
































































































































































































































































































































































































































































































































































































































































































































































































































































































































Static RAM TC518128BPUBFUBFWUBFTL-70Vl80Vl10V 

DC Recommended Operating Conditions 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Voo Power Supply Voltage 4.5 5.0 5.5 V 

VIH Input High Voltage 2.4 - Voo + 1.0 V 2 

VIL Input Low Voltage -1.0 - O.B V 

DC Characteristics (Ta = 0 - 70°C, Voo = 5V±10%) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

70ns version - 50 70 

1000 
Operating Current (Average) 

BOns version - 40 60 mA 
CE1, CE2, Address cycling: tRC = tRc min. 

1 OOns version - 35 50 

10051 
Standby Current 

- - 1 mA 
CE1 = VIH or CE2 = VIL. RFSH = VIH 

Standby Current 

10052 CE1 = Voo - 0.2V or CE2 = 0.2V, - 35 50 J.lA 
RFSH = Voo - 0.2V 

Self Refresh Current (Average) 

IOOFl CE1 = V1H or CE2 = V1L, - - 1 mA 
RFSH = VIL 

Self Refresh Current (Average) 

IOOF2 CEt = Voo - 0.2V or CE2 = 0.2V, - 35 50 J.lA 
RFSH = 0.2V 

IOOF3 
Auto Refresh Current (Average) 

- - 2 mA 
RFSH cycling: tFC = tFC min 

70ns version - 50 70 

IOOF4 
CE only Refresh Current (Average) 

BOns version - 40 60 mA GET, CE2, Address cycling: tRc = tRc min. 
100ns version - 35 50 

II(L) 
Input Leakage Current 

- - ±10 J.lA OV �~�V�I�N� �~� Voo, All other Inputs not under test = OV 

Output Leakage Current 

10(L) Output Disabled (CE1 = VIH or CE2 = VIL or OE = VIH or RIW = Vld, - - ±10 J.lA 
OV �~� VOUT �~� Voo 

VOH 
Output High Level 

2.4 - - V 
10H = -1.0 mA 

VOL 
Output Low Level - - 0.4 V 
10L= 2.1mA 

Note: For IDDS1 and IDDF1 with CE1 = V1H (CE2 = V1U. the specified limits are guaranteed under the condition CE2 = V1H or CE2 = V1L 
(CE1 =V1H or CE1 = V1U. 

NOTES 

3,4 

3 

For IDDS2 and IDDF2 with CE1 �~� VDD - 0.2V (CE2 :s; 0.2V). the specified limits are guaranteed under the condition CE2 �~� VDD - 0.2V or CE2 :s; 0.2V 
(CE1 �~� VDD - 0.2V or CE1 :s; 0.2V). 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

Cll Input Capacitance (AO - A 16) - 5 

CI2 Input Capacitance (GET, CE2, DE, RIW, RFSH) - 7 pF 

CIO InpuVOutput Capacitance - 7 

*This parameter is periodically sampled and is not 100% tested. 
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TC518128BPUBFUBFWUBFTL-70VJ80VJ10V Static RAM 

AC Characteristics (Ta = 0 - 70°C, Voo = 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 -
r----

tRMW Read Modify Write Cycle Time 160 - 180 - 220 -
I----

tCE CE Pulse Width 70 10,000 80 10,000 100 10,000 13 
r----

tp CE Precharge Time 35 - 40 - 50 -
r----

tCEA CE Access Time - 70 - 80 - 100 

C5E Access Time 
r----

tOEA - 25 - 30 - 40 
I----

tCLZ CE to Output in Low -Z 20 - 20 - 20 -
f-------

tOLZ OE to Output in Low -Z 0 - 0 - 0 -
r----

tWLZ Output Active from End of Write 0 - 0 - 0 -
r----

tCHZ Chip Disable to Output in High-Z 0 20 0 20 0 25 9 

C5E Disable to Output in High-Z 
r----

tOHZ 0 20 0 20 0 25 9 
r----

tWHZ Write Enable to Output in High-Z 0 25 0 25 0 30 9 
r----

toos OE Output Disable Setup Time 0 - 0 - 0 -
I----

tOOH OE Output Disable Hold Time 10 - 10 - 10 -
r----

tRCS Read Command Setup Time 0 - 0 - 0 -
r----

tRCH Read Command Hold Time 0 - 0 - 0 -
ns I----

twp Write Pulse Width 20 - 25 - 30 -
r----

tWCH Write Command Hold Time 35 10,000 40 10,000 50 10,000 
r----

tCWL Write Command to CE Lead Time 20 10,000 25 10,000 30 10,000 
r----

tosw Data Setup Time from RIW 15 - 20 - 25 - 10 
f----

tosc Data Setup Time from CE 15 - 20 - 25 - 10 
f----

tOHW Data Hold Time from RIW 0 - 0 - 0 - 10 
r----

tOHc Data Hold Time from CE 0 - 0 - 0 - 10 
I----

tAsc Address Setup Time 0 - 0 - 0 - 11 
f----

tAHC Address Hold Time 20 - 25 - 30 - 11 
r----

tRHC RFSH Command Hold Time 15 - 15 - 15 -
I----

tFc Auto Refresh Cycle Time 115 - 130 - 160 -
f----

tRFO RFSH Delay Time from CE 35 - 40 - 50 -
tFAP RFSH Pulse Width (Auto Refresh) 30 8,000 30 8,000 30 8,000 12 

r----
tFP RFSH Precharge Time 30 - 30 - 30 - 12 

~ 

tFAS RFSH Pulse Width (Self Refresh) 8,000 - 8,000 - 8,000 - 12 
~ 

tFRS CE Delay Time from RFSH (Self Refresh) 160 - ' 160 - 190 - 12 

tREF Refresh Period (512 cycles, AO - AS) - 8 - 8 - 8 ms 

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

tCES CE2 Low Setup Time 5 - 5 - 5 - ns 14 
-

tCEH CE2 Low Hold Time 5 - 5 - 5 - 14 
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Static RAM TC518128BPUBFUBFWUBFTL· 70Vl80Vl1 OV 

3.0V Operation 

DC Recommended Operating Conditions 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Voo Power Supply Voltage 2.7 3.0 3.3 V 

V1H Input High Voltage Voo - 0.2V - Voo + 1.0V V 2 

V1L Input Low Voltage -0.5 - 0.2 V 

DC Characteristics (Ta = 0 - 70°C, Voo = 3.0V±O.3V) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

1000 
Operating Current (Average) - 15 20 rnA 3,4 
CE1, CE2, Address cycling: tRc = tRC min. 

100S2 Standby Current - 15 25 ~ 

100F2 Self Refresh Current (Average) - 15 25 ~ 

100F3 
Auto Refresh Current (Average) - - 2 rnA 
RFSH cycling: tFc = tFG min 

100F4 
CE only Refresh Current (Average) - 15 20 rnA 3 
CE1, CE2, Address cycling: tRG = tRG min. 

II(L) 
Input Leakage Current - - ±10 ~ OV::; V1N ::; Voo, All other Inputs not under test = OV 

10(L) 
Output Leakage Current 

- - ±10 ~ Output Disable, OV::; VOUT ::; Voo 

10H = -1mA 2.4 - -
VOH Output High Level V 

10H = -100~ Voo - O.2V - -

10L = 2.1mA - - 0.4 
VOL Output Low Level V 

10L = 100/lA - - 0.2 
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TC518128BPUBFUBFWUBFTL· 70Vl80Vl1 OV Static RAM 

AC Characteristics (Ta = 0 - 70°C, Voo = 3.0V±O.3V) (Notes: 5, 6, 8) 

SYMBOL PARAMETER 

tRC Random Read, Write Cycle Time 

tRMW Read Modify Write Cycle Time 

tCE CE Pulse Width 

tp CE Precharge Time 

tCEA CE Access Time 

tOEA OE Access Time 

tCLl CE to Output in Low -Z 

tOll OE to Output in Low -Z 

tWLl Output Active from End of Write 

tCHZ Chip Disable to Output in High-Z 

tOHZ OE Disable to Output in High-Z 

tWHZ Write Enable to Output in High-Z 

toos OE Output Disable Setup Time 

tOOH OE Output Disable Hold Time 

tRCS Read Command Setup Time 

tRCH Read Command Hold Time 

twp Write Pulse Width 

tWCH Write Command Hold Time 

tCWL Write Command to CE Lead Time 

tosw Data Setup Time from RIW 

tosc Data Setup Time from CE 

tOHW Data Hold Time from RIW 

tOHC Data Hold Time from CE 

tASC Address Setup Time 

tAHC Address Hold Time 

tRHC RFSH Command Hold Time 

tFC Auto Refresh Cycle Time 

tRFo RFSH Delay Time from CE 

tFAP RFSH Pulse Width (Auto Refresh) 

tFP RFSH Precharge Time 

tFAS RFSH Pulse Width (Self Refresh) 

tFRS CE Delay Time from RFSH (Self Refresh) 

tREF Refresh Period (512 cycles, AO - A8) 

tT Transition Time (Rise and Fall) 

tCES CE2 Low Setup Time 

tCEH CE2 Low Hold Time 

Timing Reference Levels: 
Input Reference Levels: 1 .5v/1.5V 
Output Reference Levels: 1.5V/1.5V 

MIN. MAX. UNIT 

240 -

320 -
150 10,000 

80 -
- 150 

- 80 

20 -
5 -
5 -

0 30 

0 30 

0 40 

0 -

10 -

0 -
0 -

ns 
35 -
70 10,000 

35 10,000 

30 -

30 -

° -

° -

° -
35 -
15 -

240 -
80 -
50 8,000 

50 -

8,000 -
300 -
- 8 ms 

3 50 

10 - ns 

10 -

NOTES 

f----

f----
13 

t----

t----

-
-
-
-

-
9 

-
9 

-
9 

-

-

-
-

-

-

-

-
10 

-
10 

-
10 

-
10 

r----
11 

t----
11 

f----

f----

t----

t----
12 

f----
12 

t----
12 

t----
12 

t----
14 

f----
14 
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Static RAM TC518128BPUBFUBFWUBFTL-70Vl80Vl10V 

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) 1000 and IOOF4 depend on the cycle time. 

4) 1000 depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of 100llS with high CE1 or low CE2 is required after power-up before proper device operation is achieved. 

6) AC measurements assume tT = 5ns. 

7) Timing reference levels 
Input Levels 

Input Reference Levels 

Output Reference Levels 

V1H = 2.6V 
V1L = 0.6V 

V1H = 2.4V 
V1L = 0.8V 

VOH = 2.2V 
VOL = 0.8V 

INPUT 
2.6V 

O.6V 

OUTPUT 

INPUT REFERENCE 
LEVEL 

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

2. v 

OUTPUT REFERENCE 
LEVEL 

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 RIW or CE1 rising edge (CE2 falling edge). Therefore, the input 
data must be valid during the setup time (tosw or tDsd and hold time (tOHW or tOHd. 

11) All address inputs are latched at the falling edge of CE1 (rising edge of CE2). Therefore, all the address inputs must be valid 
during tAsc and tAHC' 

12) The two refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition 
CE1 = V1H or CE2 = V1L. 

Auto refresh : RFSH pulse width ~ tFAP (max.) 
Self refresh : RFSH pulse width ~ tFAS (min.) 

The timing parameter tFRS must be met for proper device operation under the following conditions: 
• after self refresh 
• if RFSH = ilL" after power-up 

13) Thetimings, teE (min.) and tCE (max.) must be met for proper device operation. 

eE2 

VIH_~ VIL -

VIH_ 
VIL -

eE2 

VIH_=k Vll-

VIH_ 
VIL -

14) The timings, teES (min.) and teEH (min.) must be met when using CE1 and CE2 as shown below. 

VIH_~ rn VIL-

VIH_ 
eE2 V1L -

- tas 

rn ~:~=~ 
VIH_ 

eE2 VIL-

taN 
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TC518128BPUBFUBFWUBFTL-70Vl80Vl10V Static RAM 

Data Retention Characteristics (Ta = 0 - 70"C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VOH Data Retention Supply Voltage 2.7 - 5.5 V 

I VDH = 3.0V - 15 25 
IOOF2 Self Refresh Current I VOH = 5.5V 

~ - 35 50 

tR Recovery Time 5 - - ms 

Voo 

4.SV 

Voo VOH 
---------~ 'I 

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

DATA RETENTION MODE 

tRFO. I (SELF REFRESH) _I tF~ 
VIH 

RFSH ~ Onsmin. tR ~ 
:a O.2V 

GND 

n 
~VDO - O.2V 

,.--, 
j -------] ~-------

CE2 ~ Voo - O.2V or CE2 :a O.2V 

or 

\ V ' --------l- n ~-------~ l :aO.2V 

GNO 

m ~ Voo - O.2V or m :a O.2V 

Notes: OE, RfIN, AO - A 16 = V1H or V1L 

IODF1 is applicable when RFSH = V1L (max.), CE1 = V1H (min.), CE2 = V1L (max.). 
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Static RAM TC518128BPUBFUBFWUBFTL-70V/80Vl10V 

Timing Waveforms 

Read Cycle 

VIH -

VIL -

VIH 
eE2 Vil 

VIH -

M VIL-

----------~~~---+~--------------~+-------~-------------

VIH -~--------~~~------~----------------------~--------~+---~----------
RIW VIL _______ --' 

VOH­
I/01-I/08VOL_--------------~~----+-----------~ 

toHZ 

DATA·OUT 

VIH -
l(nH'VIL _ 

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

Write Cycle 1 (OE Fixed High) 

rn VIH -

eE2 

VIH 
AO- A16 VIL 

m VIH -

VIL -

VIH -
RIW 

VIL -

ADDRESS 

DATA·IN VIH -
1101-1/08 VIL _---------------H-----------------<J 

~-------~------~ 
tFRS tRFD 

VIH-~--~==~~~~~====~-----------------------1~~~~~----
l(nH'VIL_ 

----------~--------~------------------~~~--------~----~--------~:HorL 

Note: The device can be operated by cycling CE1 (or CE2) only provided that CE2 (or CE1) is connected to V1H (or V1U' 
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TC518128BPUBFUBFWUBFTL-70Vl80Vl10V Static RAM 

Write Cycle 2 (OE Clocked) 

m 

eE2 

VIH -

M VIL -:.....------4-4---..J.-+--------:---P-----++-----_--

VIH -
R/W 

VIL -:.....-------~-4-4--------+--~~-~~~--+~~---++---------------

VIH --------------H-----+---+----<J[)Al 
VIL - ~--'!'-~~~----__:-r__~. 

1/01-1108 
L VOH-

OUT VOL--------------~----~ 

VIH -
~VIL -:..... ____ ~~ ______ ~~ ___________________ ~ ______ ~~ ___ 

Write Cycle 3 (OE Fixed Low) 

VIL -~-------~~----------------------------t+------------
VIH -

R/W 

VIL -~-----~--~~---------~--~~~----~~---t+----------

VIH ----------H------~--+--~[)A r N 
VIL - ~--:--...zr;..-~---_:_~~ 

1/01-1/08 

L--OUT VOH-" ______________ ~----~ 
VOL-

VIH -

~VIL -~ ____ ~~ _____ ~~ _____________ ==~-----'-------~-------
~:HorL 

Note: The device can be operated by cycling CE1 (or CE2) only provided that CE2 (or CE1) is connected to V1H (or V1U' 
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Static RAM TC518128BPUBFUBFWUBFTl-70Vl80Vl10V 

Read Modify Write Cycle 

CE2 

M 
VIH -

V1L -

V1H -
R/VII 

VIL -

r N ~:~ =--------+-+--+-+_-----+--h----<J,, ___ ~~~~::~------
V01-V08 
L VOH­

OUT VOL---------~~-+--~ 

VIH -

~VIL -~ ______ ~~========~========~~ ________________ ~~ __ ~~ ____ ___ 
CE Only Refresh 

m VIH -

VIL -

CE2 

VIH 
AO- A8 

V1L 

M 
VIH -

VIL -

VIH -
RIW 

VIL -

VOH-
I/Ol-VOS VOL-

tFRS 

V1H -

~VIL-
Note: A9 - A 16 = V1H or V1L ~:HorL 

Note: The device can be operated by cycling CE1 (or CE2) only provided that CE2 (or CE1) is connected to V1H (or V1U. 
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tC518128BPUBFUBFWUBFTL-70Vl80Vl10V Static RAM 

Auto Refresh 

VIH-m 
VIL-

VIH_ 
eE2 

Vll-

or 

tIT 
VIH_ 

VIL-

VIH_ 
eE2 

VIL-

lfmi 
VIH_ 

VIL-

1101-1108 VOH_ 

VOL- ----------------------------------
OPEN 

Note: OE, RIW, AD - A 16 = V1H or V1L ~:HorL 

Self Refresh 

VIH-rn 
V 1L-

VIH_ 
eE2 

V IL-

or 

rn V IH ..:.. 

VIL-

VIH_ 
eE2 

VIL-

1mH 
VIH_ 

VIL-

VOH_ 

1/01-1108 -----------------
VOL-

OPEN 

Note: DE, RIW, AD - A 16 = V1H or V1L ~:HorL 
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Static RAM TC518128BPUBFUBFWUBFTL-70Vl80Vl10V 

IOOEZ Voo Characteristics 

(pA) 

Typ. 

100 

50 

o~ __________________________________ ~ ________________ ~ ____________________ ~ 

2 4 5 6 (V) 
VDD 

IOOEZ Temp. Characteristics 

(pA) 

Typ. Voo= 3V 

60 

40 

20 

o~ ________ ~ ________________ ~ ____________________________________ ~ ____________ ____ 

o 25 70 ( ·C) 
Ta 
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TC518128BPUBFUBFWUBFTL-70Vl80VI1 OV 

Battery Backup Application Example 

Voo 
2SA 1015 

Zo 
3.9V 

*1 : Ceramic condenser 
*2: Tantalum condenser 

Static RAM 

Oi 
10000 

±~t·1 
VOD 

~ S~t.m Nicd 
X3 
3.6V 

1 GNO 

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

*1 + *2 
10pF 
- 47pF 

0.1pF 

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-70/00/10 
TC518128CPL/CSPL/CFL/CFWL/CFIL-70L/OOL/l0L 

SILICON GATE CMOS PRELIMINARY 

131,072 WORD x 8 BIT CMOS PSEUDO STATIC RAM 

Description 
The TC518128C is a 1 M bit high speed CMOS pseudo static RAM organized as 131,072 words by 8 bits. The TC518128C utilizes 
a one 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 1 M 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 
• Organization: 131,072 words x 8 bits 

• Single 5V power supply 

• Fast access time 

TC518128C Family 

-70 -80 -10 

tCEA CE Access Time 70ns 80ns 100ns 

tOEA OE Access Time 25ns 30ns 40ns 

tRC Cycle Time 115ns 130ns 160ns 

Power Dissipation 385mW 330mW 275mW 

Self Refresh Current 
1 OOIlA (L version) 
50llA (LL version) 

• Auto refresh is supported by an internal refresh address 
counter 

• Self refresh is supported by an internal timer 

• Inputs and outputs TIL compatible 

• Refresh: 512 refresh cycles/8ms 

• Auto refresh power down feature 

• Pin compatible: 1 M SRAM (JEDEC) 

• Package 
- TC518128CPL 
- TC518128CFL 
- TC518128CSPL 
- TC518128CFWL 
- TC518128CFTL 

(TSOP) 

PIN NO. 1 2 

PIN NAME A11 Ag 

PIN NO. 17 18 

PIN NAME A3 A2 

: DIP32-P-600 
: SOP32-P-450 
: DIP32-P-300 
: SOP32-P-525 
: TSOP32-P-0820 

3 4 5 

A8 A13 RIW 

19 20 21 

A1 Ao 1/01 

6 7 

CE2 A15 

22 23 

1/02 1/03 

Pin Connection (Top View) 

RFSH vo~ A16 Al 
A14 CE2 
A12 R/W 

A7 All 

13

; 

A6 A8 

'11
0 

AS A9 
A4 All 
A3 N 16 17 
A2 AU) 

TC5l8l28CFTL(FOnN~rd) Al CEl 
AO 1108 

1101 1107 
1102 1106 
1103 1105 

GND 110. 

TCS18128CPl/CFl/CSPl/CFVVl 

Pin Names 

AO - A16 Address Inputs 

RIW ReadIWrite Control Input 

OE Output Enable Input 

RFSH Refresh Input 

CE1, CE2 Chip Enable Inputs 

1/01 - 1/08 Data InputslOutputs 

VDD Power 

GND Ground 

8 9 10 11 12 13 14 15 16 

VDD RFSH A16 A14 A12 A7 A6 A5 A4 

24 25 26 27 28 29 30 31 32 

GND 1/04 1/05 1/06 1/07 1/08 CE1 AlO OE 
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TC518128CPUCSPUCFUCFWUCFTL-70/80/10 
TC518128CPUCSPUCFUCFWUCFTL-70U80U10L Static RAM 

Block Diagram 

rn 
eE2 

RJW<>---oQ 

Operating Mode 

~ MODE 

Read 
Write 
CE only Refresh 

Auto/Self Refresh 
Auto/Self Refresh 

Standby 
Standby 

H = High level input (VI H) 
L = Low level input (VIU 
• = VIH orVIL 

CE1 CE2 

L H 
L H 
L H 

H * 
* L 

H * 
* L 

MEMORY 
ARRAY 

512x256x8 

OE R/W 

L H 
* L 
H H 

* * 
* * 

* * 
* * 

RFSH 

* 
* 
* 

L 
L 

H 
H 

AO -A16 1/01 - 8 

V* OUT 
V* IN 
V* HZ 

* HZ 
* HZ 

* HZ 
* HZ 

V' = At the falling edge of CE1 (CE2 = H) or the rising edge of CE2 (CE1 = L), 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 

YOUT Output Voltage -1.0 -7.0 V 

Voo Power Supply Voltage -1.0 - 7.0 V 

TOPR Operating Temperature 0-70 °C 
1 

TSTRG Storage Temperature -55 - 150 °C 

TSOLOER Soldering Temperature • Time 260· 10 °C· sec 

Po Power Dissipation 600 mW 

lOUT Short Circuit Output Current 50 rnA 
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TC518128CPUCSPUCFLJCFWUCFTL-70/80/10 
Static RAM TC518128CPUCSPUCFUCFWUCFTL-70U80U10L 

DC Recommended Operating Conditions 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Voo Power Supply Voltage 4.5 5.0 5.5 V 

VIH Input High Voltage 2.4 - Voo + 1.0 V 2 

Vil Input Low Voltage -1.0 - O.B V 

DC Characteristics (Ta = 0 - 700C, Voo = 5V±10%) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

70ns version - 50 70 

1000 
Operating Current (Average) 

BOns version - 40 60 mA 
CE1, CE2, Address cycling: tAC = tAC min. 

1 OOns version - 35 50 

100s1 
Standby Current - - 1 mA 
CE1 = VIH or CE2 = Vll, RFSH = VIH 

Standby Current L version - 50 100 IlA 
IOOS2 GET = Voo - 0.2V or CE2 = 0.2V, 

LL version 35 50 IlA RFSH = Voo - 0.2V -

Self Refresh Current (Average) 

IOOF1 CE1 = VIH or CE2 = Vll, - - 1 mA 
RFSH = Vil 

Self Refresh Current (Average) L version - 50 100 IlA 
100F2 CE1 = Voo - 0.2V or CE2 = 0.2V, 

LL version 35 50 IlA RFSH = 0.2V -

100F3 
Auto Refresh Current (Average) - - 2 mA 
RFSH cycling: tFC = tFc min 

70ns version - 50 70 

IOOF4 
CE only Refresh Current (Average) 

BOns version - 40 60 mA 
CE1, CE2, Address cycling: tAc = tAC min. 

1 OOns version - 35 50 

II(l) 
Input Leakage Current 

- - ±10 IlA OV $; VIN $; Voo, All other Inputs not under test = OV 

Output Leakage Current 

10(l) Output Disabled (CE1 = VIH or CE2 = VIL or OE = VIH or RIW = Vld, - - ±10 !lA 
OV $; VOUT ::;; Voo 

VOH 
Output High Level 

2.4 - - V 
10H = -1mA 

VOL 
Output Low Level - - 0.4 V 
10l= 2.1mA 

Note: For IOOS1 and IOOF1 with CE1 = V1H (CE2 = V1u, the specified limits are guaranteed under the condition CE2 := V1H or CE2 := V1L 
(CE1 :=V1H or CE1 := V1U. 

