time 10 -
trcs | Read Command Setup Time 0 -
tach | Read Command Hold Time 0 - ns
twp | Write Pulse Width 35 -
twen | Write Command Hold Time 70 | 10,000
towL | Write Command to CE Lead Time 35 10,000
tpsw | Data Setup Time from R/W 30 - 10
tpsc | Data Setup Time from CE 30 - 10
topyw | Data Hold Time from R/W 0 - 10
tpnc | Data Hold Time from CE 0 - 10
tasc | Address Setup Time 0 - 1
tanc | Address Hold Time 35 - 1
trie | RFSH Command Hold Time 15 -
tec | Auto Refresh Cycle Time 240 -
tgep | RFSH Delay Time from CE 80 -
teap | RFSH Pulse Width (Auto Refresh) 50 | 8,000 12
trp | RFSH Precharge Time 50 - 12
tras | RFSH Pulse Width (Self Refresh) 8,000 - 12
trrs | CE Delay Time from RFSH (Self Refresh) | 300 - 12
trer | Refresh Period (512 cycles, AO ~ A8) - 8 ms
tr Transition Time (Rise and Fall) 3 50
tces | CE2 Low Setup Time ' 10 - ns | 14
tcen | CE2 Low Hold Time 10 - 14

Timing Reference Levels:
Input Reference Levels:  1.5V/1.5V
QOutput Reference Levels: 1.5V/1.5V
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Static RAM TC518128BPL/BFL/BFWL/BFTL-70V/80V/10V

Notes:
1) Stress greater than those listed under “Maximum Ratings” may cause permanent damage to the device.

2) Alll voltages are referenced to GND.

3) Ippo and Ippg4 depend on the cycle time.

4) Ippo depends on the output loading. Specified values are obtained with the outputs open.

5) An initial pause of 100us with high CET orlow CE2 is required after power-up before proper device operation is achieved.
6) AC measurements assume ty = 5ns.

7) Timing reference levels

Input Levels P Vy=26V 2.6v fe

Input Reference Levels D V=24V
V=08V  OUTPUT 2.2

Output Reference Levels : Vop=2.2V INPUT REFERENCE  OUTPUT REFERENCE
VoL = 0.8V LEVEL LEVEL

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

9) tonz, torz, twiz define the time at which the output achieves the open circuit condition and is not referenced to output
voltage levels.

10) For write cycles, the input data is latched at the earlier of RAW or CET rising edge (CE2 falling edge). Therefore, the input
data must be valid during the setup time (tpsw or thsc) @and hold time (tow or tope)-

11) All address inputs are latched at the faling edge of CE1 (rising edge of CE2). Therefore, all the address inputs must be valid
during tagc and tanc.

12) The two refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition
CEl1= V|H orCE2 = V"_.

Auto refresh : RFSH puise width < tpap (max.)
Self refresh  : RFSH puise width 2 tpag (Min.)

The timing parameter tgrg must be met for proper device operation under the following conditions:
o after self refresh
e if RFSH = “L" after power-up
13) The timings, tcg (Min.) and tog (Max.) must be met for proper device operation.

ViH o —\ Vin
(<3} Vi — T, TET W= — 3

VIH - Vm — —#:
2y = 7; j& ey, =

14) The timings, tceg (Min.) and gy (Min.) must be met when using CET and CE2 as shown below.

1]

Vv e
Vi ey T H -
< SV X T v
VIH p— \- Vm — P—-
CE2 vy — CE2  y, = ,
taas ten
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TC518128BPL/BFL/BFWL/BFTL-70V/80V/10V

Static RAM

Data Retention Characteristics (Ta = 0 ~ 70°C)

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
Vpy | Data Retention Supply Voltage 2.7 - 5.5 \
: Vph = 3.0V - 15 25
Ipprz | Self Refresh Current pA
Vpy = 5.5V - 35 50
tr Recovery Time 5 - - ms
Voo
4.5v —--—---—_X_-——————-—_— _____ _._/{—....__—__..-
VOH mcomemoemsme - - — [,
Vop on
GND
DATA RETENTION MODE
v tRep (SELF REFRESH) teps
H
RFSH Ons min. tR
$0.2V
GND
’ .L ZVpp - 0.2V / ~
— V|u--—-—-——— -— - e wm ew m e
CE1
ViL
GND
CE2 2 Vpp - 0.2V or CE2 S 0.2V
or
Vin [_—
CE2 Vil o e o e o o - - ——
t s0.2v
GND
CET 2 Vpp - 0.2V or TET S 0.2V
Notes: OE, R/W, AO ~ A16 =V or V).

Ibpr+1 is applicable when RFSH = V). (max.), Cl
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E1 =V (min.), CE2 = V||_ (max.).
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Static RAM TC518128BPL/BFL/BFWL/BFTL-70V/80V/10V

Timing Waveforms
Read Cycle

tac
i

S N
2 "\ / N /

«

OE ViL — ‘-\-k /

N5

=
H
|
Ry
y.

RW /- \ tenz .\
Vit — fcea > towz

‘_EEA_—;‘ - ,!
-~ DATA-OUT —
UO1~108 0| - e 4
RHC & > 1
le—> FP
RS 1o ple oz > !: | tre0
Vin = R P 3
RRF . _ Sle———\ \

Write Cycle 1 (OE Fixed High)

ta : N
e

w N i ~
e T\ a N /

tasc I < tAHC >
w8 00008~ X

L] N «——|toon
V|u -_— 3 tWCH -
OF Vi — ; < > \
< towq >
Vig = < twe o FF
AW v — \.; ,{
tosw ||, touw
tosc < > ¢ AN | tonc
" { oatanw » h Y
V01~1/08 Vit — p 2 P4
t
tes 4 |1, | tauc FP+~ >l tasp
<> »> 4—>

Vi ~— t b 7 a\
L1391 ot
ViL — j '\ /
V7] HorlL
Note: The device can be operated by cycling CET (or CE2) only provided that CE2 (or CET) is connected to Vyy (or V).
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TC518128BPL/BFL/BFWL/BFTL-70V/80V/10V

Static RAM

Write Cycle 2 (OE Clocked)

tre

e

iz
i X

\d

Viy =
Vi —

Viy —

1psc

'—iN

/101~108

Vit -

oz o,

Ry

A

o]

tre

tce

/

—

N

Kz

towL

twp

>
2

4

ters,

twhHz

N -

I3

tep

x

<

AN

V4 :Horl

Note: The device can be operated by cycling CET (or CE2) only provided that CE2 (or CET) is connected to Vi (or V).
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Static RAM TC518128BPL/BFL/BFWL/BFTL-70V/80V/10V

Read Modify Write Cycle

trmw
e =

o T .
ce2 z:r :__-\t A - : N\ /—

>

o N / |
tacs -
w T =y
tosw }onw;
Vi —
LA - o T DATA IN
VO1~108 T ] fe—toea touz
Lour Vor_ , &L% DATA - OUT )——‘%—
trrs < ;“t_micu :I ” |
RFSH z:f _ /" tep N\
CE Only Refresh
tre
w7\ - '
@u N\ \
lasC  Je AHC
a0~ as W W Avoress '/////////////////////////////////
, os . < ou;
wuw_/f S —
TP S
W/ *\____
Vo1~108 z::: OPEN .
teRs - Jtame, | e
R e I —a A N
Note : A9 ~ A16 = Vi or V. :HorL

Note: The device can be operated by cycling CET {or CE2) only provided that CE2 (or CE1) is connected to Vi (or V).
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TC518128BPL/BFL/BFWL/BFTL-70V/80V/10V Static RAM

Auto Refresh

Vin—

(<4)

V™

Vin

CE2

Vi
CE2
Vv

RFSH
ViL—

v
vo1~uo8 ' M-
VoL~

Note : O, R/W, AO ~ A16 =V or

H_
¥01~v08

oL—

Note : O, RW, A0 ~ A16 =V or Vy_
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Z
tec tec >

> ¢

e
\ /
tRHC
deen | | teap tep et b [
you ; N X
tep
OPEN
:HorL
/) N _

OPEN

:Horl.
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Static RAM TC518128BPL/BFL/BFWL/BFTL-70V/80V/10V

lppe2 Vpp Characteristics

(pA) 0
Typ. Ta= 25°C
100 I~
so-
0 1 | i 1
2 3 4 5 6 (V)
Vbbp
Ipnez Temp. Characteristics
(pA)
Typ. Vpp= 3V
60 |
a0 L
20
0 I | 1
0 25 70 (°C)
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TC518128BPL/BFL/BFWL/BFTL-70V/80V/10V Static RAM

Battery Backup Application Example

25A1015

Voo o

2o
3.9v

*1: Ceramic condenser
*2: Tantalum condenser

-

AAA

(A large bypass condenser is preferable to absorb noise when the power supply is switched.)

L Di
10000 =
3 Voo p
5000 Systemy _ -
Nied == = =
X3 i - % System
36V - -
25C1815 -
GND
777 ’L 77

2
104F
~ &T4F

This circuit does not have memory protection. Therefore, rapid turnoff of the power supply must be avoided. Enter the Self
Refresh mode before changing to the battery backup power supply.
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TOSHIBA

"TC518128CPL/CSPL/CFL/CFWL/CFTL-70/80/10
TC518128CPL/CSPL/CFL/CFWL/CFTL-70L/80L/10L

SILICON GATE CMOS PRELIMINARY

131,072 WORD x 8 BIT CMOS PSEUDO STATIC RAM

Description
The TC518128C is a 1M bit high speed CMOS pseudo static RAM organized as 131,072 words by 8 bits. The TC518128C utilizes
aone transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacity, high speed and low power storage. The
TC518128C operates from a single 5V power supply. Refreshing is supported by a refresh (RFSH) input which enables two types of
refreshing - auto refresh and self refresh. The TC518128C features a static RAM-like interface with a write cycle in which the input
data is written into the memory cell at the rising edge of R/W thus simplifying the microprocessor interface.

The TC518128C is pin-compatible with the 1M bit CMOS static RAM JEDEC standard and is available in a 32-pin, 0. 6 inch and
0.3 inch width plastic DIP, a small outline plastic flat package, and a 32-pin thin small outline plastic package (forward type).

Features Pin Connection (Top View)
¢ Organization: 131,072 words x 8 bits
* Single 5V power supply RFSHE 1 hEY) g V°§
- A16§2 31 P A
¢ Fast access time A“E 3 30 g CE2
i A1244 29 4 R/W
TC518128C Family “‘é p 2; gAgg 1
E . . A64 6 278 Al
70 80 10 ASE 7 %6 3“1 ‘
tcea CE Access Time 70ns 80ns 100ns Aags 5P Al
toea OE Access Time 25ns 30ns 40ns :gg ?0 %; g gp 16
- Aairgn 22P CE1  TCS518128CFTL(Forward)
tgc Cycle Time 115ns 130ns 160ns a0d12 21 b vos
Power Dissipation 385mW | 330mW | 275mW 101G13 20 R 107
1002A (L version) vo3d 15 I
WA (L version 1034 1s 1
Self Refresh Current 50uA (LL version) envod s 17 B vos
¢ Auto refresh is supported by an internal refresh address TCS18128CPL/CFL/CSPL/CFWL
counter
» Self refresh is supported by an internal timer Pin Names
¢ Inputs and outputs TTL compatible A0 ~ A16 Address Inputs
¢ Refresh: 512 refresh cycles/8ms R/W Read/Write Control Input
¢ Auto refresh power down feature OF Output Enable Input
e Pin compatible: 1M SRAM (JEDEC) BESH Refresh Input
) PaTC(I;?; 28CPL DIP32-P-600 CET, CE2 Chip Enable Inputs
- TC518128CFL . SOP32-P-450 /01 ~ 1/O8 Data Inputs/Outputs
- TC518128CSPL : DIP32-P-300 Vbp Power
- TC518128CFWL : SOP32-P-525 GND Ground
- TC518128CFTL : TSOP32-P-0820
(TSOP)
PIN NO. 1 2 3 4 5 6 7 8 9 10 i 12 13 14 15 16

PINNAME | Ay | Ag | Ag | Ajg | RW [ CE2 | Ag | Vpp |RFSH| A | As | Az | A7 | A | As | A
PINNO. | 17 | 18 | 19 [ 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 20 | 30 | 31 | a2
PINNAME | A; | A, | Ay | Ay |01 [ 02 | 103 [ GND | 1104 | vos | oe | 107 | Vo8 | TET | A | OF
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TC518128CPL/CSPL/CFL/CFWL/CFTL-70/80/10
TC518128CPL/CSPL/CFL/CFWL/CFTL-70L/80L/10L Static RAM

Block Diagram

Voo GND

» N
i i : 8 COLUMN g
Se— | DECODER 58 c;—
A16-9 [8) ADDRESS |8 I SENSE AMP. |4 ___|= =
BUFFER (8) q VO GATE N AHq i |
L
oot || 52] | Lo
ROW Nee |,
AB-0 E> ADDRESS ) 'é‘ == = -] 1108
w ARRAY @
512
2 |7:%| s12x256x8 3= b
REFRESH NS L <
COUNTER(9) P === 8 J<>
F - L—/ Q0 juge—
s - ]
CETo> cLock =l L REFRESH P> |REFResH| 1
csz‘»J GENERATOR S| CONTROLLER [ TIMER
RESH o—
o o 14
o)
Operating Mode
MODE PIN\| @ | ce2 | OF | RW | RFSH | AO-A16 | 1/01-~8
Read L H L H * v* ouT
Write L H * L * v* IN
CE only Refresh L H H H * v* HZ
Auto/Self Refresh H * * * L * HZ
Auto/Self Refresh * L * * L * HZ
Standby H * * * H * HZ
Standby . L . * H . HZ

H = High level input (Vj)
L =Low level input (V)
A

V* = At the falling edge of CE1 (CE2 = H) or the rising edge of CE2 (CET = 1), all address inputs are latched. At all other times, the address inputs are “*”.

HZ = High impedance

Maximum Ratings

SYMBOL ITEM RATING UNIT NOTES
Vin Input Voltage -1.0~7.0 \
Vout | Output Voltage -1.0~7.0 \"
Vo Power Supply Voltage -1.0~7.0 \
Topr .} Operating Temperature 0~70 °C ]
Tstrg | Storage Temperature -55 ~150 °C
TsoLper | Soldering Temperature ¢ Time 260+10 °Cesec
Pp Power Dissipation 600 mwW
loytr | Short Circuit Output Current 50 mA
D-82
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TC518128CPL/CSPL/CFL/CFWL/CFTL-70/80/10
Static RAM TC518128CPL/CSPL/CFL/CFWL/CFTL-70L/80L/10L

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT | NOTES
Vpp | Power Supply Voltage 4.5 5.0 5.5 \"
Vi Input High Voltage 2.4 - | Vpp+1.0 Vv 2
ViL Input Low Voltage -1.0 - 0.8 \
DC Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%)
SYMBOL ‘ PARAMETER MIN. | TYP. | MAX. | UNIT | NOTES
70ns version - 50 70
Operating Current (Average) - —
oo | T, CE2, Address cycling: tac = tg min. 80ns version 40 60 mA | 34
100ns version - 35 50
I Standby Current _ _ 1 mA
DDSt | TET =V or CE2=V, RFSH=Vy
Standby Current L version - 50 100 HA
Ippsz | CET = Vpp - 0.2V or CE2 = 0.2V, :
RFSH = Vpp - 0.2V LL version - 35 50 pA
Self Refresh Current (Average)
'DDF1 CE1 = VIH or CE2 = VlL‘ - - 1 mA
RFSH=V,_
Self Refresh Current (Average) L version - 50 100 HA
IDDFZ CE = VDD -0.2VorCE2 = 0.2V, .
RFSH = 0.2v LL version - 35 50 pA
I Auto Refresh Current (Average) _ _ 2 mA
DDF3 | RFSH cycling: teg = teg min ;
70ns version - 50 70
CE only Refresh Current (Average) - —
looFs | TET, CE2, Address cycling: ta = trg min. | SonS Version 40 | 60 ) mA | 3
. 100ns version - 35 50
I Input Leakage Current _ _ £10
L) | 0V < Vyy € Vpp, All other Inputs not under test = 0V -
Output Leakage Current .
IO(L) Output Disabled (CE1 =Vyyor CE2 =V, or OE = Vi or RW = V), - - +10
OV < Vour < Vop
Output High Level _ _
Vor |10, =-1ma 24 v
Output Low Level
Vou | ig =2.1mA ‘ B 04 v
Note:  For Ippsy and Ipprq with CET =V (CE2 = V), the specified limits are guaranteed under the condition CE2 =V, or GE2 = V)

(CET =Vjy or CET = V).

For Ippsz and Ippra with CET 2 Vpp - 0.2V (CE2 < 0.2V), the specified limits are guaranteed under the condition CE2 2 Vpp - 0.2V or CE2 < 0.2V

(CET 2 Vpp - 0.2V or CET £ 0.2V).

Capacitance* (Vpp = 5V, Ta = 25°C, f = 1MH2)

SYMBOL PARAMETER MIN. | MAX. | UNIT
Cyy Input Capacitance (AO ~ A16) -
Ciz | Input Capacitance (CET, CE2, OE, R/W, RFSH) - pF
Cio | Input/Output Capacitance -

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

PRELIMINARY
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TC518128CPL/CSPL/CFL/CFWL/CFTL-70/80/10
TC518128CPL/CSPL/CFL/CFWL/CFTL-70L/80L/10L. Static RAM

AC Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%) (Notes: 5, 6, 7, 8)

-70 -80 -10 -
SYMBOL PARAMETER UNIT | NOTES
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
tre Random Read, Write Cycle Time 115 - 130 - 160 -
trmw | Read Modify Write Cycle Time 160 - 180 - 220 -
tce CE Pulse Width 70 10,000 80 10,000 | 100 | 10,000 13
tp CE Precharge Time 35 - 40 - 50 -
tcea | CE Access Time - 70 - ' 80 - 100
toea | OE Access Time - 25 - 30 - 40
tcrz | CE to Output in Low -Z 20 - 20 - 20 -
torz | OF to Output in Low -Z 0 = 0 - 0 -
twiz | Output Active from End of Write 0 - 0 - 0 -
tcHz | Chip Disable to Output in High-Z 0 20 0 20 0 25 9
tonz | OE Disable to Output in High-Z 0 20 0 20 0 25 9
twnz | Write Enable to Output in High-Z 0 25 0 25 0 30 9
tops | OE Output Disable Setup Time 0 - 0 - 0 -
topn | OE Output Disable Hold Time 10 - 10 - 10 -
trcs | Bead Command Setup Time 0 - 0 - 0 -
trey | Read Command Hold Time 0 - 0] - 0 - ns
twp | Write Pulse Width 20 - 25 - 30 -
twen | Write Command Hold Time 35 10,000 | 40 10,000 | 50 10,000
towL | Write Command to CE Lead Time 20 (10,000 25 (10,000 30 |10,000
tosw | Data Setup Time from R/W 15 - 20 - 25 - 10
tpsc | Data Setup Time from CE 15 - 20 - 25 - - 10
tonw | Data Hold Time from R/W 0 - 0 - 0 - 10
tpHe | Data Hold Time from CE 0 - 0 - 0 - 10
tasc | Address Setup Time 0 - 0] - 0 - 1
tanc | Address Hold Time 20 - 25 - 30 - 1
truc | RFSH Command Hold Time 15 - 15 - 15 -
trc Auto Refresh Cycle Time 115 - 130 - 160 -
trrp | BFSH Delay Time from CE 3 | - 40 - 50 -
trap | RFSH Pulse Width (Auto Refresh) 30 8,000 30 8,000 | 30 | 8,000 12
tep | RFSH Precharge Time 30 - 30 - | 30 - 12
tras | RFSH Pulse Width (Self Refresh) 8,000 - 8,000 - 8,000 - 12"
trrs | CE Delay Time from RFSH (Self Refresh) 160 - 160 - 190 - 12
trer | Refresh Period (512 cycles, AO ~ A8) - 8 8 - 8 ms
tr Transition Time (Rise and Fall) 3 50 3 50 3 50 ns
tces | CE2 Low Setup Time 5 - 5 - 5 - ns 14
tcen | CE2 Low Hold Time 5 - 5 - 5 - ns 14
D-84 PRELIMINARY
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TC518128CPL/CSPL/CFL/CFWL/CFTL-70/80/10
Static RAM TC518128CPL/CSPL/CFL/CFWL/CFTL-70L/80L/10L

Notes:
1) Stress greater than those listed under “Maximum Ratings” may cause permanent damage to the device.

2) All voltages are referenced to GND.

3) Ippo @and Ippeg depend on the cycle time.

4) Iopo depends on the output loading. Specified values are obtained with the outputs open.

5) An initial pause of 100us with high CET or low CE2 is required after power-up before proper device operation is achieved.
6) AC measurements assume tr = 5ns.

7) Timing reference levels .

2.6V
Input Levels V=26V INPUT 2.4V
V||_ =06V 0.6v 0.8Y
Input Reference Levels D V=24V v
v oav OUTPUT Caay
Output Reference Levels L Voy =22V INPUT REFERENCE  OUTPUT REFERENCE
vl Zosy LEVEL LEVEL

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

9) teHz, tonz: twiz define the time at which the output achieves the open circuit condition and is not referenced to output
voltage levels.

10) For write cycles, the input data is latched at the earlier of R/W or CE1 rising edge (CE2 falling edge). Therefore, the
input data must be valid during the setup time (tpgw or tpge) and hold time (tppw OF tpHe)-

11) Al address inputs are latched at the falling edge of CET (rising edge of CE2). Therefore, all the address inputs must be
valid during tagc and taqc.

12) The two refresh operations, auto refresh and self refresh, are defined by the RFSH puise width under the condition
CEt = V'H or CE2 = V||_.

Auto refresh - : RFSH pulse width < tpap (Mmax.)
Self refresh  : RFSH pulse width = tpag (min.)

The timing parameter trrg Must be met for proper device operation under the following conditions:
o after self refresh
® if RFSH = “L” after power-up

13) The timings, tcg (Min.) and tog (max.) must be met for proper device operation.

Vin } Vin
TET Vi — TET Vi — 3

‘ v ey
V, —— H —
2y = B2y, =

14) The timings, tces (Min.) and togy (Min.) must be met when using CET and CE2 as shown below.

V
Viy - —— M — c
T v, = N TT oy - __A
ViH ViH —
ce2 y, = b 2y, = y/
— e
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TC518128CPL/CSPL/CFL/CFWL/CFTL-70/80/10
TC518128CPL/CSPL/CFL/CFWL/CFTL-70L/80L/10L Static RAM

Timing Waveforms

Read Cycle

tac.
tCE - — P>

N4 \ 1/ N
- | . . ' ) S Y

-t w0

A 4

fa)
m
~N
<<
- X
j
LN

R
7l

w ol N /
tacs |, —s tRCH
W z:: :_____/-ﬁ tcea > ) tomz - ‘}Hz—_—.
e——— 1058 B P
D
VO1~/08 y  _* o oz R DATA-OUT D m—
teRs |, . AH—’ toz ; v L “tﬂ’: tRe0
N, X
Write Cycle 1 (OE Fixed High)
tac J
v =
@ gD N ' N\
ce2 x::' _ \ A N /
1, e—p] e tAHC >
S =,
oos e ] tooH -
ot z:,: : _——/-4 ) - twen — . : -\\_—-_—
Wy X - A
tosc [ tosw | | fonw 1 ] towe
vo1~v0s z:: E { oaam )} :E
teRs > e tRHC Y g < ; trrD
RFSH \\2: : /': tep ) '\ / ] ‘\

V4 :Hor L

Note: The device can be operated by cycling CET (or CE2) only provided that CE2 {or CE1) is connected to Vi (or V).
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TC518128CPL/CSPL/CFL/CFWL/CFTL-70/80/10
Static RAM TC518128CPL/CSPL/CFL/CFWL/CFTL-70L/80L/10L

Write Cycle 2 (OE Clocked)

tre

e rs

N

)

"o

N L

tanc

oonss M i

Vin = ¥ 3
O ViL — / \
< tewt 5
tres l . twew A > >
Vin = /r \ twe /»‘
V|L _— b
< o )
tpsw DH | loHe
Vin — +# -
DATA-IN
N v, = oK : P4
1¥O1~1/08 ez, letonz W2 twig 5
L Vou
ouT o
PRI PR | tep
Vig = =7 1 X 7
RESH < id .
ViL — / < \
Write Cycle 3 (OE Fixed Low)

Viu — < »
e 7N /
CE2 z::‘: : Z

1,

tre N

Ny

teg

N

| /

tanc

20~ A16 voosess
o gy
trcs ' wen e tom >
e
W / N
tM‘ Ton R _tonc |
N z::‘ E N — {oatan >
RSy [ tauc ) RED | __tep

RESH ' _ fe—e N / \

tHorlL

Note: The device can be operated by cycling CE1 (or CE2) only provided that CE2 (or CE1) is connected to Vi (or V).
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TC518128CPL/CSPL/CFL/CFWL/CFTL-70/80/10
TC518128CPL/CSPL/CFL/CFWL/CFTL-70L/80L/10L Static RAM

Read Modify Write Cycle

tRmwW
tce

w T N i
@ v \___# N
w-ns v 0 s O

<t

A
LA N /-
Vin = = = \*ﬁf—, '
Wi/ » i’
tosw 4__%;&,-’ N
|—IN \\:::' : - =y twH ;,DATA”N -} >
101~1/08 ‘ i — toga | | tonz ) l‘tw_l.z’
Lour xgr: %{ DATA - OUT
. , . ) tems L m-lC‘cLz ;! ~ ':- > :—::_E_
RFsH V:l: - / e :\ / \
CE Only Refresh
wmwl /N . ¢ R
cE2 sz - \ / i . \_‘ %
s Z00 s K
g =L DU LTI
ww T | —_x
e e ‘ - ",
g A \_____
VO1~108 xz:‘: ‘ : » OPEN .
: ters e truc » < : FP: tRED
v ey — K
Note : A9 ~ A16 = Vi of Vi P HorL

Note: The device can be operated by cycling CET (or CE2) only provided that CE2 (or CE1) is connected to Vi (or Vi).
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TC518128CPL/CSPL/CFL/CFWL/CFTL-70/80/10
Static RAM TC518128CPL/CSPL/CFL/CFWL/CFTL-70L/80L/10L

Auto Refresh

teen )\ teap tep PELTLENN e [
Vino —~r—\L L '3
Vi— / :t > \_‘ J \
3

V,
vo1~vo8 H—
VoL—

OPEN

Note : OF, RW, A ~ A16 =V or Vy_ O Hor L

Self Refresh

. tRFD 3 tras | L _teRs .
Vin_. 7
FH — \__
o s‘. !

