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1. CMOS 4M DYNAMIC RAM 

I CAPACITY 

- -
ORGANIZATION HAS CAS POWER DISSIPATION PACKAGE WID11t 

PART NUMBER OPBIATING ACCESS TIME ACCESS TIME _(mW) PIN PACKAGE (p, J, SJ, FT) 

I MODE MAX(NS) MAX(NS) ACTIVE STANDBY COUNT P J SJ Z OR HElGIfT (Z) (Inch) 

TC514100J/Z-3l 80 20 550 • • 5.5 
TC514100J/Z·l0 100 25 - • • 
TC514100JUZL-3l 80 20 550 • • 4MX1, 2.2 
TC514100JUZL·l0 FAST 100 25 - • • 
TC514100APIAIIASJIAZ-60 

PAGE 5.5 •••• MODE 60 660 
TC514100AP1JAJUASJUAZl.eD 1.1 •••• 
TC514100APIAIIASJIAZ·70 5.5 ••• • 70 20 550 
TC514100AP1JAJUASJUAZL-70 1.1 •••• 
TC514100APIAIIASJIAZ-3l 5.5 18(P) •••• 0.300 (PI 

80 -4M TC514100AP1JAJUASJUAZL-IIO 1.1 •••• 
TC514100APIAIIASJIAZ·10 5.5 2IiI2O (J) •••• 0.3S0 (J) 

100 25 413 •••• TC514100APUAJUASJUAZl·10 1.1 

TC514101J/Z-60 80 20 578 2IiI2O (SJ) • • 0.300 (SJ) 

TC514101J/Z·l0 
_,, 

100 25 495 • • NIBIIl£ 
2O(Z) 0.400(Z) TC514101AP/AIIASJIAZ.eD MODE 60 660 •••• 

TC514101AP/AIIASJIAZ·70 70 20 550 •••• 
TC514101AP/AIIASJIAZ-60 80 468 •••• 
TC514101AP/AIIASJIAZ·10 100 25 413 •••• 
TC514102J/Z-3l 80 20 550 

5.5 • • 
TC514102J/Z·l0 100 25 - • • 
TC51410'1APIAIIASJIAZ.eD 4MX1, 

60 660 •••• STATIC 
TC51410'1APIAIIASJIAZ·70 COWMN 70 20 550 •••• 

MODE TC51410'1APIAIIASJIAZ-3l 80 - •••• 
TC51410'1APIAIIASJIAZ·10 100 25 413 •••• 



- -ORGANIZATION HAS CAS POWER DISSIPATION PACKAGE WIDlH 

CAPACITY PART NUMBER OPERATING ACCESS TIME ACCESS TIME _(mW) PIN PACKAGE (p, J, SJ, f1) 

MODE MAX(NS) MAX(NS) ACTIVE STANDBY COUNT PJSoIZ OR HElGH1' (Z) (Inch) 

TC5144OOJ/Z-80 80 20 578 • • 5.5 
TC5144OOJ/Z-1D 100 25 495 • • 
TC5144OOJ1./Zl.-80 lMX4, 

80 20 578 
2.2 • • 

TC5144OOJlJZL-l0 FAST 100 25 495 • • 
TCI44OOAP/AJIASJ/AZ-80 

PAGE 
5.5 •••• MODE 6D 1\80 

TC5144OCW'l/AJlJASJIJAZL-60 1.1 •••• 
20 r---

TC5144OOAP/AJlASJ/AZ-70 
70 55D 

5.5 •••• 
TC5144OCW'l/AJl./ASJUAZL-70 1.1 •••• 
TC5144OOAP/AJIASJ/AZ-80 5.S 2O(P) •••• 0.300 (P) 

80 20 468 
4M TC5144OCW'l/AJUASJUAZL-60 1.1 •••• 

TC5144OOAP/AJlASJ/AZ-10 5.5 2Jl/2O (J) •••• 0.350 (J) 
100 25 413 

TC5144OOAP1JAJlJASJIJAZL-10 1.1 •••• 
TC5144CW/Z-80 80 20 578 2Jl/2O (SJ) • • 0.300 (SJ) 

TC5144CW/Z-l0 4MXl, 100 25 495 • • STATIC 
20(2) 0.400 (2) TC514402AP/AJ/ASJ/AZ-60 COLUMN 6D 660 •••• 

TC514402AP/AJIASJ/AZ-70 
MODE 

70 20 55D •••• 
TC514402AP/AJlASJ/AZ-80 80 468 •••• 
TC514402AP/AJlASJ/AZ-10 100 25 413 •••• s.s 
TC51441OJ/Z-80 80 20 578 • • 
TC51441OJ/Z-l0 100 25 495 • • 4MXl, 
TC514410AP/AJIASJ/AZ-60 WRITE 6D 660 •••• 
TC514410AP/AJlASJ/AZ-70 PER BIT 70 20 55D •••• MODE 
TC514410AP/AJlASJ/AZ-80 80 468 •••• 
TC514410AP/AJ/ASJ/AZ-l0 100 25 413 •••• 

P = PlASTIC DIP, J = PI.ASI1C $OJ, Sol = PlASTIC SKINNY $OJ, Z = PlASTIC ZIP 
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MODULES 

RAS CAS 
CAPACITY PART NUMBER ORGANIZATION ACCESSllME ACCESS TIME 

MAX(nsl 

THM84000S/L-80 80 

THM84000S/L-l0 
4Mx8 

100 

32M BIT THM321000S/SG-80 80 

THM321000S/SG-l0 lMx32 100 
THM321020S/sG-80 80 
THM321 020S/S6ol 0 100 

THM94000S/L-80 
4Mx9 

80 
THM94000S/L-l0 100 

36M BIT 
THM361020S/SG-80 

lMx36 
80 

THM361020S/SG-l0 100 

40MBIT 
THM401020SG-80 

1Mx40 
80 

THM4D1020SG-10 100 

64MBIT 
THM322020S/SG-80 

2Mx32 
80 

THM322020S/SG-10 100 

72MBIT THM36202OS/SG-8 2Mx36 
80 

THM362020S/SG-10 100 

80M BIT 
THM402020SG-80 
THM40202OSG-10 2Mx40 

80 
100 

NOTE: 
S = SOLDER cnN/LEAD) PLA1ED CONTACTS, SOCKET TYPE MODULE 
SG = GOLD PLATED CONTACTS, SOCKET TYPE MODULE 
L = SOLDER PLATED LEADS, THROUGH-HOLE TYPE MODULE 
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MAX(ns) 

20 

25 

20 

25 

20 
25 

20 
25 

20 
25 

20 
25 

20 
25 

20 
25 

20 
25 

POWER DISSIPATION MODULE 

MAX(mW) PIN PACKAGE HEIGHT 

ACTIVE STANDBY COUNT S SG L (in) 

4400 • • 0.95(S) 
44 30 

3740 • • 1.035 (l) 

4620 • • 
3960 44 72 • • 1.0 
4620 • • 
3960 • • 
4950 

49.5 30 • • 0.95 (S) 
4212 • • 1.035 (Ll 

6160 
66 72 • • 1.0 

5280 • • 
5775 

55 72 • 1.0 
4950 • 
4708 

88 72 • • 1.0 
4048 • • 
6292 

132 72 • • 1.169 
5412 • • 
5885 • 
5060 110 72 • 1.0 



TOSHIBA 1ST GENERATION 4M DYNAMIC RAM 

80ns lOOns 

TC514100J/Z-80 r-t TC514100J/Z-10 :Fast Page Mode 

TC514100JI../ZL-80 Il TC514100JI../ZL-10 I :Fast Page Model 
Low Power Version 

TC514101J/Z-80 H TC514101J/Z-10 :Nibble Mode 

TC514102J/Z-80 W TC514102J/Z-10 :Static Column Mode 

I TC514400J/Z-80 H TC5144OOJ/Z-10 :Fast Page Mode 

I "'" I TC5144OOJ1../ZL-80 W TC5144OOJ1../ZL-10 I :Fast Page Model 
Low Power Version 

TC514402J/Z-80 H TC514402J/Z-10 :Static Column Mode 

TC51441OJ/Z-80 W TC51441OJ/Z-10 :Fast Page Model 
Write Per Bit 



TOSHIBA 2ND GENERATION 4M DYNAMIC RAM 

eons 70ns eons lOOns 

TC514100AP/AJ H TC514100AP/AJ 1--1 TC5l4l00AP/AJ H TC5l4100AP/AJ 1 :Fast Page Mode 
1f;SJ/AZ-f!IJ /ASJ/AZ-70 /ASJ/AZ-lYJ 1f;SJ/AZ-l0 

TC514100AP1.JAJl TC5l4100APUAJl TC514100APUAJL TC514100APUAJL :Fast Page Model 
/f;SJUAZl-f!IJ IASJUAZl-70 /ASJUAZl-lYJ If;SJUAZl-l0 Low Power Version 

TC514101AP/AJ TC514l01AP/AJ TC514101AP/AJ TC514l01APiAJ :Nibble Mode 
1ASJ/I'J.-f!IJ IASJ/AZ-70 /ASJlI'J.-lYJ /ASJ/AZ-l0 

TC514102AP/AJ TC514102AP/AJ TC514102AP/AJ TC514102AP/AJ :SIa1ic CoIum Mode 
/ASJ/AZ-f!IJ IASJ/I'J.-70 1f;SJ/AZ-lYJ IASJ/AZ-l0 

I TC514400AP/AJ ~ TC514400AP/AJ ~I TC514400AP/AJ H TC514400AP/AJ :Fast Page Mode 

01 
L--.J I IASJ/AZ-f!IJ IASJ/I'J.-70 IASJ/AZ-lYJ 1f;SJ/1'J.-10 

TC5l44OOAP1.JAJl H TC514400APUAJl 1--1 TC5144OOAP1.JAJl H TC5144OOAP1.JAJl I :Fast Page Model 
If;SJUAZl-f!IJ /ASJUAZl-70 IASJUAZl-lYJ If;SJUAZl-l0 Low Power Version 

TC514402AP/AJ TC514402AP/AJ TC514402AP/AJ TC514402AP/AJ 
:S1alic Column Mode 1f;SJ/AZ-f!IJ IASJ/I'J.-70 IASJ/I'J.-OO IASJ/AZ-l0 

TC514410AP/AJ H TC5l4410AP/AJ 1--1 TC514410AP/AJ H TC514410AP/AJ :Fast Page Model 
IASJ/AZ-f!IJ IASJ/I'J.-70 IASJ/AZ-lYJ IASJ/AZ-l0 Write Per Bit 



TOSHIBA 1ST GENERATION 4M DRAM MODULES 

80ns 100n5 

THM84000S/L-80 THM84000S/L-10 

THM32100OS{SG-80 I I THM321 OOOS/SG-1 0 

THM321020S/SG-80 I I THM321020S/SG-10 

THM94000S/L-80 I THM94000S/L-10 

I THM361020S/SG-80 I THM361 020S/SG-1 0 

0) I THM401020SG-80 I THM401 020SG-1 0 

THM322020S/SG-80 I THM322020S/SG-10 

72M Bit I 2Mx36 I THM362020S/SG-80 I THM362020S/SG-10 
----' 

80M Bit I 2Mx40 I THM402020SG-80 I THM402020SG~ 







1. 4M X 1 DYNAMIC RAM 

FUNCTION FAST PAGE NIBBLE STATIC COLUMN 

TOSHIBA TC514100AP/AJ/ASJ/AZ TC514101 AP/AJ/ASJ/AZ TC514102AP/AJ/ASJ/AZ 

HITACHI HM514100AJ/AS/AZ HM514100AJ/AS/AZ HM514102AJ/AS/AZ 

NEC MPD424100 MPD424101 ,MPD424102 

MITSUBISHI M5M44100J1L M5M441 01 J/L M5M44102J/Z 

OK! MSM514100RS/JS/ZS MSM5141 01 RS/JS/ZS MSM514102RS/JS/ZS 

FUJITSU MB814100 

PANASONIC MN41C4OOOSJ/L MN41 C4OOOSJ/L 

SAMSUNG KM41C4000 KM41C4001 KM41C4002 

MICRON MT4C1004 

11 TM5441 00 

MOSAIC MDMl4000 

MOTOROLA MCM514100 

SIEMENS HYB514100 

VITELIC V53C400 
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2. 1M X 4 DYNAMIC RAM 

FUNCTION FAST PAGE STATIC COLUMN 
FAST PAGE 

WRITE PER BIT 

TOSHIBA TC5144OOAP/AJ/ASJ/AZ TC514402AP/AJ/ASJ/AZ TC514410AP/AJ/ASJ/A2 

HITACHI HM5144OOAJ/AS/AZ HM514402AJ/AS/AZ HM514410AJ/AS/AZ 

NEC MPD424400 MPD424402 MPD42441 0 

MITSUBISHI M5M444OOJ1L M5M44402J/L M5M4441OJIL 

OK! MSM5144OORS/JS/ZS MSM514402RS/JS/ZS 

FUJITSU MB814400 

PANASONIC MN41 C41 OOOSJ/L MN41 C41 002SJ/L 

SAMSUNG KM44C1000 

MICRON MT4C4001 

TI TMS44400 

MOSAIC MDM41 000 

MOTOROLA MCM514400 

SIEMENS HYB514400 

VITEUC V53C404 

8 



3. DRAM MODULE 

ORGANIZATION 4Mx8 1Mx32 4Mx9 1Mx36 1Mx40 2Mx32 2Mx36 2Mx40 

TOSHIBA THM84000 THM321000 THM94000 THM361020 THM401020 THM322020 THM362020 THM402020 

HITACHI HB56A48 HB56D132 HB56A49 HB56D136 HB56D232 HB56D236 

MITSUBISHI MI-I4M08 MH4M09 MH1M36 

OKI MSC2341 MSC2340 MSC2350 

9 









PREFIX 

, TC51 

4M DRAM PART NUMBER GUIDE 

,4100, ~ ,S J, L.!:J - ~ 

L SPEED: - 60 = 60 ns 

-70=70ns 
-80=80ns 
-10 = 100ns 

'------- POWER: L = LOW POWER 

= STANDARD 

'---------- PACKAGE: P = 300 MIL DIP 

J = 350 MIL SOJ 
SJ = 300 MIL SOJ 
Z = 400 MIL ZIP 

'----------- DIE REVISION 

'--------------- CONFIGURATION 

10 

4100 = 4Mx1, FAST PAGE MODE 
4101 = 4Mx1, NIBBLE MODE 

4102 = 4Mx1, STATIC COLUMN MODE 
4400 = 1 Mx4, FAST PAGE MODE 
4402 = 1 Mx4, STATIC COLUMN MODE 
4410 = 1 Mx4, WRITE PER BIT MODE 



4M DRAM MODULES PART NUMBER GUIDE 

THM 0 ~ 0[Q] [Q] [Q] ~ ~ -II] [QJ EXAMPLE 

I I' I 1'-__ '______ 60 60ns 
'--___ ACCESS TIME: 70 70 ns 

80 80ns 
10 100 ns 

PIN TYPE: S :SOCKETlYPEmN-lEADTAB) 

SG: SOCKETlYPE (GOLD TAB) 
L :SIP lYPE 
Z :ZlP lYPE 

INSTAWNG DEVICE TYPE: ~: A·VERSION DEVICE (INSTALUNG 300mii SOJ) 
AW : A·VERSION DEVICE (lNSTALUNG 350mil SOJ) 

'------------ FUNCTION: 
o : STANDARD J 
o : FAST PAGE IN CASE 

1 : NIBBlE OF DRAM 
2 : STAllC COLUMN 
3 : WRITE PER BIT 

'----------- ASSEMBLY METHOD: ODD (INCLUDE "0"): SINGLE SIDE 
ASSEMBLY 

EVEN : DOUBlE SIDE 

'-------------------WORD: 40: 4M WORD 

20:2M WORD 
10: 1M WORD 
51 : 512KWORD 
25 : 256K WORD 

.-------- BIT: 40: 40 BIT 
36 :36B1T 
32: 32 BIT 
9: 9BIT 

8: 8 BIT 

11 

ASSEMBLY 







300 MIL WIDTH DIP OUTLINE DRAWING 

20 

24.6 ±0.2 

0.95 ± 0.1 

11 

10 
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~~~~~~jJ 
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z o 
+I 
U"I 

__ --L..'"'! 
--11\ ,... 

o 

1.2 ± O.I_..J-t.~~~I4I0cl.2s~ _I--M----
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. -0.05 

Note: Package width and length do not include mold protrusion, allowable mold protrusion is O.lSmm. 
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350 MIL WIDTH SOJ PACKAGE OUTLINE DRAWING 

.. 

26 

17.1S±O.12 

22 18 

5 

+0.1 
-0.05 

9 13 
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Q. 

>- 0 

~ +l 
co co ,... 
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fuifufui!ll~ 
II 043 +0.07 t -w.· -0.02 Ii", O.18@ I 

Unit in mm 

~ 

Q. 

>­.... 
.0 
o 
co. 

to 2 +0.1 
• -0.05 

Note: Package width and length do not include mold protrustion, allowable mold protrusion is O.15mm. 
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300 MIL WIDTH SOJ PACKAGE OUTLINE DRAWING 

17.1S±O.12 

26 22 18 

5 9 13 

0.. 
>­... ,... 
,... 

Unit in mm 

d-l 
to 2 +0.1 

. -0.05 

Note: Package width and length do not include mold protrusion, allowable mold protrusion is O.15mm. 
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400 MIL HEIGHT ZIP OUTLINE DRAWING 

25.8 ± 0.2 

/. 

Q 

O.83STVP 
I 

I i 
--l--i-
@J 

_~ E O.S±O.1 

1 2 

1~100.2S~1 

20 

N 

o 
+1 
~ 
co 

Unit in mm 

o 

Note: Package width and length do not include mold protrusion, allowable mold protrusion is 0.15mm. 
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* This is advanced information and specifications 
4,194,304 WORD X 1 BIT DYNArUC RAM are subject to change without notice. 

DESCRIPTION 

The TCS14l00J/Z is the new generation dynamic RAM organized 4,194,304 words by 1 
bit. The TCS14l00J/Z 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 TCS14l00J/Z to be packaged 
in a standard 26/20 pin plastic SOJ and 20, pin plastic ZIP.' The package size' pro~ 
vides high system bit densities and is compatible with widely available automated 
testing and insertion equipment. System oriented features include single power supply 
of SV±lO% tolerance, direct interfacing capability with high performance logic families 
such as Schottky TTL • 

.... ~ 

FEATURES 

• 4,194,304 word, by 1 bit organization Low Power 
• Fast access time and cycle time 

TCS14l00J/Z-80/-l0 
SSOUlW Operating (TC5l4l0CJ/Z .. 80) 
461lr.tW, Operating (TC5l4l00J/Z··10) 
S.SmW MAX. Standby tRAC RAS Access Time 80ns lOOns 

tAA Column Address 40ns SOns Access Time 
tCAC ~ Access Time 20ils 2Sns 
tRC Cycle Time lSOns l80ns 
tpc Fast Pa~e Mode 

Cycle T~me sOns GOns 

• Single power supply of SV±lO% with a 
built-in VBB generator 

PIN CONNECTION (TOP VIEtv) 

Plastic SOJ . ?l'astic 
DIN 

liRm 
BAs 
N.C. 

: ~ 26 
25 

VSS 
DOUT 
CAS 
N.C. 
A9 

A9 
DOUT 

:!l 
~ 

AlO 

AO 
Al 
A2 
A3 

Vee 

3 

4 
5 

9 
10 
11 
12 
13 

24 

23 
22 

18 
17 
16 
15 
up 

,AB 
A7 

A6 
A5 
A4 

DIN 
BAs 
N.C. 

'51 
-~ :2l 
~ 

PIN NAr.1ES 
AO'VAlO Address Inputs 

RAS Row Address Strobe 
DIN Data In 
DOUT Data Out 
~ Column Address Strobe 
WRITE Read/Write Input 
VCC Power (+SV) 
VSS Ground 
N.C. No Connection 

ZIP 

• 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, 
RAS-only refresh, Hidden refresh, Fast 
Page Mode and Test Mode capability 

• All inputs and output TTL compatible 
• 1024 refresh cycles/16ms 

Package Plastic SOJ: TCS14l00J 
Plastic ZIP: TCS14l00Z 

BLOCK DIAGRAr4 
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ABSOLUTE MAXIMUM RATINGS 

ITEM 
Input Voltage 
Output Voltage 
Power Supply Voltage 
Operating Temperature 
Storage Temperature 
Soldering Temperature· Time 
Power Dissipation 
Short Circuit Output Current 

SYMBOL 
VIN 
'OUT 
VCC 
TOPR 
TSTG 
TSOLDER 
Pn 
lOUT 

RECOMMENDED DC OPERATING CONDITIONS (Ta-O'" 70°C) 

RATING UNITS NOTE 
-1'" 7 V 1 

-1'" 7 V 1 
-1",7 V 1 
0"'70 °c 1 

-55",150 °c 1 
260·10 °C·sec 1 

600 mW 1 
50 mA 1 

SYMBOL PARAMETER MIN. TYP. ~ MAX. UNIT NOTE 
VCC Supply Voltage 4.5 5.0 5.5 V 2 
VIH Input High Voltage 2.4 - 6.5 V 2 
VIL Input Low Voltage -1.0 - 0.8 V 2 

DC ELECTRICAL CHARACTERISTICS (VCc=5V±10%, Ta-O", 70°C) 
SYMBOL PARAMETER MIN. MAX. UNITS 

OPERATING CURRENT TCIlH1OOJ'/Z-SO - 100 
ICCl Average Power Supply Operating Current mA 

(RAS, CAS, Address Cycling: tRC-tRC MIN.) TCIl14.l00J'/Z-lO - 8S 
STANDBY CURRENT 

ICC2 Power Supply Standby Current 
(RAS=eAS'=VIH) 

- 2 mA 

BAS ONLY REFRESH CORRENT TCSl4.l00J'/Z-SO - 100 
ICC3 Average Power Supply Current, m Only Mode mA 

(RAS Cycling, ~-VIH: tRC-tRC MIN.) TCSH1OOJ'/Z-lO - 85 
FAST PAGE MODE CURRENT TCSl4.l00J'/Z-SO - 60 ICC4 Average Power Supply Current, Fast Page Mode' mA 
(RAS=VIL, CAS, Address Cycling: tpc-tpc MIN.) TCIl14.l00J'/Z-lO - 50 
STANDBY CURRENT 

ICC5 Power Supply Standby Current - 1 mA 
(RAS=CAS=VCC-0.2V) 
CAS BEFORE ltAS" REFRESH CURRENT TCSl4.l00J'/Z-SO - 100 

ICC6 Average Power Supply Current, CAS Before mA 
RAS Mode (RAS ~ Cvclin2: tRC·tRC MIN.) TCIl14.l00J'/Z-lO - '.85 
INPUT LEAKAGE CURRENT ... 

II(L) Input Leakage Current. 'any input (OV'~'VIN~ 6.5V, All Other -10 10 \lA 
Pins Not Under Test-OV) 

1O(L) ·OUTPUT LEAKAGE CURRENT -10 10 \lA (DOUT is disabled, OV ~ VOUT~ 5.5V) 

VOH OUTPUT LEVEL 
2.4 Output "H" Level Voltage (IOUT=-5mA) - V 

VOL OUTPUT LEVEL 
Output "L" Level Voltage (1OUT'"4.2mA) - 0.4 V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc=5V±10%, Ta=O'" 70·C) (Notes 6, 7, 8) 

TC5l4l00J/Z-80 TC5l4l00J/Z-lO 
SYHBOL PARlIMETER UNIT NOTES 

MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 150 - 180 - ns 
tRMW Read-Modify-Write Cycle Time 175 - 210 - ns 
tpc Fast Page Mode Cycle Time 50 - 60 - ns 

tpR}1W 
Fast Page Mode Read-Modify-Write 

75 - 9'0 - ns Cycle Time 

tRAC Access Time from RAS - 80 - 100 ns 9.14.15 

tCAC Access Time from CAS - 20 - 25 ns 9,14 
tM Access Time from Column Address - 40 - 50 ns 9,15 

tCPA Access Time from CAS Precharge - 45 - 55 ns 9 
tCLZ CAS to Output in Low-Z 0 - 0 - ns 9 
tOFF Output Buffer Turn-off Delay 0 20 .() 20 ns 10 
tT Transition Time (Rise and Fall) 3 50 3 50 ns 8 
tRP RAS Precharge Time 60 - 70 - ns 

tRAS RAS Pulse Width 80 10,000 lOO 10,000 ns 
tRASP RAS Pulse Width (Fast Page Mode) 80 200,000 100 200,000 ns 
tRSH RAS Hold Time 20 - 25 - ns 

tCSH CAS Hold Time 80 - 100 - ns 
tRHCP CAS Precharge to RA5-'Hold Time 45 - 55 - ns 

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

tRCD RAS to CAS Delay Time 20 60 25 75 ns 14 
tRAD RAS to Column Address Delay Time 15 40 20 50 ns 15 
tCRP CAS to RAS Precharge Time 5 - 10 - ns 
tcp CAS Precharge Time 10 - 10 - ns 
tASR Row Address Set-Up Time 0 - 0 - ns 
tRAH Row Address Hold Time 10 - 15 - ns 

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

tCAH Column Address Hold Time 15 - 20 - ns 

tAR Column Address Hold Time referenced 60 - 75 -to RAS ns 

tRAL Column Address to RAS Lead Time 40 - 50 - ns 
t RCS Read Command Set-Up Time 0 - 0 - ns 

tRCH Read Command Hold Time 0 - 0 - ns 11 

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

tWCH Write Command Hold Time 15 - 20 - ns 
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ELECTRICAL CHARACTERISTICS AND RECOMt4ENDED AC OPERATING CONDITIONS 

TC5l4l00J/Z TC5l4l00J/Z 
SYMBOL PARAMETER -80 -10 

MIN. MAX. MIN. MAX. 

tWCR Write Command Hold Time referenced to 60 75 m - -
twp Write Command Pulse Width 15 - 20 -
tRWL Write Command to RAS Lead Time 20 - 25 -
tCWL Write Command to CAS Lead Time 20 - 25 -
tDS nata Set-Up Time 0 - 0 -
tOR Data Hold Time 15 - 20 -
tORR Data Hold Time referenced to RAS 60 - 75 -
tREF Refresh Period - 16 - 16 

twcs Write Command Set-Up Time 0 - 0 -
tCWD CAS to WRITE Delay Time 20 - 25 -
tRWD RAS to WRITE Delay Time 80 - 100 -
tAWD Column Address to WRITE Delay Time 40 - 50 -
tCPWD 

CAS Precharge to l·lRITE Delay Time 
45 - 55 -(Fast Page Mode) 

tCSR CAS Set-Up Time (CAS before ~ Cycle) 5 - 5 -
tCHR CAS Hold Time (CAS before RAS Cycle) 15 - 20 -
tRPC RAS to CAS Precharge Time 0 - 0 -
tCPT CAS Precharge Time 40 - 50 -(CAS before BAS Counter Test Cycle) 
t\·rrs Write Command Set-Up Time(Test Mode In) 10 - 10 -
tWTH Write Command Hold Time (Test Mode In) 10 - 10 -
tl-'RP ~ to BAS Precharge Time 10 - 10 -(CAS before m Cycle) 

tl-'RH 
WRITE to RAS Hold Time 10 - 10 
(CAS before RAS Cycle) -
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

(VCC~SV±lO%, Ta=0-70·C) (Notes 6, 7, 8) 

TCS14100J/Z TC514100J/Z 
SYMBOL PARAMETER -80 -10 UNIT NOTES 

MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 155 - 185 - ns 

tpc Fast Page Mode Cycle Time 55 - 65 - oS 

tRAG Access Time from RAS - 85 - 105 os 9,14,15 

tCAC Access Time from CAS - 25 - 30 ns 9,14 
1--'---

tAA Access Time from Column Address - 45 - 55 ns 9,15 
1----

tCPA Access Time from CAS Precharge - 50 - 60 ns 9 
r--

RAS tRAS Pulse Width 85 10,000 105 10,000 ns 

tRASP RAS Pulse Width (Fast Page Mode) 85 200,000 105 200,000 ns 

tRSH RAS Hold Time 25 - 30 - ns 
1----- rhs tCSH Hold Time 85 - 105 - ns 

tRHCP CAS Pre charge to RAS Hold Time 50 - 60 - ns 

tCAS CAS Pulse Width 25 10,000 30 10,000 ns 

tRA!. Column Address to RAS Lead Time 45 - 55 - ns 

CAPACITANCE (VCC=5V=10%, f=lMHz, Tam O-70·C) 

SYMBOL PARAMETER MI~. MAX. UNIT 

CIl Input Capacitance (1.0-1.10, DIN) - 5 pF 

CI2 Input Capacitance (RAS, CAS, WRITE) - 7 pF 

Co Output Capacitance (DOUT) - 7 pF 
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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. ICC1. ICC3. ICC4. ICC6 depend on cycle rate. 