NOTES 

3,4 

3 

For IOOS2 and IOOF2 with CE1 ~ Voo - 0.2V (CE2 :-::; 0.2V), the specified limits are guaranteed under the condition CE2 <: Voo - 0.2V or CE2 :-::; 0.2V 
(CE1 ~ Voo - 0.2V or CE1 :-::; 0.2V). 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AO - A 16) - 5 

CI2 Input Capacitance (CE1, CE2, OE, RIW, RFSH) - 7 pF 

CIO Input/Output Capacitance - 7 

*This parameter is periodically sampled and is not 100% tested. 
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TC518128CPUCSPUCFUCFWUCFTl-70/80/10 
TC518128CPUCSPUCFUCFWUCFTl-70U80U10l Static RAM 

AC Characteristics (Ta = 0 - 70°C, Voo = 5V±10%) (Notes: 5, 6,7, 8) 

-70 
SYMBOL PARAMETER 

MIN. MAX. MIN. 

tRC Random Read, Write Cycle Time 115 - 130 

tRMW Read Modify Write Cycle Time 160 - 180 

tCE CE Pulse Width 70 10,000 80 

tp CE Precharge Time 35 - 40 

tCEA CE Access Time - 70 -

tOEA OE Access Time - 25 -

tCLZ CE to Output in Low -Z 20 - 20 

tOLZ OE to Output in Low -Z ° - ° twLZ Output Active from End of Write 0 - 0 

tCHZ Chip Disable to Output in High-Z ° 20 0 

tOHz OE Disable to Output in High-Z ° 20 ° 
tWHZ Write Enable to Output in High-Z 0 25 ° 
toos OE Output Disable Setup Time ° - 0 

tOOH OE Output Disable Hold Time 10 - 10 

tRCS Read Command Setup Time ° - ° tRCH Read Command Hold Time 0 - ° twp Write Pulse Width 20 - 25 

tWCH Write Command Hold Time 35 10,000 40 

tCWL Write Command to CE Lead Time 20 10,000 25 

tosw Data Setup Time from RIW 15 - 20 

tosc . Data Setup Time from CE 15 - 20 

tOHW Data Hold Time from RIW ° - ° 
tOHC Data Hold Time from CE 0 - ° 
tASC Address Setup Time 0 - ° tAHC Address Hold Time 20 - 25 

tRHC RFSH Command Hold Time 15 - 15 

tFC Auto Refresh Cycle Time 115 - 130 

tRFO RFSH Delay Time from CE 35 - 40 

tFAP RFSH Pulse Width (Auto Refresh) 30 8,000 30 

tFP RFSH Precharge Time 30 - 30 

tFAS RFSH Pulse Width (Self Refresh) 8,000 - 8,000 

tFRS CE Delay Time from RFSH (Self Refresh) 160 - 160 

tREF Refresh Period (512 cycles, AO - A8) - 8 -

tT Transition Time (Rise and Fall) 3 50 3 

tCES CE2 Low Setup Time 5 - 5 

tCEH CE2 Low Hold Time 5 - 5 

-80 -10 

MAX. MIN. MAX. 

- 160 -
- 220 -

10,000 100 10,000 

- 50 -

80 - 100 

30 - 40 

- 20 -
- ° -
- ° -
20 0 25 

20 0 25 

25 ° 30 

- 0 -
- 10 -
- 0 -
- ° -
- 30 -

10,000 50 10,000 

10,000 30 10,000 

- 25 -
- 25 -
- 0 -

- ° -

- 0 -

- 30 -
- 15 -
- 160 -
- 50 -

8,000 30 8,000 

- 30 -
- 8,000 -
- 190 -
8 - 8 

50 3 50 

- 5 -
- 5 -
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TC518128CPUCSPUCFLlCFWUCFTL-70/80/10 
Static RAM TC518128CPUCSPUCFUCFWUCFTL-70U80U10L 

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) 1000 and 100F4 depend on the cycle time. 

4) 1000 depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of 100J.lS with high CE1 or low CE2 is required after power-up before proper device operation is achieved. 

6) AC measurements assume tT = 5ns. 

7) Timing reference levels 
Input Levels 

Input Reference Levels 

Output Reference Levels 

V1H = 2.6V 
V1L = 0.6V 

V1H = 2.4V 
V1L = 0.8V 

VOH = 2.2V 
VOL = 0.8V 

8) Measured with a load equivalent to 1 TIL load and 1 OOpF. 

INPUT 
2.6V 

O.6V 

OUTPUT 

INPUT REFERENCE 
LEVEL 

1..2V 

OUTPUT REFERENCE 
LEVEL 

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 RIW or CE1 rising edge (CE2 falling edge). Therefore, the 
input data must be valid during the setup time (tosw or tosd and hold time (tOHW or tOHd. 

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

12) The two refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition 
CE1 = V1H or CE2 = V1L. 

Auto refresh : RFSH pulse width::; tFAP (max.) 
Self refresh : RFSH pulse width ~ tFAS (min.) 

The timing parameter tFRS must be met for proper device operation under the following conditions: 
• after self refresh 
• ifHFSH = "L" after power-up 

13) The timings, teE (min.) and tCE (max.) must be met for proper device operation. 

rn 

CE2 

VIH_~ V1L -

VIH_ 

VIL -
CE2 

VIH_~ VIL -

VIH_ 

VIL -

14) The timings, ~:m~i ~d ~~in.) must be met ~e:ing ~~~~d ct M shown oolow. 

- ten taM 
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TC518128CPUCSPUCFUCFWUCFTL-70/80/10 
TC518128CPUCSPUCFUCFWUCFTL-70U80U10L Static RAM 

Timing Waveforms 

Read Cycle 

eE2 

V1H -
~ VIL -~ __________ ~~ ____ ~~ ______________ ~~ ________ -+ ____________ ___ 

RIW 
VIH -
VIL - ____ __ 

DATA-OUT 

VIH -
~VIL -~ ____ ~~ ____ ~~ _______________________ ~ ___ ~ _____ ___ 

Write Cycle 1 (OE Fixed High) 

VIH -
U01-U08 VIL _ 

teo~ 

tFRs 

fi 

J 

7 

I 

J: 
I 

tltHC 

tFP 1\ 
\.. 

tWCH 

tcwl 
t\AJD li 

tosc 
tosw tOHW 

DATA-IN 

~ 

~:HorL 

Note: The device can be operated by cycling CE1 (or CE2) only provided that CE2 (or CE1) is connected to V1H (or VIJ .. 
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t,tFO 
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TC518128CPUCSPUCFUCFWUCFTL-70/80/10 
Static RAM TC518128CPUCSPUCFUCFWUCFTL-70U80U10L 

Write Cycle 2 (OE Clocked) 

ITT 
VIH -~--r----~~.---------~-------~ 

eE2 

V
IL -~-------~----'~------------~--~~-----T+-----------

R/W 
VIH -

V
IL -~----~~-~------~--~~-~~~-+t~---++-----------

VIH -

VIL ------------~------+---~~~~~~~~~~~------~~~ 
V01-VOS 
L VOH-

OUT VOL-----------++--~ 

VIH -
~VIL -~ ____ ~ __________ ~~ _________________ ~ ________ ___ 

Write Cycle 3 (OE Fixed Low) 

VIH -:-----:.,----~~j..t_-------~cr...._-------+l 
rn VIL _ 

eE2 

M ~:: = 
~----------------++---------------------------------------~-----rr------------

VIH -
R/W 

VIL -.------~~--~------~~--~~--~~---~~----------

r N ~:: =---------H---------+--<l~~~,:.~N......Zj=----:---_---:--:~rr 
V01-VOS 
L VOH -

OUT VOL _----------+-+--~ 

VIH -
~VIL -~ ______ ~~ _____ ~~~ ________________ ~~ _______ '-____ ~ ____ ___ 

~:HorL 

Note: The device can be operated by cycling CE1 (or CE2) only provided that CE2 (or CE1) is connected to V1H (or V1L). 
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TC518128CPUCSPUCFUCFWUCFTL-70/80/10 
TC518128CPUCSPUCFUCFWUCFTL-70U80U10L Static RAM 