VoH_.
vo1~1/08 v OPEN

L—

Note : OF, R/W, A0 ~ A16 =V} or V) 2 HorL

PRELIMINARY TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. D-89



Static RAM

Notes

D-90 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TOSHIBA

TC518129AP/ASP/AF/AFW-80/10/12
TC518129APL/ASPL/AFL/AFWI-80/10/12
TC518129AFT1-80/10/12

SILICON GATE CMOS
131,072 WORD x 8 BIT CMOS PSEUDO STATIC RAM

Description

The TC518129A is a 1M bit high speed CMOS pseudo static RAM organized as 131,072 words by 8 bits. The TC518129A utilizes
a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacity, high speed and low power storage. The
TC518129A operates from a single 5V power supply. Refreshing is supported by a refresh (RFSH) input which enables two types of
refreshing - auto refresh and self refresh. The TC518129A features a static RAM-like interface with a write cycle in which the input
data is written into the memory cell at the rising edge of R/W thus simplifying the microprocessor interface.

A CS standby mode interface is incorporated in the TC518129A family, with the CE2 pin in the TC518128A family changed to a
CS pin. The TC518129A is available in a 32-pin, 0.6 inch and 0.3 inch width plastic DIP, a small outline plastic flat package, and a
32-pin thin small outline plastic package (forward type).

Features Pin Connection (Top View)
¢ Organization: 131,072 words x 8 bits ~
* S RFSHQ1 32V
Single 5V power supply aved2 1) ‘3% )
* Fast access time AME 3 38 g Sw |
4
TC518129A Family A2de 8Ba13
A646 27D A8
-80 -10 -12 Asg7 26 P A9 TC518129AFTL (Forward )
- Aags 2SPAlY
tcea CE Access Time 80ns 100ns 120ns A’E 9 28 g OE
toea OE Access Time 35ns 40ns 50ns ﬁf d :? 2 b é—éo
trc Cycle Time 130ns 160ns 190ns IIS?E }; %A g %g
Power Dissipation 385mwW 330mwW 275mw 1029 14 19 ::; voé
Self Refresh Current 1mA/200pA (L version) gsgﬁ }z }g %2

o Auto refresh is supported by an intemal refresh address counter
¢ Self refresh is supported by an internal timer
® |nputs and outputs TTL compatible

TCS18129APL/AFL/ASPL/ AFWL

¢ Refresh: 512 refresh cycles/8ms Pin Names
 Auto refresh power down feature A0 ~A16 | Address Inputs
¢ Package RW Read/Write Control Input
- TC518120AP/APL  : DIP32-P-600 OE Output Enable Input
- TC518129AF/AFL : SOP32-P-450 RFSH Refresh Input
- TC518129ASP/ASPL  : DIP32-P-300 o Chip Enable Inpt
- TC518129AFW/AFWL : SOP32-P-525 cs Chio Select |
- TC518120AFTL : TSOP32-P-0820 I Select Input
1101 ~ /O8 Data Inputs/Outputs
Vbp Power
GND Ground
(TSOP) .
PIN NO. 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16

PINNAME | Ay | Ag | Ag | Az | RW | CS | Az | Vpp |RFSH| A | As | Az | A7 | Ag | As | As
PINNO. | 17 | 18 | 19 | 20 | 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28 | 29 | 30 | 31 | 32
PINNAME | A | A, | Ay [ Ag | VO1 [ 1102 | vO3 [ GND | 1104 | o5 | vos | 107 | w08 | TE | Ay, | OF
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TC518129AP/ASP/AF/AFW-80/10/12
TC518129APL/ASPL/AFL/AFWL/AFTL-80/10/12 Static RAM

Block Diagram

v GND A
3""’ % 8 COLUMN =
oM e | ~| DECODER sEia
A169 [8) ADDRESS |2 SENSE AMP. |-
BUFFER (8) [ 0 GATE N§ it |
082568 0t <5 1101
}M oa ‘
ROW Ne | o Ti/08
A8-0 E> ADDRESS 2 § == = ‘o
BUFFER(9) 14 IS | i | memoRy 2
w ARRAY ®
512 2
L[S |7:7| sr2xasexs da b
REFRESH |3 | NRE
COUNTER(9) e =E 8 J<5
T — /|83
p 4
CEo> cLock =l L REFRESH > REFRESH
¢so> GENERATOR | CONTROLLER [<{TIMER
RFSH o—rof
o o1
wo—q )
Operating Mode
PIN| — = S
MODE CE (= OE RW RFSH | AO~A16 | 1/01~8
Read L H L H * v* ouT
Write L H * L v* IN
CE only Refresh L H H H * v* HZ
CS Standby L L * * * * HZ
Auto/Self Refresh H * * * L * HZ
Standby H * * * H * HZ

H = High level input (Vi)
L =Low levelinput (V)
=VigorViL
V* = At the falling edge of CE, all address inputs are latched. At all other times, the address inputs are “*”
HZ = High impedance

Maximum Ratings

SYMBOL ITEM RATING UNIT NOTES
Vin Input Voltage -1.0~7.0 v
Vout | Output Voltage -1.0~7.0 \'
Vpp | Power Supply Voltage -1.0~7.0 \
Topr | Operating Temperature 0~70 °C ;
Tstrg | Storage Temperature -65 ~ 150 °C
TsoLper | Soldering Temperature « Time 26010 °C « sec
Pp Power Dissipation 600 mwW
loyr | Short Circuit Output Current 50 mA
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TC518129AP/ASP/AF/AFW-80/10/12
Static RAM TC518129APL/ASPL/AFL/AFWL/AFTL-80/10/12

DC Recommended Operating Conditions

SYMBOL PARAMETER - MIN. | TYP. MAX. UNIT | NOTES
Voo | Power Supply Voltage 45 5.0 55 v
ViH Input High Voltage 2.4 - Vpp + 1.0 \Y 2
ViL Input Low Voltage -1.0 - 0.8 V'
DC Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%)
SYMBOL PARAMETER MIN. | TYP. | MAX. | UNIT | NOTES
80ns version - 50 70
Operating Current (Average) - ~
lobo | TE Address cycling: tre = tge min. 100ns version 40 60 mA | 34
120ns version - 35 50
| Standby Current Normal version - - 2 mA
DbS1 1 TE = Vi, RFSH = Viy L version - -
Standby Current Normal version - - 1 mA
| CE =Vpp- 0.2V,
pos2 RFSH - ?/DD -0.2v L version - 100 | 200 | pA
Self Refresh Current (Average) Normal version - - 2
| CE =V, mA
DOF BESH ;HV"_ L version - - 1
Self Refresh Current (Average) Normal version - - 1 mA
| CE =Vpp-0.2V,
pOF2 RFSH 3%_2\/ L version - 100 200 HA
| Auto Refresh Current (Average) _ _ > mA
BDF3 | RFSH cycling: tec = trg min
cE 80ns version - 50 70
only Refresh Current (Average) - _
'obFs | TE, Address cycling: trc = tae min. 100ns version 40 60 | mA 3
: 120ns version - 35 50
I Input Leakage Current _ _ +10
L) 1 oV < vy < Vpp, All other Inputs not under test = OV -
Output Leakage Current
lowy | Output Disabled (CE = Vy or OE = V) or RIW = V), - - +10
OV < Vour £ Vpp
Output High Level
Vo lop = -5mA 2.4 - - Vv
Output Low Level
Vou | o = 4.2mA - | - 0.4 v
Capacitance* (Vpp = 5V, Ta = 25°C, f = 1MHz)
SYMBOL PARAMETER MIN. | MAX. | UNIT
Cyy Input Capacitance (AO ~ A16) -
Ciz | Input Capacitance (CE, CS, OE, R/W, RFSH) - 7 pF
Cio Input/Output Capacitance - 7

*This parameter is periodically sampled and is not 100% tested.
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TC518129AP/ASP/AF/AFW-80/10/12
TC518129APL/ASPL/AFL/AFWL/AFTL-80/10/12

Static RAM

AC Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%) (Notes: 5, 6, 7, 8)

-80 -10 -12
SYMBOL PARAMETER UNIT | NOTES
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.

trc | Random Read, Write Cycle Time 130 - 160 - 190 -
tamw | Read Modify Write Cycle Time 195 - 235 - 280 -

tce CE Pulse Width 80 10,000 100 |10,000( 120 {10,000

tp | CE Precharge Time 40 - 50 - 60 -
tcea | CE Access Time - 80 - 100 - 120
toea | OF Access Time - 35 - 40 - 50
tcrz | CE to Output in Low -Z 30 - 30 - 30 -
to.z | OF to Output in Low -Z 0 - 0 - 0 -
twiz | Output Active from End of Write 0 - 0 - 0 -
teuz | Chip Disable to Output in High-Z 0 25 0 30 0 35 9
tonz | OE Disable to Output in High-Z 0 25 0 30 0 35 9
twhz | Write Enable to Output in High-Z 0 25 0 30 0 35 9
tops | OF Output Disable Setup Time 0 - 0 - 0 -
topn | OF Output Disable Hold Time 10 - 10 - 10 -
trcs | Read Command Setup Time 0 - 0 - 0 -
taecy | Read Command Hold Time 0 - 0 - 0 -
tcss | Chip Select Setup Time 0 - 0 - 0 - ns
tcsy | Chip Select Hold Time 20 - 25 - 30 -

twp | Write Pulse Width 60 - 70 - 85 -
twen | Write Command Hold Time 60 10,000 70 10,000 85 10,000
tcwL | Write Command to CE Lead Time 60 |10,000| 70 |10,000| 85 |[10,000
tpsw | Data Setup Time from R/W 30 - 35 - 45 - 10
tpsc | Data Setup Time from CE 30 - 35 - 45 - 10
tonw | Data Hold Time from R/'W 0 - 0 - 0 - 10
toHc | Data Hold Time from CE 0 - 0 - 0 - 10
tasc | Address Setup Time 0 - 0 - 0 - 1
tanc | Address Hold Time 20 - 25 - 30 - 1
tauc | RFSH Command Hold Time 15 - 15 - 15 -

tec | Auto Refresh Cycle Time 130 - 160 - 190 -
trrp | RFSH Delay Time from CE 40 - 50 - 60 -
teap | RFSH Pulse Width (Auto Refresh) 30 | 8000 30 8,000 30 8,000 12
tep | RFSH Precharge Time 30 - 30 - 30 - 12
tras | RFSH Pulse Width (Self Refresh) 8,000 - 8,000 - 8,000 - 12
trrs | CE Delay Time from RFSH (Self Refresh) | 160 - 190 - 225 - 12
taer | Refresh Period (512 cycles, A0 ~ A8) - 8 - 8 - 8 ms

tr Transition Time (Rise and Fall) 3 50 3 50 3 50 ns
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TC518129AP/ASP/AF/AFW-80/10/12
Static RAM TC518129APL/ASPL/AFL/AFWL/AFTL-80/10/12

Notes:
1) Stress greater than those listed under “Maximum Ratings” may cause permanent damage to the device.

2) All voltages are referenced to GND.

3) Ippo and Ippg4 depend on the cycle time.

4) Ippo depends on the output loading. Specified values are obtained with the outputs open.

5) An initial pause of 100us with high CE is required after power-up before proper device operation is achieved.
6) AC measurements assume tr = 5ns.

7) Timing reference levels

. 1
Input Levels Vy=26V 26V 2.4V
V) =06V INPUT 0.6v A8y
Input Reference Levels D V=24V ]
v =08v  OUTPUT 03y
Output Reference Levels gy = 2.2V INPUT REFERENCE  OUTPUT REFERENCE

VoL = 0.8V LEVEL LEVEL

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

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

10) For write cycles, the input data is latched at the earlier of RW or CE rising edge. Therefore, the input data must
be valid during the setup time (tpgw O tpsc) and hold time (tpyy o toie)-

11) All address inputs are latched at the falling edge of CE. Therefore, all the address inputs must be valid during tagc and taqc.
12) The 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 > tgag (min.)

The timing parameter trrg must be met for proper device operation under the following conditions:
* after self refresh
o if RFSH = “L" after power-up
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TC518129AP/ASP/AF/AFW-80/10/12

TC518129APL/ASPL/AFL/AFWL/AFTL-80/10/12 Static RAM

Timing Waveforms

Read Cycle

gc

tce “;L'

"\_

< tesu

T

ADDRESS

//////////////////////////////////////////

o N /
W ::f E__./‘ ““! < tonz - :-BF'_——"'
RFSH ' _ " K / \
Write Cycle 1 (OE Fixed High)
o S \ B LN
S ¥:EWF ’////////////////////////////////////////////////
A0~ At6 X::W%};f /////////////////////////////////////////////
S | r—— fN—
w N — |
VO1~108 - DATA-IN *E”j! : ;a "
" e _ = /N

/773 Horl

D-96 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



Static RAM

TC518129AP/ASP/AF/AFW-80/10/12

TC518129APL/ASPL/AFL/AFWL/AFTL-80/10/12

Write Cycle 2 (OE Clocked)

tre
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/ N_
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TC518129AP/ASP/AF/AFW-80/10/12

TC518129APL/ASPL/AFL/AFWL/AFTL-80/10/12 Static RAM

Read Modify Write Cycle
tRMW N
V — " ‘CE
¢4 Vip —

>
Vin
cs Vo

PR ]

t . tanc o~
Ve m
A0~ A16 v:': ADDRESS

N,

% - N A —
LA T \L =
o DHW-J L—.

Lour :Z - — ] ‘&“@f DATA-OUT’

S, " N,

T - =

T | W/////////////%/////

o5, PTTIR

= x:: :__x_sm" > | <"°*:

o Y Vi N
VO1~O8 o _’ - e .OPEN : }”; —

= N AL

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TC518129AP/ASP/AF/AFW-80/10/12
Static RAM TC518129APL/ASPL/AFL/AFWL/AFTL-80/10/12

Auto Refresh

Vin —

3 ViL — /.‘

tec R tec tRu
trFD o
nd tep trp

h LFAP trap
Vi = X
RESH V:: - / & / &( Z \

vo1~vog VoK =
VoL —

NOTE : CS, OF, RW, AO ~ A16 =V or V_
Self Refresh

v § '
H =
E v~ S
tRue,
‘ trep ’

e teas ) k!

Von —
vO1~v08
VoL — OPEN

NOTE : CS, OF, R/W, AQ ~ A16 = Vyor Vi

CS Standby Mode
tre
Vi =" X e -
T Vit — \ 2 . ) N,
< P A
tess

tosH

s v Dy Vi

vo1~vos VOH = OPEN
VoL —

NOTE : OF, RW, A0 ~ A16 = Vi or Vy_ ] HorL
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TOSHIBA

SILICON GATE CMOS

TC518129APL/AFL/AFWL-80LV/10LV/12LV

TC518129AFT1-80LV/10LV/121LV

131,072 WORD x 8 BIT CMOS PSEUDO STATIC RAM

Description

The TC518129A-LV is a 1M bit high speed CMOS pseudo static RAM organized as 131,072 words by 8 bits. The TC518129A-LV
utilizes a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacity, high speed and low power
storage. The TC518129A-LV operates from a single power supply of 3.135V ~ 5.5V. Refreshing is supported by a refresh (RFSH

input which enables two types of refreshing - auto refresh and self refresh. The TC518129A-LV features a static RAM-like interface
with a write cycle in which the input data is written into the memory cell at the rising edge of R/W thus simplifying the microproces-

sor interface.

A CS standby mode interface is incorporated in the TC518129A-LV family, with the CE2 pin in the TC518128A-LV family changed
to a CS pin. The TC518129A-LV is available in a 32-pin, 0.6 inch width plastic DIP, a small outline plastic flat package, and a 32-pin
thin small outline plastic package (forward type).

Features
¢ Organization:

131,072 words x 8 bits

Pin Connection (Top View)

RFsH 1 b Voo
e | ow voltage operation: 3.135V ~ 5.5V Aa160 2 g AlS 1 32
e Data retention supply voitage: 3.0V ~ 5.5V 2:‘; 3 o) gfw $ §
* Fast access time A7G5 B a3 16 17
- A6 6 D A8
TC518129A-LV Family AsgQ7 0 A9 TC518129AFTL ( Forward )
AaQs B Al
-80 -10 <12 A3Q49 B OE
: A2 D A10
tcea CE Access Time 80ns 100ns 120ns Al 0 CE
toea OE Access Time 35ns 40ns 50ns "8? g :18?
t le Ti 1 102 0 1106
RC Cyce' |'me‘ 130ns 60ns 190ns 103 b o8
Power Dissipation 385mwW 330mw 275mW GND D 104
Self Refresh Current 58V 2004A TCS18129APL/AFL/AFWL
N
3.0V 100pA
* Auto refresh is supported by an intemal refresh address counter Pin Names
 Self refresh is supported by an internal timer A0 ~ A16 Address Inputs
« Inputs and outputs TTL compatible RW Read/Write Control Input
* Refresh: 512 refresh cycles/8ms OF Output Enable Input
* Auto refresh power down feature RFSH Refresh Input
¢ Package CE Chip Enable Input
- TC518129APL: DIP32-P-600 cs Chip Select Input
- TC518129AFL: SOP32-P-450
101 ~ /08 Data Inputs/Outputs
- TC518129AFWL: SOP32-P-525 - = s
- TC518120AFTL: TSOP32-P-0820 D ower
GND Ground
(TSoP)
PIN NO. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
PINNAME | A;; | Ay | Ag | A;s |RW | CS | Ajs | Vpp |RFSH| Ag | Ag | Az | Ar | As | As | As
PIN NO. 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
PINNAME | A; | A, | Ay | A, |VO1 | 1102 | /O3 |GND | 1104 | 1105 | 106 | ¥O7 | 1108 | CTE | Ay | OE
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TC518129APL/AFL/AFWL/AFTL-80LV/10LV/12LV  Static RAM

Block Diagram

Vop GND
o o 8 COLUMN ran
T DECODER 25 (E
z —
SENSE AMP. [4____|—=
BUFFER (8) 70 GATE Nf MHaw ld L
Yy VIV o 1701
256x84 || |&2 J] *
ROW N > i
A8-0 E) ADDRESS DA B=F - 1708
BUFFER (9) 141 IS MEMORY 2
;| 512x256x8 Ox ¥
REFRESH N3 quw
COUNTER(9) 1= =F e
* OO0 |u—
A
TEo> cLocK =l [ ReFRESH | >[REFRESH | |
s o»{ GENERATOR ~|CONTROLLER [=—{TIMER
RFSH o——
5t o)
R/AW o—-:jD
Operating Mode
PIN| = oE AFSH
MODE TE cs OF RW | RFSH | AO-~A16 | 1/01~8
Read L H L H * v* ouT
Write L H * L * v IN
CE only Refresh L H H H * v HzZ
CS Standby L L * * * * HZ
Auto/Self Refresh H * > i L * HZ
Standby H * * * H * HZ
H =High level input (Vi)
L =Lowlevelinput (V)

nonou

v

VIH or V|L .
At the falling edge of CE, all address inputs are latched. At all other times, the address inputs are “*”.

HZ = High impedance

Maximum Ratings

SYMBOL ITEM RATING UNIT | NOTES
Vin Input Voltage -1.0~7.0 \
Vour | Output Voltage -1.0~70 v
Vpp - | Power Supply Voltage -1.0~7.0 \
Topr | Operating Temperature 0~70 °C ”
Tstre | Storage Temperature -55 ~ 150 °C
TsoLber | Soldering Temperature « Time 260+ 10 °C e+ sec
Pp Power Dissipation - 600 mwW
lour | Short Circuit Output Current 50 mA
D-102
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Static RAM  TC518129APL/AFL/AFWL/AFTL-80LV/10LV/12LV

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT | NOTES
Vpp | Power Supply Voltage 45 5.0 55 Vv
ViH Input High Voltage 24 = Vpp + 1.0 v 2
Vi Input Low Voltage -1.0 - 0.8 \
DC Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%)
SYMBOL PARAMETER MIN. | TYP. | MAX. | UNIT | NOTES
80ns version - 50 70 .
Operating Current (Average) -
lopo TE, Address cycling: tac = trg min. 100ns version - 40 60 mA 3,4
120ns version - 35 50
Standby Current
Iobst | GF = v, AFSH = Vi e R s
Standby Current
Ippsz | CE = Vpp - 0.2V, - 100 200 pA
RFSH = Vpp - 0.2V
Self Refresh Current (Average)
Ipor1 | CE = Vi, - - 1 mA
RFgF' = V|L
Self Refresh Current (Average)
Ioprz | CE = Vpp - 0.2V, - 100 200 HA
RFSH =0.2v
Auto Refresh Current (Average) _ _
'ors | RFSH cycling: teg = tre min 2 mA
oE 80ns version - 50 70
only Refresh Current (Average) - —
looFs | TE, Address cycling: tag = tge Min. 100ns version 40 60 mA 8
120ns version - 35 50
| Input Leakage Current _ _ 10
L) [ OV < Vy < Vpp. All other Inputs not under test = OV -
Output Leakage Current
low | Output Disabled (CE = Vi or OF = Vi or R/W = V), - - +10
oV VOUT <Vpp
Output High Level _ _
VoH lop = -5mA 2.4 Vv
Output Low Level
VoL loL = 4.2mA - - 0.4 v
Capacitance* (Vpp = 5V, Ta = 25°C, f = 1MHz)
SYMBOL PARAMETER MIN. | MAX. | UNIT
Ci Input Capacitance (A0 ~ A16) - 5
Ciz | Input Capacitance (CE, CS, OE, R/W, RFSH) - 7 pF
Cio | Input/Output Capacitance - 7

*This parameter is periodically sampled and is not 100% tested.
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TC518129APL/AFL/AFWL/AFTL-80LV/10LV/12LV  Static RAM

AC Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%) (Notes: 5, 6, 7, 8)

-80 -10 -12
SYMBOL PARAMETER UNIT | NOTES
MIN.- | MAX. | MIN. | MAX. [ MIN. | MAX

trc | Random Read, Write Cycle Time 130 - 160 - 190 =
tamw | Read Modify Write Cycle Time 195 - 235 - 280 -

tcg | CE Pulse Width 80 10,000 100 [ 10,000 120 | 10,000

tp | CE Precharge Time 40 - 50 - 60 -
tcea | CE Access Time - 80 - 100 - 120
toea | OE Access Time - 35 - 40 - 50

to,z | CE to Output in Low -Z 30 - 30 - 30 -
torz | OE to Output in Low -Z 0 - 0 - 0 -
twrz | Output Active from End of Write 0 - 0 - 0 -
tcuz | Chip Disable to Output in High-Z 0 25 0 30 0 35 9
tonz | OF Disable to Output in High-Z 0 25 0 30 0 35 9
twhz | Write Enable to Output in High-Z 0 25 0 30 0 35 9
tops | OE Output Disable Setup Time 0 - 0 - 0 - '
topn | OE Output Disable Hold Time 10 - 10 - 10 -
trcs | Read Command Setup Time 0 - 0 - 0 -
trcn | Read Command Hold Time 0 - 0 - 0 -
tcss | Chip Select Setup Time 0 - 0 - 0 -
tcsn | Chip Select Hold Time 20 | - | | - |3 | - | "™

twp | Write Pulse Width 60 - 70 - 85 =
twen | Write Command Hold Time 60 10,000 70 10,000 85 10,000
tcwL | Write Command to CE Lead Time 60 10,0007 70 |[10,000( 85 | 10,000
tosw | Data Setup Time from R/W 30 - 35 - 45 - 10
tpsc | Data Setup Time from CE 30 - 35 - 45 - 10
tonw | Data Hold Time from R/W 0 - 0 - 0 - 10
tpHe | Data Hold Time from CE 0 - 0 - - 10
tasc | Address Setup Time 0 - 0 - - ol
taHc | Address Hold Time 20 - 25 - 30 - 11
tauc | RFSH Command Hold Time 15 - 15 - 15 -

trc | Auto Refresh Cycle Time 130 - 160 - 190 -
trrp | RFSH Delay Time from CE 40 - 50 - 60 -

trap | RFSH Pulse Width (Auto Refresh) 30 | 8,000 30 8,000 | 30 | 8,000 12
tep | RFSH Precharge Time 30 - 30 - 30 - 12
teas | RFSH Pulse Width (Self Refresh) 8,000 - 8,000 - 8,000 - 12
ters | CE Delay Time from RFSH (Self Refresh) | 160 - 190 - 225 - 12
trer | Refresh Period (512 cycles, A0 ~ A8) - 8 - 8 - 8 ms

tr Transition Time (Rise and Fall) 3 50 3 50 3 50 ns
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Static RAM  TC518129APL/AFL/AFWL/AFTL-80LV/10LV/12LV