4. ICC1, ICC4 depend on output loading. Specified values a~e obtained with the 
output open. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

Column address can be changed once or less while RAS=VIL and CAS-VIH' 

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

AC measurements assume tT=5ns. 

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

Heasured with a load equivalent to 2 TTL loads and lOOpF. 

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

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

These parameters are referenced to CAS leading edge in early write cycles and 
to WRITE leading edge in read-modify-wr1te.cycles. 

twcs, tRWD. tCWD' tAWD and tCPWD are not restrictive operating parameters. They 
are included in the data sheet at electrical characteristics only. If tWc~twcs 
(min.), the cycle is an early write cycle and data out pin will remain open cir­
cuit (high impedance) through the entire cycle; If tRWD ~ tRWD (min.). 
tCt.1J)~ tCWD(min.), tAWD~ tAWD (min.) and tCPWD~ tCPWD (min.) (Fast Page Mode). 
the cycle is a read-modify-~rite 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. 

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' 

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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WRITE CYCLE (EARLY WRITE) 

? 
? 

AO-A10 

DOUT 
VOL 

tRO 

tRAS 

tROD 

OPEN 

~ "H" or "L" 
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READ-MODIFY-WRITE CYCLE 

liAS 
VIH -

vIL -

tCRP tRCD 

0Aa· 
VIH -

VIL-

tAR 

tRAIl 

AO-AIO 
VIH -

VIL -

tRWD 

WRITE VIH -

VIL -

VIH -
DIN 

VIL -

VOH -
-----

VOL-

TC514100J/z-80 
TC5141 OOJ/z-1 0 

tRMW 

tRP 

tRAS 

tRSH 

tCAS 

tCSH 

tCWL 

tRAL 

tCAH 

COLUMN 

tAWD 

tCWD 

rm "H" or "L" 
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FAST PAGE MODE READ CYCLE 

tOSH 

tORPI tRoD 

..J 
tAR 

~I- tRAH r-:= tASC 

VIH -

toAs 

J\\ V --
J 
I 

tCAR 
:=5 

tRP 
.J 

tRASP 

V 
tRHOP 

tpo 
tRSH 

top 
r-=-

top 
~ \\n !\.~ 1\\ -

ltCA~ 
r---" 

L tRAL 

I 

t~ r:=1 t~ ~ 
AO-A10 .Wb. ROW ~ COL 1 ~ COL2 ~ COLN_ 

VIL -

VOH -
DOUT 

VOL -

1///111~ 

tRAD 

tacs I 

1/1///1 
tAA .' 

tRAC 

tCLZ 

tRCH I I b 
1-H2 ~ w..1¥ tRCH 

tCA 
'<(j 

tCAC 'VI tCAC 
WIllI///; 

r-- ~ r--
tAA tAA 

tCPA tCPA 

~ VALID ~ ~VALI!l!-K~ VALID DATA 11)--~ DATA 2 DATA N 

~' tc~ tCLZ~ 

. ~ : "R" or "L" 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

AQ-A10 

WRITE VIH 
VIL 

VIH 
DIll 

Vu 

tDHR 

DOUT 
VOE 

VOL 
OPE:! 

f2L21: "R" or "L" 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

VIH ---";"""'1\:11.. r-________ t~RA:;:;:S:.:...p _______ __I1 
vIL - I ;1'-----------------~ 

VIH -J 
VI~ -

tROD 

.' tm I tDH tDS ~~ too tDH 

tRP I 

DIN ::: Jf'$///////////$/;? ~~f'//~W/f'f'~~Wff#f'/f'f';W 
tCLZ 

tCPA tCPA 

DOUT 
VOL -

VOH - ________ <yiN VALID }-<iN VALID ~17h; VALID ,~ __ _ 
I.If'. DATA 1 I.If'. DATA 2 r--"\~ DATA N ,r 

~ '~ ~ 
~ : "R" or ilL" 
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BAS ONLY REFRESH CYCLE 

CAS 

VIR _--........,:L 1-________ t..=RA:.:;S;;;..... _____ ---I 

VIL -

.... 7-

VIR 

VIL 

.... : 

OPEN 

~ : "H" or ''L'' 

NOTE: WRITE .. "H" or "L". AlO-"H" or ''L'' 
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CAS BEFORE RAS REFRESH CYCLE 

VIH -

vIL -

c;m vIH·­

VIL - __ -' 

'Vi'l\iTE V IH -

vIL - .L.L.<~u.Lt"-"JJJ 

VOH -
DOUT 

VOL ------.:f" 

NOTE: AO"'AIO .. "H" or "L" 

OPEN 

~ "H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 

tRO 

tRP 

RAS VIH- tRAS tRAS 

VIL-

tROD tRSH 

CAi""' VIH -

VIL-

AO-A10 
V IH - ~1=:!..!:=t~~::J:==1 r-r-rlr"rn"'T"T'TTrr'f'"1""r",r"rn-rrr"'T"T'T"""""'rTT"Jr-rrJ"'T"T'T""""'" 

VIL -

VIH-~7T.n;7Trn777T.~---r------~Tn~----~n7Trrn7Trn7TTn77Tr.M77T 

VIL -l.J...I.:..LLLL<'-4.l..L.l..L..I.'J 

VOH -
-----------------+CV 

VOL -

tOLZ 

~: "H" or "L" 
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HIDDEN REFRESH CYCLE (WRITE) 

AO-AlO 

VIH 
"iVRIT!" 

VIL 

DIll 
VIH 

VIL 

DOOT 
VOH 

VOL 
OPEN 

~ "H" or ''L'' 
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CAS BEFORE &AS REFRESH COUNTER TEST CYCLE 

~~ 

.J I I I I 1/ /!J 

READ CYCLE 

VOH -

DOUT VOL _ 

~ 
:'111111/ 

WRITE CYCLE 

DOUT 
VOH -

VOL -

tpz 

WiU'fE VIH 

VIL - :'1111111 

tRAS 

IJ~ 1\ 
tRSH 

tOPT 
tOHl\ 

:Jl \ 
tOAS 

1/ 
I tASO tCAH I . 
~ 

'/Ij /II 1/ 11/ I 1/ 1/ I/~ OOLUl4N wI/a WI/I/III/I/II/j 
'. tOAO 

tRAL 
tOFS' 

tAA 
-

I 
OPEN ;}W VALID DATA 1t 

J[ 

~ I tROS ~ 
VMI/// tROH WI£ 

OPEN 

tRWL 
toWL 

~ twos tWOH 

W#//I/~ 
twp f/I/IIMII/////I/II//i% 

I tDS tDH I II I 
WI////////////# /////1M VALID DATA WII/II MI 11///// /////~ 

READ-MODIFY-WRI 

DOUT 
VOH -

VOL -

TE CYCLE 

12! 
WIIff 

OPEN 

~ 
T/1111111117 tR S 
VIIIIIIII C 

tOAC 

~ 
toF 

VALID DATA 

tAA tCWL 

tAWD tRWL 

i\ LIllI 1////// l'llj/; 
'1111///1/111111. 

tCWD ~ 
:: -W'j'$I,@'j',@'tW'fftW'JWj'~D ~.$j'& 

tDS tDH 

~: "Hn or "L" . 
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WRITE. CAS BEFORE m REFRESH CYCLE 

NOTE: DIN' AO'llA10: "H" or "L" 

A-18 

tRAS 

OnN 

~: "H" or "L" 



READ CYCLE IN THE TEST MODE 

AD-AID 

WRITE VIH 

VIL 

OPEN 

A-19 
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WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

tRC 

VIa - ----.01, , _______ ...:t:.lW!<!I.-______ -I 
BAS ... 

VIL -

tllCD tRSa 

tcsa 

CAS 
VIa ---:j.--t+------'"""'=i=__" I----...:~~~ r-'-----~---­

tRW!. 

DIN VALID DATA 

Voa -
Dour --------------- OPEN 

VOL -

IZZZI : "H" or "L" 
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FAST PAGE MODE READ CYCLE IN THE TEST MODE 

TC514100JJZ-80 
TC5141 OOJJZ-1 0 

V IH - ----,>J- tRASP 
RAS ~------------------~~~-----------------~) 

VIH -
AO-AIO 

VIL -

tCSH 
tRHCP 

tpc 

____ VIH _rr~~TTrn~Tr-k-4---~~--~~~--+-----~~~-+----4-----~~7TrM~T 
WRITE 

DOUT 
VOL -

~: "H" or "L" 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

VIR -
AO-AIO 

WRi'fE 
VIH -

VIL -

VIR -
DIN 

VlL -

VOH -

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

fZZL): "H" or "L" 
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TEST MODE 

TC514100JJZ--80 
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The TC5l4l00J/Z is the RAM organized 4,194,304 words by 1 bit, it is internally 

organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 secotrs 

in parallel and retrieved the same way. AlOR, AlOC and AOC are not used. If, upon 

reading, all bits are equal (all "l"s or "O"s), the data output pin indicates a "1". 

If any of the bits differed, the data output pin would indicate a "0". Fig. 1 show ... 

the block diagram of TC5l4100J/z. In "Test Mode", the 4M DRAM can be tested as if 

it wer~ a 5l2K DRAM. 

'~IRITE, CAS Before RAS Refresh Cycle" puts the device into "Test Mode". 

And "CAS Before RAS Refresh Cycel" or "RAS Only Refresh Cycle" puts it back into' 

"Normal Mode". In the Test Mode, ''WRITE, CAS Before RAS Refresh Cycle" performs 

the refresh operation with the internal refresh address counter. The "Test Mode" 

function reduces test times (1/8 in case of N test pattern) •. 
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BLOCK OIAGRAl4 IN THE TEST 1100E 

Fig. 1 

A-24 
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4,194,304 HORD x 1 BIT DYNAtUC RAI1 

OESCRI PTION 

* This is advanced information and specifications 
are subject to change without notice. 

The TC5l4l00JL/ZL is the new generation dynamic RAM organized 4,194,304 words by 1 bit. 
The TC5l4l00JL/ZL 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 TC5l4100JL/ZL to be packaged in a 
standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size provides high 
system bit densities and is compatible with widely availabl~ automated testing and inser­
tion 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 

• 4,194,304 word by 1 bit organization • :' Low Power 
• Fast access time and cycle time 

TC5l4l00JL/ZL-SO/-lO 
550mW Operating (TC5l4l00JL/ZL-SO) 
468mW Operating (TC5l4l00JL/ZL-lO) 
2.2mW MAX. Standby tRAC RAS Access Time SOns lOOns 

tAA Column Address 40ns 50ns Access Time 
tCAC CAS Access Time 20ns 25ns 
tRC Cycle Time l50ns lSOns 

tpc 
Fast Page Mode 50ns 60ns Cycle Time 

• Single power supply of SVtlO% with a 
b'uilt-in VBB generator ' 

PH! CO~mECTION (TOP VIEW) 

Plastic SOJ Plastic 

2!.!'i Vss 
WRITE 

~ iiAS 
N.C. N.C. 
AIO A9 

AO 18 A8 
Al 17 A7 
A2 16 A6 
A3 15 AS 

Vee 14 A4 

PIN NAl1ES 

AQ"'AlO Address Inputs 
RAS Row Address Strobe 
DIN Data In 
DOUT Data Out 
CAS Column Address Strobe 
WRITE Read/Write Input 
VCC Power (+5V) 
VSS Ground 
NC No Connection 

ZIP 

AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
A9 

AlO 

Output unlatched at cycle end allows 
two-dimensional chip selection 

Common I/O capability using "EAlU.Y 
WRITE" operation 

Read-Modify-Write, el] before Bl! refresh, 
Il!-only refresh, Hidden refresh. Fast 
Page Mode and Test Mode capability 

All inputs and outputs TTL-compatible 
1024 refresh cycles/128ms 
Package Plastic SOJ: TCSl4100JL 

Plastic ZIP: TCSl4l00ZL 

BLOCK DIAGRAM 
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!l.BSOLUTE r1AXIt4Ut4 RATINGS . 
ITE!1 

Input Voltage 
Output Voltage 
Power Supply Voltage 
Operating Temperature 
Storage Temperature 
Soldering Temperature' Time 
Power Dissipation 
Short Circuit Output Current 

SYMBOL 
VIN 
VOUT 
VCC 
TOPR 
TSTG 
TSOLDER 
PD 
lOUT 

RECor,lHENDED DC OPERATING CONDITIONS (Ta-O'" 70°C) 

RATING UNITS NOTES 
-1'" 7 V 1 
-1",7 V 1 
-1",7 V 1 

0"'70 °C 1 
-SS'" lSO °c 1 
260' 10 °C'sec 1 

600 mW 1 
50 IDA 1 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTE 
VCC Supply Voltage 4.S S.O S.S V 2 
VIH Input High Voltage 2.4 - 6.S V 2 
VIL Input Low Voltage -1.0 - 0.8 V 2 

DC ELECTRICAL CHARACTERISTICS (Vcc"SV±lO%, Ta-O'" 70°C) 
SYlLBOL PARAMETER MIN. MAX. IUNITS 

Operating Current TC514l00JI./ZL-80 - 100 
ICCl Average Power Supply Operating Current mA 

(m-. CAS", Address Cycling: tRC-tRC MIN.) TC514100JI./ZL-1O - 8S 

Standby Current - 2 IDA 
ICC2 Power Supply Standby Current 

(US-en-VIH) 
HAS Only Refresh Current TC 514100J I./Z L- 80 - 100 

ICC3 Average Power Supply Current. US Only Mode IDA 
(tAS Cycling, ~VIH: tRC-tRC MIN.) TC514100J I./ZL-l 0 - 85 
Fast Page Mode Current TC51410OJI./ZL-80 - 60 

ICC4 Average Power Supply Current, Fast Page Mode IDA 
(m.VIL, ~. Address Cycling: tpc-tpc MIN.) TC514100JI./ZL-1O - 50 
Standby Current 

ICCS Power Supply Standby Current - 400 lIA 
(m·en=VCC-0.2V) 
c-A~ Before RAS Refresh Current TC514100JL/ZL-80 - 100 

ICC6 Average Power Supply Current. CAS Before IDA 
RASMode (RAS. (!AS Cycling: tRC-tRC MIN.) TC514100JI./ZL-1O - 85 
Battery Back Up Current 
Average Power Supply Current. Battery Back Up Mode 

ICC7 (~=~ Before RAS Cycling or 0.2V, WRITE=VCC-0.2V - 500 lIA 
AO",10-VCC-0.2V or 0.2V. DIN-VYC-0.2V. 0.2V or OPEN:. 
tRC"125\Js, tRAS-tRAS ~IIN. '" lliS 
Input Leakage Current 

II(L) Input Leakage Current, any input (OV~VIN~6.5V. All Other -10 10 lIA 
Pins Not Under Test-OV) 

IO(L) 
Output Leakage Current 

-10 10 \JA (DOUT is disabled, OV ~ VOUT S S. SV) 

VOH 
Output Level 

2.4 - V Output "H" Level Voltage (lour-SmA) 

VOL Output Level - 0.4 V Output "L" Level Voltage (Iour4•2mA) 
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TC514100JLlZL-80 
TC5141OOJLlZL-10 

ELECTRICAL CHARACTERISTICS AND RECO~lENDED AC OPERATING CONDITIONS 
(Vcc=5V±10%, Ta=0"'70°C) (Notes 7,8, 9) 

SYMBOL PARA.'1ETER 
TC5l4100JL/ZL-80 TC5l4l00JL/ZL-10 

UNIT NOTES 
MIN. MAX. MIN. MAX. 

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

tRMW Read-Modify-Write Cycle Time 175 - 210 - ns 
tpc Fast Page Mode Cycle Time 50 - 60 - ns 

tPRMW Fast Page Mode Read-Modify-Write 
75 - 90 - ns Cycle Time 

tRAC Access Time from RAS - 80 - 100 ns 1O.1S; 16 

tCAC Access Time from CAS - 20 - 25 ns 10,16 
tAA Access Time from Column Address - 40 - 50 ns 10,16 
tCPA Access Time from CAS Precharge - 45 - 55 ns 10 
tCLZ CAS to Output in Low-Z 0 - 0 - ns 10 
tOFF Output Buffer Turn-off Delay 0 20 0 20 ns 11 

tT Transition Time (Rise and Fall) 3 50 3 50 ns 9 
tRP RAS Precharge Time 60 - 70 - ns 
tRAS RAS Pulse Width 80 10,000 100 10,000 ns 

tRASP RAS Pulse Width (Fast Page Mode) 80 200,000 100 200,000 ns 
tRSH RAS Hold Time 20 - 25 - ns 
tCSH CAS Hold Time 80 - 100 - ns 
tRHCP CAS Precharge to RAS Hold Time 45 - 55 - ns 
tCAS CAS Pulse Width 20 10,000 25 10,000 ns 
tRCD RAS to CAS Delay Time 20 60 25 75 ns 15 
tRAD RAS to Column Address Delay Time 15 40 20 50 ns 16 
tCRP CAS to RAS Precharge Time 5 - 10 - ns 

tcp CAS Precharge Time 10 - 10 - ns 
tASR Row Address Set-Up Time 0 - a - ns 
tRAB Row Address Hold Time 10 - 15 - ns 
tASC Column Address Set-Up Time 0 - a - ns 
tCAH Column Address Hold Time 15 - 20 - ns 

tAR Column Address Hold Time referenced 60 75 to RAS - - ns 

tm Column Address to RAS Lead Time 40 - 50 - ns 
tRCS Read Command Set-Up Time a - 0 - ns 
tRCH Read Command Hold Time 0 - a - ns 12 

tRRH 
Read Command Hold Time referenced 

0 to RAS - a - ns 12 

tweH Write Command Hold Time 15 - 20 - ns 
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TC514100JLJ.ZL-80 
TC514100JLJ.ZL-10 

ELECTRICAL CHARACTERISTICS AND RECQ!vlt4ENDED AC OPERATING CONDITIONS (Continued) 

,]:C514100JL/ TC514100JL/ 
SYMBOL PARAMETER ZL-80 ZL-10 UNITS 

MIN. MAX. MIN. MAX. 

Write Command Hold Time referenced 'to 
tWCR m 60 - 75 - ns 

twp Write Command Pulse Width 15 - 20 - ns 
tRWL Write Command to m Lead Time 20 - '25 - ns 
tCWL tyrite Command to eAS Lead Time 20 - 25 - ns 
tDS Data Set-Up Time 0 - 0 - ns 

tDH Data Hold Time 15 - 20 - ns 
tDHR Data Hold Time referenced to RAS 60' - 75 - ns 
tREF Refresh Period - 128 - 128 ms 

twcs Write Command Set-Up Time 0 - 0 - ns 
tCWD CAS to WRITE Delay Time 20 - 25 - ns 
tRW m to WRIT'f Delay Time 80 - 100 - ns 
tAW Column Address to WRITE Delay Time 40 - SO - ns 

tCPWD 
CAS Precharge to WRM Delay Time 45 (Fast Page Mode) - SS - ns 

tCSR CAS Set-Up Time (CAS before iAS Cycle) S - 'S - ns 
tCHR ~ Hold Time (CAS before RAS Cycle) lS - 20 - ns 
tRPC RAS to CAS Precharge Time 0 - 0 - ns 

tCPT 
CAS Precharge Time 40 - 50 - ns (CAS before iUrS Counter Test Cycle) 

~TS Write Command Set-Up Time(Test Mode In) 10 - 10 - ns 
tWTH Write Command Hold Time (Test Mode In) 10 - 10 - ns 

tWRP WRITE to RAS Precharge Time 10 (CAS before RAS Cycle) - 10 - ns 

tWRH WRITE to RAS Hold Time 10 10 (CAS before RAS Cycle) - - ns 
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TC514100JLlZL-80 
TC5141OOJLlZL-10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN TEST MODE 

(VCC·5V±10%, Ta-0-70·C) (Notes 7. 8, 9) 

TC5l4100JL/ TC514l00JL/ 
SYMBOL PARAMETER ZL-80 ZL-IO UNIT NOTES 

MIN. MAX. " MIN. MAX. 

tRc Random Read or Write Cycle Time 155 - 185 - ns 

tpc Fast Page Mode Cycle Time 55 - 65 - ns 

tRAC Access Time from RAS - 85 - 105 ns O.15.lE 

tCAC Access Time from CAS - 25 - 30 us 10,15 

tAA Access Time from Column Address - 45 - 55 ns 10,16 

tCPA Access Time from CAS Precharge - 50 - 60 ns 10 

tRAS RAS Pulse Width 85 10,000 105 10,000 us 

t RASP RAS Pulse Width (Fast Page Mode) 85 200,000 105 200,000 ns 

tRSH RAS Hold Time 25 - 30 - ns 

tCSH CAS Hold Time 85 - 105 - ns 

tRHCP CAS Precharge to RAS Hold Time 50 - 60 - ns 

tCAS CAS Pulse Width 25 10,000 30 10,000 ns 

tRAL Column Address to RAS Lead Time 45 - 55 - ns 

CAPACITANCE (Vcc=5V±1~~, f=lMHz. Ta=0-70·C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

Cn Input Capacitance (AO-AlO, DIN) - 5 pF 

CI2 Input Capacitance (RAS, CAS, WRITE) - 7 pF 

Co Output Capacitance (DOUT) - 7 pF 
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TC514100JLlZL-80 
TC514100JLlZL-10 

NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause per­
manent damage to the device. 

2. All voltages are referenced to Vss. 

3. ICC1' I CC3 ' I CC4' I CC6 ' ICC7 depend on cycle rate. 

4. ICC1' 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 and CAS=VIH' 

6. tRAs(max.)-lus is only applied to refresh of battery-back up. tRAS(max.)-lOUs is 
applied to functional operating. 

7. An initial pause of 200ps is required after power-up followed by 8 RIS only refresh 
cycles before proper device operation, is ~chieved .• " ,In case of using internal ' 
refresh counter, a minimum of 8 CAS before RAS refresh cycles instead of 8 RIS 
only refresh cycles are required. 

B. AC measurements assume t-r=Sns. 

9. VIH(min.) and VIL(max.) are reference levels for measuring timing of input signals. 
Also, transition times are measur~d between VIH and VIL' 

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

11. tOFF(max.) defines the time at which the output achieves the open circuit con­
. dition and is not referenced to output voltage levels.' 

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

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

14. twcs, tRWD, tcwn, tAWD and tCPWD 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) through the entire cycle; If tRWD ~ tRWD(min.), tcwo ~ tcwo(min.) 
tAWD ~ tAWD(min.) and tCPWD ~ tcPW(min.) (Fast Page Mode), the cycle is a read-modify­
write cycle and data out will contain data'read from :the selected c'el1: :' If neither 
of the above sets of conditions is satisfied, the condition of the data o\j.t (at 
acce:ss time) is indeterminate. 

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

16. Operation within the tRAD(max.) limit insures that tRAC(max.) can be met. 
tr~(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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THHNG WAVEFORMS 

READ CYCLE 

TC514100JLJ.ZL-80 
TC514100JLJ.ZL-10 

VIH - -----,,[,. 1-________ tRA_S ___ ...:-_~___l .j.------01-

VIL -

tCSH 

tRCD 

CAs VIH - --...... +-+--------.F-\. I---':~"---i 
VIL -

WiUTE 
vIH-

vIL -

teLZ 

tRAC tOFF 

vOH -
DOUT OPEN VALID DATA 

VOL -

~ "R" or "L" 
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TC514100JLlZL--80 
TC514100JLlZL-10 

WRITE CYCLE (EARLY WRITE) 

Us 
VIH -

VIL -

'ClIP 

CAs 
VIH -

VIL -

'ABR 

AD-A1O 
VIR -

VIL -

'ReD 

'IIAD 

'BAH 

V IH - -rr..,....,.,~....r~...,..,.,...,...,-rrT'>. 