Read Modify Write Cycle 

eE2 

VIH -

~ VIL - ________ ~------~--~~--------__ ~-------------------++---------------
VIH -

VIL - _____ __ 

VIH -r N VIL _----------+-+---H--=-----+--+-:---::----.tII 
1/01-1/08 ------"'1-----
L VoH -

OUT VOL _---------------H----;i-----c: 
~~~~~----J\-

VIH -

~VIL -~ ___ ~~~================~~ _________________ ~_~~ ______ __ 

CE Only Refresh 

m V IH -

eE2 

AO- A8 
VIM 

VIL 

OE 
VIM -

V 1L -

RJW 
VIM -

V 1L -

VOH-
V01-VOS VOL~ 

tFRS 

V IH -

Rrni VIL _ 

Note: A9 - A 16 = V1H or V1L ~:HorL 

Note: The device can be operated by cycling CE1 (or CE2) only provided that CE2 (or CE1) is connected to V1H (or V1U. 
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Static RAM 

Notes 
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TOSHIBA 
TC518129AP / ASP / AF / AfW -80/10/12 
TC518129APL/ ASPL/ AFL/ AFWLBO/10/12 
TC518129~/10/12 

SILICON GATE CMOS 

131,072 WORD x 8 BIT CMOS PSEUDO STATIC RAM 

Description 
The TC518129A is a 1 M 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 RNV 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 
• Organization: 131,072 words x 8 bits 
• Single 5V power supply 
• Fast access time 

TC518129A Family 

-80 -10 -12 

tCEA cr Access Time 80ns 100ns 120ns 

toEA ~ Access Time 35ns 40ns 50ns 

tAC Cycle Time 130ns 160ns 190ns 

Power Dissipation 385mW 330mW 275mW 

Self Refresh Current 1 mAl200jJA (L version) 

• Auto refresh is supported by an intemal refresh address counter 
• Self refresh is supported by an internal timer 
• Inputs and outputs TIL compatible 
• Refresh: 512 refresh cycies/8ms 
• Auto refresh power down feature 

• Package 
- TC518129AP/APL 
- TC518129AF/AFL 
- TC518129ASP/ASPL 
- TC518129AFW/AFWL 
- TC518129AFTL 

(TSOP) 

PIN NO. 1 2 

PIN NAME A11 Ag 

PIN NO. 17 18 

PIN NAME A3 A2 

: DIP32-P-600 
: SOP32-P-450 
: DIP32-P-300 
: SOP32-P-525 
: TSOP32-P-0820 

3 4 5 

As A13 RIW 

19 20 21 

A1 Ao 1/01 

6 7 

CS A15 

22 23 

1/02 1/03 

Pin Connection (Top View) 

RFSH ~~% A16 's10 13

: 
A14 CS 
A12 RIW 

A7 Al3 
AS A8 16 17 

AS A9 TeS 1 8129AFTL ( Forward) 
A4 all 
A3 oe 
A2 A10 
Al N 
AO 1108 

1101 1107 
1102 1106 
1103 1105 

GNO 1104 

TCS18t29APL/AFL/ASPL/~1Nt 

Pin Names 

AO - A16 Address Inputs 

RIW ReadlWrite Control Input 

~ Output Enable Input 

1irnR Refresh Input 

cr Chip Enable Input 

CS Chip Select Input 

1/01 - 1/08 Data InputslOutputs 

Voo Power 

GND Ground 

8 9 10 11 12 13 14 15 16 

Voo RFSR A16 A14 A12 A7 As A5 A4 

24 25 26 27 28 29 30 31 32 

GND 1/04 1/05 1/06 1/07 1/08 cr A10 ~ 
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TC518129API ASPI AFI AFW-80/1 0/12 
TC518129APL/ ASPL/ AFLI AFWLI AFTL-80/1 0/12 Static RAM 

Block Diagram 

CE 

CS 

Rf\No---oQ 

Operating Mode 

MEMORY 
ARRAY 

512x256x8 

~ MODE CE CS OE R/W RFSH AO NA16 1/01 N 8 

Read 
Write 
cr only Refresh 

CS Standby 
Auto/Self Refresh 

Standby 

H = High level input (VIH) 
L = Low level input (VIU 
* = V1H orV1L 

L H 
L H 
L H 

L L 
H * 

H * 

L H * V* 
* L * V* 
H H * V* 

* * * * 
* * L * 

* * H * 

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 

Voo Power Supply Voltage -1.0 - 7.0 V 

TOPR Operating Temperature 0-70 °C 
1 

TSTRG Storage Temperature -55 - 150 °C 

TSOLOER Soldering Temperature· Time 260·10 °C· sec 

Po Power Dissipation 600 mW 

lOUT Short Circuit Output Current 50 mA 

OUT 
IN 
HZ 

HZ 
HZ 

HZ 
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DC Recommended Operating Conditions 

SYMBOL PARAMETER MIN. 

Voo Power Supply Voltage 4.5 

Static RAM 

TYP. MAX. 

5.0 5.5 

TC518129AP/ASP/AF/AFW-80/10/12 
TC518129APL/ ASPL/ AFLI AFWU AFTL-80/1 0/12 

UNIT NOTES 

V 

VIH Input High Voltage 2.4 - Voo + 1.0 V 2 

VIL Input Low Voltage -1.0 - O.B V 

DC Characteristics (Ta = 0 - 700C, Voo = 5V±10%) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

BOns version - 50 70 

1000 
Operating Current (Average) 

1 OOns version - 40 60 mA 3,4 
'(;E, Address cycling: tRC = tRC min. 

120ns version - 35 50 

Standby Current Normal version - - 2 
100S1 cr = VIH, R'FSR = VIH 

mA 
L version - - 1 

Standby Current Normal version - - 1 mA 

100S2 cr = Voo - 0.2V, 
L version 100 200 j.tA R'FSR = Voo - 0.2V -

Self Refresh Current (Average) Normal versi.on - - 2 

100F1 cr = VIH, mA 
FWSH = VIL 

L version - - 1 

Self Refresh Current (Average) Normal version - - 1 mA 

100F2 '(;E = Voo - 0.2V, 
L version 100 200 j.tA FWSH = 0.2V -

100F3 
Auto Refresh Current (Average) - - 2 mA 
~ cycling: tFC = tFC min 

BOns version - 50 70 

100F4 
cr only Refresh Current (Average) 

1 OOns version - 40 60 mA 3 cr, Address cycling: tRC = tRC min. 
120ns version - 35 50 

II(L) 
Input Leakage Current 

- - ±10 j.tA 
OV ~ VIN ~ Voo, All other Inputs not under test = OV 

Output Leakage Current 

10(L) Output Disabled (C'E: = VIH or N = VIH or R!W = Vld, - - ±10 j.tA 
OV ~ VOUT ~ Voo 

VOH 
Output High Level 

2.4 - - V 
10H = -5mA 

VOL 
Output Low Level 

- - 0.4 V 
10L = 4.2mA 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AO - A 16) - 5 

CI2 Input Capacitance (CE, CS, N, RIW, RFSH) - 7 pF 

CIO Input/Output Capacitance - 7 

'This parameter is periodically sampled and is not 100% tested. 
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TC518129API AS PI AFI AFW-80/1 0/12 
TC518129APLI ASPLI AFLI AFWLI AFTL-80/1 0/12 Static RAM 

AC Characteristics (Ta = 0 .. 700C, Voo = 5V±10%) (Notes: 5, 6, 7, 8) 

-80 
SYMBOL PARAMETER 

MIN. MAX. MIN. 

tRC Random Read, Write Cycle Time 130 - 160 

tRMW Read Modify Write Cycle TIme 195 - 235 

tCE cr Pulse Width 80 10,000 100 

tp cr Precharge TIme 40 - 50 

tCEA cr Access TIme - 80 -
toEA ~AccessTIme - 35 -

teLZ cr to Output in Low -Z 30 - 30 

toLZ ~ to Output in Low -Z 0 - 0 

tWLZ Output Active from End of Write 0 - 0 

teHZ Chip Disable to Output in High-Z 0 25 0 

toHZ ~ Disable to Output in High-Z 0 25 0 

tWHZ Write Enable to Output in High-Z 0 25 0 

toos ~ Output Disable Setup TIme 0 - 0 

toOH ~ Output Disable Hold Time 10 - 10 

tRCS Read Command Setup TIme 0 - 0 

tRCH Read Command Hold Time 0 - 0 

tess Chip Select Setup TIme 0 - 0 

tCSH Chip Select Hold TIme 20 - 25 

twp Write Pulse Width 60 - 70 

tWCH Write Command Hold Time 60 10,000 70 

tCWL Write Command to cr Lead TIme 60 10,000 70 

tosw Data Setup TIme from R/W 30 - 35 

tosc Data Setup TIme from cr 30 - 35 

tOHW Data Hold Time from R/W 0 - 0 

tOHC Data Hold Time from cr 0 - 0 

tASC Address Setup Time 0 - 0 

tAHC Address Hold TIme 20 - 25 

tRHC 'RrnR Command Hold Time 15 - 15 

tFC Auto Refresh Cycle TIme 130 - 160 

tRFO 'RrnR Delay TIme from cr 40 - 50 

tFAP 'RrnR Pulse Width (Auto Refresh) 30 8,000 30 

tFP 'RrnR Precharge TIme 30 - 30 

tFAS 'RrnR Pulse Width (Self Refresh) 8,000 - 8,000 

tFRS cr Delay TIme frOm 'RFSH (Self Refresh) 160 - 190 

tREF Refresh Period (512 cycles, AO - A8) - 8 -

tT Transition TIme (Rise and Fall) 3 50 3 

-10 -12 

MAX. MIN. MAX. 

- 190 -
- 280 -

10,000 120 10,000 

- 60 -
100 - 120 

40 - 50 

- 30 -
- 0 -
- 0 -
30 0 35 

30 0 35 

30 0 35 

- 0 -
- 10 -
- 0 -
- 0 -
- 0 -
- 30 -
- 85 -

10,000 85 10,000 

10,000 85 10,000 

- 45 -
- 45 -
- 0 -
- 0 -
- 0 -
- 30 -
- 15 -
- 190 -
- 60 -

8,000 30 8,000 

- 30 -
- 8,000 -
- 225 -

8 - 8 

50 3 50 
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Static RAM 
TC518129API ASPI AFI AFW·8011 0/12 

TC518129APLI ASPLI AFLI AFWLI AFTL·80/1 0112 

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) 1000 and 100F4 depend on the cycle time. 

4) 1000 depends on the output loading. Specified values are obtained with the outputs open. 

S) An initial pause of 1 OO~ with high CE is required after power-up before proper device operation is achieved. 

6) AC measurements assume tT = Sns. 

7) Timing reference levels 
Input Levels 

Input Reference Levels 

Output Reference Levels 

V1H = 2.6V 
V1L = 0.6V 

V1H = 2.4V 
V1L = 0.8V 

VOH = 2.2V 
VOL = 0.8V 

INPUT 
2.6V 

O.6V 

OUTPUT 

INPUT REFERENCE 
lEVEL 

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

2. V 

OUTPUT REFERENCE 
lEVEL 

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 RNV or CE rising edge. Therefore, the input data must 
be valid during the setup time (tosw or tosd and hold time (tOHW or tOHd. 

11) All address inputs are latched at the falling edge of CEo Therefore, all the address inputs must be valid during tASC and tAHC' 

12) The two refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE = V1H. 
Auto refresh : RFSH pulse width ~ tFAP (max.) 
Self refresh : RFSH pulse width ~ tFAS (min.) 

The timing parameter tFRS must be met for proper device operation under the following conditions: 
• after self refresh 
• if RFSH = ilL" after power-up 
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TC518129API ASPI AFI AFW-8011 0/12 
TC518129APU ASPUAFU AFWU AFTL-80/1 0/12 

Timing Waveforms 

Read Cycle 

~ 
V1H -
V1L -

V1H 
CS V1L 

V1H 
AO- A16 V1L 

Static RAM 

V1H _:------~--++---"I 
M V1L -

--------------------~-++-------+~------------------------------~~---------------~-----------------------

VIH-~----~-+~--~-------------+------4--~------
R/W VIL - ____ J 

DATA-OUT 

tF 

VIH-~---~~~~~~~==========~~-------------------~~t===~----
~VIL-

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

Write Cycle 1 (OE Fixed High) 

a VIH -
VIL -

V1H 
CS V1L 

m- V1H -
V1L -

V1H -
R/W V1L -

toHC 

V1H -
1I01-VOS' V1L _------~H-----------<I 

~------------~----~ 
DATA-IN 
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Static RAM 
TC518129AP/ASP/AF/AFW·80110112 

TC518129APLI ASPLI AFLI AFWLI AFTL·80/1 0/12 

Write Cycle 2 (OE Clocked) 

~ 
VIH-~--~------~~--------------~~------------~ ~====~--­

M VIH-

VIL --------------r+-----~+-----------~---+~------~----------

VIH -

VIL -~------~---r+-------+---~--~~~---+~~----~----------

VIH -
mFi VIL _ 

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

Write Cycle 3 (OE Fixed Low) 

VIH -

~ V
IL --------------TT---------------------------------~---------

VIH -

MN VIL _~ ______ ~ __ _++_----------~~--~~~--~~----~ __ -------
r--iN VIH - ___________ -++-__________ -+ __ -<1 
I VIL-

1101-1108 ~--,._~-----------:"~--Jr 

LOUT vOH-________ -++-__ -i 
VOL -

VIH -
< 'mR VIL-

-----------------~-------------~~------~---------~:HorL 
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TC518129AP/ASP/AF/AFW-80/10/12 
TC518129APUASPUAFUAFWU AFTL-80/1 0/12 

Read Modify Write Cycle 

Static RAM 

VIH --------,..I+---------.1~--------J ~==::t;L 
a VIL-

VIH -

~ V
IL -~----~~--~~--~~----L4-------~-----~-------------
VIH-~-~====~~~-~-------4-~ ~~~~~~==~2-----------

PJW VIL - _______ ..J 

VIH -r N VIL _-----------f-t---+-~~------+-...;..,r---~'--....;....._~'--__ ~ 
V01-V08 
L VOH­

OUT VOL _--------++--+----C 

VIH_~--~==~~~~~~=2L--------------------~t=~~~~----
~VIL -~ ____ -L~====~~ __________________ -L~ __ ~ ______ ____ 

CE Only Refresh 

a VIH -

VIL -

VIH 
cs VIL 

AO- A8 
VIH 

VIL 

~ 
VIH -

VIL -

VIH -
PJW 

VIL -

VOH-
-----------~~---------------- ,OPEN V01-V08 VOL-

tFRS 

VIH-
mR VIL-

~:HorL 
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Static RAM 

Auto Refresh 

V01-VOS VOH - ____________ _ 

VOL -
OPEN 

NOTE: CS, OE, RNV, AD - A 16 = V1H or V1L 

Self Refresh 

i 4 

V01-V08 VOH - ____________ _ 

VOL -
OPEN 

NOTE: CS, OE, RNV, AD - A 16 = V1H or V1L 

cs Standby Mode 

V01-VOS VOH - ___________ _ 

VOL -
OPEN 

NOTE: QE, RNV, AD - A 16 = V1H or V1L 

TC518129AP/ASP/AF/AFW-80/10/12 
TC518129APLI ASPLI AFU AFWLI AFTL-80/1 0/12 

tFC 

~:HorL 
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Static RAM 

Notes 
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TOSHIBA 

TC5I8I29APLI AFLI AFWL-80LV II0LV I I2LV 
TC5I8I29AF1L-80LV II0LV I I2LV 

SILICON GATE CMOS 

131,072 WORD x 8 BIT CMOS PSEUDO STATIC RAM 

Description 
The TC518129A-LV is a 1 M 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 (RFSro 
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 RIW 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 
• Low voltage operation: 3.135V - 5.5V 
• Data retention supply voltage: 3.0V - 5.5V 
• Fast access time 

TC518129A-LV Family 

-80 -10 -12 

tCEA'CE Access Time 80ns 100ns 120ns 

toEA OE Access Time 3Sns 40ns SOns 

tRC Cycle Time 130ns 160ns 190ns 

Power Dissipation 38SmW 330mW 27SmW 

Self Refresh Current 
Is.sV 200~ 

1 3.0V 100~ 

• Auto refresh is supported by an intemal refresh address counter 
• Self refresh is supported by an internal timer 
• Inputs and outputs TIL compatible 
• Refresh: 512 refresh cycles/8ms 
• Auto refresh power down feature 

• Package 
- TC518129APL: DIP32-P-600 
- TC518129AFL: SOP32-P-450 
- TC518129AFWL: SOP32-P-525 
- TC518129AFTL: TSOP32-P-0820 

(TSOP) 

PIN NO. 1 2 3 4 S 6 7 

PIN NAME A11 Ag As A13 R!W CS A15 

PIN NO. 17 18 19 20 21 22 23 

PIN NAME A3 A2 A1 Ao 1/01 1/02 1/03 

Pin Connection (Top View) 

RFSH 
A16 
A14 
Al2 

A7 
A6 
AS 
A4 
A3 
A2 
Al 
AO 

Voo 
AIS 
CS 
R/IN 
All 
A8 
A9 TCS18129AFTL ( Forward) 

1/01 
1/02 
1103 

GND 

Al' 
OE 
Al0 
CE 
1108 
1107 
1106 
1/05 
1104 

res I 8129APL I AFL I AFWL 

Pin Names 

AO -A16 Address Inputs 

R!W Read/Write Control Input 

OE Output Enable Input 

RJ!SR Refresh Input 

'CE Chip Enable Input 

CS Chip Select Input 

1/01 - 1/08 Data InputslOutputs 

Voo Power 

GND Ground 

8 9 10 11 12 13 

Voo RJ!SR A16 A14 A12 A7 

24 2S 26 27 28 29 

GND 1/04 I/OS 1/06 1/07 1/08 

14 1S 16 

As A5 A4 

30 31 32 

'CE A10 OE 
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TC518129APLlAFL/AFWLlAFTL·80LV/10LV/12LV Static RAM 

Block Diagram 

CE 

CS 

ROW 
ADDRESS 
BUFFER (9) 

R/Wo---oQ 

Operating Mode 

MEMORY 
ARRAY 

512)(256)(8 

~N MOOE CE CS OE R/W RFSH AO -A16 1/01 - 8 

Read 
Write 
cr only Refresh 

CS Standby 
Auto/Self Refresh 

Standby 

H = High level input (VI H) 
L = Low level input (VII) 
* = VIH orVIL 

L H 
L H 
L H 

L L 
H * 

H * 

L H * V* 
* L * V* 
H H * V* 

* * * * 
* * L * 

* * H * 

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 

Voo Power Supply Voltage -1.0 -7.0 V 

TOPR Operating Temperature 0-70 °C 
1 

TSTRG Storage Temperature -55 - 150 °C 

TSOLOER Soldering Temperature • Time 260·10 °C· sec 

Po Power DisSipation 600 mW 

lOUT Short Circuit Output Current 50 mA 

OUT 
IN 
HZ 

HZ 
HZ 

HZ 
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Static RAM TC518129APU AFU AFWU AFTL-80L V /1 OL Vl12LV 

DC Recommended Operating Conditions 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Voo Power Supply Voltage 4.5 5.0 5.5 V 

VIH Input High Voltage 2.4 - Voo + 1.0 V 2 

VIL Input Low Voltage -1.0 - 0.8 V 

DC Characteristics (Ta = 0 - 700C, Voo = 5V±10%) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

80ns version - 50 70 

1000 
Operating Current (Average) 1 OOns version - 40 60 mA 3,4 'C"E', Address cycling: tRC = tRC min. 

120ns version - 35 50 

100S1 
Standby Current - - 1 mA 'C"E' = VIH , 'R'F'SH = V1H 
Standby Current 

100S2 'C"E' = Voo - 0.2V, - 100 200 !lA 
'R'F'SH = Voo - 0.2V 

Self Refresh Current (Average) 
100F1 'C"E' = VIH, - - 1 mA 

'R'F'SH = V IL 

Self Refresh Current (Average) 
100F2 'C"E' = Voo - 0.2V, - 100 200 !lA 

'R'F'SH = 0.2V 

100F3 
Auto Refresh Current (Average) - - 2 mA 
'R'F'SH cycling: tFC = tFC min 

80ns version - 50 70 

100F4 
'C"E' only Refresh Current (Average) 

1 OOns version - 40 60 mA 3 'CE, Address cycling: tRC = tRC min. 
120ns version - 35 50 

II(L) 
Input Leakage Current - - ±10 !lA OV ~ VIN ~ Voo, All other Inputs not under test = OV 

Output Leakage Current 
10(L) Output Disabled ('C"E' = VIH or'OE' = VIH or RIW = Vld, - - ±10 !lA 

OV ~ Your ~ Voo 

VOH 
Output High Level 2.4 - - V 
10H = -SmA 

VOL 
Output Low Level - - 0.4 V 
10L= 4.2mA 

Capacitance* (Voo = 5Y, Ta = 25°C, f = 1 MHz) 

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AO ~ A 16) - 5 

CI2 Input Capacitance ('CE, CS, 'OE', RIW, R"FSH) - 7 pF 

CIO Input/Output Capacitance - 7 

*This parameter is periodically sampled and is not 100% tested. 
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TC518129APLIAFL/AFWL/AFTL-80LV/10LV/12LV Static RAM 

AC Characteristics (Ta = 0 - 70°C, Voo = 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 _. 
f-

tRMW Read Modify Write Cycle Time 195 - 235 - 280 -

cr Pulse Width 
f-

tCE 80 10,000 100 10,000 120 10,000 

cr Precharge Time 
r---

tp 40 - 50 - 60 -

tCEA cr Access Time - 80 - 100 - 120 

OE Access Time 
f-

toEA - 35 - 40 - 50 

cr to Output in Low -Z 
r---

tCLZ 30 - 30 - 30 -

OE to Output in Low -Z 
f-

toLZ 0 - 0 - 0 -
f-

tWLZ Output Active from End of Write 0 - 0 - 0 -
r---

tCHZ Chip Disable to Output in High-Z 0 25 0 30 0 35 9 
f-

toHZ OE Disable to Output in High-Z 0 25 0 30 0 35 9 
f-

tWHZ Write Enable to Output in High-Z 0 25 0 30 0 35 9 

OE Output Disable Setup Time 0 0 0 
~ 

toos - - -
nE Output Disable Hold Time 

f-

toOH 10 - 10 - 10 -
f-

tRCS Read Command Setup Time 0 - 0 - 0 -
f-

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 60 - 70 - 85 -

tWCH Write Command Hold Time 60 10,000 70 10,000 85 10,000 
------.,. . 

-
tCWL Write Command to cr Lead Time 60 10,000 70 10,000 85 10,000 

-
tosw Data Setup Time from R/W 30 - 35 - 45 - 10 

-
tosc Data Setup Time from CE 30 - 35 - 45 - 10 

-
tOHW Data Hold Time from R/W 0 - 0 - 0 - 10 

-
tOHC Data Hold Time from cr 0 - 0 - 0 - 10 -----
tASC Address Setup Time 0 - 0 - 0 - 11 

-
tAHC Address Hold Time 20 - 25 - 30 - 11 

-
tRHC ~ Command Hold Time 15 - 15 - 15 -

f-
tFC Auto Refresh Cycle Time 130 - 160 - 190 -

~ 

tRFO ~ Delay Time from cr 40 - 50 - 60 -
'----

tFAP ~ Pulse Width (Auto Refresh) 30 8,000 30 8,000 30 8,000 12 

~ Precharge Time 
r----

tFP 30 - 30 - 30 - 12 

~ Pulse Width (Self Refresh) 
r---

tFAS 8,000 - 8,000 - 8,000 - 12 

cr Delay Time from ~ (Self Refresh) 
f-

tFRS 160 - 190 - 225 - 12 

tREF 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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Static RAM TC518129APLI AFLI AFWLI AFTL-80L V /1 OL VI12L V 

3.3V Operation 

DC Recommended Operating Conditions 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

VOO Power Supply Voltage 3.135 3.3 3.465 V 

V1H Input High Voltage Voo - 0.2V - VDO+1.0V V 2 

V1L Input Low Voltage -0.5 - 0.2 V 

DC Characteristics (Ta = 0 - 700C, Voo = 3.3V±5%) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

1000 
Operating Current (Average) - 15 20 mA 3,4 
~, Address cycling: tRC = tRC min. 

10052 Standby Current - 50 100 IlA 
IOOF2 Self Refresh Current (Average) - 50 100 IlA 

IOOF3 
Auto Refresh Current (Average) - - 2 mA 'RFSR cycling: tFC = tFC min 

IOOF4 
~ only Refresh Current (Average) - 15 20 mA 3 
~ Address cycling: tRC = tRC min. 

II(L) 
Input Leakage Current - - ±10 IlA OV:5 VIN :5 Voo, All other Inputs not under test = OV 

IO(L) 
Output Leakage Current - - ±10 IlA Output Disable, OV:5 VOUT :5 Voo 

IOH = -1mA 2.4 - -
VOH Output High Level V 

IOH = -1001lA Voo - 0.2V - -
IOL = 2.1mA - - 0.4 

VOL Output Low Level V 
IOL = 1 001lA - - 0.2 

TOSHIBA AMERICA ELECTRONIC CDMPDNENTS. INC. 0-105 



TC518129APU AFU AFWll AFTl·80l VI1 OlV 112lV Static RAM 

AC Characteristics (Ta = 0 - 700C, Voo = 3.3V±5%) (Notes: 5, 6, 8) 

SYMBOL PARAMETER 

tRC Random Read, Write Cycle Time 

tRMW Read Modify Write Cycle lime 

tCE cr Pulse Width 

tp cr Precharge Time 

tCEA cr Access lime 

toEA OE" Access Time 

tcLZ cr to Output in Low -Z 

tOLZ OE" to Output in Low -Z 

tWLZ Output Active from End of Write 

tCHZ Chip Disable to Output in High-Z 

tOHZ OE" Disable to Output in High-Z 

tWHZ Write Enable to Output in High-Z 

toos ~ Output Disable Setup Time 

toOH ~ Output Disable Hold Time 

tRCS Read Command Setup Time 

tRCH Read Command Hold Time 

twp Write Pulse Width 

tWCH Write Command Hold Time 

tCWL Write Command to cr Lead Time 

tosw Data Setup lime from R/W 

tosc Data Setup lime from cr 
tOHW Data Hold Time from R/W 

tOHC Data Hold Time from cr 
tASC Address Setup Time 

tAHC Address Hold lime 

tRHC ~ Command Hold Time 

tFC Auto Refresh Cycle lime 

tRFO ~ Delay lime from cr 
tFAP fWSH Pulse Width (Auto Refresh) 

tFP 'RFSH Precharge Time 

tFAS fWSH Pulse Width (Self Refresh) 

tFRS cr Delay lime from 'FWSR (Self Refresh) 

tREF Refresh Period (512 cycles, AO ~ AS) 

tT Transition Time (Rise and Fall) 

Timing Reference Levels: 
Input Reference Levels: 1.5V/1.5V 
Output Reference Levels: 1.5V/1.5V 

MIN. MAX. UNIT 

300 -
405 -
200 10,000 

90 -
- 200 

- 80 

40 -

5 -
5 -
0 50 

0 50 

0 50 

0 -
10 -
0 -
0 -

ns 
100 -
100 10,000 

100 10,000 

50 -
50 -
0 -
0 -
0 -

35 -
15 -

300 -
90 -
50 8,000 

50 -
8,000 -

300 -
- 8 ms 

3 50 ns 

NOTES 

-
-
-
-
-
-
-
-
-

9 
-

9 
-

9 
-
-
-
-
-
-
-
-

10 
-

10 
-

10 
------, 

10 
-

11 
-

11 
I---

I---

I--

------, 
12 

r----
12 

r-----
12 

r---
12 
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Static RAM TC518129APU AFU AFWU AFTL-80LV /1 OLV /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) 1000 and 100F4 depend on the cycle time. 

4) 1000 depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of 1 OO~ with high CE is required after power-up before proper device operation is achieved. 

6) AC measurements assume tT = 5ns. 

7) Timing reference levels 
Input Levels 

Input Reference Levels 

Output Reference Levels 

V1H = 2.6V 
V1L = 0.6V 

V1H = 2.4V 
V1L = 0.8V 

VOH = 2.2V 
VOL =0.8V 

INPUT 
2.6V 

O.6V--""1~oIiI.Io-----

OUTPUT 2. V 

INPUT REFERENCE 
LEVEL 

OUTPUT REFERENCE 
LEVEL 

8) Measured with a load equivalent to 2 TIL loads 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 Rf\N or CE rising edge. Therefore, the input data must 
