












































































































































































































































TC511001BP/BJ/BZ/BFT-60 

APPLICATION INFORMATION 

ADDRESSING 
The 20 address bits required to decode 1 of the 1,048,576 cell locations within the TC511001BPIBJIBZlBFr 

are multiplexed onto the 10 address inputs and latched into the on-chip address latches by externally applying 
two negative clocks. 

The first clock, the Row Address Strobe (RAS), latches the 10 row address bits into the chip. The second 
clock, the Column Address Strobe (CAS), subsequently latches the 10 column address bits into the chip. Each 
of these signals, lIAS, and CAS, triggers a sequence of events which are controlled by different delayed 

internal clocks. 
The two clock chains are linked together logically in such a way that the address multiplexing operation is 

done outside of the critical path timing sequence for read data access. The later events in the clock 
sequence are inhibited until the occurrence of a delayed signal derived from the RAS clock chain. The "gated 

.. feature allows the clock to be externally activated as soon as the Row Address Hold Time 
specification (tRAH) has been satisfied and the address inputs have been changed from Row address to Column 
address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into an on-chip register by a combination orwmTI and 
'CAS While RAS is active. The later of the signals (wmT! to make its negative transition is the 
strobe for the Data In (DIN) register. This permits several options in the write cycle timing. In a write cycle, 
if the WRITE' input is brought low (active) prior to the DIN is strobed by CAS and the set-up and hold 
times are referenced to CAS. If the input data is not available at time or ifit is desired that the cycle be a 
read-modify.write cycle, the W'RlTZ signal will be delayed until after has made its negative transition. 
In this "delayed write cycle"the data input set-up and hold times are referenced to the negative edie ofwroTE' 
rather than 'CAS. (To illustrate this feature, DIN is referenced to WRITE in the timing diagrams depicting the 
read-modify.write and nibble mode write cycles while the "early write"cycle diagram shows DIN referenced to 
'CAS). 

Data is retrieved from the memory in a read cycle by maintaining WRIT! in the inactive or high state 
throughout the portion of the memory cycle in which 'CAS is active (low). Data read from the selected cell will 
be available at the output within the specified access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (DOUT) of the TC511001BPIBJIBZlBFT i. the high impedance 
(open circuit) state. This is to say, anytime 'CAS is at a high level, the DOUT pin will be floating. The only 
time the output will turn on and contain either a logic 0 or logic 1 is at acce .. time durinr a read cycle. DOUT 
will remain valid from accen time until 'CAS is taken back to the inactive (high level) condition. 

NIBBLE MODE 
Nibbl, mod, operation .llows faster successive data operation on 4 bits. The flrstof 4 bits is accessed in the 

usual manner with read data cominl out at tcAC time. By keeplnl m low, can b, cycled up and then 
down, to read or write the next thr .. pa, .. at hleh data rate (falt41r than tcAC). Rowand column addte .... 
need only be iuppUed (or the fil'lt accen orthe cycl ... From then on, the falUn, ,d,e orCA! will activate the 
next bit. Arter four bits have been accessed, the next bit will b, the lame II the flnt bit acc .... d (wrap­
around method) • 
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TC511001 BP/BJ/BZIBFT~60 

C(O,O)-(O'l)-(l,O)-(l,l)~ 

Address A9 determines the starting point of the circular 4 bits nibbie. Row A9 and column A9 provide the two 
binary bits needed to select one offour bits. 
From then on, succeasive bits come o~t in a binary fashion; 00-01-10-11 with A9 row being the least 
significant address. 

A nibble cycle can be a read, write, or delayed write cycle, Any conbinations of reads and writes or late 
writes will be allowed. In addition, the circular wrap-around will continue for as long as m is kept low. 

RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 512 row 
address (AO-A8) within each 8 millisecond time interval. 
Although any normal memory cycle will perform the refresh operation, this function b most easily 
accomplished with "RAS-only" cycles. 

CAS BEFORE m REFRESH 

CAS before liAS refreshing available on the TC511001BPIBJIBZlBFl' offers an alternate refresh method. II 
CAS is held on low for the specified period (tcsru before RAS goes to low, on chip refresh control clock 
generators and the refresh address counter are enabled, and an internal refresh operation takes place. After 
the refresh operatiQn is performed, the refresh address counter is automatically incremented in preparation 
for the next CAS before RAS refresh operation. 

HIDDEN REFRESH 

An optional feature of the TC511001BPIBJIBZIBFT is that refresh cycles may be performed while 
maintaining valid data at the output pin. This referred to as Hidden Refresh. Hidden Refresh is performed by 
holding CAS at VIL and taking RAS high and after a specified precharge period (tRP), executing a CAS before 
RAS refresh cycle. (see Figure below) 

MEMORY CYCLE REFRESH c;YCLE REFRESH c;YCLE 

DOUT -- OPEN 

This feature allows a refresh cycle to be "hidden'! among data cycles without affecting the data avilability. 
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TC511 001 BP/BJ/BZ/BFT-60 

m BEFORE m REFRESH COUNTER TEST 
The internal refresh operation ofTC51l001BPIBJIBZlBFT can be tested by CAS BEFORE ltAS REFRESH 

COUNTER TEST. This cycle performs READIWRITE operation taking the internal counter address as row 
address and the input address as column address. 

The test is performed after a minimum of 8 CAS' before ItAS' cycles as initialization cycles. The test 
procedure is as follows. 

<D Write "0" into all the memory cells at normal write mode. 
~ Select one certain column address and read "0" out and ~rite "1" in each cell by performing CAS 

BEFORE trAS REFRESH COUNTER TEST (READ-WRITE CYCLE). Repeat this operation 512 times. 
@ Check "1" out of 512 bits at normal read mode, which was written at a> . 
@ Using the same column as (I), read "1" out and write "0" in each cell performing CAS BEFORE RAg 

REFRESH COUNTER TEST. Repeat this operation 512 times .. 
<ID Check "0" outof512 bits at normal read mode, which was written at@. 
@ Perform the above <D to <ID to the complement data. 
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TC511 001 BP/BJ/BZ/BFT-60 

TEST MODE 
The TC511001BPIBJIBZlBFr is the RAM organized 1,048,576 words by 1 bit, it is internally 

organized 262,144 words by 4 bits. In "Test Mode", data is written into a number of sectors (4 sectors) 
in parallel and retrieved the same way. If, upon reading, all bits are equal (all "H" or"L"), the data 
output pin indicates a same data as all bits. In this case, the data output pin indicate. an expected 
data for good parts, the data output pin indicates a complementary data for bad parts. And also, if 
any of the bits differed. the data output pin would indicate a high impedance state for bad parts. Fig. 
1 shows the block diagram of TC51l001BPIBJIBZlBFT including its truth. table when "Test Mode" is 
used. 

In test mode, 1MDRAM can be tested as if it were 256K DRAM by the following method. 
Block Diagram in Test Mode 

An, Am 

An, Am 

r----o~RMAL 

I------'~ 

TF Pin. Super voltage; Test Mode 
TF Pin .. V1L (TF) level or High·Z; Normal 

Truth Tab!e in Test Mode Function 

A B C 0 Dour 

0 I 0 I 0 I 0 0 

1 J 1 I 1 I 1 1 

Otherwise Hi-Z 

Fig. 1 
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TC511 001 BP/BJ/BZ/BFT-60 

"Test Mode" function is performed on any of the timing cycles except Nibble Mode when "TF" pin is 
held on "super voltage (VCC+4.5V (VCC=5V± 10%). max.voltage=10.5V)" for the specified period (tTES. 
tTEHR and tTEHCi see Fig. 2). The address input of A9 is ignored in the "Test Mode". 

On the other hand. normal operation requires the '''fF'' pin be connected to VIL (TF) level. or left 
unconnected on tlie printed wiring board. 

The "Test Mode" function reduces test times (1/4i in case of using N test pattern). 

VIH-

m 
VIL~ 

VIH-

m 
VIL-

TF 

Fig. 2 Test Mode Cycle 
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TENTATIVE DATA 
1,048,576 WORD x 1 BIT DYNAMIC RAM 

DESCRIPTION 
The TC511001AP/AJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 1 bit. 

The TC511001AP/AJ/AZ utilizes TOSHIBA's CMOS Silicon gate process technology as well as advanced 
circuit techniques to provide wide operating margins, both internally and to the system user. 
Multiplexed address inputs permit the TC511001AP/AJ/AZ to be packaged in a standard 18 pin plastic 
DIP, 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. The package size provides high system bit 
densities and is compatible with widely available automated testing and insertion equipment. System 
oriented features include single power supply of 5V± 10% tolerance, direct interfacing capability with 
high performance logic families such as Schottky TTL. The special feature of TC511001AP/AJ/AZ is 
nibble mode, allowing the user to serially access 4 bits of data at a high data rate. 

FEATURES 

• 1,048,576 word by Ibit organization 
• Fast access time and cycle time 

TC511001AP/AJ/AZ - 70/- 801- 10 

tRAC RAS Access Time 70ns 

tAA Column Address 
35ns Access Time 

tCAC CAS Access Time 20ns 

tRC Cycle Time I 130ns 

trKAC Nibole Mode 
20ns Access Time 

tNC Nlbbie Mode 
40ns C'Icie Time 

• Single power supply of 5V± 10% 
with a built-in "B13 generator 

PIN NAMES 

80ns lOOns 

40ns SOns 

20ns 25ns 

150ns 180ns 

20ns 20ns 

40ns 40n5 

AO-A9lAddress Inputs WRITE I ReadlWrite Input 

CAS Column Address Strobe Vcc Power ( + SV) 

DI~ Data In Vss Ground 

Dour Data Out TF Test Function 

RAS Row Address Strobe N.C. No Connection 

PIN CONNECTION (TOP VIEW) 

Plastic DIP Plastic SOJ Plastic ZIP 

DIN Vss _Q"-'11 1 26 
WRITE Dour WRITE 2 25 

RAS CAS RAS 3 24 
TF 4 A9 • TF 4 23 

AO S 14 AS N.C. S 22 

A1 6 13 A7 AO 9 18 AS 
A2 7 12 A6 A1 10 17 A7 
A3 S 11 AS A2 11 16 A6 

Vce 9 10 A4 A3 12 15 AS 
Vee 13 14 A4 

• Low Power 
440mW lVIAX. Operating 

(TC5 11 00 lAP/AJ/AZ -70) 
385mW MAX. Operating 

(TC511001AP/AJ/AZ -80) 
330m W MAX. Operating 

(TC511001AP/AJ/AZ -10) 
5.5m W MAX. Standby 

• Output unlatched at· cycle end allows two­
dimensional chip selection 

• Common I/O capability using "EARLY 
WRITE" operation 

• Read.Modify-Write, 'CAS before RAS' refresh, 
HAS.only refresh, Hidden refresh, Nibble 
Mode and Test Mode capability 

• All inputs and output TTL compatible 
• 512 refresh cycles/8ms 
• Package TC511001AP 

TC511001AJ 
TC511001AZ 

DIP18-P-300C 
SOJ2B-P-300 
ZIP20-P-400 

eM 
Vss 

~ 

TF 

A1 

A3 

A4 
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TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ~80 
TC511001AP/AJ/AZ-10 I 

I~--------------------------------------------~----~------------------------~--------_I 

BLOCK DIAGRAM 

TF 

AOe­

Ale­

A2e­

A3e­

A4e­

A5e­

A6e­

A7e-

A8e-~--~v'L~~~~~-rinrrv 

MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL 

Input Voltage VIN 

Test Mode Input Voltage V1N(TF) 

Output Voltage VOUT 

Power Supply Voltage Vee 

Operating Temperature TOPR 

Storage Temperature TSTG 

Soldering Temperature' Time TSOLDER 

Power Dissipation Po-

Short Circuit Output Current lOUT 

RATING 

-1-7 

-1-10.5 

-1-7 

-1-7 

0-70 

- 55-150 

260'10 

600 

50 

RECOMMENDED DC OPERATING CONDITIONS (Ta - 0-70°C) -
SYMBOL 'CHARACTERISTIC MIN. TYP. 