3.3V Operation

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. TYP. MAX. UNIT | NOTES
Vpp | Power Supply Voltage 3.135 3.3 3.465 \
ViH | Input High Voltage Vpp-02V | - |Vpp+1.0V| V 2
ViL Input Low Voltage -0.5 - 0.2 \Y
DC Characteristics (Ta = 0 ~ 70°C, Vpp = 3.3V+5%)
SYMBOL PARAMETER MIN. TYP. | MAX. | UNIT | NOTES
Operating Current (Average) _
Iboo | TE, Address cycling: tac = tre min. 15 20 mA | 3.4
Ipps2 | Standby Current - 50 100 uA
lpprz | Self Refresh Current (Average) - 50 100 A
I Auto Refresh Current (Average) _ _ 2 mA
DDF3 | RFSH cycling: trg = tre min
CE only Refresh Current (Average)
looFs | TE Address cycling: tae = tre min. - 15 20 mA 3
Input Leakage Current
b |ovs Vin < Vpp, All other Inputs not under test = OV - - 10 | WA
Output Leakage Current
low | Output Disable, OV < Vour < Vip - - | #0 | wA
Ion =-1mA 2.4 - -
Von | Output High Level OH \"
lon = -100uA Vpp-0.2v | - -
loL=2.1mA - - 0.4
VoL | Output Low Level oL \'
loL = 1004A - - 0.2
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TC518129APL/AFL/AFWL/AFTL-80LV/10LV/12LV  Static RAM

AC Characteristics (Ta = 0 ~ 70°C, Vpp = 3.3V£5%) (Notes: 5, 6, 8)

SYMBOL PARAMETER MIN. MAX. | UNIT | NOTES
tre Random Read, Write Cycle Time 300 -
trmw | Read Modify Write Cycle Time 405 -
tce | CE Pulse Width 200 | 10,000
tp | CE Precharge Time 90 -
tcea | CE Access Time - 200
toea | OF Access Time - 80
tcrz | CE to Output in Low -Z 40 _
torz | OF to Output in Low -Z 5 -
twrz | Output Active from End of Write 5 -
tcHz | Chip Disable to Output in High-Z 0 50 9
tonz | OE Disable to Output in High-Z 0 50 9
twHz | Write Enable to Output in High-Z 0 50
tops | OF Output Disable Setup Time 0 -
topn | OE Output Disable Hold Time 10 -
tres | Read Command Setup Time 0 -
trcH | Read Command Hold Time 0 -
twp | Write Pulse Width w0 | - | ™
tweH | Write Command Hold Time 100 | 10,000
tcwL | Write Command to CE Lead Time 100 | 10,000
tosw | Data Setup Time from R/W 50 - 10
tpsc | Data Setup Time from CE 50 - 10
touw | Data Hold Time from R/W 0 - 10
tonc | Data Hold Time from TE 0 - 10
tasc | Address Setup Time 0 - 11
tanc | Address Hold Time 35 - 1
tryc | RFSH Command Hold Time 15 -
tec | Auto Refresh Cycle Time 300 -
trep | RFSH Delay Time from CE 90 -
trap | RFSH Pulse Width (Auto Refresh) 50 8,000 12
trp | RFSH Precharge Time 50 - 12
teas | RESH Pulse Width (Self Refresh) 8,000 | - 12
trrs | CE Delay Time from RFSH (Self Refresh) | 300 - 12
trer | Refresh Period (512 cycles, A0 ~ A8) - 8 ms
tr Transition Time (Rise and Fall) 3 50 ns

Timing Reference Levels:
Input Reference Levels:  1.5V/1.5V
Output Reference Levels: 1.5V/1.5V
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Static RAM  TC518129APL/AFL/AFWL/AFTL-80LV/10LV/12LV

Notes:
1) Stress greater than those listed under “Maximum Ratings” may cause permanent damage to the device.

2) All voltages are referenced to GND.

3) Ippo and Ippr4 depend on the cycle time.

4) Ippo depends on the output loading. Specified values are obtained with the outputs open.

5) An initial pause of 100us with high CE is required after power-up before proper device operation is achieved.
6) AC measurements assume tr = 5ns.

7) Timing reference levels

Input Levels D V=26V INPUT 2.6V S
V"_ = 0.6V 0.6V 08y

Input Reference Levels D Vg=24V —
V=08V  OUTPUT ){Eﬁ;

Output Reference Levels : Vou=22V INPUT REFERENCE OUTPUT REFERENCE
VoL =0.8V LEVEL LEVEL

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

9) tohz, torz, twhz define the time at which the output achieves the open circuit condition and is not referenced to output
voltage levels.

10) For write cycles, the input data is latched at the earlier of RAW or CE rising edge. Therefore, the input data must
be valid during the setup time (tpgw Or tpgc) and hold time (tprwy Or tpHe)-

11) All address inputs are latched at the falling edge of CE. Therefore, all the address inputs must be valid during tagc and tapc:
12) The two refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE= A/

Auto refresh  : RFSH pulse width < tpap (Max.)
Self refresh  : RFSH pulse width 2 tgag (min.)

The timing parameter terg must be met for proper device operation under the following conditions:
e after self refresh
o if RFSH = “L” after power-up
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TC518129APL/AFL/AFWL/AFTL-80LV/10LV/12LV  Static RAM

Data Retention Characteristics (Ta = 0 ~ 70°C)

tr Recovery Time

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
Vpy | Data Retention Supply Voltage 3.0 — 55 v
VpH = 3.0V - 40 100
Ipprz | Self Refresh Current HA
Vpu = 5.5V - 100 200
5 - - ms

*The falling slope of Vpp must be more than 50ms for proper device operation (20ms/V).

=
n
wv
p= o

Voo
4.5v

Vou

GND

Vin

GND

le'--"‘-"'--

ViL

GND

N

N

oo

DATA RETENTION MODE

Ons min.

S0.2v

(SELF REFRESH)

ters

ZVpp - 0.2V

Notes: S, OF, RMW, AO ~ A16 =V or Vi,
Iopr+ is applicable when RFSH = Vy_(max.), CE = Vj (min)).
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Static RAM  TC518129APL/AFL/AFWL/AFTL-80LV/10LV/12LV

Timing Waveforms

tac
ce

N

N Z?—% ]

Read Cycle
Vin =
CE ViL — fess o
Viy
cs ViL
3

ASC
Vin =

ADDRESS

X

i ) i
S S/ | S| R — Y ) N
101~1/08 ng: - o | pataouT ) ;?.—____
1R e ::w !4& .
L S X
Write Cycle 1 (OE Fixed High)
Vi = a-:: e "1 ]
< | N
S S — N
o \\—
VO 1~1108 :/,:: K : DAT;"N '}' A E>
o fe= N LN\
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Write Cycle 2 (OE Clocked)

o
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A
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////////////////////////////////////////////////
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Write Cycle 3 (OE Fixed Low)
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Static RAM  TC518129APL/AFL/AFWL/AFTL-80LV/10LV/12LV

Read Modify Write Cycle

R [~ \_
U |

« = N A

o N_
["—‘N ViU — P tCEA twhz, o Y DATA-IN 1)
140 1~1/08 l—t08a__, |y low Itwu
Vox—
I—OUT VOH DATA - OUT
oL— tane N L e tep
s . [ | tag o l——pl-tREQD

e At N /N

CE Only Refresh

e

¥01~108 33':: OPEN -
trrs Ll eRHe, Ar-—: trep
L [N £ N
NOTE : A9 ~ A16 = Vy or Vy. 7 Horl
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Auto Refresh

Vin — ' d T
CE V|L -— /
trc trc REAT
) R :"
:: P
) e tep | etear o —tEAP
Vik = 7 ;'
SH Ve / Rt '2 \

VOH -—
¥o1~/08
Vo — OPEN

NOTE : CS, OF, R/W, AO ~ A16 =V} or V_

Self Refresh
v Af-
H =
¢ Vi —
_tRHC
tRe
I tep - tras N t
Vih — X
RFSH Vit - £
LU
Vou —
1/01~1/108
Vou — OPEN

NOTE : CS, OF, RW, A0 ~ A16 =V or Vj_

CS Standby Mode
tre

€l N . { ., N
T

yo1~1108 YOoH OPEN

NOTE : B, R/W, A0 ~ A16 = Vi, or Vi, %/ B
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Static RAM  TC518129APL/AFL/AFWL/AFTL-80LV/10LV/12LV

1 Vpn Characteristics

(xA) .
Typ. Ta= 25°C
100 =
50~
0 1 ] i i
2 3 4 5 6 (V)
Vbbp
Ipne2 Temp. Characteristics
(pA) Vone 3V
Typ. oo
80 |-
60 }=
a0 |-
20 L [ 1
0 25 70 (°C)
Ta
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Battery Backup Application Example

25A1015

-
10000 < L3

vy
>
o
|
|

25C1815

] Voo —
> 1 uf
5000 Syste 3 b 0.-1u
Nid = | -
X3 % - % System
36V = -

< 20000
b GND

3
N
y—
N
N

77

*1: Ceramic condenser
*2: Tantalum condenser
(A large bypass condenser is preferable to absorb noise when the power supply is switched.)

14774

*2
10.F
~ 474F

This circuit does not have memory protection. Therefore, rapid turnoff of the power supply must be avoided. Enter the Self

Refresh mode before changing to the battery backup power supply.
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TOSHIBA

TC518129AFWL10

SILICON GATE CMOS
131,072 WORD x 8 BIT CMOS PSEUDO STATIC RAM

Description
The TC518129AFWI is a 1M bit high speed CMOS pseudo static RAM organized as 131,072 words by 8 bits. The TC518129AFWI
utilizes a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacity, high speed and low power
storage. The TC518129AFWI operates from a single 5V power supply. Refreshing is supported by a refresh (RFSH) input which
enables two types of refreshing - aute refresh and self refresh. The TC518129AFWI features a static RAM-like interface with a write
cycle in which the input data is written into the memory cell at the rising edge of R/W thus simplifying the microprocessor interface.
A CS standby mode interface is incorporated in the TC518129AFWI, with the CE2 pin in the TC518128A family changed to a CS
pin. The TC518129AFWI is guaranteed over an operating temperature range of -40 ~ 85°C so the TC518129AFWI is suitable for use
in wide operating temperature systems. It is available in a 32-pin, 0.525 inch small outline plastic flat package.

Features Pin Connection
¢ Organization: 131,072 words x 8 bits ~
. RESHO 1 2PV,
e Single 5V pov.ver supply ar6d 2 b Agg
¢ Fast access time AHE 3 30 g cs
- A1244 29 B RMW
tcea CE Access Time 100ns a7ds 28D a13
toga OF Access Time 40ns ﬁgg g %; g z‘g
tre Cycle Time 160ns As0s 5P 8_%1
Power Dissipat 330mwW A3H9 248
ower Dissipation m } :f‘c: :? %g gééo
Self Refresh Current 200pA AOE ‘g 2 g /08
i ; o141 20 B 107
¢ Auto refresh is supported by an internal refresh address 02912 19 B 106
counter 103415 18 B 1OS
* Self refresh is supported by an internal timer GND G 16 17 P 104
¢ Wide operating temperature: -40 ~ 85°C

¢ Inputs and outputs TTL compatible
* Refresh: 512 refresh cycles/8ms
¢ Auto refresh power down feature
* Package
- TC518129AFWI: SOP32-P-525

Pin Names
A0 ~ A16 Address Inputs
RW Read/Write Control Input
OE Output Enable Input
RFSH Refresh Input
CE Chip Enable Input
CcS Chip Select Input
1/01 ~ 1/08 Data Inputs/Outputs
Vbp Power
GND Ground
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TC518129AFWI-10 Static RAM

Block Diagram

N . \
Voo GND 8 ) column =
' E sk | DECODER gg
 A16-9[8) ADDRess |8 SENSE AMP. |4 ___|=« ﬁ
BUFFER (8) [ VO GATE A gw |
v 'y e 1101
1256 x 8 ﬁm g3 J]l?
ROW Nee |
A8-0 [9:> ADDRESS 2)e =X = |
BurreR (9) [IT 718 71| memory .
-
;| 512x256x8 05 3
REFRESH 3 L L\ L
COUNTER(9) [T "= E=E 8 <>
3 —/|o=
Teo cLock Y| P B vy B
cso>{ GENERATOR | CONTROLLER |<—{ TIMER
RFSH o——
ot o1 )
)

Operating Mode
PIN| & | cs | OF | RW | RFSH | AO-A16 | 1101~8
MODE
Read L H L H * v* ouT
Write L H * L * v* IN
CE only Refresh L H H H * v* HzZ
CS Standby L L * * * * HzZ
Auto/Self Refresh H * * * L * HZ
Standby H * * . H n Rz

H = High level input (Vi)

L =Low level input (V)

* o =VyorV

V* = At the faliing edge of CE, all address inputs are latched. At all other times, the address inputs are “*”.
HZ = High impedance

Maximum Ratings

SYMBOL ITEM RATING UNIT | NOTES
ViN Input Voltage -1.0~7.0 \
Vout | Output Voltage -1.0~7.0 \
Vpp | Power Supply Voltage -1.0~7.0 \
Topr | Operating Temperature -40 ~ 85 °C |
Tstrg | Storage Temperature -55 ~ 150 °C
TsoLoer | Soldering Temperature « Time 26010 °C + sec
Pp Power Dissipation 600 mw
loutr {Short Circuit Output Current 50 mA
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Static RAM TC518129AFWI-10

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. TYP. MAX. UNIT | NOTES
Vpp | Power Supply Voltage | 45 5.0 5.5 v
Viy | Input High Voltage 24 - |Vpp+10| V 2
Vi Input Low Voltage -1.0 - 0.8 \

DC Characteristics (Ta = -40 ~ 85°C, Vpp = 5V+10%)
SYMBOL PARAMETER MIN. | TYP. | MAX. | UNIT | NOTES

Operating Current (Average)

CE, Address cycling: tre = tre min.
I Standby Current _ _ 1 mA
DDST | TF = vy, RFSH =V,

Standby Current ‘
Ipps2 | CE = Vpp - 0.2V, - 100 200 HA
RFSH = Vpp - 0.2V

Self Refresh Current (Average)
loor1 | CE = Vi, - - 1 mA
RFSH=V,_

Self Refresh Current (Average)
lopr2 | CE = Vpp - 0.2V, - 100 | 200 pA
RFSH = 0.2V

I Auto Refresh Current (Average)

DDF3 | RFSH cycling: tre = trc min

I CE only Refresh Current (Average)

DDF4 | TE, Address cycling: trg = trg min.

| Input Leakage Current

L) | oV <V < Vpp, All other Inputs not under test = OV

Output Leakage Current
|o(|_) Output Disabled (CE =Vor OE = Vigor RW = V), - - +10
0V <Vour<Vpp

Output High Level

Ibbo

VOH |0H =-5mA 24 - - \
Output Low Level _

Vou 1o = 4.2mA - 0.4 %

Capacitance* (Vpp = 5V, Ta = 25°C, f = 1MHz)
SYMBOL PARAMETER MIN. | MAX. | UNIT

Cy Input Capacitance (A0 ~ A16) -

Ci Input Capacitance (CE, CS, OE, R/W, RFSH) - 7 pF

Cio Input/Output Capacitance -

*This parameter is periodically sampled and is not 100% tested.
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TC518129AFWI-10 Static RAM

AC Characteristics (Ta = -40 ~ 85°C, Vpp = 5V+10%) (Notes: 5, 6, 7, 8)

SYMBOL PARAMETER 0 UNIT | NOTES
MIN. | MAX.

tac | Random Read, Write Cycle Time 160 -
truw | Read Modify Write Cycle Time 235 -

tce | CE Pulse Width 100 |10,000

tp | CE Precharge Time 50 -
tcea | CE Access Time - 100
toea | OF Access Time - 40
tcrz | CE to Output in Low -Z 30 -
torz | OE to Output in Low -Z ] -
twrz | Output Active from End of Write 0 -
tcuz | Chip Disable to Output in High-Z 0 30 9
tonz | OF Disable to Output in High-Z ] 30 9
twuz | Write Enable to Output in High-Z 0 30 9
tops | OF Output Disable Setup Time ] -
topH | OE Output Disable Hold Time 10 -
trcs | Read Command Setup Time 0 -
trecn | Read Command Hold Time 0 -
tcss | Chip Select Setup Time 0 -
tcsH | Chip Select Hold Time 25 - ns

twp | Write Pulse Width o - 70 -
tweH | Write Command Hold Time 70 10,000
towr | Write Command to CE Lead Time 70 | 10,000
tpsw | Data Setup Time from R/W 35 - : 10
tpsc | Data Setup Time from CE 35 - 10
tonw | Data Hold Time from R/W 0 - 10
tpnc | Data Hold Time from CE 0 - 10
tagc | Address Setup Time . B | O - 11
tanc | Address Hoid Time 25 - 1
tguc | RFSH Command Hold Time 15 -

trc | Auto Refresh Cycle Time 160 -
taep | RFSH Delay Time from CE 50 -

teap | RFSH Pulse Width (Auto Refresh) 30 | 8,000 12
trp | RFSH Precharge Time 30 - 12
teas | RFSH Pulse Width (Self Refresh) 8,000 - 12
trers | CE Delay Time from RFSH (Self Refresh) | 190 - 12
trer | Refresh Period (512 cycles, AO ~ A8) - 8 ms

tr Transition Time (Rise and Fall) 3 50 ns
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Notes:
1) Stress greater than those listed under “Maximum Ratings” may cause permanent damage to the device.

2) All voltages are referenced to GND.

3} Ippo and Ippr4 depend on the cycle time.

4} Ippo depends on the output loading. Specified values are obtained with the outputs open.

5) An initial pause of 100us with high CE is required after power-up before proper device operation is achieved.
6) AC measurements assume tr = 5ns.

7) Timing reference levels

Input Levels : V=26V 2.6v Y1)
vi=oev INPUT oo 08y

Input Reference Levels V=24V ——
Vv, =08V OUTPUT 4 Eg,",

Output Reference Levels : Voy=2.2V INPUT REFERENCE  OUTPUT REFERENCE
VoL =0.8V LEVEL LEVEL

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

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

10) For write cycles, the input data in latched at the earlier of R"W or CE rising edge. Therefore, the input data must
be valid during the setup time (tpgy or tpsc) and hold time (topw OF toH)-

11) All address inputs are latched at the falling edge of CE. Therefore, all the address inputs must be valid during tagc and ta .

12) The two refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE= ViH.
Auto refresh : RESH pulse width < tgap (max.)
Selfrefresh  : RFSH pulse width > tgag (min.)

The timing parameter trrg must be met for proper device operation under the following conditions:

o after self refresh
e if RFSH = “L” after power-up
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Timing Waveforms

Read Cycle

< tec . . .
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Write Cycle 2 (OE Clocked)

e

L2 >
S _F—-—1—

<
%1
K.

/ N_

L — tess
IH
w

_t

00

SN ///////////////////////////////////// /

D
Vin =
GE Vi — / \
tres _ e WCH + > oo
Vin — q we |
W Vit — } \.; ,{ :
DSC N
tosw! ton _tone,
Vig — % B
N DATA-IN
ViL —
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Static RAM TC518129AFWI-10

Auto Refresh

Vin —
4 ViL — }
tec R trC RHC,
trep g
tep tep

<-LE2 teap e tEAP
A - _ 7 4 :f N N

VOH -—
vo1~108
VoL OPEN

NOTE : CS, OF, RW, A0 ~ A16 = Vi or V_

Self Refresh
| (&
Vi — "
T v, _
tRHC_
¢ teep )
PR teas N t
Vi = z . K
R SH VIL —_— / £C
Ll
Vou —
VO1~1y08 'OH
VoL — OPEN
NOTE : CS, OF, R/W, AQ ~ A16 =V} or Vy,_
CS Standby Mode
tre

Vi — Y tce
& ViL — \ \_____
tp |
tess

s W

vo1~vo8 VOH OPEN
VoL =
NOTE : OE, RW, A0 ~ A16 =V or Vy,_ VA HorL
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TOSHIBA

'TC518129BPL/BSPL/BFL/BFWL/BFTI-70/80/10

'TC518129BPL/BSPL/BFL/BFWL/BFTL-70L/80L/10L

SILICON GATE CMOS

131,072 WORD x 8 BIT CMOS PSEUDO STATIC RAM

Description

The TC518129B is a 1M bit high speed CMOS pseudo static RAM organized as 131,072 words by 8 bits. The TC518129B utilizes
a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacity, high speed and low power storage. The
TC518129B operates from a single 5V power supply. Refreshing is supported by a refresh (RFSH) input which enables two types of
refreshing - auto refresh and self refresh. The TC518129B features a static RAM-like interface with a write cycle in which the input
data is written into the memory cell at the rising edge of R/W thus simpilifying the microprocessor interface.
A CS standby mode interface is incorporated in the TC518129B family, with the CE2 pin in the TC518128B family changed to a
CS pin. The TC5181298B is available in a 32-pin, 0.6 inch and 0.3 inch width plastic DIF, a small outline plastic flat package, and a 32-
pin thin small outline plastic package (forward type).