be valid during the setup time (tosw or tosd and hold time (tOHW or tOHd· 

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

12) The two refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE = V1H. 
Auto refresh : RFSH pulse width ~ tFAP (max.) 
Self refresh : RFSH pulse width :2: tFAS (min.) 

The timing parameter tFRS must be met for proper device operation under the following conditions: 
• after self refresh 
• if RFSH = "L" after power-up 
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TC518129APUAFUAFWUAFTL-80LVI10LVI12LV Static RAM 

Data Retention Characteristics (Ta = 0 - 700C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VOH Data Retention Supply Voltage 3.0 - 5.5 V 

I VOH = 3.0V - 40 100 
IOOF2 Self Refresh Current J.lA I VOH = 5.5V - 100 200 

tR Recovery Time 5 - - ms 

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

Voo • 
4.SV 

VDD 
VOH 

---------~ If 
~-----------------I ------------.-.-._.-._.- ._._-_.-.-.-.-

GND 

DATA RETENTION MODE 

VIH 
tRFD. I (SELF REFRESH) t~R" 

RFSH ! Onsmin. tR I~ 
SO.2V 

GNO 

r~ '=Voo - O.2V 
rl 

-------1 r------
Notes: CS, OE, RIW, AO - A 16 = V1H or V1L 

IODF1 is applicable when RFSH = V1L (max.), CE = V1H (min.). 
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Static RAM TC518129APLI AFLI AFWLI AFTL-80L V/1 OLV/12L V 

Timing Waveforms 

Read Cycle 

a VIH -

VIL -

VIH 
CS vlL 

V 1H -

OE VIL -~------------~-----4~-----------------L4---------~--------------
VIH -

R/W 
VIL - ______ __ 

VOH-
1/01-1/08 VOL _--------4-1------1---------< DATA-OUT 

V1H -
~VIL --______ ~~ ______ ~~ _____________________________ _' ____ ~ ____ __ 

Write Cycle 1 (OE Fixed High) 

a V1H -

V 1L -

V1H 
CS V 1L 

C5E 
V1H -

VIL -

V1H -
R/W 

VIL -

VIH - DATA-IN 
110 1-1/08 VIL --------------#--------------<l1'-_______ --'~---1J" 

VIH -

mH V1L -:..-____ --J.:..:..: ___ --:...!....l ____________ ~==__:_:__:_----J....--~-----
~:HorL 
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TC518129APLlAFLlAFWLlAFTL-80LV/10LV/12LV Static RAM 

Write Cycle 2 fOE Clocked) 

V ,H -

~ V,L -------------~~------~------------~--_r~------++--------------

V,H ~ 
mH V,L -

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

Write Cycle 3 fOE Fixed Low) 

V,H -
m V,L 

---------------~-----------------------------------++--------------

V,H -
R/W 

V,L -~------~--_4~------------~----~~----~------++--------------

V,H -----------_4~----------+----<J[)A 
VIL -

1/01-1108 
LOUT VOH-_______ -+--+-_~ 

VOL-

V 1H -

imH VIL _ 

~----~~----------~----------------------------~--------------~:HorL 
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Static RAM TC518129APUAFUAFWUAFTL-80LV/10LV/12LV 

Read Modify Write Cycle 

a VIH -

vlL -

VIM 
CS 

VIL 

V
il -------~~----~---+~--------~~--------~--------~---------------

VIM -
fVW 

Vil 
--------' 

V
IH ------------+-+----+-+-"""!'""-------+----+-:.~---tII r N 

Vll -

1/01-1/08 
L VOH -

OUT VOl---------------++--~----~ 

__ VIH -

RFSH V
il 
_~ ___ __..j~==:~ _____________________ ~~_~~ ___ _ 

CE Only Refresh 

CE 
VIH -

Vil -

VIH 
CS 

VIL 

VIH 
AO- AS V 1L 

OE 
VIH -

V 1L -

VIM -
fVW 

VIL -

VoH-
1/01-1/08 VOL- OPEN 

VIH -

R'F'S'H V Il _ 

~-----~~--------~-----------------------------------~-------~---------
NOTE: A9 - A 16 = V1H or V1L ~ : H or L 
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TC518129APLlAFLlAFWL/AFTL-80LV/10LV/12LV Static RAM 

Auto Refresh 

II01-V08 VOH - ____________ _ 

VOL -
OPEN 

NOTE: CS, OE, RIW, AD - A 16 = V1H or V1L 

Self Refresh 

1/01-1/08 VOH - ____________ _ 

VOL -
OPEN 

NOTE: CS, OE, RIW, AD - A 16 = V1H or V1L 

CS Standby Mode 

1101-1108 VOH - ____________ _ 

VOL -
OPEN 

NOTE: OE, RIW, AD - A 16 = V1H or V1L 
~:HorL 
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Static RAM TC518129APUAFL/AFWUAFTL-80LV/10LV/12LV 

IPPE' Vpp Characteristics 

(pA) 

Typ. 

100 

50 

O~ ______ ~ ________ ~ ________ ~ ________ ~_ 

2 3 4 5 6 (V) 
Voo 

IOPE2 Temp. Characteristics 

(~) 

Typ. Voo= 3V 

80 

60 

40 

20~ ____ L-________ L-________________ ~ ____ __ 

o 25 70 
Ta 
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TC518129APUAFUAFWUAFTL·80LV/10LV/12LV Static RAM 

Battery Backup Application Example 

Vee 

Ze 
3.9V 

2SA1015 

*1: Ceramic condenser 
*2: Tantalum condenser 

1000n 

Nicd 
X3 
3.6V 

OJ 

Vee 

GNO 

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

-1 

0.1pF 

+ -2 
10pF 
-47pF 

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 

1l:518129~-10 

SILICON GATE CMOS 

131,072 WORD x 8 BIT CMOS PSEUDO STATIC RAM 

Description 
The TC518129AFWI is a 1 M 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 (RFSHl input which 
enables two types of refreshing - auto 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 

• Organization: 131,072 words x 8 bits 

• Single 5V power supply 

• Fast access time 

tCEA CE Access Time 100ns 

tOEA OE Access Time 40ns 

tRC Cycle Time 160ns 

Power Dissipation 330mW 

Self Refresh Current 200~ 

• Auto refresh is supported by an internal refresh address 
counter 

• Self refresh is supported by an internal timer 

• Wide operating temperature: -40 - 85°C 

• Inputs and outputs TIL compatible 

• Refresh: 512 refresh cycles/8ms 

• Auto refresh power down feature 

• Package 
- TC518129AFWI: SOP32-P-525 

Pin Names 

AO ~ A16 Address Inputs 

RlW ReadIWrite Control Input 

DE Output Enable Input 

RFSH Refresh Input 

CE Chip Enable Input 

CS Chip Select Input 

1/01 ~ 1/08 Data Inputs/Outputs 

VDD Power 

GND Ground 

Pin Connection 

iffiH 
A16 
A14 
A12 
A7 
A6 
AS 
A4 
A3 
A2 
A1 
AO 

001 
002 
003 

GNO 

x~~ 
CS 
RJW 
A13 
A8 
A9 
All 
Ol 
AlO 
CE 
1108 
007 
006 
1105 
1104 
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TC518129AFWI·10 Static RAM 

Operating Mode 

~ MODE CE CS OE R/W RFSH AO -A16 1/01 _ 8 

Read 
Write 
CE only Refresh 

CS Standby 
Auto/Self Refresh 

Standby 

H = High level input (VI H) 
L = Low level input (VIU 
* = VIH orVIL 

L H 
L H 
L H 

L L 
H * 

H " 

L H * V* 
* L * V" 
H H * V* 

" " " " 
* * L " 

* * H * 

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 

Voo Power Supply Voltage -1.0-7.0 V 

TOPR Operating Temperature -40 - 85 °C 
1 

TSTRG Storage Temperature -55 - 150 °C 

TSOLOER Soldering Temperature' Time 260· 10 °C'sec 

Po Power Dissipation 600 mW 

lOUT Short Circuit Output Current 50 mA 

OUT 
IN 
HZ 

HZ 
HZ 

HZ 
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Static RAM TC518129AFWI-10 

DC Recommended Operating Conditions 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Voo Power Supply Voltage 4.5 5.0 5.5 V 

VIH Input High Voltage 2.4 - Voo + 1.0 V 2 

VIL Input Low Voltage -1.0 - 0.8 V 

DC Characteristics (Ta = -40 - 85°C, Voo = 5V±10%) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

1000 
Operating Current (Average) - 40 60 mA 3,4 CE, Address cycling: tRC = tRC min. 

100s1 
Standby Current - - 1 mA CE = VIH. RFSR = VIH 

Standby Current 

100s2 CE = Voo - 0.2V, - 100 200 J.1A 
RFSH = Voo - 0.2V 

Self Refresh Current (Average) 

100F1 CE = VIH, - - 1 mA 
RFSH = VIL 

Self Refresh Current (Average) 

100F2 CE = Voo - 0.2V, - 100 200 J.1A 
RFSH = 0.2V 

100F3 
Auto Refresh Current (Average) - - 2 mA RFSR cycling: tFC = tFC min 

100F4 
cr only Refresh Current (Average) - 40 60 mA 3 cr, Address cycling: tRC = tRC min. 

II(L) 
Input Leakage Current - - ±10 J.1A OV ~ VIN ~ Voo, All other Inputs not under test = OV 

Output Leakage Current 

10(L) Output Disabled (cr = VIH or OE = VIH or RIW = Vld, - - ±10 J.1A 
OV ~ VOUT ~ Voo 

VOH 
Output High Level 

2.4 - - V 
10H = -5mA 

VOL 
Output Low Level - - 0.4 V 
10L = 4.2mA 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input CapaCitance (AO - A 16) - 5 

CI2 Input CapaCitance (cr, CS, OE, RIW, 'F1F'SR) - 7 pF 

CIO Input/Output CapaCitance - 7 

'This parameter is periodically sampled and is not 100% tested. 
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TC5181.29AFWI-10 Static RAM 

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

-10 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. 

tRC Random Read, Write Cycle Time 160 -
f----

tRMW Read Modify Write Cycle Time 235 -
C'E" Pulse Width 

f----
tCE 100 10,000 

~ 

tp C'E" Precharge Time 50 -
C'E" Access Time 

f----
tCEA - 100 

~ Access Time 
f----

toEA - 40 

C'E" to Output in Low -Z 
f----

tCLZ 30 -
~ to Output in Low -Z 

f----
tOLZ 0 -

f----
twLZ Output Active from End of Write 0 -

f----
tCHZ Chip Disable to Output in High-Z 0 30 9 

~ Disable to Output in High-Z 
t------

tOHZ 0 30 9 
f----

tWHZ Write Enable to Output in High-Z 0 30 9 

~ Output Disable Setup Time 
t------

to OS 0 -
OE Output Disable Hold Time 

t------
tOOH 10 -

f----
tRCS Read Command Setup Time 0 -

tRCH Read Command Hold Time 0 
t------

-

Chip Select Setup Time 
t------

tcss 0 -
ns f----

tCSH Chip Select Hold Time 25 -
f----

twp Write Pulse Width 70 -
t------

tWCH Write Command Hold Time 70 10,000 

Write Command to C'E" Lead Time 
f----

tCWL 70 10,000 
f----

tosw Data Setup Time from RIW 35 - 10 

Data Setup Time from CE 
t------

tosc 35 - 10 
I---

tOHW Data Hold Time from RIW 0 - 10 

Data Hold Time from CE 
f----

tOHC 0 - 10 

tASC Address Setup Time ° 
t------

- 11 
f----

tAHC Address Hold Time 25 - 11 
-

tRHC RFS'R Command Hold Time 15 -
-

tFC Auto Refresh Cycle Time 160 - -
tRFO RrnR Delay Time from C'E" 50 -

-
tFAP RF'SR Pulse Width (Auto Refresh) 30 8,000 12 

-
tFP RFSH Precharge Time 30 - 12 

-
tFAS 'FWSR Pulse Width (Self Refresh) 8,000 - 12 

-
tFRS CE Delay Time from 'i1FSH (Self Refresh) 190 - 12 

tREF Refresh Period (512 cycles, AO - A8) - 8 ms 

tT Transition Time (Rise and Fall) 3 50 ns 
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Static RAM TC518129AFWI-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) 1000 and 100F4 depend on the cycle time. 

4) 1000 depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of 100J.1S 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 

Input Reference Levels 

Output Reference Levels 

V1H = 2.6V 
V1L = 0.6V 

V1H = 2.4V 
V1L = 0.8V 

VOH = 2.2V 
VOL =0.8V 

2.6V 
INPUT 

O.6V 

OUTPUT 

INPUT REFERENCE 
lEVEL 

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

. v 

OUTPUT REFERENCE 
LEVEL 

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 in latched at the earlier of RNV or CE rising edge. Therefore, the input data must 
be valid during the setup time (tosw or tosd and hold time (tOHW or tOHd. 

11) All address inputs are latched at the falling edge of CE. Therefore, all the address inputs must be valid during 1Asc and tAHc. 

12) The two refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE = V1H. 
Auto refresh : RFSH pulse width:S tFAP (max.) 
Self refresh : RFSH pulse width ~ tFAS (min.) 

The timing parameter tFRS must be met for proper device operation under the following conditions: 
• after self refresh 
• if RFSH = "L" after power-up 
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TC518129AFWI-10 

Timing Waveforms 

Read Cycle 

C! 
V1H -

V 1L -

VIH 
CS 

VIL 

VIH 
AO- A16 VIL 

Static RAM 

VIH -

at V1L-

---------~~n-----~~------------~------~-------------

V1H -~--------~r--r+-----~~------------------~----------~--~----------
R/W VIL - ____ --J 

VOH-
1/01-1/08 VOL _----------+-I-----~--------<E DATA-OUT 

__ VIH --------~--:~-~---------..:...:..----------------~+-:.~---------
RFSH VIL 

Write Cycle 1 (OE = Fixed High) 

V 1H 
CS V1L 

VIH 
AO- A16 V'L 

V1H -~-------I-~--­ twp 
R/W 

V1L -~------------~~------~~---------------~~--------~----------------
tosc 

tosw tOHW 
tOHC 

V'H -
VOl-VaS V'L _-------------+-+----------------<1 

~------------~-------~ 
DATA-IN 

FP 

VIH ------------~~--~~~------------------------------~~~~----------
RFSR'V1L _ 

~------~----~~----------------~--------~--~--------~:HorL 
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Static RAM TC518129AFWI·10 

Write Cycle 2 (OE Clocked) 

VIH -

N Vil ---------+-l------'y.------~--+..J-----++------
VIH -

RJW 
Vil -----~-~--+-l------+--~-~~~--+T~----++---------

V IH -

~Vll-
------~-------~--------------------~-----~-

Write Cycle 3 (OE Fixed Low) 

VIH -

m Vil ------------;-P--------------------------t-+------
VIH -

RJW 
Vil - ________ ~_~~---------~-----~----~------++--------

VIH -r N Vil _--------'i-+--------+---<I0AI 
V01-VOS .~--~~~--------~~~ 

L--OUT VOH-____________ ~~-~~~ 
VOl -

VIH -

~Vll-
-------~--------~--------------------------~---------~:HorL 
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TC518129AFWI·10 Static RAM 

Read Modify Write Cycle 

-a 
V

1H 
-~------------~,I~ ________________ ~L-______________ ~ 

VIH -

~ V
1L 

- .... ----~------~~--~~--------~~------------------~~----------------
VIH -

V1L -------

V1H -
~N -----------++-~~~------+-~ __ --~ 
I· VIL -

1/01-1/08 
L VOH-

OUT VOL_---------------r+---~----{ 

tF 

V1H -~-----===~~~==~==~~----------------------------~~~~==~--...... 
RFSH

V1L -~-----~~~==~~--------------------------~~--~----------

CE Only Refresh 

~ 

VIH -:-------~~ I ... ________ ~L.. ______ __+I Jjt~=::::!~---

~ 
VIH-:---~====~~~------------------------------+~::~--------­
VIL - ______ --:-__ "' 

VIH -
R/W VIL - .... ______ "' 

VOH-
V01-V08 VOL _---------------++----------------- OPEN 

V1H -

Rrni VIL _ 
----------~----------~--------------------------------~------~-------

NOTE: A9 - A16 = V1H orV1L ~ :HorL 
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Static RAM TC518129AFWI-10 

Auto Refresh 

V01-VOS VOH - ________________________ ___ 

VOL -
OPEN 

NOTE: CS, OE, RIW, AO - A 16 = V1H or V1L 

Self Refresh 

V01-I/08 VOH - _____________ _ 

VOL -
OPEN 

NOTE: CS, OE, RIW, AO - A 16 = V1H or V1L 

CS Standby Mode 

V01-VOS VOH - ___________________ ___ 

VOL -
OPEN 

NOTE: OE, RIW, AO - A 16 = V1H or V1L ~:HorL 
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Static RAM 

Notes 
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TOSHIBA 

TC518129BPL/BSPL/BFL/BFWL/BF1L-70/00/10 
TC518129BPL/BSPL/BFL/BFWL/BFIL-70L/OOL/I0L 

SILICON GATE CMOS 

131,072 WORD x 8 BIT CMOS PSEUDO STATIC RAM 

Description 
The TC518129B is a 1 M 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 simplifying 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 TC518129B 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 

• Organization: 131,072 words x 8 bits 

• Single 5V power supply 

• Fast access time 

TC5181298 Family 

-70 -80 -10 

tCEA CE Access Time 70ns 80ns 100ns 

tOEA or: Access Time 2Sns 30ns 40ns 

tRC Cycle Time 11Sns 130ns 160ns 

Power Dissipation 38SmW 330mW 275mW 

Self Refresh Current 
2001lA (L version) 
SOIlA (LL version) 

• Auto refresh is supported by an internal refresh address 
counter 

• Self refresh is supported by an internal timer 

• Inputs and outputs TIL compatible 

• Refresh: 512 refresh cycles/8ms 

• Auto refresh power down feature 

• Package 
- TC518129BPL 
- TC518129BFL 
- TC518129BSPL 
- TC518129BFWL 
- TC5181 29BFTL 

(TSOP) 

PIN NO. 1 2 

PIN NAME A11 Ag 

PIN NO. 17 18 

PIN NAME A3 A2 

: DIP32-P-600 
: SOP32-P-450 
: DIP32-P-300 
: SOP32-P-525 
: TSOP32-P-0820 

3 4 5 

As A13 RIW 

19 20 21 

A1 Ao 1/01 

6 7 

CS A1S 

22 23 

1/02 1/03 

Pin Connection (Top View) 

RFsH X~~ A16 's10 13
\2 

At. CS 
A12 RIW 

A7 A13 
A6 A8 16 17 

AS A9 TC518t29BFTL ( Forward) 
A4 All 
A3 ~ 
A2 feO At 
AO 1108 

1101 1107 
1102 1106 
1103 1105 

GND 004 

TC518129BPL/BFL/BSPL/BFVVL 

Pin Names 

AO - A16 Address Inputs 

RIW ReadIWrite Control Input 

or: Output Enable Input 

iiFSR Refresh Input 

cr Chip Enable Input 

CS Chip Select Input 

1/01 - 1/08 Data InputslOutputs 

VDD Power 

GND Ground 

8 9 10 11 12 13 14 is 16 

VDD R1!SR A16 A14 A12 A7 A6 As A4 

24 25 26 27 28 29 30 31 32 

GND 1/04 I/OS 1106 1107 1/08 CE AlO or: 
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TC518129BPUBSPUBFL/BFWLlBFTL· 70/80/10 
TC518129BPUBSPUBFLlBFWUBFTL·70L/80U10L Static RAM 

Block Diagram 

CE 

CS 

Rf\No---oQ 

Operating Mode 

MEMORY 
ARRAY 

512)(256)(8 

~N MODE CE CS OE R/W RFSH AO -A16 1/01- 8 

Read 
Write 
CE only Refresh 

CS Standby 
Auto/Self Refresh 

Standby 

H == High level input (VI H) 
L == Low level input (VIU 
* == VIH orVIL 

L H 
L H 
L H 

L L 
H * 

H * 

L H * V* 
* L * V* 
H H * V* 

* * * * 
* * L * 

* * H * 

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 

Voo Power Supply Voltage -1.0 - 7.0 V 

TOPR Operating Temperature 0-70 °C 
1 

TSTRG Storage Temperature -55 - 150 °C 

TSOLOER Soldering Temperature • Time 260·10 °C· sec 

Po Power Dissipation 600 mW 

lOUT Short Circuit Output Current 50 rnA 

OUT 
IN 
HZ 

HZ 
HZ 

HZ 
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TC518129BPL/BSPL/BFlIBFWLlBFTL·70/80/10 
Static RAM TC518129BPL/BSPLlBFLlBFWLlBFTL· 70Ll80Ll1 OL 

DC Recommended Operating Conditions 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Voo Power Supply Voltage 4.5 5.0 5.5 V 

V'H Input High Voltage 2.4 - Voo + 1.0 V 2 

V'L Input Low Voltage -1.0 - 0.8 V 

DC Characteristics (Ta = 0 - 700C, Voo = 5V±10%) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

70ns version - 50 70 

1000 
Operating Current (Average) 

80ns version - 40 60 mA 3,4 cr, Address cycling: tRC = tRC min. 
100ns version - 35 50 

100s1 
Standby Current - - 1 mA cr = V'H, R'FSR = V'H 

Standby Current L version - 100 200 IlA 
100S2 cr = Voo - 0.2V, R'FSR = Voo - 0.2V LL version - 35 50 IlA 

100F1 
Self Refresh Current (Average) - - 1 mA cr = V'H, R'FSR = V'L 

Self Refresh Current (Average) L version - 100 200 IlA 
100F2 cr = Voo - 0.2V, R'FSR = 0.2V LL version 35 50 IlA -

100F3 
Auto Refresh Current (Average) - - 2 mA R'FSR cycling: tFC = tFC min 

70ns version - 50 70 

100F4 
cr only Refresh Current (Average) 

80ns version - 40 60 mA 3 cr, Address cycling: tRC = tRC min. 
100ns version - 35 50 

I'(L) 
Input Leakage Current - - ±10 IlA OV:5: V'N:5: Voo, All other Inputs not under test = OV 

Output Leakage Current 

10(L) Output Disabled (cr = V'H or'OE" = V'H or R/W = V,d, 
OV:5: VOUT :5: Voo 

- - ±10 IlA 

VOH 
Output High Level 

2.4 - - V 
10H = -1mA 

VOL 
Output Low Level - - 0.4 V 
10L= 2.1mA 

Capacitance* (VOO = 5V, Ta = 25OC, f = 1 MHz) 

SYMBOL PARAMETER MIN. MAX. UNIT 

C'1 Input Capacitance (AO - A16) - 5 

CI2 Input Capacitance (cr, CS, OE, R/W, R'FSFi) - 7 pF 

CIO Input/Output CapaCitance - 7 

"This parameter is periodically sampled and is not 100% tested. 
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TC518129BPUBSPUBFL/BFWL/BFTL-70/80/10 
TC518129BPUBSPUBFUBFWUBFTL-70L/80U10L Static RAM 

AC Characteristics (Ta = 0 - 700C, Voo = 5V±10%) (Notes: 5, 6,7,8) 

-70 
SYMBOL PARAMETER 

MIN. MAX. MIN. 

tRC Random Read, Write Cycle Time 115 - 130 

tRMW Read Modify Write Cycle Time 160 - 180 

tCE cr Pulse Width 70 10,000 80 

tp cr Precharge Time 35 - 40 

tCEA cr Access Time - 70 -

tOEA OE" Access Time - 25 -

tCLl cr to Output in Low -Z 20 - 20 

tOll OE" to Output in Low -Z 0 - 0 

tWLl Output Active from End of Write 0 - 0 

tCHZ Chip Disable to Output in High-Z 0 20 0 

to HZ OE" Disable to Output in High-Z 0 20 0 

tWHZ Write Enable to Output in High-Z 0 25 0 

taos OE" Output Disable Setup Time 0 - 0 

tOOH OE Output Disable Hold Time 10 - 10 

tRCS Read Command Setup Time 0 - 0 

tRCH Read Command Hold Time 0 - 0 

tcss Chip Select Setup Time 0 - 0 

tCSH Chip Select Hold Time 20 - 25 

twp Write Pulse Width 20 - 25 

tWCH Write Command Hold Time 35 10,000 40 

tCWL Write Command to cr Lead Time 20 10,000 25 

tosw Data Setup Time from R/W 15 - 20 

tosc Data Setup Time from cr 15 - 20 

tOHW Data Hold Time from R!W 0 - 0 

tOHC Data Hold Time from cr 0 - 0 

tASC Address Setup Time 0 - 0 

tAHC Address Hold Time 20 - 25 

tRHC rn=SH Command Hold Time 15 - 15 

tFC Auto Refresh Cycle Time 115 - 130 

tRFO rn=SH Delay Time from cr 35 - 40 

tFAP rn=SH Pulse Width (Auto Refresh) 30 8,000 30 

tFP rn=SH Precharge Time 30 - 30 

tFAS rn=SH Pulse Width (Self Refresh) 8,000 - 8,000 

t FRS cr Delay Time from 11rnR (Self Refresh) 160 - 160 

tREF Refresh Period (512 cycles, AO - A8) - 8 -
tT Transition Time (Rise and Fall) 3 50 3 

-80 -10 

MAX. MIN. MAX. 

- 160 -
- 220 -

10,000 100 10,000 

- 50 -
80 - 100 

30 - 40 

- 20 -
- 0 -
- 0 -
20 0 25 

20 0 25 

25 0 30 

- 0 -
- 10 -
- 0 -
- 0 -

- 0 -
- 30 -
- 30 -

10,000 50 10,000 

10,000 30 10,000 

- 25 -
- 25 -
- 0 -
- 0 -
- 0 -
- 30 -
- 15 -

- 160 -

- 50 -
8,000 30 8,000 

- 30 -
- 8,000 -
- 190 -

8 - 8 

50 3 50 
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TC518129BPLlBSPLlBFLlBFWL/BFTL-70/80/10 
Static RAM TC518129BPLlBSPL/BFLlBFWL/BFTL-70Ll80Ll10L 

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) 1000 and IOOF4 depend on the cycle time. 

4) 1000 depends on the output loading. Specified values are obtained with the outputs open. 

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

6) AC measurements assume tT = 5ns. 

7) Timing reference levels 
Input Levels 

Input Reference Levels 

Output Reference Levels 

V1H = 2.6V 
V1L = 0.6V 

V1H = 2.4V 
V1L = 0.8V 

VOH = 2.2V 
VOL = 0.8V 

8) Measured with a load equivalent to 1 TIL load and 1 OOpF. 

INPUT 
2.6V 

O.6V 

OUTPUT 

INPUT REFERENCE 
LEVEL 

2. v 

OUTPUT REFERENCE 
LEVEL 

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 RIW or CE rising edge. Therefore, the 
input data must be valid during the setup time (tosw or tosd and hold time (tOHW or tOHd. 

11) All address inputs are latched at the falling edge of CEo Therefore, all the address inputs must be 
valid during tASC and tAHC. 

12) The two refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition 