'RC 

'RP 

.'RAS 

'RSH 

'CSH 

tAR 

~-+---r~--------,j 

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

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

~ "H" or "L" 
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READ-MODIFY-WRITE CYCLE 

liAs 
vIH -

VIL -

ICRP 

CAS 
vIH -

VIL -

AO-AIO vIH-

vIL -

Wiiffi vIH -

vIL -

DIN 
VIH -

VIL-

VOH -

I BMW 

I C IRWL 

lCAS 

ICAH . 

COLUMN 

tAWD 

ICWD 

lacs 

TC514100JLlZL-80 
TC514100JLlZL-10 

IOFF 

~UT ----- OPEN ----1-0 VALID DATA 
VOL - ICLZ 

~: "R" or "L" 
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TC514100JLlZL-80 
TC514100JLlZL-10 

FAST PAGE MODE READ CYCLE 

lIAS 
VIH-

VIL-

I RASP 

ICRP ~ __ I~R~CD~ ___ +I~C~AS~ ICp 

CAS VIH-

VIL_ 

VIH­
AO-AIO 

VIL-

___ VIH­
WRITE 

V IL - .4LL.L.J:.LJ...L.t..i:.LJ...L.IJ 

VOH-
DOUT 

VOL- -------------------U 
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TC514100JLJ.ZL-80 
TC514100JLI.ZL-10 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

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

VIH ---=::;t~-I----~ 
VIL-

AO-AIO 

'Wiii"'i'E 
V1H -

VIL-

Vm -
DIN 

VIL--

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

fZ21 : "H" or "L" 
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TC514100JLlZL--80 
TC514100JLlZL-10 

FAST PAGE MODE READ-MOnIFY-WRITE CYCLE 

VIH­

VIL -

l~ 

J 

lASR - l-

\ 
lCSH 

lRCD 

I CAS 

1\\ IJ 

lRAII lASC lCAH 

I--- ---- l- t--

I RASP 

11 
lpRMW '. 

lCp 
~ 

lasH 

I--
/r- lCAS ~ 

lCAS 1// 1/ 1\ "1\ 

lRAL 

lASC lCAH 
: I 

~ 11CAH l- t--

.Wffi ROW ~ COLUMN l~ COLUMN 2~ COLUMN N ~/ff/$dI!!& 

~~ 
I 

,~ J 
V . 

AO-AIO IH-

VIL -

IRAn ICWD lCWL 

lRCS CPI'D ~ -;-

1 
lAM) lnro lAWD ~ 

'CWL I 

'If//I///I/!!I!I/J 'i\r- V \g \i H 
lRWD 

lwpi 
f-I 

__ VIH-
WRITE 

I ~ I lDH IDS ~ 
~ IDS t-:.r-.-

~111~WIII////))~W#I//I//I_ W//IIIIIIIIIII/III///) 
~Z ~~ lCLZ - -
ICAC CAC I CAe 

!-t--
1M lAA 1M 

'RAe 'CPA ICPA 

~ VALID I>---<~ VALID2H~ VALID DATA 1 DATA 2 DATA N 

. ~ \'OFFI .~ 
DOUT 

~: "H" or "L" 
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RAS ONLY REFRESH CYCLE 

V IH - ---,l IRAS 
~----------~----------~ 

VIL-

TC514100JLJ.ZL-80 
TC514100JLJ.ZL-10 

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

VIL--

IASR 1l\AH 

VOH-
DOUT ------------------ OPEN -------------------

fZL2I: "H" or "L" 

NOTE: WI'fE="H" or ilL". AlO ... "H" or ilL" 
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TC514100JLlZL-80 
TC514100JLlZL-10 

CAS BEFORE 'BE" REFRESH CYCLE 

VIH -

VrL -----' 

WRITE VIH -

V I L -'~""""'J...J..j"f-4'<.J..U 

VOH ------.1,. 

lRC 

lCSR 

DoUT 1)------------- OPEN ------------
VOL -------"f' 

NOTE: AO"'A10="H" or "L" ~: "H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 

RAS 
Vra -

VIL -

CAs 
Vm -

VIL -

lASR 

VIH -
Ao-AIO 

VIL -

"'W'iiITE 
VIH -

VIL -

DOUT 
VOL -

lRC 

lCLZ 

A-39 
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rzzJ "H" or "L" 
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TC514100JLJ.ZL-80 
TC514100JLJ.ZL-10 

HIDDEN REFRESH CYCLE (WRITE) 

VIH - tRAS 
RAS 

VIL -

I Cap tacD 

CAS 
VIH -

VIL -
IAR 

tRAD 

IAsa tRAH tASC 

AO-AIO 
VlH -

VIL"-

lac 

tap 

tRAS 
" 

laSH 

tCHR 

ta.u. 

tCAH 

V IH -7Trn-rrrn"TTTTl"7'? .;.--"'------0(, r.rn-rrTTl"TTTTl"7'777"'J"7'777"'J"7'777"'JrTT7"T.rTT77 

V IL - .L..I..lJ-l..I..I..LL:LLJ.:.LL1.U 1=-------; ":.LLl..I..I.:.LLLLJ.:.L..t.LLJ.:.L..t..t..4..c.L.I..t..4..c.L.I..lJ-l..I..I..t..4..u.. 

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

~: "H" or "L" 

A-40 



CAs BEFORE RAS REFRESH COUNTER TEST CYCLE 

iUS VIH -

VIL -

as vIH -

vIL -

AD-AIO VIH­

TC514100JLJ.ZL-80 
TC514100JLI.ZL-10 

V I L - (..{....I.'...L.f...LL.f...U:..f-L.LL.f...U'...L.f..J..l..J'....L.l..LL.I..L.'-I 1"----:---:-----'1" "" ............. '-'-"~'-'-'''''-:'-f-'-'u...< .................. 

READ CYCLE 
VOH­----++-­
vOL -

OPEN ----+---1-+--<V VALID DATA 

ICLZ ICLZ 

VIH-~~~~~==~~Tr,~t=4===~::::::~--~~-+r:~~~ 

VIL -

WRITE CYCLE 
VOH -

------++---------+---++---- OPEN 
VOL -

ICWL 

WRITE 
VIH -

VIL -

DIN 
VIH -

VALID DATA 
VIL-

lCAC 
READ-MODIFY-WRITE CYCLE 

IOFF 

VOH-
OPEN DOUT 

VOL -

Wii'iT'E VIH -

VIL -

VIH -
DIN 

VIL-
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TC514100JLJ.ZL-BO 
TC514100JLJ.ZL~10 

~. m BEFORE ~ REFRESH CYCLE 

iiAS 
VIH-

vIL-

tcp 

VIH-
CAS 

VIL-

VIH - -r-r"1""r7""""'~"" 
WiIT'i'E 

VOH----~ 

NOTE: DIN' AO"'AlO: "H" or "L" 
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READ CYCLE IN THE TEST MODE 

VIa 
AO-AlO 

VIL 

A-43 

tRC 

TC514100JLJ.ZL-BO 
TC514100JLJ.ZL-10 

l!ZZI: "H" or "L" 



TC514100JLJ.ZL-80 
TC5141 OOJLJ.ZL-1 0 

WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

tRC 

VIS _---.I. t--_______ t ... RAS=-____ --'--i 

VIL -

VIS _....;.-'O.---l~--------..c.-""" I-_~::::"_-I r.....:..---........ ....----­

VIL -

AO-AIO 

VIS -
DIN 

VIL -

VOH -
DoUT OPEN 

VOL -

rZZI: "H" or "L" 
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FAST PAGE MODE READ CYCLE IN THE TEST MODE 

Ms 
VIa -

VIL -

tcsa 

CAS 
VIa -

VIL -

AO-AlO 

tRASP 

tpc 

TC514100JLJ.ZL-80 
TC5141OOJLJ.ZL-10 

tRRCP 

tRSH 

fZZ2I: "H" or "L" 



TC514100JLJ.ZL-80 
TC514100JLJ.ZL-10 

FAST PAGE HODE WRITE CYCLE (EARLY WRITE) IN TEH TEST MODE 

VIH ---~ !-________ --'-.... '-"-_________ -! 4---~ 

VIL -

VIa - --:i~+_+----....."j,'" 

vIL -

VIa -
AO-AIO 

V 1M - "T'rrn-rrrn-rrTn"A 
1---+--t-.::.o...~1 

vIL -~~~~~~~~~-r_~~~~-+_--~~+-r_+_-~~~~~~~~. 

DIN 

Vog - ------------------ OPEN 
VOL -

rzzLJ: "H" or "L" 
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TEST r~ODE 

TC514100JLI.ZL-80 
TC5141OOJLI.ZL-10 

The TC514100J/Z is the RAM organized 4,194,304 words by 1 bit, it is internally 

organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors in 

parallel and retrieved the same way. AlaR, AlOC and AOC are not used. If, upon read­

ing. all bits are equal (all "1 "s or "O"s), the data output pin indicates a "1". 

If any of the bits differed, the data output pin would indicate a "0". Fig. 1 shows 

the block diagram of TC514100J/Z. In "Test Mode", the 4M DRAM can be tested as if it 

were a 512K DRAM. 

''WRITE, CAS Before RAS Refresh Cycle" puts the device into "Test Mode". And "CAS 

Before RAS Refresh Cycle" or "RAS Only Refresh Cycle" puts it back into "Normal Mode". 

In the Test Mode, ''WRm, CAS Before RAS Refresh Cycle" performs the refresh operation 

with the internal refresh address counter. The "Test Mode" function reduces test times 

(1/8 in case of N test pattern). 
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TC514100JLJ.ZL-80 
TC514100JLJ.ZL-10 

BLOCK DIlJ,GRAt4 IN THE TEST t·l0DE 

AI0R,AIOC,Aocj A 
oI"L 1"0. 512K block 

X 
AI0R,AI0e,Aoc 

.J'> _0. :.15121< block 
B 

B 

AIOR,AIOe,Aocj e 
-n. n. 512K block 

C 
AIOR,AIOC,Aocj D 

Test ........ '" 512K block tn-

~ 
AIOR,AIOC,Aoc E Normal 

""'- n. :J 5 12K block t;;-
AiOR.Atoc,Aoc ~ 

-n. n. :.J 512K blockh;-

F 

AIOR,AIOe,Aoc G 
-" I'\, :J 512K block 10 

Al OR ,AIOC ,AocJ H 
-n. n. 512K block Iii 

H 

Fig. 1 

Vee 

1 .. _. 
-c-i 

~ 

~ ? 
...:!.,eat I 

N~ 
AI0R,AIOC,Aoc 
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4,194,304 WORD x 1 BIT DYNAMIC RAM 

DESCRIPTl°ti 

* This is advanced information and specifica­
tions are subject to change without notice. 

The TC514100AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 4,194,304 words by 1 
bit. The TC514100AP/AJ/ASJ/AZ utilizes TOSHIBNs CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 

MuJtiplexed addl·ess inputs permit the 'l'C514'OOAP/AJ/ASJ/AZ to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 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 TIL. 

FEATURES 
• 4,194,304 word by Ibit organization 
• Fast access time and cycle time 

TC514100AP/AJ/ASJ/AZ - 60 

tRAC RAS Access Time 60ns 

tAA Column Address 
30ns Access Time 

tCAC CAS Access Ti me 20ns 

tRC Cycle Time liOns 
tpc Fast Page Mode 

45ns Cycle Time 

• Single power supply of 5V± 10% 
with a built-in VIlIl generat.or 

PIN NAMES 

",-0-A10 Addre" Inputs WiiTi'I Read/Write Input 

liAs Row Addr.ss Strobe Vcc Power (+ SV) 

D'N Data In Vss Ground 

Dour Data Out N.C- No Connection 

CAS Column Address Strobe 

PIN CONNECTION (TOP VIEW) 

Plasti, DIP Plastl, SOl Plasti, ZIP 

D'N I 18 Vss 
WJtIl~~ 26 V" A9 '~~ ~: WIiJYr 2 17 Dour 25 @.I!~' Dou, 

m 
100 1 16 eM 100 3 24 [( Vss 
AIO 4 " A9 N.C. 4 23 N.C. D'N 

, 
[6: AO , 14 A8 AIO , 22 A9 100 , WRIT! 

AI 6 13 A7 AO 9 18 AS !l:J 
[( AIO 

A2 7 12 A6 AI 10 17 A7 
N.C. [19 N.C. .1j] A3 8 11 AS A2 " 16 A6 AO 0) AI Vee 9 10 A4 A3 12 

" A' A2 ljj Vee Il 14 A4 
'1j] [1~ Al 

Vcc [1~ A4 
AS Ii] [1]1 A6 
A7 I:iJJ [2p A8 

• Low Power 
660mW MAX. Operating 

(TC514100AP/AJ/ASJI AZ - 60) 
5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two­
dimensional chip selection 

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

• Read-Modify-Write, CAS before RAS refresh, 
RAS"-only refresh, Hidden refresh, Fast Page 
Mode and Test Mode capability 

• All inputs and outputs '1"1'L compatible 
• 1024 refresh cycleS/16ms 
• Package 'l'C514100AP 

TC514100AJ 
TC514100ASJ 
'l'C514100AZ 

BLOCK DIAGRAM 

AO 0<> 
AI 0<> 
A20<> 
A30<> 
A4 0<> 
AS 0<> 
A60<> 
A70<> 
AS 0<> 
A9o-

Al0 0<> 

A49 
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TC5141 OOAP I AJI ASJI AZ-60 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN -1-7 V 1 

Output Voltage VOUT -1-7 V 1 

Power Supply Voltage Vee -1-7 V 1 

Operating Temperature TOPR 0-70 ·C 1 

Storage Temperature TSTG -55-150 ·C 1 

Soldering Temperature' Time TSOLOER 260'10 'C, sec 1 

Power Dissipation Po 700 mW 1 

Short Circuit Output Current lOUT 50 mA 1 

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Vee Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 - 6.5 V 2 

V1L Input Low Voltage -1.0 - O.S V 2 
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TC5141 OOAP I AJI ASJI AZ-60 

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

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT 
TCS14100AP/AJI 3,4 

ICCl Average Power Supply Operating Current - 120 mA 

(m, CAS, Address Cycling: tRC=tRC MIN. ) 
ASJ/AZ-60 5 

STANDBY CURRENT 

ICC2 Power Supply Standby Current - 2 mA 

(m = CAS = V,H) 

m ONLY REFRESH CURRENT 
TC514100AP/AJI 

ICCl Average Power Supply Current, RAS" Only Mode - 120 mA 3, S 

aiM Cycling, CAS = V,H: tRC = tRC MIN. ) 
ASJ/AZ-60 

FAST PAGE MODE CURRENT 
TCS14100AP/A;1 3,4 

ICC4 Average Power Supply Current, Fast Page Mode - 60 mA 

(RAS = V'L, CAS, Address Cycling: tpc = tpc MIN. ) 
ASJ/AZ-60 5 

STANDBY CURRENT 

ICC5 Power Supply Standby Current - 1 mA 

(RAS" = CAS = V CC - 0.2V) 

CAS BEFORE RAS REFRESH CURRENT 
TCS14100APIAJI 

ICC6 Average Power Supply Current, CAS Before RAS - 120 mA 3, S 

Mode(m, CAS Cycling: tRC=tRC MIN.) 
ASJ/AZ-60 

INPUT LEAKAGE CURRENT (any input except TF) 

I'(L) Input Leakage Current, any input -10 10 ~A 

(OV;:;V,N :i6.SV. All Other Pins Not Under Test=OV) 

OUTPUT LEAKAGE CURRENT 
'O(L) 

(Dour is disabled, OV;:; Vour::i S.SV) 
-10 10 llA 

VOH 
OUTPUT LEVEL 

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

OUTPUT LEVEL 
VOL - 0.4 V 

Output "LH Level Voltage (lOUT = 4.2mA) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = 5V ± 10%, Ta = 0-70°c)(Notes 6, 7, 8) 

TC514100AP/AJ/ASJ/AZ-60 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. 

tRe Random Read or Write Cycle Time 110 - ns 

tRMW Read-ModifY-Write Cycle Time 135 - ns 

tpc Fast Page Mode Cycle Time 45 - ns 

tpRMW Fast Page Mode Read-Modify-Write Cycle Time 70 - ns 

tRAe Access Time from liAS - 60 
9,14 

ns 
15 

teAc Access Time from CAS - 20 ns 9,14 

tM Access Time from Column A<!dress - 30 ns 9,15 

tePA Access Time from CAS Precharge - 40 ns 9 

tCLz CA~ to Output in Low-Z 0 - , ns 9 

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

t, Transition Time (Rise and Fall) 3 ·50 ns 8 

tRP "liAS Precharge Time 40 - ns 

tRAS ·RASPulse Width 60 10,000 ns 

tRASP RAS Pulse Width (Fast Page Mode) 60 200,000 ns 

tWill RAS Hold Time 20 - ns 

trulCP RAS Hold Time From CAS Precharge (Fast Rage ·Mode) 40 - ns 

tesH cAs Hold Time 60 - ns 

tCAS CAS Pulse width 20 10,000 ns 

tReD RAS to CAS Delay Time 20 40 ns 14 

tHAD RAS to Column Address Delay Time 15 30 ns 15 

tCRP CAS to RAS Precharge Time 5 - ns 

!.{P CAS Precharge Time 10 - ns 

lA'iH Row Address Set-Up· Time 0 - ns 

tRAH Row Address Hold Time 10 - n. 

tASC Column Address Set-Up Time 0 - ns 

tC"Ii Colu",,, Address Hold Time 15 - ns -
tRAl Column Address to RAS Lead Time 30 - ns 

tReS Read Command Set-Up Time 0 - ns 

tRrH Read Command Hold Time 0 - ns 11 

~!"U' Read Command Hold Time referenced to ·RAS 0 - ns 11 

lW(11 Write Command Hold Time 10 - ns 
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ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

TCS 141 00AP/AJ/ASJ/AZ-60 
SYMBOL PARAMETER UNITS NOTES 

MIN_ MAX. 

twp Write Command Pulse Width 10 - n, 

tRwL Write Command to m Lead Time 20 - ns 

tCWL Write Command to CAS Lead Time 20 - ns 

tos Data Set-Up Time 0 - n, 12 

tOH Data Hold Time IS - n, 12 

tREF Refresh Period - 16 ms 

twes Write Command Set-UP Time 0 - ns 13 

tewo CAS to wRiiE Delay Time 20 - ns 13 

tRWD m to WiiTf£" Delay Time 60 - n, 13 

tAwD Column Address to WRITE Delay Time 30 - ns 13 

tepwo CAS Precharge to WRITE Delay Time 40 - n, 13 

tesR 
m Set-Up Time 

S -(m before m Cycle) 
ns 

CAS Hold Time 
tCHo (m before m Cycle) 

15 - ns 

tRPe Rii3 to m Precharge Time 0 - ns 

tCPT 
m Precharge Time em before m Counter Test 

Cycle) 
30 - ns 

tWTS 
Write Command Set-Up Time 

10 -
(Test Mode In) 

Write Command Hold Time 
tWTH 10 -

(Test Mode In) 

tWRP 
WRITE to m Precharge Time 

10 -(CAS before m Cycle) 

WlfifE to m Hold Time 
tWRH 

(CAS before m Cycle) 
10 -
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ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN 
THE TEST MODE (VCC=SV±10%,Ta=0-70°C)(Notes 6,7,8) 

TC514100AP/AJ/ASJ/AZ-60 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. 

.tfK Random Read or Write Cycle Time 115 - ns 

IpC Fast Page Mode Cycle Time 50 - ns 

Access Time from RAS 65 
9,14 

tRAe - ns 
15 

tCAC Access Time from m - 25 ns 9,14 

tAA Access Time from Column Address - 35 ns 9,15 

tePA Access Time from CAS Precharge - 45 ns 9 

t;MS RAS Pulse Width 65 10,000 ns 

tRASP RAS Pulse Width (Fast Page Mode) 65 200,000 ns 

tRSH RAS Hold Time 25 - ns 

tRHCP RAS Hold Time From 00 Precharge (Fast Page Mode) 45 - ns 

t.CSH CAS Hold Time 65 - ns 

tCAS CAS Pulse Width 25 10,000 ns 

tRAl Column Address to RAS lead Time 35 - ns 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

C" Input Capacitance (AO-A 10. DIN) - 5 

CI2 Input Capacitance (RAS. 00. WJm'E) - 7 pF 

Co Output Capacitance (Dour) - 7 

A-54 



TC5141 OOAP / AJ/ ASJ/ AZ-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 c~n be changed once or less While RAS=VIL and CAS=V/H. 

6. An initial pause of 200l1S is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before RAS refresh cycles instead of 8 lIAS only refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. VIH (min.) and VIL (max.) are reference \evels for measuring timing of input signals. Also, 

transition times are measured between V/H 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 tnRH must be satisfied for a read cycle. 

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

13. twcs, tRW!), tcWD, tAWD and tCPWD 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 tRWD~ tRW!) (min.), tCWD~ tCWD (min.), tAWD~ tAW!) (min.) and tCPWD~ 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 condrtions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tnAc (max.) can be met. 

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

15. Operation within the tRAD (max.) limit insures that tHAC (max.) can be met. 
tUAD (max.) is specified as a reference point only: If tRAD is greater than the specified tHAD (max.) 
limit, then access time is controJled by tAA. 
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TIMING WAVEFORMS 

READ CYCLE 

CAS" 
Vil 

VIH 
AO-A1O 

V1L 

WliTrE 
VIH 

Vil 

~:"W or "L" 
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WRITE CYCLE (EARLY WRITE) 

VIH ~--;lz-+-+------*"", 1----'><"'"---1 r-'-~:!z-----­
W 

VOH-
Dour ---------- OPEN ------------

VOL-

~: "W or "L" 
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READ·MODlFY·WRITE CYCLE 

VIH _--~-+-I------~ I-.--!l~+-.. I 
W 

VIH 
AO-A1O 

VIL 

VIH 
WRiT! 

VIL 

VIH 
DIN 

VIL 

VOH-
Dour OPEN 

VOl-
DATA· OUT 

~:"W or "L" 
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FAST PAGE MODE READ CYCLE 

VOH-,-
Dour -------~ 

VOl-

~: "H" or "L" 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

VIH 
AO-Al0 

VIL 

VIH 
WRITE 

VIL 

VIH. 

DIN 
VIL 

VOH-

Dour OPEN 
VQL-

~: "W or "L" 



TC5141 OOAP I AJI ASJI AZ-60 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

Dour 
VQL-

~: "H" or "L" 
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nAB ONLY ru~FRESH CYCLE 

V1H -..:---,L 1--------""""--------+-1 Jr-----,l 
RAS 

00 
VIH --:--:lr--t-f------------------:"J!:----,---

AO-A9 
V1l -2WZ::!1' ""]'\---'f ""'"== 

VOH -

Dour ----------- OPEN ------------
VOL -

~: "W or "L" 

Note: WifITE. A 10 = "H" or "L" 

/ 
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~ BEFORE RAS REFRESH CYCLE 

VOH-,.------:Ioi... 
Dour I}------------ OPEN -------

VOL -:"""' ___ oJr 

Note: AO-Al0= "W or "L" 

~: "W or "L" 
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HIDDEN REFRESH CYCLE (READ) 

VIH --:--i. , ... ..........,_.:.!l2_--J JL-----~ ,-~-, 
RAS 

VIL -

VIH -,.....-"y..+-!---",,- ,~~~, 

CAS VIL 

VOH­

Dour VOL _--------+~~~'----D-AT-A--O-U-T---~ 
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HIDDEN REFRESH CYCLE (WRITE) 

V1H ___ --.L 1 ... ;.----="-----.1 ..It:-----:i. 1----'="---

m 
VIL -

VIH _:--~_+_r_--_,.,.. 

CAS VIL-

VOH-
DOUT --------....... -OPEN --------------

VOL -

~: "H" or "l" 
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CAS BEFORE RAS REFRESH COUN'rER TEST CYCLE 

liAS 

00 

VIH 

AO-AIO Vil 

READ CYCLE 

DOUT 

VIH 
WRITE 

Vil 

WRITE CYCLE 

VOH-

DOUT 

VIH 
WRITE 

V IL 

VIH 
DIN 

Vil 

DOUT 

VIH 
w"R"ift 

VIL 

VIH 
DIN 

Vil 

~: "H" or "L" 
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WlUTE. CAS BEFORE RA'S REFRESH CYCLE 

I)------------OPEN -------

Note: DIN. AO-A10= "w' or "L" 

~: "H" or "L" 
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TEST MODE 

The TC514100AP/AJ/ASJ/AZ is the:: RAM organized 4,194,304 words by 1 bits, it is internally 
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors in parallel and 
retrieved the same way. AlOlt. Aloe and Aoe are not used. If, upon reading, all bits equal (all "1"s or 
"O"s), the data output pin indicates a "1". If any of the bits differed, the data output pin would indicate 
a "0". Fig.l shows the block diagram of TC514100AP/AJ/ASJ/AZ. In "Test Mode", the 4M DRAM can be 
tested as if it were a 512K DRAM. 

''WRiTE, CAS Before RAS Refresh Cycle" puts the device into ''Test Mode". A~d ""CAS Before RAS 
Refresh Cycle" or "lIAS Only Refresh Cycle" puts it back into "Normal Mode". In the Test Mode, 
"WRITE, <::AS Before RAS Refresh Cycle" performs the refresh operation with the internal refresh 
address counter. The "Test Mode" function reduces test times (1/8 in case of N test pattern). 
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BLOCK DIAGRAM IN THE TEST MODE 

Vee 

Fig. 1 
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4,194,304 WORD X 1 BIT DYNAMIC RAM 

DESCRIPTION 

* This is advanced information Rnd specifica­
tions are subject to change without notice. 

The TC514100APLlAJLlASJLlAZL is the new generation dynamic RAM organized 4,194,304 words by 
1 bit. The TC514100APLlAJLlASJLlAZL utilizes TOSllIBA'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 TC514100APLlAJLlASJLlAZL to be packaged in a 
standard 18 pin plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 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. 