Features Pin Connection (Top View)
e Organization: 131,072 words x 8 bits
* Single 5V power supply RFSHE 1 32 g ng
, Al6g 2 31 A 1 3
e Fast access time 214 g 3 30 g P $ :
: A12804 29 B RW
TC518129B Family a7ds 28D a13 ' 7
7 P 0 A64 6 27P a8
Asg47 26 P A9 TC5181298FTL ( Forward )
tcea CE Access Time 70ns 80ns 100ns :gg g %i § 3—‘{’
toea OF A Ti 25 30ns 40 A2410 23 0
OEA c'cess ime ns ns AT B e %%
trc Cycle Time 115ns 130ns 160ns A0412 21 ::: o8
Power Dissipation 385mW | 330mW | 275mW 'l,’g;g 15 ?g ﬁé
200pA (L version) 03415 1
Self Refresh Current 50uA (LL version) GNDQ 16 17 B V04
* Auto refresh is supported by an internal refresh address TC5181298PL/BFL/BSPL/BFWL
counter Pin N
e Self refresh is supported by an internal timer ih Mames
* Inputs and outputs TTL compatible AO~A16 | Address Inputs
o Refresh: 512 refresh cycles/8ms RW Read/Write Control Input
e Auto refresh power down feature OF Output Enable input
e Package RFSH Refresh Input
- TC518129BPL : DIP32-P-600 CE Chip Enable Input
R e I
- TC518129BFWL - SOP32-P-525 1/01 ~ 1/08 Data Inputs/Outputs
- TC518129BFTL : TSOP32-P-0820 Voo Power
GND Ground
(TSOP)
PIN NO. 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16
PINNAME | Ay | Ag | Ag | A3 |RW | CS | A5 | Voo |RFSH| Ag | As | Aa | A7 | As | As | As
PIN NO. 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
PIN NAME Ay Ao Ay Ao | VO1 | 1/O2 | /O3 | GND | /04 | ¥O5 | 1/06 | 1107 | 1108 | CTE Aqo OE
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TC518129BPL/BSPL/BFL/BFWL/BFTL-70/80/10
TC518129BPL/BSPL/BFL/BFWL/BFTL-70L/80L/10L Static RAM

Block Diagram

]\
V§'° GED 8 COLUMN =
COLUMN |3 DECODER £E(a
A16-9 @ ADDRESS |8 SENSE AMP. Jo____{—x
BUFFER (8) i VO GATE NA g J
256x8 ] e 1701
Oa ‘
ROW Nez | 1708
A8-0 E> ADDRESS jw 3 = !
BuFreR (9) [T 718 MEMORY z
| W ARRAY 52
512
S 17:%| s12x256x8 3= |
REFRESH NS | <
COUNTER(9) 1= =E e
* Q0 |
- - i y
CEox cLock =l L REFRESH L > [ReFRESH i
cso> GENERATOR '_; CONTROLLER TIMER
RFSHo
0F o——
RW
Operating Mode
PIN a= — e—r
MODE CE cs OF | RW | RFSH | AO-A16 | 1/01~8
Read L H L H * v* ouT
Write L H > L * v IN
CE only Refresh L H H H * v* HZ
CS Standby L L . . . . HZ
Auto/Self Refresh H * * * L * HZ
Standby H * * * H * HZ

H = Highlevel input (Vi)
L. =Lowlevel input (V)
=ViyorVy
V* = At the falling edge of CE, all address inputs are latched. At all other times, the address inputs are **".
HZ = High impedance

Maximum Ratings

SYMBOL ITEM RATING UNIT | NOTES
Vin | Input Voltage -1.0~7.0 v
Vour |Output Voltage -1.0~7.0 v
Vpp | Power Supply Voltage -1.0~7.0 Vv
Topr | Operating Temperature 0~70 °C ;
Tstrg | Storage Temperature -55 ~ 150 °C
TsoLper | Soldering Temperature « Time 260+ 10 °C » sec
Pp Power Dissipation 600 mw
loyr | Short Circuit Output Current 50 mA

D-126 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



TC518129BPL/BSPL/BFL/BFWL/BFTL-70/80/10
Static RAM TC518129BPL/BSPL/BFL/BFWL/BFTL-70L/80L/10L

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT | NOTES
Vpp | Power Supply Voltage 4.5 5.0 55 \%
A\ Input High Voltage 24 - |Vpp+1.0 \ 2
Vi Input Low Voltage -1.0 - 0.8 Vv
DC Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%)
SYMBOL PARAMETER MIN. | TYP. [ MAX. | UNIT | NOTES
70ns version - 50 70
Operating Current (Average) - —
lobo TE, Address cycling: trg = tre min. 80ns version 40 60 mA 3,4
100ns version - 35 50
Standby Current
loost | TF - vy, RFSA =V, L a
| Standby Current L version - 100 | 200 | pA
DbS2 | TE = Vpp - 0.2V, RFSH = Vpp - 0.2V LL version - 35 50 pA
[ Self Refresh Current (Average) _ _ 1 mA
DDF1 GE = VlH' HFS-H = V“_
| Self Refresh Current (Average) L version - 100 | 200 | pA
DDF2 | TE = Vpp - 0.2V, RFSH = 0.2V LL version - 35 | 50 | pA
I Auto Refresh Current (Average) _ _ 2 mA
DDF3 | RFSH cycling: tre = trg min
e 70ns version - 50 70
only Refresh Current (Average) - -
'boFs | TE, Address cycling: tac = tae Min. 80ns version 40 60 mA 3
100ns version - 35 50
I Input Leakage Current _ _ +10
K 1 0V < Vy\ < Vpp, All other Inputs not under test = 0V -
Output Leakage Current
|o(|_) Output Disabled (C-E = VIH orOE = VIH or RW = V“_), - - +10
ov< VOUT < VDD
Output High Level _ _
Vou lop = -1mA 2.4 Y
Output Low Level _
Vo loL=2.1mA B 04 v
Capacitance* (Vpp = 5V, Ta = 25°C, f = 1MHz2)
SYMBOL PARAMETER MIN. | MAX. | UNIT
Cy Input Capacitance (A0 ~ A16) \ - 5
Ci2 | Input Capacitance (CE, CS, OE, R/W, RFSH) - 7 pF
Cio | Input/Output Capacitance - 7

*This parameter is periodically sampled and is not 100% tested.
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TC518129BPL/BSPL/BFL/BFWL/BFTL-70/80/10
TC518129BPL/BSPL/BFL/BFWL/BFTL-70L/80L/10L Static RAM

AC Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%) (Notes: 5, 6, 7, 8)

-10 -80 -10
SYMBOL PARAMETER UNIT | NOTES
MIN. | MAX. | MIN. | MAX. | MIN. | MAX

the Random Read, Write Cycle Time 115 - 130 - 160 -
tamw | Read Modify Write Cycle Time 160 - 180 - 220 -

tcg | CE Pulse Width 70 10,000 80 10,000 | 100 (10,000

tp | CE Precharge Time 35 - 40 - 50 -
tcea | CE Access Time - 70 - 80 - 100
toga | OF Access Time - 25 - 30 - 40

torz | CE to Output in Low -Z 20 - 20 - 20 -
torz | OF to Output in Low -Z 0 - o | - 0 -
twrz | Output Active from End of Write 0 - 0 - 0 -
tcyz | Chip Disable to Output in High-Z 0 20 0 20 0 25 9
tonz | OE Disable to Output in High-Z 0 20 0 20 0 25 9
twhz | Write Enable to Output in High-Z 0 25 0 25 0 30 9
tops | OF Output Disable Setup Time 0 - 0 - 0 -
topy | OE Output Disable Hold Time 10 - 10 - 10 -
trcs | Read Command Setup Time 0 - 0 - 0 -
trcH | Read Command Hold Time 0 - 0 - 0 -
tcss | Chip Select Setup Time 0 - 0 - 0 - ns
tcsh | Chip Select Hold Time 20 - 25 - 30 -

twp | Write Pulse Width 20 - 25 - 30 -
tweH | Write Command Hold Time 35 10,000 40 10,000 50 10,000
towL | Write Command to CE Lead Time 20 (1o0,000f 25 |[10,000! 30 |10,000
tpsw | Data Setup Time from R/W 15 - 20 - 25 - 10
tpsc | Data Setup Time from CE 15 - 20 - 25 - 10
toyw | Data Hold Time from R/'W 0 - 0 - 0 - 10
tpye | Data Hold Time from CE 0 - 0 - 0 - 10
tasc | Address Setup Time 0 - 0 - 0 - 1"
tanc | Address Hold Time 20 - 25 - 30 - 1
tryc | RFSH Command Hold Time 15 - 15 - 15 -

tre | Auto Refresh Cycle Time 115 - 130 - 160 -
trep | RFSH Delay Time from CE 35 - 40 - 50 -
trap | RFSH Pulse Width (Auto Refresh) 30 [8000| 30 | 8000 30 [ 8000 12
tep | RFSH Precharge Time 30 - 30 - 30 - 12
tras | RFSH Pulse Width (Self Refresh) 8,000 - 8,000 - 8,000 - 12
trrs | CE Delay Time from RFSH (Self Refresh) | 160 - 160 - 190 - 12
trer | Refresh Period (512 cycles, A0 ~ A8) - 8 - 8 - 8 ms

tr Transition Time (Rise and Fall) 3 50 3 50 3 50 ns
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TC518129BPL/BSPL/BFL/BFWL/BFTL-70/80/10
Static RAM TC518129BPL/BSPL/BFL/BFWL/BFTL-70L/80L/10L

Notes:
1) Stress greater than those listed under “Maximum Ratings” may cause permanent damage to the device.

2) All voltages are referenced to GND.

3) Ippo and Ippr4 depend on the cycle time.

4) Ibpo depends on the output loading. Specified values are obtained with the outputs open.

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

6) AC measurements assume ty = 5ns.

7) Timing reference levels 26V \
Input Levels P V=286V INPUT : Z.av
Vi = 0.6V 0.6v Lay
Input Reference Levels C V=24V v
V= 0.8V ouTPUT 08y
Output Reference Levels Vo= 2.2V INPUT REFERENCE  OUTPUT REFERENCE
Vo = 0.8V LEVEL LEVEL

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

9) tomHz, tomz, twhz define the time at which the output achieves the open circuit condition and is not referenced to output
voltage levels.

10) For write cycles, the input data is latched at the earlier of R/W or CE rising edge. Therefore, the
input data must be valid during the setup time (tpgw of tpgc) and hold time (tow or torc)-

11) All address inputs are latched at the falling edge of CE. Therefore, all the address inputs must be
valid during tagc and tapc.

12) The 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 < teap (Max.)
Self refresh  : RFSH pulse width 2 teag (min.)

The timing parameter t-rg must be met for proper device operation under the following conditions:
o after self refresh ’
o if RFSH = “L” after power-up
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TC518129BPL/BSPL/BFL/BFWL/BFTL-70/80/10
TC518129BPL/BSPL/BFL/BFWL/BFTL-70L/80L/10L Static RAM

Timing Waveforms
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TC518129BPL/BSPL/BFL/BFWL/BFTL-70/80/10
Static RAM TC518129BPL/BSPL/BFL/BFWL/BFTL-70L/80L/10L

Write Cycle 2 (OE Clocked)
Vs = L - =
« Vie —__/ tcss Ng Z \_
nE N
e = . .
o / N
tres ! —tWeH < e o >
Vig = twp 4
RW vy /r X v-/
w * ton = touc
Vig — < N ‘Lﬁ-
I——m Vi — o : BATAJN » ,‘2
VO1~108 -tz o tonz tWH2 Tz O] 5
L_our Vor— 4 L
Vou— ters tRHC | 2 N2 A |tep
LN S X ; AN
Write Cycle 3 (OE Fixed Low)
o trC
N 3 >

V|H -— < tee > = 2
E w — tess 1 &'* : Z \

<YL || =N,

73

<<
Ll
(|
N\
|/
o r
g
E]
e ¥
N

1os¢ )
tosw tpn _toHC
N {oataN [E —
r_' Vie = o twiz _ A
vOo1~1/08 < toz . t wiz
Lour Yo"~ 7/ - S0 2
Vou ' ”//// // 4
ters ‘ tang o n
Vin = 7 X
N A—— X
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TC518129BPL/BSPL/BFL/BFWL/BFTL-70/80/10
TC518129BPL/BSPL/BFL/BFWL/BFTL-70L/80L/10L Static RAM
‘R;»Aw ) .
e 4
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Read Modify Write Cycle
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TC518129BPL/BSPL/BFL/BFWL/BFTL-70/80/10
Static RAM TC518129BPL/BSPL/BFL/BFWL/BFTL-70L/80L/10L

Auto Refresh

Vin =
G V". -
tec tec taug,

tRFD g
ot tep

PR teap L, trap
Vig — - o £ p
e I s W N

VO1~108 ¥°“ -

P,
oL — OPEN

Note : CS, OF, RW, A0 ~ A16 = Vi or V,_
Self Refresh

I [
F VIH -— H
E VIL — .
RHC_
” trep >
tep | teas N Y

Vig — ; { b
RFSH Vie —____/ £t \_—_

Vou —
1/01~1/08
Vv

oL — OPEN
Note : CS, OF, R/W, AQ ~ A16 =V or V,_
CS Standby Mode
tre

Wi

VO1~08 z°“ - OPEN

oL —

Note : OF, RAW, AO ~ A16 = Vjy or Vi V4oL
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TOSHIBA

SILICON GATE CMOS

TC518129BPL/BFL/BFWL/BFTL-70V/80V/10V

131,072 WORD x 8 BIT CMOS PSEUDO STATIC RAM

Description

The TC518129B-V is a 1M bit high speed CMOS pseudo static RAM organized as 131,072 words by 8 bits. The TC518129B-V
utilizes a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacity, high speed and low power
storage. The TC518129B-V operates from a single power supply of 2.7 ~ 5.5V. Refreshing is supported by a refresh (RFSH) input
which enables two types of refreshing - auto refresh and self refresh. The TC518129B-V features a static RAM-like interface with a
write cycle in which the input data is written into the memory cell at the rising edge of R/W thus simplifying the microprocessor

interface.

A CS standby mode interface is incorporated in the TC518129B-V family, with the CE2 pin in the TC518128B-V family changed
to a CS pin. The TC518129B-V is available in a 32-pin, 0.6 inch width plastic DIP, a small outline plastic flat package, and a 32-pin thin

small outline plastic package (forward type).

Features Pin Connection (Top View)
¢ Organization: 131,072 words x 8 bits — _— .
* Low voltage operation: 2.7V ~ 5.5V RFSHO 1 32gv
e Data reters[ionpsupply voltage: 2.7V ~ 5.5V ::2 E 32' 33 :DJ éjg ! 32
® Fast access time A;;E ; %g 3 m | §
TC5181298-V Family :gg 7 2ebAs ;Zsmzssrn .
{ Forward)
[ w0 [ -w ~EL HI
toea CE Access Time 70ns 80ns 100ns :i E }? g E %éo
toga OF Acs:ess Time 25ns 30ns 40ns \ IS?E ]‘§ §(1) g %;
tre Cycle Time 115ns 130ns 160ns 1702914 19 B 106
Power Dissipation 385mwW 330mwW 275mwW é’gg g :z :g 3 vaz
Self Refresh Curtent | oA TCS181298PL /BFL /BFWL
3.0v 25pA
) ) Pin Names
. ég;ztr:rfresh is supported by an internal refresh address A0 ~A16 Address Inputs
e Self refresh is supported by an internal timer RW Read/Write Control Input
« inputs and outputs TTL compatible OE Output Enable Input
 Refresh: 512 refresh cycles/8ms RFSH Refresh Input
* Auto refresh power down feature CE Chip Enable Input
¢ Package CS Chip Select Input
- TC518129BPL-V: DIP32-P-600 I/01 ~ /08 | Data Inputs/Qutputs
- TC518129BFL-V: SOP32-P-450 Voo Power
- TC518129BFWL-V: SOP32-P-525 GND Ground
- TC518129BFTL-V: TSOP32-P-0820
(TSOP)
PIN NO. 1 2 3 4 5 6 7 9 10 1" 12 13 14 15 16
PINNAME | Ay | Ag | Ag | A [RW] CS | Ais | Vop |RFSH| Ag | As | A | A7 | Ag | A5 | A
PIN NO. 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
PIN NAME Az Ao Ay Ag | /O1 | /O2 | I/O3 | GND | 1104 | /OS5 | 1/O6 | 1/O7 | 1/O8 Ao OE
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TC518129BPL/BFL/BFWL/BFTL-70V/80V/10V Static RAM

Block Diagram

Voo GND A
§° ' 8 ) COLUMN =
DECODER &
COLUMN  [g > S m
A16-9 9 ADDRESS SENSE AMP. (5] ~-«
BUFFER (8) |6 I/0 GATE AHaw |
"y vIvy .
Y256 % 8yt 83 D]IIOI
ROW AT 1 ’
A8-0 E:) ADDRESS 3| =X = /08
-
w 15| ARRAY 35S
.71 512x256x8 @
A
REFRESH A3 qu
COUNTER(9) [T = =F e
—E~ — O® [
i Y
CEo cLock = b REFRESH L >[REFRESH
s o> GENERATOR >|CONTROLLER [« TIMER
RFSH o—
Ot o——:j:}

— )

Operating Mode

PIN == I}

MODE CE csS OE RW RFSH | AD~A16 | 1/01~8
Read L H L H * v* ouT |
Write L H * L * v* IN

CE only Refresh L H H H * v HzZ

CS Standby L L * * * * HZ
Auto/Self Refresh H * * * L * HZ
Standby H * * * H * Hz

H = High level input (V)
L =Lowlevelinput (V)
=Viyor Vi
V* = At the falling edge of CE, all address inputs are latched. At all other times, the address inputs are “*”.
HZ = High impedance

Maximum Ratings

SYMBOL ITEM RATING UNIT NOTES
ViN Input Voltage -1.0~7.0 v
Vout | Output Voltage -1.0~7.0 \
Vpp | Power Supply Voltage -1.0~7.0 \"
Topr | Operating Temperature 0~70 °C ;
 Tstrg | Storage Temperature -55 ~ 150 °C
TsoLper | Soldering Temperature « Time 260+ 10 °C + sec
Pp Power Dissipation 600 mwW
loyt | Short Circuit Output Current 50 mA
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Static RAM TC518129BPL/BFL/BFWL/BFTL-70V/80V/10V

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT | NOTES
Vpp | Power Supply Voltage 45 5.0 5.5 \
ViH Input High Voltage 2.4 - | Vpp+1.0 v 2
Vi Input Low Voltage -1.0 - 0.8 \'

DC Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%)
SYMBOL PARAMETER MIN. | TYP. | MAX. | UNIT | NOTES
70ns version - 50 70

Operating Current (Average)

oo | T, Address cycling: trg = tae min. 80ns version - 40 60 mA | 34
100ns version - 35 50
I Standby Current _ _ 1 mA
DDSt CE = V|H, RFS-H = VIH
Standby Current

lbbsz | =F - Vpp - 0.2V, RFSH = Vpp - 0.2V

| Self Refresh Current (Average) _
DDF1 | TE = Vi, RFSH = v :

Self Refresh Current (Average) _
lboF2 | TE - vy, - 0.2V, RFSH = 0.2V 35 | 50 | pA

Auto Refresh Current (Average)

'oors | mESH cycling: trg = trg min. - - 2 mA
= 70ns version - 50 70
only Refresh Current (Average) - -
looFs | TE, Address cyeling: tpe = tge Min. 80ns version 40 60 mA 3
100ns version - 35 50
| Input Leakage Current _ _ +10 WA
L) | oV <V < Vpp, All other inputs not under test = OV -
Output Leakage Current
|0(|_) Output Disabled (Ci = VIH orOE = Viy or RW = VIL)! - - +10 HA
ovV< VOUT < VDD
Output High Level _ _
VoH | |0 = -1.0mA 24 v
Output Low Level _ B
VOL 'OL =2.1mA 0.4 v
Capacitance* (Vpp = 5V, Ta = 25°C, f = 1MH2)
SYMBOL PARAMETER MIN. | MAX. | UNIT
Cn Input Capacitance (A0 ~ A16) -
Cip | Input Capacitance (CE, CS, OF, R/W, RFSH) - 7 pF
Cio Input/Output Capacitance -

*This parameter is periédically sampled and is not 100% tested.
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TC518129BPL/BFL/BFWL/BFTL-70V/80V/10V

Static RAM

AC Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%) (Notes: 5, 6, 7, 8)

-70 -80 -10
SYMBOL PARAMETER - UNIT | NOTES
MIN. | MAX. [ MIN. | MAX. | MIN. | MAX.

tre | Random Read, Write Cycle Time 115 - 130 - 160 -
tamw | Read Modify Write Cycle Time 160 - 180 - 220 -

tce | CE Pulse Width 70 |10,000| 80 |10,000| 100 | 10,000

tp | CE Precharge Time 35 - 40 - 50 -
tcea | CE Access Time - 70 - 80 - 100
toea | OE Access Time - 25 - 30 - 40

torz | CE to Output in Low -Z 20 - 20 - 20 -
toz | OF to Output in Low -Z 0 - 0 - 0 -
twrz | Output Active from End of Write 0 ~ 0 - 0 -
tchz | Chip Disable to Output in High-Z 0 20 0 20 0 25 9
tonz | OF Disable to Output in High-Z 0 20 0 20 0 25 9
twHz | Write Enable to Output in High-Z 0 25 0 25 0 30 9
tops | OF Output Disable Setup Time 0 - 0 - 0 -
topH | OE Output Disable Hold Time 10 - 10 - 10 -
trcs | Read Command Setup Time 0 - 0 = 0 -
tre | Read Command Hold Time 0 - 0 - 0 -
tcss | Chip Select Setup Time 0 - 0 - 0 - ns
tcsq | Chip Select Hold Time 20 - 25 - 30 -

twp | Write Pulse Width 20 - 25 - 30 -
twen | Write Command Hold Time 35 10,000 40 10,000 50 10,000
tcwL | Write Command to CE Lead Time 20 10,000 25 10,000 | 30 10,000
tosw | Data Setup Time from R/'W 15 - 20 - 25 - 10
tpsc | Data Setup Time from CE 15 - 20 - 25 - 10
tpyw | Data Hold Time from R/'W 0 - 0 - 0 - 10
tonc | Data Hold Time from CE 0 - 0 - 0 - 10
tasc | Address Setup Time 0 - - 0 - 11
taHc | Address Hold Time 20 - 25 - 30 - 11
tauc | RFSH Command Hold Time 15 - 15 - 15 -

trc | Auto Refresh Cycle Time 115 - 130 - 160 -
taep | RFSH Delay Time from CE 35 - 40 - 50 -
teap | RFSH Pulse Width (Auto Refresh) 30 | 8000 | 30 |[8000| 30 | 8000 12
tep | RFSH Precharge Time 30 - 30 - 30 - 12
tras | RFSH Pulse Width (Self Refresh) 8,000 - 8,000 - 8,000 - 12
ters | CE Delay Time from RFSH (Self Refresh) | 160 - 160 - 190 - 12
trer | Refresh Period (512 cycles, AQ ~ A8) - 8 - 8 - 8 ms

tr Transition Time (Rise and Fall) 3 50 3 50 3 50 ns
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Static RAM TC518129BPL/BFL/BFWL/BFTL-70V/80V/10V
3.0V Operation
DC Recommended Operating Conditions
SYMBOL PARAMETER MIN. TYP. MAX. UNIT | NOTES
Vpp | Power Supply Voltage 2.7 3.0 3.3 '
Viy Input High Voltage Vpp - 0.2V - [Vpp+1lOV{ V 2
Vi Input Low Voltage -0.5 - 0.2 \
DC Characteristics (Ta = 0 ~ 70°C, Vpp = 3.0ViO.3V)
SYMBOL PARAMETER MIN. TYP. | MAX. | UNIT ] NOTES
Operating Current (Average)
'ooo | TE Address cycling: trg = tae min. - 15 20 mA | 34
lpps2 | Standby Current - 15 25 HA
Ippr2 | Self Refresh Current (Average) - 15 25 pA
I Auto Refresh Current (Average) _ _ 2 mA
DDF3 | RFSH cycling: tr¢ = trc min.
CE only Refresh Current (Average)
'ooF4 | TE Address cycling: tre = tge min. - 15 20 mA 3
I Input Leakage Current _ _ +10
L)} 0V <V} < Vpp, All other Inputs not under test = OV - pA
Output Leakage Current
o) | output Disable, OV < Vour < Vop - - E0 ] wA
. lOH =-1mA 2.4 - -
Voy | Output High Level v
lon = -100pA Vpp - 0.2V - -
loL =2.1mA - - 0.4
VoL | Output Low Level ot '
loL = 100pA - - 0.2
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TC518129BPL/BFL/BFWL/BFTL-70V/80V/10V Static RAM

AC Characteristics (Ta = 0 ~ 70°C, Vpp = 3.0V+0.3V) (Notes: 5, 6, 8)

SYMBOL PARAMETER MIN. | MAX. | UNIT | NOTES
tre | Random Read, Write Cycle Time 240 -
tamw | Read Modify Write Cycle Time 320 -
tce | CE Pulse Width 150 | 10,000 13
tp | CE Precharge Time 80 -
tcea | CE Access Time - 150
toea | OF Access Time - 80
terz | CE to Output in Low -Z 20 -
to.z | OF to Output in Low -Z 5 -
twrz | Output Active from End of Write 5 -
tcHz | Chip Disable to Output in High-Z 0 30
tonz | OE Disable to Output in High-Z ] 30
twHz | Write Enable to Output in High-Z 0 40 9
tops | OF Output Disable Setup Time 0 -
topy | OE Output Disable Hold Time 10 -
trcs | Read Command Setup Time 0 -
trcy | Read Command Hold Time 0 - ns
twp | Write Pulse Width 35 -
twcn | Write Command Hold Time 70 | 10,000
towe | Write Command to CE Lead Time 35 110,000
tosw | Data Setup Time from R/W 30 - 10
tpsc | Data Setup Time from CE 30 - 10
tonw | Data Hold Time from R/W 0 - 10
tpnc | Data Hold Time from CE ] - 10
tasc | Address Setup Time 0 - 11
tanc | Address Hold Time 35 - 11
tanc | RFSH Command Hold Time 15 - )
trc | Auto Refresh Cycle Time 240 -
trrp | RFSH Delay Time from CE 80 -
trap | RFSH Pulse Width (Auto Refresh) 50 | 8,000 12
tep | RFSH Precharge Time 50 - 12
tras | RFSH Pulse Width (Self Refresh) 8,000 - 12
trrs | CE Delay Time from RFSH (Self Refresh) | 300 - 12
trer | Refresh Period (512 cycles, AQ ~ A8) - 8 ms
tr Transition Time (Rise and Fall) 3 50 ns

Timing Reference Levels:
Input Reference Levels:  1.5V/1.5V
Qutput Reference Levels:  1.5V/1.5V
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Static RAM TC518129BPL/BFL/BFWL/BFTL-70V/80V/10V

Notes:
1) Stress greater than those listed under “Maximum Ratings” may cause permanent damage to the device.

2) All voltages are referenced to GND.

3) ippo and Ippr4 depend on the cycle time.

4) Ippo depends on the output loading. Specified values are obtained with the outputs open.

5) An'initial pause of 100us with high CE is required after power-up before proper device operation is achieved.
6) AC measurements assume tr = 5ns.

7) Timing reference levels

Input Levels D Vg =26V 2.6v b
vy =06v  INPUT 0.6V ey

Input Reference Levels P Vp =24V
v, =08V  OUTPUT XC22Y

Output Reference Levels : Vou =22V INPUT REFERENCE ~ OUTPUT REFERENCE
VoL = 0.8V LEVEL LEVEL

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

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

10) For write cycles, the input data is latched at the earlier of R/W or CE rising edge. Therefore, the input
data must be valid during the setup time (thgw or tpgc) and hold time (tpyy Or tpHo)-

11) Alladdress inputs are latched at the faling edge of CE. Therefore, all the address inputs must be valid
during tasc and taHc:

12) The two refresh operations, auto refresh and seff refresh, are defined by the RFSH pulse width under the condition
CE =V

Auto refresh  : RFSH pulse width < tpap (Mmax.)
Selfrefresh  : RFSH pulse width > tpag (min.)