CE = V1H. 

Auto refresh : RFSH pulse width ~ tFAP (max.) 
Self refresh : RFSH pulse width ~ tFAS (min.) 

The timing parameter tFRS must be met for proper device operation under the following conditions: 
• after self refresh 
• if RFSH = "L" after power-up 
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TC518129BPUBSPL/BFL/BFWUBFTL-70/80/10 
TC518129BPUBSPUBFUBFWUBFTL .. 70U80L/10L Static RAM 

Timing Waveforms 

Read Cycle 

~ 
VIH -
Vil -

VIH 
CS Vil 

VIH-~--------~-++-----++------------------~--------~~~---------
R/W Vll-____ 

J 

VIH-~---=~~~~~~============~----------------~t=~====~---
~Vll-~ ____ ~~ ____ ~ __________________________ L-__ ~ ____ __ 

Write Cycle 1 (OE Fixed High) 

a VIH -
Vil -

VIH 
CS Vil 

m VIH -
Vil -

VIH -
Rf\N Vil -

tosc 
tosw toHW 

VIH -
v01-voa· VIl _--------...,H----------<I 

~-----------~---~ 
DATA-IN 

tRFD 

VIH-~-----~~~~~-----------------------~~~--------
mH VIL-

------~~----~--------------~~~----~~--~------~ :HorL 
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TC518129BPLlBSPLlBFL/BFWLlBFTL-70/80/10 
Static RAM TC518129BPLlBSPLlBFLlBFWLlBFTL-70L/80Ll10L 

Write Cycle 2 (OE Clocked) 

V
1l ---------------------~---------~------------------~---~~----------++-------------

VII~ -
RFSH V

1l 
_ 

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

Write Cycle 3 (OE Fixed Low) 

VIH -

~ Vl
l -----------++----------------------------oH--------

VIH -

Rf\N VIL ----------J.;...--++---------.;;;:~--~+------r __ ---oH------
V IH -

~N ----------~----------~--CDA 
J VIL -

VOl-VOS ~--~~-------~~~ 
LOUT VOH-_________ +-I-___ ~ 

VOL -

VIH -

~VIL-
-------~---------~~--------------------~--------~:HorL 
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TC518129BPLlBSPLlBFL/BFWLlBFTL-70/80/10 
TC518129BPLlBSPL/BFL/BFWL/BFTL-70Ll80Ll10L Static RAM 

Read Modify Write Cycle 

VIH _::-------""\1 1<IIIIt"""--------~-------+l ~===~ 
Cl Vll-

VIH _:-------~~_,J 

~ Vll -
------~--~~-~-----~+-------------~------------

VIH -

Vil - ____ -' 

VIH -
~N -------------~~~~-------+--~~~ I Vll-

V01-VOS 
L VOH­

OUT VOl-----------++--~-~ 

VIH-::----~==~~~~==~~-------------------!~~~~~-----
~Vll -~ _____ _'~====~~ __________________ _'~ __ ~ ______ ____ 

CE Only Refresh 

-a VIH -

Vil -

VIH 
CS Vil 

AO- AS 
VIH 

Vil 

~ 
VIH -

Vil -

VIH -
RNI 

Vil -

VoH-
V01-VOS VOl- OPEN 

tFRS 

VIH -

~Vll-
Note: A9 - A 16 = V1H or VIL ~ :HorL 
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TC518129BPLlBSPLlBFLlBFWLlBFTL-70/80/10 
Static RAM TC518129BPLlBSPLlBFLlBFWLlBFTL-70Ll80Ll10L 

Auto Refresh 

V01-VOS VOH - ________________________ __ 

VOL -

Note: CS, OE, RIW, AO - A 16 = V1H or V1L 

Self Refresh 

V

1H

- l' CE V1L _____ . 

4,.._-.,;::tR~FO~~~1 

V1H -

imHv IL -~ ____ .J 

OPEN 

V01-I/OS VOH - _____________ _ 
OPEN 

VOL -

Note: CS, OE, RIW, AO - A 16 = V1H or V1L 

CS Standby Mode 

V01-V08 vOH - _____________ _ 

VOL -
OPEN 

Note: OE, RIW, AO - A 16 = V1H or V1L ~:HorL 
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Static RAM 

Notes 

0.134 TOBHI.A AMERICA ELECTRONIC COMPONENTS. INC. 



TOSHIBA 

TC5l8l29BPL/BFL/BFWL/BFIL-70V /80V /lOV 

SILICON GATE CMOS 

131,072 WORD x 8 BIT CMOS PSEUDO STATIC RAM 

Description 
The TC518129B-V is a 1 M 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 (RFSf-i 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 RNV 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 
• Organization: 131,072 words x 8 bits 

• Low voltage operation: 2. 7V - 5. 5V 

• Data retention supply voltage: 2.7V - 5.5V 

• Fast access time 

TC518129B-V Family 

-70 -80 -10 

tCEA cr Access Time 70ns 80ns 100ns 

tOEA N Access Time 2Sns 30ns 40ns 

tRC Cycle Time 115ns 130ns 160ns 

Power Dissipation 38SmW 330mW 27SmW 

Self Refresh Current 
Is.sv SO/lA 

1 3.0V 2S/lA 

• Auto refresh is supported by an internal refresh address 
counter 

• Self refresh is supported by an internal timer 

• Inputs and outputs TTL compatible 

• Refresh: 512 refresh cycles/8ms 

• Auto refresh power down feature 

• Package 
- TC518129BPL-V: DIP32-P-600 
- TC518129BFL-V: SOP32-P-450 
- TC518129BFWL-V: SOP32-P-525 
- TC518129BFTL-V: TSOP32-P-0820 

(TSOP) 

PIN NO. 1 2 3 4 S 6 7 

PIN NAME A11 Ag As A13 R/W CS A15 
PIN NO. 17 18 19 20 21 22 23 

PIN NAME A3 A2 A1 Ao 1/01 1/02 1/03 

Pin Connection (Top View) 

RFSH 
A16 
A14 
A12 

x~~ 

A7 
A6 
AS 
A4 
A3 
A2 
Al 
AO 

CS 
Rom 
A13 
A8 
A9 
A1l 
OE 
AlO 
CE 
1108 
1101 
1106 
1105 
1104 

TC5l8129BFTL(FonNard) 

1101 
1102 
1103 

GNO 

TCS191299Pl/BFl/BFVVl 

Pin Names 

AO - A16 Address Inputs 

RIW ReadIWrite Control Input 

OE Output Enable Input 

'R'FSR Refresh Input 

CE Chip Enable Input 

CS Chip Select Input 

1/01 - 1/08 Data InputslOutputs 

VDD Power 

GND Ground 

8 9 10 11 12 13 

VDD R"F'SR A16 A14 A12 A7 

24 2S 26 27 28 29 

GND 1/04 I/OS 1/06 1/07 1/08 

14 1S 16 

Ae As A4 

30 31 32 

cr A10 N 
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TC51S129BPL/BFL/BFWLlBFTL-70V/SOV/10V Static RAM 

Block Diagram 

CE 

CS 

ROW 
ADDRESS 
BUFFER (9) 

R!WO---CI 

Operating Mode 

~ MODE 

Read 
Write 
cr only Refresh 

CS Standby 
Auto/Self Refresh 

Standby 

H = High level input (VI H) 
L = Low level input (VIJ 
* = VIH orVIL 

CE 

L 
L 
L 

L 
H 

H 

CS 

H 
H 
H 

L 
* 

* 

MEMORY 
ARRAY 

512x256x8 

OE R/W 

L H 
* L 
H H 

* * 
* * 

* * 

RFSH 

* 
* 
* 

* 
L 

H 

AO -A16 

V* 
V* 
V* 

* 
* 

* 

1/01 
1 

I/OS 

1/01- 8 

OUT 
IN 
HZ 

HZ 
HZ 

HZ 

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 

Voo Power Supply Voltage -1.0 - 7.0 V 

TOPR Operating Temperature 0-70 °C 
1 

TSTRG Storage Temperature -55 - 150 °C 

TSOLOER Soldering Temperature· Time 260·10 °C· sec 

Po Power Dissipation 600 mW 

lOUT Short Circuit Output Current 50 mA 
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Static RAM TC518129BPLlBFLlBFWLlBFTL-70V/80V/10V 

DC Recommended Operating Conditions 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Voo Power Supply Voltage 4.5 5.0 5.5 V 

VIH Input High Voltage 2.4 - Voo + 1.0 V 2 

VIL Input Low Voltage -1.0 - 0.8 V 

DC Characteristics (Ta = 0 - 700C, Voo = 5V±10%) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

70ns version - 50 70 

1000 
Operating Current (Average) 

80ns version - 40 60 mA 3,4 cr, Address cycling: tRC = tRC min. 
1 OOns version - 35 50 

100s1 
Standby Current - - 1 mA 
cr=VIH,~=VIH 

100S2 
Standby Current - 35 50 ~ cr = Voo - 0.2V, ~ = Voo - 0.2V 

100F1 
Self Refresh Current (Average) - - 1 mA 
cr=VIH, ~=VIL 

100F2 
Self Refresh Current (Average) - 35 50 ~ cr = Voo - 0.2V, 'RFSH = 0.2V 

100F3 
Auto Refresh Current (Average) - - 2 mA 
R'J!SH cycling: tFC = tFC min. 

70ns version - 50 70 

100F4 
cr only Refresh Current (Average) 
cr, Address cycling: tRC = tRC min. 

SOns version - 40 60 mA 3 

1 OOns version - 35 50 

II(L) 
Input Leakage Current - - ±10 ~ OV ~ VIN ~ Voo, All other Inputs not under test = OV 

Output Leakage Current 

10(L) Output Disabled (CE = VIH or OE = VIH or RIW = Vld, - - ±10 ~ 
OV ~ VOUT ~ Voo 

VOH 
Output High Level 

2.4 - - V 
10H = -1.0mA 

VOL 
Output Low Level - - 0.4 V 
10L= 2.1mA 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AO - A 16) - 5 

CI2 Input Capacitance (cr, CS, OE, RIW, ~) - 7 pF 

CIO Input/Output Capacitance - 7 

*This parameter is periodically sampled and is not 100% tested. 
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TC518129BPUBFUBFWUBFTL-70V/80V/10V Static RAM 

AC Characteristics (Ta = 0 - 700C, Vee = 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 -
I----

tRMW Read Modify Write Cycle Time 160 - 180 - 220 -
cr Pulse Width 

I----
tCE 70 10,000 80 10,000 100 10,000 

cr Precharge Time 
I----

tp 35 - 40 - 50 -
cr Access Time 

I----
tCEA - 70 - 80 - 100 

'O't: Access Time 
I----

tOEA - 25 - 30 - 40 

cr to Output in Low -Z 
I----

tClZ 20 - 20 - 20 -
'O't: to Output in Low -Z 

I----
tOll 0 - 0 - 0 -

t---
tWlZ Output Active from End of Write 0 - 0 - 0 -

tCHz Chip Disable to Output in High-Z 0 20 0 
I----

20 0 25 9 

'O't: Disable to Output in High-Z 
I----

tOHZ 0 20 0 20 0 25 9 
I----

tWHZ Write Enable to Output in High-Z 0 25 0 25 0 30 9 

'O't: Output Disable Setup Time 
I----

taos 0 - 0 - 0 -
OE Output Disable Hold Time 

I----
tooH 10 - 10 - 10 -

t---

tRCS Read Command Setup Time 0 - 0 - 0 -
I----

tRCH Read Command Hold Time 0 - 0 - 0 -
tcss Chip Select Setup Time 0 0 0 

r-------: - - -
tCSH Chip Select Hold Time 20 - 25 

ns I----
- 30 -

I----
twp Write Pulse Width 20 - 25 - 30 -

tWCH Write Command Hold Time 35 10,000 40 
I----

10,000 50 10,000 

tCWl Write Command to cr Lead Time 20 10,000 25 
I----

10,000 30 10,000 
I----

tosw Data Setup Time from RIW 15 - 20 - 25 - 10 

Data Setup Time from CE 
I----

tosc 15 - 20 - 25 - 10 

tOHW Data Hold Time from R!W 0 -- 0 
I----

- 0 - 10 

Data Hold Time from cr t---
toHC 0 - 0 - 0 - 10 

tASC Address Setup Time 0 - 0 
I----

- 0 - 11 

Address Hold Time 
I----

tAHC 20 - 25 - 30 - 11 

'FWSH Command Hold Time 
I----

tRHC 15 - 15 - 15 -
I----

tFC Auto Refresh Cycle Time 115 - 130 - 160 -
Rl=SR Delay Time from cr I----

tRFO 35 - 40 - 50 -
Rl=SR Pulse Width (Auto Refresh) 

t---
tFAP 30 8,000 30 8,000 30 8,000 12 

'FWSH Precharge Time 
I----

tFP 30 - 30 - 30 - 12 

Rl=SR Pulse Width (Self Refresh) 
I----

tFAS 8,000 - 8,000 - 8,000 - 12 

cr Delay Time from RFSR (Self Refresh) 
I----

tFRS 160 - 160 - 190 - 12 

tREF Refresh Period (512 cycles, AO - A8) - 8 - 8 - 8 ms 

tT Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 
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Static RAM TC518129BPLlBFLlBFWLlBFTL-70V/80V/10V 

3.0V Operation 

DC Recommended Operating Conditions 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Voo Power Supply Voltage 2.7 3.0 3.3 V 

VIH Input High Voltage Voo - 0.2V - Voo + 1.0V V 2 

VIL Input Low Voltage -0.5 - 0.2 V 

DC Characteristics (Ta = 0 - 70°C, Voo = 3.0V±O.3V) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

1000 
Operating Current (Average) 

- 15 20 mA 3,4 CE Address cycling: tRC = tRC min. 

IOOS2 Standby Current - 15 25 ~ 

IOOF2 Self Refresh Current (Average) - 15 25 ~ 

IOOF3 
Auto Refresh Current (Average) 

- - 2 mA 
RFSH cycling: tFC = tFC min. 

IOOF4 
Ci: only Refresh Current (Average) - 15 20 mA 3 Ci: Address cycling: tRC = tRC min. 

II(L) 
Input Leakage Current - - ±10 ~ OV ~ VIN ~ Voo, All other Inputs not under test = OV 

IO(L) 
Output Leakage Current - - ±10 ~ Output Disable, OV ~ VOUT ~ Voo 

IOH = -1mA 2.4 - -
VOH Output High Level V 

IOH = -100~ Voo - 0.2V - -

IOL = 2.1mA - - 0.4 
VOL Output Low Level V 

IOL = 100~ - - 0.2 
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TC518129BPLlBFL/BFWLlBFTL-70V 180V/1 OV Static RAM 

AC Characteristics (Ta = 0 - 700C, Voo = 3.0V±0.3V) (Notes: 5, 6, 8) 

SYMBOL PARAMETER 

tRC Random Read, Write Cycle Time 

tRMW Read Modify Write Cycle Time 

tCE CE' Pulse Width 

tp CE' Precharge Time 

tCEA CE' Access Time 

tOEA OE' Access Time 

telz CE' to Output in Low-Z 

tOll OE' to Output in Low -Z 

tWLl Output Active from End of Write 

tCHZ Chip Disable to Output in High-Z 

tOHZ OE' Disable to Output in High-Z 

tWHz Write Enable to Output in High-Z 

taos OE' Output Disable Setup Time 

tOOH OE' Output Disable Hold Time 

tRCS Read Command Setup Time 

tRCH Read Command Hold Time 

twp Write Pulse Width 

tWCH Write Command Hold Time 

tCWl Write Command to cr Lead Time 

tosw Data Setup Time from R!W 

tosc Data Setup Time from cr 
tOHW Data Hold Time from R!W 

tOHC Data Hold Time from cr 
tASC Address Setup Time 

tAHC Address Hold Time 

tRHC ~ Command Hold Time 

tFC Auto Refresh Cycle Time 

tRFO ~ Delay Time from cr 
tFAP ~ Pulse Width (Auto Refresh) 

tFP ~ Precharge Time 

tFAS ~ Pulse Width (Self Refresh) 

tFRS cr Delay Time from ~ (Self Refresh) 

tREF Refresh Period (512 cycles, AO - A8) 

tT Transition Time (Rise and Fall) 

Timing Reference Levels: 
Input Reference Levels: 1 .5V11 .5V 
Output Reference Levels: 1 .5V11.5V 

MIN. MAX. UNIT 

240 -
320 -
150 10,000 

80 -
- 150 

- 80 

20 -

5 -
5 -

0 30 

0 30 

0 40 

0 -
10 -

0 -
0 -

ns 
35 -

70 10,000 

35 10,000 

30 -

30 -
0 -
0 -
0 -
35 -
15 -

240 -
80 -

50 8,000 

50 -
8,000 -
300 -
- 8 ms 

3 50 ns 

NOTES 

r---
I--

13 
r---

r---
I--

I--

r---
I--

I--
9 

I--
9 

r---
9 

I--

-
-
-
-
-
-
-

10 
-

10 - 10 
-

10 
I--

11 
I---

11 
I--

I--

r---
I--

12 
I--

12 
r---

12 
I--

12 

D .. 140 TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



Static RAM TC518129BPLlBFLlBFWLlBFTL-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) 1000 and 100F4 depend on the cycle time. 

4) 1000 depends on the output loading. Specified values are obtained with the outputs open. 

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

6) AC measurements assume tT = 5ns. 

7) Timing reference levels 
Input Levels 

Input Reference Levels 

Output Reference Levels 

V1H = 2.6V 
V1L = 0.6V 

VII-1 = 2.4V 
V1L = 0.8V 

VOH = 2.2V 
VOL = 0.8V 

INPUT 
2.6V 

O.6V 

OUTPUT 

INPUT REFERENCE 
LEVEL 

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

2.2V 

OUTPUT REFERENCE 
LEVEL 

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 RJIN or CE rising edge. Therefore, the input 
data must be valid during the setup time (tosw or tose) and hold time (tOHW or tOHe). 

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

12) The two refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition 
CE=V1H· 

Auto refresh : RFSH pulse width ~ tFAP (max.) 
Self refresh : RFSH pulse width;::: tFAS (min.) 

The timing parameter tFRs must be met for proper device operation under the following conditions: 
• after self refresh 
• if RFSH = "L" after power-up 
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TC518129BPL/BFLlBFWLlBFTL-70V 180V 11 OV Static RAM 

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VOH Data Retention Supply Voltage 2.7 - 5.5 V 

I VOH = 3.0V - 15 25 
IOOF2 Self Refresh Current I VDH = 5.5V 

JlA - 35 50 

tR Recovery Time 5 - - ms 

Voo 

4.SV 

Voo VOH 
---------~ If ,-----------------, --------------.-.-.-.-.- -_._._._._--.-

GND 

OATA RETENTION MODE 

VIM 
tRFD (SELF REFRESH) I tFR" 

RFSH ~ Onsmin. tR I~ 
:iiO.2V 

GND 

n r---, 
~VDD - O.2V 

J -------] \-------

Notes: CS, OE, RIW, AO - A 16 = V1H or V1L 

IDDF1 is applicable when RFSH = V1L (max.), CE = V1H (min.). 
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Static RAM TC518129BPUBFUBFWUBFTL-70V /80V/1 OV 

Timing Waveforms 

Read Cycle 

VIH 
AO - A16 VIL 

VIH -

OE VIL-

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

VIH -
R/W 

VIL --------' 

VOH-
1101-1/08 VOL _-------+-+---+------0(1:: DATA-OUT 

VIH -
~VIL --____ ~~ ___ ~~ _______________________ ~_~~ ____ _ 

Write Cycle 1 (OE Fixed High) 

CE 
VIH -

VIL -

VIH 
CS V IL 

m VIH -

VIL -

VIH -
R/W 

VIL -

VIH ---------.;.4-----------( DATA-IN 
1/01-1/08 VIL - 1\----------'~--__1l 

't ~ 

~ :HorL 
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TC518129BPLlBFL/BFWL/BFTL·70V/80VI10V Static RAM 

Write Cycle 2 (OE Clocked) 

cr VIH -

V 1L -

V 1H 
CS 

VIL 

V 1H -

~ VIL - ____________ ~~----__ ~----__ --__ --~--~~------~------------__ 

V1H -
rvw 

V
1L ---------~--~~-------+----~--~-4~--~~------~------------.... 

VIH -

RFSR'VIL _ 

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

Write Cycle 3 (OE Fixed Low) 

V1H 
AO - A16 V

1L 

V
1L --------------++----------------------------------++--------------

VIH -

V
1L ---------~---++-------------~--~~~--~~--~-++----------------

V1H -

1/01-1/08 
VIL --------------++-------------~--~~~--~--~--__ ~~~ 

LOUT vOH-____________ -++-__ --+i 
VOL-

0·144 

V1H -

RFffi Vil _ 

------~------------~----------------~~--------~------~-----~:HorL 
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Static RAM TC518129BPLlBFLlBFWLlBFTL-70V 180V 11 OV 

Read Modify Write Cycle 

V1H -

M VIL-

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

RIVV 
V

1L 
-------

VIH ---------------+-+----+-I--::----------+----ho---~ r N . V1L-

1/01-1108 
L VOH -

OUT VOL _-----------+-+--+----<: 

VIH -~----~==~~~==~~~~~---------------------~~==~==~----
~VIL -~ _____ ~[!t=:==!~~ ______________________________ ~~ __ ~~ ______ ____ 

CE Only Refresh 

V 1H -
CE 

V 1L -

V 1H 
CS V 1L 

V 1H 
AO- A8 V 1L 

~ 
V 1H -

V 1L -

V 1H -
FVW 

V 1L -

Vot-i-
1/01 -1/08 VO

L
-

Note: A9 - A16 = V1H orV1L ~:HorL 
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TC518129BPLlBFLlBFWL/BFTL-70V/80V/10V Static RAM 

Auto Refresh 

1/01-1/08 VOH - _____________ _ 

VOL -
OPEN 

Note: CS, OE, R/W, AD - A 16 = V1H or V1L 

Self Refresh 

V'H- 1 a V1L -~---
"III _-:tR.:.:.F=-D_+l~1 

1/01-1/08 VOH - _____________ _ 

VOL -
OPEN 

Note: CS, OE, R/W, AD - A 16 = V1H or V1L 

CS Standby Mode 

1101-1/08 VOH - ____________ _ 

VOL -
OPEN 

Note: OE, R/W, AD - A 16 = V1H or V1L ~:HorL 
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Static RAM TC5181298PL/BFLlBFWLlBFTL-70V 180V 11 OV 

IOOE2 Voo Characteristics 

(JJA) 

Typ. Ta = 25·( 

100 

50 

----
O~ ________ ~ ________ -L ________ ~~~ ______ ~_ 

4 6 (V) 

IOOE2 Temp. Characteristics 

Typ. VDO = 3V 

60 

40 

20 

0~ ____ ~ ________ ~ __________________ 4-______ _ 

25 70 (·C) 
Ta 
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TC518129BPLlBFLlBFWLlBFTL-70V/80V/10V 

Battery Backup Application Example 

VDO 

Zo 
3.9V 

*1 : Ceramic condenser 
*2: Tantalum condenser 

2SA1015 

Static RAM 

1000n 

Nicd 
X3 
3.6v 

Oi 

VDO 

System 

GNO 

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

*1 

O.lpF 

+ *2 
10pF 
-47pF 

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. 

0-148 TOSHIBA AMERICA ELECTRONIC CDMPDNENTS, INC. 



TOSHIBA 

TC518129CPL/CFWL/CFIL70/00/10 
TC518129CPL/CFWL/CFIL-70L/OOL/l0L 

SILICON GATE CMOS PRELIMINARY 

131,072 WORD x 8 BIT CMOS PSEUDO STATIC RAM 

Description 
The TC518129C is aiM bit high speed CMOS pseudo static RAM organized as 131,072 words by 8 bits. The TC518129C utilizes 
a one 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 RIW 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 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). 

PFeatures 
• Organization: 131,072 words x 8 bits 
• Single 5V power supply 
• Fast access time 

TC518129C Family 

-70 -80 -10 

tCEA CE Access Time 70ns 80ns 100ns 

tOEA ~ Access Time 25ns 30ns 40ns 

tAC Cycle Time 115ns 130ns 160ns 

Power Dissipation 385mW 330mW 275mW 

Self Refresh Current 
1 001lA (L version) 
501lA (LL version) 

• Auto refresh is supported by an internal refresh address 
counter 

• Self refresh is supported by an internal timer 
• Inputs and outputs TIL compatible 
• Refresh: 512 refresh cycles/8ms 
• Auto refresh power down feature 

• Package 
- TC518129CPL : DIP32-P-600 
- TC518129CFWL : SOP32-P-525 
- TC518129CFTL : TSOP32-P-0820 

(TSOP) 

PIN NO. 1 2 3 4 5 6 7 

PIN NAME A11 Ag As A13 R/W CS A15 

PIN NO. 17 18 19 20 21 22 23 

PIN NAME A3 A2 A1 Ao 1/01 1/02 1/03 

Pin Connection (Top View) 

RFsH 
A16 
A14 
A12 

Voo 
A15 

A7 
A6 
AS 
A4 
A3 
A2 
Al 
AO 

C5 
RIW 
All 
A8 
A9 
All 
OE 
Al0 
CE 
1108 
1107 
1106 
1105 
1104 

TC518129CFTL ( Forw~rd ) 

1101 
1102 
1103 

GND 

TC518129CPL/CFVVl 

Pin Names 

AO ~ A16 Address Inputs 

RIW ReadIWrite Control Input 

"DE Output Enable Input 

RFSH Refresh Input 

CE Chip Enable Input 

CS Chip Select Input 

1/01 ~ 1/08 Data InputslOutputs 

Voo Power 

GND Ground 

8 9 10 11 12 13 

Voo RFSH A16 A14 A12 A7 

24 25 26 27 28 29 

GND 1/04 1/05 1/06 1/07 1/08 

14 15 16 

A6 A5 A4 

30 31 32 

CE A10 "DE 
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TC518129CPLlCFWLlCFTL· 70/80/10 
TC518129CPLlCFWLlCFTL·70L/80L/10L 

Block Diagram 

RN/o---<I 

Operating Mode 

Static RAM 

MEMORY 
ARRAY 

512x256x8 

MODE CE CS DE R/W RFSH AD -A16 1/01 - 8 

Read 
Write 
cr only Refresh 

CS Standby 
Auto/Self Refresh 

Standby 

H = High level input (VI H) 
L = Low level input (VIJ 
* = VIH orVIL 

L H 
L H 
L H 

L L 
H . 
H . 

L H * V* 
* L * V* 
H H * V* 

* * * * 
* . L * . . H . 

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

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 

Voo Power Supply Voltage -1.0 - 7.0 V 

TOPR Operating Temperature 0-70 °C 
1 

TSTRG Storage Temperature -55 - 150 °C 

TSOLOER Soldering Temperature· Time 260·10 °C· sec 

Po Power Dissipation 600 mW 

lOUT Short Circuit Output Current 50 mA 

OUT 
IN 
HZ 

HZ 
HZ 

HZ 
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Static RAM 

DC Recommended Operating Conditions 

SYMBOL PARAMETER MIN. TYP. MAX. 

Voo Power Supply Voltage 4.5 5.0 5.5 

VIH Input High Voltage 2.4 - Voo + 1.0 

VIL Input Low Voltage -1.0 - O.B 

DC Characteristics (Ta = 0 - 70°C, Voo = 5V±10%) 

SYMBOL PARAMETER 

70ns version 

1000 
Operating Current (Average) 

BOns version cr, Address cycling: tRC = tRC min. 
1 OOns version 

100s1 
Standby Current 
CE = VIH, RFSH = VIH 

Standby Current L version 
100S2 CE = Voo - 0.2V, R1=SR = Voo - 0.2V LL version 

100F1 
Self Refresh Current (Average) 
CE = V1H, "FWSH = VIL 

Self Refresh Current (Average) L version 
IOOF2 CE = Voo - 0.2V, Ri=SR = 0.2V LL version 

100F3 
Auto Refresh Current (Average) 
RFSH cycling: tFC = tFC min 

70ns version 

100F4 
cr only Refresh Current (Average) 

BOns version cr, Address cycling: tRC = tRC min. 
1 OOns version 

II(L) 
Input Leakage Current 
OV::;; VIN ::;; Voo, All other Inputs not under test = OV 

Output Leakage Current 

10(L) Output Disabled (C~ = VIH or OE = VIH or RIW = Vld, 
OV::;; VOUT ::;; Voo 

VOH 
Output High Level 
10H = -1mA 

VOL 