Vee Supply Voltage 4.5 5.0 

V1H Input High Voltage 2.4 -
V1L Input Low Voltage -1.0 -
V1H(TF) Test Enable Input High Voltage Vee + 4.5 -
V1L(TFI Test Disable Input Low Voltage -1.0 -
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SUBSTRATE BIAS 
GENERATOR 

. UNIT 

V 

V 

V 

V 

·C 

·C 

·C·sec 

mW 

mA 

MAX. 

5.5 

6.5 

0.8 

10.5 

Vee + 1.0 

NOTE 

1 

1 

1 

1 

1 

1 

1 

1 

1 

UNIT NOTE 

V 2 

V 2 

V 2 

V 2 

V 2 



TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80 
TC511001AP/AJ/AZ-10 

DC ELECTRICAL CHARACTERISTICS (Vee = sv ± 10%, Ta = 0-70°c) 

SYMBOL CHARACTERISTIC MIN. MAX. UNIT NOTE 

OPERATING CURRENT reSll001AP/AJ/AZ·70 - 80 

leel Average Power Supply Operating Current reSll001AP/AJ/AZ·80 - 70 mA 3,4, S 

(RAS, CAS, Address Cycling: tRe = tRe MIN. ) reSll001AP/AJ/AZ·10 - 60 

STANDBY CURRENT 

leC2 Power Supply Standby Current - 2 mA 

(RAS ::: CAS = V, H) 

RAS ONLY REFRESH CURRENT res 11 00 1 AP/AJ/AZ· 70 - 80 

lee3 Average Power Supply Current, RAS Only Mode Tesl1001AP/AJ/~Z·80 - 70 mA 3, 5 

(RAS Cycling, CAS = V,H : tRe = tRe MIN. ) res I 1001APIAJ/AZ·10 - 60 

NIBBLE MODE CURRENT reSl1001AP/AJlAZ·70 - 40 

lee4 Average Power Supply Current, Nibble Mode reSl '001 AP/AJ/AZ·80 - 40 mA 3,4, S 

(RAS::: V'L, CAS, Cycling: tNe = tNC MIN. ) res 11 001 AP/AJ/AZ·l0 - 40 

STANDBY CURRENT 

Ices Power Supply Standby Current - 1 mA 

(RAS::: CAS::: Vee - 0.2V) 

CAS BEFORE RAS REFRESH CURRENT res 1100 1 AP/AJ/AZ·70 - 80 

lee6 Average Power Supply Current, CAS Before RAS reSll001AP/AJ/AZ·80 - 70 mA 3 

Mode (RAS, CAS Cycling: tRe = tRe MIN. ) TeS',001AP/AJ/AZ·'0 - 60 

INPUT LEAKAGE CURRENT (any input except TF) 

I, (L) Input Leakage Current, any input -10 10 1IA 
(OV::i V,N::i 6.SV, All Other Pins Not Under Test = OV) 

IITF (L) 
INPUT LEAKAGE CURRENT (only TF) 

-10 10 1IA 
(OV::iV,N (TF) ::i Vee + O.SV, All Other Pins Not UnderTest=OV) 

OUTPUT LEAKAGE CURRENT 
IO(L) 

(DOUT is disabled, OV::i VOUT:;O S.SV) 
-10 10 1IA 

TEST FUNCTION INPUT ·CURRENT 
ITF 

(Vee + 4.SV:;O V'N (TF) :;0 10.SV) - 1 mA 

OUTPUT LEVEL 
VOH 

Output "W Level Voltage (lour::: - SmA) 
2.4 - V 

OUTPUT LEVEL 
VOL 

Output NL· Level Voltage (lOUT::: 4.2mA) - 0.4 V 
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TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80 
TC511 001 AP IAJI AZ-10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = SV ± 10%, Ta = 0-70°c)(Notes 6, 7, 8) 

TC51001API TC51001API TC51001API 

SYMBOL CHARACTERISTIC AJ/AZ-70 AJ/AZ-80 AJ/AZ·10 UNIT NOTE 

MIN. MAX. MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 130 - 150 - 180 - ns 

tRMW Read·Modify·Write Cycle Time lS5 - 175 - 210 - ns 

tNC Nibble Mode Cycle Time 40 - 40 - 40 - ns 

tNRMW 
Nibble Mode Read-Modify·Write Cycle 

65 - 65 - 65 - ns Time 

tRAC Access Time from RAS - 70 - 80 - 100 ns 9,14 

tCAC Access Time from m - 20 - 20 - 25 ns 9,14 

tAA Access Time from Column Address - 3S - 40 - 50 ns 9,15 

tNCAC Nibble Mode Access Time - 20 - 20 - 20 ns 9 

tCLZ ro to Output in LOw,Z 0 - 0 - 0 - ns 9 

tOFF Output Buffer Turn-off Delay 0 20 0 20 0 20 ns 10 

tT Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 8 

tRp RAS Precharge Time 50 - 60 - 70 - ns 

tRAS ro Pulse Width 70 10,000 80 10,000 100 10.000 ns 

tRSH ro Hold Time 20 - 20 - 25 - ns 

tCSH CAS Hold Time 70 - 80 - 100 - ns 

tCAS CAS Pulse Width 20 10,000 20 10,000 25 10,000 ns 

tRCO RAS to CAS Delay Time 20 50 20 60 25 75 ns 14 

tRAO RAS to Column Address Delay Time 15 35 15 40 20 50 ns 15 

tCRP CAS to RAS Precharge Time 5 - 5 - S - ns 

tcP CAS Precharge Time 10 - 10 - 10 - ns 

tASR Row Address Set·Up Time 0 - 0 - 0 - ns 

tRAH Row Address Hold Time 10 - 10 - 15 - ns 

tASC Column Address Set·Up Time 0 - 0 - 0 - ns 

tCAH Column Address Hold Time lS - lS - 20 - ns 

tAR 
Column Address Hold Time reierenced 

55 60 tom - - 75 - ns 

tRAL Column Address to m Lead Time 35 - 40 - 50 - ns 

tRCS Read Comman~ Set·Up Time 0 - 0 - 0 - ns 

Read Command Hold Time referenced 
tRCH 

to CAS 
0 - 0 - 0 - ns 11 

tRRH 
Read Command Hold Time referenced 

0 0 0 tom - - - ns 11 

tWCH Write Command Hold Time 15 - 15 - 20 - ns 

Write Command Hold Time referenced 
tWCR 

to ro 55 - 60 - 75 - ns 

twp Write Command Pulse Width 15 - 15 - 20 - ns 

tRWl Write Command to m Lead Time 20 - 20 - 25 - ns 

tCWl Write Command to ro Lead Time 20 - 20 - 25 - ns 
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TC511001AP/AJ/AZ-10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Continued) 

TC51001API TC51001API TC51001API 

SYMBOL CHARACTERISTIC AJ/AZ-70 AJ/AZ-80 AJ/AZ-l0 UNIT 

MIN. MAX. MIN. MAX. MIN. MAX. 

tos Data-In Set-Up Time 0 - 0 - 0 - ns 

tOH Data-In Hold Time 15 - 15 - 20 - ns 

tOHR Data-In Hold Time referenced to RAS 55 - 60 - 75 - ns 

tREF Refresh Period - B - B - B ms 

twcs Write Command Set-UP Time 0 - 0 - 0 - ns 

tC'.'vD CAS to WRITE Delay Time 20 - 20 - 25 - ns 

tRWO RAS to WRITE Delay Time 70 - 80 - 100 - ns 

tAWO Column Address to WRITE Delay Time 35 - 40 - 50 - ns 

CAS Set-Up Time 
5 - 5 - 5 -tCSR (CAS before RAS ) 

ns 

CAS Hold Time 
tCHR 

(CAS before RAS ) 
15 - 15 - 20 - ns 

tRPC m Precharge to CAS Active Time 0 - 0 - 0 - ns 

tCPT 
CAS Precharge Time (CAS before RAS 

40 - 40 - 50 -Counter Test) 
ns 

tNCAS Nibble Mode Pulse Width 20 - 20 - 20 - ns 

tNCP Nibble Mode CAS Precharge Time 10 - 10 - 10 - ns 

tNRSH Nibble Mode RAS Hold Time 20 - 20 - 20 - ns 

tNCWO 
Nibble Mode CAS to WRITE Delay 

20 20 20 
Time - - - ns 

Nibble Mode WRITE Command to RAS 
tNRWL 

Lead Time 
20 - 20 - 20 - ns 

Nibble Mode WRITE Command to CAS 
tNCWL 20 

Lead Time 
- 20 - 20 - ns 

tTES 
Test Mode Enable Set-Up Time 

0 - 0 0 
referenc.ed to RAS - - ns 

Test Mode Enable Hold Time 
tTEHR 

referenced to RAS 
0 - 0 - 0 - ns 

Test Mode Enable Hold Time 
tTEHC 

referenced to ru 0 - 0 - 0 - ns 

CAPACITANCE (Vee = SV ± 10%, f = 1MHz, Ta = 0-70°C) 

SYMBOL CHARACTERISTIC MIN. MAX. UNIT 

Input Capa~itance (AO-A9, DIN) 

Input Capacitance (RAS, CAS, WRITE, TF) 7 pF 

Co Output Capacitance (vour) 7 
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TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80 
TC511001AP/AJ/AZ-10 

NOTES: 

1. Stresses greater than those listed under "Maximum Ratings" may cause permanent damage to the 

device. 

2. All voltages are referenced to VSS. 

3. !cClt ICC3, ICC4, Iccs depend on cycle rate. 

4. ICC1, ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Col umn address can be changed once or less While "ItA"S = V IL .and CAS = V lH. 

6. An initial ,pause of 200ps is required after power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 ~ before !{AS 

initialization cycles instead of 8 RAS cycles are required. 

7. AC measurements assume tT=5ns. 

8. VIH (min.) and VIL (max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and VIL. 

9. Measured with a loan equivalent to 2 TIL loads and 100pF. 

10. tOFr' (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

11. Either tRCH or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to ~ leading edge in early write cycles and to wroTE leading 
edge in read-modify-write cycles. 

13. twcs, tRWD, tcwD, and tAWD are not restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If twcs;;;; twcs (min.), the cycle is an early write cycle 
and data out pin will remain open circuit (high impedance) throughout the entire cycle; If 
tR\'v'D~ tRwD (min.), tcwD~ tCWD (min.), and tAWD;;;; tAWD (min.), the cycle is a read-modify-write 
cycle and the data out will contain data read from the selected cell: If n.either of the above sets 
of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 
tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC. 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA. 
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TIMING WAVEFORMS 

READ CYCLE 

V1H 
AO-A9 

V1L 

V1H 
WRITE 

V1L 

TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80 
TC511001AP/AJ/AZ-10 

Note: "TF" pin should be connected to VIL (TF) level or open, if "Test Mode" is not used. 
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TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80 
TC511001AP/AJ/AZ-10 

WRITE CYCLE (EARLY WRITE) 

AO-A9 

VII·1 
WRITE 

V 1L 

V IH 
DIN 

V IL 

DOUT 
VOH-

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

Note: .. TI· .. • pin should be connected to VILITF) level or open. if "Test Mode" is not used. 
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TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80 
TC511001AP/AJ/AZ-10 

READ-MODIFY-WRITE CYCLE 

VIH 
AO-A9 

V 1L 

VIH 
WRITE 

V IL 

DIN 
VIH 

V IL 

VoH-
Dour 

VoL-
OPEN DATA-OUT 

Note: "TF" pin should be connected to VIL(n') level or open, if "Test Mode" is not used. 
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TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80 
TC511001AP/AJ/AZ-10 

NIBBLE MODE READ CYCLE 

RAS VIH 

VIL 

CAS 
VIH 
V IL 

AO-A9 
VIH 

VIL 

Dour 
VOH 

VOL 

WRITE 
VIH 

VIL 

NIBBLE MODE WRITE CYCLE(EARL Y WRITE) 

RAS V IH 
V IL 

CAS 
V 1H 
VIL 

AO-A9 
V IH 
V IL 

w"RTi'I 
V IH 
VIL 

DIN 
V IH 
V IL 

VOH -
Dour VOL -

, Note: "TF" pin should be connected to V IL (TF) level or open. 
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TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80 
TC511001AP/AJ/AZ-10 

NIBBLE MODE READ· MODIFY· WRITE 

ro VIH 

VI~ 

CAS 
V IH 

VI~ 

AO-A9 VIH 

V IL 

WRITE 
V1H 

VI~ 

DIN 
V IH 

VI~ 

VOH -
Dour 

VOL -

Note: "TF" pin should be connected to VU.ITF) level or open. 
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TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ~80 
TC511001AP/AJ/AZ-10 

RAS ONLY REFRESH CYCLE 

VIH-
RAS 

V'L -

CAS 
VIH-

AD-AS 

VOH-

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

Note: WiUfE = "1[" or "I.", A9= "H" or "L" 
"TF" pin should be connected to V Il. eTt') level or open, if "Test Mode" is not used. 