The timing parameter terg Must be met for proper device operation under the following conditions:
o after self refresh
o if RFSH = “L” after power-up
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TC518129BPL/BFL/BFWL/BFTL-70V/80V/10V

Static RAM

Data Retention Characteristics (Ta = 0 ~ 70°C)

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
Vpy | Data Retention Supply Voltage 2.7 - 5.5 v
Vph = 3.0V - 15 25
Ioprz | Self Refresh Current DH HA
VpH = 5.5V - 35 50
tr Recovery Time 5 - - ms
Voo
45V e e 5 ___________________ ( __________
Voo VOH mimimimimems— N / ............. -
GND
DATA RETENTION MODE
% SELF REFRESH
Vin RED ( ) teRg
RFSH Ons min. tR
$0.2v
GND
' N 2Vpp - 0.2V A ~
—_ VHem e g Y e -
CE
Vi
GND

Notes:  CS, OE, RW, AQ ~ A16 =V or Vy_
Iopr+ is applicable when RFSH = V_{max.), CE =V} (min.).
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Static RAM

TC518129BPL/BFL/BFWL/BFTL-70V/80V/10V

Timing Waveforms

@l T R
o | R
i X /

O S | O Y I NS
1101~1/08 :°": : % DATA-OUT - QL

Vi —
RFSH |,

Write Cycle 1 (OE Fixed High)

Vi =
t—V —

css ot
I

s “///

taHc
|

ADDRESS

X
||
T

)

> |
AQ ~ AISV

+—p
twen _ F
WP

Vi — \; t :Zr
RW v - X PA
tonw
tos Al > _ ton
Vin =~ X X
WO1~1108 DATA-IN 7

v [N
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TC518129BPL/BFL/BFWL/BFTL-70V/80V/10V Static RAM

Write Cycle 2 (OE Clocked)
S — -
s
so~ats v 22220 aoosss /////////////////////////////////////////////////////
o T A N
tacs  twen “ tom.
S — N ]
— z::' K | ) — tmwiv_gfnum-m *t E
Lo —=== 7z

¢ //// 722200

Vin =
RESH Lt \
PH v - / + >

Write Cycle 3 (OE Fixed Low)

a7 %\ YA
o z:: W | '
. tags . wor e oo
e / N
o Ve — ) wmkt% g
|/0L~ o/:: :I’Z:i- . < CLZj: l twiz ||
Y . N

:HorL
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Static RAM

TC518129BPL/BFL/BFWL/BFTL-70V/80V/10V

Read Modify Write Cycle

tRMmwW

>l

.

T N
« D |[—=
- ns v 7778 T»faess '
v — \ / I
w T A s t:"’w MT _
- e AR
PO I e e
L—our xg“: 1 ‘m@‘ DATA - OUT }——*H%z_
1 = A N 7N
R - =
WD |l
o\ JA_ K
R — ) —
w Vil N

OPEN

Vox
WO1~108 o' -

| tRep

Vin
RFSH
wo—

FRS R %
Ao tep :‘\
- >

Note : AG ~ A16 = Vi or Vy_

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

:HorL

D-145



TC518129BPL/BFL/BFWL/BFTL-70V/80V/10V Static RAM

Auto Refresh

A 4

Vm - . N
G ViL — \L
tec trc N ta
tRFD I
tep tep

Vi =  d t - A : y
RFSH Vit — \r ? \

Von —
701~1/08
VoL — OPEN

Note : CS, OF, R/W, AQ ~ A16 = Vj or V.

Self Refresh

{4
VIH — LI
53 My — ) \
_RHC
‘ treD >

tep . tras o 83 |
Vin — 8
RFSH v, _ / } l[[ \

o
1o1~108 VOH OPEN
VoL —
Note : CS, OF, R/W, AQ ~ A16 = Vi or V)
CS Standby Mode
tre

e
ViH = X
e Vie — \ I
tp |

5

01~108 VOH = OPEN
VoL —
— 4 "
Note : O, R/W, A ~ A16 =V or V_ 7/// ‘HorL
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Static RAM TC518129BPL/BFL/BFWL/BFTL-70V/80V/10V

Ippr2 Vpp Characteristics

(pA)
Typ. ‘ Ta= 25°C
100 [~
50—
0 ] i ] 1
2 .3 4 5 6 (V)
Vpp
lppea Temp. Characteristics
(uA)
Typ. Vpp = 3V
60
40 f—
20
0 1 1 |
0 25 70 (°C)
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TC518129BPL/BFL/BFWL/BFTL-70V/80V/10V Static RAM

Battery Backup Application Example

25A1015
Voo o '
L | o ‘
2 10000 < - *2
3.9v ] . 104F -
V, H
- oo T~ T ox
- 0.14F |~
5000 systemd ] “
5000 Nied = -
X3 :lr— - System
36V = —
-
= 20000 25C1815
ﬂ: GND
77 777 /J; 7 77

*1: Ceramic condenser
*2: Tantalum condenser
(A large bypass condenser is preferable to absorb noise when the power supply is switched.)

This circuit does not have memory protection. Therefore, rapid turnoff of the power supply must be avoided. Enter the Self
Refresh mode before changing to the battery backup power supply.
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TOSHIBA

TC518129CPL/CFWL/CFT1.-70/80/10
TC518129CPL/CFWL/CFTL-70L/80L/10L
SILICON GATE CMOS PRELIMINARY

131,072 WORD x 8 BIT CMOS PSEUDO STATIC RAM

Description

The TC518129C is a 1M bit high speed CMOS pseudo static RAM organized as 131,072 words by 8 bits. The TC518129C utilizes
aone transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacity, high speed and low power storage. The
TC518129C operates from a single 5V power supply. Refreshing is supported by a refresh (RFSH) input which enables two types of
refreshing - auto refresh and self refresh. The TC518129C features a static RAM-like interface with a write cycle in which the input
data is written into the memory cell at the rising edge of R/W thus simplifying the microprocessor interface.
A CS standby mode interface is incorporated in the TC518129C family, with the CE2 pin in the TC518128C family changed to a

CS pin. The TC518129C s available in a 32-pin, 0.6 inch width plastic DIP, a small outline plastic flat package, and a 32-pin thin small
outline plastic package (forward type).

PFeatures Pin Connection (Top View)
¢ Organization: 131,072 words x 8 bits ‘
¢ Single 5V power supply RFSHS 1 T 32 g VD%
: a1642 31 P Al
e Fast access time A4 E 3 gg g cs
; A1244 RW
TC518129C Family A7E P 28 gAIB
. . R A6 6 27P A8
70 - 10 asg7 26D A9
" a4ds 5P an
tcea CE Access Time 70ns 80ns 100ns A3de sab 5
toea OF Access Time 25ns 30ns 40ns Aa24910 23p A0
A1ga 2PCE TCS18129CFTL ( Forward )
tgc Cycle Time 115ns 130ns 160ns aod 12 21 P vos
issipati w1g13 20 P wO7
Power Dissipation 385mW100 u2\3((‘)-mw . )275mW IIOZE ‘; ) g g va g
version ¥0341 1
Self Refresh Current 50uA (LL version) GNDd 16 17D 108
® Auto refresh is supported by an internal refresh address TCS18129CPL/CFWL
counter
o Self refresh is supported by an internal timer Pin Names
¢ Inputs and outputs TTL compatible A0 ~A16 | Address Inputs
¢ Refresh: 512 refresh cycles/8ms R/W Read/Write Control Input
® Auto refresh power down feature OE Output Enable Input
* Package RFSH Refresh Input
- TC518129CPL : DIP32-P-600 CE Chip Enable Input
- TC518129CFWL : SOP32-P-525 -
CS Ch lect |
- TC518129CFTL : TSOP32-P-0820 b Seloct Input
/01 ~ /08 | Data Inputs/Outputs
Vpp Power
GND Ground
(TSOP)
PIN NO. 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16

PINNAME | Ay | Ag | Ag | A3 |RW | CS | Ais | Vop | RFSH | Ag | Ag | Az | Ay | Ag | As | Ag
PINNO. | 17 | 18 | 19 | 20 | 21 | 22 | 23 [ 24 | 25 | 26 | 27 | 28 | 20 | 30 | a1 | 32
PINNAME | A; | A, | Ay | Ay |01 [vo2 | 1103 [GND | 1104 | /05 | 1106 | 107 | o8 | TE | Ay | OF

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. D-149




TC518129CPL/CFWL/CFTL-70/80/10

TC518129CPL/CFWL/CFTL-70L/80L/10L Static RAM
Block Diagram
v GND A
§'° 9 8 COLUMN =
DECODER 58 (o]
COLUMN  |g Fd\al
A16-9 | 8 ) ADDRESS SENSE AMP. 4___j—x=
BUFFER (8) 4 W0 GATE N fHqw | o
%5 1701
Bl || 23] L
ROW N o Ti/08
A8-0 @ ADDRESS 9,,§ = =
BUFFER (9) S| : | memory 22
] ARRAY ®
512 ¢
2 17| s12x256x8 3= |7 |
REFRESH NS [ N
COUNTER(9) Ve =F "
* S —/OQ IS
CEo{ cLock =l ~{ReFRESH l->~[reFresH | 1
" cso»t GENERATOR CONTROLLER TIMER
mﬁo—————r
% o)
RAW
Operating Mode
PIN' ' GE | ¢s | OF | Rw | RFSH | AO-~A16 | 1/01~8
MODE
Read L H L H . v* ouT
Write L H * L . v IN
CE only Refresh L H H H * Al HZ
CS Standby L L . . . . HZ
Auto/Self Refresh H * * * L * HZ
Standby H * * * H * HZ

H = High level input (Vi)
L =Low levelinput (V)
* =VyorV

V* = At the falling edge of CE, all address inputs are latched. At all other times, the address inputs are “*”.

HZ = High impedance

Maximum Ratings

SYMBOL ITEM RATING UNIT NOTES
Vin Input Voltage -1.0~7.0 \
Vour | Output Voltage -1.0~7.0 \
Vpp | Power Supply Voltage -1.0~7.0 v
Topr | Operating Temperature 0~70 °C |
Tstrg | Storage Temperature -65 ~ 150 °C
TsoLper | Soldering Temperature ¢ Time 260+ 10 °C - sec
Pp Power Dissipation 600 mwW
loytr | Short Circuit Output Current 50 mA
D-150
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TC518129CPL/CFWL/CFTL-70/80/10

Static RAM TC518129CPL/CFWL/CFTL-70L/80L/10L
DC Recommended Operating Conditions
SYMBOL PARAMETER MIN. | TYP. MAX. UNIT | NOTES
Vpp | Power Supply Voltage 45 5.0 5.5 \
Viu Input High Voltage 24 - |Vpp+1.0 \ 2
Vi | Input Low Voltage -1.0 - 0.8 \
DC Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%)
SYMBOL PARAMETER MIN. TYP. MAX. | UNIT | NOTES
70ns version - 50 70
Operating Current (Average) - -
lbbo | T, Address cycling: tae = tre min. 80ns version 40 60 mA | 34
100ns version - 35 50
| Standby Current _ _ 1 mA
| Standby Current L version - 50 100 | pA
bDS2 | TE = Vpp - 0.2V, RFSH = Vpp - 0.2V LL version - 35 50 pA
| Self Refresh Current (Average) _ _ 1 mA
DOFt | TE = Vi, RFSH=V,_
| Self Refresh Current (Average) L version - 50 100 | pA
DDF2 | TE = Vpp - 0.2V, RFSH = 0.2V LL version - 35 | 50 | pA
| Auto Refresh Current (Average) _ _ P mA
DDF3 | RFSH cycling: trg = trg min
oE 70ns version - 50 70
only Refresh Current (Average) - -
looFs | TE, Address cycling: tac = trc Min. 80ns version 40 60| mA 8
100ns version - 35 50
| Input Leakage Current _ _ +10 uA
L)1 oV < V) < Vpp, All other Inputs not under test = OV =
Output Leakage Current
lory | Output Disabled (CE = Vyyy or OF = Vyy or RIW = V), - - +10 HA
Output High Level
Von |OH’1 » m% 2.4 - - v
Output Low Level
VoL {15 =2.1mA - 04 1V
Capacitance* (Vpp = 5V, Ta = 25°C, f = 1MHz)
SYMBOL PARAMETER MIN. | MAX. UNIT
Cyy Input Capacitance (A0 ~ A16) -
Cip | Input Capacitance (CE, CS, OE, R/W, RFSH) - pF
Cio | Input/Output Capacitance -

*This parameter is periodically sampled and is not 100% tested.
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TC518129CPL/CFWL/CFTL-70/80/10
TC518129CPL/CFWL/CFTL-70L/80L/10L

Static RAM

AC Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%)} (Notes: 5, 6, 7, 8)

-70 -80 -10
SYMBOL PARAMETER UNIT | NOTES
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.

tgc | Random Read, Write Cycle Time 115 - 130 - 160 -
trmw | Read Modify Write Cycle Time 160 - 180 - 220 -

tce CE Pulse Width 70 10,000 80 10,000 | 100 | 10,000

tp CE Precharge Time 35 - 40 - 50 -
tcea | CE Access Time - 70 - 80 - 100
toea | OF Access Time - 25 - 30 - 40

tcrz | CE to Output in Low -Z 20 - 20 - 20 -

toz | OF to Output in Low -Z 0 - 0 - ] -
twLz | Output Active from End of Write 0 - 0 - 0 -
tcyz | Chip Disable to Output in High-Z 9] 20 0 20 0 25 9
tonz | OE Disable to Output in High-Z 0 20 0 20 0 25 9
twhz | Write Enable to Output in High-Z 0 25 0 25 0 30 9
tops | OE Output Disable Setup Time 0 - 0 - 0 -
topy | OF Output Disable Hold Time 10 - 10 - 10 -
trcs | Read Command Setup Time 0 - 0 - 0 -
trcy | Read Command Hold Time 0 - - 0 -
tcss | Chip Select Setup Time 0 - - 0 -
tcsy | Chip Select Hold Time 20 - 25 - 30 - e

twp | Write Pulse Width 20 - 25 - 30 -
twcn | Write Command Hold Time 35 10,000 40 10,000 50 10,000
towL | Write Command to CE Lead Time 20 (10,000 25 |10,000( 30 {10,000
tpsw | Data Setup Time from R/W 15 - 20 - 25 - 10
tosc | Data Setup Time from CE 15 - 20 - 25 - 10
tonw | Data Hold Time from R/'W 0 - 0 - 0 - 10
tpne | Data Hold Time from CE 0 - 0 - - 10
tasc | Address Setup Time 0 - 0 - - 1
taHc | Address Hold Time 20 - 25 - 30 - 11
trhc | RFSH Command Hold Time 15 - 15 - 15 -

trc Auto Refresh Cycle Time 1156 - 130 - 160 -
trsep | RFSH Delay Time from CE 35 - 40 - 50 -

teap | RFSH Pulse Width (Auto Refresh) 30 8,000 30 8,000 30 8,000 12
tep | RFSH Precharge Time 30 - 30 - 30 - 12
tras | RFSH Pulse Width (Self Refresh) 8,000 - 8,000 - 8,000 - 12
trps | CE Delay Time from RFSH (Self Refresh) | 160 - 160 - 190 - 12
trer | Refresh Period (512 cycles, AO ~ A8) - 8 - 8 - 8 ms

tr Transition Time (Rise and Fall) 3 50 3 50 3 50 ns
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TC518129CPL/CFWL/CFTL-70/80/10
Static RAM TC518129CPL/CFWL/CFTL-70L/80L/10L

Notes:
1) Stress greater than those listed under “Maximum Ratings” may cause permanent damage to the device.

2) All voltages are referenced to GND.

3) Ippo and Ippes depend on the cycle time.

4) Ippo depends on the output loading. Specified values are obtained with the outputs open.

5) An initial pause of 100us with high CE is required after power-up before proper device operation is achieved.
6) AC measurements assume tr = 5ns.

Timing reference level
7) Timing reference levels 26V \

Input Levels V=26V INPUT 2.4V
V= 0.6V v 0.6V 0.8y

Input Reference Levels V=24V T
wZoav OUTPUT Coa

Output Reference Levels Vo = 2.2V INPUT REFERENCE  OUTPUT REFERENCE
VoL = 0.8V LEVEL LEVEL

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

9) tonz, torz, twiz define the time at which the output achieves the open circuit condition and is not referenced to output
voltage levels.

10) For write cycles, the input data is latched at the earlier of R/W or CE rising edge. Therefore, the
input data must be valid during the setup time (tpgy or tpse) and hold time (tppw or tpre)-

11) All address inputs are latched at the falling edge of CE. Therefore, all the address inputs must be
valid during tagc and tapc.

12) The two refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition
CE = Vp

Auto refresh  : BRESH pulse width < tpap (max.)
Self refresh  : RFSH pulse width = teag (min.)

The timing parameter terg must be met for proper device operation under the following conditions:
o after self refresh
¢ if RFSH = “L” after power-up
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TC518129CPL/CFWL/CFTL-70/80/10

TC518129CPL/CFWL/CFTL-70L/80L/10L Static RAM
Timing Waveforms
Read Cycle
tac ” R
v tee R ) e
H = — f i
53 - tess | V \
sy o tcH 7, )
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TC518129CPL/CFWL/CFTL-70/80/10
Static RAM TC518129CPL/CFWL/CFTL-70L/80L/10L

Write Cycle 2 (OE Clocked)

tre

@« T N . VN
- = ”////////////////////%///W//// /

Viy = ’ X
., towe a
tres > o WCH * - )
AW Vi = ]’ twe /-f
ViL — Ay A
< | 1ps¢ >
tosw|, | [tow _toHc,
Viy ~— b
l——-iN Vi = : S PATA-IN —
/O1~1/08 <4tz < touz WH:Z twuiz &L
L_ Vo y. Z
&
out 4 207
RSyt { taue [tee
— _f —
RFSH / <+ t :\ \

Write Cycle 3 (OE Fixed Low)

ww___/ &L{H\ - K
i W N
T W\Zf) - ;
A - o
T Sy s SN

:HorL
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TC518129CPL/CFWL/CFTL-70/80/10
TC518129CPL/CFWL/CFTL-70L/80L/10L Static RAM

Read Modify Write Cycle

0l o \ —< ‘ 4#‘_‘%\___
B L /

cs

Vig = -
o\ _ N /
tres < towy N
Vin = e : twe &
RW vy / e "
tosw touw,
1 kS touc
Viy — y K
[—'lN Vig — - Tn Tz )LDATA-IN 4
1/01~1/08 N A | tong t !
Vox— 'y
l—cur oH DATA-OUT
tRHC L S
teRs T teg
Vi = = =
R o _ NN\
CE Only Refresh

tre

= ) < e :
- tess | “S‘ | \——-—

XW =X

[«

:___/ LN

RO e . W tRCH%

= = :

[+]4

W

Vou—
VO1~1/08 |, . OPEN
P
teRs | tRHC ol teep
Vm - - 1, 1(
RFSH i
Vit — AN
Note : A9 ~ A16 = Vi or V. :HorlL
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TC518129CPL/CFWL/CFTL-70/80/10

Static RAM TC518129CPL/CFWL/CFTL-70L/80L/10L.
Auto Refresh
Vin —
T ViL — }
tec R trc tRuC
trReD g i
< tep tep
< XE2 tear |, teap
Vih — o o y 3
Vit — / l: :ﬁ xc / \

VO1~108 ::0"

_tanc,
<>

N

el 7N,
s N - :
<

1

vO1~v08 VoH

VoL —

Note : OF, R/W, AQ ~ A16 = Vi or V.

PRELIMINARY

OPEN
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Static RAM

Notes
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TOSHIBA

SILICON GATE CMOS

TC518512PL/FL/FTL/TRL-70/80/10

524,288 WORD x 8 BIT CMOS PSEUDO STATIC RAM

Description

The TC518512PL is a 4M bit high speed CMOS pseudo static RAM organized as 524,288 words by 8 bits. The TC518512PL utilizes
aone transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacity, high speed and low power storage. The
TC518512PL operates from a single 5V power supply. Refreshing is supported by a refresh (OE/RFSH) input which enables two

types of refreshing - auto refresh and self refresh. The TC518512PL features a static RAM-like interface with a write cycle in which

the input data is written into the memory cell at the rising edge of R/W thus simplifying the microprocessor interface.

The TC518512PL is available in a 32-pin, 0.6 inch width plastic DIP, a small outline plastic flat package, and a thin small outline
package (forward type, reverse type).

Features

¢ Organization: 524,288 words x 8 bits

® Single 5V power supply

® Fast access time

TG518512PL Family
-70 -80 -10
tcea CE Access Time 70ns 80ns 100ns
toea OE Access Time 30ns 30ns 40ns
tre Cycle Time 115ns 130ns 160ns
Power Dissipation 385mW 330mwW 275mwW
Self Refresh Current 200pA

e Auto refresh is supported by an internal refresh address

counter

» Self refresh is supported by an internal timer
¢ Inputs and outputs TTL compatible
¢ Refresh: 2048 refresh cycles/32ms

¢ Package

- TC518512PL.: DIP32-P-600
- TC518512FL: SOP32-P-525
- TC518512FTL: TSOP32-P-400

- TC518512TRL: TSOP32-P-400A

Pin Names
A0 ~A18 Address Inputs
R/W Read/Write Control Input
GE/RFSH g:;feusthElr;z?Jlte et
CE Chip Enable Input
/01 ~ 1/08 Data Inputs/Outputs
Vbp Power
GND Ground

Pin Connection (Top View)

A18(]
A16{]
A4
A12(
A7(
A6(]
As{]

Adf]

A3(
-vli
A1(
Aol
1101(]
o2
03[

GND(

PUFUFTL

1 32
2 31
3 300
a4 290
5 280
6 27
7 26
8 25
9 24
10 23
1 22
12 21
13 20
14 19
15 i8
16 17

Voo
AlS
Al7
R/W
A13
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A8
HA16
DA14
DA12
A7
1 A6
JAS
] As
A3
A2
] A1
Ja0
gv01
1102
]1/03
JGND
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TC518512PL/FL/FTL/TRL-70/80/10 Static RAM

‘Block Diagram

Voo GND A

o 8 } COLUMN
A8 I DECODER -
pa\ COJIUMN ’ 1 sense amp 28]
8 AMP. o -
ADDRESS Tx
8/1BUFFER (8) [ /O GATE = < 3
- ] N
A10 H 2s6xs <3 ]]T
= ROW N « —d
@ ADDRESS ULEEER) VYRR sae < o
BUFFER (11) | | 8 : MEMORY N
- - -
A kL ARRAY 5
.| 2088x256x8 a®
REFRESH A g ; =2
COUNTER(11) M8 Ex |_8‘> 3. %
=2
t N
«>
CE o»| CLOCK ]| '+ REFRESH t—»| REFRESH Qm
GENERATOR CONTROLLER TIMER

OE/RFSHo

e

Operating Mode
- PIN OF/
MODE CE AFSH RW | AD-~A18 | I/01~8
Read L L H v* ouT
Write L * L v IN
CE only Refresh L H H v HZ
Auto/Self Refresh H L * * HZ
Standby H H * * HZ

H = High level input (V|13
I . Lowlevel input (V)
= Vi or Vi _
V* = At the falling edge of CE, all address inputs are latched. At all other times, the address inputs are “*”.
HZ = High impedance

Maximum Ratings

SYMBOL ITEM RATING UNIT. | NOTES
ViN Input Voltage -1.0~7.0 Vv
Vour | Output Voltage -1.0~7.0 \
Vpp | Power Supply Voltage -1.0~7.0 \
Topr | Operating Temperature 0~70 °C ]
Tstrg | Storage Temperature -55 ~ 150 °C
TsoLper | Soldering Temperature « Time 260+ 10 °C «sec
Pp Power Dissipation 600 mw
lour | Short Circuit Output Current 50 mA
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Static RAM

TC518512PL/FL/FTL/TRL-70/80/10

DC Recommended Operating Conditions

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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT | NOTES
Vpp | Power Supply Voltage 45 5.0 5.5 \
Vi | Input High Voltage 24 - | Vpp+1.0 \Y 2
Vi Input Low Voltage -1.0 - 0.8 \"
DC Characteristics (Ta = 0 ~ 70°C, Vpp = 5V£10%)
SYMBOL PARAMETER MIN. [ TYP. | MAX. | UNIT | NOTES
70ns version - 50 70
Operating Current (Average) - _
'ooo | TE, Address cycling: trg = trg min. 80ns versmfn 45 60 mA | 34
100ns version - 35 50
| Standby Current _ _ 1 mA
DbS1 | TFE = V), OE/RFSH = Viy
Standby Current _
lobs2 | B - vy, - 0.2V, OE/RFSH = Vpp - 0.2V - 200 | #A
| Self Refresh Current (Average) _ _ 1 mA
DDF1 | TE = vy, OE/RFSH = V.
0 Self Refresh Current (Average) _ _ 200 WA
DDF2 | TF = Vpp - 0.2V, OE/RFSH = 0.2V
70ns version - - 70
Auto Refresh Current (Average) - — —
lors | GE/RFSH cycling: teg = tec min. il versm.n 60 mA 3
100ns version - - 50
cE 70ns version - - 70
only Refresh Current (Average) - ~ _
lboFa | F, Address cycling: tre = trg min. 80ns version 60 mA 3
100ns version - - 50
| Input Leakage Current a _ +10
L) 1 OV <V < Vpp, All other Inputs not under test = OV -
Output Leakage Current
I Output Disabled (CE = V) or OE/RFSH =V}, or RIW = V) - - +10
o(L) IH
Output RHigh Level _ _
VOH IOH =-1.0mA 24 v
Output Low Level _
VOL IOL =2.1mA - 0.4 v
Capacitance* (Vpp = 5V, Ta = 25°C, f = 1MH2)
SYMBOL PARAMETER MIN. | MAX. | UNIT
Ciy Input Capacitance (A0 ~ A18) -
Ci2 | Input Capacitance (CE, OE/RFSH, R/W) - pF
Cio Input/Output Capacitance - 7
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TC518512PL/FL/FTL/TRL-70/80/10

Static RAM

AC Characteristics (Ta = 0 ~ 70°C, Vpp = 5V£10%) (Notes: 5, 6, 7, 8)

-70 -80 -10
SYMBOL PARAMETER UNIT | NOTES
MIN. | MAX. [ MIN. | MAX. | MIN. | MAX.

trc | Random Read, Write Cycle Time 115 - 130 - 160 -
trmw | Read Modify Write Cycle Time 165 - 180 - 220 -

tce CE Pulse Width 70 10,000 80 10,000 | 100 | 10,000

tp | CE Precharge Time 35 - 40 - 50 -
tcea | CE Access Time - 70 - 80 - 100
toea | OF Access Time - 30 - 30 - 40

tcrz | CE to Output in Low -Z 20 - 20 - 20 -

torz. | OF to Output in Low -Z 0 - ] - 0 -
twrz | Output Active from End of Write 0 - 0 - 0 -
tocHz | Chip Disable to Output in High-Z 0 20 ' 0 20 0 25 9
tonz | OFE Disable to Output in High-Z 0 20 0 20 0 25 9
twhz | Write Enable to Output in High-Z 0 20 0 20 0 25 9
tosc | OF Setup Time Referenced to CE 10 - 10 - 10 - 9
tonc | OE Hold Time Referenced to CE 0 - 0 - 0 - 9
trcs | Read Command Setup Time 0 - 0 - 0 -
tacH | Read Command Hold Time 0 - 0 - 0 - ns

twp | Write Pulse Width 25 - 25 - 30 -
twen | Write Command Hold Time 40 - 40 - 50 -
towL | Write Command to CE Lead Time 25 - 25 - 30 -
tosw | Data Setup Time from R/W 20 - 20 - 25 - 10
tpsg | Data Setup Time from CE 20 - 20 - 25 - 10
tppw | Data Hold Time from R/W 0 - - 0 - 10
tpuc | Data Hold Time from CE 0 - - 0 - 10
tasc | Address Setup Time 0 - - 0 - 1
taHc | Address Hold Time 15 - 20 - 25 - 1

tec | Auto Refresh Cycle Time 130 - 130 - 160 -

trrp | RFSH Delay Time from CE 40 - 40 - 50 -

trap | RFSH Pulse Width (Auto Refresh) 30 |8000| 30 |8000| 30 | 8000 12

tep | RFSH Precharge Time 30 - 30 - 30 - 12
teas | RFSH Pulse Width (Self Refresh) 8,000 - 8,000 - 8,000 - 12
trrs | CE Delay Time from RFSH (Self Refresh) | 160 - 160 - 190 - 12
trer | Refresh Period (2048 cycles, AO ~ A10) - 32 - 32 - 32 ms

tr Transition Time (Rise and Fall) 3 50 3 50 3 50 ns
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Static RAM TC518512PL/FL/FTL/TRL-70/80/10

Notes:
1) Stress greater than those listed under “Maximum Ratings” may cause permanent damage to the device.