Output Low Level 
10L = 2.1mA 

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

SYMBOL PARAMETER 

CI1 Input Capacitance (AO - A 16) 

CI2 Input Capacitance (cr, CS, "QE, RIW, "FW$H) 

CIO Input/Output Capacitance 

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

TC518129CPLlCFWLlCFTL· 70/80/10 
TC518129CPLlCFWLlCFTL· 70Ll80Ll1 OL 

UNIT NOTES 

V 

V 2 

V 

MIN. TYP. MAX. UNIT NOTES 

- 50 70 

- 40 60 mA 3,4 

- 35 50 

- - 1 mA 

- 50 100 ~ 
- 35 50 ~ 

- - 1 mA 

- 50 100 ~ 
- 35 50 ~ 

- - 2 mA 

- 50 70 

- 40 60 mA 3 

- 35 50 

- - ±10 ~ 

- - ±10 ~ 

2.4 - - V 

- - 0.4 V 

MIN. MAX. UNIT 

- 5 

- 7 pF 

- 7 
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TC518129CPL/CFWLlCFTL-70/80/10 
TC518129CPLlCFWLlCFTL-70Ll80Ll10L Static RAM 

AC Characteristics (Ta = 0 - 70°C, Vee = 5V±10%) (Notes: 5, 6, 7,8) 

-70 
SYMBOL PARAMETER 

MIN. MAX. MIN. 

tRC Random Read, Write Cycle Time 115 - 130 
r---

tRMw Read Modify Write Cycle Time 160 - 180 

tCE cr Pulse Width 70 10,000 80 

tp CE Precharge Time 35 - 40 

tCEA CE Access Time - 70 -

tOEA ('jE Access Time - 25 -

tCll CE to Output in Low -Z 20 - 20 

tall OE to Output in Low -Z 0 - 0 

tWll Output Active from End of Write 0 - 0 

tCHl Chip Disable to Output in High-Z 0 20 0 

tOHl OE Disable to Output in High-Z 0 20 0 

tWHl Write Enable to Output in High-Z 0 25 0 

taos ('jE Output Disable Setup Time 0 - 0 

tOOH OE Output Disable Hold Time 10 - 10 

tRCS Read Command Setup Time 0 - 0 

tRCH Read Command Hold Time 0 - 0 

tcss Chip Select Setup Time 0 - 0 

tCSH Chip Select Hold Time 20 - 25 

twp Write Pulse Width 20 - 25 

tWCH Write Command Hold Time 35 10,000 40 

tCWl Write Command to cr Lead Time 20 10,000 25 

tosw Data Setup Time from RIW 15 - 20 

tosc Data Setup Time from cr 15 - 20 

tOHW Data Hold Time from RIW 0 - 0 

tOHC Data Hold Time from cr 0 - 0 

tASC Address Setup Time 0 - 0 

tAHC Address Hold Time 20 - 25 

tRHC 'R'FSR Command Hold Time 15 - 15 

tFC Auto Refresh Cycle Time 115 - 130 

tRFO R"FSH Delay Time from CE 35 - 40 

tFAP RFSH Pulse Width (Auto Refresh) 30 8,000 30 

tFP R'FSR Precharge Time 30 - 30 

tFAS RFSH Pulse Width (Self Refresh) 8,000 - 8,000 

tFRS cr Delay Time from RFSH (Self Refresh) 160 - 160 

tREF Refresh Period (512 cycles, AO - A8) - 8 -

tT Transition Time (Rise and Fall) 3 50 3 

-80 -10 

MAX. MIN. MAX. 

- 160 -
- 220 -

10,000 100 10,000 

- 50 -

80 - 100 

30 - 40 

- 20 -
- 0 -

- 0 -

20 0 25 

20 0 25 

25 0 30 

- 0 -
- 10 -

- 0 -

- 0 -
- 0 -

- 30 -
- 30 -

10,000 50 10,000 

10,000 30 10,000 

- 25 -
- 25 -

- 0 -
- 0 -

- 0 -
- 30 -

- 15 -

- 160 -

- 50 -

8,000 30 8,000 

- 30 -

- 8,000 -

- 190 -
8 - 8 

50 3 50 
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9 
"----
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-
-
-

ns ~ 

~ 

-
-
"----

10 
r---

10 
~ 

10 
~ 

10 
r---

11 
r---

11 
r---
r---

r---

r---
12 

I---
12 

r---
12 

r---
12 

ms 

ns 
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Static RAM 
TC518129CPLlCFWUCFTL-70/80/10 

TC518129CPL/CFWUCFTL-70U80U10L 

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) 1000 and 100F4 depend on the cycle time. 

4) 1000 depends on the output loading. Specified values are obtained with the outputs open. 

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

6) AC measurements assume tT = 5ns. 

7) Timing reference levels 
Input Levels 

Input Reference Levels 

Output Reference Levels 

V1H = 2.6V 
V1L = 0.6V 

V1H = 2.4V 
V1L = 0.8V 

VOH = 2.2V 
VOL = 0.8V 

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

INPUT 
2.6V 

O.6V 

OUTPUT 

INPUT REFERENCE 
LEVEL 

2.2V 

OUTPUT REFERENCE 
LEVEL 

9) tcHZ' 10Hz, 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 RJIN or CE rising edge. Therefore, the 
input data must be valid during the setup time (tosw or tose) and hold time (tOHw or tOHe). 

11) All address inputs are latched at the falling edge of CEo Therefore, all the address inputs must be 
valid during tASC and tAHC· 

12) The two refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition 
CE=V1H· 

Auto refresh : RFSH pulse width::; tFAP (max.) 
Self refresh : RFSH pulse width;;:: tFAS (min.) 

The timing parameter tFRS must be met for proper device operation under the following conditions: 
• after self refresh 
• if RFSH = ilL" after power-up 
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TC518129CPLlCFWLlCFTL-70/8011 0 
TC518129CPLlCFWL/CFTL-70Ll80Ll10L 

Timing Waveforms 

Read Cycle 

~ 
V1H -Vil -
V1H 

CS V1l 
V1H 

AO- A16 V1l 

Static RAM 

V1H -:------~-+-+---~ 
~ V1l -~-___ ~~~ __ ~~ ___________ -L+-______ +_--__ ----___ 

VIH-:--------~~~---~----------------+---------+--~-------
RIW 

V1l -~----' 
DATA-OUT 

VIH-:----=====~~~~;:==========~~--------------~;:~====~---
~Vll-

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

Write Cycle 1 COE Fixed High) 

a VIH -

V1l -

V1H 
CS V1L 

V1H 
AO- A16 VIL 

~ 
V1H -

V1L -

VIH -
RJW 

VIL -

DATA-IN 
VIH -

U01-voa· V1l _---------i+------------<I 
~----------~~----~ 

VIH_~--~==~~~~l=====~---------------------!t:!t=====----
~VIL--_______ ~~ ____ ~~ _______________ ~ ________ -L ____ ~ ______ __ 

~:HorL 
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Static RAM 

Write Cycle 2 (OE Clocked) 

TC518129CPUCFWUCFTL· 70/80/10 
TC518129CPUCFWUCFTL· 70L/80U1 OL 

M VIH-

VIL -------------~~------~------------~--~~------_+r_----------

VIH -
RFSH VIL _ 

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

Write Cycle 3 (OE Fixed Low) 

VU"\ 

CS VIL 

VIH -

~ V
IL ---------------r+------------------------------------~----------

VIH -
RIW 

V
IL ---------~----~------------~~--~~~--~~------~---------

VIH -
~N ----------------++-----------------~~D~ I VIL -VOl-V08 J~~--~----------~~JI 

LOUT VOH-_____________ H-____ ~ 

VOL -

VIH -

~VIL-
-------~----------~~-----------------~--------~---------~:HorL 
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TC518129CPUCFWL/CFTL·70/80/10 
TC518129CPUCFWUCFTL·70U80U10L 

Read Modify Write Cycle 

~ 
VIH -

Vil -

VIH 
CS Vil 

VIH 
AO- Al6 Vil 

~ 
VIM -

Vil -

VIH -
FVW 

Vil -

VIH -

r N 
VIL -

VOl-VaS 
L VOH-

OUT VOL -

VIM -
i1JSR'Vll _ 

CE Only Refresh 

ct 
VIH -

Vil -

VIM 
CS 

Vil 

AO- AS 
VIM 

Vil 

M 
VIH -

Vil -

VIH -
FVW 

VIL -

VOH-
VOl-VaS VOl-

tFRS 

VIH -

~Vll-

Static RAM 

OPEN 

Note: A9 - A16 = VIH or V1L 
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Static RAM 

Auto Refresh 

VOl-VaS VOH - ________________________ __ 

VOL - OPEN 

Note: CS, OE, RNV, AO - A 16 = V1H or V1L 

Self Refresh 

CE 
V1H -

1 V 1L -

tRFQ ~I 4 

VOl-liaS VOH - _____________ _ 

VOL -
OPEN 

Note: CS, OE, RNV, AO - A 16 = V1H or VtL 

CS Standby Mode 

V01-V08 VOH - __________________ _ 

VOL -
OPEN 

Note: OE, RNV, AO - A 16 = V1H or V1L 

TC518129CPUCFWLlCFTL-70/80/10 
TC518129CPL/CFWUCFTL-70Ll80Ll10L 

~:HorL 
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Static RAM 

Notes 
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TOSHIBA 

TC518512PL/FL/FIL/TRL-70/00/10 

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, .!:!!gh speed and low power storage. The 
TC518512PL operates from a single 5V power supply. Refreshing is supported by a refresh (OEIRFSH) 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 RIVI/ 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 AI8 Voo Al8 
• Fast access time AI6 AIS A16 

TC518512PL Family 
A14 Al7 Al4 
Al2 R/W Al2 

-70 -80 -10 A7 Al3 A,7 

tCEA IT Access Time 70ns 80ns 100ns 
A6 A8 A6 
AS A9 AS 

tOEA O'E' Access Time 30ns 30ns 40ns A4 All A4 
tRC Cycle Time 115ns 130ns 160ns A3 mimH A3 

Power Dissipation 385mW 330mW 275mW 

Self Refresh Current 200fJA 

A2 AIO A2 
Al a Al 
AO 1/08 AO 

• Auto refresh is supported by an internal refresh address 
counter 

1/01 V07 1/01 
1/02 1/06 1/02 

• Self refresh is supported by an internal timer 

• Inputs and outputs TIL compatible 

1/03 1/05 1/03 
GND 1/04 GNO 

• Refresh: 2048 refresh cycles/32ms 

• Package 

- TC518512PL: DIP32-P-600 
- TC518512FL: SOP32-P-525 
- TC518512FTL: TSOP32-P-400 
- TC518512TRL: TSOP32-P-400A 

Pin Names 

AO - A18 Address Inputs 

RIW ReadlWrite Control Input 

O'E'iliFSH Output Enable Input 
Refresh Input 

CE Chip Enable Input 

1/01 - 1/08 Data Inputs/Outputs 

Voo Power 

GND Ground 
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TC518512PL/FL/FTLlTRL-70/80/10 

Block Diagram 

Voo 

RNV O---<l~ 

Operating Mode 
"":":"" 

;~N MODE 

Read 
Write 
IT only Refresh 
_.", 

Auto/Self Refresh 

Standby 

H = High level input (VIH) 
I Low level input (VIU 

VII~ orV1L 

CE 

L 
L 
L 

H 

H 

OEI 
RFSH 

L 
* 
H 

L 

H 

Static RAM 

MEMORY 
ARRAY 

2048 x 256 x8 

R/W AD -A18 

H V* 
L V* 
H V* 

* * 

* * 

1/01 - 8 

OUT 
IN 
HZ 

HZ 

HZ 

cc 
o 

" 
o 

" 

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 

Voo Power Supply Voltage -1.0-7.0 V 

TOPR Operating Temperature 0-70 °C 
1 

TSTRG Storage Temperature -55 - 150 °C 
I-

TSOLOER Soldering Temperature· Time 260·10 °C· sec 

PD Power Dissipation 600 mW 
- ... -

lOUT Short Circuit Output Current 50 rnA 
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Static RAM TC518512PL.lFLlFTLITRL-70/80/10 

DC Recommended Operating Conditions 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

VDO Power Supply Voltage 4.5 5.0 5.5 V 

VIH Input High Voltage 2.4 - VDD + 1.0 V 2 

VIL Input Low Voltage -1.0 - O.B V 

DC Characteristics (Ta = 0 - 70°C, Voo = 5V±10%) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

70ns version - 50 70 

1000 
Operating Current (Average) 

BOns version - 45 60 mA 3,4 cr, Address cycling: tRC = tRC min. 
1 OOns version - 35 50 

IODS1 
Standby Current 

- - 1 mA cr = VIH, OE/R1~'SR = VIH 

IODS2 
Standby Current 

- - 200 ~ cr = Voo - 0.2V, OEil1FSR = VDO - 0.2V 

IODF1 
Self Refresh Current (Average) 

- - 1 mA cr = VIH, OE/'I1F'SR = VIL 

IODF2 
Self Refresh Current (Average) 

- - 200 ~ cr = Voo - 0.2V, 'OE/RF'SR = 0.2V 

70ns version - - 70 

IODF3 
Auto Refresh Current (Average) 

BOns version - - 60 mA 3 O'E/iiJ='SR cycling: tFC = tFC min. 
1 OOns version - - 50 

70ns version - - 70 

IODF4 
cronly Refresh Current (Average) 

BOns version - - 60 mA 3 
cr, Address cycling: tRC = tRC min. 

1 OOns version - - 50 

II(L) 
Input Leakage Current 

- - ±10 ~ OV ::; VIN ::; VDO, All other Inputs not under test = OV 

Output Leakage Current 
IO(L) Output Disabled (cr = VIH or OE/'I1F'SR = VIH or RIW = Vld - - ±10 ~ 

OV::; VOUT ::; Voo 

VOH 
Output High Level 

2.4 - - V 
10H = -1.0mA 

VOL 
Output Low Level 

- - 0.4 V 
10L= 2.1mA 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AO - A1B) - 5 

CI2 Input Capacitance (cr, OE';'I1F'SR, R/W) - 7 pF 

CIO Input/Output Capacitance - 7 

-This parameter is periodically sampled and is not 100% tested. 
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TC518512PLlFL/FTLlTRL-70/80/10 Static RAM 

AC Characteristics (Ta = 0 - 700C, Voo = 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 -

cr Pulse Width 
~ 

tCE 70 10,000 80 10,000 100 10,000 

cr Precharge Time 
f-----

tp 35 - 40 - 50 -
cr Access Time 

f-----
tCEA - 70 - 80 - 100 

~ Access Time 
~ 

tOEA - 30 - 30 - 40 

cr to Output in Low -Z 
f-----

tCLl 20 - 20 - 20 -
~ to Output in Low -Z 

~ 

tOll 0 - 0 - 0 -
~ 

tWLl Output Active from End of Write 0 - 0 - 0 -
~ 

tCHZ Chip Disable to Output in High-Z 0 20 0 20 0 25 9 

~ Disable to Output in High-Z 
f-----

tOHZ 0 20 0 20 0 25 9 
~ 

tWHZ Write Enable to Output in High-Z 0 20 0 20 0 25 9 

~ Setup Time Referenced to cr ~ 

losc 10 - 10 - 10 - 9 

OE Hold Time Referenced to cr f-----
tOHC 0 - 0 - 0 - 9 

~ 

tRCS Read Command Setup Time 0 - 0 - 0 -

tRCH Read Command Hold Time 0 - 0 
~ 

- 0 - ns 
-

twp Write Pulse Width 25 - 25 - 30 -
-

tWCH Write Command Hold Time 40 - 40 - 50 -
-

tCWL Write Command to cr Lead Time 25 - 25 - 30 -

tosw Data Setup Time from RIW 20 - 20 
~ 

- 25 - 10 
-

tosc Data Setup Time from cr 20 - 20 - 25 - 10 
-

tOHW Data Hold Time from RIW 0 - 0 - 0 - 10 
-

tOHC Data Hold Time from cr 0 - 0 - 0 - 10 
-

tASC Address Setup Time 0 - 0 - 0 - 11 
-

tAHC Address Hold Time 15 - 20 - 25 - 11 
-

tFC Auto Refresh Cycle Time 130 - 130 - 160 -
-

tRFD 'RJ!SH Delay Time from cr 40 - 40 - 50 - -
tFAP 'RJ!SH Pulse Width (Auto Refresh) 30 8,000 30 8,000 30 8,000 12 

-
tFP 'RJ!SH Precharge Time 30 - 30 - 30 - 12 -

tFAS 'RJ!SH Pulse Width (Self Refresh) 8,000 - 8,000 - 8,000 - 12 
-

tFRS cr Delay Time from "RJ=SR (Self Refresh) 160 - 160 - 190 - 12 

tREF Refresh Period (2048 cycles, AO - A 10) - 32 - 32 - 32 ms 

tT Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 
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Static RAM TC518512PUFUFTLITRL-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) 1000 ' 100F3, and 100F4 depend on the cycle time. 

4) 1000 depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of 1 OO~ with high CE is required after power-up before proper device operation is achieved. 

6) AC measurements assume tT = 5ns. 

7) Timing reference levels 
Input Levels 

Input Reference Levels 

Output Reference Levels 

V1H = 2.6V 
V1L = 0.6V 

V1H = 2.4V 
V1L = 0.8V 

VOH = 2.2V 
VOL = 0.8V 

INPUT 
2.6V 

O.SV 

OUTPUT 

INPUT REFERENCE 
LEVEL 

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

2. V 

OUTPUT REFERENCE 
LEVEL 

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/IN or CE rising edge. Therefore, the input data must be valid 
during the setup time (tosw or tosd and hold time (tOHW or tOHd. 

11) All address inputs are latched at the falling edge of CEo Therefore, all the address inputs must be valid during tASC and tAHC' 

12) The two refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE = V1H. 
Auto refresh : RFSH pulse width ~ tFAP (max.) 
Self refresh : RFSH pulse width ~ tFAS (min.) 

The timing parameter tFRS must be met for proper device operation under the following conditions: 
• after self refresh 
• if OEiRFSH = "L" after power-up 
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TC518512PLlFLlFTLlTRL-70/S0/10 Static RAM 

Timing Waveforms 

Read Cycle 

tASC 

ADDRESS 

VIH -
~~Vll -~ ____ ~ ______ ~ ______ ~ ________________________ ~+-__ ~ ____________ ____ 

VIH -
R/W 

Vil 
-----------' 

VOH -
V01-1I08 VOL _-------4----+-------(1:: 

Write Cycle 1 (OE Fixed High) 

~: 
. . a VIM J . V"_._: <'He 

AO- At8 ~:~ ~ ADDRESS 

VIH -
vOt-VOe Vll _ 

to!;C I 
if tWCH 

I 

I'" 
't-

twp 

I 

tosc 

tCWl 

rll 

tosw tOHW 

DATA-IN . 

~:HorL 
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Static RAM TC518512PLlFLlFTLITRL-70/80/10 

Write Cycle 2 (OE Clocked or Fixed Low) 

V 1H -

V
1l -~------------4--------L4-------------~--~~-------H--------+----

V1H -

Vil -~--------~--4---------4---~~--~~~--~~~-----H~-----------

V
1H --------------+--------+----..,~--:-_<J DA 

V1l - ~___.--~4__0 ...... -----~~~ 

Read Modify Write Cycle 

VIH -

~~ V1l -~---~------~--~~--------~~--~------~-------..-~~---------
VIH -

RJW Vil -;.... ___ __ 

V1H --------------~~--.:1+--:------_:_-+---+-T.::'':':'''''''4 r N 
V,ll - ~ __ __:;~-...;;J 

1101-1108 
I VOH-
'--OUT VOL _-----------------+--~ 

~:HorL 

TOSHIBA AMERICA ELECTRONIC CDMPONENTS, INC. 0-165 



TC518512PLlFLlFTLITRL-70/80/10 Static RAM 

CE Only Refresh 

VIH -~--~~==~~~--------------------------------~---!~::~--------
R/W V

il 
- ________ -J 

VOH-
1101-1108 VOL _------------------ OPEN 

Note: A11 - A18 = V1H orV1L 

Auto Refresh 

1101-1/08 VOH - ____________ _ 

VOL -

Note: RNV, AO - A18 = V1H or V1L 

Self Refresh 

VIH -
OOmH Vll _ ";.-_____ -J 

V01-V08 VOH - ____________ _ 

VOL -

Note: RNV, AO - A 18 = V1H or V1L 

OPEN 

OPEN 
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rOSHIBA 

TC518512PL/FL/FIL/TRL-70(Ln /80(Ln /10(Ln 

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, .b!gh speed and low power storage. The 
TC518512PL operates from a single 5V power supply. Refreshing is supported by a refresh (OEIRFSH) 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 RNV thus simplifying the microprocessor interface. The 
TC518512PL-(LT) is guaranteed over an operating temperature range of -20 - 7LfC. 

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 
• Single 5V power supply Al8 Voo Al8 
• Fast access time A16' AIS A16 

TC518512PL-(LT) Family AI4 AI7 AI4 
Al2 R/VV AI2 

-70 -80 -10 A7 Al3 A7 

tCEA cr Access Time 70ns 80ns 100ns 

toEA N Access Time 30ns 30ns 40ns 

A6 A8 A6 
AS A9 AS 
A4 All A4 

tRC Cycle Time 115ns 130ns 160ns A3 mJRRH A3 
Power DisSipation 385mW 330mW 275mW 

Self Refresh Current 2201lA 

A2 Al0 A2 
Al ~ Al 
AO 1/08 AO 

• Auto refresh is supported by an internal refresh address 1101 1107 1101 
counter 1/02 1106 1102 

• Self refresh is supported by an internal timer 
• Inputs and outputs TIL compatible 

1103 1/05 1103 
GNO 1104 GNO 

• Wide operating temperature: -20 - 70DC 

• Refresh: 2048 refresh cycles/32ms 

• Package 
- TC518512PL: DIP32-P-600 
- TC518512FL: SOP32-P-525 
- TC518512FTL: TSOP32-P-400 
- TC518512TRL: TSOP32-P-400A 

Pin Names 

AO - A18 Address Inputs 

RIW Read/Write Control Input 

N/R"F'SR Output Enable Input 
Refresh Input 

cr Chip Enable Input 

1/01 - 1/08 Data Inputs/Outputs 

Voo Power 

GND Ground 
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TC518512PUFUFTLfTRl· 70(l T)/SO(l T)/1 O(l T) Static RAM 

Block Diagram 

Vee 

R/Wo----a 

Operating Mode 

~ MODE 

Read 
Write 
cr only Refresh 

Auto/Self Refresh 

Standby 

H = High level input (VIH) 
L = Low leveHnput (V1l) 
* = V1H orV1L 

CE OEI 
RFSH 

L L 
L * 
L H 

H L 

H H 

COLUMN 
DECODER 

MEMORY 
ARRAY 

2048 x 256 x8 

REFRESH 
TIMER 

R/W AO -A18 1/01 - 8 

H V* OUT 
L V* IN 
H V* HZ 

* * HZ 

* * HZ 

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 

Voo Power Supply Voltage -1.0 -7.0 V 

TOPR Operating Temperature -20 - 70 °C 
1 

TSTRG Storage Temperature -55 - 150 °C 

TSOLOER Soldering Temperature· Time 260· 10 °C· sec 

Po Power Dissipation 600 mW 

lOUT Short Circuit Output Current 50 mA 

= o 

" 
o 

" 
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Static RAM TC518512PLlFLlFTLlTRL· 70(L T)/80(L T)/1 O(L T) 

DC Recommended Operating Conditions 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Voo Power Supply Voltage 4.5 5.0 5.5 V 

VIH Input High Voltage 2.4 - Voo + 1.0 V 2 

VIL Input Low Voltage -1.0 - 0.8 V 

DC Characteristics (Ta = -20 - 700C, Voo = 5V±10%) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

70ns version - 50 70 

1000 
Operating Current (Average) 

80ns version - 45 60 rnA 3,4 CE, Address cycling: tRC = tRC min. 
1 OOns version - 35 50 

100S1 
Standby Current - - 1 rnA CE = VIH, OEIRFSR = VIH 

100S2 
Standby Current - - 200 ~ CE = Voo - 0.2V, OO'Rf'SR = Voo - 0.2V 

100F1 
Self Refresh Current (Average) - - 1 rnA CE = VIH, 0E/'Rf'SR = VIL 

100F2 
Self Refresh Current (Average) - 100 220 ~ CE = Voo - 0.2V, C5EiRFSH = 0.2V 

70ns version - - 70 

100F3 
Auto Refresh Current (Average) 

80ns version - - 60 rnA 3 <5EiI1FSH cycling: tFC = tFC min. 
1 OOns version - - 50 

70ns version - - 70 

100F4 
CE only Refresh Current (Average) 

80ns version - - 60 rnA 3 CE, Address cycling: tRC = tRC min. 
1 OOns version - - 50 

II(L) 
Input Leakage Current - - ±10 ~ OV ~ VIN ~ Voo, All other Inputs not under test = OV 

Output Leakage Current 
10(L) Output Disabled (CE = VIH or OEIRFSR = VIH or R/W = Vld - - ±10 ~ 

OV ~ VOUT ~ Voo 

VOH 
Output High Level 

2.4 - - V 
10H = -1.0mA 

VOL 
Output Low Level - - 0.4 V 
10L= 2.1mA 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input CapaCitance (AO - A 18) - 5 

CI2 Input Capacitance (CE, 0E/'Rf'SR, R/W) - 7 pF 

CIO Input/Output Capacitance - 7 

*This parameter is periodically sampled and is not 100% tested. 
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TC518512PLlFl/FTlITRl-70(l T)/80(l T)/1 O(l T) Static RAM 

AC Characteristics (Ta = -20 - 70°C, Voo = 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 -
cr Pulse Width 

r----
tCE 70 10,000 80 10,000 100 10,000 

cr Precharge Time 
r----

tp 35 - 40 - 50 -
tCEA cr Access Time - 70 -

r--
80 - 100 

~ Access Time 
,....---

tOEA - 30 - 30 - 40 

cr to Output in Low -Z 
r----

tClZ 20 - 20 - 20 -
>---

tOLZ ~ to Output in Low -Z 0 - 0 - 0 -
r----

tWlZ Output Active from End of Write 0 - 0 - 0 - ----tCHZ Chip Disable to Output in High-Z 0 20 0 20 0 25 9 
-

tOHZ 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 cr 10 - 10 - 10 - 9 

OE Hold Time Referenced to CE 
r----

tOHC 0 - 0 - 0 - 9 
....---

tRCS Read Command Setup Time 0 - 0 - 0 -
-

tRCH Read Command Hold Time 0 - 0 - 0 - ns 
r----

twp Write Pulse Width 25 - 25 - 30 -
-

tWCH Write Command Hold Time 40 - 40 - 50 -
Write Command to CE Lead Time 

r----
tCWL 25 - 25 - 30 - -
tosw Data Setup Time from RIW 20 - 20 - 25 - 10 

-
tosc Data Setup Time from cr 20 - 20 - 25 - 10 

....---
tOHw Data Hold Time from RIW 0 - 0 - 0 - 10 

-
tOHC Data Hold Time from CE 0 - 0 - 0 - 10 

tASC Address Setup Time 0 - 0 
r----

- 0 - 11 
r----

tAHC Address Hold Time 15 - 20 - 25 - 11 
-

tFC Auto Refresh Cycle Time 130 - 130 - 160 -
'FWSR Delay Time from cr r----

tRFO 40 - 40 - 50 -
tFAP 'FWSRPulse Width (Auto Refresh) 30 8,000 30 8,000 30 8,000 

r----
12 

'FWSR Precharge Time 
r----

tFP 30 - 30 - 30 - 12 

'FWSR Pulse Width (Self Refresh) 
r----

tFAS 8,000 - 8,000 - 8,000 - 12 

cr Delay Time from 'RFSR (Self Refresh) 
r----

tFRS 160 - 160 - 190 - 12 

tREF Refresh Period (2048 cycles, AO - A 10) - 32 - 32 - 32 ms 

tT Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 
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Static RAM TC518512PLlFLlFTLITRL-70(L T)/80(L T)/1 O(L T) 