CAS BEFORE R'AS REFRESH CYCLE 

tCHR 

DOUT I}------------OPEN 

~: "H" or "L" 

Note: WlTI'I'E= "11" or "L", A9="H" or "L" 
"TP" pin should be connected to V IL (TF) level or open, if "Test Mode" is not used. 
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TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80 
TC511001AP/AJ/AZ-10 

HIDDEN REFRESH CYCLE (READ> 

V1H-

RAS 
V1L -

VIH-

CAS 

V 1H 

AO-A9 
VIL 

VIH 

WRITE 
VIL 

VOH -
Dour --------+-<V~~~,XI 

VOL - 1"-_________ "" 
DATA-OUT 

Note: "TF" pin should be connect~d to VU .. (TF) level or open, if "Test Mode" is not used. 
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TC511001AP/AJ1AZ-70, TC511001AP/AJ/AZ-80 
TC511001AP/AJ/AZ-10 

HIDDEN REFRESH CYCLE (WRITE) 

VIH 

AO-A9 
V IL 

V IH 
WRITE 

V IL 

VIH 
DIN 

V IL 

DOUT 
VoH -

OPEN 
VOL -

Note: "TI<''' pin should be connected to VIL(TFl level or open, if "Test Mode" is not used. 
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TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80 
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CAS BEFORE HAS REFRESH COUNTER TEST CYCLE 

WRITE CYCLE 

VOH-
----------+---!-o+-- OPEN ---r~----+_+_+_-----

DOUT VOL -

VIH 
WRITE 

VIL 

VIH 
DIN 

V'L 

READ·MODIFY·WRITE CYCLE 

VOH­
---- OPEN ----4---!-4-H~ 

DOUT VOL -

V,H 
WRITE 

V ,L 

V,H 
D,N 

V,L 

Note: "TW' pin should be connected to VII. (TF) level or open, if "Test Mode" is not used. 
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APPLICATION INFORMATION 

ADDRESSING 

The 20 address bits required to decode 1 of the 1,048,576 cell locations within the TC511001AP/AJ/AZ are 
multiplexed onto the 10 address inputs and latched into the on-chip address latches by externally applying two 

negative going TTL-level clocks. 
The first clock, the Row Address Strobe (RAS), latches the 10 row address bits into the chip. The second 

clock, the Column Address Strobe ('CAS), subsequently latches the 10 column address bits into the chip. Each 
of these signals, HAS, and 'CAS. triggers a sequence of events which are controlled by different delayed 
internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing operation is 
done outside of the critical path timing sequence for read data access. The later events in the CAS clock 
sequence are inhibited until the occurrence of a delayed signal derived from the RAS clock chain. The "gated 
CAS" feature allows the <:;AS clock to be externally activated as soon as the Row Address Hold Time 
specification (tRAH) has been satisfied and the address inputs have been changed from Row address to Column 
address information. 

DATA INPUT/OUTPUT 

Data to be written into a selected cell is latched into an on-chip register by a combination ofW'RITE and 
CAS While RAS is active. The later of the signals (WRITE or <:;AS) to make its negative transition is the 
strobe for the Data In (DIN) register. This permits several options in the write cycle timing. In a write cycle, 
if the WRITE input is brought low (active) prior to CAS, the DIN is strobed by 'CAS and the set-up and hold 
times arc referenced to 'CAS. If the input data is not available at <:;AS time or if it is desired that the cycle be a 
read-modify-write cycle, the WRITE signal will be delayed until after CAS has made its negative transition. 
In this "delayed write cycle"the data input set-up and hold times are referenced to the negative edge of WRITE 
rather than CAS. (To illustrate this feature, DIN is referenced to WRITE in the timing diagrams depicting the 
read-modify-write and nibble mode write cycles while the "early write"cycle diagram shows DIN referenced to 
CAS). 

Data is retrieved from the memory in a read cycle by maintaining WRITE in the inactive or high state 
throughout the portion of the memory cycle in which CAS is active (low). Data read from the selected cell will 
be available at the output within the specified access time. 

DATA OUTPUT CONTROL 

The normal condition of the Data Output (DOUT) of the TC511001AP/AJ/AZ is the high impedance (open 
circuit) state. This is to say, anytime 'CAS is at a high level, the DOUT pin will be floating. The only time the 
output will turn on and contain either a logic 0 or logic 1 is at access time during a read cycle. DOUT will 
remain valid from access time until 'CAS is taken back to the inactive (high level) condition. 

NIBBLE MODE 

Nibble mode operation allows faster successive data operation on 4 bits. The first of 4 bits is accessed in the 
usual manner with read data coming out at tcAC time. By keeping RAS low, CAS can be cycled up and then 
down, to read or write the next three pages at high data rate (faster than tcAC). Rowand column addresses 
need only be supplied for the first access of the cycles. From then on, the falling edge of CAS will activate the 
next bit. After four bits have been accessed, the next bit will be the same as the first bit accessed (wrap­
around method) . 
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C(O,O)-(O/1)-(1.0)-(1'1)~ 

Address A9 determines the starting point of the circular 4 bits nibble. Row A9 and column A9 provide the two 

binary bits needed to select one offour bits. 
From then on, successive bits come out in a binary fashion; 00-01-10-11 with A9 row being the least 

significant address. 
A nibble cycle can be a read, write, or delayed write cycle. Any conbinations of reads and writes or late 

writes will be allowed. In addition, the circular wrap-around will continue for as long as RAS is kept low. 

RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 512 row 
address (AO-A8) within each 8 millisecond time interval. 
Although any normal memory cycle will perform the refresh operation, this function is most easily 

accomplished with "RAS-only" cycles. 

CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the TC51100lAP/AJ/AZ offers an alternate refresh method. If CAS 
is held on low for the specified period (tCSR) before RAS goes to low, on chip refresh control clock generators 
and the refresh address counter are enabled, and an internal refresh operation takes place. After the refresh 
operation is performed, the refresh address counter is automatically incremented in preparation for the next 

CAS before RAS refresh operation. 

HIDDEN REFRESH 

An optional feature of the TC511001AP/AJ/AZ is that refresh cycles may be performed while maintaining 
valid data at the output pin. This referred to as Hidden Refresh. Hidden Refresh is performed by holding CAS 
at VIL and taking RAS high and after a specified precharge period (tRP), executing a CAS before liAS refresh 
cycle. (see Figure below) 

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE 

Dour -- OPEN 

'rhis feature allows a refresh cycle to be "hidden" among data cycles without affecting the data avilabHHy. 
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CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC511001AP/AJ/AZ can be tested by 'CAS BEFORE JtAS REFRESH 
COUNTER TES'r. This cycle performs READIWRITE operation taking the internal counter address as row 
address and the input address as column address. 

The test is performed after a minimum of 8 'CAS before n:AS cycles as initialization cycles. The test 
procedure is as follows. 

CD Write "0" into all the memory cells at normal write mode. 
(ID Select one certain column address and read "0" out and write "I" in each cell by performing 'CAS 

BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE). Repeat this operation 512 times. 
@ Check "I" outof512 bits at normal read mode, which was written at(ID . 
CD Using the same cqlumn as (i), read "I" out and write "0" in each cell performing CAS BEFORE EAS 

REFRESH COUNTER TEST. Repeat this operation 512 times. 
® Check "0" out of 512 bits at normal read mode, which was written at@ . 
® Perform the above CD to ® to the complement data. 
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TEST MODE 
The TC51l001AP/AJ/AZ is the RAM organized 1,048,576 words by 1 bit, it is internally organized 

262,144 words by 4 bits. In "Test Mode", data is written into a number of sectors (4 sectors) in 
parallel and retrieved the same way. If, upon reading, all bits are equal (aU "H" or"L"), the data 

output pin indicates a same data as all bits. In this case, the data output pin indicates an expected 
data for good parts, the data output pin indicates a complementary data for bad parts. And also, if 
any of the bits differed, the data output pin would indicate a high impedance state for bad parts. Fig. 
1 shows the block diagram of TC51l001AP/AJ/AZ including its truth table when "Test Mode" is used. 

In test mode, IMDRAM can be tested as if it were 256K DRAM by the following method. 

Block Diagram in Test Mode 

An, Am 

-~'---~ 

An, Am 

,....--_-0

0 ~MAL 

t------'~ 
An, Am 

DIN ~.,_. 
-~r::;;:;-]~-.w..-l ...---0 ~MAL 

-b~~ ~ 
TF Pin'" Super voltage; Test Mode 
TF Pin = V1l (TF) level or High·Z; Normal 

Truth Table in Test Mode Function 

A B C D DOUT 

0 I 0 I 0 I 0 0 

1 J 1 1 1 I 1 1 

Otherwise Hi-Z 

Fig. 1 

A-111 

Nch 



TC511001AP/AJ/AZ-70, TC511001AP/AJ/AZ-80 
TC511001AP/AJ/AZ-10 

"Test Mode" function is performed on any of the timing cycles except Nibble Mode when ''TF'' pin is 
held on "super voltage (Vcc+4.5V (VCC=5V± 10%), rnax. voltage = 10.5V)" for the specified period (tTES, 
tTEHR and tTEHC; see Fig. 2). The address input of A9 is ignored in the ''Test Mode". 

On the other hand, normal operation requires the ''TF'' pin be connected to VIL (TF) level, or left 
unconnected on the printed wiring board. 

The ''Test Mode" function reduces test times (1/4; in case of using N test pattern). 

TF 

Fig. 2 Test Mode Cycle 
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1,048,576 WORD x 1 BIT DYNAMIC RAM PRELIMINARY 

DESCRIPTION 
The TC51l002BP/BJIBZlBFT is the new generation dynamic RAM organized 1,048,576 words by 1 

bit. The TC511002BPIBJIBZlBFT utilizes TOSHIBA's CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TC51l002BPIBJIBZIBFT to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ, 20/19 pin plastic ZIP, 24/20 pin plastic TSOP. The package size 
provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V±10% tolerance, 
direct interfacing capability with high performance logic families such as Schottky TTL. 