FEATURES 
• 4.194,304 word by Ibit organization 
• Fast access time and cycle time 

TC514100APLJAJLJASJLJAZL- 60 

tRAC m Access Time 60ns 

tAA Column Address 
30ns Access Time 

teAc CAS Access Time 20ns 

tRC Cycle Time 110ns 
tpc fast Page Mode 

45ns Cvcle Time 

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

PIN NAMES 

O-AlO Address Inputs WRITE ReadlWrite Input 

m Row Address Strobe VCC Power ( +.5V) 

• Low Power 
660mW MAX. Operating 

(TC514100APL/AJLlASJLlAZL-60) 
l.lmW MAX. Standby 

• Outputs unlatched at cycle end allows two­
dimensional chip selection 

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

• Read-Modify-Write, 'CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTL compatible 
• 1024 refresh cycleS/128ms 
• Package TC514100APL: DIPI8-P-300E 

TC514100AJL : SOJ2S-P-350 
'l'C514100ASJL: SOJ26-P-300A 
TC514400AZL : ZIP20-P-400A 

DIN Data In Vss Ground 

No Connection 
~.!!!-+=:::"':':':----l'-';'E-t="=-----I B LOCK DIAGRAM 

Dour Data Out N.C. 

ru Column Address Strobe 

PIN CONNECTION (TOP VIEW) 

Plastic DIP Plastic Sal Plastic ZIP 

D,N 1 18 Vss 
~' [2: 

AO 
wm 2 17 DOUT W 2 ro AI 

m 3 16 ro lIAS 3 [4: V" A2 
Ala 4 15 A9 N.C. 4 [( wm 

AO 5 14 A8 Al0 5 .0.3 

AI 6 13 A7 .0.0 9 [a: AIO A4 
.0.2 7 12.0.6 AI 10 [19 N.C . AS 
.0.3 8 11 AS A2 11 [I) AI A6 

Vee 9 10 A4 A3 12 
vee 13 [1~ A3 A7 

[(6 A4 A8 

[1§ A6 A9 

[29 A8 AIO 
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ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN -1-7 V 1 

Output Voltage VOUT -1-7 V 1 

Power Supply Voltage Vee -1-7 V 1 

Operating Temperature TOPR 0-70 ·C 1 

Storage Temperature TSTG - 55-150 ·C 1 

Soldering Temperature' Time TSOLDER 260' 10 ·C·sec 1 

Power Dissipation PD 700 mW 1 

Short Circuit Output Current lOUT 50 mA 1 

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Vee Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 - 6.5 V 2 

Vil Input Low Voltage -1.0 - 0.8 V 2 
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DC ELECTRICAL CHARACTERISTICS (Vee = sv ± 10%, Ta = 0-70°c) 

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT 3,4 
ICCI Average Power Supply Operating Current res 14100APlIAlllASJL/AZl-60 - 120 mA 

(RAS, CAS, Address Cycling: tRC = tRC MIN. ) 5 

STANDBY CURRENT 

leC2 Power Supply Standby Current - 2 mA 

(RAS= CAS = V'H) 

RAS ONLY REFRESH CURRENT 

Ico Average Power Supply Current, RAS Only Mode TC514100APL/MLIASJLIAZL·60 - 120 mA 3,5 

(RAS Cycling, CAS=V,H: tRC=tRC MIN.) 

FAST PAGE MODE CURRENT 3,4 
ICC4 Average Power Supply Current, Fast Page Mode T(514 I ~ ... APl/AJl/ASJUAZl·60 - 60 mA 

(RAS=V'L, CAS, Address Cycling: tpc=tpc MIN. ) 5 

STANDBY CURRENT 

ICC5 Power Supply Standby Current - 200 J.lA 

(RAS = CAS = VCC - 0.2V) 

CAS BEFORE liAs REFRESH CURRENT 

ICC6 Average Power Supply Current, CAS Before RAS TC514100APUAJLIASJUAZL·60 - 120 rnA 3,5 

Mode (RAS, CAS Cycling: tRC = tRc MIN. ) 

Battery Back Up Current 

Average power Supply Current, Battery Back Up Mode 

ICC7 (CAS = CAS Before RAS Cycling or 0.2V, WRITE = Vcc - 0.2V - 400 IlA 3,6 

AO-l0=VcC-0.2V or 0.2V, D'N=VCC-0.2V, 0.2V or OPEN: 

tRC = 125115, tRAS = 300ns -1115) 

Battery Back Up Current 

Average power Supply Current, Battery Back Up Mode 

ICC7 (CAS = CAS Before RAS Cycling or 0.2V, WRITE = Vcc- 0.2V - 300 I1A 3,6 

AO-l0=Vcc-0.2V or 0.2V, D'N=VCC-0.2V, 0.2V or OPEN: 

tRC= 125115, tRAS= tRAS MIN. -300ns) 

INPUT LEAKAGE CURRENT 

',(L) Input Leakage Current, any input -10 10 IlA 

(OV:'i V'N:;; 6.SV, All Other Pins Not Under Test = OV) 

OUTPUT LEAKAGE CURRENT 
10(L) 

(DOUT is disabled, OV:iVOUT:i S.SV) 
-10 10 IlA 

VOH 
OUTPUT LEVEL 

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

VOL 
OUTPUT LEVEL 

0.4 V 
Output "L" Level Voltage (lOUT = 4.2mA) 

-
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = SV ± 10%, Ta= 0-70°c)(Notes 7, 8, 9) 

TC514100APLlAJLlASJLlAZL-60 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. 

tRC Random Read or Write Cycle Time 110 - ns 

tRMw Read-Modify-Write Cycle Time 135 - ns 

tpc Fast Page Mode Cycle Time 45 - ns 

tpRMW 
Fast Page Mode Read-Modify-Write 
Cycle Time 70 - ns 

tRAC Access Ti me from RAS - 60 
10,15 

ns 
16 

tCAC Access Time from ~ - 20 ns 10,lS 

tAA Access Time from Col~mn Address - 30 ns 10,16 

tePA Access Time from CAS Precharge - 40 ns 10 

tClZ ~ to Output in Low-Z 0 - n5 10 

tOFF Output Buffer Turn-off Delay 0 20 n5 11 

tT Transition Ti me (Rise and Fall) 3 50 ns 9 

tRP RAS Precharge Time 40 - ns 

tRAS RAS Pulse Width 60 10,000 ns 

tRASP RAS Pulse Width (Fast Page Mode) 60 200,000 ns 

tRSH RAS Hold Time 20 - ns 

IRHCP 
RAS Hold Time From CAS Precharge 

40 - ns· (Fast Page Mode) \ 

tesH ~ Hold Time 60 - n5 

teAS CAS Pulse Width 20 10.000 ns 

tRCO RAS to CAS Delay Time 20 40 n5 15 

tRAD RAS to Column Address Delay Time 15 30 ns· 16 

tCRP CAS toRAS Precharge Time 5 - ns 

tcp CAS Precharge Time 10 - ns 

tASR Row Address Set-Up Time 0 - ns 

tRAH Row Address Hold Time 10 - ns 

tAse Column Address Set-Up Time 0 - ns 

tCAH Column Address Hold Time IS - ns 

tRAl Column Address to RAS Lead Time 30 - ns 

IRes Read Command Set-Up Time 0 - ns 

tReH Read Command Hold Time 0 - ns 12 

tRRH 
Read Command Hold Time referenced 

0 to AAS - ns 12 

tW(H Write Command Hold Time 10 - ns 
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ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

TC514100APlIAJlIASJlIAZL-60 
SYMBOL PARAMETER UNITS NOTES 

MIN_ MAX. 

twp Write Command Pulse Width 10 - ns 

tRwL Write Command to m Lead Time 20 - ns 

tCWL Write Command to 00 Lead Time 20 - ns 

tos Data Set-Up Time 0 - ns 13 

tOH Data Hold Time 15 - ns 13 

tREF Refresh Perio - 128 ms 

twcs Write Command Set-UP Time 0 - ns 14 

tcwo 00 to WlUfE Delay Time 20 - ns 14 

tRWO m to WlUfE Delay Time 60 - ns 14 

tAWO Column Address to WRITE Delay Time 30 - ns 14 

tcPWO 00 Precharge to WRITE" D~lay Time 40 - ns 14 

tCSR 
00 Set-Up Time 

5 -(00 before m Cycle) 
ns 

"0>.1" Hold Time 
tCHR (00 before m Cycle) 

15 - ns 

tRPC AA5 to 00 Precharge Time 0 - ns 

tcPT 
ro precharge Time 

30 - ns 
(00 before AA5 Counter Test Cycle) 

twrs 
Write Command Set-Up Time 

10 - ns 
(Test Mode In) 

Write Command Hold Time 
'tWTH 10 - ns 

(Test Mode In) 

tWRP 
WRITE to m Precharge Time 

10 - ns 
(00 before AA5 Cycle) 

WRITE to RAS Hold Time 
tWRH (00 before RAS Cycle) 

10 - ns 
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ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN 
THE TEST MODE (Vee = SV ± 10%, fa = 0-70·Q (Notes 7,8,9) 

TC514100APIJAJIJASJIJAZL-60 
SYMBOL PARAMETER UN1T5 NOTES 

MIN. MAX. 

tRC Random Read Write Cycle Time 115 - ns 

tpc Fast Page Mode Cycle Time 50 - ns 

tRAC Access Time from W - 65 ns 
10,15 

16 

teAC Access Time from 00 - 25 ns 10,15 

tAA Access Time from Column Address - 35 ns 10,16 

tePA ACC~S5 Time from 00 Precharge - 45 ns 10 

tRAS W Pulse Width 65 10,000 ns 

tRASP RAS Pulse Width (Fast Page Mode) 65 200,000 ns 

tRSH W Hold Time 2S - ns 

teSH CAS' Hold Time 6S - ns 

tRHCP C63' Prechrge to R~ Hold Time 45 - ns 

teAs CAS' Pulse Width 25 10,000 ns 

tRAL Column Address to W Lead Time 3S - ns 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AO-A 1 0, DIN) - 5 

CI2 Input Capacitance cAAS, C63, WRITE) - 7 pF 

Co Output Capacitance (Dour) - 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. ICC1. ICC3. ICC4. ICC6.ICC7 depend on cycle rate. 

4. ICC1. 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 and C'AS=VU-I. 

6. tRAS (max.) = 11ls is only applied to refresh of battery-back up. tRAS (max.) = lOlls is applied to 
functional operating. 

7. An initial pause of 200llS is required after power-up followed by 8 RAS only refresh cycles before 
\ 

proper device operation is achieved. In case of using internal refresh counter. a minimum of 8 
UA:S before RAS refresh cycles instead of 8 :RAS only refresh cycles are required. 

8. AC measurements assume tT=5ns. 

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

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

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

12. Either tI~Cll or tItRH must be satisfied for a read cycle. 

13. 'fhese parameters are referenced to UA:S leading edge in early write cycles and to WroTE leading 
edge in read-write cycles. 

14. tWCS. tHWD. tCWD. tAWD and tcPWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs;E; twcs (min.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle; 
If tRWO;E; tRWO (min.). tcwo;E; tcWD (min.). tAWD;:;; tAWO (min.) and tcrwo;E; tcPWD (min.) (Fast Page 
Mode). the cycle is a read-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. 

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

16. Operation within the tHAD (max.) limit insures that titAC (max.) can be met. 
tltAD (max.) is specified as a reference point only: If tltAD is greater than the specified tltAD (max.) 
limit. then access time is controlled by tAA. 
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TC514100APLI AJLI ASJLI AZL-60 

TIMING WAVEFORMS 

HEAD CYCLE 

RAS 

VIH _--....-::Iz-+-+----.---_±_'\. I-~~-I r-........ --::!r-~----­
CAS 

Dour 

~: HW or HL" 
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TC514100APLI AJLI ASJLI AZL-60 

WRI'rE CYCLE (EARLY WRITE) 

VOH-
Dour ----------OPEN ------------

VOL-

~: "H"or"L" 
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TC514100APLI AJLI ASJLI AZL-60 

READ-MODIFY-WRl'l'E CYCLE 

VIH 
W 

VIL -

VIH 
ro 

VIL 

VIH 
AO-Al0 

V 1L 

VIH 
WRITE 

V1L 

VIH 
DIN 

V IL 

VOH-

Dour OPEN 
VOL-

~: "W or "L" 
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TC514100APL/AJL/ASJL/AZL·60 

FAST PAGE MODE READ CYCLE 

m 
tRASP 

V1H _----... 1----------"-'-----------,..1 IJ-_ 
VIL -

VOH-
Dour --------m 

VOL-

~: "W or "L" 
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TC514100APLI AJLI ASJLI AZL-60 

FAST PAGE MODE WRITE CYCLE (EAHLY WRITE) 

DOUT ------------- OPEN ------------
VOl-

~: "H" or "La 
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TC514100APLI AJLI ASJLI AZL-60 

[FAST PAGE MODE READ-MODIFY-WRI'I'E CYCLE 

tRASP 
VIH ____ --"-..J � .. ;----------~--------~ .. I .JL--"" 

m 
VIL -

VIH 
AO-Al0 

VOH-
Dour ---+----I--~~ 

VOL- ~_.,...;11" 
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TC5141 OOAPL/AJLI ASJLI AZL-60 

RAS ONLY REFRESH CYCLE 

VIH _---oS... ) ... --------"""'-------) .It----:i. 
m 

VOH -

DOUT ---------- OPEN -.....-----------
Vo\.-

~: "H" or "L" 

Note: WI{I'I'J~. AIO ="H" or "L" 
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TC514100APLI AJLI ASJLI AZL-60 

OAS BEFORE RAS RE}t'RESR CYCLE 

VOH-:------:!l.. 
Dour I)-----------OPEN -------

VOL -'--_---'" 

Note: AO":"A10= "R" or "L" 

~: "W nr "L" 
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TC5141 OOAPLI AJLI ASJLI AZL-60 

HIDDEN REFRESH CYCLE (JmAD) 

VIH _:---""- I .. --~'----I ..It-------...!.- I_--;!l!:w--.-I r---­
RAS 

VIL-

VIH _--Ir-~I----... , 1~--:!2~1 

ru VIL 

VIH -'l~~ 

WRITE V1L ---::.~~~~ 

VOH -

DOUT VOL _--------1..( DATA-OUT 

~: "W or. "L" 
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TC514100APLI AJLI ASJLI AZL-60 

HIDDEN REFRESH CYCLE (WRITE) 

VOH-
DOUT --------- OPEN -.,;-------------

VOL -

~: "W or "L" 
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TC514100APLI AJLI ASJLI AZL-60 

CAS BEFORE liAS REFRESH COUNTER TEST CYCLE 

ru 

VIH 

AD-A10 VIL 

READ CYCLE 

Dour 

VIH 
WRiit 

VIL 

WRITE CYCLE 

VOH-

Dour VoL -
OPEN 

VIH 
WRii'! 

VIL 

VIH 
DIN 

VIL 

Dour 

VIH 
WIiTit 

V'L 

VIH 
DIN 

VIL 

~; "W or "L" 
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TC5141 OOAPLI AJLI ASJLI AZL-60 

WlU'l'm. CAS BEFORE lfJ\S REFRESH CYCLE 

DOUT I>-----------OPEN ------
VOl-~ ___ .:tr 

Note: DIN. AO-AIO= "H" or "L" 

~: "W or "L" 
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TC5141 OOAPLI AJLI ASJLI AZL-60 

TEST MODE 

'rhe TC514100APL/AJLlASJLlAZL is the RAM organized 4,194,304 words by 1 bits, it is internally 
organized 524,288 words by 8 bits. In '"rest Mode", data are written into 8 sectors in parallel and 
retrieved the same way. AlOR,· and Aoc are not used. If, upon reading, all bits equal (all "l"s or "O"s), 
the data output pill indicates a "I". If any of the bits differed, the data output pin would indicate a "0". 
J.<'ig.1 shows the block diagram of TC514100APLlAJL/ASJLlAZL. In "Test Mode", the 4M DRAM can be 
tested as if it were a 512K DRAM. 

"WRITE, "CAS Before RAS Refresh Cycle" puts the device into "Test Mode". And "CAS Before RAS 
Refresh Cycle" or "R:i\S Only Refresh Cycle" puts it back into "Normal Mode". In the Test Mode, 
"WRITE, "CAS Before R:i\S Refresh Cycle" Performs the refresh operation with the internal refresh 
address counter. The '"rest Mode" function reduces test times (1/8 in case of N test pattern). 
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TC514100APLI AJLI ASJLI AZL-60 

BLOCK DIAGRAM IN THE TEST MODE 

Vee 

Fig. 1 
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4,194,304 WORD x 1 BIT DYNAMIC RAM PRELIMINARY 

DESCRIPTION 
The TC514100AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 4,194,304 words by 1 

bit. The TC514100AP/AJ/ASJ/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 TC514100AP/AJ/ASJ/AZ to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 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. 

FEATURES 

• 4,194,304 word by Ibit organization 
• Fast access time and cycle time 

TC5141 OOAP/AJ/ASJ/AZ - 70/80/10 

tRAC RAS Access Time 70ns 
tAA Column Address 

3505 Access Time 

tCAC CAS Access Time 20ns 

tRC Cyde Time 130ns 
tpc Fast Page Mode 

4Sns Cycle Time 

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

PIN NAMES 

80ns lOOns 

40ns SOns 

20ns ,2Sns 

150ns 180ns 

SOns 60ns 

fo.O-Al0 Address Inputs Wiii'!'E Read/Write Input 

RAS Row Address Strobe Vcc Power ( + SV) 

D,N Data In Vss Ground 

Dour Data Out N.C. No Connection 

CAS Column Address Strobe 

PIN CONNECTION (TOP VIEW) 

Plastic DIP Plastic SOJ PI •• tlc ZIP 

D'N I 18 Vss 
~n 26 VSS A9 '~~ [2: WRm 2 17 Dour 25 ~DOUT 

ro 
lIAS 3 16m lIAS 3 2' [.: v .. 
AIO • IS A9 N.C .• 23 N.C. D'N 

~~ 
[( WIIITf AO S 14 A8 AIO 5 22 A9 lIAS 

AI 6 13 A7 AO 9 18 A8 La: AIO 
A2 7 12 A6 AI 10 17 A7 

N.C. [19 N.C. 
A3 8 11 AS A2 11 16 A6 AO lj] [1} AI 

Vec 9 10 A. A3 12 IS AS A2 IjJ Vee 13 I' A4 [I~ A3 
Vee I;J [I]; A4 
AS Ii] (1) A6 
A7 ,;J [29 A8 

• Low Power 
550mW MAX. Operating 

(TC514100AP/AJ/ASJ/AZ -70) 
468mW MAX. Operating 

(TC514100API AJ/ASJ/AZ - 80) 
413mW MAX. Operating 

(TC514100AP/AJ/ASJ/AZ -10) 
5.5m W MAX. Standby 

• Outputs unlatched at cycle end allows two­
dimensional chip selection 

• Common 110 capability using "EARLY 
WRITE" operation 

• Read-Modify-Write, "CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTL compatible 
• 1024 refresh cycleS/16ms 
• Package TC514100AP 

TC514100AJ 
TC514100ASJ 
TC514100AZ 

BLOCK DIAGRAM 

A' 

: DIP18-P-300E 
: SOJ26-P-350 
: SOJ26-P-300A 
: ZIP20-P-400A 
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TC514 tOOAP/AJ/ASJ/AZ-70, TC514100AP/AJ/ASJ/AZ-80 
TC514100AP/AJ/ASJ/AZ-10 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage V,N -1-'1 V 1 

Output Voltage VOUT -1-7 V 1 

Power Supply Voltage Vee -1-7 V 1 

Operating Temperature TOPR 0-70 ·C 1 

Storage Temperature TSTG - 55-150 ·C 1 

Soldering Temperature' Time TSOlOER 260'10 ·C·sec 1 

Power Dissipation Po 700 mW 1 

Short Circuit Output Current lOUT 50 mA 1 

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Vee Supply Voltage 4.5 5.0 5.5 V 2 

V,H Input High Voltage 2.4 - 6.5 V 2 

V'l Input Low Voltage -1.0 - 0.8 V 2 
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TC514100AP/AJ/ASJ/AZ-70, TC5141 OOAP/AJ/ASJ/AZ-80 
TC5141 OOAP/AJ/ASJ/AZ-1 0 

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

SYMBOL PARAMETER "MIN. MAX. UNITS NOTES 

OPERATING CU RRENT 1(514100AP/AJ/ASJ/AZ·70 - 100 
3,4 

ICCI Average Power Supply Operating Current TC514100AP/AJ/ASJ/AZ·80 - B5 mA 

(MS, ro, Address Cycling: tRC = tRC MIN. ) 75 
S 

rcs,.,OOAP/AJ/ASJ/AZ·,O -
STANDBY CURRENT 

lec2 Power Supply Standby Current - 2 mA 

(MS = m = V,H) 

RAS ONLY REFRESH CURRENT TC514100AP/AJ/ASJlAZ.70 - 100 

ICel Average Power Supply Current, RAS Only Mode TC514100AP/AJ/ASJlAZ·80 - 85 mA 3,5 

(RAS Cycling, ro = V'H: tRC = tRC MIN. ) res 14100AP/AJ/AS1JAZ.10 - 7S 

FAST PAGE MODE CURRENT res 14100AP/AJ/ASJ/AZ·70 - 60 
3,4 

Icc4 Average Power Supply Current, Fast Page Mode rCSI4IOOAP/AJ/ASJ/"Z·80 - 50 mA 

(RAS=V'l, ro, Address Cycling: tpc=tpc MIN. ) rCSI41 oo"P/AJ/ASJ/AZ.I 0 45 
5 -

STAND8Y CURRENT 

Iccs Power Supply Standby Current - 1 mA 

(RAS = ro = Vce - 0.2V) 

ro BEFORE RAS REFRESH CURRENT Tes 14100"P/AJ/"SJ/AZ·70 - 100 

ICC6 Average Power Supply Current, ro 8efore RAS TCSI4IooAP/AJ/ASJlAZ·80 - 85 mA 3,5 

Mode(RAS, ro Cycling: tRc=tRe MIN. ) TC5141 OOAP/AJ/ASJ/AZ·l 0 - 75 

INPUT lEAKAGE CURRENT 

'ill) Input leakage Current, any input -10 10 jJA 

(OVSV'NS6.SV, All Other Pins Not Under Test=OV) 

lOll) 
OUTPUT lEAKAGE CURRENT 

(Dour is disabled, OV S VouT:i 5.SV) 
-10 10 jJA 

VOH 
OUTPUT lEVEL 

Output "H" bvel Voltage (lOUT = - SmA) 
2.4 - V 

OUTPUT lEVEL 
VOL 

Output "l" level Voltage (lOUT = 4.2mA) - 0.4 V 
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TC514100AP/AJ/ASJ/AZ-70, TC514100AP/AJ/ASJ/AZ--80 
TC5141 OOAP/AJ/ASJ/AZ-1 0 

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

TC514100API TC514100API ': TC514100API 

SYMBOL PARAMETER AJ/ASJ/AZ,70 AJ/ASJ/AZ-80 AJ/ASJ/AZ-l0 UNIT NOTES 

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

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

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

tpe Fast Page Mode Cycle Time 45 - 50 - 60 - ns 

tPRMW 
Fast Page Mode Read-Modify-Write 

70 - 75 - 90 - ns Cycle Time 

tRAe Access Time from RA5 - 70 - 80 - 100 
9, 14 

ns 
15 

teAc Access Time from <:AS - 20 - 20 - 25 ns 9, 14 

tAA Access Time from Column Address - 35 - 40 - SO ns 9,15 

tePA Access Time from 00 Precharge - 40 - 45 - 55 ns 9 

tell 00 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 m Precharge Time 50 - 60 - 70 - ns 

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

tRASP m Pulse Width (Fast Page Mode) 70 200,000 80 200,000 100 200,000 ns 

tRSH RAS Hold Time 20 - 20 - 25 - ns 

tRHep 
m Hold Time From m Precharge 

40 -(Fast Page Mode) 45 - 55 - ns 

tesH <:AS Hold Time 70 - BO - 100 - ns 

teAs m Pulse Width 20 10,000 20 10.000 25 10,000 ns 

tRCO m to m Delay Time 20 50 20 60 25 75 ns 14 

tRAD m to Column Address Delay Time 15 35 15 40 20 50 ns 15 

tCRP 00 to JU;3 Precharge Time 5 - 5 - 10 - n. 

tep 00 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 

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

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

tncH Read Command Hold Time 0 - 0 - 0 - ns 11 

tRRH 
Read Command Hold Time referenced 

0 0 0 11 to RAS - - - ns 

twCI' Write Command Hold Time 15 - 15 - 20 - ns 
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TC514100AP/AJ/ASJ/AZ-70, TC5141 OOAP/AJ/ASJ/AZ-80 
TC5141 OOAP/AJ/ASJ/AZ-1 0 

ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

.. 
TC514100API TC514100API TC514100API 

SYMBOL PARAMETER AJ/ASJ/AZ-70 AJ/ASJ/AZ-BO AJ/ASJ/AZ-l0 UNITS NOTES 

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

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

tRwL Write Command to ro Lead Time 20 - 20 - 25 - ns 

tewL Write Command to CAS Lead Time 20 - 20 - 25 - ns 

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

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

tREF Refresh Period - 16 - 16 - 16 ms 

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

tcwo CAS to WRITE Delay Time 20 - 20 - 25 - ns 13 

tRWO ro to W1m'E Delay Time 70 - 80 - 100 - ns 13 

tAwD Column Address to WlITFE Delay Time 35 - 40 - 50 - ns 13 

tepwD CAS Precharge to WRiTE: Delay Time 40 - 45 - 55 - ns 13 

tesR 
00 Set-Up Time 

5 5 (00 before ro Cycle) - 5 - - ns 

00 Hold Time 
tCHR (CAS before m Cycle) 

15 - 15 - 20 - ns 

tRPe ro to m Precharge Time 0 - 0 - 0 - ns 

tCPT 
CAS Precharge Time 

40 - 40 50 (m before ro Counter Test Cycle) 
- - ns 

tWTS 
Write Command Set-Up Time 

10 - 10 10 
(Test Mode In) - - ns 

tWTH 
Write Command Hold Time 

(Test Mode In) 
10· - 10 - 10 - ns· 

tWRP 
Wl!ln" to ro Precharge Time 

10 - 10 10 (m before ro Cycle) - - ns 

tWRH 
Wl!ln" to m Hold Time 

(CAS before m Cycle) 
10 - 10 - 10 - ns 
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TC514100AP/AJ/ASJ/AZ-70, TC5141 OOAP/AJ/ASJ/AZ-80 
TC5141 OOAP/AJ/ASJ/AZ-1 0 

ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN 
THE TEST MODE (Vee = SV ± 10%, Ta = 0-70°C)(Notes 6,7,8) 

Te514.100API Te514100AP/' Te5 141 OOAPI 

SYMBOL PARAMETER AJ/ASJ/AZ-70 AJ/ASJ/AZ-80 AJ/ASJ/AZ-l0 UNIT NOTES 

MIN. MAX, MIN, MAX. MIN. MAX. 

tRC Random Read Write Cyele Time 135 - 155 - 185 - ns 

tRMW Read·Modify-Write Cycle Time 160 - 180 - 215 -
tpc Fast Page Mode Cyele Time 50 - 55 - 65 - ns 

tpRMW 
Fast Page Mode Read-Modify-Write 

75 - 80 95 - 13 
CyeleTime 

- ns 

tRAC Access Time from m - 75 - 85 105 
9, 14, - ns 

15 

tCAC Access Time from CAS - 2S - 25 - 30 ns 9, 14 

tAA Access Time from Column Address - 40 - 45 - 55 ns 9,15 

tePA Access Time from CAS Precharge - 45 - 50 - 60 ns 9 

tRAS m Pulse Width 75 10,000 85 10,000 105 10,000 ns 

tRASP m Pulse Width (Fast Page Mode) 75 200,000 85 200,000 105 200,000 ns 

tRSH m Hold Time 25 - 25 - 30 - ns 

tcSH CAS Hold Time 75 - 85 - 105 - ns 

tRHep CAS Prechrge to m Hold Time 45 - SO - 60 - ns 

teAs 00 Pulse Width 25 10,000 25 10.000 30 10,000 ns 

tRAl Column Address to m Lead Time 40 - 45 - 55 - ns 

tewD 00 to WRlit Delay Time 25 - 25 - 30 - ns 13 

tRWD m to WRITE Delay Time 75 - 85 - 105 - ns 13 

tAWD Column Address to WRi'fE Delay Time 40 - 45 - 55 - ns 13 

tCPwD 00 Precharge to W'i\1'rr Delay Time 45 - SO - 60 - ns 13 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

C" Input Capacitance (AO-A 1 0, DIN) - 5 

C" Input Capacitance (m. 00. WRi'fE) - 7 pF 

Co Output Capacitance (Dour) - 7 
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TC514100AP/AJ/ASJ/AZ-70, TC5141 OOAP/AJ/ASJ/AZ-80 
TC5141 OOAP/AJ/ASJ/AZ-1 0 

NOTES: 

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

damage to the device. 