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) 1000, 100F3' and 100F4 depend on the cycle time. 

4) 1000 depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of 1 OOJlS with high CE is required after power-up before proper device operation is achieved. 

6) AC measurements assume tT = 5ns. 

7) Timing reference levels 
Input Levels 

Input Reference Levels 

Output Reference Levels 

V1H = 2.6V 
V1L = 0.6V 

V1H = 2AV 
V1L = 0.8V 

VOH = 2.2V 
VOL = 0.8V 

INPUT 
2.6V 

O.6V 

OUTPUT 

INPUT REFERENCE 
LEVEL 

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

2. V 

OUTPUT REFERENCE 
LEVEL 

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 RIW or CE rising edge. Therefore, the input data must be valid 
during the setup time (tosw or tosd and hold time (tOHW or tOHd. 

11) All address inputs are latched at the falling edge of CEo Therefore, all the address inputs must be valid during tASC and tAHC. 

12) The two refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE = V1H. 
Auto refresh : RFSH pulse width ~ tFAP (max.) 
Self refresh : RFSH pulse width;;;: tFAS (min.) 

The timing parameter tFRS must be met for proper device operation under the following conditions: 
• after self refresh 
• if OEiRFSH = "L" after power-up 
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TC518512PUFUFTLlTRL-70(L T)/80(L T)/10(L T) Static RAM 

Timing Waveforms 

Read Cycle 

ADDRESS 

V1H -
~~VIL -~ ________ ~ ____________ ~ ______ ~~ ______________________________________________ ~~~~ ______________________ _ 

V1H -
rvw VIL--____ _ 

VOH-
VO 1-1108 VOL _-------------------+-------1--------------< 

Write Cycle 1 (OE Fixed High) 

~~:~~~ .... , 

AO- AIS ~:~ ~ ADDRESS 

toc;c I I ~ -, 

if tWCH L tcwl I 

~ 
twp 

I I 

I 
tosw toHW 

tosc tOHC 

~ 

OATA·IN 

~:HorL 
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Static RAM TC518512PLlFLlFTLlTRL-70(L T)/80(L T)/1 O(L T) 

Write Cycle 2 (OE Clocked or Fixed Low) 

VIH -

Vll -~ ____________ ~ ______ -L~ ____________ ~ __ ~~ ______ ++ ______ ~ __ ___ 

VIH -
PJW Vll -~ ______ ~~ __ +-________ ~ __ ~~ __ ~~~ __ ~~ ______ ++ _____________ ___ 

VIH --------------4--------+-----+~-:--(JOA 
Vil - ~.......,--...IF_~~------~~-Jf 

1101-1/08 L- VOH-____________________ ~ 

OUT VOl-

Read Modify Write Cycle 

VIH -~~----------~I,6_-------------------~ _________________ ~ 
a Vll -

VIH -

~~ Vll -~----~----~~--~~--------~~~------~------II--~-----------
VIH -

R/W Vll - ________ __ 

VIH --------...... ---+-+-:------:---+--t-.':'!"!':"'!':--~ r N V'll.';" ~ ___ .....;~--~ 
1101-1108 

I VOH-
~UT VOl_---------------lI---~ 

~:HorL 
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TC518512PL/FlIFTLlTRL-70{L T)/80{L T)/10{LT) 

CE Only Refresh 

VIH 
AO - A10 Vil 

Static RAM 

VIH-~--~~==~~~-----------------------------------1~~~--------

Vil --------' 

VOH-
1101-1108 VOl------------------ OPEN 

Note: A11 - A18 = V1H or V1L 

Auto Refresh 

VIH -
~ Vil - ___ oJ 

1/01-1/08 VOH - ____________ _ 

VOL -

Note: RIW, AO - A 18 = V1H or V1L 

Self Refresh 

V'H- i a Vll-~ __ 

~4 

VIH -
'lRI1RH VIL _ 

;.....------' 

1101-1108 VOH -_;.-. __________ _ 

VOL -

Note: RIW, AO - A 18 = V1H or V1L 

OPEN 

OPEN 
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rOSHIBA 

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

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, .!J!gh speed and low power storage. The 
TC518512PL operates from a single 5V power supply. Refreshing is supported by a refresh (OEIRFSH) 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 RNV 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 Ala Voo Ala 
• Data retention supply voltage: 3.0V - 5.5V Al6 A1S A16 

• Fast access time Al4 Al7 Al4 
Al2 R/VV Al2 

TC518512PL-(DR) Family A7 A7 

-70 ·80 ·10 A6 A6 
AS AS 

tCEA cr Access Time 70ns 80ns 100ns A4 A4 
toEA OE Access Time 30ns 30ns 40ns A3 A3 

tRC Cycle Time 11Sns 130ns 160ns 

Power Dissipation 38SmW 330mW 27SmW 

!S.SV 200!lA 
Self Refresh Current ! 

3.0V 100!lA 

• Auto refresh is supported by an internal refresh address 

A2 Al0 A2 
Al Ct Al 
AO 1/08 AO 

1/01 1107 1/01 
1/02 1/06 1/02 

1103 1/05 1/03 
GNO 1104 GNO 

counter 

• Self refresh is supported by an internal timer 

• Inputs and outputs TIL 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 

AO - A18 Address Inputs 

R/W ReadJWrite Control Input 

OE/RrnR Output Enable Input 
Refresh Input 

CE Chip Enable Input 

1/01 -1108 Data Inputs/Outputs 

Voo Power 

GND Ground 
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TC51S512PL/FL/FTLlTRL-70(DR)/SO(DR)/10(DR) Static RAM 

Block Diagram 

Voo 

RIW 0----<3 

Operating Mode 

~ MODE 

Read 
Write 
~ only Refresh 

Auto/Self Refresh 

Standby 

H = High level input (VI H) 
L = Low level input (VIU 
• = V1H orVIL 

CE DEI 
RFSH 

L L 
L * 
L H 

H L 

H H 

COLUMN 
DECODER 

MEMORY 
ARRAY 

204Sx 256xS 

REFRESH 
TIMER 

R/W AD -A18 1/01 - 8 

H V* OUT 
L V* IN 
H V* HZ 

* * HZ 

* * HZ 

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

HZ = High impedance 

Maximum Ratings 

SYMBOL ITEM RATING UNIT NOTES 

VIN Input Voltage -1.0 - 7.0 V 

Your Output Voltage -1.0 -7.0 V 

Voo Power Supply Voltage -1.0 - 7.0 V 

TOPR Operating Temperature 0-70 °C 
1 

TSTRG Storage Temperature -55 - 150 °C 

TSOLOER Soldering Temperature' Time 260·10 °C· sec 

Po Power Dissipation 600 mW 

lOUT Short Circuit Output Current 50 mA 

co 
o , 

o , 

0-176 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



Static RAM TC518512PUFL/FTUTRL-70(DR)/80(DR)/10(DR) 

DC Recommended Operating Conditions 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Voo Power Supply Voltage 4.5 5.0 5.5 V 

VIH Input High Voltage 2.4 - Voo + 1.0 V 2 

VIL Input Low Voltage -1.0 - O.S V 

DC Characteristics (Ta = 0 - 700C, Voo = 5V±10%) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

70ns version - 50 70 

1000 
Operating Current (Average) 

SOns version - 45 60 mA 3,4 cr, Address cycling: tRC = tRC min. 
1 OOns version - 35 50 

100S1 
Standby Current - - 1 mA cr = VIH, ~/'RFSH = VIH 

100S2 
Standby Current - - 200 ~ cr = Voo - 0.2V, OOl1FSFi = Voo - 0.2V 

100F1 
Self Refresh Current (Average) - - 1 mA cr = VIH, 'O'E/i1FSR = VIL 

100F2 
Self Refresh Current (Average) 

- 100 200 ~ GE = Voo - 0.2V, <JE/RFSH = 0.2V 

70ns version - - 70 

100F3 
Auto Refresh Current (Average) 

SOns version - - 60 mA 3 
<JE/RFSH cycling: tFC = tFC min. 

1 OOns version - - 50 

70ns version - - 70 

100F4 
GE only Refresh Current (Average) 

SOns version - - 60 mA 3 GE, Address cycling: tRC = tRC min. 
1 OOns version - - 50 

II(L) 
Input Leakage Current - - ±10 ~ OV:;; VIN :;; Voo, All other Inputs not under test = OV 

Output Leakage Current 
10(L) Output Disabled ('Cl: = VIH or <JE/'IirnR = VIH or R/W = Vld - - ±10 ~ 

OV :;; Vour :;; Voo 

VOH 
Output High Level 

2.4 - - V 
10H = -1.0mA 

VOL 
Output Low Level 

- - 0.4 V 
10L = 2.1mA 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AD - A 1S) - 5 

CI2 Input Capacitance (cr, N/iiFSH, RIW) - 7 pF 

CIO Input/Output Capacitance - 7 

'This parameter is periodically sampled and is not 100% tested. 
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TC518512PUFL/FTLlTRL-70(OR)/80(OR)/10(OR) Static RAM 

AC Characteristics (Ta = 0 -700C, Voo = 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 -
f---

tRMW Read Modify Write Cycle Time 165 - 180 - 220 -

cr Pulse Width 
f---

tCE 70 10,000 80 10,000 100 10,000 

cr Precharge Time 
f---

tp 35 - 40 - 50 -

cr Access Time 
r---

tCEA - 70 - 80 - 100 
f---

tOEA <JE' Access Time - 30 - 30 - 40 

cr to Output in Low -Z 
r---

tCll 20 - 20 - 20 -
<JE' to Output in Low -Z 

r---
tOll 0 - 0 - 0 -

to--

tWll Output Active from End of Write 0 - 0 - 0 -
f---

tCHl Chip Disable to Output in High-Z 0 20 0 20 0 25 9 

<JE' Disable to Output in High-Z 
r---

tOHz 0 20 0 20 0 25 9 
f---

tWHZ Write Enable to Output in High-Z 0 20 0 20 0 25 9 

<JE' Setup Time Referenced to cr f---

tosc 10 - 10 - 10 - 9 
-

toHc '()'E' Hold Time Referenced to CE 0 - 0 - 0 - 9 
-

tRCS Read Command Setup Time 0 - 0 - 0 -
-

tRCH Read Command Hold Time 0 - 0 - 0 - ns 
-

twp Write Pulse Width 25 - 25 - 30 -
-

tWCH Write Command Hold Time 40 - 40 - 50 -
-

tCWL Write Command to CE Lead Time 25 - 25 - 30 - -
tosw Data Setup Time from RIW 20 - 20 - 25 - 10 

-
tosc Data Setup Time from CE 20 - 20 - 25 - 10 -
tOHW Data Hold Time from RIW 0 - 0 - 0 - 10 

'---

tOHC Data Hold Time from CE 0 - 0 - 0 - 10 
-

tASC Address Setup Time 0 - 0 - 0 - 11 -----tAHC Address Hold Time 15 - 20 - 25 - 11 
f---

tFC Auto Refresh Cycle Time 130 - 130 - 160 -
'----

tRFo 'Rr'S"R Delay Time from cr 40 - 40 - 50 -
RrnR Pulse Width (Auto Refresh) 

r---
tFAP 30 8,000 30 8,000 30 8,000 12 

RrnR Precharge Time 
r---

tFP 30 - 30 - 30 - 12 

RrnR Pulse Width (Self Refresh) 
f---

tFAS 8,000 - 8,000 - 8,000 - 12 

CE Delay Time from RF'S'R (Self Refresh) 
r---

tFRS 160 - 160 - 190 - 12 

tREF Refresh Period (2048 cycles, AO - A 10) - 32 - 32 - 32 ms 

tr Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 
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Static RAM TC518512PLlFLlFTLITRL-70(OR)/80(OR)110(OR) 

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) 1000, 100F3' and 100F4 depend on the cycle time. 

4) 1000 depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of 100f..lS 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 

Input Reference Levels 

Output Reference Levels 

V1H = 2.6V INPUT 
V1L = 0.6V 

2.6V 

O.6V 

V1H = 2.4V . OUTPUT 
V1L = 0.8V 

VOH = 2.2V 
VOL = 0.8V 

INPUT REFERENCE 
LEVEL 

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

1..2V 

OUTPUT REFERENCE 
LEVEL 

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 RMJ or CE rising edge. Therefore, the input data must be valid 
during the setup time (tosw or toscl and hold time (tOHW or tOHd. 

11) All address inputs are latched at the falling edge of CEo Therefore, all the address inputs must be valid during tASC and tAHC' 

12) The two refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE = V1H. 
Auto refresh : RFSH pulse width ~ tFAP (max.) 
Self refresh : RFSH pulse width ~ tFAS (min.) 

The timing parameter tFRS must be met for proper device operation under the following conditions: 
• after self refresh 
• if OEiRFSH = "L" after power-up 
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TC518512PUFUFTUTRL-70(DR)/80(DR)/1 O(DR) Static RAM 

Data Retention Characteristics (Ta = 0 - 70"C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VDH Data Retention Supply Voltage 3.0 - 5.5 V 

l VOH = 3.0V - 50 100 
IODF2 Self Refresh Current ~ I VOH = 5.5V - 100 200 

tR Recovery lime 5 - - ms 

*The rising and falling slope of Voo must be more than 50ms for proper device operation (20msNj. 

Voo 

Voo 
4.SV 

VOH 

GNO 

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

DATA RETENTION MOOE I 
tilFO , (SELF REFRESH) , t~ , 

~ Ons min. tR ~ 
::iO.2V I 

GNO I 

n 
it VOO - O.2V h 

-------J I r------
Notes: R/W, AO - A 18 = V1H or V1L 

IOOF1 is applicable when OEiRFSH = V1L (max.). CE = V1H (min.). 
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Timing Waveforms 

Read Cycle 

VIH 
AO - AtS VIL 

Static RAM TC518512PLlFLlFTLlTRL-70(DR)/80(DR)/10(DR) 

ADDRESS 

toMe 

VIH -
c:IDmH V

IL 
_ ~ ____ L-____ ~~ ____ ~ ______________________ ~ __ ~~ _____________ _ 

VIH -
RJW Vll-____ ....J 

VOH -
VOt-1I0S VoL_--------+----+-------<J:: 

Write Cycle 1 (OE Fixed High) 

tr ~:~ J iJ': 
_-Ir~ t~c 

AO- A!S ~:~ ~ AOORESS 

VIM -
VOt-1I0S V

ll 
_ 

ta .. c _I 

J tweH 

I 

't twp 

I 

tose 

tCWl 

V 
t05w tOMW 

DATA·IN 

~ :HorL 
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TC518512PLlFLlFTLlTRL· 70(OR)/80(OR)11 O(OR) 

Write Cycle 2 (OE Clocked or Fixed Low) 

VIH 
AO - At8 Vil 

VIH -

Static RAM 

V'L -~------------4--------L~------------~--~~------~~------+----

V'H -
RIW 

V'l -~--------~--~--------+---~~--~~~---h~~----~~-----------

V'H --------------+--------+-----r-:-~_<lCIA 1 
V'L - 1\-~--..J;:.~~------__:_~~ 

1/01-1108 
L- VOH-___________________ ~~~ 

OUT VOL-

Read Modify Write Cycle 

~1mH 
VIH -

V1l -

V1H -
R/W 

V1L -

V1H ---------------1-----lH--:----------:--+---t-~:o:_~ r N 
V1L - ~--~~-~ 

IIOt-1/08 
I VOH-
L...-QUT VOL _---------------~--~ 

~:HorL 
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CE Only Refresh 

VIH 
AO - A10 VIL 

Static RAM TC518512PLlFLlFTLlTRL-70(OR)/80(OR)/10(OR) 

VIH --------~====~~~------------------------------------~------~~~---
V il --;.... ___ ~-J 

tRCH 

VIH -~--~~==~~~-------------------------------------!~::~---------
R/W Vil --;.... ___ -J 

VOH-
1101-1/08 VOL----------------------- OPEN 

~:HorL 

Auto Refresh 

1/01-1/08 VOH - ____________ _ 

VOL -
OPEN 

Note: R1W, AD - A 18 = V1H or V1L 

Self Refresh 

VIH- i fi Vll-~ 

... _....;t::liRF~p:._~.1 

V01-1I08 VOH - ____________ _ 

VOL -
OPEN 

Note: R1W, AO - A 18 = V1H or V1L 
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Static RAM 

Notes 
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TOSHIBA 

TC518512PL/FL/FIL!fRL70LV /80LV/I0LV 
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 ar}QJow power 
storage. The TC518512PL-LVoperates from a single 3.0V - 5.5V power supply. Refreshing is supported by a refresh (05'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 RIW 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 
• Organization: 524,288 words x 8 bits 

• Low voltage operation: 3.0V - 5.5V Al8 Voo Al8 
• Data retention supply voltage: 3.0V - 5.5V Al6 A15 A16 
• Fast access time A14 Al7 Al4 

Al2 PJW Al2 
TC518512PL-LV Family A7 Al3 A7 

-70 -80 -10 A6 A8 AS 

tCEA cr Access Time 70ns 80ns 100ns 
AS A9 AS 
A4 All A4 

toEA OE Access Time 30ns 30ns 40ns A3 O'EIRmi A3 
tRC Cycle Time 115ns 130ns 160ns 

Power Dissipation 385mW 330mW 275mW 

Self Refresh Current 15.5V 2001lA 

A2 A10 A2 
Al a At 
AO 1/08 AO 

1101 1107 1/01 
Self Refresh Current 1 3.0V 1001lA 1102 1/06 1102 

• Auto refresh is supported by an internal refresh address 
counter 

1103 1/05 1/03 
GNO 1104 GNO 

• Self refresh is supported by an internal timer 

• Inputs and outputs TIL 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 

AO - A18 Address Inputs 

RIW Read/Write Control Input 

OEii=fFSR Output Enable Input 
Refresh Input 

cr Chip Enable Input 

1/01 - 1/08 Data Inputs/Outputs 

Voo Power 

GND Ground 
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TC518512PlIFlIFTLlTRL-70L V/80L VI1 OL V Static RAM 

Block Diagram 

Voo 

RJWo---~ 

Operating Mode 

~ MODE 

Read 
Write 
cr only Refresh 

Auto/Self Refresh 

Standby 

H = High level input (VI H) 
L = Low level input (VIJ 
* = VIH orVIL 

CE 

L 
L 
L 

H 

H 

OEI 
RFSH 

L 
* 
H 

L 

H 

COLUMN 
DECODER 

MEMORY 
ARRAY 

2048 x 256 x8 

REFRESH 
TIMER 

R/W AO -A18 1/01 - 8 

H V* OUT 
L V* IN 
H V* HZ 

* * HZ 

* * HZ 

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 

Voo Power Supply Voltage -1.0 -7.0 V 

TOPR Operating Temperature 0-70 °C 
1 

TSTRG Storage Temperature -55 - 150 °C 

TSOLOER Soldering Temperature· Time 260·10 °C· sec 

Po Power Dissipation 600 mW 

lOUT Short Circuit Output Current 50 mA 

= o 

" 
o 

" 
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Static RAM TC518512PL/FLlFTlITRL-70LV/80LV/10LV 

DC Recommended Operating Conditions 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Voo Power Supply Voltage 4.5 5.0 5.5 V 

VIH Input High Voltage 2.4 - Voo + 1.0 V 2 

VIL Input Low Voltage -1.0 - 0.8 V 

DC Characteristics (Ta = 0 - 70°C, Voo = 5V±10%) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

70ns version - 50 70 

1000 
Operating Current (Average) 

80ns version - 45 60 mA 3,4 cr, Address cycling: tRC = tRC min. 
1 OOns version - 35 50 

100S1 
Standby Current 

- - 1 mA cr = VIH, OE/Rl~~ = VIH 

100S2 
Standby Current 

- - 200 ~ cr = Voo - 0.2V, OEIRFSH = Voo - 0.2V 

100F1 
Self Refresh Current (Average) 

- - 1 mA cr = VIH, OE/RFSH = VIL 

100F2 
Self Refresh Current (Average) 

- - 200 ~ cr = Voo - 0.2V, OE/RFSH = 0.2V 

70ns version - - 70 

100F3 
Auto Refresh Current (Average) 

80ns version - - 60 mA 3 
OE/RFSH cycling: tFC = tFC min. 

1 OOns version - - 50 

70ns version - - 70 

100F4 
CE only Refresh Current (Average) 

80ns version - - 60 mA 3 cr, Address cycling: tRC = tRC min. 
1 OOns version - - 50 

II(L) 
Input Leakage Current - - ±10 ~ OV ~ VIN ~ Voo, All other Inputs not under test = OV 

Output Leakage Current 

10(L) Output Disabled (cr = VIH or OE/RF~ = VIH or RIW = Vld - - ±10 ~ 
OV ~ VOUT ~ Voo 

VOH 
Output High Level 

2.4 - - V 
10H = -1.0mA 

VOL 
Output Low Level 

- - 0.4 V 
10L = 2.1mA 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AO - A18) - 5 

CI2 Input Capacitance (cr, OE/liF~, RIW) - 7 pF 

CIO Input/Output Capacitance - 7 

*This parameter is periodically sampled and is not 100% tested. 
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TC518512PL/FL/FTLlTRL-70LV/80LVI1 OLV Static RAM 

AC Characteristics (Ta = 0 - 700C, Voo = 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 cr Pulse Width 70 10,000 80 10,000 100 10,000 -
tp cr Precharge Time 35 - 40 - 50 - -

tCEA cr Access Time - 70 - 80 - 100 -
tOEA OE Access Time - 30 - 30 - 40 

-
tCLZ cr to Output in Low -Z 20 - 20 - 20 - -
tOLZ ~ to Output in Low -Z 0 - 0 - 0 -

-
tWLZ Output Active from End of Write 0 - 0 - 0 -

-
tCHZ Chip Disable to Output in High-Z 0 20 0 20 0 25 9 

-
tOHZ 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 ~ Setup Time Referenced to cr 10 - 10 - 10 - 9 

-
tOHC OE Hold Time Referenced to CE 0 - 0 - 0 - 9 

-
tRCS Read Command Setup Time 0 - 0 - 0 -

-
tRCH Read Command Hold Time 0 - 0 - 0 - ns 

-
twp Write Pulse Width 25 - 25 - 30 -

-
tWCH Write Command Hold Time 40 - 40 - 50 -

-
tCWL Write Command to CE Lead Time 25 - 25 - 30 -

-
tosw Data Setup Time from RIW 20 - 20 - 25 - 10 

-
tosc Data Setup Time from CE 20 - 20 - 25 - 10 

-
tOHW Data Hold Time from RIW 0 - 0 - 0 - 10 

-
tOHC Data Hold Time from CE 0 - 0 - 0 - 10 

-
tASC Address Setup Time 0 - 0 - 0 - 11 

-
tAHC Address Hold Time 15 - 20 - 25 - 11 

-
tFC Auto Refresh Cycle Time 130 - 130 - 160 -

-
tRFD 'R"FSR Delay Time from cr 40 - 40 - 50 -

-
tFAP 'RFS'"R Pulse Width (Auto Refresh) 30 8,000 30 8,000 30 8,000 12 

-
tFP 'R"FSR Precharge Time 30 - 30 - 30 - 12 

RFSR Pulse Width (Self Refresh) 
;---

tFAS 8,000 - 8,000 - 8,000 - 12 
'---

tFRS CE Delay Time from Rrn'R (Self Refresh) 160 - 160 - 190 - 12 

tREF Refresh Period (2048 cycles, AO - A 10) - 32 - 32 - 32 ms 

tT Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 
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Static RAM TC518512Pl/FLlFTlfTRl· 70lV 180lV 11 OlV 

3.3V Operation 

DC Recommended Operating Conditions 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Voo Power Supply Voltage 3.0 3.3 3.6 V 

V1H Input High Voltage Voo - 0.2V - Voo + 1. 0 V 2 

V1L Input Low Voltage -0.5 - 0.2 V 

DC Characteristics (Ta = 0 - 700C, Voo = 3.3V±O.3V) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

1000 
Operating Current (Average) - 15 20 mA 3,4 cr, Address cycling: tRC = tRC min. 

100S2 Standby Current - - 100 IlA 
IOOF2 Self Refresh Current (Average) - 50 100 IlA 

100F3 
Auto Refresh Current (Average) - - 20 mA 3 
RFSH cycling: tFC = tFC min. 

100F4 
cr only Refresh Current (Average) - - 20 mA 3 cr, Address cycling: tRC = tRC min. 

II(L) 
Input Leakage Current - - ±10 IlA OV ~ V1N ~ Voo, All other Inputs not under test = OV 

10(L) 
Output Leakage Current - - ±10 IlA Output Disabled, OV ~ VOUT ~ Voo 

VOH 
Output High Level, 

Voo - O.2V - - V 
10H = -1 OOIlA 

VOL 
Output Low Level, - - 0.2 V 
10L = 1001lA 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 0·189 



TC518512Pl/FLlFTLlTRl· 70l Vl80l Vl1 OlV Static RAM 

AC Characteristics (Ta = 0 - 700C, VDD = 3.3V±0.3V) (Notes: 5, 6, 8) 

SYMBOL PARAMETER 

tRC Random Read, Write Cycle Time 

tRMw Read Modify Write Cycle Time 

tCE C'E" Pulse Width 

tp C'E" Precharge Time 

tCEA CE Access Time 

tOEA ~ Access Time 

tCLZ cr to Output in Low -Z 

tOLZ ~ to Output in Low -Z 

tWLZ Output Active from End of Write 

tCHZ Chip Disable to Output in High-Z 

tOHZ ~ Disable to Output in High-Z 

tWHZ Write Enable to Output in High-Z 

tosc OE Setup Time Referenced to cr 
tOHC OE Hold Time Referenced to cr 
tRCS Read Command Setup Time 

tRCH Read Command Hold Time 

twp Write Pulse Width 

tWCH Write Command Hold Time 

tcwL Write Command to cr Lead Time 

tosw Data Setup Time from RIW 

tosc Data Setup Time from cr 
tOHW Data Hold Time from RIW 

tOHC Data Hold Time from ~ 

tASC Address Setup Time 

tAHC Address Hold Time 

tFC Auto Refresh Cycle Time 

tRFO RFSH Delay Time from cr 
tFAP RFSH Pulse Width (Auto Refresh) 

tFP 'R'FSR Precharge Time 

tFAS 'RFSR Pulse Width (Self Refresh) 

tFRS cr Delay Time from fU!SH (Self Refresh) 

tREF Refresh Period (2048 cycles, AO - A 10) 

tT Transition Time (Rise and Fall) 

Timing Reference Levels: 
Input Reference Levels: 1.5V/1.5V 
Output Reference Levels: 1.5V/1.5V 

MIN. MAX. UNIT 

230 -
305 -
150 10,000 

80 -
- 150 

- 80 

20 -
5 -
5 -
0 30 

0 30 

0 30 

10 -
15 -
0 -
0 - ns 

35 -
70 -
35 -
30 -
30 -
0 -

0 -

0 -
30 -
230 -
80 -
80 8,000 

50 -
8,000 -
300 -
- 32 ms 

3 50 ns 

NOTES 

I---

I---

-
-
-
I---

I---

I---

I---
9 

I---
9 -
9 -
9 -
9 -

-
-
-
-
-

10 -
10 -
10 -
10 -
11 -
11 
~ 

'---

I---
12 

I---
12 

I---
12 

I---
12 
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Static RAM TC518512PLlFLlFTLITRL-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) 1000, IOOF3' and IOOF4 depend on the cycle time. 