FEATURES 

• 1,048,576 word by Ibit organization • Low Power 
• Fast access time and cycle time 

TCSll002BP/BJ/BZlBFT - 60 

495m W MAX. Operating 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows two­
dimensional chip selection tRAe m Access Time 60ns 

tM Column Address 
30ns Access Time 

tCAC B Access Time 20ns 

tRC Cycle Time lIOns 
tse Static Column 

3Sns Mode Cycle Time 

• Single power supply of 5V± 10% 
with a built-in VBB generator 

PIN CONNECTION 

Plastic DIP Plastic SO) 

DIN 1 18 Vss Vss WR?f~ ~ WRITE 2 17 Dour &UT 
RAS 3 16 cr RAS 3 

TF 4 IS A9 TF 4 N.C. 
N.C. 5 A9 

AO 5 14 A8 
Al 6 13 A7 AO A8 
A2 7 12 A6 Al A7 
A3 8 11 AS A2 A6 

Vee 9 10 A4 A3 AS 
Vee A4 

A9 1 Plastic TSOP 24 
cr 2 23 

Dour 3 
N.C. 4 
Vss 5 

N.C. 8 r I 
22 
21 
20 

17 

WR?~ 9 
10 

16 
15 

RAS 11 14 
TF 12 13 

Plastic ZIP 

A8 
A7 
A6 
AS 
A4 

Vee 
A3 
A2 
Al 
AO 

• Common I/O capabili!l,. 
• Read-Modify-Write, CS before BAS refresh, 

RAS-only refresh, Hidden refresh, Static 
Column Mode and Test Mode capability 

• All inputs and output TIL compatible 
• 512 refresh cycles/8ms 
• Package TC51l002BP 

TC51l002BJ 
TC51l002BZ 
TC51l002BFT 

PIN NAMES 

AO-A9 Address Inputs 

DlPI8-P-300C 
SOJ26-P-300 
ZIP20-P-400 
TSOP24-P-0616 

Vss RAS Row Address Strobe 

WRiff DIN Data In 

TF DouT Data Out 

~ Chip Select Input 

WRm ReadlWrite Input 

Vee Power ( + SV) 

Vss Ground 

TF Test Function 

N.C. No Connection 
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BLOCK DIAGRAM 

AO 

A30-

A40+­

AS 0-

A60-

A70-

ABSOLUTE MAXIMUM RATINGS 

ITEM 

Input Volt'g' 

Test Function Input Voltage 

Output Voltage 

Power Supply Voltage 

Operating Temperature 

Storage Temperature 

Soldering Temperature - Time 

Power Dissipation 

Short Circuit Output Current 

SYMBOL 

VIN 

VIN(TF) 

VOUT 

Vee 

TOPR 

TSTG 

TSO\.OER 

Po 

lOUT 

SUBSTRATE BIAS· Vee 
GENERATOR -0 VSS 

RATING UNITS 

-1-7 V 

-1-10.5 V 

-1-7 V 

-1-7 V 

0-70 'C 

-55-150 'C 

260-10 'C-sec 

600 mW 

SO mA 

RECOMMENDED DC OPERATING CONDITIONS (Ta - 0--70°C) -
SYMBOL PARAMETER MIN. TYP. MAX. 

Vee Supply Voltage 4.5 5.0 S.S 

VIH Input High Voltage 2.4 - 6.5 

Vil Input Low Voltage -1.0 - 0.8 

VIH(TF) Test Enable Input High Voltage Vee + 4.5 - 10.5 

VIL(TF) Test Disable Input Low Voltage -\.O Vee+ 1.O 
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DC ELECTRICAL CHARACTERISTICS (VCC = SV ± 10%, Ta = 0-70°c) 

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT 
TCS 11 002BP/BJI 3,4 

Iw Average Power Supply Operating Current - 90 mA 

(m, ~, Address Cycling: tRC. tRC MIN.) 
BZlBFT·60 S 

STANDBY CURRENT 

ICC2 Power Supply Standby Current - 2 mA 

(m"~,,VIH) 

m ONLY REFRESH CURRENT 
TCS11002BP/BJI 

ICC3 Average Power Supply Current, W Only Mode - 90 mA 3, S 

em Cycling, ~ a VIH: tRC" tRC MIN.) 
BZlBFT·60 

STATIC COLUMN MODE CURRENT 
TCS11002BP/BJI 

ICC4 Average Power Supply Current, Static Column - 70 mA 3,4 

Mode em .. ~ .. VIL. Address Cycling: tsc:: tsc MIN.) 
BZlBFT·60 

STANDBY CURRENT 

Iccs Power Supply Standby Current - 1 mA 

em .. ts-,. Vcc - 0.2V) 

~ BEFORE W REFRESH CURRENT 
TC511002BP/BJI 

ICC6 Average Power Supply Current, ~ Before m - 90 mA 3 

Mode (W, ~ Cycling: tRC" tRC MIN.) 
BZlBFT·60 

INPUT LEAKAGE CURRENT (any input except TF) 

II(L) Input Leakage Current, any input -10 10 I1A 
(OV$VIH$6.5V, All Other Pins Not Under Test=OV) 

IITF(L) 
INPUT LEAKAGE CURRENT (only TF) 

-10 10 I1A 
(OV$VIN (TF) ~VCc+O.SV, All Other Pins Not UnderTest .. OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

(DOUT i$ disabled, OV~ VOUT~ + 5.SV) 
-10 10 IIA 

TEST FUNCTION INPUT CURRENT 
ITF 

(Vcc+4.5V~VIN (TF) ~ 10.5V) - 1 mA 

VOH 
OUTPUT LEVEL 

Output ·W Level Voltage (lOUT = - 5mA) 
2.4 - V 

OUTPU'T LEVEL 
VOL 

Output ·L· Level Voltage (lOUT" 4.2mA) - 0.4 V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VCC = SV + 10% Ta = 0-700c)(Notes 6 7 8) - I I I 

TC511002BP/BJ/BZlBFT-60 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. 

t~e Random Read or Write Cycle Time 110 - ns 

tRMw Read-Modify-Write Cycle Time 135 - ns 

tsc Static Column Mode Cycle Time 35 - ns 

tSRMW Static Column Mode Read-Modify-Write Cycle Time 60 - ns 

tRAe Access Time from m - 60 ns 9,14 

teAe Access Time from ~ - 20 ns 9,14 

tM Access Time from Column Address - 30 ns 9,15 

tALw Access Time from Last Write - 55 ns 9,16 

tell ~ to Output in Low-Z 0 - ns 9 

tOFF Output Buffer Turn-Off Delay 0 20 ns 10 

tAOH Output Data Hold Time from Column Address 5 - ns 

tow OutPlJt Data Enable Time from WRiTE' - 20 ns 

tWOH Output Data Hold Time from Wifi'Tl' 0 - ns 

tT Transition Time (Rise and Fall) 3 50 ns 8 

tRP m Precharge Time 40 - ns 

tRAS ro Pulse Width 60 10,000 ns 

tRAse m -Pulse Width (Static Column Mode) 60 100,000 ns 

tRSH ~ to m Hold Time 20 - ns 

tesH RM to CS Hold Time 60 - ns 

tcs C3 Pulse Width 20 10,000 ns 

tese CS Pulse Width (Static Column Mode) 20 100,000 ns 

tRCD RM to ~ Delay Time 20 40 ns 14 

tRAo m to Column Address Delay Time IS 30 ns 15 

tCRP cs to m Precharge Time 5 - ns 

tcP ~ Precharge Time 10 - ns 

tASR Row Address Set-Up Time a - ns 

t~AH Row Addrass Hold Time 10 - ns 

tAse Column Address Set-Up Time 0 - ns 

teAH Column Address Hold Time 15 - ns 

tAwlI 
Column Address Hold Time referenced to ru (WRITE 

50 
CYCLE) 

- ns 

tAR 
Column Address Hold Time referenced to m (READ 

70 CYCLE) - ns 

tRAL Column Address to m Lead Time 30 - ns 

tAH Column Address Hold Time referenced to ru Rise 5 - ns 17 

tCWL Write Command to ~ Lead Time 20 - ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

TC511002BP/BJ/BZlBFT·60 
SYMBOL PARAMETER UNITS NOTES 

MIN. MAX. 

tLWAo Last Write to Column Address Delay Time 20 25 ns 16 

tAHLW Last Write to Column Address Hold Time 5S - ns 

tRCS Read Command Set-up Time referenced to ~ 0 - ns 

tRCH Read Command Hold Time referenced to ~ 0 - ns 11 

tRRH Read Command Hold Time referenced to RA3" 0 - ns 11 

tWCH Write Command Hold Time 10 - ns 

tWCR Write Command Hold Time referenced to m 45 - ns 

twP Write Command Pulse Width 10 - ns 

tWI Write Command Inactive Time 10 - ns 

tRwL Write Command to m Lead Time 20 - ns 

tos Data-In Set-Up Time 0 - ns 12 

toH Data-In Hold Time 15 - ns 12 

tOHR Data-In Hold Time referenced to m 50 - ns 

tREF Refresh Period - 8 ms 

twcs Write Command Set-UP Time 0 - ns 13 

tcwo cr to WRiTt Delay Time 20 - ns 13 

tRwD m to WRITE Delay Time 60 - ns 13 

tAwD Column Address to WRITE Delay Time 30 - ns 13 

tCSR ~ Set-Up Time (~ before W) 5 - ns 

tCHR cr Hold Time (B' before RP3) 15 - ns 

tRPC W.Precharge to ~ Active Time 0 - ns 

tCPT B' Precharge Time (~ before m Counter Test) 30 - ns 

trES Test Mode Enable Set-Up Time referenced to m 0 - n5 

tTEHR 7e5t Mode Enable Hold Time referenced to m 0 - n5 

tTEHC Test Mode Enable Hold Time referenced to B' 0 - ns 

CAPACITANCE (VCC-5V+ 10% f-1MHz Ta-0-70°C) - - , - , -
SYM80L PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AO-A9. DIN) - 5 

CI2 Input Capacitance (m. ~. mrre-. TF) - 7 pF 

Co Output Capacitance (DOUT) - 7 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. 

2. All voltages are referenced to VSS. 

3. ICCl, ICC3, ICC4, ICC6 depend on cycle rate. 

4. ICCl, ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less While R.'AS=VIL. 

6. An initial pause of 20011S is required after power-up followed by any 8 ltAS cycles before proper 
device operation is achieved. In case of using internal refresh counter, a minimum of 8 US' Before 
RAS initialization cycles instead of 8 RAS cycles are required. 

7. AC measurements assume tT=5ns. 

8. VIH (min.) and VIL (max.) are reference levels for measuring timing of input signals. Also, 
transi tion times are measured between· V IH . aud V lL. 

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

10. toFF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

11. Either tRCH or tnRH must be satisfied for a read cycle. 

12. These parameters are referenced to ~ leading edge in early write cycles and to WroTE leading 
edge in read-modify-write cycles. 

13. twcs, tnwD, tcwD. and tAwD are not restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If twcs~ twcs (min.), the cycle is an early write cycle 
and data OUI; pin will remain open circuit (high impedance) throughout the entire cycle; If 
tnwD~tnwD (min.), tcWD~tcwD (min.), and tAWD~tAwD (min.), the cycle is a read-modify-write 
cycle and the data out will contain data read from the selected cell: If neither of the above setS 
of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tncD (min.) limit insures that tRAC (max.) can be met. 

tncD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC. 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 
tRAD (ma:;.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled exclusi'!ely by tAA. 

16. Operation within the tLWAD(max.) limit insures that tALw(max.) can be met. 

tLWAD(max.) is specified as a reference point only: If tLWAD is greater than the specified 
tLWAD(max.) limit, then access time is controlled exclusively by tAA. 