2. All voltages are referenced to V ss. 

3. ICC!. ICC3, ICC4, ICC6 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 lessWhiIe RAS=VIL and 'CAS=VIH. 

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

CAS before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. ViII (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 TT):, 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. Ei ther 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 Wi'UT'E 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 twcs56; twcs (min.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle; 

If tI~WD$;tRWD(min.), tCWD$;tcWD(min.), tAWD$;tAWD(min.) and tcPWD56;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. 

tRAil (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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TC514100AP/AJ/ASJ/AZ-70, TC5141 OOAP/AJ/ASJ/AZ-80 
TC5141 OOAP/AJ/ASJ/AZ-1 0 

TIMING WAVEFORMS 

READ CYCLE 

V'H 
liAS 

V'H 
CAS 

V'L 

V'H 
AO-Al0 

V'L 

Wim'l 
V'H 

V'L 

DouT 

~:"W or "l" 
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TC514100AP/AJ/ASJ/AZ-70, TC514100AP/AJ/ASJ/AZ-80 
TC5141 OOAP/AJ/ASJ/AZ-1 0 

WRITE CYCLE (EARLY WRITE) 

VOH-
Dour --------- OPEN ----------

VOL-

~: "W or "L" 

A-101 



TC514100AP/AJ/ASJ/AZ-70, TC5141 OOAP/AJ/ASJ/AZ-80 
TC5141 OOAP/AJ/ASJ/AZ-l 0 

READ·MODIFY·WRITE CYCLE 

V'H ro 
V'L-

V'H 
CAS 

V'L 

V'H 
AO-Al0 

V'L 

V'H 
WRITE 

V'L 

V'H 
D'N 

V'L 

VOH-
Dour OPEN 

VOL-

~: "W or "L" 
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TC514100AP/AJ/ASJ/AZ-70, TC5141 OOAP/AJ/ASJ/AZ-80 
TC5141 OOAP/AJ/ASJ/AZ-1 0 

FAST PAGE MODE READ CYCLE 

V,H 
AO-Al0 

V,L 

V,H 
WRITE 

V,L 

VOH-
Dour -----~ 

VOL-

~: oW or "L" 

A-103 



TC514100AP/AJ/ASJ/AZ-70, TC514100AP/AJ/ASJ/AZ-80 
TC5141 OOAP/AJ/ASJ/AZ-1 0 

FAST PAGE MODE WRITE CYCLECEARLY WRITE) 

VOH-
Dour ---------- OPEN ---------

VOL-

~:·H"orHL· 
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TC514100AP/AJ/ASJ/AZ-70, TC5141 OOAP/AJ/ASJ/AZ-80 
TC5141 OOAP/AJ/ASJ/AZ-1 0 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

tRASP 
V,H _~---->L 1------------.,-..----1 .JL"-":lL. 

m 
V'L-

V,H 
Vis 

V,L 

V,H 
AO-Al0 

V,L 

_ V,H 
WRITE 

VOH-
Dour· ----i---+--{l1r?OO 

VOL- ~...,...>r 
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TC514100AP/AJ/ASJ/AZ-70, TC514100AP/AJ/ASJ/AZ-80 
TC5141 OOAP/AJ/ASJ/AZ-1 0 

ltAS ONLY REFRESH CYCLE 

VIH _---.I.. I------~-----I ..Ir---.I.. 
"liM 

ro 
VIH _---2-++-------------r-........--
VIL 

VOH-
DOUT --------OPEN ----------

VOL -

~:"W or "L" 

Note: WRITE, Al 0 = oW or "L" 
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TC514100AP/AJ/ASJ/AZ-70, TC5141 OOAP/AJ/ASJ/AZ-80 
TC5141 OOAP/AJ/ASJ/AZ-1 0 

CAS BEFORE liAS REFRESH CYCLE 

Note: AO-Al0."W or "L' 
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TC514100AP/AJ/ASJ/AZ-70, TC5141 OOAP/AJ/ASJ/AZ-80 
TC5141 OOAP/AJ/ASJ/AZ-1 0 

HIDDEN REFRESH CYCLE (READ) 

VIH _--""- 1-0---="----1 
RAS V1L _ 

VIH ----±--++--"\I.. I-~-I 
m VIL 

VOH­

DOUT VOL _------H DATA· OUT 

~: "W or "L" 
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TC514100AP/AJ/ASJ/AZ-70, TC514100AP/AJ/ASJ/AZ-80 i 

TC514100AP/AJ/ASJ/AZ-10 i 

HIDDEN REFRESH CYCLE (WRITE) 

V,H _--:l.:-HI-----u. 

m V,L 

V,H 
D,N 

V,L 

VOH-
DOUT -------DPEN -----------

VOL -

~:"W or "L" 
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TC514100AP/AJ/ASJ/AZ-70, TC5141 OOAP/AJ/ASJ/AZ-80 
TC5141 OOAP/AJ/ASJ/AZ-1 0 

-eAS BEFORE itAS REFRESH COUNTER TEST CYCLE 

VIH _,...----,1 1--------=---.::-::-:------1 .z--~ 
m VIL-

READ CYCLE 

Dour 

WRITE CYCLE 

----IH------i--H- OPEN ------1-1-+----

V IH 
WRITE 

VIL 

VIH 
DIN 

V'L 

V'H 
WRITE 

V IL 

VIH 
D'N 

V'L 

~: "W or "L" 
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TC514100AP/AJ/ASJ/AZ-70, TC5141 OOAP/AJ/ASJ/AZ~O 
TC5141 OOAP/AJ/ASJ/AZ-1 0 

WID'i'E". 'OAS BEFORE RAS REFRESH CYCLE 

VOH-------"L 

DOUT 1>---------VOL-___ --'T 

Note: DIN. AO-Al0="W or "L" 

~: "W or "L" 
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TC514100AP/AJ/ASJ/AZ-70, TC514100AP/AJ/ASJ/AZ-80 
TC5141 OOAP/AJ/ASJ/AZ-1 0 

TEST MODE 

The TC514100AP/AJ/ASJ/AZ is the RAM organized 4,194,304 words. by 1 bits, it is internally 
organized 524,288 words by 8 bits. In ''Test Mode", data are written into 8 sectors in parallel and 
retrieved the same way. A10R, A10C and AoC are not used. If, upon reading, all bits equal (an "l"s or 
"O"s), the data output pin indicates a "I". If any of the bits differed, the data output pin would indicate 
a "0". Fig.1 shows the block diagram of TC514100AP/AJ/ASJ/AZ. In "Test Mode", the 4M DRAM can be 
tested as if it were a 512K DRAM. 

''WRI'l'E. <::AS Before liAS Refresh Cycle" puts the device into "Test Mode". And "CAS Before liAS 
Refresh Cycle" or "RAE Only Refresh Cycle" puts it back into "Normal Mode". In the Test Mode. 
''WRITE. ~ Before RAS Refresh Cycle" performs the refresh operation with the internal refresh 
address counter. The "Test Mode" function reduces test times (118 in case of N test pattern). 
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BLOCK DIAGRAM IN THE TEST MODE 

v c 

Fig. 1 
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4,194,304 WORD X 1 BIT DYNAMIC RAM PRELIMINARY 

DESCRIPTION 
The TC514100APIJAJIJASJIJAZL is the new generation dynamic RAM organized 4,194,304 words by 

1 bit. The TC514100APIJAJlJASJIJAZL 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 TC514100APIJAJIJASJIJAZL to be packaged in a 
standard 18 pin plastic DIP, 26120 pin plastic SOJ (300/350mil) and 20':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. 

FEATURES 
• 4,194,304 word by Ibit organization 
• Fast access time and cycle time 

TCSI4100APUAJUASJUAZL-
70180110 

IRA( m Access Time 70ns 
IAA Column Address 

3Sns Access Time 
leAe m Access Time 20ns 

IRe Cycle Time 130n5 
tpe Fast Page Mode 

4Sns Cvcle Time 

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

PIN NAMES 

80ns 

40ns 

20ns 
ISOn5 

SOns 

lOOns 

SOns 

2Sns 

180ns 

60ns 

~O-AIO Address Inputs WRm ReadlWrite Input 
m Row Address Strobe Vee Power ( +SV) 

DIN Data In Vss Ground 

DOUT Data Out N.C. No Connection 
m Column Address Strobe 

PIN CONNECTION (TOP VI~W) 

Pllstlc OIP Pilitie $OJ Plastic ZIP 

~~ 26 VSS A' (] [2: !:'AI 25 ~oOUT ] ilAJ3 24 E·: VIS 
N.C. 4 23 N.C. DIN , 
AIO 5 22 A' RJl :J [6: WRITE 

AO' \I AI N.C. :J iA: AIO 
AI 10 17 A7 [19 N.C. 
Al \I 16 A& AO U] [t} AI A3 12 15 A5 A2 "J Vee \3 14 A4 

Vee ;] 
[I~ Al 
[(J A4 

AS iJ [(p AI 
A71;J [29 A, 

• Low Power 
550mW MAX. Operating 

(TC514100APIJAJIJASJIJAZL-70) 
468mW MAX. Operating 

(TC514100APIJAJlJASJIJAZL-80) 
413mW MAX. Operating 

(TC514100APIJAJIJASJIJAZL-10) 
1.1mW MAX. Standby 

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

• Common JlO capability using "EARLY 
WRITE" operation 

• Read.Modify.Write, 'CAS before ns refresh, 
RAS.only refresh, Hidden refresh, Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTL compatible 
• 1024 refresh cyclesl128ms 
• Package TC514100APL: DIP1S-P·300E 

TC514100AJL : SOJ26·P·350 
TC514100ASJL: SOJ26·P·300A 
TC514400AZL : ZIP20·P·400A 

BLOCK DIAGRAM 

AO 
AI 
A2 

A3 
A4 

AS 

Ai 
A7 
AI 

A' 
AIO 
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TC514100APUAJUASJUAZL-70, TC514100APUAJUASJUAZL-80 
TC514100APUAJUASJUAZL-10 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN -1-7 V 1 

Output Voltage VOUT -1-7 V 1 

Power Supply Voltage Vee -1-7 V 1 

Operating Temperature TOPR 0-70' -c 1 

Storage 'Temperature TSTG -55-150 ·C 1 

Soldering Temperature· Time TSOLDER 260'10 ·C·sec 1 

Power Dissipation PD 700 mW 1 

Short Circuit Output Current lOUT 50 mA 1 

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Vee Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 - 6.5 V 2 

VIL Input LoW Voltage -1.0 - 0.8 V 2 
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DC ELECTRICAL CHARACTERISTICS (Vee = sv ± 10%, Ta = 0-70·c) 

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT TCS 1410QAPVAJVASJVAZL·70 - 100 3.4 
ICCI Average Power Supply Operating Current rC514100APVAJVA5JVAZL.aO - B5 mA 

em, m, Address Cycling: tRC"tRC MIN. ) 75 
5 

rcs '4100APVAJUA5JVAZL·'O -
STANDBY CURRENT 

ICC2 Power Supply Standby Current - 2 mA 

em=m=VIH) 

m ONLY REFRESH CURRENT TCSI4'OOAPVAJVA5JVAZL·70 - 100 

ICC] Average Power Supply Current, m Only Mode TC5'4,OOAPVAJVA5JVAZL.aO - B5 mA 3,5 

em Cycling, m=V'H: tRC-tRC MIN.) rCSI4'OOAPVAJUA5JVAZL-IO - 75 

FAST PAGE MODE CURRENT rCS'4100APVAJVASJVAZL-7e - 70 3,4 
Icco Average Power Supply Current, Fast Page Mode rcs, 4 'OOAPVAJVASJVAZL.alI - 60 mA 

em=v" .. m, Address Cycling: tpc .. tpc MIN.) TC5,4,OOAPVAJVASlVAZL·'O - 55 
5 

STANDBY CURRENT 

Iccs Power Supply Standby Current - 200 pA 

('RAS' .. m=Vcc- 0•2V) 

m BEFORE m REFRESH CURRENT TC5'4100APVAJVASJVAZL·7C - 100 

ICC6 Average Power Supply Current, m Bef~re m rCSI4'OOAPVAJVASJVAZL.aC - 85 mAo 3,5 
Mode em, m Cycling: tRC=tRC MIN.) TCS'4100APVAJVASlVAZL·IO - 75 

Battery Back Up Current 

Average power Supply Current, Battery Back Up Mode 

Ica (W=m Before m Cycling or 0.2V, WImt=Vcc-0.2V - 400 pA 3.6 
AO-l0=Vcc-O.2V or 0.2V. DIN=VCC-0.2V, 0.2V or OPEN: 

tRC" 125115, tRAS" 300ns -1115) 

Battery Back Up Current 

Average power Supply Current,. Battery Back Up Mode 

Ica (W.m Before m Cycling or 0.2V, WImt.Vcc-0.2V - 300 pA 3.6 
AO-l0=Vcc-0.2V or 0.2V, DIN-VCC-0.2V. 0.2V or OPEN; 
tRc.12511S, tRAS-tRAS MIN.-300ns) 

INPUT LEAKAGE CURRENT 

IIIL) Input Leakage Current, any input -10 10 pA 
(OVliiVINlii6.5V. All Other Pins Not Under Test.OV) 

lOlL) 
OUTPUT LEAKAGE CURRENT 

(Dour is disabled. OVlii VOUTlii S.5V) 
-10 10 pA 

VOH 
OUTPUT LEVEL 

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

VOL 
OUTPUT LEVEL 

Output "L· Level Voltage (lOUT" 4.2mA) - 0.4 V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = SV ± 10%, Ta = 0-70·c)(Notes 7, 8, 9) 

TCSl4100APU TCSl4100APU TC514100APU 

SYMBOL PARAMETER AJLlASJUAZL·70 AJLlASJLlAlL-80 AJLlASJLlAZL·10 UNIT NOTES 

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

tRC Random Read or Write Cycle Time 130 - 15i) - 180 - ns 

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

tpc Fast Page Mode Cycle Time 45 - 50 - 60 - ns 

tpRMW 
Fast Page Mode Read.Modify.Write 
Cycle Time 70 - 75 - 90 - ils 

tRAC Access Time from W - 70 - 80 - 100 ns 
10,15 

16 

teAc Access Time from m - 20 - 20 - 25 ns 10,15 

1M Access Time from Column Address - 35 - 40 - 50 ns 10,16 

tePA Access Time from m Precharge - 40 - 45 - 55 ns 10 

teLZ m to Output in Low-Z 0 - 0 - 0 - ns 10 

\oFF Output Buffer Turn-off Delay 0 20 0 20 0 20 ns 11 

tT Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 9 

t,tp lIAS Precharge Time 50 - 60 - 70 - ns 

~s lIAS Pulse Width 70 10.000 80 10,000 100 10.000 ns 

tRASP W Pul" Width (Fast Page Mode) 70 200,000· 80 200,000 100 200,000 ns 

t,tSH WHoid Time 20 - 20 - 25 - ns 

tRHCP 
W Hold Time From m Precharge 

40 -(Fast Page Mode) 45 - 55 - ns 

tcsH mHoldTime 70 - 80 - 100 - ns 

tCAS m Pulse Width 20 10.000 20 10,000 25 10,000 ns 

tRCO W to m Delay Time 20 50 20 60 25 75 ns 15 

t,tAO W to Column Address Delay Time 15 35 15 40 20 50 ns 16 

tCRP m to lIAS Precharge Time 5 - 5 - 10 - ns 

tep m Precharge Time 10 - 10 - 10 - ns 

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

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

tASC Column Address 5et·Up Time 0 - 0 - 0 - ns 

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

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

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

tRCH Read Command Hold Time 0 - 0 - 0 - ns 12 

tRRH 
Read Command Hold Time referenced 

0 0 toW - - 0 - ns 12 

tWCH Write Command Hold Time IS - IS - 20 - ns 
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ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Continued) 

TCS 141 OOAPLJ TCS 141 OOAPLJ TCS14100APLJ 

SYMBOL PARAMETER 
AJLJASJLJAZL-70 AILJASJLJAZL-80 AJLJASJLJAZL-l0 UNITS 

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

twp Write Command Pulse Width 15 - 15 - 0. 

20 - ns 

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

tcwL Write Command to m Lead Time 20 - 20 - 2S - ns 

tos Data Set·Up Time 0 - 0 - 0 - ns 

tOH Data Hold Time 15 - IS - 20 - ns 

tREF Refresh Period - 128 - 128 - 128 ms 

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

lewD m to Wim! Delay Time 20 - 20 - 25 - ns 

tRWO m to Wim! Delay Time 70 - 80 - 100 - ns 

tAWO Column Address to Wim! Delay Time 3S - 40 - 50 - ns 

tcPWO m Precharge to WRiTt Delay Time 40 - 45 - 55 - ns 

tCSR 
m Set-Up Time 

5 5 5 em before m Cycle) - - - ns 

m Hold Time 
, 

teHR em before m Cycle) 
15 - 15 - 20 - ns 

tRPe m to m Precharge Time 0 - 0 - 0 - ns 

tePT 
m Precharge Time 

40 40 50 em before m Counter Test Cycle) - - - ns 

tWTS 
Write Command Set-Up Time 

10 1,0 10 
(Test Mode In) - - - ns 

tWTH 
Write Command Hold Time 

(Test Mode In) 
10 - .10 - 10 - ns 

tWRP 
Wim! to m Precharge Time 

10 10 10 (m before m Cycle) - - - ns 

tWRH 
Wim! to m Hold Time 

(m before m Cycle) 
10 - 10 - 10 - ns 
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TC514100APUAJUASJUAZL-70, TC514100APUAJUASJUAZL-80 
TC514100APUAJUASJUAZL-10 

ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN 
THE TEST MODE (VCC=SV±10%,Ta=0-70°C)(Notes 7,8,9) 

TC514100APLI TC514100APLI TC514100APLI 

SYMBOL PARAMETER AJLlASJLlAZL·70 AJLlASJLlAZL-80 AJUASJLlAZL·l0 UNITS NOTES 

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

tRC Random Read Write Cycle Time 135 - 155 - 185 - ns 

tRMW Read·Modify·Write Cycle Time 165 - 180 - 215 - ns 

tpc Fast Page Mode Cycle Time 50 - 55 - 65 - ns 

tpRMW 
Fast Page Mode Read·Modify·Write 

75 80 95 14 
Cycle Time - - - ns 

tRAC Access TIme from m - 75 - 85 - 105 
10,15 

ns 
16 

tCAC Access Time from ~ - 25 - 25 - 30 ns 10,15 

tM Access Time from Column Address - 40 - 45 - 55 ns 10,16 

tePA Access Time from ~ Precharge - 45 - 50 - 60 ns 10 

tRAS m Pulse Width 75 10,000 85 10.000 105 10,000 ns 

tRASP m Pulse Width (Fast Page Mode) 75 200,000 85 200,000 105 200,000 ns 

tRSH mHold Time 25 - 25 - 30 - ns 

tcsH ~ Hold Time 75 - 85 - 105 - ns 

tRHCP ~ Prechrge to m Hold Time 40 - 50 - 60 - ns 

tCAS ~ Pulse Width 25 10,000 25 10.000 30 10,000 ns 

tRAL Column Address to m Lead TIme 40 - 45 - 55 - ns 

tCWD m to WRI1t Delay Time 25 - 25 - 30 - ns 14 

tRwD liAS" to WRI1t Delay Time 75 - 85 - 105 - ns 14 

tAwD Column Address to wm Delay Time 40 - 45 - 55 - ns 14 

tCPWD m Precl)rge to wm Delay Time 45 - 50 - 60 . - ns 14 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AO-A 10, DIN) - 5 

CI2 Input Capacitance (m, ~, WRIT!) - 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. ICCI, ICC3, ICC4, ICC6, ICC7 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 and ~=Vm. 

6. tRAS (max.) = Ips is only applied to refresh of battery-b~ck up. tRAS (max.) = lOllS is applied to 

functional operating. 

7. An initial pause of 200ps is required after power-up followed by 8 nAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
~ before rom refresh cycles instead of 8 nAS only refresh cycles are required. 

8. AC measurements assume tT=5ns. 

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

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

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

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

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

14. twcs, tRWD, tcwo, tA WO and tcpwO 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 tRwD~tRWD(min.), tcwo~tcwo(min.), tAwD~tAwo(min.) and tcpwoi!:tcpWo(mln.)(Fast Page 
Mode), the cycle is a read-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. 

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

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

READ CYCLE 

V,H ~-~ I-+----~----I Jr------.L 
m 

V,H _--:lr++----~ 1--'""'---1 r-l-..L.--:lr----­
m . 

V,l 

Dour 

~: "HO or "L" 
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WRITE CYCLE (EARLY WRITE) 

V1H _---'lI... 1-------"=------1 Jr----x,. 
m 

VIH 
m 

VIL 

VIH 
AO-Al0 

VIL 

VIH 
WRITE 

VIL 

VO.r-
DOUT --------OPEN ----------

VOL-

~:"W or HL" 

A-123 



TC514100APUAJUASJUAZL-70,TC514100APUAJUASJUAZL-80 
TC514100APUAJUASJUAZL-10 

READ-MODIFY-WRITE CYCLE 
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FAST PAGE MODE READ CYCLE 

VOH­
Dour -----04 

VOL-

~: "W or "L" 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

VOH-
DOUT --------- OPEN ---------

VOL-

~:"W or "L" 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

VIH 
m 

VIL 

VIH 
AO-Al0 

VIL 

VOH­
DOUT --+---+----< 

VOL-

~: "H" 'or "L" 
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IDi:S ONLY REFRESH CYCLE 

VIH ---""":!I.. 1------=-----1 Jr-----.L 
100 

VOH-

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

~: "W or "L" 

Note: wmE,AIO="l!" or "L" 
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CAS BEFORE EAS" REFRESH CYCLE 

I)----------OPEN -----

Note: AO-AIO= "H" or "L" 

~: "W or "L" 
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HIDDEN REFRESH CYCLE (READl 

VIH'--~-++--"",,- I-~ ..... I 

tAS" VIL 

VOH­

DOUT VOL _------K DATA· OUT 

~:"W or "L" 
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TC5141OOAPUAJUASJUAZL-10 

HIDDEN REFRESH CYCLE <WRITE) 

V'H _:--~ I_-..:!!!Ol...-__ I ~-.,..I----"""'---I r---­
m V'L-

V'H ~--::l.:-Hf-----..... 

ro V'L 

VIH 

AO-Al0 VIL 

D'N 
V'H 

VIL 

VOH-
Dour -------OPEN -----------

VOL -

~: "W or "L" 
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~ BEFORE IDi:S REFRESH COUNTER TEST CYCLE 

VIH _::---""'"'.loi. 1_--------::l!!!1...--,------_1 ...I<,.----..t. 

m V1L-

READ CYCLE 

Dour 

WRITE CYCLE 

---+-+-----I--If-i--OPEN -----++-+-----

~:"W or "L" 
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WRl"i'E. 'CAS BEFORE RAS REFRESH CYCLE 

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

Note: DIN. AO-A10= "H" or "L" 

~: "H" or "L" 
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TEST MODE 

The TC514100APlJAJlJASJIJAZL is the RAM organized 4,194,304 words by 1 bits, it is internally 
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors in parallel and 
retrieved the same way. Aloa, and Aoe are not used. If, upon reading, all bits equal (all "l"s or "O"s), 
the data output pin indicates a "1". If any of the bits differed, the data output pin would indicate a "0". 
Fig.1 shows the block diagram of TC514100APlJAJlJASJIJAZL. In "Test Mode", the 4M DRAM can be 
tested as if it were a 512K DRAM. 

''WRITE, 'OXS Before 'ltAS Refresh Cycle" puts the device into "Test Mode". And "'OXS Before ttAS 
Refresh Cycle" or"RAS' Only Refresh Cycle" puts it back into "Normal Mode". In the Test Mode, 
"WlU'I'E", 'OXS Before lUi:S Refresh Cycle" Performs the refresh operation with the internal refresh 
address counter. The "Test Mode" function reduces test times (118 in case of N test pattern). 
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BLOCK DIAGRAM IN THE TEST MODE 

Vee 

Fig. 1 
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4,194,304 WORD x 1 BIT DYNAMIC RAN * This is advanced information and specific,ations 
are subject to change without notice. 