4) 1000 depends on the output loading. Specified values are obtained with the outputs open. 

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

6) AC measurements assume tT = 5ns. 

7) Timing reference levels 
Input Levels V1H = 2.6V 

V1L = 0.6V 

2.6V 
INPUT 

O.6V--J l~.a.x.-----

Input Reference Levels V1H = 2.4V 
V1L = 0.8V 

OUTPUT 2. v 

Output Reference Levels VOH = 2.2V 
VOL =0.8V 

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

INPUT REFERENCE 
LEVEL 

OUTPUT REFERENCE 
LEVEL 

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 RNV or CE rising edge. Therefore, the input data must be valid 
during the setup time (tosw or tosd and hold time (tOHW or tOHd· 

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

12) The two refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE = V1H. 
Auto refresh : RFSH pulse width ~ tFAP (max.) 
Self refresh : RFSH pulse width ~ tFAS (min.) 

The timing parameter tFRS must be met for proper device operation under the following conditions: 
• after self refresh 
• if OEiRFSH = "L" after power-up 
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TC518512PL/FL/FTLlTRL-70L V/80LV/1 OLV Static RAM 

Data Retention Characteristics (Ta = 0 - 700C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VOH Data Retention Supply Voltage 3.0 - 5.5 V 

I VOH = 3.0V - 50 100 
IOOF2 Self Refresh Current I VOH = 5.5V 

I1A - 100 200 

tR Recovery Time 5 - - ms 

'The rising and falling slope of VDD must be more than 50ms for proper device operation (20msN). 

VOO 

Voo 
4.SV 

VOH 

GNO 

---------f------------------)-----------.-.-.-.-.-.- 1'-'-'-'-'-'-'-

OATA RETENTION MOOE I 
tRFO. I (SELF REFRESH) I t,,~~ 

I 

~ Ons min. tR !~ 
SO.2V I 

GNO I 

i' G: VOO - O.2V h 1\ -------, I 

r-----~ 
VII. 

GNO 

Notes: RfIN, AO - A 18 = V1H or ~ __ _ 
IDDF1 is applicable when OEiRFSH = V1L (max.), CE = VIH (min.). 
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Timing Waveforms 

Read Cycle 

Vu~ 
AO - At8 V

IL 

tASC 

Static RAM TC518512PlIFl/FTlITRl-70l V 180l V 11 Ol V 

ADDRESS 

VIM -

<:mmH VIL --:---...L----+-4---4=IL-------------..L.+--~-------

VIH -

VIL --------' 

VOH-
VOt -1108 VOL _--------+----+--------<1: 

Write Cycle 1 (OE Fixed High) 

V,M -
V01-1I08 V,L _ 

to~c 

j1 
I 

tWCH 

I 

't twp 

I 

tosc 

tCWL 

~ 

tosw tOHW 

~ 

DATA·IN 

~:HorL 
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TC518512Pl/FLlFTlITRl· 70l V 180l V 11 Ol V Static RAM 

Write Cycle 2 (OE Clocked or Fixed low) 

VII·j -

V
1l -~------------4-------~~------------~---r~------~~------+----

VIH -
RJW 

v
1l -~--------~--~--------+---~~--~~~--~~~----~~-----------

VIH --------------~-------+-----~~-<lDA 
v1l - I\-....., __ ~~~------~~-JI 

Read Modify Write Cycle 

VIH -

~~ V
1l -~----__ ------~-~~----------~---------~------_r~--L----------

VIH -
RJW Vil -':-____ --' 

VIH ----------~~--....,.--:----~-+-_+"F:":"!':~~ r N 
VIL - ~---.:lF-:--:--~ 

I/01-VOS 
I VOH-________________ ~--~ 

~UT VOL -

~:HOrL 
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Static RAM TC518512PLlFL/FTLITRL-70LV/80LV/10LV 

CE Only Refresh 

VIH 
AO - A10 Vil 

losc 
VIH------~====~~------------------------------------+-------~~b--
Vil - ____ "'"!""'--' 

tRCH 

VIH_~--~~==~~------------------------------------1!~~~-------
R/W Vil --_______ --' 

VOH-
1101-1/08 VO

l
------------------ OPEN 

Auto Refresh 

Vil -;"'-' __ J 

1/01-1/08 VOH - ____________ _ 

VOL -

Note: RIW, AD - A 18 = VIH or VIL 

Self Refresh 

~ 
VIH - 1 Vil -

VIH -
mJWRR Vil _ 

~-----' 

tSEI2 .1 

Note: A11 - A18 = VIH or VIL 

OPEN 

II01-V08 VOH-______________________ ___ 
OPEN 

VOL -

Note: RIW, AD - A 18 = VIH or VIL 
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Static RAM 

Notes 
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TOSHIBA 

11:518512PI/F1~/10 

SILICON GATE CMOS 

524,288 WORD x 8 BIT CMOS PSEUDO STATIC RAM 

Description 
The TC518512PI is a 4M bit high speed CMOS pseudo static RAM organized as 524,288 words by 8 bits. The TC518512PI utilizes 
a one transistor dynamic memory cell with CMOS peripheral circuitry to provide high capacityJ:!!,9h speed and low power storage. The 
TC518512PI operates from a single 5V power supply. Refreshing is supported by a refresh (OEIRFSH) input which enables two 
types of refreshing - auto refresh and self refresh. The TC518512PI 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 RIW thus simplifying the microprocessor interface. The 
TC518512PI is guaranteed over an operating temperature range of -40 - 85°C. 

The TC518512PI is available in a 32-pin, 0.6 inch width plastic DIP and a small outline plastic flat package. 

Features Pin Connection (Top View) 

• Organization: 524,288 words x 8 bits I'll FI 

AlS 32 Voo 
A ~6 31 A 15 

• Single 5V power supply 
• Fast access time 

TC518512PI Family A14 30 At7 
-80 -10 A 12 29 RJW 

A7 28 At3 
A6 27 A8 
AS 26 A9 
A4 25 All 
A3 24 ~mH 
A2 23 AtO 

tCEA cr Access Time 80ns 100ns 

toEA ~ Access Time 30ns 40ns 

tRC Cycle Time 130ns 160ns 

Power Dissipation 330mW 275mW 

Self Refresh Current 300~ 

• Auto refresh is supported by an internal refresh address At 22 tt 
counter AO 21 1108 

• Self refresh is supported by an internal timer 1/01 20 1107 
• Wide operating temperature: -40 - 85°C V02 19 V06 
• Inputs and outputs TTL compatible V03 18 1105 
• Refresh: 2048 refresh cycles/32ms GND 17 1104 
• Package 

- TC518512PI: DIP32-P-600 
- TC518512FI: SOP32-P-525 

Pin Names 

AO - A18 Address Inputs 

R/W ReadIWrite Control Input 

OORFSR Output Enable Input 
Refresh Input 

cr Chip Enable Input 

1/01 - 1/08 Data Inputs/Outputs 

Voo Power 

GND Ground 
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RJW o----a 

Operating Mode 

MODE 

Read 
Write 
cr only Refresh 

Auto/Self Refresh 

Standby 

H = High level input (VIH) 
L = Low level input (VIU 
* = V1H orV1L 

CE OEI 
RFSH 

L L 
L * 
L H 

H L 

H H 

R/W AO -A18 1/01 - 8 

H V* OUT 
L V* IN 
H V* HZ 

* * HZ 

* * HZ 

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

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 

Voo Power Supply Voltage -1.0 -7.0 V 

TOPR Operating Temperature -40 - 85 °C 
1 

TSTRG Storage Temperature -55 - 150 °C 

TSOLOER Soldering Temperature • Time 260· 10 °C· sec 

Po Power Dissipation 600 mW 

lOUT Short Circuit Output Current 50 rnA 
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Static RAM TC518512PI/FI·80/10 

DC Recommended Operating Conditions 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Voo Power Supply Voltage 4.5 5.0 5.5 V 

VIH Input High Voltage 2.4 - Voo + 1.0 V 2 

VIL Input Low Voltage -1.0 - 0.8 V 

DC Characteristics (Ta = -40 - 85°C, Voo = 5V±10%) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Operating Current (Average) 80ns version - 45 60 
1000 cr, Address cycling: tRC = tRC min, 

rnA 3,4 
1 OOns version - 35 50 

100S1 
Standby Current - - 1 rnA cr = VIH, UE!l1FS'R = VIH 

100S2 
Standby Current - - 200 ~ cr = Voo - 0.2V, OO'RFSR = Voo - 0.2V 

100F1 
Self Refresh Current (Average) - - 1 rnA cr = VIH, UE!l1FS'R = VIL 

100F2 
Self Refresh Current (Average) - - 300 ~ cr = Voo - 0.2V, OO'RFSR = 0.2V 

Auto Refresh Current (Average) 80ns version - - 60 
100F3 rnA 3 OE/'RFSR cycling: tFC = tFC min. 1 OOns version - - 50 

cr only Refresh Current (Average) 80ns version - - 60 
100F4 rnA 3 cr, Address cycling: tRC = tRC min. 1 OOns version - - 50 

II(L) 
Input Leakage Current 

- - ±10 ~ OV ~ VIN ~ Voo, All other Inputs not under test = OV 

Output Leakage Current 
10(L) Output Disabled (cr = VIH or OO'RFSR = VIH or R/W = Vld - - ±10 ~ 

OV~VOUT~VOO 

VOH 
Output High Level 

2.4 - - V 
10H = -1.0mA 

VOL 
Output Low Level - - 0.4 V 
10L= 2.1mA 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AO - A 18) - 5 

CI2 Input Capacitance (cr, OO'RFSR, 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, Voo = 5V±10%) (Notes: 5, 6, 7, 8) 

-80 -10 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. 

tRC Random Read, Write Cycle Time 130 - 160 -
r---

tRMw Read Modify Write Cycle Time 180 - 220 -

cr Pulse Width 
I---

tCE 80 10,000 100 10,000 

cr Precharge Time 
I---

tp 40 - 50 -

cr Access Time 
r---

tCEA - 80 - 100 

m: Access Time 
I---

tOEA - 30 - 40 

cr to Output in Low -Z 
I---

tClz 20 - 20 -
m: to Output in Low -z r---

tOll 0 - 0 -
I---

tWlz Output Active from End of Write 0 - 0 -
I---

tCHz Chip Disable to Output in High-Z 0 20 0 25 9 

m: Disable to Output in High-Z 
r---

tOHz 0 20 0 25 9 
I---

tWHz Write Enable to Output in High-Z 0 20 0 25 9 

m: Setup Time Referenced to cr I---
tosc 10 - 10 - 9 

OE Hold Time Referenced to cr r---
tOHC 0 - 0 - 9 

Read Command Setup Time 
r---

tRCS 0 - 0 -
I---

tRCH Read Command Hold Time 0 - 0 - ns 
r---

twp Write Pulse Width 25 - 30 -
Write Command Hold Time 

r---
tWCH 40 - 50 -

Write Command to cr Lead Time 
I---

tcwL 25 - 30 -
I---

tosw Data Setup Time from R!W 20 - 25 - 10 

Data Setup Time from cr r---
tosc 20 - 25 - 10 

I---
tOHW Data Hold Time from R!W 0 - 0 - 10 

Data Hold Time from cr I---
tOHC 0 - 0 - 10 

r---
tASC Address Setup Time 0 - 0 - 11 

tAHC Address Hold Time 20 -
r---

25 - 11 
I---

tFC Auto Refresh Cycle Time 130 - 160 -
-

tRFO R1=SH Delay Time from cr 40 - 50 -
-

tFAP R1=SH Pulse Width (Auto Refresh) 30 8,000 30 8,000. 12 
-

tFP R1=SH Precharge Time 30 - 30 - 12 
~ 

tFAS RFSR Pulse Width (Self Refresh) 8,000 - 8,000 - 12 
-

tFRS cr Delay Time from twSR (Self Refresh) 160 - 190 - 12 

tREF Refresh Period (2048 cycles, AO - A 10) - 32 - 32 ms 

tT Transition Time (Rise and Fall) 3 50 3 50 ns 
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Static RAM TC518512PI/FI-8011 0 

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) IDDO' IDDF3, and IDDF4 depend on the cycle time. 

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

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

6) AC measurements assume tT = 5ns. 

7) Timing reference levels 
Input Levels 

Input Reference Levels 

Output Reference Levels 

V1H = 2.6V 
V1L = 0.6V 

V1H = 2.4V 
V1L = 0.8V 

VOH = 2.2V 
VOL = 0.8V 

INPUT 
2.6v 

O.6V 

OUTPUT 

INPUT REFERENCE 
LEVEL 

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

Z.2V 

OUTPUT REFERENCE 
LEVEL 

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 (tDSW or tDsd and hold time (tDHW or tDHd. 

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

12) The two refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE = VH 
Auto refresh : RFSH pulse width ~ tFAP (max.) 
Self refresh : RFSH pulse width ~ tFAS (min.) 

The tim~ng parametertFRs must be met for proper device operation under the following conditions: 
• after self refresh 
• if OEiRFSH = "L" after power-up 
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TC518512PI/FI·80/10 Static RAM 

Timing Waveforms 

Read Cycle 

tASC 

ADDRESS 

VIM -

~mH VIL -:"---..L---~---t-=Il-------------'-+--t-L-------

VIH -
R/W VIL -~ ___ ...J 

VOM-
1/01-1/08 VOL---------+----+------~ 

Write Cycle 1 (OE Fixed High) 

~ ~:~ ~_~ '.He 

AO- A18 ~:~ ~ ADDRESS 

tosc I I ~ 
if tweM L tCWl I .~ 

't twp 

I 1/ 
I 

tosw tOHW 
tose ...... tOMe 

I .. :Ii 
DATA·IN 

~ 

~:HorL 
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Static RAM TC518512PI/FI·80/10 

Write Cycle 2 (OE Clocked or Fixed Low) 

MlRRH 
VIM -

V il -

VIM -
R/W 

V il -

r N 
VIM -

V IL -

1101-1108 

LOUT 
VOM-

VOl -

Read Modify Write Cycle 

VIH -
PJW Vll-~ ___ _ 

~:HorL 
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TC518512PI/FI-80/10 

CE Only Refresh 

V1H 
AO- A10 VII. 

Static RAM 

lose 
VIH-~--~====~~~------------------------------------~------~~~ 
Vil - ___ ~ __ 

VIH-~--~====~~~------------------------------------~==~~-------
R/W Vil -;,..-______ --' 

VOH-
1/01-1108 VOl------------------ OPEN 

Note: A 11 - A 18 = V1H or V1l ~:HorL 

Auto Refresh 

1/01-1/08 VOH - ____________ _ 

VOL -
OPEN 

Note: RIW,AD - A 18 = V1H or V1l 

Self Refresh 

V01-VOS VOH-_______________ ___ 
VOL -

OPEN 

Note: RIW, AD - A18 = V1H or Vil 
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rOSHIBA 

TC51V8512AF / AFT / A1R-12/15 
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 s~ed and low power 
storage. The TC51 V8512AF operates from a single 3.0V power supply. Refreshing is supported by a refresh (OEIRFSH) 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 RIW 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 
• Organization: 524,288 words x 8 bits 

• Low voltage function: 3.0V±10% AIS Vao AIS 
• Data retention supply voltage: 2.0V - 3.3V Al6 AI5 Al6 
• Fast access time A14 AI7 AI4 

Al2 Rf'N Al2 
TC51V8512AF Family A7 Al3 A7 

-12 -15 A6 AS A6 
AS A9 AS 
A4 All A4 tCEA CE Access Time 120ns 150ns 

tOEA OE Access Time 60ns 80ns A3 ()tJmH A3 
A2 AtO A2 
Al ct Al 
AO 1108 AO 

1/01 1/07 1/01 

tRC Cycle Time 190ns 230ns 

Power Dissipation 99mW 66mW 

Self Refresh Current 1 3.0V 40llA 

• Auto refresh is supported by an internal refresh address 
counter 

1/02 1106 1102 
1/03 1/05 1103 

• Self refresh is supported by an internal timer 
GND 1/04 GND 

• Inputs and outputs TIL compatible 

• Refresh: 2048 refresh cycles/32ms 

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

Pin Names 

AO - A18 Address Inputs 

RIW Read/Write Control Input 

OE/RFSH 
Output Enable Input 
Refresh Input 

CE Chip Enable Input 

1101 - 1/08 Data InputslOutputs 

Voo Power 

GND Ground 
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TC51 V8512AFI AFTI ATR-12/15 

Block Diagram 

voo GND 

R/Wo---<r 

Operating Mode 

MODE 

Read 
Write 
cr only Refresh 

Auto/Self Refresh 

Standby 

H = High level input (VI H) 
L = Low level input (VIU 
• = VIH orVIL 

8 

CE DEI 
RFSH 

L L 
L . 
L H 

H L 

H H 

Static RAM 

COLUMN 
DECODER 

cc 
0 , 
0 

MEMORY "-
ARRAY 

2048 x 256 x8 

R/W AD NA18 1/01- 8 

H V' OUT 
L V' IN 
H V' HZ . . HZ . . HZ 

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 

Voo Power Supply Voltage -1.0 -7.0 V 

TOPR Operating Temperature 0-70 °C 
1 

TSTRG Storage Temperature -55 - 150 °C 

TSOLDER Soldering Temperature· Time 260·10 °C· sec 

Po Power Dissipation 600 mW 

lOUT Short Circuit Output Current 50 rnA 
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Static RAM TC51 V8512AF/ AFT/ ATR·12/15 

DC Recommended Operating Conditions 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Voo Power Supply Voltage 2.7 3.0 3.3 V 

V1H Input High Voltage 2.1 - Voo + 0.5 V 2 

Vil Input Low Voltage -0.5 - 0.7 V 

DC Characteristics (Ta = 0 - 700C, Voo = 3V±10%) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Operating Current (Average) 120ns version - 20 30 
1000 mA 3,4 eE, Address cycling: tRC = tRC min. 150ns version - 15 20 

100S1 
Standby Current - - 0.5 mA eE = VIH, QE/RFSH = VIH 

100S2 
Standby Current - - 40 ~ eE = Voo - 0.2V, QE/RFSH = Voo - 0.2V 

100F1 
Self Refresh Current (Average) - - 0.5 mA eE = VIH, QE/RFSH = Vil 

100F2 
Self Refresh Current (Average) - - 40 ~ eE = Voo - 0.2V, QE/RFSR = 0.2V 

Auto Refresh Current (Average) 120ns version - 20 30 
100F3 mA 3 

OE/RFSH cycling: tFC = tFC min. 150ns version - 15 20 

eE only Refresh Current (Average) 120ns version - 20 30 
IOOF4 eE, Address cycling: tRC = tRC min. 

mA 3 
150ns version - 15 20 

II(l) 
Input Leakage Current - - ±10 ~ OV:5,; VIN :5,; Voo, All other Inputs not under test = OV 

Output Leakage Current 

10(l) Output Disabled (eE = VIH or OE/RFSH = VIH or RIW = VILl, - - ±10 ~ 
OV:5,; Vour :5,; Voo 

VOH 
Output High Level 

Voo - 0.2 - - V 
10H = -100~ 

VOL 
Output Low Level - - 0.2 V 
10l= 100~ 

Capacitance* (Voo = 3V, Ta = 25°C, f = 1 MHz) 

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AD - A 18) - 5 

CI2 Input Capacitance (eE, QE/RFSH, RIW) - 7 pF 

CIO Input/Output Capacitance - 7 

*This parameter is periodically sampled and is not 100% tested. 
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TC51V8512AF/AFT/ATR·12/15 Static RAM 

AC Characteristics (Ta = 0 - 70°C, VDD = 3V±10%) (Notes: 5, 6,7) 

-120 -150 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. 

tRC Random Read, Write Cycle Time 190 - 230 -
\" -

~ 

tRMW Read Modify Write Cycle Time 250 290 -

CE Pulse Width 10,Qoa 
~ 

tCE 120 150 10,000 

CE Precharge Time ", 80 
r---

tp 70 - -
tl""''' r.F A~~A~~ Time 

r---
120 150 

~ 

~ 

tOEA OE Access Time - "'_60 f 

- 80 

CE to Output in Low -Z 
r---

tClZ 20 - 20 -
OE to Output in Low -Z 

r---
tOlZ 0 - a -

~ 

tWlZ Output Active from End of Write 5 - 5 -
r---

tCHZ Chip Disable to Output in High-Z 0 30 a 30 8 

OE Disable to Output in High-Z 
r---

tOHZ 0 30 0 30 8 
~ 

tWHZ Write Enable to Output in High-Z 0 30 a 30 8 

OE Setup Time Referenced to CE 
r---

tosc 0 - a - 8 

OE Hold Time Referenced to CE 
r---

tOHC 15 - 15 - 8 
~ 

tRCS Read Command Setup Time 0 - a -

tRCH Read Command Hold Time 0 -
r---a - ns 
r---

twp Write Pulse Width 35 - 35 -
~ 

tWCH Write Command Hold Time 70 - 70 -
~ 

tCWl Write Command to CE Lead Time 35 - 35 -
tosw Data Setup Time from RIW 30 -

r---
30 - 9 

Data Setup Time from CE 
~ 

tosc 30 - 30 - 9 
~ 

tOHW Data Hold Time from RIW 0 - a - 9 
-

tOHc Data Hold Time from CE 0 - a - 9 
~ 

tAsc Address Setup Time 0 - a - 10 
-

tAHC Address Hold Time 25 - 25 - 10 
r---

tFC Auto Refresh Cycle Time 190 - 230 -
-

tRFO RFSH Delay Time from CE 70 - 80 -
'---

tFAP RFSH Pulse Width (Auto Refresh) 80 8,000 80 8,000 11 
~ 

tFP RFSH Precharge Time 40 - 40 - 11 
'---

tFAS RFSH Pulse Width (Self Refresh) 8,000 - 8,000 - 11 
-

tFRS CE Delay Time from RFSH (Self Refresh) 250 - 300 - 11 

tREF Refresh Period (2048 cycles, AO - A 10) - 32 - 32 ms 

tT Transition Time (Rise and Fall) 3 50 3 50 ns 
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Static RAM TC51 V8512AF/AFT/ATR·12115 

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) 1000 , IOOF3' and IOOF4 depend on the cycle time. 

4) 1000 depends on the output loading. Specified values are obtained with the outputs open. 

5) An initial pause of 1 OO~ with high CE is required after power-up before proper device operation is achieved. 

6) AC measurements assume tT = 5ns. 

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

8) tCHZ, toHz, tWHzdefine 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 (tosw or tosd and hold time (tOHW or tOHd. 

10) All address inputs are latched at the falling edge of CE. Therefore, all the address inputs must be valid during ~sc and tAHc, 

11) The two refresh operations, auto refresh and self refresh, are defined by the RFSH pulse width under the condition CE = VH 
Auto refresh : RFSH pulse width ~ tFAP (max.) 
Self refresh : RFSH pulse width;::: tFAS (min.) 

The timing parameter tFRs must be met for proper device operation under the following conditions: 
• after self refresh 
• if OEiRFSH = "L" after power-up 
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TC51 V8512AF/ AFT/ ATR-12/15 Static RAM 

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VOH Data Retention Supply Voltage 2.0 - 3.3 V 

IOOF2 Self Refresh Current I VOH = 3.0V - 20 40 !1A 
tR Recovery Time 5 - - ms 

*The rising and falling slope of Voo must be more than 50ms for proper device operation (20msN). 

Voo 

Voo 

2.7V 

VOH 

GNO 

---------~------------------f---~------
_·-·-·-·-·-·-r .-.-.-.-.-.-.-

OATA RETENTION MOOE I 
t!'lFt)" ~ (SELF REFRESH) , tu< 

~ Ons min. tR I~ 
V1joj 

SO.2V I ~ 

GNO I 

n 
~Voo - O.2V h 

-------1 I 1\-------
GNO 

Notes: RIW, AO - A 18 = V1H or V1L 
IOOF1 is applicable when OEJRFSH = V1L (max.), CE = V1H (min.). 
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Static RAM TC51V8512AF/AFT/ATR-12/15 

Timing Waveforms 

Read Cycle 

ADDRESS 

V1H -

~umVll _ 

~----~------~+-----~~------------------------~~--~--------------

V1H -
R/W V

1l
- ____ _ 

VOH -
VO 1-1/08 VOl_--------------+-----~------------<J:: DATA-OUT 

Write Cycle 1 (OE Fixed High) 

~ ~:~ ~re "He 

AO- AI8 ~:: ~. AOORESS 

test I ~ 
fi tWCH L 

I tCWl 

R/W 't twp 

I 'I 
I 

t05w tOHW 
tosc tOHC 

DATA-IN 

~:HorL 
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TC51V8512AF/AFT/ATR-12/15 Static RAM 

Write Cycle 2 (OE Clocked or Fixed Low) 

VI ... -

VIL -~------------------------4--------------L4-------------------------~----~~------------~~------------T------

VI ... -
R/W 

V IL -~----------'-----+--------------+-------=fL------:-~+------+r=~------hr-------------------

VI... --------------------+--------------+---------~~_<I [liA 1 
VIL - ~-----:--...iIF~~~--------____:"~~~ 

1/01-1/08 
L VOH-

OUT VOL-----------------------------------~ 

Read Modify Write Cycle 

VI ... 

~~ VIL ------~~------~~--~--------~~--~----~~------II----------~--
VI ... -

R/W VIL - ________ _ 

VIH -------------I-----H-~~--_:_-t--;-"r.::':~--<I r N 
Vil. - "'-----'f-:o~ .... 

1101-1/08 
I VOH-
~UT VOL _----------------------~-----11 

~:HorL 
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CE Only Refresh 

VIH 
AO - AtO VIL 

Static RAM TC51V8512AF/AFT/ATR-12/15 

VIH-~--~====~~~------------------------------------~-------2!:~-----
Vil - ____ ........ --J 

tRCH 

VIH-~--~~==~~~-------------------------------------!~::~-----------
RJW Vil - _____ -' 

VOH-
I/Ot -1/08 VOl------------------------ OPEN 

~:HorL 

Auto Refresh 

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

OPEN 

Note: RNV. AD - A18 = V1H orV1L 

Self Refresh 

VIH -'OlImR VIL ________ _ 

1101-1108 VOH -____________ _ 
VOL - OPEN 

Note: RNV. AD - A 18 = V1H or V1L 
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Static RAM 

Notes 
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