17. tAH is the condition to latch column address when RAS has risen up. 
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TIMING WAVEFORMS 

READ CYCLE 

m V,H 

V'L 

AO-A9 
V,H 

V'L 

~ 
V,H 

V'L 

WRITE 
V,H 

V,L 

Dour 
VOH 

VOL 

WRITE CYCLE (EARLY WRITE) 

ro V,H 

V'L 

AO-A9 
V'H 

V'L 

i3 V'H 

V'L 

WRiT! 
V,H 

V'L 

D,N V'H 

V'L 

Dour 
VOH 

VOL 

Note: -rF" pin should be connected to V'L(TFI level or open, if "Test Mode" is not used. 
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READ • MODIFY· WRITE CYCLE 

~ 
VIH 

VIL 

AO-A9 
VIH 

VIL 

~ 
V IH 

VIL 

WRiTE' VIH 

VIL 

DIN 
VIH 

Vll 

VOH -
DOUT 

VOL -

Note: NTF" pin should be connected to Yu.(TF) level or open, if "Test Mode" i. not used. 
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STATIC COLUMN MODE READ CYCLE 

m VIH 

V'L 

AO-A9 V'H 

V'L 

~ 
V'H 

V'L 

~ 
VIH 

VIL 

Dour 
VOH -

VOL -

Note: "TF" pin should be connected to VIL<TF) level or open, if "Test Mode" is not used. 
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STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

100' VIH 

VIL 

AO-A9 
VIH 

VIL 

'B VIH 

VIL 

WJUTr VIH 

VIL 

DIN 
VIH 

VIL 

DOUT 
VOH -

OPEN 
VOL -

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

m VIH 

VIL 

AO-A9 
V1H 

V1L 

CS" 
V 1H 

V1L 

WRITE 
VIH 

V 1L 

DIN 
VIH 

VIL 

DouT 
VOH - OPEN 
VOL -

~: -W or -L-

Note: "TF" pin should be connected to VIL (TF) level or open, if ''TeaL Mode" is noL used. 
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STATIC COLUMN MODE READ· MODIFY· WRITE CYCLE 

Dour 

tRAcl. tAA~: te~~.tu tow .1 
vOH - ___ ..;...-. ____ • Dour I OOUTN 

VOL - tel ;,...-___ ..J 

STATIC COLUMN MODE READIWRITE MIXED CYCLE 

ro V IH 

Vil 

AO-A9 
V IH 

Vil 

a- VIH 

Vil 

WlOTE VIH 

Vil 

DIN 
VIH 

Vil 

DOUT 
VOH -

VOL -

Note: "TI~" pin should be connected to VILCTf) level or open, ir "Test Mode" is not used. 
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RAS ONLY REFRESH CYCLE 

VIH-
m 

V1L -

ts 
VIH-

VIL -

AO-A8 

VOH-

DOUT 
VOL -

------------- OPEN --------------

Note: WRITE'= uH"or"L", A9= "H"or"L" 

~ BEFORE ltAS REFRESH CYCLE 

tRC 
I . 
• t!!e ~ 

VIH- tRAS .1 

/ r'\ . tRPC - tcP tCSR - - tcHR 
II • ~::~ ~, 

VIL - .---------""IF"'"'""'~'""''"'''''"""'"'''''"""'"'''~'"'''~'"'''"' 

VOH ~_------- OPEN ____________ _ 

VOL ~ DOUT 

Note: W1tJ'l'E'= "H"or"LIO, AO-A9= "U"or"L" 
"TFIO pin should be connected to VILITFJ level or open, iC "Test Mode" is not used. 
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HIDDEN REFRESH CYCLE (READ) 

VIH-

RM 
V 1L -

V1H 

~ 
VIL 

VIH 

AO-A9 
V1L 

VIH 

WRi'r'r 
VIL 

VOH -
-------+{: 

Dour VOL -
DATA· OUT 
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HIDDEN REFRESH CYCLE (WRITE) 

VIH _~--r--+-;----u. 

tS' VIL 

VIH 

AO-A9 
VIL 

VIH 

WImt 
VIL 

DIN 

DOUT 
VOH-

OPEN 
VOL -

~: ·W or -l-

Note: "TF" pin should be connect.ed to V IL IT') level or open, iC "Test Mode" ia not used. 
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CAS BEFORE ltAS REFRESH COUNTER TEST CYCLE 

AO-A9 

READ CYCLE 

[ 

Dour ~:~= 
VIH 

WRiTE' 
Vil 

WRITE CYCLE 

AO-A9 

VIH 

W'lm'! 
Vil 

VIH 

DIN 
Vil 

VIH 
AO-A9 

V il 

VIH 

WRiTE' v
ll 

TC511 002BP /BJ /BZ/BFT-60 

Note: ''TF'' pin should be connected to VIL(TFI level or open, if "Test Mode" is not used. 
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TC511002BP/BJ/BZ/BFT-60 

rEST MODE 

The TC51l002BPIBJIBZlBFT is the RAM organized 1,048,576 words by 1 bit, it is internally 
organized 262,144 words by 4 bits. In ''Test Mode", data is written into a number of sectors (4 sectors) 
in parallel and retrieved the same way. If, upon reading, all bits are equal (all "R" or"L"), the data 
output pin indicates a same data as all bits. In this case, the data output pin indicates an expected 
data for good parts, the data output pin indicates a complementary data for bad parts. And also, if 
any of the bits differed, the data output pin would indicate a high impedance state for bad parts. Fig. 
1 shows the block diagram of TC511002BPIBJIBZlBFT including its truth table when "Test Mode" is 

used. 
In test mode, 1MDRAM can be tested as if it were 256K DRAM by the following method. 

Block Diagram in Test Mode 

An, Am 

r--_-o~NORMAl 

J.------I~ 
An. Am 

.--_-o~NORMAl 

~~ 
TF Pin = Super voltage; Test Mode 
TF Pin. V1L (TF) level or Hi-Z; Normal 

Truth Table in Test Mode Function 

A B C D Dour 

0 I 0 I 0 I 0 0 

1 I 1 I 1 I 1 1 

Otherwise Hi-Z 

Fig. 1 
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TC511 002BP IBJ /BZ/BFT-60 

"Test Mode" function is performed on any of the timing cycles including Static Column Mode when 
"TF" pin is held on "super voltage (VCC+4.5V (VCC=5V±10%). max.voltage=10.5V)" for the specified 

period (tTES. tTEHR and tTEHC; see Fig. 2). The address input of A9 is ignored in the "Test Mode". 

On the other hand. nonnal operation requires the "TF" pin be connected to VIL (TF) level. or left 

unconnected on the printed wiring board. 

The ''Test Mode" function reduces test times (1/4; in case of using N test pattern). 

r\'--_____ I 

V ,L -

=7"'" " 

TF 

Fig. 2 Test Mode Cycle 
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TENTATIVE DATA 
1,048,576 WORD x 1 BIT DYNAMIC RAM 

DESCRIPTION 
The TC511002AP/AJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 1 hit. 

The TC511002AP/AJ/AZ utilizes TOSHIBA's CMOS Silicon gate process technology as well as advanced 
circuit techniques to provide wide operating margins, both internally and to the system user. 
Multiplexed address inputs permit the TC51l002AP/AJ/AZ to be packaged in a standard 18 pin plastic 
DIP, 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. The package size provides high system bit 
densities and is compatible with widely available automated testing and insertion equipment. System 
orien ted features include single power supply of 5V ± 10% tolerance, direct interfacing capability with 
high performance logic families such as Schottky TTL. 

FEATURES 
• 1,048,576 word by Ibit organization 
• Fast access time and cycle time 

TC511002AP/AJ/AZ - 701- BOI- 10 

tRAC RAS Access Time 70ns BOns lOOns 

tAA Column Address 
35ns 40ns SOns Access Time 

tCAC CS Access Time 20ns 20ns 2Sns 

tRe Cycle Time 130ns 150ns 180ns 

tsc Static Column 
40ns 4Sns SSns Mode Cycle Time 

• Single power supply of 5V± 10% 
with a built-in VBB generator 

PIN NAMES 

AO-A9 Address Inputs WRITE ReadIWrite Input 

RAS Row Address Strobe Vee Power ( + SV) 

DIN Data In Vss Ground 

DouT Data Out TF Test Function 

CS Chip Select Input N.C. No Connection 

PIN CONNECTION (TOP VIEW) 

Plastic DIP Plastic SO) Plastic ZIP 

DIN Vss ~ 1 26 
WRITE DOUT WRITE 2 25 

RAS CS RAS 3 24 
TF A9 TF 4 23 

AO A8 N.C. S 22 

Al A7 AO 9 18 A8 
A2 A6 Al 10 17 A7 
A3 AS A2 11 16 A6 

Vee A4 A3 12 15 AS 
Vee 13 14 A4 

• Low Power 
440m W MAX. Operating 

(TC511002AP/AJ/AZ-70) 
385mW MAX. Operating 

(TC511002AP/AJ/AZ -80) 
330m W MAX. Operating 

(TC51l002AP/AJ/AZ-10) 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows two­
dimensional chip selection 

• Common I/O capabili!L 
• Read-Modify-Write, CS before RAS refresh, 

RAS-only refresh, Hidden refresh, Static 
Column Mode and Test Mode capability 

• All inputs and output TTL compatible 
• 512 refresh cycles/8ms 
• Package TC511002AP 

CS 

Vss 

WRITE 

TF 

Al 

A3 

A4 

A6 

TC511002AJ 
TC511002AZ 

DIP18-P-300C 
SOJ26-P-300 
ZIP20-P-400 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 

BLOCK DIAGRAM 

AO 0-

Alo­

A20-

A30-

A40-

A50-

A60-

A70-

MAXIMUM RATINGS 

CHARACTERISTIC 

Input Voltage 

Test Function Input Voltage 

Output Voltage 

Power Supply Voltage 

Operating Temperature 

Storage Temperature 

Soldering Temperature' Time 

Power Dissipation 

Short Circuit Output Current 

SYMBOL 

VIN 

VIN(TF) 

VOUT 

Vee 

TOPR 

TSTG 

TSOlOER 

Po 

lOUT 

DOUT 

ARRAY 

SUBSTRATE BIAS -0 Vee 
GENERATOR -0 VSS 

RATING UNIT 

-1-7 ,V 

-1-10.5 V 

-1-7 V 

-1-7 V 

0-70 ·C 

- 55-150 ·C 

260,10 ·C • sec 

600 mW 

50 mA 

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

SYMBOL CHARACTERISTIC MIN. TYP. MAX. 

Vee Supply Voltage 4.5 5.0 5.5 

V'H Input High Voltage 2.4 - 6.5 

V'L Input Low Voltage -1.0 - 0.8 

V'H(TF) Test Enable Input High Voltage Vee+ 4.S - 10.5 

V'L(TF) Test Disable Input Low Voltage -1.0 Vee+ 1.0 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 

DC ELECTRICAL CHARACTERISTICS (VCC = 5V ± 10%, Ta = a-70°c) 

SYMBOL CHARACTERISTIC MIN. MAX. UNIT NOTE 

OPERATING CURRENT TC511002AP/AJ/AZ-70 - 80 

ICCI Average Power Supply Operating Current TC511002AP/AJ/AZ-80 - 70 mA 3,4, 5 

(itA-S, ~, Address Cycling: tRC = tRC MIN.) TC511002AP/AJ/AZ-l0 - 60 

STANDBY CURRENT 

ICC2 Power Supply Standby Current - 2 mA 

(AAS=~=VIH) 

RAS ONLY REFRESH CURRENT TC511002AP/AJ/AZ-70 - 80 

ICC3 Average Power Supply Current, RAS Only Mode TC511002AP/AJ/AZ·80 - 70 mA 3, 5 

(RAS Cycling, ~=VIH: tRC=tRC MIN.) TC511002AP/AJ/AZ-l0 - 60 

STATIC COLUMN MODE CURRENT TC511002AP/AJ/AZ-70 - 60 

Icc4 Average PO"Yer Supply Current, Static Column TC511002AP/AJ/AZ-80 - 50 mA 3,4 

Mode (AAS = ~ = VIL, Address Cycling: tse = tsc NIIN.) Te511002AP/AJ/AZ·10 - 40 

STANDBY CURRENT 

Ices Power Supply Standby Current - 1 mA 

(AAS = ~ = Vcc - 0.2V) 

CS BEFORE RAS REFRESH CURRENT TC511002AP/AJ/AZ-70 - 80 

lec6 Average Power Supply Current, CS Before RAS TC511002AP/AJ/AZ-80 - 70 mA 3 

Mode (RAS. CS Cycling: tRe" tRC MIN.) TC511002AP/AJ/AZ-l0 - 60 

INPUT LEAKAGE CURRENT (any input except TF) 