2) All voltages are referenced to GND.

3) Inpo » Ioprss and Ippr4 depend on the cycle time.

4) Inpo depends on the output loading. Specified values are obtained with the outputs open.

5) An initial pause of 100us with high CEis required after power-up before proper device operation is achieved.
6) AC measurements assume ty = 5ns.

7) Timing reference levels

Input Levels D V=26V 2.6V TV
ViL=0.6V INPUT 0.6V 0.8Y
Input Reference Levels D Vg =24V -
Vi'Zosv  OUTPUT _ Iz
)
Output Reference Levels . VOH =29V INPUT REFERENCE OUTPUT REFERENCE
VoL = 0.8V LEVEL LEVEL

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

9) tonz: tonz: twiz define the time at which the output achieves the open circuit condition and is not referenced to output
voitage levels.

10) For write cycles, the input data is latched at the earlier of R/W or CE rising edge. Therefore, the input data must be valid
during the setup time (tpsw or tpgc) and hold time (tppyy of toHe)-

11) All address inputs are latched at the falling edge of CE. Therefore, all the address inputs must be valid during tasc and taqc.

12) The two refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE= Vii-
Auto refresh  : RFSH pulse width < tpap (max.)
Self refresh  : RFSH pulse width > tgag (min.)

The timing parameter trrg must be met for proper device operation under the following conditions:
e after self refresh
o if OE/RFSH = “L” after power-up
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Timing Waveforms
i z::: \* tes ;Z!; oy
OERRH y, _ / N A 1/
W ;::: /-r fea T o touzA - &Z____
Write Cycle 1 (OE Fixed High)
Vi —— J:‘ ztz"‘ oy ) f_
E v > /| N
a0~ a1e v 7 worss M
ot U % . R L
Vo N gl
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Static RAM

TC518512PL/FL/FTL/TRL-70/80/10

Write Cycle 2 (OE Clocked or Fixed Low)

<

trC

Vi —
Vit —

9"

N

 —

e

— 2

=

<

X

/ N\

tanc

s~y ) ATS K i

tonc N
|» >
Vin — o )\ tosc
OELRRAE ) _ S . R
T
trcs > tweH <+ v o >
Vih - twp Ed
Vit — 7 \- t-/
N 1psc >
tosw ton _tone
Vi — = hN
l——m Vi — tm- !PATA-IN :
¥O1~1/08 onz Y twiz M2k H
L_ Vou— 7 72
OUT yo = P 0
Read Modify Write Cycle
< tRMW - N
tee y, == >
Vih — -+ >
T Vi — \-k \___
tase | tanc
Vin -‘// vd 7
l ! tous ‘ 1295
Vi — r
oErsR U \ / /
trcs ] < [ N
Vm - b d | P '~WP g ¥
RW g / \; »/
tosw tomw, |
¢—DsC |_towg
Vi — y i N
Ny = ~ A DI DATA-IN )—%
VO1~V08 ——t0Ea ) H Pw_u’
Vou—
ATA - OUT |
Lour oL | &% DATA - OU
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e V- . < Y -
orRrH " :_—_‘__acs-]; ) e ; N
T X

OoH
VO1~1/08 y " _°

Auto Refresh

OPEN

Note : A11 ~ A18 =V or Vi

:HorL

1474

S
} tong,

t
tep )l |elEar
Viw = il
OERFSH /1

101~y08 YOH =
%

<

>

tep

o lrar

v

OPEN
oL —
Note : R/W, A0 ~ A18 = V| or V|L
Self Refresh
Vin — 1
[« ViL — /
¢ tRep >
| e | teas
Vi —
OE/RFSH Vit — n
L}
vO1~108 z°" - OPEN

oL —
Note : RAW, AO ~ A18 =V, or Vi
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TOSHIBA

TC518512PL/FL/FTL/TRL70('T) /80(LT) /10(L'T)

SILICON GATE CMOS

524,288 WORD x 8 BIT CMOS PSEUDO STATIC RAM

Description

The TC518512PL is a 4M bit high speed CMOS pseudo static RAM organized as 524,288 words by 8 bits. The TC518512PL utilizes
aone transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacity, high speed and low power storage. The
TC518512PL operates from a single 5V power supply. Refreshing is supported by a refresh (OE/RFSH) input which enables two
types of refreshing - auto refresh and self refresh. The TC518512PL features a static RAM-like interface with a write cycle in which
the input data is written into the memory cell at the rising edge of R/W thus simplifying the microprocessor interface. The
TC518512PL-(LT) is guaranteed over an operating temperature range of -20 ~ 70°C.
The TC518512PL is available in a 32-pin, 0.6 inch width plastic DIP, a small outline plastic flat package, and a thin small outline

package (forward type, reverse type).

Features

e Organization: 524,288 words x 8 bits
* Single 5V power supply

e Fast access time

TC518512PL-(LT) Family
-70 -80 -10
tcea CE Access Time 70ns 80ns 100ns
toea OF Access Time 30ns 30ns 40ns
trg Cycle Time 115ns 130ns 160ns
Power Dissipation 385mW | 330mw 275mW
Self Refresh Current 220pA

¢ Auto refresh is supported by an internal refresh address
counter
o Seif refresh is supported by an internal timer
® Inputs and outputs TTL compatible
* Wide operating temperature: -20 ~ 70°C
¢ Refresh: 2048 refresh cycles/32ms
e Package
- TC518512PL: DIP32-P-600
- TC518512FL: SOP32-P-525
- TC518512FTL: TSOP32-P-400
- TC518512TRL: TSOP32-P-400A

Pin Names
AO ~ A18 Address Inputs
RW Read/Write Control Input

AFSH Output Enable Input
GE Refresh Input

CE Chip Enable Input
1/01 ~ 1108 Data Inputs/Outputs

Vbp Power

GND - Ground

Pin Connection (Top View)

PUFUFTL
A18{1 320 Vpo
A16{ 2 310 AlS
A14Q 3 300 a7
A2l 4 290 RW
A70s 280 A13
A6 6 27 A8
As] 7 26 A9
A4(l 8 250 An
A3{]
A2{]
Ar(
AC(]
101
vo2(]

1103{]
GND]
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NA18
NA16
TA14
DA12
1A7
A6
JAs
N A4
A3
A2
JA1
A0
1701
1702
03
GND.
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TC518512PL/FL/FTL/TRL-70(LT)/80(LT)/10(LT) Static RAM

Block Diagram
VDD GND —
o 8 | COLUMN \
A8 I . DECODER -
-4 L 2=
COLUMN 8 SENSE AMP. |4 Z=-
(8 | ADDRESS /O GAT - =
BUFFER (8) = / € <2 o
T WY w TN
A10 qn;zss"a T - ¥ ]]T
T Zco)\gness ) = To
s
BUFFER (11) |1l | 8 N
S MEMORY 2
. -
> 3 2048 ARRAY o
2048 x 256 x 8 )
REFRESH =L g | 5=
COUNTER(11) 19 E=* 8 3
L/ °= =
L v
; =
CE o= CLOCK 1|4 ReFRESH »| REFRESH o
GENERATOR [T | CONTROLLER TIMER y
—
—

Operating Mode
PIN| = | OF ‘

MODE CE RFSH RW | AD~A18 | [/01~8
Read L L H v* ouTt
Write L . L v IN
CE only Refresh L H H v* HZ
Auto/Self Refresh H L * * HZ
Standby .. H H * * HZ

H = High level input (Vi)

L = Low levelinput (v} )

Yo =VorVy

V* = At the falling edge of CE, all address inputs are latched. At all other times, the address inputs are
HZ = High impedance

wkn

Maximum Ratings

SYMBOL ITEM RATING UNIT | NOTES
ViN Input Voltage -1.0~7.0 \
Vout | Output Voltage 1.0~7.0 "
Vpp | Power Supply Voitage -1.0~7.0 v
Topr | Operating Temperature -20~70 °C ’
Tstrg | Storage Temperature -55 ~ 150 °C
TsoLper | Soldering Temperature « Time 260+ 10 °C » sec
Pp Power Dissipation 600 mwW
loytr | Short Circuit Output Current 50 mA
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Static RAM TC518512PL/FL/FTL/TRL-70(LT)/80(LT)/10(LT)

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT | NOTES
Vpp | Power Suppiy Voltage 45 5.0 5.5 v
Viy Input High Voltage : 2.4 - |Vpp+1.0 v 2
Vi Input Low Voltage -1.0 - 0.8 Vv

DC Characteristics (Ta = -20 ~ 70°C, Vpp = 5V+10%)

SYMBOL PARAMETER MIN. | TYP. | MAX. | UNIT | NOTES
' 70ns version - 50 70
Operating Current (Average) - —
oo TE, Address cycling: tag = trg min. 80ns version 45 60 mA 3,4
100ns version - 35 50
i Standby Current _ _ 1 mA
DDS1 | TE = V), OE/RFSH = Viy
Standby Current
lbbs2 | TF = v - 0.2V, OE/RFSH = Vpp - 0.2V o e
| Self Refresh Current (Average) _ _ 1 mA
DDF1 CE-= VlH, OE/RFSH = V"_
Self Refresh Current (Average) _
'bbF2 | TF - Vg - 0.2V, OE/RFSH = 0.2V 100 | 220 | pA
70ns version - - 70
Auto Refresh Current (Average) - — ~
bors | GE/RFSH cycling: e = tgg min. 80ns version 60 | mA 3
100ns version - - 50
e 70ns version - - 70
only Refresh Current (Average) - — _
ooFs | TE, Address cycling: the = trc Min. 80ns version 60 | mA 8
100ns version - - 50

| Input Leakage Current _ B +10
L) | 0V < V) < Vpp, All other Inputs not under test = 0V -

Output Leakage Current
lowy | Output Disabled (CE = V) or OE/RFSH = V) or RIW = V) - - £10
0V < Vour<Vpp

) Output High Level
OH IOH =-1.0mA

Output Low Level -
VOL |o|_ =2.1mA - - 04 v

Capacitance* (Vpp = 5V, Ta = 25°C, f = 1MH2)

SYMBOL PARAMETER MIN. | MAX. | UNIT
Cyy Input Capacitance (A0 ~ A18) - 5
Ciz | Input Capacitance (CE, OE/RFSH, R/W) - 7 pF
Cio Input/Output Capacitance - 7

*This parameter is periodically sampled and is not 100% tested.
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TC518512PL/FL/FTL/TRL-70(LT)/80(LT)/10(LT)

Static RAM

AC Characteristics (Ta = -20 ~ 70°C, Vpp = 5V+10%) (Notes: 5, 6, 7, 8)

-70 -80 -10
SYMBOL PARAMETER - UNIT | NOTES
MiN. MAX. MIN. MAX. MIN. MAX. | -
tre Random Read, Write Cycle Time 115 - 130 - 160 -
tauw | Read Modify Write Cycle Time 165 - 180 - 220 -
tce CE Pulse Width 70 10,000 80 10,000| 100 {10,000
tp | CE Precharge Time 35 - 40 - 50 -
tcea | CE Access Time - 70 - 80 - 100
toea | OE Access Time - 30 - 30 - 40
tciz | CE to Output in Low -Z 20 - 20 - 20 -
torz | OF to Output in Low -Z 0 - ] - 0 -
twz | Output Active from End of Write 0 - 0 - 0 -
tcyz | Chip Disable to Output in High-Z 0 20 0 20 0 25 9
tonz | OFE Disable to Output in High-Z 0 20 0 20 0 25 9
twhz | Write Enable to Output in High-Z 0 20 0 20 0 25 9
tosc | OE Setup Time Referenced to CE 10 - 10 - 10 - 9
tonc | OE Hold Time Referenced to CE 0 - 0 - 0 - 9
trecs | Read Command Setup Time 0 - 0 - 0 -
tren | Read Command Hold Time 0 - 0 - 0 - ns
twp | Write Pulse Width 25 - 25 - 30 -
twen | Write Command Hold Time 40 - 40 - 50 -
towL | Write Command to CE Lead Time 25 - 25 - 30 -
tpsw | Data Setup Time from R/W 20 - 20 - 25 - 10
tpsc | Data Setup Time from CE 20 - 20 - 25 - 10
topw | Data Hold Time from R/W 0 - 0 - 0 - 10
toc | Data Hold Time from CE 0 - 0 - 0 - 10
tasc | Address Setup Time 0 - 0 - 0 - 11
tanc | Address Hold Time 15 - 20 - 25 - 11
trc | Auto Refresh Cycle Time 130 - 130 - 160 -
tarp | RFSH Delay Time from CE 40 - 40 - 50 -
teap | RFSH Pulse Width (Auto Refresh) 30 | 8,000 | 30 8,000 | 30 8,000 12
trp | RFSH Precharge Time 30 - 30 - 30 -~ 12
teas | RFSH Pulse Width (Self Refresh) 8,000 - 8,000 - 8,000 - 12
trrs | CE Delay Time from RFSH (Self Refresh) | 160 - 160 - 190 - 12
trer | Refresh Period (2048 cycles, AO ~ A10) - 32 - 32 - 32 ms
tr Transition Time (Rise and Fall) 3 50 3 50 3 50 ns
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Static RAM TC518512PL/FL/FTL/TRL-70(LT)/80(LT)/10(LT)

Notes:
1) Stress greater than those listed under “Maximum Ratings” may cause permanent damage to the device.

2) All voltages are referenced to GND.

3) Ippo» Ipprs, and Ippes depend on the cycle time.

4) Ippo depends on the output loading. Specified values are obtained with the outputs open.

5) An initial pause of 100;,13 with high CEis required after power-up before proper device operation is achieved.
6) AC measurements assume tr = 5ns.

7) Timing reference levels

Input Levels t V=26V 2.6V v
ViL=0.6v INPUT 0.6V 08y

Input Reference Levels D V=24V
v:r -08y OUTPUT 2-2v

Output Reference Levels : Vou =22V INPUT REFERENCE  OUTPUT REFERENCE
Vo =0.8V LEVEL LEVEL

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

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

10) For write cycles, the input data is latched at the earlier of R/W or CE rising edge. Therefore, the input data must be valid
during the setup time (tpgy or tpsc) and hold time (tpw or toHc)-

11) All address inputs are latched at the falling edge of CE. Therefore, all the address inputs must be valid during tagc and tapc.
12) The 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 < tgap (max.)
Self refresh  : RFSH pulse width 2 tgag (Min.)

The timing parameter tprg must be met for proper device operation under the following conditions:
* after self refresh
e if OE/RFSH = “L” after power-up
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TC518512PL/FL/FTL/TRL-70(LT)/80(LT)/10(LT) Static RAM
Timing Waveforms
Read Cycle
. /0 N 75 ; I
WY W
P!OL’ toue | tosc :
o } 17
W :’: : tch! > tonz 'j-t\cuL—_
Write Cycle 1 (OE Fixed High) _
«u 7N = —
wr  waw @

SERE " Vi twer - T
" towe >
Vin = ‘._____L—___'. g
R Vip — \-k ig
t
tosc ’__O_SW_’ $‘DHW > ‘ | towc
— = N
ATA-IN - )
VO1~u08 0 b P
Y :HorlL
%,
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Static RAM TC518512PL/FL/FTL/TRL-70(LT)/80(LT)/10(LT)

Write Cycle 2 (OE Clocked or Fixed Low)

tre N

Vi . tce »
Ty, —_/ N /|
tasc fe! e tanc

SRR WL‘%‘“_,

Vin — F o X tosc [
OE/RFSH Vi — /< - .
- towe .
tres | tweH N > >
Vi = | twe o |
W V:L - /T \-‘ {
1ps¢
tosw ton ) Jloue 1
Viy — 7 K
TA-IN
Ny, = {oaTA-N ) >
VO1~1/08 onz T twiz M2 -
Vor— 7
Lour Vou— 7 2000
Read Modify Write Cycle
trmw N

A f‘b"\_

o~ w0 TR ” T
‘t% 05C ‘ X |

TEATE | N / ]

tres | ..._Jm..__._J |
Vig — T L twp, ¥ ) j
Ry s »

fDSW 1 ) |gtRHW,)
¢—1DSC {_tong

Vin — 7 ¥ .
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[ N & . tcea twhiz, X g
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L_our Yo"~ DATA-OUT ) ,
u Vou — ‘ 4 - :
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TC518512PL/FL/FTL/TRL-70(LT)/80(LT)/10(LT) Static RAM
o - < K
-0 R~ M
R .Y
o 0 7 X

OPEN

Vou—
1/101~1/08 VoL —

Note : A1 ~ A18 =V or Vi

Auto Refresh

‘ :HorL

| .
Vih —
& v - 1\-______
tec N trc o lelone,
taro " M
L e
) 1 — e
t RN . teap
oo s {_ X
/RFSH v, _ | L
vo1~yog VOH OPEN
VoL —
Note : R/W, A0 ~ A18 =V orV_
Seif Refresh
i |
Viy —
(<4 Vit — [
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¢ tRep
‘ tep | e tras t
el N
OERFSH Vip — "
vo1~108 \\;ON . OPEN
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Note : R/W, A0 ~ A18 = Vyor V.
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TOSHIBA

SILICON GATE CMOS

524,288 WORD x 8 BIT CMOS PSEUDO STATIC RAM

Description

TC518512PL/FL/FTL/TRL-70(DR) /80(DR) /10(DR)

The TC518512PL. is a 4M bit high speed CMOS pseudo static RAM organized as 524,288 words by 8 bits. The TC518512PL utilizes
a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacity, high speed and low power storage. The
TC518512PL operates from a single 5V power supply. Refreshing is supported by a refresh (OE/RFSH) input which enables two

types of refreshing - auto refresh and self refresh. The TC518512PL features a static RAM-like interface with a write cycle in which

the input data is written into the memory cell at the rising edge of R/W thus simplifying the microprocessor interface.

The TC518512PL is available in a 32-pin, 0.6 inch width plastic DIP, a small outline plastic flat package, and a thin small outiine
package (forward type, reverse type).

Features

¢ Organization: 524,288 words x 8 bits

* Single 5V power supply

e Data retention supply voltage: 3.0V ~ 5.5V

¢ Fast access time

TC518512PL-(DR) Family
-10 -80 -10

tcea CE Access Time 70ns 80ns 100ns
toea OE Access Time 30ns 30ns 40ns
tre Cycle Time 115ns 130ns 160ns
Power Dissipation 385mw 330mwW 275mW

5.5V 200pA
Self Refresh Current

3.0V 100uA

o Auto refresh is supported by an internal refresh address

counter

e Self refresh is supported by an internal timer
e Inputs and outputs TTL compatible
» Refresh: 2048 refresh cycles/32ms

¢ Package
- TC518512PL: DIP32-P-600
- TC518512FL: SOP32-P-525

- TC518512FTL: TSOP32-P-400
- TC518512TRL: TSOP32-P-400A

Pin Names
A0 ~ A18 Address Inputs
RW Read/Write Control Input
GERFS | Surt S o
CE Chip Enable Input
/01 ~ 1/08 Data Inputs/Outputs
Vbp Power
GND Ground

A18(j
A6{]
A14(]
A0
A7[0
A6
As{]
A4l
A3
A2(]
At
A0{]
1101
vo2(

IIOBE
GND

Pin Connection (Top View)

PL/FUFTL

1 320 vpo 032
2 310 Aa1s (31
3 300 a7 Q30
a 2900 RW 29
5 280 a3 Q28
6 270 as (27
7 260 A9 26
8 250 a1r Qa2
9 24 JOE/RFSH{ 24
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Ja18
A6
JA14
JA12
1A7
] A6
JAS
A4
1A3
0A2
A1
0 A0
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1702
1703
NGND
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TC518512PL/FL/FTL/TRL-70(DR)/80(DR)/10(DR) Static RAM

Block Diagram

Voo GND A
° ; 8 COLUMN
A8 DECODER
~|8 l 1 . é; G"
COLUMN s
ADDRESS |2 At (7 E Z= o
BUFFER (8) |« 4 < s
vy Wy Euw N\
A10 Mrw 256x8 nnt - ¥ a]‘l'
~O\ |ROW N\ > .
oty [T 8 Q
Rl 18 MEMORY 2
‘ w 12048 ARRAY g
> -~
r 2 2048 x 256 x 8 a®
REFRESH LA g =~ ]
OUNTER(11 ; —— )
Covwrinan [ 8 b
= i
CE o»{ CLOCK | "4 REFRESH REFRESH Ca
GENERATOR ™™ | CONTROLLER TIMER ]
RAW OJD
Operating Mode
PIN 0F/
MODE CE | mrsy | PW | AO-A18 | 01-8
Read L L H V- ouT
Write L * L v IN
CE only Refresh L H H v* HZ
Auto/Self Refresh H L . B HZ
Standby H H * v Hz

H = High level input (V)

L =Lowlevel input {V))

¥ =VorV

V* = Atthe falling edge of CE, all address inputs are latched. At all other times, the address inputs are “*”.
HZ = High impedance

Maximum Ratings

SYMBOL ITEM RATING UNIT NOTES
Vin Input Voltage -1.0~7.0 v
Vout | Output Voltage -1.0~7.0 v
Vpp | Power Supply Voltage -1.0~7.0 \
Topr | Operating Temperature 0~70 °C )
Tstrg | Storage Temperature -55 ~ 150 °C
TsoLper | Soldering Temperature « Time 260+ 10 °C »sec
Pp Power Dissipation 600 mwW
loyt | Short Circuit Output Current 50 mA
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Static RAM  TC518512PL/FL/FTL/TRL-70(DR)/80(DR)/10(DR)

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT | NOTES
Vpp | Power Supply Voltage 4.5 5.0 55 \"
ViH Input High Voitage 24 - Vpp + 1.0 \ 2
Vi | Input Low Voltage 10| - 0.8 v

DC Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%)

SYMBOL PARAMETER MIN. | TYP. [ MAX. | UNIT | NOTES
70ns version - 50 70
Operating Current (Average) : —
lbbo | E, Address cycling: tae = tge min. 80ns version 45 60 mA | 34
100ns version - 35 50
Standby Current
loost | G - v,,,, OE/AFSH =V, - - 1 | mA
Standby Current
'oos2 | TF = v - 0.2V, OE/RFSH = Vgp - 0.2V - | 7 | 20| pA
i Self Refresh Current (Average) . _ 1 mA
DDF1 1 CE = Vy, OE/RFSH = V_
Self Refresh Current (Average) _
'bbF2 | CF = Vg - 0.2V, OE/RFSH = 0.2V 100 | 200 | pA
70ns version - - 70
Auto Refresh Current (Average) : — —
obFs | GE/RESH cycling: teg = tre min. 80ns version 60 | mA | 3
100ns version - - 50
- 70ns version - - 70
E only Refresh Current (Average) - _ —
looFs | TE, Address cycling: trg = tge min. 80ns version 60 mA 3
100ns version - - 50

| Input Leakage Current _ _ +10
L) 0V < Vi < Vpp, All other Inputs not under test = 0V -