DESCRIPTION 

The TC514101J/Z is the new generation dynamic RAM organized 4,194,304 words by 1 
bit. The TC514101J/Z utilizes TOSHIBA's CMOS Silicon gate process technology as well 
as advanced circuit techniques to provide wide operating ~gins, both internally and 
to the system user. Mu1~ip1exedaddress inputs permit the TC514101J/Z to be packaged 
in a standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size pro­
vides high system bit densities and is compatible with widely available automated 
testing and insertion equipment. System oriented features include single power sup­
ply of 5V±lO% tolerance, direct interfacing capability with high performance logic 
families such as Schottky TTL. 

FEATURES 

• 4,194,304 word by 1 bit organization " Low power 
• Fast access time and cycle time 

TC514l0lJ Z-80/-10 
578mW Operating (TC514101J/Z-80) 
495mW Operating (TC514l01J/Z-10) 
5.5mW MAX. Standby tRAC RAS Access Time 80ns lOOns 

tAA Column Address 40ns 50ns Access Time 
tCAC CAS Access Time 20ns 25ns 
tRC Cycle Time 150ns 180ns 
tNC Nibble Mode 40ns 45ns Cycle Time 

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

PIN CONNECTION (TOP VIEW) 

Plastic SOJ Plastic ZIP 

DIN [ I 26 Vss 
12 25 

• Output un1atch~d at cy1ce end allows 
two-dimensional chip selection 

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

• Read-Modify-Write, CAS before RAS re~ 
fresh, RXS-on1y refresh, Hidden 
refresh, Nibble Mode and Test Mode 
capability 

• All inputs and output TTL compatible 
• 1024 refresh cycles/16ms 
• Package Plastic SOJ: TC514101J 

Plastic ZIP: TC514101Z 

~ 
itA!' 
N.C. 
AI0 

13 24 
gw !2:~ 

Ii Vss 
!Ji. W1{f'f!" 
fli. AIO 

BLOCK DIAGRAM 

AO 
Al 
A2 
AS 

Vee 

: : 
go 
III 
[12 
I 13 

PIN NAMES 
AO"'AlO 

m-
DUT 
DOUT 
00 
WRITE 
VCC 
VSS 
N.C. 

23 
22 

IS 
17 
16 
15 
14 

N.C. 
AS 

AS 
A7 
A6 
AS 
A4 

Address Inputs 

r,-

Row Address Strobe 
Data In 
Data Out 
Column Address Strobe 
Read/Write Input 
Power (+5V) 
Ground 
No Connection 

AO~r--" 

Al 
A2 
A3 
A4 
AS 
A6 
A7 
AS 
A9 

AIOv-~~~~~~~1f~ 
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TC514101JIZ-80 
TC514101JIZ~10 

ABSOLUTE MAXIt4UM RATItlGS 
ITEM SYMBOL RATING UNITS 

Input Voltage VIN -1'" 7 V 
Output Voltage VOUT -1'" 7 V 
Power Supply Voltage VCC -1'" 7 V 
Operating Temperat~re TOPR 0"'70· °c 
Storage Temperature TSTG -55",150 °c 
Soldering Temperature • Time TSOLDER 260·10 °C·sec 
Power Dissipation PD ·600 mW 
Short Circuit Output Current lOUT 50 mA 

RECOMMENDED DC OPERATING CONDITIONS (Ta-O", 70°C) 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 
VCC Supply Voltage 4.5 5.0 5.5 V 
VIH Input High Voltage 2.4 - 6.5 V 
VIL Input Low Voltage -1.0 - 0.8 V 

DC ELECTRICAL CHARACTERISTICS (V 5V±10% TO'" 70°C) 'cC-: , a-
SYMBOL PARAMETER MIN. MAX. 

OPERATING CURRENT TC5141 0 13.1t-8 0 - 105 
ICCl Average Power Supply Operating Current 

(iA!, ~, Address Cycling I tRC-tRC MIN.) TC514101J~10 - 90 
STANDBY CURRENT 

ICC2 Power Supply Standby.Current - 2 
(m.~.VIH) 

ICC3 
. iRAS" ONLY REFRESH CURRENT . 

Average Power Supply Current, m Only Mode TC5141 0 lJ.It-80 - 105 

(RAS Cycling, eAS-VIH: tRC-tRC MIN.) TC514101J/Z-IO - 90 
NIBBLE MODE CURRENT TC51410lJ~SO - 60 

ICC4 Average Power Supply Current, Nibble Mode 
(IAS-VIL, CAS, Address Cycling: tNC-tNC MIN.) TC5141OlJ/z-l0 - 50 
STANDBY CURRENT 

ICC5 Power Supply Standby Current - 1 
(IAS-CAS=VCC-°. 2V) 
~ BEFORE (AS REFRESH CURRENT TCS1410lJ/Z-SO - 105 

1CC6 Average Power Supply Current, ~ Before lAS 
Mode (RAE, ~ Cycling: tRC=tRC MIN.) TC514101J/z-IO - 90 
INPUT LEAKAGE CURRENT 

11(L) Input Leakage Current, any input (OV~VIN~6.5V, All -10 10 
Other Pins not under Test-OV) 

10(L) OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV ~ VOUT ~ 5.5V) -10 ,"0 

VOH OUTPUT LEVEL 
Output "H" Level Voltage (Iour-SmA) 2.4 -

VOL 
OUTPUT LEVEL 
Output "L" Level Voltage (IOUT-4.2mA) - 0.4 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VCC-5V±l0%, Ta-O '" 70°C) (Notes 6, 7, 8) 

TC51410lJ/Z TCSl410lJ/Z 
SYMBOL PARAMETER -80i -10 UNIT NOTES 

MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 150 
, 

180 - - ns 

tRMW Read-Modify-Write Cycle Time 175 - 210 - ns 
tNC Nibble Mode Cycle Time 40 - 45 - ns 

tNRMW Nibble Mode Read-ModifY-Write Cycle Time 65 - 75 - ns 

tRAC Access Time from RAS - 80 - 100 ns 9,14',15 

tCAC Access Time from CAS - 20 - 25 ns 9.14 

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

tNCAC Nibble Mode Access Time - 20 - 25 ns 9 
tCLZ CAS to Output in Low-Z 0 - 0 - ns 9 

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

tT Transition Time (Rise and Fall) 3 50 3 50 ns 8 
tRP RAS Precharge Time 60 - 70 - ns 

tRAS RAS Pulse Width 80 10,000 100 10,000 ns 
tRSH RAS Hold Time 20 - 25 - ns 

tCSH CAS Hold Time 80 - 100 - ns 
tCAS CAS Pulse Width 20 10,000 25 10,000 ns 

tRCD RAS to CAS Delay Time 20 60 25 75 ns 14 
tRAD m to Column Address Delay Time 15 40 20 50 ns 15 

tCRP CAS to RAS Precharge Time 5 - 10 - ns 
"tcp CAS Precharge Time 10 - 10 - ns 
tASR Row Address Set-Up Time 0 - 0 - ns 

tRAH Row Address Hold Time 10 - 15 - ns 
t ASC Column Address Set-Up Time 0 - 0 - ns 
tCAR Column Address Hold Time 15 - 20 - ns 
tAR Column Address Hold Time referenced to m 60 - 75 - ns 
tRAL Column Address to BAS Lead Time 40 - 50 - ns 
tRCS Read Command Set-Up Time 0 - 0 - ns 
t RCH Read Command Hold Time 0 - 0 - ns 11 
tRRH Read Command Hold Time referenced to RAS a - 0 - ns 11 
tWCH Write Command Hold Time 15 - 20 - ns 
tWCR Write Command Hold Time referenced to RAS 60 - 75 - ns 
twp Write Command Pulse Width 15 - 20 - ns 
tRWL Write Command to m Lead Time 20 - 25 - ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

TC5l4l0lJ/Z TC5l4l0lJ/Z 
SYMBOL PARAMETER -80 -10 UNITS 

MIN. iMAX. MIN. MAX. 

tCWL Write Command to ~Lead Time 20. - 25 - ns 

tDS Data Set-Up Time 0 -- 0 - ns 

tDH Data Hold Time 15 - 20 - ns 

tDHR Data Hold Time referenced to ~ 60 - 75 - ns 

tREF Refresh Period - 16 - 16 ms 
twcs Write Command Set-Up Time 0 - 0 - ns 

tcwo CAS to WRITE Delay Time 20 - 25 - ns 
tRWO RAS to WRITE Delay Time 80 - 100 - ns 
tAWO Column Address to WRIT! Delay Time 40 - 50 - ns 
tCSR CAS Set-Up Time (CAS before BAS Cycle) 5 - 5 - ns 
tCHR CAS Hold Time (CAS before RAS Cycle) 15 - . 20 - ns 
tRPC RAS to CAS Precharge Time 0 - 0 - ns 

tCPT CAS Precharge Time 40 - 50 - ns 
(CAS before RAS Counter Test Cycle) 

tNCAS Nibble Mode Pulse Width 20 - 25 - ns 

tNCP Nibble Mode CASPrecharge Time 10 - 10 - ns 

tNRSH Nibble Mode RAS Hold Time 20 - 25 - ns 
tNClID Nibble Mode CAS to WRITE Delay Time 20 - 25 - ns 

Nibble Mode WRITE Command to ns Lead 
tNRWL Time 20 - 25 - - ns 

tNCWL Nibble Mode WRITE Command to CAS Lead 
20 25 Time - - ns 

tWTS ~rite Command Set-Up Time (Test Mode In) 10 - 10 - ns 

tWTH vrite Command Hold Time (Test Mode In) 10 - 10 .- ns 

tWRP ~RIfE to RAS Precharge Time 10 - 10 - ns 
(CAS before US Cycle) 

tWRH ~ to RAS Hold Time 10 - 10 - ns 
(CAS before RAS Cycle) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

(VCC-5V±10%, Ta-O'" 70·C) (Note 6. 7. 8) 
TC5141.01J/Z TC51.4101J/Z 

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

tRC Random Read or Write Cycle Time 155 - 185 - ns . 
tRAC Acc.ess Time from RAS - 85 - 105 ns 9.14.15 

tCAC Access Time from ~ - 25 - 30 ns 9,14 
tM Access Time from Column Address - 45 - 55 ns 9;15 

tRAS RAS Pulse Width 85 10,000 105 10.000 ns 
tRSH RAS Hold Time 25 - 30 - ns 

tCSH CAS Hold Time 85 - 105 - ns 

tCAS CAS Pulse Width 25 10,000 30 10,000 ns 
tRAL Column Address to RAS Lead Time 45 - 55 - ns 

CAPACITANCE (VCC"SV±lO%, f=IMHz, Ta"O:" 70·C) 

SYMBOL PARAMETER MIN. MAX. UNIT 
Cn Input Capacitance (AO"'A10, DIN) - 5 pF 
CI2 Input Capacitance (RAS, CAS, WRITE) - 7 pF 
Co Output Capacitance (DOUT) - 7 pF 
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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. ICC1. ICC3. ICC4. ICC6 depend on cycle rate. 

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

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

Column address can be changed once or less while W·VIL and CAS-VIR. 

An initial pause of 20~s is required after power-up followed by 8 ~ only 
refresh cycles before proper device operation: 'is achieved • In case of using 
internal refresh counter. a minimum of 8 CAS 'before RAS refresh cycles instead 
of 8 RAS' only refresh cycles ,are required. 

AC measurements assume tr=5ns. 

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

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

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

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

These parameters are referenced to CAS leading edge in early write ~ycles and 
to ~ leading edge in read-modify~~ite.cycles. 

twcs. tRWD. tCWD andtAWD 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) through the entin cycle; If tRWD ~ tRWD(min.), 
tCWD ~ tCWD(min.) and tAWD ~ tAWD(min.), the cycle is a read-modify""¥r1te cycle and 
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. 

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

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 

liAS 
vIH -

VIL -

vIH -

vIL -

AD-AID 
VIH -

VIL-

WRITE 
VIH-

VIL -

VOH-
DoUT 

VOL -

WRITE CYCLE ~EARLY WRITE~ 

tRe 

tRe 

TC5141 01 JIZ-80 
TC514101JIZ-10 

VIH-----~~~====;=~-t--~~~---r~r:::~-----
VIL -

AD-AID 
VIH-

VIL -

WRITE 
VIH-

VIL -

DIN 
VIH-

VIL-

DoUT 
VW-

OPEN 
VOL- ~: "R" or "L" 
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READ-MODIFY-WRITE CYCLE 

AO-AIO 

Dour 

DIN 

t 

~: "H" or "L" 
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NIBBLE MODE READ CYCLE 

AO-AIO 

DouT 

NIBBLE MODE WRITE CYCLE (EARLY WRITE) 

AO-AIO 

DIN 

!loUT 
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NIBBLE MODE READ-MODIFY-WRITE CYCLE 

iiAS 
VIH 

VIL 

CAS VIH 

VIL 

AO-AIO 
VIH 
VIL 

WRi'i'E 
VIH 

VIL 

VIH 
DIN 

VIL 

DoUT 

lZLL\: "R" or "L" 
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ill ONLY REFRESH CYCLE 

VIH ---~ t-______ t..=RA::;S=--_____ --f 

VIL -

CIS 
VIH -

VIL --

tASR tllAH 

VIH --
AO-A9 

VIL --

Voo --__________ ___ 
OPEN 

VOL -

t?ZL): "H" or "L" 

NOTE: WRITE-"H" or "L" • AlO-"H" or "L" 
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CAS BEFORE m REFRESH CYCLE 

VIH -

vIL -

VIH­
VIL - __ oJ 

VIH-Tn~nT~Tn~------~7TJ~n7Tn7T,~n77n7T.~n7r.n7n7T.n7.r.n7 

V I L - ..I.l.o'""'"'""'"T"''"'' 

VCH -:" ----.,. r---------------- OPEN 
VOL -'--------"f 

NOTE: AO '" AlO .. "H" or "L" fZZ'J: "H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 

tRC 

VIH -
RAS 

VIL -

VIH -
CAS 

VIL -

AO-AIO 
VIH -

VIL -

VIH -
WRITE 

VIL -

VOH - ----------------+U 
tCLZ 

~: "H" or "L" 
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TC5141 01 JIZ~O 
TC514101JIZ-10 

HIDDEN REFRESH CYCLE (WRITE) 

AO-AIO 

tRC 

tRP 

VIH - tRU 

VIL -

tCRII tRCD tRSH 

Vm - tam 

VIL -

tAR 

V IH - -rTrrT"TT'l'7T:r-rT"T7'7\ ~-H--"''-----I ~m.""";"--+T77"TT'1r-rrT77"TT".rTTTr7-rrT'T7 

v IL - ~..I.L.<..J..L./...I.;'..I.L.u...t...L.:J'=--++----'p-'-UJ 

V IH - -r1-rrT77~r-rrT77"7\ ,J.,...---'-----"l. rM77TJ'TTrT7'7TJ'TTrT7'7TJ-rrrrr"T"T":-rrT77"T7 

V IL - .L.L.LL.J..L.L..r...Lf-LL.J.J.J..I.J 'I'-------t " ........ '-L.L..I-LJ. ........ '-L.L..I-LJ. ........ u..LI-LJ..l..l..<u..LLL.J..L.L. ..... 

Voo - --------------- OPEN 
VOL -

fZZLl: "H" or "L" 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

RAS 
VIH 

VIL 

en vIH 

VIL 

AO-AIO 
VIH 

VIL 

READ CYCLE 

vOH [~m VOL 

Wim'E 
VIH 

VIL 

\,TRITE CYCLE 

VOH 
DoUT 

VOL 

WRITE 
VlH 

VIL 

DIN 
VIH 

VIL 

READ-MODIFY-WRITE CYCLE 

DOUT ----I-+-- OPEN 

WiITfE VIH 

vIL 

OPEN 

tR\VL 

tcwn 

TC5141 01 JJZ--80 
TC5141 01 JJZ-1 0 

torF 

VlH 
DIN 

VIL =W'$ffff$##_j'$!/$&'d~'I"i]t;jW'j'M$,f& 
DS tJ»{ 

~: "R" or "L" 
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'WIH. en BEFORE m REFRESH CYCLE 

VIH -
WiITfE 

tWll{ 

VIL -

VOH -

DoUT 
VOL 

----..15---,.--- OPEN 

NOTE: DIN' AO"'AlO: "R" or "L" fZ2Ll : "R" or "L" 
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READ CYCLE IN THE TEST MODE 

iW VIa -
VIL -

CAS 
VIa -

VIL 

VIa 
AD-AID 

VIL 

WRITE VIa 
VIL 

DOUT 
Voo 

OPEN 
VOL 

WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

WRiTE VIa 
VIL 

DIN 
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APPLICATION INFORMATION 

ADDRESSING 
The ~2 address bits required to decode 1 of the 4,194,304 cell locations within 

the TC5l4l01J/Z are multiplexed onto the 11 address inputs and latched into the o'n­

chip address latches by externally applying two negative going TTL-level clocks. 

The first clock, the Row Address Strobe ([AS), latches the 11 row address bits 

into the chip. The second clock, the Column Address Strobe (~), subsequently 

latches the 11 column address bits into the chip. Each of these signals, BAS, and 

CA!, triggers a sequence of events which are controlled by different delayed inter­

nal clocks. 

The two clock chains are linked together logically in such a way that the ad­

dress 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 ~ clock chain. This 

"gated eAS" feature allows the CAS clock to be externally activated as soon as the 

Row Address Hold Time specification (tlAn) 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 of ~ and CAS while RAS is active. The later of the signals (WRITE 

or ~) 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 

~ input is brought low (lictive): prior to r!AS", the DIN is strobed by. ~ and the 

set-up and hold times are referenced to~. If the input data is not available at 

CAS time or if it is desired that the cycle be a read-write cycle, the WRIT! sign~l 
will be delayed until after CAS has made its negative':transition. "'In':this "del~ed 

write cycle" the data input set-up and hold times are referenced to the negative 

edge of~ rather than CAS. (To illustrate this feature, DIN is referenced to 

~ in the timing diagrams depicting the read-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 ouptut 

within the specified access time. 
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DATA OUTPUT CONTROL 

TC5141 01 JIZ-80 
TC5141 01 JIZ-1 0 

The normal condition of the Data Output (DOUT)' of the TC5l4l0lJ/Z 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 ~ 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. Rowand column,address deed only be supplied 

for the first access of the cycles. From then on, the falling edge of CAS will 

sctivate the next bit. After four bits have been accessed, the next bit will be 

the same as the first bit accessed (wrap-around method). 

c(O, 0)-(0, 1)-(1, 0)-(1, 1):1 

Address AlO determines the starting point of the circular 4 bits nibble. Row AlO 

and column AlO provide the two binary bits needed to select one of four bits. 

From then on, successive bits come out in a binary fashion; 00 + 01 + 10 +: 11 w:f:'th 

AID row being the least significant address. 

A nibble cycle can be a read~, write, or delayed write cycle. Any combinations 

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 1024 row address (AD'\. A9) within each 16 millisecond time interval. 

Although any normal memory cycle will perform the refresh operation, this function 

is most easily accomplished with "RAS-only" cycles. 
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CAS BEFORE RAs REFRESH 

CAS before RAS refreshing available on the TC5l4l0lJ/Z offers an alternate 

refresh method. If m 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 op­

eration is performed. the refresh address counter is automatically incremented in 

preparation for the next ~ before EAS refresh operation. 

HIDDEN REFRESH 

An optional feature of the TC5l4l0lJ/Z is that refresh cycles may be per­

formed while maintaining valid data at the output pin. This referred to as Hidden 

Refersh. Hidden Refresh is performed by holding ~ at VIL and taking RAS high and 

after a specified precharge period (tRP). executing a CAS before RAS refresh cycle. 

(See Figure below) 

NEWRY CYCLE REFRESH CYCLE REFRESH CYCLE 

-- OPEN 
~UT I 

This feature allows a refresh cycle to be "hidden" among data cycles without 

affecting the data availability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 

TC5141 01 J/Z-80 
TC514101J/z-10 

The internal refresh operation of TC5l4l0lJ/Z can be tested by ~ BEFORE 1UGS 

REFRESH COUNTER TEST. This cycle performs READ/WRITE 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 RAS cycles as initializa­

tion cycles. The test procedure is as follows. 

CD Write "0" into all the memory cells at normal write mode. 

CD Select one certain column address and read "0" out and write "1" in each cell 

by performing CAS BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE). 

Repeat this operation 1024 times. 

® Check "1" out of 1024 bits at normal read mode, which was written at ®. 

® Using the same column as ®, read "1" out and write "0" in each cell per­

forming CAS BEFORE RAS REFRESH COUNTER TEST. 

Repeat this operation 1024 times. 

Ci) Check "0" out of 1024 bits at normal read mode, which was written at ®. 

® Perform the above CD to ® the complement data. 

A·157 



TC5141 01 JIZ-80 
TC5141 01 JIZ-1 0 

TEST MODE 
The TC514101J/Z is the RAM organized 4.194.304 words by 1 bit, it is internally 

organized 524.288 words by 8 bits. In "Test Mode", data are written into 8 sectors 

in parallel and retrieved the same way. AlOR, AlOC and AOC: are not used. If. upon 

reading. all bits are equal ~a11 "l"s or "O"s). the data output pin indicates a "1". 

If any of the bits differed. the data output pin would indicate a "0". Fig. 1 shows 

the block diagram of TC51410lJ/Z. In "Test Mode". the 4M DRAM can be tested as if 

it were a 5l2KDRAM. 

"WRITE,CAS Before m Refresh Cycle" puts the'Odevice into "Test Mode". And 

"CAS Before RAS Refresh. Cycle" or ''m Only Refresh Cycle" puts it back into "Normal 

Mode". In the Test Mode. ''WRITE, CAS Before lAS Refresh Cycle" performs the refresh 

operation with the internal refresh address counter. The "Test Mode" function reduces 

test times (1/8 in case of It test pattern). 
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BLOCK DIAGRAM IN TEST MODE 

AI 0 R, AI1IC, Aoe r------,j::::=::::;-tl ..... 

AloR,Aloe,AOC 

No rma I AIiIR, Aloe, Aoe r;~;:;::;:-~--Uu.--.J 

AloR,Aloe,AOC 

Fig. 1 
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AIOR,Aloe,Aoe 

AloR,Aloe,Aoe 

TC5141 01 JIZ-80 
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Vee 

. Normal 

Test 
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4,194,304 WORD X 1 BIT DYNAMIC RAM 

DESCRIPTION 

* This is advanced information and specifica­
tions are subject to change without notice. 

The TC514101AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 4,194,304 words by 1 
bit. The TC514101AP/AJ/ASJ/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 TC514101AP/AJ/ASJ/AZ to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ(300/350mil) and 20 pin plastic ZlP. 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 'ITL. The special feature 
of TC514101AP/AJ/ASJ/AZ is nibble mode, allowing the user to serially access 4 bits of data at a high 
data rate. 

FEATURES 
• 4,194,304 word by Ibit organization 
• Fast access time and cycle time 

TC514l0lAP/AJ/ASJ/AZ - GO 

tRAe RAS Access Time GOns 

tAA Column Address 
30ns Access Time 

tCAC CAS Access Time 20ns 

tRC Cycle Time 110ns 

tNCAC Nibble Mode 
20ns Access Time 

tNC Nibble Mode 
40ns Cycle Time 

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

PIN NAMES 

• Low Power 
660mW MAX. Operating 

(TC514101AP/AJ/ASJ/AZ -- 60) 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows two­
dimensional chip selection 

• Common IJO capability using "EARLY 
WRITE" operation 

• Reag-Modify-Write, CAS before RAS refresh, 
"RAS-only refresh, Hidden refresh, Nibble 
Mode and Test Mode capability 

• All inputs and output 'ITL compatible 
• 1024 refresh cycleS/16ms 
It Package TC514101AP 

TC514101AJ 
TC514101ASJ 
TC514101AZ 

DlPI8-P-300E 
SOJ26-P-350 
SOJ26-P-300A 
ZlP20-P-400A 

AO-AlO Address Inputs WRTfE ReadlWrite Input BLOCK DIAGRAM 
CAS Column Address Strobe Vee 

DIN Data In Vss 

DOUT Data Out N.C. 

RAS Row Address Strobe 

PIN CONNECTION (TOP VIEW) 

Pla.tlc DIP 

DIN 1 
WA11t 2 

ro 3 
Al0 4 

AO 5 
AI 6 
A2 7 
A3 8 

Vce 9 

18 II" 

:~ ~T 
15 A9 
14 A8 
13 A7 
12 A6 
11 AS 
10 A4 

Pla.tic 50J 

Power! +5V) 

Ground 

No Connection 

Pla.tlc ZIP 

[2: !:AS 
[( Vss 

~6~ WRlTl' 
L8. Al0 
[19 N.C. 
D) A1 

[1j A3 

[1§ A4 

[l]l A6 

[2]> A8 

A-161 



TC5141 01 API AJI ASJI AZ-60 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage V,N -1-7 V 1 

Output Voltage VOUT -1-7 V 1 

Power Supply Voltage Vee -1-7 V 1 

Operating Temperature Top. 0-70 'C 1 

Storage Temperature TSTG - 55-150 'C 1 

Soldering Temperature • Time TSOlOER 260'10 'C'sec I 

Power Dissipation Po 700 mW I 

Short Circuit Output Current lOUT 50 mA 1 

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Vee Supply Voltage 4.5 5.0 5.5 V 2 

V'H Input High Voltage 2.4 - 6.5 V 2 

V,L Input Low Voltage -1.0 - 0.8 V 2 
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DC ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-700 e) 

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT 3,4 
ICCl Average Power Supply Operating Current TC514101AP/AJ/ASJlAZ·60 - 120 mA 

(RAS, CAS, Address Cycling: tRC=tRC MIN. ) 5 

STANDBY CURRENT 

ICG Power Supply Standby Current - 2 mA 

(RAS = CAS = V,H) 

RAS ONLY REFRESH CURRENT 

ICC3 Average Power Supply Current, RAS Only Mode TC514 101 AP/AJ/ASJ//Jd.·60 - 120 mA 3,5 

(RAS Cycling, CAS=V,H : tRC=tRC MIN.) 