IIIL) InPut Leakage Current, any input -10 10 pA 

(OV:SVIH :S6.sV. All Other Pins Not Under Test=OV) 

IITF(L) 
INPUT LEAKAGE CURRENT (only TF) 

-10 10 pA 
(OV:SV1N (TF) :SVCc+O.SV, All Other Pins Not UnderTest=OV) 

OUTPUT LEAKAGE CURRENT 
IO(l) 

(Dour is disabled. OV:S Vour:S + s.sV) 
-10 10 pA 

TEST FUNCTION INPUT CURRENT 
ITF 

(Vcc + 4.sV:S V1N ITF) :s 10.5V) - 1 mA 

VOH 
OUTPUT LEVEL 

Output "W Level Voltage (lOUT = - SmA) 
2.4 - V 

OUTPUT LEVEL 
VOL 

Output "L- Level Voltage (lOUT" 4.2mA) - 0.4 V 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ·80 
TC511002AP/AJ/AZ·10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VCC = SV ± 10%, Ta = 0-70°c)(Notes 6, 7, 8) 

TC511002API TC511002API TC511002API 

SYMBOL CHARACTERISTIC AJ/AZ-70 AJ/AZ-80 AJ/AZ-l0 UNIT NOTE 

MIN. MAX. MIN. MAX. MIN. MAX. 

tRe Random Read or Write Cycle Time 130 - 150 - 180 - ns 

tRMW Read-Modify-Write Cycle Time 155 - 175 - 210 - ns 

tse Static Column Mode Cycle Time 40 - 45 - 55 - ns 

tSRMW 
Static Column Mode Read-Modify-

70 - 80 - 100 - ns Write Cycle Time 

tRAe Access Time from m - 70 - 80 - 100 ns 9,14 

teAe Access Time from CS - 20 - 20 - 25 ns 9,14 

tM Access Time from Column Address - 35 - 40 - 50 ns 9,15 

tALW Access Time from Last Write - 65 - 75 - 95 ns 9,16 

tell ~ to Output in Low-Z 0 - 0 - 0 - ns 9 

tOFF Output Buffer Turn-Off Oelay 0 20 0 20 0 20 ns 10 

tAOH 
Output Data Hold Time from Column 

Address 
5 - 5 - 5 - ns 

tow Output Data E~able Time from WRffE - 20 - 20 - 25 ns 

tWOH Output Data Hold Time from WRITE 0 - 0 - 0 - ns 

tT Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 8 

tRP RAS Precharge Time 50 - 60 - 70 - ns 

tRAS m Pulse Width 70 10,000 80 10,000 100 10,000 ns 

tRAse m Pulse Width (Static Column Mode) 70 100,000 80 100,000 100 100,000 ns 

tRSH CS to m Hold Time 20 - 20 - 25 - ns 

tesH m to CS Hold Time 70 - 80 - 100 - ns 

tes CS Pulse Width 20 10,000 20 10,000 25 10,000 ns 

tese CS Pulse Width (Static Column Mode) 20 100,000 20 100,000 25 100,000 ns 

tReD m to CS Delay Time 20 50 20 60 25 75 ns 14 

tRAO RAS to Column Address Delay Time 15 35 15 40 20 50 ns 15 

teRP CS to RAS Precharge Time 5 - 5 - 5 - ns 

tcP CS Precharge Time 10 - 10 - 10 - ns 

tASR Row Address Set-Up Time 0 - 0 - 0 - ns 

tRAH Row Address Hold Time 10 - 10 - 15 - ns 

tAse Column Address Set-Up Time 0 - 0 - 0 - ns 

teAH Column Address Hold Time 15 - 15 - 20 - ns 

Column Address Hold Time referenced 
tAwR 

to m (WRITE CYCLE) 
55 - 60 - 75 - ns 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511 002AP/AJ/AZ-1 0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Continued) 

Tes 11 002API TCS 11 002API rcs 11 DD2API 

SYMBOL CHARACTERiSTIC AJ/AZ·70 AJ/AZ·80 AJ/AZ·l0 UNIT NOTE 

MIN. MAX. MIN. MAX. MIN. MAX. 

Column Address Hold Time referenced 
80 -' 90 - 115 -tAR to RM (READ SYCLE) ns 

tRAL Column Address to RAS Lead Time 35 - 40 - 50 - ns 

Column Address Hold Time referenced 
5 5 10 17 tAH 

to m Rise 
- - - ns 

tcwL Write Comma'nd to CS Lead Time 20 - 20 - 25 - ns 

last Write to Column Address Delay 
30 tLWAD 20 20 35 25 45 ns 16 

Time 

last Write to Column Address Hold 
tAHLW 65 -Time 

75 - 95 - ns 

tRes 
Read Command Set-up Time 

0 - 0 - 0 - ns 
referenced to CS 

Read Command Hold Time referenced 
tRCH 

to CS 
0 - 0 - 0 - ns 11 

Read Command Hold Time referenced 
tRRH 

to RAS 
0 - 0 - 0 - ns 11 

tWCH Write Command Hold Time 15 - 15 - 20 - n5 13 

Write Command Hold Time referenced 
lWCR 

to RAS 
55 - 60 - 75 - n5 

twp Write Command Pulse Width 15 - 15 - 20 - ns 

tWI Write Command Inactive Time 10 - 10 - 10 - ns 

tRwL Write Command to m lead Time 20 - 20 - 25 - ns 

los Data-In Set-UP. Time 0 - 0 - 0 - ns 12 

tOH Data-In Hold Time 15 - 15 - 20 - ns 12 

tOHR Data-In Hold Time referenced to m 55 - 60 - 75 - ns 

tREF Refresh Period - 8 - 8 - 8 ms 

twcs Write Command Set-UP Time 0 - 0 - 0 - ns 13 

tcwo ~ to ~ D.elay Time 20 - 20 - 25 - ns 13 

tRwD RAS to WRITE Delay Time 70 - 80 - 100 - ns 13 

tAwD Column Address to WRi'it Delay Time 35 - 40 - 50 - ns 13 

tCSR CS Set-Up Time (CS before RAS) 5 - 5 - 5 - ns 

tCHR CS Hold Time (CS before RAS) 15 - 15 - 20 - ns 

tRPC m Precharge to CS Active Time 0 - 0 - 0 - ns 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

TCS 11 002API TCS 11 002API TCS 11 002API 

SYMBOL CHARACTERISTIC AJ/AZ-70 AJ/AZ-80 AJ/AZ-10 UNIT 

MIN. MAX. MIN. MAX. MIN. MAX. 

tCPT 
CS Precharge Time 

40 - 40 - SO -('C'S' before m Counter Test) 
ns 

tTES 
Test Mode Enable Set-Up Time 

0 - 0 - 0 -referenced to AAS' 
ns 

Test Mode Enable Hold Time 
0 0 0 tTEHR 

referenced to m - - - ns 

Test Mode Enable Hold Time 
0 0 trEHC 

referenced to CS - - 0 - ns 

CAPACITANCE (VCC = 5V ± 10%, f = 1MHz, Ta = 0-70°C) 

SYMBOL CHARACTERISTIC MIN. MAX. UNIT 

CI1 Input Capacitance (AO-A9. DIN) - 5 

CI2 Input Capacitance (W. CS. WRITE. TF) - 7 pF 

Co Output Capacitance (Dour) - 7 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 

NOTES: 

1. Stresses greater than those listed under .. Maximum Ratings" may cause permanent damage to the 

device. 

2. All voltages are referenced to VSS. 

3. ICCl. ICC3, ICC4, Iccs depend on cycle rate. 

4. ICCI, ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less While RAS"=VIL. 

6. An initial pause of 20011S is required after power-up followed by any 8 RAS cycles before proper 
device operation is achieved. In case of using internal refresh counter, a minimum of 8 CS Before 
RAS initialization cycles instead of 8 RAS cycles are required. 

7. AC measurements assume tT=5ns. 

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

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

10. tOFF (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

11, Either tRCH or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to CS leading edge in early write cycles and to WRITE leading 
edge in read-modify-write. 

13, twcs, tRwD, tcwo, and tAWO are not restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If twcsG; twcs (min.), the cycle is an early write cycle 
and data out pin will remain open circuit (high impedance) throughout the entire cycle; If 
tRWOG;tRwo(min.), tcwoG;tcwo(min.), and tAW'o~tAwo(min.), the cycle is a read-modify-write 
cycle and the data out will contain data read from the selected cell: If neither of the above sets 
of conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within 'the tRCO (min.) limit insures that tRAC (max.) can be met. 

tRCO (max.) is specified as. a reference point only: If tRCO is greater than the specified tRCO (max.) 
limit, then access time is controlled by tcAC. 

15. Operation within the tRAO (max.) limit insures that tRAC (max.) can be met. 
tRAO (max.) is specified as a reference point only: If tRAO is greater than the specified tRAO (max.) 
limit, then access time is controlled exclusively by tAA. 

16. Operation within the tLWAo(max.) limit insures that tALw(max.) can be met. 
tLWAo(max.) is specified as a reference point only: If tLWAO is greater than the specified 
tLWAo(max.) limit, then access time is controlled exclusively by tAA. 

17. tAB is the condition to latch column address when RAS has risen up. 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 

TIMING WAVEFORMS 

READ CYCLE 

RAS VIH 

VIL 

AO-A9 
VIH 

VIL 

CS 
VIH 

V IL 

WRITE 
VIH 

VIL 

VOH -
DouT 

VOL -

wnrTl~ CYCLE (EARLY WRITE) 

RAS 
VIH 

V IL 

AO-A9 
VIH 

V IL 

cs VIH 

V IL 

WRITE 
V IH 

VIL 

DIN 
V IH 

VIL 

-
DOUT 

VOH ----------------------OPEN-------------------------
VOL -

~: "W or "L" 

Note: "TF" pin should be connected to VIL(TF) level or open, if "Test Mode" is not used. 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002APIAJ/AZ-10 

READ - MODIFY - WRITE CYCLE 

RAS V,H 

V,L 

pO-A9 
V,H 

V,L 

CS 
V,H 

V,L 

WRITE 
V,H 

V,L 

D,N 
V,H 

V,L 

VOH -
Dour 

VOL -

~: "W Or "L-

Note: "TF" pin should be connected to VIL(TF) level or open, if "Test Mode" is not used. 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 

STATIC COLUMN MODE READ CYCLE 

AAS VIH 

V1L 

AO-A9 
VIH 

VIL 

CS 
VIH 

V1L 

WRiTE VIH 

V1L 

VOH -
DOUT 

VOL -

Note: "TF" pin should be connected to V II.. (TF) level or open, if "Test Mc..de" is not used. 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

RAS 
V,H 

V'L 

AD-A9 
V,H 

V'L 

CS 
V,H 

V'L 

WRITE 
V,H 

V'L 

D,N 
V,H 

V'L 

VOH -
DouT OPEN 

VOL -

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

RAS 
V,H 

V'L 

I\O-A9 
V,H 

V,L 

CS 
V,H 

V,L 

WRITE 
V,H 

V,L 

V,H 
D,N 

V,L 

Dour 
VOH - OPEN 
VOL -

~: "W or "L-

Note: "TF" pin should be connected to VIL (TF) level or open, if' "Test Mode" is not used. 
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TC511002AP/AJ1AZ-70, TC511002AP/AJ1AZ .. 80 
TC511 002AP I AJI AZ-1 0 

STATIC COLUMN MODE READ· MODIFY - WRITE CYCLE 

RAS VIH 

VIL 

AO-A9 
VIH 

VIL 

cs V IH 

VIL 

WlU'1'l VIH 

VIL 

DIN 
VIH 

VIL 

VOH -
Dour 

VOL -

STATIC COLUMN MODE READIWRITE MIXED CYCLE 

RAS 
V IH 

V ll ...:..-

AO-A9 
VIH 

V IL 

cs V IH 

V IL 

WRITE 
V IH 

VIi. 