Output Leakage Current

loy | Output Disabled (CE = V,y or OE/RFSH = Vjy or RIW = V) - - +10

0V <Voyur<Vpp

Output High Level N
VOH IOH =-1.0mA 24 - v
VoL Output Low Level _ _ 0.4 v

loL=2.1mA

Capacitance* (Vpp = 5V, Ta = 25°C, f = 1MH2)

SYMBOL PARAMETER MIN. MAX. UNIT
Cy Input Capacitance (A0 ~ A18) - 5
Cip | Input Capacitance (CE, DE/RFSH, R/W) - 7 pF
Coo Input/Output Capacitance - 7

*This parameter is periodically sampled and is not 100% tested.
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TC518512PL/FL/FTL/TRL-70(DR)/80(DR)/10(DR)

Static RAM

AC Characteristics (Ta = 0 ~ 70°C, Vpp = 5V£10%) (Notes: 5, 6, 7, 8)

-70 -80 -10
SYMBOL PARAMETER ' UNIT | NOTES
MIN. | MAX. | MIN. | MAX. | MIN. { MAX.
tgc | Random Read, Write Cycle Time 115 - 130 - 160 -
tamw | Read Modify Write Cycle Time 165 - 180 - 220 -
tce | CE Pulse Width 70 10,000 | 80 10,000 { 100 | 10,000
tp | CE Precharge Time 35 - 40 - 50 -
tcea | CE Access Time - 70 - 80 - 100
toga | OE Access Time - 30 - 30 - 40
tcrz. | CE to Output in Low -Z 20 - 20 - 20 -
torz | OF to Output in Low -Z 0 - ] - 0 -
twrz | Output Active from End of Write 0 - 0 - 0 -
tcyz | Chip Disable to Output in High-Z 0 20 0 20 0 25 9
tonz | OE Disable to Output in High-Z 0 20 0 20 0 25 9
twhz | Write Enable to Output in High-Z 0 20 0 20 0 25 9
togc: | OE Setup Time Referenced to CE 10 - 10 - 10 - 9
tonc | OE Hold Time Referenced to CE 0 - 0 - 0 - 9
tres | Read Command Setup Time 0 - 0 - 0 -
treH | Read Command Hold Time 0 - 0 - 0 - ns
twp | Write Pulse Width 25 - 25 - 30 -
twen | Write Command Hold Time 40 - 40 - 50 -
towL. | Write Command to CE Lead Time 25 - 25 - 30 -
tpsw | Data Setup Time from R/W 20 - 20 - 25 - 10
tosc | Data Setup Time from CE 20 - 20 - 25 - 10
topw | Data Hold Time from R/W 0 - 0 - 0 - 10
tonc | Data Hold Time from CE 0 - 0 - 0 - 10
tasc | Address Setup Time 0 - 0 - 0 - 1
taHc | Address Hold Time 15 - 20 - 25 - 11
tec | Auto Refresh Cycle Time 130 - 130 - 160 -
trep | RFSH Delay Time from CE 40 - 40 - 50 -
trap | RFSH Pulse Width (Auto Refresh) 30 8,000 30 8,000 30 8,000 12
tep | RFSH Precharge Time 30 - 30 - 30 - 12
tras | RFSH Puise Width (Self Refresh) 8,000 - 8,000 - 8,000 - 12
ters | CE Delay Time from RFSH (Self Refresh) | 160 - 160 - 190 - 12
trer | Refresh Period (2048 cycles, AQ ~ A10) - 32 - 32 - 32 ms
tr Transition Time (Rise and Fall) 3 50 3 50 3 50 ns
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Static RAM TC518512PL/FL/FTL/TRL-70(DR)/80(DR)/10(DR)

Notes:
1) Stress greater than those listed under “Maximum Ratings” may cause permanent damage to the device.

2) All voltages are referenced to GND.

3) lopos Ippra. @nd Ippra depend on the cycle time.

4) Ippo depends on the output loading. Specified values are obtained with the outputs open.

5) An initial pause of 100us with high CEis required after power-up before proper device operation is achieved.

6) AC measurements assume ty = 5ns.

1

7) Timing reference levels 2.6V oV
Input Levels D Viy=26v  INPUT 0.6v oay
V||_ = 06V :
| S—
Input Reference Levels S Viy=24V - OUTPUT é‘g
V) =0.8V !
INPUT REFERENCE  OUTPUT REFERENCE
Output Reference Levels T Vo =22V LEVEL LEVEL
VOL = 08\/

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

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

10) For write cycles, the input data is latched at the earlier of R/W or CE rising edge. Therefore, the input data must be valid
during the setup time (tpsw or tpsc) and hold time (tppw or toe)-

11) All address inputs are latched at the faling edge of CE. Therefore, all the address inputs must be valid during tagc and tagc.

12) The two refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE = Vig.

Auto refresh : RFSH pulse width < tpap (max.)
Self refresh  : RFSH pulse width = tgag (min.)

The timing parameter terg must be met for proper device operation under the following conditions:
o after self refresh
e if OE/RFSH = “L” after power-up
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TC518512PL/FL/FTL/TRL-70(DR)/80(DR)/10(DR)  Static RAM

Data Retention Characteristics (Ta = 0 ~ 70°C)

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
Vpy | Data Retention Supply Voltage 3.0 - 55 \
| Self Refresh G ‘ VpH = 3.0V - 50 100 JA
resh Curren
DDF2 VpH = 5.5V — [ 100 | 200
tr Recovery Time 5 - - ms
*The rising and falling slope of Vpp must be more than 50ms for proper device operation (20ms/\V).
Voo 2 .
BSV @ ——— - & ___________________ .[ __________
VOH mimmimemmsomemm - \ /.. ............. -
Voo
GND
DATA RETENTION MODE
v tarQ (SELF REFRESH) teag
"
Ot /RFSH Ons min. tR
S0.2v
GND
2Vpp =~ 0.2V
— Vin
CE

Notes: R/W, A0~ A18 = Vyor V)

loor1 is applicable when OE/RFSH = V,_(max.), CE = V;y; (min.).
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Static RAM

TC518512PL/FL/FTL/TRL-70(DR)/80(DR)/10(DR)

Timing Waveforms

Read Cycle
e | TR
- w2 R~ X
ey [ tome 2,
ey ) N A A
ww______ A BN
VO1~108 :g:: o DATA-OUT :Z—'—'——‘
Write Cycle 1 (OE Fixed High)

« ‘f G N
A0~ At8 fm& o X%
TR /‘; ) - — Ll —— ) ‘;R_

" N —
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TC518512PL/FL/FTL/TRL-70(DR)/80(DR)/10(DR)

Static RAM

Write Cycle 2 (OE Clocked or Fixed Low)
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Vm - y K
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1¥01~1/08 onz Y twiz S |
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Lour VoL — 77 200007
Read Modify Write Cycle
trmw | )
tce ) ?“—‘“———5& ‘
Vig = <
CE Vie — \-\ Z
tasc 1o tanc .
w2 : ' %
s~ nis v 22228 woes X772 ik
| | dors, 5,
Vig — T =3
OE/RFSH Vg — & j /
. trCs ! . - t(WL.' :l ]
—— (d
s / | ——
tosw tpHw,
e lD5C el QHE
Vin =, Loata-in ) 1
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Loyt Jou~ DATA - OUT '
VoL—
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Static RAM TC518512PL/FL/FTL/TRL-70(DR)/80(DR)/10(DR)

w7 \ N | zL-
oEAEE - ;l R H‘\

w /A -
VO1~1/08 y,, | Note: A1 f)fls:Bva or Vi ? HorL

J
Vih —
T
Viu =
te trc RERSTR
C > >
a0 i

* - LEP

< tEP trap teap > R
Viw = r i )
wREy U \ \

1101~1/08 z°" ~ OPEN
oL —

Note: R/W, AQ ~ A18 =V or V)

Self Refresh
v %l |
H =
T ViL — :t_;___.__.__.
omHC
RE|
trp JAS ] 1,
v 1 b
W=
OERFSH Vit — /1 - \___
vo1~vos VYoM OPEN
VoL —

Note: R/W, A0 ~ A18 = V) or V)
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Static RAM

Notes
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TOSHIBA

"TC518512PL/FL/FTL/TRL-70LV/80LV/10LV

SILICON GATE CMOS
524,288 WORD x 8 BIT CMOS PSEUDO STATIC RAM

Description

The TC518512PL is a 4M bit high speed CMOS pseudo static RAM organized as 524,288 words by 8 bits. The TC518512PL
utilizes a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacity, high speed and low power
storage. The TC518512PL-LV operates from a single 3.0V ~ 5.5V power supply. Refreshing is supported by a refresh (OE/RFSH)
input which enables two types of refreshing - auto refresh and self refresh. The TC518512PL features a static RAM-like interface
with a write cycle in which the input data is written into the memory cell at the rising edge of R/W thus simplifying the microproces-
sor interface. :

The TC518512PL. is available in a 32-pin, 0.6 inch width plastic DIP, a small outline plastic flat package, and a thin small outline
package (forward type, reverse type).

Features } Pin Connection (Top View)
¢ Organization: 524,288 words x 8 bits PUFUFTL TRL
* Low voltage operation: 3.0V ~ 5.5V a18( 1 320 vpp 032 1 fass
¢ Data retention supply voitage: 3.0V ~ 5.5V A16( 2 31 A1s (31 2 1A
* Fast access time A140 3 300 a7 C30 3 Dats
- A120 a 290 rw Q29 4 JA12
70 .80 10 a60'6 270 A8 (27 6 JAs
: As{] 7 26 A9 26 7 JAs
tcea CE Access Time 70ns 80ns 100ns asl 8 250 Aan 25 8 (A4
toea OF Access Time 30ns 30ns 40ns A3ll g 24 [JOE/RFSH{ 24 9 gA3
tc Cycle Time 115ns | 130ns | 160ns A2{10 23] A0 D A2
Power Dissipation 385mwW 330mwW 275mw Al 22 Ce JA1
A0l12 21 vos8 J A0
Self Refresh Current | 5.5V 200pA 101013 200 vo7 N 1701
Self Refresh Current | 3.0V 100pA uOZE 14 19 1106 1102
* Auto refresh is supported by an internal refresh address o3y 15 18 vos %VOB
counter GND(] JGND

e Self refresh is supported by an internal timer
* Inputs and outputs TTL compatible
® Refresh: 2048 refresh cycles/32ms
® Package
- TC518512PL: DIP32-P-600
- TC518512FL: SOP32-P-525
- TC518512FTL: TSOP32-P-400
- TC518512TRL: TSOP32-P-400A

Pin Names
A0 ~A18 Address Inputs
RW Read/Write Control Input

RESH Output Enable Input
GE/ Refresh Input

CE Chip Enable Input
/01 ~ /08 | Data Inputs/Outputs

Vpp Power

GND Ground
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TC518512PL/FL/FTL/TRL-70LV/80LV/10LV Static RAM
Block Diagram
Vpo GND A
o 8 4. COLUMN
Ai8 ) i DECQODER —
pa CO%MN ' 28 G—
[ | ADORESS ey (7= Z= =
BUFFER (8) |+ , < e
YYVy Wy =u ¥ \
A10 vy 256%8 by ¥4 D]',‘
T\ Aobress L) = EE 1o
x 3
BUFFER (1) {{I | 8 N
S MEMORY 2
w 17048 ARRAY g
o : -—
2048 x 256 x 8 )
REFRESH T g == |
COUNTER(11) 1 3 E 8) 3 8]
: w
* { u
-
]_ <>
CE o»| CLOCK 11 REFRESH REFRESH Q=
GENERATOR [ [ CONTROLLER TIMER
SERFSH @“r
Operating Mode
PIN| = OF/
MODE CE | prsm | RW | AO-~At8 | 1/01-~8
Read L L H v ouT
Write L * L v IN
CE only Refresh L H H v Hz
Auto/Self Refresh H L . . HZ
Standby H H * . Hz

H = High level input (Vy,)
L =Lowlevel input (V)
*o=ViyorV

V* = At the falling edge of CE, all address inputs are latched. At all other times, the address inputs are “*".

HZ = High impedance

Maximum Ratings

SYMBOL ITEM RATING UNIT | NOTES
ViN Input Voltage -1.0~7.0 v
Vout | Output Voltage -1.0~7.0 V'
Vpp | Power Supply Voltage -1.0~7.0 \'
Topr | Operating Temperature 0~70 °C 1
Tstrg | Storage Temperature -55 ~ 150 °C
TsoLper | Soldering Temperature « Time 260+ 10 °C »sec
Pp Power Dissipation 600 mwW
loyr | Short Circuit Output Current 50 mA
D-186
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Static RAM TC518512PL/FL/FTL/TRL-70LV/80LV/10LV

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT | NOTES
Vpp | Power Supply Voltage 45 5.0 5.5 \'
Viu Input High Voltage 2.4 - | Vpp+1.0 \ 2
Vi Input Low Voltage -1.0 - 0.8 Vv

DC Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%)

SYMBOL PARAMETER MIN. | TYP. | MAX. | UNIT | NOTES
70ns version - 50 70
Operating Current (Average) - -
Ibpo CE, Address cycling: tug = g min. 80ns version 45 60 mA 3,4
100ns version - 35 50
Standby Current
lbost | TE - v, OE/RFSH = Vi, - - ! mA
Standby Current
'obsz | TF = Vpp - 0.2V, OE/RFSH = Vpp - 0.2V R R M
| Self Refresh Current (Average) _ _ 1 mA
DDFt | TE =V}, OE/RFSH = V).
| Self Refresh Current (Average) _ _ 200 WA
DDF2 | CE = Vpp - 0.2V, OE/RFSH = 0.2V
70ns version - - 70
Auto Refresh Current (Average) - ~ ~
'ooF3 | SE/RFSH cycling: teg = tre min. 80ns version 6 | mA | 3
100ns version - - 50
o 70ns version - - 70
only Refresh Current (Average) - — —
ooFs | SE, Address cycling: trc = trg min. 80ns version 60 mA 3
100ns version - - 50

| Input Leakage Current _
L 10V < Viy < Vpp, Al other Inputs not under test = 0V ‘

Output Leakage Current
IO(L) Output Disabled (CE Vg or OE/RFSH = Vi or R/W ‘) - - +10 HA
OV <Vour < Vpp

Output High Level

Vou lop = -1.0mA 2.4 - - v
Output Low Level
VoL | 1o = 2.1mA - - 0.4 v

Capacitance* (Vpp = 5V, Ta = 25°C, f = 1MHz)

SYMBOL PARAMETER MIN. | MAX. UNIT
Cy Input Capacitance (AQ ~ A18) - 5
Ci> | Input Capacitance (CE, OE/RFSH, R/W) - 7 pF
Co Input/Output Capacitance -

*This parameter is periodically sampled and is not 100% tested.
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TC518512PL/FL/FTL/TRL-70LV/80LV/10LV

Static RAM

AC Characteristics (Ta = 0 ~ 70°C, Vpp = 5V+10%) (Notes: 5, 6, 7, 8)

-70 -80 -10
SYMBOL PARAMETER UNIT | NOTES
MIN. | MAX.. | MIN. | MAX. | MIN. | MAX.

trc | Random Read, Write Cycle Time 115 - 130 - 160 -
trmw | Read Modify Write Cycle Time 165 - 180 - 220 -

tcg | CE Pulse Width 70 10,000 80 10,000 100 | 10,000

tp | CE Precharge Time 35 - 40 - 50 -

tcea | CE Access Time - 70 - 80 - 100
toea | OF Access Time - 30 - 30 - 40

tcrz | CE to Output in Low -Z 20 - 20 - 20 -

to.z | OF to Output in Low -Z 0 - 0 - 0 -
twrz | Output Active from End of Write 0 - 0 - 0 -

tcuz | Chip Disable to Output in High-Z 0 20 0 20 0 25 9
tonz | OE Disable to Output in High-Z 0 20 0 20 0 25 9
twhz | Write Enable to Output in High-Z 0 20 0 20 0 25 9
tosc | OE Setup Time Referenced to CE 10 - 10 - 10 - 9
tonc | OE Hold Time Referenced to CE 0 - 0 - 0 - 9
trcs | Read Command Setup Time 0 - 0 - 0 -
trecH | Read Command Hold Time 0 - 0 - 0 - ns

twp | Write Pulse Width 25 - 25 - 30 -
twcn | Write Command Hold Time 40 - 40 - 50 -
tcwL | Write Command to CE Lead Time 25 - 25 - 30 -
tosw | Data Setup Time from R/W 20 - 20 - 25 - 10
tosc | Data Setup Time from CE 20 - 20 - 25 - 10
tpyw | Data Hold Time from R/W 0 - 0 - 0 - 10
tonc | Data Hold Time from CE 0 - 0 - ] - 10
tasc | Address Setup Time 0 - 0 - 0 - 11
taHc | Address Hold Time 15 - 20 - 25 - 11
trc | Auto Refresh Cycle Time 130 - 130 - 160 -

trrp | RFSH Delay Time from CE 40 - 40 - 50 -

teap | RFSH Pulse Width (Auto Refresh) 30 8,000 30 8,000 30 8,000 12
tep | RFSH Precharge Time 30 - 30 - 30 - 12
teas | RFSH Pulse Width (Self Refresh) 8000 | - |8000| - |8o000| - 12
trrs | CE Delay Time from RFSH (Self Refresh) | 160 - 160 - 190 - 12
trer | Refresh Period (2048 cycles, A0 ~ A10) - 32 - 32 - 32 ms

tr Transition Time (Rise and Fall) 3 50 3 50 3 50 ns
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Static RAM TC518512PL/FL/FTL/TRL-70LV/80LV/10LV
3.3V Operation
DC Recommended Operating Conditions
SYMBOL PARAMETER MIN. TYP. MAX. UNIT | NOTES
Vpp | Power Supply Voltage 3.0 33 3.6 \
Vin Input High Voltage Vpp - 0.2V - Vpp+1.0 \ 2
ViL Input Low Voltage -0.5 - 0.2 \
DC Characteristics (Ta = 0 ~ 70°C, Vpp = 3.3V+0.3V) ,
SYMBOL PARAMETER MIN. TYP. | MAX. | UNIT | NOTES
Operating Current (Average) _
lboo | E, Address cycling: tag = tg min. 15 20 mA | 34
lppsa | Standby Current - - 100 | pA
Ipprz2 | Self Refresh Current (Average) - 50 100 HA
Auto Refresh Current (Average) _ _
loors | RESH cycling: trg = tr min. 2 mA 3
| CE only Refresh Current (Average) _ _ 20 mA 3
DDF4 | TF, Address cycling: tpg = trg min. -
I Input Leakage Current _ _ +10 pA
I(L) 0V < V|y < Vpp, All other Inputs not under test = OV -
Qutput Leakage Current
'ow) | output Disabled, OV < Vot < Vpp - - | #0 | kA
QOutput High Level,
v Vpp - 0.2V - - \
OH IOH =-1 OOPA DD
Output Low Level,
VoL lot  100pA - - 0.2 \Y
TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. D-189



TC518512PL/FL/FTL/TRL-70LV/80LV/10LV Static RAM

AC Characteristics (Ta = 0 ~ 70°C, Vpp = 3.3V+0.3V) (Notes: 5, 6, 8)

SYMBOL PARAMETER MIN. | MAX. | UNIT | NOTES
tgc | Random Read, Write Cycle Time 230 - ‘
trmw | Read Modify Write Cycle Time 305 -
tce | CE Puise Width 150 | 10,000
tp | CE Precharge Time 80 -
tcea | CE Access Time - 150
toea | OE Access Time - 80
tcrz | CE to Output in Low -Z 20 -
toz | OF to Output in Low -Z 5 -
twLz - | Output Active from End of Write 5 -
tcuz | Chip Disable to Output in High-Z 0 30 9
tonz | OE Disable to Output in High-Z 0 30 9
twnz | Write Enable to Output in High-Z 0 30 9
tosc | OFE Setup Time Referenced to TE 10 - 9
torc | OE Hold Time Referenced to CE 15 - 9
trcs | Read Command Setup Time 0 ~
tacH | Read Command Hold Time 0 - ns
twp | Write Pulse Width 35 -
twex | Write Command Hold Time 70 -
tcw, | Write Command to CE Lead Time 35 -
tpsw | Data Setup Time from RW 30 - 10
tpsc | Data Setup Time from CE 30 - 10
tpyw | Data Hold Time from R'W 0 - 10
tpHe | Data Hold Time from CE 0 - 10
tasc | Address Setup Time 0 - 1
tanc | Address Hold Time 30 - 11
trc | Auto Refresh Cycle Time 230 -
tarp | RFSH Delay Time from TE 80 -
trap | RFSH Pulse Width (Auto Refresh) 80 | 8,000 12
trp | RFSH Precharge Time 50 - 12
tras | RFSH Pulse Width (Self Refresh) 8,000 | - 12
trrs | CE Delay Time from RFSH (Self Refresh) | 300 - 12
trer | Refresh Period (2048 cycles, A0 ~ A10) - 32 ms
tr Transition Time (Rise and Fall) 3 50 ns

Timing Reference Levels:
Input Reference Levels:  1.5V/1.5V
Output Reference Levels: 1.5V/1.5V
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Static RAM TC518512PL/FL/FTL/TRL-70LV/80LV/10LV

Notes:
1) Stress greater than those listed under “Maximum Ratings” may cause permanent damage to the device.

2) All voltages are referenced to GND.

3) Ippo: Ioprss @nd Ipprs depend on the cycle time.

4) Inpo depends on the output loading. Specified values are obtained with the outputs open.

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

6) AC measurements assume tr = 5ns.

7) Timing reference levels 2.6V L
Input Levels : V=286V  INPUT ’ &g:”
V=06V o.6v
1
- Input Reference Levels P V=24V 2.2V
Vi = 0.8V OUTPUT 03y
INPUT REFERENCE  OUTPUT REFERENCE
Output Reference Levels : Vou=22V
VoL = 0.8V LEVEL LEVEL

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

9) teHz, toHz: twiz define the time at which the output achieves the open circuit condition and is not referenced to output
voltage levels.

10) For write cycles, the input data is latched at the earfier of R/W or CE rising edge. Therefore, the input data must be valid
during the setup time (tpgw or tpgc) and hold time (tpw Or tpHe)-

11) All address inputs are latched at the falling edge of CE. Therefore, all the address inputs must be valid during tags and tapc.

12) The two refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE = iy
Auto refresh : RESH pulse width < tgap (max.)
Self refresh  : RFSH pulse width = tgag (min.)

The timing parameter trrg Must be met for proper device operation under the following conditions:
* after self refresh
o if OE/RFSH = “L" after power-up
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TC518512PL/FL/FTL/TRL-70LV/80LV/10LV

Static RAM

Data Retention Characteristics (Ta = 0 ~ 70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vpn | Data Retention Supply Voltage 3.0 - 55 \"
Vpy=3.0v | - 50 100
lpprz | Self Refresh Current HA
Vpu = 5.5V - 100 200
tg Recovery Time 5 - - ms
*The rising and falling slope of Vpp must be more than 50ms for proper device operation (20ms/V).
Voo A p
8V = o e — e N e A
Vo -._._._._.;.._\ A ............. -
Voo
GND
DATA RETENTION MOOE
ta, (SELF REFRESH) teag
Vin
~OF/RFSH \ __Ons min, ®
S0.2v
GND
’ \ 2Vpo - 0.2V 1
—_— Vin
CE

ik

GNO

Notes: R/W, A0 ~A18 =V orVy

Iopr1 is applicable when OE/RFSH = Vj_ (max.), CE = Vyy (min.).
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Static RAM

TC518512PL/FL/FTL/TRL-70LV/80LV/10LV

Timing Waveforms

w ] \ N
NS W=mm
tose | | tore Josc |
oo yn X i
W z::: /- fcea > tonz - ;‘\&___
YO1~1/08 zg:: — v%ﬂ‘ DATA-OUT ;>_.—-_.___
Write Cycle 1 (OE Fixed High)
w7 L /N
e e
tosc R Llone
e Y R— — N
w \—

:HorlL
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TC518512PL/FL/FTL/TRL-70LV/80LV/10LV

Static RAM

Write Cycle 2 (OE Clocked or Fixed Low)

tRe

—/

4] Vi

- . @

e

<

N,

/

I

-

toHc
Vih — - + R tosc
OE/RFSH Vie — / < \\‘ - >
t
trCs «—tweH < > e —>
Vi = f L twp /-!
VL — X £ .
W DsC
tosw - {tow : ‘touc_
Vi — y N
DATA-I
N v 2 * " : F
101~1/08 tyiz ke
L Vou— f
ouT o NN 77,
Read Modify Write Cycle
< tRMwW
tce ) 12 .
Vih — \4 L. » —
Vip — b Y Z |
1asC o < tamc
Vin = v
so-nis v 0K o ///%/////////%W///
| laoss
Vig — 4 "77
TERFSH N / /
tres —tow ]
Vip — T o twp - X
ViL — \‘L ¢4
tosw I(Quw|
i} tong
Vin - 7 _n K N
=N vy - o | DATA-IN [} D
vO1~108 l—tofa___ o H twiz
Von—
Lour Vou < &L% DATA - OUT |
) V4 - Horl
2.
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o N . .
AR :—j,,.:j; o, ‘—’\_
o \

OH
WO1~1O8 y

Auto Refresh

OPEN

Note: A11 ~ A18 = Viyor Vi

{24

tic

tep

trap

Vi — r
SEREH | _ /

teap
U‘
)

4

170 1~1/108 Vou = OPEN
VoL —
Note: R/W, AO ~A18= VlH or V|L
Self Refresh
i «
Vi — o
tg V". -
tep w tras al S
Vm - }
OERFSH v, —____/ ¢
W
vO1~V08 z°" - OPEN

oL —
Note: R/W, A0 ~ A18 = VIH or Vll.
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Static RAM

Notes
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TOSHIBA

SILICON GATE CMOS

524,288 WORD x 8 BIT CMOS PSEUDO STATIC RAM

Description

TC518512P1/F1-80/10

The TC518512P1 is a 4M bit high speed CMOS pseudo static RAM organized as 524,288 words by 8 bits. The TC518512P utilizes
aone transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacity, high speed and low power storage. The
TC518512P| operates from a single 5V power supply. Refreshing is supported by a refresh (OE/RFSH) input which enables two
types of refreshing - auto refresh and seff refresh. The TC518512P features a static RAM-like interface with a write cycle in which
the input data is written into the memory cell at the rising edge of R/W thus simpiifying the microprocessor interface. The
TC518512PI is guaranteed over an operating temperature range of -40 ~ 85°C.
The TC518512P! is available in a 32-pin, 0.6 inch width plastic DIP and a smail outline plastic flat package.