NIBBLE MODE CURRENT 3,4 
Icc. Average Power Supply Current, Nibble Mode TC514101 AP/AJ/ASJ/AZ·60 - 50 mA 

(RAS=VIl, CAS, Cycling: tNC=tNC MIN.) 5 

STANDBY CURRENT 

Iccs Power Supply Standby Current - 1 mA 

(RAS = CAS = Vcc - 0.2V) 

CAS BEFORE RAS REFRESH CURRENT 

ICC6 Average Power Supply Current, CAS Before RAS TCs,.,0,AP/AJ/ASJ/AZ-60 - 120 mA 3,5 

Mode (RAS, CAS Cycling: tRC = tRC MIN. ) 

INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any input -10 10 j1A 
(OV::>V,N:£6.SV, All Other Pins Not Under Test=OV) 

10(L) 
OUTPUT LEAKAGE CURRENT 

(DOUT is disabled, OV:> VOUT~ S.SV) 
-10 10 j1A 

OUTPUT LEVEL 
VOH 

Output .. H" Level Voltage (lOUT = - SmA) 
VI - V 

OUTPUT LEVEL 
VOL 

Output .. L" Level Voltage (lOUT = 4.2mA) - 0.4 V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = 5V ± 10%, Ta = 0-70°c)(Notes 6, 7, 8) 

SYMBOL PARAMETER 
TC514101AP/AJ/ASJ/AZ-60 

UNIT NOTES 
MIN. MAX. 

tRe Random Read or Write Cycle Time 110 - ns 

tRMw Read-Modify-Write Cycle Time 135 - ns 

tNe Nibble Mode Cycle Time 40 - ns 

tNRMW 
Nibble Mode Read--Modify Write Cycle 

65 - ns Time 

Access Time from m 60 
9,14 

tRAe - ns 
15 

teAe Access Time from ru - 20 ns 9.14 

tM Access Time from Column Address - 30 ns· 9.15 

tNeAe Nibble Mode Access Time - 20 ns 9 

telZ ru to Output in low-Z a - ns 9 

tOFF Output Buffer Turn-off Delay a 20 ns 10 

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

tRP m Precharge Time 40 - ns 

tRAS m Pulse Width 60 10.000 ns 

tRSH m Hold Time 20 - ns 
. 

tesH ru Hold Time 60 - ns 

teAS m Pulse Width 20 10.000 ns 

tReD m to m Delay Time 20 40 ns 14 

tRAD RAS to Column Address Delay Time 15 30 ns 15 

teRP m to m Precharge Time 5 - ns 

tep m Precharge Time 10 - ns 

tASR Row Address Set-Up Time 0 - ns 

tRAH Row Address Hold Time 10 - ns 

tAse Column Address Set-Up Time 0 - ns 

teAH Column Address Hold Time 15 - ns 

tRAl Column Address to m Lead Time 30 - ns 

tRes Read Command Set-Up Time 0 - ns 

Read Command Hold Time referenced 
tRCH 

tom 
a - ns 11 

tRRH 
Read Command Hold Time referenced 
tom a - ns 11 

tweH Write Command Hold Time 10 - ns 
twp Write Command Pulse Width 10 - ns 

tRWl Write Command to RAS Lead Time 20 - ns 

teWl Write Command to ru lead Time 20 - ns 

tDS Data-In Set-Up Time 0 - ns 12 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

TC514101AP/AJ/ASJ/AZ-60 
SYMBOL PARAMETER UNITS NOTES 

MIN. MAX. 

tOH Data-In Hold Time 15 - ns 12 

tREF Refresh Period - 16 ms 

twel Write Command Set-UP Time 0 - ns 13 

tewo CAS to w'RrfE Delay Time 20 - ns 13 

tRWD RAS to WRi'fE' Delay Time 60 - ns 13 

lAWD Column Address to wRi'fE Delay Time 30 - ns 13 

tesR 
CAS Set-Up Time 

5 -(CAS before RAS ) 
ns 

CAS Hold Time 
tCHR 

(CAS before RAS ) 
15 - ns 

tRPe RAS Precharge to CAS Active Time 0 - ns 

tePT 
eM Precharge Time (00 before m 

30 
Counter Test) 

- ns 

tNeAI Nibble Mode Pulse Width 20 - ns 

tNCP Nibble Mode CAS Precharge Time 10 - ns 

tNRSH Nibble Mode RAS Hold Time 20 - ns 

tNewo 
Nibble Mode CAS to WRITE Delay 

20 
Time 

- ns 

Nibble Mode WRITE Command to RAS· 
tNRwL 

Lead Time 
20 - ns 

, 
Nibble Mode WRITE Command to <:AS 

tNcwl 
Lead Time 

20 - ns 

tWTI 
Write Command Set-Up Time 

10 
(Test Mode In) 

- ns 

Write Command Hold Time 
tWTH 

(Test Mode In) 
10 - ns 

tWRP 
WRITE to AAS Precharge Time 

10 
(CAS before AAS Cycle) - ns 

WRITE to AAS Hold Time 
tWRH 

(CAS before RAS Cycle) 
10 - ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATION CONDITIONS IN THE 
TEST MODE (Vee = 5V ± 10%/ Ta = 0-70°e) (Note6, 7, 8) 

SYMBOL PARAMETER 
TCS14101AP/AJ/ASJ/AZ-60 

UNITS NOTES 
MIN. MAX. 

tRe Random Read or Write Cycle Time 115 - ns 

tRAe Access Time from RAS - 65 
9,14, 

ns 
15 

teAe Access Ti me from CAS - 25 ns 9,14 

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

tRAS RAS Pulse Width 65 10,000 ns 

tRSH RAS Hold Time 25 - ns 

tesH CAS Hold Time 65 - ns 

teAs 00 Pulse Width 25 10,000 ns 

tRAL Column Address to RAS Lead Time 35 - ns 

CAPACITANCE (Vee = 5V ± 10%, f = 1MHz, Ta = O-lO°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

ell Input Capacitance (AO-A10, D,N) - 5 

e'2 Input Capacitance (RAS, CAS, WRITE) - 7 pF 

Co Output Capacitance (Dour) - 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 RAS=VIL and "CAS=VIH. 

6. An initial pause of 20011S is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
"CAS before RAS refresh cycles instead of 8 RAS only refresh 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 VIl-I 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 "CAS leading edge in early write cycles and to WRITE leading 
edge in read-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!1:; twcs (min.), the cycle is an early write cycle 
and data out pin will remain open circuit (high impedance) throughout the entire cycle; If 
tRWD!1:;tHWD(min.), tCWD!1:;tcWD(min.) and tAWD!1:;tAWD(min.) the cycle is a read-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 tHCD (max.) limit insures that tRAC (max.) can be met. 

tHCD (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 tHAD (max.) limit insures that tHAC (max.) can be met. 

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

READ CYCLE 

DOUT VOH-____ OPEN _____ -( 

VOL-
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WRITE CYCLE (EARLY WRITE) 

VOH-
Dour ----------------------OPEN-------------------------

VOL-

~: "H" or "l" 
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READ·MODlFY·WRITE CYCLE 

VIH 
AO-Al0 

VIL 

VIH 
WRiTE 

VIL 

DIN 
VIH 

VIL 

VOH-

DOUT OPEN 
VOL-

~: "H" or "L" 
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NIBBLE MODE READ CYCLE 

RAS V'H 
Vil 

CAS V'H 
V'l 

AD-A1O V'H 
V'l 

DouT 
VOH 
VOL 

WRITE 
V1H 
V1l 

NIBBLE MODE WRITE CYCLE(EARL Y WRITE) 

RAS VIH 
V1l 

CAS V'H 
VIL 

AD-A1O V'H 
Vil 

WRiTE 
V1H 
V'l 

D'N 
VIH 
Vl'l 

DOUT 
VOH 
VOL 

~: "H" or "LH 
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NIBBLE MODE READ· MODIFY· WRITE 

m VIH 

VIL 

~ 
VIH 

VIL 

AO-Al0 VIH 

VIL 

~ 
VIH 

VIL 

DIN 
VIH 

VIL 

Dour 
VOH -

VOL -
~: "H" or "l" 
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RAS ONLY REFRESH CYCLE 

ro 

VIH 
AO-A9 

VIL 

VOH-
DOUT -----------OPEN -------------

VOL -

~: "H" or "L" 

Now: WITm= "II" or "L" AIO="lI" or "L" 
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"CAS BEFORE RAS REFRESH CYCLE 

VIL _______ J 

Wi!l'!t 
VIH-

VIL -

Dour 
VOL -:...-___ ~ 

Note: AO-AIO="II" or "L" ~: "H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 

V'H __ ---.1_ I .. __ ~!L-. ____ I ..l<------:i. I .. ---';~-I ,..-----

V'H --=~~~b77;~:hr-+---~===~"":""':-~~ 

WRITE V'L -----::.==~= 

VOH -

DATA-OUT DOUT VOL _---------I-~~ 
~------------------ff 

~: "H" or "L" 
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HIDDEN REFRESH CYCLE (WRITE) 

VIH _~-~ I,.--...:!l!>i'----__ I .r-----:!l. 1,.--='---.1 ,.---­
AAS 

VIL -

VIH _-~±-++---Y.. 

CAS VIL 

V1H 
DIN 

VIL 

VOH-
DOUT --------- OPEN --------------

VOL -

~: "H" or "L" 
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"CAS BEFORE HAS REFRESH COUNTER TEST CYCLE 

WRITE CYCLE 

VOH-
DOUT VOL _---++-------1--+-11- OPEN -------t-t-t-----­

tRwL 

VIH 
WRITE 

VIL 

VIH 
DIN 

VIL 

READ-MODIFY-WRITE CYCLE 

VOH­
DOUT VOL _----1--1--- OPEN --+---+-I-~ 

VIH 
WRl'fE 

VIL 

VIH 
DIN 

VIL 
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WRi'I'E. 'Oi\S BEFORE RAS REFRESH CYCLE 

tCHR 

tWTH 

VOH :--_____ I"-~-F-iF ____________ OPEN 

Dour VOL - ----P --------
NoLe: DIN,AO-AIO="U" 01· "L" ~: "HN or "LN 
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APPLICATION INFORMATION 

ADDRESSING 

TC5141 01 API AJI ASJI AZ-60 

The 22 address bits required to decode 1 of the 4,194,304 cell locations within the TC514101AP/AJ/ASJ/AZ 
are multiplexed onto the 11 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 11 row address bits into the chip. The second 

clock, the Column Address Strobe (CAS), subsequently latches the 11 column address bits into tile chip. Each 
of these signals, RAS, 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 CAS clock to be externally activated as soon as the Row Address Hold Time 
specification (tl~AlI) has been satisfied and the address inputs have been changed fromRow 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 ofWRl'l'E and 
CAS While RAS is active. The later of the signals (WRI'l'E or 'CAS) 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 WRnE input is brought low (active) prior to CAS, 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 CAS time or ifit is desired that the cycle be a 
read-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 ofWIilTE' rather 
than CAS. (To illustrate this feature, DIN is referenced to WRI'!'E 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 tile 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 

'l'he normal condition of the Data Output (DOUT) of the TC514101AP/AJ/ASJ/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 tile 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 tCAd. 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 tile first bit accessed (wrap­
around method) . 
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C(o.O)-(o.t)-(t.O)-(t.t)~ 

Address AlO determines the starting point of the circular 4 bits nibble. Row AlO and column AlO provide the 
two binary bits needed to select one of four bits. 
From then on, successive bits come out in a binary fashion; OO-Ol-lO-l1 with A10 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 wraparound will continue for as long as liAS is kept low. 

RAS ONLY REFRESH 
Refresh of the dynamic ,cell matrix is accomplished by performing a memory cycle at each of the 1024 row 

address (AO-A9) within each 16 millisecond time interval. 
Although any normal memory cycle will perform the refresh operation, this function is most easily 
accomplished with "liAS-only" cycles. 

CAS BEFORE RAS REFRESH 
CAS before liAS refreshing available on the TC51410lAP/AJ/ASJ/AZ offers an alternate refresh method. If 

"CAS is held on low for the specified period (tcSR) before liAS 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 TC514101AP/AJ/ASJ/AZ is that refresh cycles may be performed while 

maintaining valid data at the output pin. 'I'his referred to as Hidden Refresh. Hidden Refresh is performed by 
holding CAS at VIL and taking liAS high and after a specified precharge period (tltl'), executing a CAS before 
liAS refresh cycle. (see Figure below) 

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE 

~ I' I' 

--OPEN \ 
Dour 

I 
This feature allows a refresh cycle to be "hidden" among data cycles without affecting the data avilability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation ofTC514101AP/AJ/ASJ/AZ can be tested by CAS BEFORE RAS 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 RAS cycles as initialization cycles. 'I'he test 
procedure is as follows. 

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

BEFORE RAS REFRESH COUNTER 'I'EST <READ-WRITE CYCLE). Repeat this operation 1024 

times. 
® Check "I" out of 1024 bits at normal read mode, which was written at ® . 
® Using the same column as ®, read "I" out and write "0" in each cell performing CAS BEFORE RAS 

REFRESH COUNTER TEST. Repeat this operation 1024 times. 
® Check "0" out of 1024 bits at normal read mode, which was written at <D . 
@ Perform the above CD to ® to the complement data. 
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\ 

TEST MODE / 
The TC5l4l0lAP/AJ/ASJ/AZ is the RAM organized 4,l94,304words by 1 bit, it is internally organized 

524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors in parallel and retrieved the same 
way. AlOR, AlOC and AOC are not used. If, upon reading, all bits are equal (all "1"s or" 0"8), the data output 
pin indicates a "1". If any of the bits differed, the data outputpin would indcate shows the block diagram of 
TC51410lAP/ASJ/AZ. In''TestMode'', the 4M DRAM can be tested as ifit were a 512K DRAM. 

"WlllTE , 'CAS Before RAS Refresh Cycle" puts the device ''Test Mode". And "'CAS Before RAS Refresh 
Cycile". or" HAS Only Refresh Cycle"puts it back into "Normal Mode".In the Test Mode, "WRITE. UAS 
Before RAS Refresh Cycle" performs the refresh operation with the internal refresh address counter. The 
"Test Mode" functiom reduces test times(1I8 in case ofN test pattern) 
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BLOCK DIAGRAM IN THE TEST MODE 

A10R,A1oe,Aoe 

~ 

Normal 

A lOR, Aloe, Aoe 

~ 
Fig. 1 
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4,194,304 WORD X 1 BIT DYNAMIC RAM PRELIMINARY 

DESCRIPTION 
The TC514101AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 4,194,304 words by 1 

bit. The TC514101AP/AJ/ASJ/AZ utilizes TOSHIBA's CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide opel'ating margins, both internally and to the system user. 

Multiplexed address inputs pel'mit the TC514101AP/AJ/ASJ/AZ to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 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 '1'1'L. The special feature 
of TC511001AP/AJ/ASJ/AZ is nibble mode, allowing the user to serially access 4 bits of data at a high 
data rate. 

FEATURES 
• 4,194,304 word by Ibit organization 
• Fast access time and cycle time 

TCS14101AP/AJ/ASJ/AZ-70/80/10 

tRAC iiAS Access Time 70ns 80ns lOOns 
tAA Column Address 

3Sns 40ns SOns Access Time 

teAC m Access Time 20ns 20ns 2Sns 

tRC Cycle Time 130ns lS0ns 180ns 
tNCAe Nibble Mode 

20ns 20ns 2Sns Access Time 
INc Nibble Mode 

40ns 40ns ' 4Sns Cycle Time 

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

PIN NAMES 

AO-Al0 Address Inputs Wliiit ReadlWrite Input 
m Column Address Strobe Vee Power(+SV) 

DIN Data In Vss Ground 

DOUT Data Out N.C. No Connecti on 
R:b3 Row Address Strobe 

PIN CONNECTION (TOP VIEW) 

Plastic DIP Pla.de SOJ PlIStiC ZIP 

• Low Power 
550mW MAX. Operating 

(TC514101AP/AJ/ASJ/AZ-70) 
468mW MAX. Operating 

(TC514101AP/AJ/ASJ/AZ-80) 
413mW MAX. Operating 

(TC514101AP/AJI ASJ/AZ -10) 
5.5mW MAX. Standby 

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

• Common ItO capability using "EARLY 
WRITE" operation 

• Read-Modify-Write, 'CAS before 'RAS' refresh, 
EAS'-only refresh. Hidden refresh. Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTL compatible 
• 1024 refresh cycles/16ms 
• Package TC514101AP 

TC514101AJ 
TC514101ASJ 
TC514101AZ 

BLOCK DIAGRAM 

A4 
AS 
AI 

: DIP18-P-300E 
: SOJ26-P-350 
: SOJ26-P-300A 
: ZIP20-P-400A 

"7 
M~--~~~~~nt~ 
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TC5141 01 AP/AJ/ASJ/AZ-70, TC5141 01 AP/AJ/ASJ/AZ-80 
TC5141 01 AP/AJ/ASJ/AZ-1 0 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN -1-7 V 1 

Output Voltage VOUT -1-7 V 1 

Power Supply Voltage Vee -1-7 V 1 

Operating Temperature TOPR 0-70 ·C 1 

Storage Temperature TSTG -55-150 ·C 1 

Soldering Temperature' Time TSOLOER 260·10 ·C· sec 1 

Power Dissi pation Po 700 mW 1 

Short Circuit Output Current lOUT 50 mA 1 

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

Vee Supply Voltage 4.5 5.0 5.5 V 

VIH Input High Voltage 2.4 - 6.5 V 

VIL Input Low Voltage -1.0 - 0.8 V 
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TC5141 01 AP/AJ/ASJ/AZ-70, TC5141 01 AP/AJ/ASJ/AZ--80 
TC5141 01 AP/AJ/ASJ/AZ-1 0 

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

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT TC514101 AP/AJ/ASJ/Az.70 - 100 3,4 
ICCI Average Power Supply Operating Current TC51"O IAP/AJ/ASJ/Al-80 - 85 mA 

CW, W, Address Cycling: tRC=tRC MIN. ) TC5"'O'AP/AJ/ASI/AZ-l0 75 
5 -

STANDBY CURRENT 

ICC2 Power Supply Standby Current - 2 mA 

(RAS=W=VIH) 

RAS ONLY REFRESH CURRENT CS',4 10' AP/AJJASJlAZ-70 - 100 

ICC3 Average Power Supply Current, RAS Only Mode CSI410IAP/AJJASJlAZ-80 - 85 mA 3,5 

(RAS Cycling, W=VIH: tRC=tRC MIN. ) TCSI4'O 'AP/AJ/ASJ/Al-IO - 75 

NIBBLE MODE CURRENT TC5"'O'AP/AJ/ASIIAl-70 - 70 
3,4 

ICC4 Average Power Supply Current, Nibble Mode TC514101APJAJ/ASJ/AZ"BO - 86 mA 

(RAS=Vll, W, Cycling: tNC=tNC MIN. ) TCSI410IAP/AJ/ASI/Al-'O 55 
5 -

STANDBY CURRENT 

Iccs Power Supply Standby Current - I mA 

(RAS=W=Vcc- 0.2V) 

W BEFORE RAS REFRESH CURRENT TC51" 0 'AP/AJ/ASJ/AZ-70 - 100 

ICC6 Average Power Supply Current, W B~fore RAS CSI4'OIAP/AJJASJ/AZ-80 - 85 mA 3,5 

Mode(RAS, W Cycling: tRC=t,C MIN.) TCS'4'OIAP/AJ/ASJ/AZ-l0 - 75 

INPUT LEAKAGE CURRENT (any input except TF) 

hel) Input Leakage Current, any input -10 10 pA 

(OVliiVINlii6.5V, All Other Pins Not Under Test=OV) 

loeL) 
OUTPUT LEAKAGE CURRENT 

(DOUT is disabled, OVlii VOUTlii 5.5V) 
-10 10 pA 

VOH 
OUTPUT LEVEL 

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

VOL 
OUTPUT LEVEL 

Output "L· Level Voltage (lOUT = 4.2mA) - 0.4 V 

A-187 



TC5141 01 AP/AJ/ASJ/AZ-70, TC5141 01 AP/AJ/ASJ/AZ-80 
TC5141 01 AP/AJ/ASJ/AZ-1 0 

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

~C514101AP/AJ/ASJ TC514101AP/AJ/ASJ C514101AP/AJ/ASJ 

SYMBOL PARAMETER IAZ-70 IAZ;80 IAZ-l0 UNIT NOTES 

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

tRC Random Read or Write Cycle Time 130 - ISO ..,. 180 - ns 

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

tNC Nibble Mode Cycle Time 40 - 40 - 45 - ns 

tNRMW 
Nibble Mode Read--Modify Write Cycle 
Time 65 - 65 - 70 - ns 

tRAC Access Time from m - 70 - 80 100 
9,14 - ns 
15 

teAC Access Time from ro - 20 - 20 - 25 ns 9,14 

tAA Access Time from Column Address - 35 - 40 - 50 ns 9.15 

tNeAe Nibble Mode Acten Time - 20 - 20 - 25 ns 9 

telz ro to Output in low-Z 0 - 0 - 0 - ns 9 

to •• Output Buffer Turn-off Delay 0 20 0 20 0 20 ns 10 

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

tRP m Pretharge Time 50 - 60 - 70 - ns 

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

tRSH m Hold Time 20 - 20 - 25 - ns 

tesli ro Hold Time 70 - 80 - 100 - ns 

tCAs ro Pulse Width 20 10,000 20 10.000 25 10,000 ns 

tRCO m to ro Delay Time 20 SO 20 60 25 75 ns 14 

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

teRP ro to m Precharge Time 5 - 5 - 10 - ns 

tep ro Pretharge Time 10 - 10 - 10 - ns 

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

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

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

tCAH Column Address Hold Time IS - 15 - 20 - ns 

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

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

tRCH 
Read Command Hold Time referented 

tom 
0 - 0 - 0 - ns 11 

tRRH 
Read Command Hold Time referented 

0 0 tom - - 0 - ns 11 

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

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

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

tewL Write Command to ro Lead Time 20 - 20 - 25 - n. 
t05 Data-In Set-Up Time 0 - 0 - 0 - n. 12 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

TC514101API . .:rC514101API TC514101API 

SYMBOL PARAMETER AJ/ASJ/AZ-70 AJ/ASJ/A1--S0 AJlASJlAZ-10 UNITS NOTES 

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

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

tREF Refresh Period - 16 - 16 - 16 ms 

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

tcwo m to WlIi'i'E' Delay Time 20 - 20 - 25 - ns 13 

tRWO RAS to WR'iTE Delay Time 70 - 80 - 100 - ns 13 

tAWO Column Address to Wlim Delay Time 35 - 40 - 50 - ns 13 

tCSR 
m Set-Up Time 

5 5 5 
(m before m) - - - ns 

m Hold Time 
tCHR (m before m) 15 - 15 - 20 - ns 

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

(CPT 
m Precharge Time (m before m 

40 -Counter Test ) 
40 - 50 - ns 

tNCAS Nibble Mode Pulse Width 20 - 20 - 2S - ns 

tNCP Nibble Mode m Precharge Time 10 - 10 - 10 - , ns 

tNRSH Nibble Mode m Hold Time 20 - 20 - 25 - ns 

tNCWO 
Nibble Mode m to Wlim Delay 

20 - 20 - 25 -Time 
ns 

Nibble Mode WRITE Command to m 
tNRWL 

lead Time 
20 - 20 - 25 - ns 

tNCWL 
Nibble Mode WRl'it Command to m 
lead Time 

20 - 20 - 2S - ns 

tWTS 
Write Command Set-Up Time 

10 - 10 - 10 -(Test Mode In) 
ns 

Write Command Hold Time 
tWTH 

(Test Mode In) 
10 - 10 - 10 - ns 

tWRP 
Wlm"£ to m Precharge Time 

10 - 10 10 (m before m Cycle) - - ns 

tWRH 
WRl'it to m Hold Time 

(m before m Cycle) 
10 - 10 - 10 - ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATION CONDITIONS IN THE 
TEST MODE {Vcc = SV ± 10%, Ta = 0-70"q (Note6, 7, 8) 

TC514101API TC514101API TC514101API 

SYMBOL PARAMETER AJ/ASJ/AZ-70 AJ/ASJ/AZ-80 AJ/ASJ/AZ-l0 UNIT NOTES 

MIN. MAX. MIN. MAX. MI~. MAX. 

tRe Random Read orWrite Cycle Time 135 - 1S5 - 185 - ns 

tRMw Read-Modi Iy-Write Cycle Time 160 - 180 - 215 - ns 

tHAC Access Time from ~ - 75 - 85 - 105 ns 9,1.,15 

teAe Access Time from ro - 25 - 25 - 30 ns 9,14 

tAA Access Time from Column Address - 40 - 45 - 55 ns 9,15 

tRAS mPulseWidth 75 10,000 85 10,000 105 10,000 ns 

tRSH mHoldTime 25 - 25 - 30 - ns 

teSH roHoldTime 75 - 85 - 105 - os 

teAs ro Pulse Width 25 10,000 25 10,000 30 10,000 ns 

tRAL Column Address to m Lead Time 40 - 45 - 55 - ns 

tcwo <:AS to WlllTr delay Time 25 - 25 - 30 - ns 

tRWO m to WJiJTE' Delay Time 75 - 85 - 105 - ns 

tAWO Column Address to WJiJTE' Delay Time 40 - 45 - 55 - ns 

CAPACITANCE {Vee = 5V ± 10%, f = 1MHz, Ta = 0-70"Q 

SYMBOL PARAMETER MIN. MAX. UNIT 

C" Input Capacitance (AO-Al0, D,N) - 5 

C'2 Input Capacitance (m, m, mlTr) - 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 V SS. 

3. ICCl, ICC3, ICC4, Iccs 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 nS"=VIL and tlAS=VIH. 

6. An initial pause of 200llS is required after power-up followed by 8 monly refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
'CAS before RAS refresh cycles instead of 8 RAS only refresh 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 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 tRRH must be satisfied for a read cycle. 

12. These parameters are referenced to tlAS leading edge in early write cycles and to WlU'1'E' leading 
edge in read-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 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 tRwD~tRWD(min.), tcwD~tCWD(min.), tAWD~tAWD(min.) and tcPWD~tcPWD(min.)(Fast Page 
Mode), the cycle is a read-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 (max.) 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.) 
limi t, then access time is controlled by tcAC. 