DIN 
VIH 

Vll 

VOH -
Dour 

VOL -

Note: "'I'F" pin should be connecLed to VIL (TFI level or open, if "Test Mode" is noL used. 
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TC511002AP/AJ/AZ-70, TC511 002AP/AJ/AZ-BO 
TC511002AP/AJ/AZ-10 

RAS ONLY REFRESH CYCLE 

m 

cs 

VIH 
AD-A8 

VIL 

VOH-

DOUT 
VOL -

------------OPEN --------------

Note: WRT'i'"E = "H" or "L" • A9 = "H" or "L" 

CS BEFORE RAS REFRESH CYCLE 

tCHR 

DOUT I>--------OPEN ------------
VOL ------00II 

Note: WlUT"E= "U"or"L". AO-A9= "H"or"L" 
"TF" pin should be connecLed La VILITF) level or open, if "TesL Mode" is noL used. 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 

HIDDEN REFRESH CYCLE (READ) 

VIH_ 

RAS 
V1L -

VIH-

-es 

VIH 

AO-A9 
V 1L 

V 1H 

WRITE 
VIL 

VOH -
------H 

Dour VOL -
DATA-OUT 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 

HIDDEN REFRESH CYCLE (WRITE) 

VIH __ ---"....-+-+-----u.. 
CS V

IL 

V IH 

AO-A9 
V IL 

VIH 

WRITE 
V IL 

V IH 
DIN 

V IL 

VOH -
DOUT OPEN 

VOL -

~: HH- or HL-

Note: "TF" pin should be connected to V lL (TF) level or open, if "Test Mode" is not used. 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

V'H 
WRITE 

V'L 

WRITE CYCLE 

V'H 
AO-A9 

V1L 

VOH 

V'H 
WRITE 

V'L 

V'H 
DIN 

V'L 

V'H 
AO-A9 

VIL 

Note: "Ti~" pin should be connected to VIL(TF,icvei or open, if "Tc:;t Modc" is not used. 
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TC511002AP/AJ/AZ-70, TC511 002AP/AJ/AZ-80! 
TC511 002AP/ AJ/ AZ-1 0 

TEST MODE 

The TC511002AP/AJ/AZ is the RAM organized 1,048,576 words by 1 bit. it is internally organized 
262,144 words by 4 bits. In "Test Mode", data is written into a number of sectors (4 sectors) in 
parallel and retrieved the same way. If. upon reading, all bits are equal (all "H" or"L"), the data 
output pin indicates a same data as all bits. In this case. the data output pin indicates an expected 
data for good parts, the data output pin indicates a complementary data for bad parts. And also, if 
any of the bits differed. the data output pin would indicate a high impedance state for bad parts. Fig. 
1 shows the block diagram of TC511002AP/AJ/AZ including its truth table when "Test Mode" is used. 

In test mode. 1MDRAM can be tested as if it were 256K DRAM by the following method. 

Block Diagram in Test Mode 

An, Am 

-~'----' 

An, Am 

r---o~NO'MAL 

r-------'~ 
An, Am 

DIN ~ ....• 
- An'IAm.~~ __ ~ __ ~~ r----o ~NORMAL 

--b~::t---+tJ ~ 
TF Pin = Super voltage; Test Mode 
TF Pin = VIL (TF) level or Hi·Z; Normal 

Truth Table in Test Mode Function 

A B C 0 DOUT 

0 I 0 I 0 I 0 0 

1 I 1 I 1 I 1 1 

Otherwise Hi-Z 

Fig. 1 
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80 
TC511002AP/AJ/AZ-10 

''Test Mode" function is performed on any of the timing cycles including Static Column Mode when 
"TF" pin is held on "super voltage (VCC+4.5V(VCC=5V±lO%), max.voltage=lO.5V)" for the specified 
period (tTES, tTEHR and tTEHC; see Fig. 2). The address input of A9 is ignored in the "Test Mode". 

On the other hand, normal operation requires the "TF" pin be" connected to VIL (TF) level, or left 
unconnected on the printed wiring board. 

The "Test Mode" function reduces test times (114; in case of using N test pattern). 

VIH 

\ / RAS 
V 1L -

V 1H 

~==r:"'ro". 
cs 

V 1L -

J.Jn~ ro,,' tTEHR (Ons). 

TF 
VIH(TF) 

V1L(TF)-

Fig. 2 Test Mode Cycle 
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262,144 WORD x4 BIT DYNAMIC RAM PRELIMINARY 
DESCRIPTION 

The TC514256BPIBJIBZIBFr is the new generation dynamic RAM organized 262,144 words by 4 bits. 
The TC514256BPfBJIBZfBFr utilizes TOSIDBA's CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 

Multiplexed address inputs permit the TC514256BPfBJfBZIBFr to be packaged in a standard 20 pin 
plastic DIP, 26/20 pin plastic SOJ, 20/19 pin plastic ZIP, 24/20 pin plastic TSOP. The package size 
provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V ± 10% tolerance direct 
interfacing capability with high performance logic families such as Schottky TTL. 

FEATURES 

• 262,144 word by 4 bit organization 
• Fast access time and cycle time 

rcs 14256BP/BJ/BZlBFT -60 

tRAC m Access Time 60ns 

tAA Column Address 
30ns Access Time 

tCAC CA3 Access Time 20ns 

tRC Cycle Time 110ns 
tpc Fast Page Mode 

40ns Cycle Time 

• Single power supply of 5V±100/0 
with a built-in Vaa generator 

PIN CONNECTION 

Plastic DIP Plastic SOJ 

1/01 Vss 1/01 
1/02 1104 1/02 

WRITE 1/03 WRfT'E" 
RA) ro m 
N.C. N N.C. 

AO AS 
AO 18 Al A7 AI 17 

A2 A6 A2 16 
A3 A5 A3 15 

Vee A4 Vee 14 

~ 1 
2 

Plastic T SOP 

Vss N 
1/04 1/03 
1103 Vss m 1102 
N 100" 

AS 
AO 

A7 A2 

A6 Vee 
A5 A5 

A4 A7 

1103 3 
1/04 4 

VSS 5 

VOl 8 
1 __ 0 _J 

WI 9 
10 
11 

N.C. 12 

• Low Power 
495mW MAX. Operating 
5.5mW :MAX. Standby 

• Outputs unlatched at cycle end allows two­
dimensional.chip selection 

• Read-Modify-Write, (;AS before n:AS refresh, 
RAS-only refresh, Hidden refresh, and Fast 
Page Mode Capability 

• All inputs and outputs TTL Compatible 
• 512 refresh cycles/8ms 
• Package TC514256BP 

TC514256BJ 
TC514256BZ 
TC514256BFr 

PIN NAMES 

DIP20·P-300B 
SOJ26-P-300 
ZIP20-P-400 
TSOP24-P-0616 

Plastic ZIP AO-AS Address Inputs 

jJ ro 3J 1/04 
~J 
iJ 

1/01 

~J 
wm 

m Al I)J 
A3 

f~J A4 
I)J 

A6 (;J 
A8 

m Row Address Strobe 

ro Column Address Strobe 

WImt ReadlWrite Input 

N Output Enable 

101-1/04 Data Input/Output 

Vec Power ( +SV) 

Vss Ground 

N.C. No Connection 

24 A8 
23 A7 
22 A6 
21 AS 
20 A4 

17 ~)e 16 
IS A2 
14 AI 
13 AO 
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TC514256BP IBJ/BZ/BFT-60 

BLOCK DIAGRAM 

WJij'f( 0-----<1 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL 

Input Voltage VIN 

Output Voltage VOUT 

Power Supply Voltage Vee 

Operating Temperature TOPR 

Storage Temperature TSTG 

Soldering Temperature' Time TSOLOER 

Power Dissipation Po 

Short Circuit Output Current lOUT 

1101 o 1102 1103 1104 o o 0 

RATING 

-1-7 

-1-7 

-1-7 

0-70 

-55-150 

260·10 

600 

50 

MEMORY 
ARRAY 

512)(512)(4 

SUBSTRATE BIAS 
GENERATOR 

UNITS 

V 

V 

V 

·C 

·C 

·C·sec 

mW 

mA 

RECOMMENDED DC OPERATING CONDITIONS (Ta =0-70°c) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

Vee Supply Voltage 4.S 5.0 5.5 V 

VIH Input High Yoltage 2.4 - 6.5 V 

Vil Input Low Voltage -1.0 - 0.8 V 

A-150 
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TC514256BP IBJ/BZ/BFT-60 

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

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT 
TCS 142S6BP18JI 3,4 

ICCl Average Power Supply Operating Current - 90 mA 

(m, re, Address Cycling: tRC.tRC MIN.) 
BZlBFT·60 5 

STANDBY CURRENT 

ICC2 Power Supply Standby Current - 2 mA 

(m=re=VIH) 

m ONLY REFRESH CURRENT 
TC514256BP18JI 

Ico Average Power Supply Current, 1ti3 Only Mode - 90 rnA 3,5 

(AAS' Cycling, m .. VIH: tRC" tRC MIN.) 
BZlBFT·60 

FAST PAGE MODE CURRENT 
TC514256BP18J/ 3,4 

Icc4 Average Power Supply Current, Fast Page Mode - 60 mA 

em = Vll, re, Address Cycling: tpc" tpc MIN.) 
BZlBFT·60 5 

STANDBY CURRENT 

Ices Power Supply Standby Current - 1 mA 

(m .. ro .. Vcc - 0.2V) 

m BEFORE ]{AS' REFRESH CURRENT 
TC514256BP/BJI 

ICC6 Average Power Supply Current, ro Befor. 'ftAS' - 90 rnA 3 

Mode (m, re Cycling: tRC" tRC MIN.) 
BZlBFT·60 

INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any input -10 10 pA 
(OV::i V1N::iii 6.5V, All Other Pins Not Under Test .. OV) 

10 (ll 
OUTPUT LEAKAGE CURRENT 

(Dour is disabled, OV::iii VOUT::iii 5.5V) 
-10 10 pA 

VOH 
OUTPUT LEVEL 

Output -W Level Voltage (lOUT" - SmA) 
2.4 - V 

VOL 
OUTPUT LEVEL 

Output -L- Leve! Voltage (lOUT" 4.2mA) - 0.4 V 
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TC514256BP IBJ/BZ/BFT-60 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = SV ± 10%, Ta = 0-70°c) (Notes 6, 7, 8) 

TC514256BP/BJ/BZlBFT·60 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. 

tRC Random Read or Write Cycle Time 110 - ns 

tRMw Read·Modify·Write Cycle Time 165 - ns 

tpc Fast Page Mode Cycle Time 40 - ns 

tpRMW Fast Page Mode Read·Modify·Write Cycle Time 95 - ns 

tRAC Access Time from W - 60 ns 9,14 

tCAC Access Time from ~"S" - 20 ns 9,14 

tAA Access Time from Column Address - 30 ns 9,15 

tePA Access Time from m Precharge - 35 ns 9 

tClZ m to output in Low·Z 0 - ns 9 

toFF Output Buffer Turn·off Delay 0 20 ns 10 

tr Transition Time (Rise and Fall) 3 50 ns 8 

tRP m Precharge Time 40 - ns 

tRAS m Pulse Width 60 10,000 ns 

tRASP m Pulse Width (Fast Page Mode) 60 100,000 ns 

tRSH m Hold Time 20 - ns 

tRHCP m Hold Time From ro Precharge (Fast Page Mode) 35 - ns 

tCSH ro Hold Time 60 - ns 

tCAS ro Pulse ~idth 20 10,000 ns 

tRCO W to ro Delay Time 20 40 ns 14 

tRAO W to Column Address Delay Time 15 30 ns 15 

tCRP ro to W Precharge Time 5 - ns 

tcp ro Precharge Time 10 - ns 

tASR Row Address Set·Up Time 0 - ns 

tRAH Row Address Hold Time 10 - ns 

tASC Column Address Set·Up Time 0 - ns 

tCAH Column Address Hold Time 15 - ns 

tAR Column Address Hold Time referenced to m SO - ns 

tRAl Column Address to ro Lead Time 30 - ns 

tRCS Read Command Set-Up Time 0 - ns 

tRCH Read Command Hold Time 0 - ns 11 

tRRH Read Command Hold Time referenced to ro 0 - ns 11 

tWCH Write Command Hold Time 10 - ns 
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TC514256BP /BJ /BZ/BFT-60 

ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

TC514256BP/BJ/BZlBFT-60 
SYMBOL PARAMETER UNITS NOTES 

MIN. MAX. 

tWCR Write Command Hold Time referenced to m 45 - ns 

twP Write Command Pulse Width 10 - ns 

tRwL Write Command to m Lead Time .20 - ns 

tCWL Write Command to m Lead Time 20 - ns 

tos Data Set-Up Time 0 - os 12 

tOH Data Hold Time 15 - os 12 

tOHR Data Hold Time referenced to m 50 - os 

tREF Refresh Period - 8 ms 

twes Write Command Set-UP Time 0 - ns 13 

tcwo m to WRiTl Delay Time 50 - ns 13 

tRwO RAS' to WRi'fE' Delay Time 90 - ns 13 

tAwO Column Address to WIUT[ Delay Time 60 - os 13 

tcpwo m Precharge to WRiT'E' Delay Time 65 - ns 13 

taR 
m Set-Up Time 

5 -em before m Cycle) 
ns 

'CAS" Hold Time 
tcHA (m before m Cycle) 

15 - ns 

tAPe m to m Precharge Time 0 - ns 

tePT 
m Precharge Time (m before m Counter Test 

30 -Cyde) 
ns 

tROH m Hold Time referenced to M 10 - ns 

tOEA m Access Time - 20 ns 

toEO M to Data Delay 20 - ns 

tOEZ Output buffer turn off Delay Time from m 0 20 ns 

toEH m Command Hold Time 20 - ns 

CAPACITANCE (Vcc=5Vt 10%, f= 1MHz, Ta=O-70°c) 

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AO-A8) - 5 pF 

Cl2 Input Capacitance (m, m. WIOTE". ~) - 7 pF 

Co Input/Output Capacitance (1101-1/04) - 7 pF 
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TC514256BP IBJ/BZ/BFT-60 

NOTES: 

1. Stresses greater .than those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. 

2. All voltages are referenced to Vss. 

3. ICCl, ICC3, ICC4, ICC6 depend on cycle rate. 

4. ICCl, ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while MS=VIL and ~=VIH. 

6. An initial pause of 200ps is required after power-up followed by 8 ItAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 'CAS before IrAS 
initialization cycles instead of 8 IrAS cycles are required. 

7. AC measurements assume tT=5ns. 

8. VlH (min.) and VIL (max.) are reference levels for measuring timing of inP!lt signals. Also, 

transition times are measured between VIH and VIL. 

9. Measured with a load equivalent to 2 TIL loads and lOOpF. 

10. tOFF (max.) and toEZ (max.) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage levels. 

11. Either tRCH or tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to 'CAS leading edge in early write cycles and to wroTE' leading 
edge in Read-Modify-Write cycles. 

13. twcs, tRWD, tcwD, tAWD and tcPWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcsS; twcs (mini), the cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) through the entire cycle; 
If tHWD~ tltWD (min.), tcWDii: tcwD (min.), tAwDi;; tAWD (min.) and tcpwDii: tcpwD (min.) (Fast 

Page Mode), the cycle is a Read-Modify-Write cycle and the data out will contain data read from 
the selected cell: If neither of the above sets of conditions is satisfied. the condition of the data 
out (at access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 
tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 

limit, then access time is controlled by tcAC. 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 
tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA. 
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TC514256BP /BJ /BZ/BFT-60 

READ CYCLE 

V1H-
W 

V 1L -

~ 
VIH-

VIH 
AO-A8 

VIL 

VIH 
WRTTr 

VIL 

V1H 
C5r 

VIL 

VOH-
1/01-1/04 

VOL-
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TC514256BP IBJ/BZ/BFT-60 

WRITE CYCLE (EARLY WRITE) 

AO-A8 

VIH-
1101-1104 ------ ----OPEN -----

Vll-
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TC514256BP /BJ /BZ/BFT-60 

WRITE CYCLE (OB CONTROLLED WRITE) 

VIH -
m 

VIL -

ru VIH-

VIH 
AO-A8 

VIL 

VIH 
WRiT! 

VIL 

VIH 
or 

VIL 

VIH-
V01-V04 

Vil -

~: -W or -L-
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TC514256BP IBJ/BZ/BFT-60 

READ-MODIFY-WRITE CYCLE 

VIH-
m 

VIL -

m VIH-

VIL 

VIH 
AO-A8 

VIL 

VIH-
WRlTl 

VIL -

VIH-
t5! 

VIL -

VIIOH -1101 

-1104 VIIOL -
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TC514256BP IBJ/BZ/BFT-60 

FAST PAGE MODE READ CYCLE 

~ 

~ 

VIH 
AO-A8 

VIL 

VIH 
WRm 

VIL 

VIH 

M 
VIL 

1/01 

-V04 
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TC514256BP IBJ/BZ/BFT-60 

FAST PAGE MODE WRITE CYCLE 

ro 

ro 

VIH 
AO-A8 

VIL 

VIH 
W'RT1t 

VIL 

~: "H" or "L-
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TC514256BP /BJ /BZ/BFT-60 

FAST PAGE MODE R~AD.MODIFY-WRITE CYCLE 

1101- VIIOH- ----~%ll 
1/04 VlIOl - ~~~'~ .. 

A-161 



TC514256BP /BJ /BZ/BFT-50 

1tAS ONLY REFRESH CYCLE 

tRe 

VIH-
m 

VIL-

V/H-
ro 

VIL -

AO-A8 ::~_ow~~"" _____ _ 

CAS BEFORE RAS REFRESH CYCLE 

tRe 

, . tile • '. tRP .. 
I I 

if tRPe r\ • tRAS ___ .. T 
~ --

tee tesR tCHR - - • . 

1101-1/04 ..--------------OPEN ----------

~: -W or -L-

Note: WlUTE', U'E=AO-A8="H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 

AO-A8 

WRiTE" 

(5~ 

1101 

-1/04 

VIH 

VIL 

VIIi 

VIL 

TC514256BP /BJ /BZ/BFT-60 

~: "H" or "L· 
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TC514256BP IBJ/BZ/BFT·60 

HIDDEN REFRESH CYCLE (WRITE) 
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TC514256BP /BJ /BZ/BFT-60 

IT.AS BEFORE fiAS' REFRESH COUNTER TEST CYCLE 

ro 

VIH 
AO-AS 

Vil 

REAO CYCLE 

VIH 

WW 
V1l 

VIH-
m-

Vll-

1/01 VOH -

-1/04 
OPEN 

VOL -

WRITE CYCLE 

VIH 

WRTT't 
VIL 

m-

1/01 

-V04 

V1H 
WRTT't 

Vil 

m- VIH-

Vll-

VOl VUOH-

-1/04 VUOL-
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262,144 WORD x4 BIT DYNAMIC RAM PRELIMINARY 
DESCRIPTION 

The TC514256"BPlJBJlJBZUBFI'L is the new generation dynamic ~ organized 262,144 words by 
4 bits. The TC514256BPlJBJUBZlJBFTL utilizes TOSHIBA's CMOS Silicon gate process technology as 
well as advanced circuit techniques to provide wide operating margins, both internally and to the 
system user. 

Multiplexed. address inputs permit the TC514256BPUBJI1BZlJBFrL to be packaged in a standard 20 
pin plastic DIP, 26/20 pin plastic SOJ, 20/19 pin plastic ZIP, 24120 pin plastic TSOP. The package size 
provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V±10% tolerance direct 
interfacing capability with high performance logic families such as Schottky TIL. 

FEATURES 

• 262,144 word by 4 bit organization 
• Fast access time and cycle time 

TCS142S6BPUBJLJBZLJBFTL - 60 

tRAe Rft3 Access Time 60ns 

tAA Column Address 
30ns Access Time 

teAe W Access Time 20ns 

tRe Cycle Time lIOns 
tpe Fast Page Mode 

40ns Cvcle Time 

• Single power supply of 5V ± 10% 
with a built-in Vaa generator 

PIN CONNECTION 

Plastic Dip Plastic SOJ 

1/01 Vss 1/01 1 26 
1/02 1/04 1/02 2 25 

WRITE 1/03 Wimt 3 24 I 

Vss ~ 
1/04 1/03 
/03 Vss 
m 1/02 
~m 

m 
N.C. 

AO 
Al 
A2 
A3 

Vee 

DE" 1 
m 2 
1/03 ::J 
1/04 4 
Vss S 

1/01 S 
1102 9 

WRiT! 10 
m 11 
N.C. 12 

m 1Vi3 
DE" N.C 

4 23 
S 22 

AS 
AO 

A7 Al 
AG A2 

9 IS 
10 17 
11 16 

AS A3 12 IS 
A4 Vee 13 14 -----

Plastic HOP 

r 

AS 
A7 
A6 
AS 
A4 

AO 
A2 

Vee 
AS 
A7 

• Low Power 
495m W MAX. Operating 
1.1m W MAX. Standby 

• Outputs unlatched at cycle end allows two­
dimensional chip selection 

• Read-Modify-Write, CAS before R:AS refresh, 
RAS-only refresh, Hidden refresh, and Fast 
Page Mode Capability 

• All inputs and outputs TIL Compatible 
• 512 refresh cyclesl64ms 
• Package TC514256BPL: 

TC514256BJL : 
TC514256BZL : 
TC514256BF'rL: 

DIP20-P-300B 
SOJ26-P-300 
ZIP20-P-400 
TSOP24-P-0616 

Plastic ZIP 
PIN NAMES 

~, 

JJ n 3J [~ sJ [~ jJ [a 
~J 
OJ [1:~ OJ '''-4 fsJ [t6 (7] ,.,-s 
[9] [~Q 

24 AS 
23 A7 
22 AG 
21 AS 
20 A4 

17. Vee 
lG' A3 
IS A2 
14 Al 
13 AO 

A-167 

m 
1104 
1101 
wmT 

AI 
A3 
A4 
A6 
AS 

AO-AS 

RM 
m 

wmu 
DE" 

/01-1104 

Vee 
Vss 
N.C. 

Address Inputs 

Row Address Strobe 

Column Address Strobe 

ReadlWrit. Input 

Output Enable 

Data Input/Output 

Power(+ SV) 

Ground 

No Connection 



TC514256BPL/BJL/BZL/BFTL-60 

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

ITEM 

Input Voltage 

Output Voltage 

Power Supply Voltage 

Operating Temperature 

Storage Temperaturlt 

Soldering Temperature' Time 

Power "Dissipation 

Short Circuit Output Current 

1/01 o V02 1103 1104 o 

SYMBOL 

VIN 

VOUT 

Vee 

TOPR 

TSTG 

TSOLOER 

Po 

lOUT 

o 0 

SUBSTRATE BIAS 
GENERATOR 

RATING 

-1-7 

-1-7 

-1-7 

0-70 

- 55-150 

260'10 

600 

50 

RECOMMENDED DC OPERATING CONDITIONS (Ta = a-70°c) 

SYMBOL PARAMETER MIN. TYP. 

Vee Sup'ply Voltage 4.5 5.0 

VIH Input High Voltage 2.4 -
V1L Input low Voltage -1.0 -

A-168 

I~ 

UNITS NOTES 

V 1 

V 1 

V 1 

·C 1 

·C 1 

·C· site 1 

mW 1 

mA 1 

MAX. UNIT NOTES 

5.5 V 2 

6.S V 2 

0.8 V 2 










































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