Features

e Organization: 524,288 words x 8 bits
* Single 5V power supply

® Fast access time

TC518512P1 Family
-80 -10
tcea CE Access Time 80ns 100ns
toea OF Access Time 30ns 40ns
trc Cycle Time 130ns 160ns
Power Dissipation 330mW | 275mW
Self Refresh Current 300pA

e Auto refresh is supported by an internal refresh address
counter

¢ Self refresh is supported by an internal timer
¢ Wide operating temperature: -40 ~ 85°C

e Inputs and outputs TTL compatible

o Refresh: 2048 refresh cycles/32ms

¢ Package

- TC518512PI: DIP32-P-600
- TC518512Fk: SOP32-P-525

Pin Names
AO ~ A18 Address Inputs
RW Read/Write Control Input

OE/RFSH Output Enable Input
Refresh input

CE Chip Enable Input
/01 ~ /08 | Data Inputs/Outputs
Vop Power
GND Ground

Pin Connection (Top View)

PI/FI

AlaEl -~ 3200 Voo
A6 2 313 A1s
Ala 3 30g Al7
szga 29 RAW
A7 5 2800 A13
A6( 6 270 A8
Asll 7 260 A9
aall s 25 AN
A3ll 9 24 JOE/RFSH
a2l 10 23 A0
At 20 CE
Aol 12 210 vos
vo1{13 00 voz
vo2014 190 V06
vo3Qs 18] vos
GND[ 16 170 vo4
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TC518512PI/FI-80/10 : : : Static RAM

Block Diagram
Vpp GND A
o 8 J COLUMN
A8 i DECODER —
~11 l ) G—
COLUMN 3 SENSE AMP. Iy z-
8 | ADDRESS WO GATE s ©
U ( 8 ) oy o w e o
M vy e N
A10 ﬂ" 256x8 N g g ]] T
r ROW A > -
ADDRESS [ 1Y & To
BUFFER (11) {1 '| 8 N
S MEMORY 2
: w2048 ARRAY by
a -
: 2048 x 256 x 8 a ©
REFRESH m "“ g A 5|
COUNTER(11) N Q0 = L8 3«8 ]
) <
(S TR
. <5
CE o CLOCK = H REFRESH | REFRESH Qm
GENERATOR [T | CONTROLLER TIMER
—
)
Operating Mode
PIN 0F/
MODE CE | arsw | W | AO~A18 | 1/01~8
Read L L H v ouTt
Write L * L v IN
CE only Refresh L H H v* HZ
Auto/Self Refresh H L * " HZ
Standby H H . . HZ

H =High level input (Vi)
L =Lowevelinput (V)
=ViyorVy
V* = At the falling edge of CE, all address inputs are latched. At all other times, the address inputs are “*".
HZ = High impedance

Maximum Ratings

SYMBOL ITEM RATING UNIT | NOTES
ViN Input Voltage -1.0~7.0 \'
Vour | Output Voltage -1.0~7.0 v
Vpp | Power Supply Voltage -1.0~7.0 \
Topr | Operating Temperature -40 ~ 85 °C 1
Tstre | Storage Temperature -55 ~ 150 °C
TsoLoer | Soldering Temperature « Time 260+ 10 °C « sec
Pp Power Dissipation 600 mwW
loutr | Short Circuit Output Current 50 mA
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Static RAM TC518512PI/FI-80/10

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT | NOTES
Vpp | Power Supply Voltage 45 5.0 55 \
ViH Input High Voltage 2.4 - |Vpp+1.0 v 2
ViL Input Low Voltage -1.0 - 0.8 \

DC Characteristics (Ta = -40 ~ 85°C, Vpp = 5V+10%)

SYMBOL PARAMETER MIN. TYP. MAX. | UNIT | NOTES

| Operating Current (Average) 80ns version - 45 60 mA | 34

DDO | TE, Address cycling: tac = tac min. 100ns version - 35 | 50 ’
Standby Current _ _

loost | CE = v,,,, OE/AFSH = Vi T | mA
Standby Current - _

lbos2 | GE - v - 0.2V, OE/RFSH = Vpp - 0.2V 200 | pA

I Self Refresh Current (Average) _ _ 1 mA

DDF1 | TE = Vyy, OE/RFSH =V,

Self Refresh Current (Average)

lboF2 | T = v - 0.2V, OE/RFSH = 0.2V - | - | %00 | A
| Auto Refresh Current (Average) 80ns version - - 60 mA 3
DDF3 | DE/RFSH cycling: trc = tre min. 100ns version - - 50
| CE only Refresh Current (Average) 80ns version - - 60 mA 3
DDF4 | TF, Address cycling: tre = tge min. 100ns version _ _ 50
| Input Leakage Current _ _ +10
) | OV < Vjy < Vpp, All other Inputs not under test = OV =
Output Leakage Current
|0(|_) Output Disabled (CE = VlH or OE/RFSH = le or RW = V"_) ‘ - - +10
Output High Level _
VOH ‘OH =-1.0mA 24 - v
Output Low Level
VOL |o|_ =2.1mA - - 0.4 v

Capacitance* (Vpp = 5V, Ta = 25°C, f = 1MHz)

SYMBOL PARAMETER MIN. MAX. UNIT
Ci input Capacitance (A0 ~ A18) - 5
Ci2 | Input Capacitance (CE, OE/RFSH, R/W) - 7 pF
Cio | Input/Output Capacitance - 7

*This parameter is periodically sampled and is not 100% tested.
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TC518512PI/FI-80/10

Static RAM

AC Characteristics (Ta = -40 ~ 85°C, Vpp = 5V+10%) (Notes: 5, 6, 7, 8)

SYMBOL  PARAMETER e " UNIT | NOTES
MIN. MAX. | MIN. MAX.
trc | Random Read, Write Cycle Time 130 - 160 -
tamw | Read Modify Write Cycle Time 180 - 220 -
tcg | CE Pulse Width 80 10,000 100 {10,000
tp | CE Precharge Time 40 - 50 -
tcea | CE Access Time - 80 - 100
toea | OF Access Time - 30 - 40
torz | CE to Output in Low -Z 20 - 20 -
torz | OE to Output in Low -Z 0 - 0 -
twrz | Output Active from End of Write 0 - 0 -
tcuz | Chip Disable to Output in High-Z 0 20 0 25 9
tonz | OE Disable to Output in High-Z 0 20 0 25 9
twhz | Write Enable to Output in High-Z 0 20 0 25 9
tosc | OF Setup Time Referenced to CE 10 - 10 - 9
tonc | OE Hold Time Referenced to CE 0 - 0 - 9
trcs | Read Command Setup Time 0 - 0 -
trcy | Read Command Hold Time 0 - 0 - ns
twp | Write Pulse Width 25 - 30 - '
twon | Write Command Hold Time 40 - 50 -
towL | Write Command to CE Lead Time 25 - 30 -
tosw | Data Setup Time from R/W 20 - 25 - 10
tpsc | Data Setup Time from CE 20 - 25 - 10
tpyw | Data Hold Time from R/W 0 - 0 - 10~
tpre - | Data Hold Time from CE 0 - 0 - 10
tasc | Address Setup Time 0 - 0 - 1
tanc | Address Hold Time 20 - 25 - 11
trc | Auto Refresh Cycle Time 130 - 160 -
trep | RFSH Delay Time from CE 40 - 50 -
teap | RFSH Pulse Width (Auto Refresh) 30 | 8000 30 | 8000 12
trp | RFSH Precharge Time 30 - 30 - 12
tras | RFSH Pulse Width (Self Refresh) 8,000 - 8,000 = 12
trrs | CE Delay Time from RFSH (Self Refresh) | 160 - 190 - 12
trer | Refresh Period (2048 cycles, A0 ~ A10) - 32 - 32 ms
tr Transition Time (Rise and Fall) 3 50 3 50 ns.
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Static RAM TC518512PI/FI-80/10

Notes:
1) Stress greater than those listed under “Maximum Ratings” may cause permanent damage to the device.

2) All voltages are referenced to GND.

3) Ippos Ipprs, and Ippr4 depend on the cycle time.

4) Ibpo depends on the output loading. Specified values are obtained with the outputs open.

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

6) AC measurements assume tr = 5ns.

7) Timing reference levels 26V }

Input Levels V=26V INPUT XCiay

Vi =06V )

. ) E—

Input Reference Levels D Vig=24V OUTPUT le.gz

V) =08V !

INPUT REFERENCE  OUTPUT REFERENCE

Output Reference Levels : Vou=2.2V LEVEL LEVEL

VoL =0.8V

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

9) toHz: torz, twiHz define the time at which the output achieves the open circuit condition and is not referenced to output
voltage levels.

10) For write cycles, the input data is latched at the eariier of RAW or CE rising edge. Therefore, the input data must be valid
during the setup time (tpgy or tpsc) and hold time (topw or toHg)-

11) All address inputs are latched at the faling edge of CE. Therefore, all the address inputs must be valid during tasc and tayc.
12) The 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 < teap (max.)
Self refresh  : RFSH pulse width > tgag (min.)

The timing parameter trgg must be met for proper device operation under the following conditions:
* after self refresh
e if OE/RFSH = “L” after power-up
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TC518512PI/FI-80/10

Static RAM

Timing Waveforms

Read Cycle
a7 N i Y .
NS ST
hﬂ» LU P
v R A 17
w A a : o N
¥O1~108 zz:‘: = %& DATA-OUT ;>._—_—
Write Cycle 1 (OE Fixed High)
A '\ 'T =
e e

Vi . twen ’\
! - towy
Vg = - twe ol #f
whd Vip — \« yZ
t tonww
tose  [e—2 ] e > |_tomc
VO1~108 DATA-IN
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TC518512PV/FI-80/10

Static RAM
Write Cycle 2 (OE Clocked or Fixed Low)
tre
N tee 2
Vin = < y
tg V“_ — XL [

1

N\

tanc

wo-ns v "™ X i

.-

tomc .
OERFSH ::: : /; ’\\ tosc .
tacs sl < twen <+ > fow, >
Vin — - twp P4
= 7 “ ‘K tosc
tosw | tow <(onc
Vin = 7 % by
N DATA-IN
|/g1—-q.|/oa - t < tonz !Tvzz K twlil oL [ 4
VoL — Y 24 N4
Read Modify Write Cycle
tRMw |
t ViL — R—».
tasc ol letaHC
w~as v R~ X
p= fox
oERFR ¢ _ N il _ - x
RC e L 2
W Viu —~ 7?ﬁ% \; twp . J‘ -
= ~ tosw toHw j ! .
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:HorL
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TC518512PI/FI-80/10 Static RAM

CE Only Refresh

tRe
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TOSHIBA

TC51V8512AF/AFT/ATR12/15

PRELIMINARY
SILICON GATE CMOS

524,288 WORD x 8 BIT CMOS PSEUDO STATIC RAM

Description

The TC51V8512AF is a 4M bit high speed CMOS pseudo static RAM organized as 524,288 words by 8 bits. The TC51V8512AF
utilizes a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacity, high speed and low power
storage. The TC51V8512AF operates from a single 3.0V power supply. Refreshing is supported by a refresh (OE/RFSH) input which
enables two types of refreshing - auto refresh and self refresh, The TC51V8512AF features a static RAM-like interface with a write
cycle in which the input data is written into the memory cell at the rising edge of R/W thus simplifying the microprocessor interface.

The TC51V8512AF is available in a 32-pin small outline plastic flat package, and a thin small outline package (forward type,
reverse type).

Features Pin Connection (Top View)
e Organization: 524,288 words x 8 bits AF/AFT ATR
* Low voltage function: 3.0V+10% a8 1~ 320 Voo E 32 1 hais
¢ Data retention supply voltage: 2.0V ~ 3.3V A16( 2 310 Al5 3 2 JAe
o Fast access time a1a(l 3 300 A7 {30 3 A4
- A120 a 290 rRw 029 4 JA12
TC51V8512AF Family a7d s 280 a3 ({28 s A7
12 15 a6 6 270 a8 (27 6 JA6
as{ 7 260 A3 (26 7 JAS
tcea CE Access Time 120ns 150ns aal g 250 an Q25 8 Jad
toea OE Access Time 60ns 80ns A3l s 24 JOE/RFSHD 24 9 A3
tro Cycle Time 190ns | 230ns AfE 10 g :]l Atlé 0 E 3 10 gAl
P A 1 " ygal
Power Dissipation 99mwW 66mwW A0l12 21 wos {2 12JA0 !
Self Refresh Current l3.0V 40pA 101 E 13 20 ] o7 c 20 13 % o1
« Auto refresh is supported by an internal refresh address vo2{j1a 19 a voe ({19 14 J1V02
counter uosé 15 18 vOs E 18 15 1703
o Self refresh is supported by an internal timer GNDU16 1701 voa 17 16 JGND

¢ Inputs and outputs TTL compatible
* Refresh: 2048 refresh cycles/32ms
® Package

- TC51V8512AF: SOP32-P-525
- TC51V8512AFT: TSOP32-P-400
- TC518V512ATR: TSOP32-P-400A

Pin Names
AC ~ A18 Address Inputs
RW Read/Write Control input

RESH Output Enable Input
OE/RF: Refresh Input

CE Chip Enable Input
1/01 ~ 1108 Data Inputs/Outputs

Vop Power

GND Ground
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TC51V8512AF/AFT/ATR-12/15 Static RAM

Block Diagram

Voo GND N\

o —l 8 COLUMN
A8 1 DECODER -
Ais | 22 (]
[;L\/ ggl(-DUR'\EAS'\g 8 SENSE AMP. 2=
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= uw [ \
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T ROW N T~
b [ & .
§ : MEMORY 2
w  |20a8 ARRAY g
D
r 9 || 2048x256x8 am
REFRESH ST g L ==
COUNTER(11) N & =B L;> 3=[E
g
'y N
L 53
TE o CLOCK ]| Y ReFRESH —»-| REFRESH o
GENERATOR ™ | CONTROLLER TIMER ]
-

D)

Operating Mode
PN| = | DOF

MODE CE RFSH RW | AO~A18 | I/01~8
Read L L H v ouT
Write L * L v IN
CE only Refresh L H H \'A HZ
Auto/Self Refresh H L * * HZ
Standby H H * * HZ

H = High level input (Vi)

L =Low level input (V)

T o=Vigorv

V* = At the falling edge of CE, all address inputs are latched. At all other times, the address inputs are **”.
HZ = High impedance

Maximum Ratings

SYMBOL ITEM RATING UNIT [ NOTES
ViN Input Voltage -1.0~7.0 \
Vour | Output Voltage -1.0~7.0 v
Vop | Power Supply Voltage -1.0~7.0 \
Topr | Operating Temperature 0~70 °C ]
Tstrg | Storage Temperature -55 ~ 150 °C
TsoLper | Soldering Temperature * Time 260-10 °C - sec
Pp Power Dissipation 600 mw
loutr | Short Circuit Output Current 50 mA
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Static RAM TC51V8512AF/AFT/ATR-12/15

DC Recommended Operating Conditions

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT | NOTES
Vpp | Power Supply Voltage 2.7 3.0 3.3 '
Vi | Input High Voltage 21 - |Vpp+05| V 2
V)L | Input Low Voltage -0.5 - 0.7 v

DC Characteristics (Ta = 0 ~ 70°C, Vpp = 3V+10%)

SYMBOL PARAMETER MIN. TYP. MAX. | UNIT | NOTES
| Operating Current (Average) 120ns version - 20 30 mA | 34
DDO | TE, Address cycling: tpc = trg min. 150ns version - 15 20 '

Standby Current
lbost | O - vy, OE/RFSH = Vi - ~ | o5 | ma
| Standby Current _ _ 40 uA
DDS2 | TE = Vpp - 0.2V, OE/RFSH = Vpp - 0.2V
| Self Refresh Current (Average) _ _ 05 mA
DDF1 | TE = V), OE/RFSH =V, :
| Self Refresh Current (Average) _ _ 40 VA
DDF2 | CE = Vpp - 0.2V, OE/RFSH = 0.2V
| Auto Refresh Current (Average) 120ns version - 20 30 mA 3
DDF3 | OE/RFSH cycling: trg = trg min. 150ns version - 15 20
| CE only Refresh Current (Average) 120ns version - 20 30 mA 9
DDF4 | TE, Address cycling: tgc = te min. 150ns version - 15 20
I Input Leakage Current _ _ +10
K | oV < Vi < Vpp, All other Inputs not under test = 0V
Output Leakage Current
'O(L) Output Disabled (C_E =V|yor OE/RFSH = Vigor RW = V), - - +10
0V <Vout<Vpp
Output High Level
Vou |10, = -100uA Vpp-02| - - v
Output Low Level
Vou |1, 2 100uA - - 0.2 v

Capacitance* (Vpp = 3V, Ta = 25°C, f = 1MH2)

SYMBOL PARAMETER MIN. | MAX. | UNIT
Cy Input Capacitance (A0 ~ A18) - 5
Cip | Input Capacitance (CE, OE/RFSH, R/W) - 7 pF
Cio | Input/Output Capacitance -

*This parameter is periodically sampled and is not 100% tested.
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Static RAM

AC Characteristics (Ta = 0 ~ 70°C, Vpp = 3V+10%) (Notes: 5, 6, 7)

-120 -150 -
SYMBOL PARAMETER UNIT | NOTES
'MIN. | MAX. | MIN. | MAX.
tre Random Read, Write Cycle Time 190 - 230 -
tamw | Read Modify Write Cycle Time 250 [\ - 290 -
tce | CE Pulse Width 120 [10,000] 150 [10,000
tp | CE Precharge Time 70 - |>s0 -
I tcea | CEAccess Time - 120 - 150
toea | OF Access Time - >80~ - 80
tcrz | CE to Output in Low -Z 20 - 20 -
torz | OF to Outputin Low -Z 0 - 0 -
twLz | Output Active from End of Write 5 - 5 -
tcuz | Chip Disable to Output in High-Z 0 30 0 30 8
tonz | OFE Disable to Output in High-Z ] 30 0 30 8
twhz | Write Enable to Output in High-Z 0 30 0 30 8
tosc | OF Setup Time Referenced to CE ] - 0 - 8
tonc | OE Hold Time Referenced to CE 15 - 15 - 8
tres | Read Command Setup Time 0 - 0 -
tach | Read Command Hold Time 0 - 0 - ns
twp | Write Pulse Width 35 - 35 -
twen | Write Command Hold Time 70 - 70 -
tcwL | Write Command to CE Lead Time 35 - 35 -
tpsw | Data Setup Time from R/W 30 - 30 - 9
tpsc | Data Setup Time from CE 30 - 30 - - 9
tpuyw | Data Hold Time from R'W 0 - 0 - 9
tonc | Data Hold Time from CE - 0 - 9
tasc | Address Setup Time - (o] - 10
tanc | Address Hold Time 25 - 25 - 10
trc | Auto Refresh Cycle Time 190 - 230 -
trrp | RFSH Delay Time from CE 70 - 80 -
teap | RFSH Pulse Width (Auto Refresh) 80 | 8000 | 80 | 8000 1
tep | RFSH Precharge Time 40 - 40 - 11
tras | RFSH Pulse Width (Self Refresh) 8,000 - 8,000 - 1
ters | CE Delay Time from RFSH (Self Refresh) | 250 - | 800 - 1
trer | Refresh Period (2048 cycles, AC ~ A10) = 32 - 32 ms
r Transition Time (Rise and Fall) 3 50 3 50 ns
D-208 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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Static RAM TC51V8512AF/AFT/ATR-12/15

Notes:
1) Stress greater than those listed under “Maximum Ratings” may cause permanent damage to the device.

2) All voltages are referenced to GND.

3) Iopo » Ipprss @nd Ippr4 depend on the cycle time.

4) Ippo depends on the output loading. Specified values are obtained with the outputs open.

5) An initial pause of 100us with high CE is required after power-up before proper device operation is achieved.
6) AC measurements assume tr = 5ns.

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

8) tchz: tonz: twiHz define the time at which the output achieves the open circuit condition and is not referenced to output
voltage levels.

9) For write cycles, the input data is latched at the earlier of R/W or CE rising edge. Therefore, the input data must be valid
during the setup time {tpgw or tpsc) and hold time {tppw of tope)-

10} All address inputs are latched at the falling edge of CE. Therefore, all the address inputs must be valid during tagc and tape.
11) The two refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE = Vi

Auto refresh : RFSH pulse width < tpap (max.)
Self refresh  : RFSH pulse width > tpag (min.)

The timing parameter trrg must be met for proper device operation under the following conditions:
* after self refresh
o if OE/RFSH = “L" after power-up
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TC51V8512AF/AFT/ATR-12/15

Data Retention Characteristics (Ta = 0 ~ 70°C)
SYMBOL PARAMETER MIN. | TYP. MAX. UNIT
Vpy | Data Retention Supply Voltage 2.0 - 3.3 \'
Ipprz | Self Refresh Current J VpH = 3.0V - 20 40 pA
tr Recovery Time 5 - - ms
*The rising and falling slope of Vpp must be more than 50ms for proper device operation (20ms/V).
Voo * -
AN e D S A
VOH ciamimoem: —— - & /. ......... - -
Voo
GNO
DATA RETENTION MOOE
v tarp (SELF REFRESH) teag
1] .
“OE/RFSH Ons min. 1R
' 50.2v
GNO
Z2Vpp - 0.2V
CE

Notes: R/W, A0 ~ A18 =VjyorVy .
Ipoe+ is applicable when OE/RFSH = V)_(max.), CE = Vi (min.).
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Timing Waveforms
@ N K
-\ TR e
OERFSH ' _ / N A 1/
Rw \\:::: /4 tcea o > tonz - -‘\cuz—_
VO1~U0B o = ‘%ﬂ‘ DATA-OUT '}—————-
Write Cycle 1 (OE Fixed High)
@l X, J/
a0~ a8 v 7 woviss M ,
" tosc -< > Hllouc
SR 7 T ‘ N
w N
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Static RAM

Write Cycle 2 (OE Clocked or Fixed Low)

tre

»!

e

N

cE Vi

<

.

tan

—tasc 1oy

>

Vin
A0~ A8 Vi

"

tomc N
REH Vin = F g K tosc
oF Vi — /i \; —>
) T
tacs L twen < - S
Vin — | twe >
Vit — } \-k 1-/ o
M
toswl ton ¢ 2HE
Vin = y b
‘—m Vi = tﬂ 4 PATA-IN ) .
VO1~108 oonz Y twiz
L ut Von— 728
OUT o — K272
Read Modify Write Cycle

SN Ny Wi N
=2 =
ouSR / -
tacs ‘ ety )|
S, i N f
o L |
vor~vos AN I PR TN H twiz
Lour zz:': H &L% DATA - OUT

D-212

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

PRELIMINARY



Static RAM TC51V8512AF/AFT/ATR-12/15
CE Only Refresh
tre .
T
Vin = o e o2 >
ﬁ ViL — \-x \

“tasc 1o )

tanc >
>

Vin "r N
A0~ A10 ADDRESS
L8 K

tosc toue
ouRrE M T A X
H ik — \_

—t8Cs

JtRen

4

Vin — p
R/W ViL — /

N

H
VO1~1/08 V:L— OPEN
Note : A11 ~ A18 = Vjy or Vi :Ho,,_
%
Auto Refresh
Vin — ’
VqL -— .
teg tec ) lelone,
tre0 ¢ o
| FP.
0 t ) — 2y
t FAP . trap
VDH — b ol P
OERFSH v, _ /' . \_ \
1o1~1/08 VOH OPEN
V D
oL —
Note : R/W, A0 ~ A18 =V or Vi
Self Refresh
L¢
Vi — ”
T ViL — S
tomHe
¢ trep
I LA teag 3 1!
V { A
N =
OERFSH y, / o N
vo1~v08 z°" - OPEN

oL —
Note : R/W, A0 ~ A18 =V or V.
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Notes
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