15. Operation within the tRAO (max.) limit insures that tRAC (max.) can be met. 
tlv\O (max.) is specified as a reference point only: If tRAo is greater than the specified tRAO (max.) 
limi t, then access time is controlled by tAA. 
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TIMING WAVEFORMS 

READ CYCLE 

Dour VOH- __ _ 

VOL-

~:"W or "L" 
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WRITE CYCLE (EARLY WRITE) 

_ VIH 
WRITE 

VOH-
Dour --------OPEN ----------

VOL-

~: "W or "L" 
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READ-MODIFY-WRITE CYCLE 

VIH-===""= 
WRITE 

DIN 
VIH-===,m 

VIL 

VOH-
DOUT ---OPEN ----H 

VOL-
DATA-OUT 

~: "W or "L-
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NIBBLE MODE READ CYCLE 

m V'H 
V'L 

m V'H 
V'L 

AO-A1O V'H 
V'L 

VOH -
Dour VOL -

WRITE V'H 
V'L -

NIBBLE MODE WRITE CYCLE(EARL Y WRITE) 

m V'H 
V'L 

m V'H 
V'L 

AO-A1O 
V'H 
V'L 

WRi'IT V'H 
V'L 

D'N 
V'H 
VI'L 

vOH -
Dour VOL -

~:"W or "L" 
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NIBBLE MODE READ - MODIFY - WRITE 

AO-Al0 VIH -
VIL -

DOUl VOH - __ ..:...-. __ 

VOL -
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RAS ONLY REFRESH CYCLE 

VOH-
DOUT ---------OPEN ----------

VOL -

~: HW or HLH 

Note: WRITE= "H" or "L" AIO="H" or "L" 
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"CAS BEFORE HAS REFRESH CYCLE 

DOUT 1)----------OPEN -----
VOL --------"I'" 

Note: AO-AIO="J{" or "L" ~: "H" or'"L" 
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HIDDEN REFRESH CYCLE (READ) 

VOH-
Dour ------K 

VOl-
DATA-OUT 

~:"W or "L" 
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HIDDEN REFRESH CYCLE (WRITE) 

VIH 
WlUTt 

VIL 

VIH 
DIN 

VIL 

DOUT VOH-_______ OPEN -----------

VOL -

~: WH" or "L" 
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'CAS BEFORE RAS" REFRESH COUNTER TEST CYCLE 

m 

VIH 
CAS 

VIH 
AO-A9 

VIL 

READ CYCLE 

DOUT 

WRITE 
VIH 

VIL 

WRITE CYCLE 

VOH-

DOUT VOL-
OPEN 

VIH 
WlIi'fE 

VIL 

VIH 
DIN 

VIL 

VOH-

DOUT VOL-

VIH 
WlIi'fE 

VIL 

A-201 



TC5141 01 AP/AJ/ASJ/AZ-70, TC5141 01 AP/AJ/ASJ/AZ-80 
TC5141 01 AP/AJ/ASJ/AZ-1 0 

'WJ.TITE. ~BEFORE lU\S REFRESH CYCLE 

DOUT VOL I}---------OPEN ------------4 
Note: D1l'~.AO-Al(j="H .. or OIL" ~:"W or "L" 
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APPLICATION INFORMATION 

ADDRESSING 
The 22 address bits required to decode 1 of the 4,194,304 cell locations within the TC514101AP/AJ/ASJ/AZ 

are mUltiplexed onto the 11 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 (Rii:S"), latches the 11 row address bits into the chip. The second 
clock, the Column Address Strobe (CAS), subsequently latches the n column address bits into the chip. Each 
of these signals, RAS, 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 liAS clock chain. The "gated 
CAS" feature allows the CAS clock to be externally activated as soon as the Row Address Hold Time 
specification (tRAil) 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 ofWRl'l'E and 
CAS While RAS is active. The later of the signals (WRiTE' or CAS) to mak~ its negative t;ransition is the 
strobe for the Data In (DIN) register. This permits several options in the write cycle timing. In a write cycle, 
if the WRl'i'E' input is brought low (active) prior to CAS, the DIN is strobed by ~ 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-write cycle, the WIrn."E 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 edge ofwroTE rather 
than CAS. (To illustrate this feature, DIN is referenced to wroTE 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 TC514101AP/AJ/ASJ/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 opel'D.tion 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, <::AS 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 or~ 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'l)-(l,O)-(l,l)~ 

Address AlO determines the starting point of the circular 4 bits nibble. Row AlO and column AlO 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 AlO 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 wraparound will continue for as long as AAS is kept low. 

RAS ONLY REFRESH 
Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 1024 row 

address (AO-A9) within each 16 millisecond time interval. 
Although any normal memory cycle will perform the refresh operation, this function is most easily 
accomplished with "AAS-only" cycles. 

CAS BEFORE RAS REFRESH 
<::AS before IlAS refreshing available on the TC5l4l0lAP/AJ/ASJ/AZ offers an alternate refresh method. If 

<::AS is held on low for the specified period (tcSR) before IlAS 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 refresp. address counter is automatically incremented in preparation 
for the next <::AS before RAS refresh operation. 

HIDDEN REFRESH 
An optional feature of the TC5l4l0lAP/AJ/ASJ/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 <::AS at VIL and taking RAS high and after a specified precharge period (tRP), executing a <::AS before 
IlAS refresh cycle. (see Figure below) 

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE 

~ ;---' ;--' 

-- OPEN \ 
J 

I 
DOUT 

This feature allows a refresh cycle to be "hidden" among data cycles without affecting the data avilability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 
The internal refresh operation of TC514101AP/AJ/ASJ/AZ can be tested by ~ BEFORE lU\S REFRESH 

COUNTER TEST. This cy~le 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 ~ before 'RAS"cycles ,.s 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 write "I" in each cell by performing ~ 

BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE). Repeat this operation 1024 
times. 

@ Check "I" outofl024 bits at normal read mode. which was written at®. 
<D Using the same column as ®. read "I" out and write "0" in each cell performing ~ BEFORE 'RAS 

REFRESH COUNTER TEST. Repeat this operation 1024 times. 
® Check "0" outofl024 bits at normal read mode, which was written at<D. 
® Perform the above <D to ® to the complement data. 
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TEST MODE 
The TC514101APIAJIASJIAZ is the RAM organized 4,194,304words by 1 bit, it is internally organized 

524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors in parallel and retrieved the same 
way. A10R, A10C andAOC are not used. If, upon reading, all bits are equal (aU "l"s or" O"s), the data output 
pin indicates a "1". If any of the bits differed, the data outputpil1 woulq indcate shows the block diagram of 
TC514101APIASJ/AZ. In"TestMode", the 4M DRAi\1 can be tested as icit were a 512K DRAM. 

"WRITE" , 'CAS Before HAS Refresh Cycle" puts the device "Test Mode". And "'CAS Before RAS Refresh 
Cycle" or" RAS Only Refresh Cycle"puts it back into "Normal Mode".fu the Test Mode, "WRITE". 'CAS 
Before lIAS Refresh Cycle" performs the refresh operation with the internal refresh address counter. The 
''Test Mode" functiom reduces test times(1/8 in case ofN test pattern) 
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BLOCK DIAGRAM IN THE TEST MODE 

Vc 
AIOR,Aloe,Aoe 

~ 
AIOR. 

AIOR. 

AloR,Aloe,Aoe 

~\ 

Fig. 1 
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4,194,304 HORD x 1 BIT DYNAMIC RAM 

DESCRIPTION 

* This is advanced information and specifications 
are subject to change without notice. 

The TCS14102J/Z is the new generation dynamic RAM organized 4,194,304 words by 1 
bit. The TCSI4l02J/Z 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 TCS14l02J/Z to be packaged 
in a standard 26/20 pin plastic SOJ and 20 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. 

FEATURES 

• 4,194,304 word by 1 bit organization 
• Fast access time and cycle time 

TCS14l02J/Z-80/-10 
tRAC RAS Access Time 80ns lOOns 

tAA Column Address 40ns 50ns Access Time 
tCAC CS Access Time 20ns 25ns 
tRC Cycle Time l50ns l80ns 

tsc Static Column 45ns 5Sns Hode Cycle Time 
• Single power supply of SV±lO% with a 

built-in VBB generator 

PIN CONNECTION (TOP VIEt.) 

Plastic SOJ ZIP 
DIN I Vss 

WRITE 2 DOUT 

Low power 
S50mW Operating (TCS14l02J/Z-80) 
468mW Operating (TCS14l02J/Z-lO) 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows two­
dimensional chip selection 

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

• Read-Modify-Write, CS before RAS refresh, 
~-only refresh, Hidden refresh, Static 
Column Mode and Test Mode capability 

• All inputs and output TTL compatible 
• 1024 refresh cycles/16ms 
• Package Plastic SOJ: TCS14l02J 

Plastic ZIP: TCS14102Z 

m 3 ~ BLOCK D IAGRAl4 
N.C. 4 N.C. 
AIO 5 A9 

AO AS 
AI A7 
A2 A6 
A3 A5 

Vee A4 

PH' NAHES 
AO'" AlO Address Inputs 

RAS Row Address Strobe 
DIN Data In 
DOUT Data Out 
CS Chip Select Input 
WRITE Read/Write Input 
VCC Power (+5V) 
VSS Ground 
N.C. No Connection 

AO 
Al 
A2 
A3 
A4 
AS 
A6 
A7 
AS 
A9 

AIO 
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ABSOLUTE ~1AXU1UM RATINGS 
ITEM 

Input Voltage 
Output Voltage 
Power Supply Voltage 
Operating Temperature 
Storage Temperature 
Soldering Temperature' Time 
Power Dissipation 
Short Circuit Output Current 

SYMBOL 
VIN 
VOUT 
VCC 
TOPR 
TSTG 
TSOLDER 
Po 
lOUT 

RECor'!MENDED DC OPERATING CONDITIONS (Ta=O'" 70·C) 

RATING UNITS NOTE 
'::'1'" 7 V 1 
-1'" 7 V 1 
-1'" 7 .. V 1 
0'" 70 ·C 1 

-55'" 150 ·C 1 
. 

260 '10 ·C·sec 1 
600 mW 1 

50 mA 1 

SYMBOL PARANETER NIN. TYP. MAX. UNIT NOTE 
VCC Supply Voltage 4.5 5.0 5.5 V 2 
VIR Input High Voltage 2.4 ... 6.5 V 2 
VIL Input low Voltage -1.0 - 0.8 V 2 

DC ELECTRICAL CHARACTERISTICS (VCC=5V±10%, Ta=O", 70·C) 
SY1-IBOL PARANETER, NIN. MAX. UNITS 

OPERATING CURRENT TC514102J/z-80 - 100 
ICCI Average Power Supply Operating Current rnA 

(RAS, CS, Address Cycling: tRC=tRC MIN.) TC514102J/Z-IO - 85 

STANDBY CURRENT 
ICC2 Power Supply Standby Current - 2 rnA 

(RAS=C'S=VIH) 
~ ONLY REFRESH CURRENT TC514102J/Z-80 - 100 

ICC3 Average Power Supply Current, BAS Only Mode mA 
(RAS Cycling, CS=VIH: tRC=tRC NIN.) TC514102J/Z-IO - 85 
STATIC COLUNN NODE CURRENT TC514102J/Z-80 - 75 

ICC4 Average Power Supply Current, Static Column Mode mA 
(RAS=CS=VIL,. Address Cycling: tSC=tsc MIN.) TC514102J/Z-IO - 65 
STANDBY CURRENT 

ICCs Power Supply Standby Current - 1 mA 
(RAS=CS=VCC-0.2V) 
CS BEFORE RAS REFRESH CURRENT TC514102J/Z-80 - 100 

ICC6 Average Power Supply Current, CS Before RAS Mode mA 
(RAS, CS Cycling:tRC=tRC MIN.) TC514102.VZ-IO - 8S 
INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any input (OV ~ VIN ~ 6. SV. All Other -10 10 llA 
Pins Not Under Test=OV) 

II(l) 
OUTPUT LEAKAGE CURRENT -10 10 llA 
(DOUT is disabled, OV ~ VOUT~ s.sV) 

VOH 
OUTPUT LEVEL 
Output "H" Level Voltage (lour-SmA) 2.4 - V 

VOL OUTPUT lEVEL 
0.4 V Output "l" level Voltage (IOUT=4.2mA) -
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc=5V±10%, Ta=0"'70°C)(Notes 6, 7, 8) 

TC·5l4l02J/Z TC5l4l02J/Z 

SYNBOL PARAMETER -80 -10 UNIT NOTES 
MIN. MAX. MIN. MAX. 

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

tJU1W Read-Modify-I';rite Cycle Time 175 - 210 - ns 

tsc Static Column Mode Cycle Time 45 - 55 - ns 
.' Static Column Mode Read-Hodify-Write 

tSRHW Cycle Tice 80 - 100 - ns 

tRAC Access Time from m - 80 - 100 ns 9.14.15 

.tCAC Access Time from CS - 20 - 25 ns 9,14 

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

tALl'; Access Time from Last Write - 75 - 95 ns 9,16 

tCLZ cs to Output in Low-Z 0 - 0 - ns 9 

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

t AOH 
Output Data Hold Time from Column 

5 5 Address - - ns 

tow Output Data Enable Time from WRITE - 25 - 30 ns 

t\o10H Output Data Hold Time from WRITE 0 - 0 - ns 

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

tRP RAS Precharge Time 60 - 70 - ns 

tl{AS RAS Pulse Width 80 10,000 100 10,000 ns 
t RAsC RAS Pulse Width (Static Column Mode) 80 200,000 100 200,000 ns 

tRSH RAS Hold Time 20 - 25 - ns 

tCSH CS Hold Time 80 - 100 - ns 

tcs CS Pulse Hidth 20 10,000 25 10,000 ns 

tcsc CS Pulse Vlidth (Static Column Mode) 20 200,000 25 200,000 ns 

tRCD RAS to CS Delay Time 20 60 25 75 ns 14 
tRAD RAS to Column Address Delay Time 15 40 20 50 ns :15 
tCRP CS to RAS Pre charge Time 5 - 10 - ns 

tcp CS Precharge Time 10 - 10 - ns 

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

tRAH Row Address Hold Time 10 - 15 - ns 
t ASC Column Address Set-Up Time 0 - 0 - ns 

tCAH Column Address Hold Time 15 - 20 - ns 

tAI';R I';rite Address Hold Time referenced to 
60 75 RAS - - ns 

tAR Column Address Hold Time referenced to 90 - 115 - ns 
RAS 
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TC514102JIZ-80 
TC514102JIZ-10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

TC5l4l02J/Z TC5l4l02J/Z 
SYNBOL PARANETER ' -80 -10 UNITS 

MIN. MAx. MIN. MAX. 

tRAL Column Address to ~ Lead Time 40 - '; 50 - ns 

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

titCH Read Command Hold Time 0 - 0 - ns 
tRRH Read Command Hold Time referenced to RAS 0 - 0 - ns 

tlvCH Write Command Hold Time 15 - 20 - ns 
Write Command Hold Time referenced to 

60 75 tWCR m - - ns 

tlVP lVrite Command Pulse Width 15 - 20 - ns 
tlVI Write Command Inactive Time 10 - " 10 - ns 

tAH 
Column Address Hold Time referenced to 

5 10 - ns m Rise -
tLWAD Last Write to Column Address Delay Time 20 35 25 45 ns 
tARLl'] Last "rite to Column Address Hold Time 75 - 95 - ns 

tRIVL lVrite Command to US Lead Time 20 - 25 - ns 

tClVL lVrite Command to CS Lead Time 20 - 25 - ns 

tDS Data Set-Up Time 0 - 0 - ns 
tDR Data Hold Time 15 - 20 - ns 

tDHR Data Hold Time referenced to RAS 60 - 75 - ns 

tREF Refresh Period - 16 - 16 ms 
twcs Write Command Set-Up Time 0 - 0 - ns 

tClvD CS to WRITE Delay Time 20 - 25 ~ ns 

tRlVD RAS to WRITE Delay Time 80 - 100 - ns 
t AlVO Column Address to WRITE Delay Time 40 - 50 - ns 

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

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

tRPC RAS to CS Precharge Time 0 - 0 - ns 

tCPT CS Precharge Time 40 - 50 - ns 
(CS before RAS Counter Test Cycle) 

tWTS lVrite Command Set-Up Time (Test Mode In) 10 - 10 - ns 

tWTH Write Command Hold Time (Test Mode In) , 10 - 10 - ns 

tWRP WRITE to RAS Precharge Time 10 10 - ns 
( CS before RAS Cycle) 

-: 

tIVRH IVRITE to RAS Hold Time 
10 10 ns 

(CS before ~ Cycle) - -
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TC5141 02JJZ-1 0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

(VCC=5V±10%, Ta=0-70'C) ( Notes 6, 7, 8) 
TC5l4l02J/Z TC5l4l02J/Z 

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

tRC Random Read or Write Cycle Time 155 - 185 - ns 

tsc Static Column Mode Cycle Time 50 - 60 - ns 

tRAC Access Time from RAS - 85 - 105 ns 9,14,15 

tCAC Access Time from CS - 25 - 30 ns 9,14 

tAA Access Time from Column Address - 45 - 55 ns 9,15 

tRAS RAS Pulse Width 85 10,000 105 10,000 ns 

tRASC RAS Pulse Width (Static Column Mode)-' 85 200,000 105 200,000 ns 

tRSH RAS Hold Time 25 - 30 - ns 

tCSH CS Hold Time 85 - 105 - ns 

tcs CS Pulse Width 25 10,000 30 10,000 ns 

tcsc CS Pulse tvidth (Static Column Mode) 25 200,000 30 200,000 ns 

tRAL Column Address to RAS Lead Time 45 - 55 - ns 

CAPACITANCE (Vcc=5V±10%, f=lMHz, Ta=0-70'C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

Cn Input Capacitance (AD-AlO, DIN) - 5 pF 

CI2 Input Capacitance (RAS, CS, WRITE) - 7 pF 

Co Output Capacitance (DOUT ) - 7 pF 
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NOTES: 

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

2. All voltages are referenced to VSS. 

3. ICC1, ICC3, ICC4, ICC6 depend on cycle rate. 

4. ICC1, 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 200~s is required after power-up followed by any 8 BAS only 
refresh cycles before proper device operation is achieved. 
In case of usin~ internal refresh counter, a minimum of 8 CS before RAS 
refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tTaSns. 

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

9. Heasured with a load equivalent to 2 TTL loads and lOOpF. 

10. tOFF(max.) defines the time at which the output achieves the open ci~cuit con­
dition 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.cycles. 

13. tHCS, tR~m, tc~m and tAW 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 cycles; If tRW~ tRW(min.). 
tam ~ tcW(min.) and tAW ~ tAW (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 tRcn(max.) limit insures that tRAC(max.) can be met. 
tRCn(max.) is specified as a reference point only: If tRcn is greater than the 
specified tRCn(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 exclusively 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. tAR is the condition to latch column address when RAS has rised up. 
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TIMING HAVEFORr4S 

READ CYCLE 

AO-.UO vm-­
vIL --

DOUT 
VOL --

\~RITE CYLCE (EARLY HRITE) 

tRAS 

COLUMN ADDRESS 

tRSH 

tcs 

TC514102JJZ-80 
TC5141 02JJZ-1 0 

VALID DATA 

VIH --------~J----------------t~RA:=S------------------il 
VIL --

AO-A10 

DIN VIH --

DOUT 
VOH -

VOL -

COLlJ'~1N 
ADDRESS 

OPEN 

A-215 

E2Z): "H" or "L" 



TC5141 02JIZ~O 
TC5141 02JIZ..;...1 0 

READ-MODIfY-WRITE CYCLE 

iiAS 
vm-

VIL --

AO-A1O 
VIH -

VIL-

VIH----~---~---------------~~ 

VIL -- tllCS 

DoUT 

tllMW 

COLUMN ADDRESS 

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

tCLZ 

~ : "H" ot' "L" 
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STATIC COLU}[N HaDE READ CYCLE 

RAS vrH -

vrL -

vIH-
AO-AIO 

vrL -

tHAD 

tAR 

VIH -cs 
tRcs vIL -
tRCD 

VIH -
WRITE 

VrL -

tRAC 

DOUT 
VOH -

VOL -

tCLZ 

A·217 

tsc 

COLUMN 
ADDRESS 2 

tCLZ 

TC514102JIZ-80 
TC5141 02JIZ-1 0 

~: "H" or "L" 



TC514102J1Z-80 
TC5141 02JIZ~ 10 

STATIC COLUHN HaDE WRITE CYCLE (EARLY I,RITE) 

AO-AIO 
VIL -

VIH _--~==::L.,L 
vIL -

WilTfE 
vIH -

vIL -

DIN 
vIH -

VIL -

DoUT 
VOH -

OPEN 
VOL -

STATIC COLUHN MODE I-TRITE CYCLE (EARLY l-TRITE) 

AO-AIO 

WiIT'i.'E 
vIH -

VIL-

DIN 
VIH -

VIL -

DoUT 
VOH-

VOL -
OPEN 

A-218 
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TC514102JJZ-80 
TC5141 02JJZ-1 0 

]AS ONLY REFRESH CYCLE 

CS 
VIH 

VrL 

VIH 
AO-A9 

VIL 

DOUT 

tRC 

tASR tRAH 

OPEN 

~: "H" or "L" 

NOTE: WRITE="H" or "L", A10="H" or ilL" 
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TC514102JJZ-80 
TC5141 02JJZ-1 0 

STATIC COLUHN MODE READ-MODIFY-WRITE CYCLE 

HAS 
VIH -

VIL -

VIH --
AO-AIO 

VIL --

VIH--------~======~~t.:~~1-~~-1 
VIL --

WRITE 
VIH --

VIL --

DIN 
VIH --

VIL -

tRAD 

Dour 
VOH --

VOL --

STATIC COLu}IN MODE READ/lVRITE HIXED CYCLE 

RAS 
VIH -

vIL - tlO) 

VlH -
AO-AlO 

VALID DATA N 

V IL - ~== ... "''"' 1''-----:-..,,---------'1" """"",,.L.L.LU .,.........;;;=~.;;....::....t """""-'.I...4..l..U 1=----"-''1" "'","".1...1..'-'-''''-

VIH - --+----'--:L 
~~----~~--~I 

VIL -

WiIT'fE V lH -

vIL -

VIH-

V IL - .l...l..4J../ 11------.....,--"'f "':..r...<. ....... '-'-''-'-' ....... ---:---:--.I...I..'-'-':..r...<. ....... I.L.I.'..J..J1"'-...;....;. ___ of" "'J.J-........ ~ .... 

Dour 
VOH-

------------+---------------------~fi vOL-

EZ2a : "H" or "L" 
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CS BEFORE RAS REFRESH CYCLE 

WRITE 
VIH 

VIL 

VOH 
h 

] DOUT 
VOL 

NOTE: AO '" AIO="H" or "L" 

A-221 

tRC 

OPEN 

~: "H" or "L" 

TC514102JJZ-80 
TC5141 02JJZ-1 0 



TC514102JIZ-80 
TC514102JIZ-10 

HIDDEN REFRESH CYCLE (READ) 

.'1.0-.'1.10 

tRC 

VIH __ ~n7~~~~;t=-~-=~~~~~=1~~~~~~~~7TM 
V IL -- r...J..L.t...i..J""""'-L.t..I.J..4.U..f 

DoUT VALID DATA 
VOL -

tCLZ 

~.: "H" or "L" 
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HIDDEN REFRESH CYCLE (HRITE) 

AO-AIO 

DoUT 

A-223 

OPEN 

~: nR" or ilL" 

TC514102JIZ-80 
TC5141 02JIZ-1 0 



TC514 l02JIZ-80 
TC514102JIZ-10 

CS BEFORE RAS REFRESH COUNTER TEST CYCLE 

ii:AS VIH -

VIL -
i\ 

tCPT 

CS 
vIH -

READ CYCLE vIL -~ 
tCi-IR ./' 

Jl 

AO-AIO vIH -

VIL J'IIIIIII~ Y.ij1 I II I I I II II 111/;1)< 

DOUT 
VOH -

VOL -
tWRP J t\VRH tRCS I 

WiITTE VIH -

vIL -
'11111111/ VIIIIIIIIII/ 

WRITE CYCLE 
tASC 

RAS t RP 

tRSH I 

tCRP 
f\-

tcs 
'. Jl 

tAH 

COLUMN ADDRESS Wlllilifi 
tRAL 

tAA 

tc C tOFF 

~ VALID DATA 

~ tRRH 

tRCHWlllllfi 
I 

~ 
AO-AIO VIH 

VIL 
Q/IIIIIIII#,ffllllll/lllllMi! gJ5~sWIIIIIIIIIII III~ ~111////I/I~ 

DOUT 
VOH -

VOL -

I 
tWRl\ 

'l"//IIII/ 
,tWRH 

t~s 

WIII///lli?l ~ 
tDS 

VIH -

VIL - ~III//III~ /fllii//I/IIII/ffi 

READ-MODIFY-WRITE CYCLE 

AO-AIO 

tRwr. 

OPEN 
tCIVL 

tWf'U . I 
twp .1~lllllllllllfi 

tDH I 
VALID DATA]0( II I ~ /flili/II/IIIIII/ih 

II 

DoUT VOH ----++------+-I~-<V. 
vOL - tRCS 

WRITE VIH -

VIL -

DIN 
VIH -

VIL -
~: "H" or "L" 
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WRITE, CS BEFORE RAS REFRESH CYCLE 

VIH -
1'lXS" 

VIL -

VIH - tCHR 

CS 

VIL -

VIH -
WiITTE twm 

VIL -

DoUT 
VOH ----'--:j~-_-
VOL - ___ )-"1 

NOTE: DIN' AD'" AlD: "H" or "L" 

A-225 
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OPEN 
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TC514102JIZ-80 
TC514102JIZ-10 

READ CYCLE IN THE TEST MODE 

liAS 
VIH -

VIL -

tRAH 

AO-A1O 
vIM -

Va -
RIJW ADDRESS 

t&AD 

tRCD 

Cs 
VIM -

VIL -

'iV'RiTE 
Vm -

VIL-

tRAC 

DoUT VOM -
OPEN 

VOL -

WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

Vm ----.I. !-----------"'-'-'---------1 ,.t:=====:J, 
VIL -

AO-AlO 
VIM -

VIL -

Cs 
VIL -

VIM -
WRITE 

VIL -

DOIJT 
VOH-

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

EZZI: "H" or "L" 
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TC5141 02JJZ-1 0 

STATIC COLUMN MODE READ CYCLE IN THE TEST MODE 

V!H 
HAS 

VIL 

AO-AIO 
VIH 

VIL 

CS 
VIH -

VIL -

V!H-
WRITE 

VIL -

VOH -
DOUT VOL-

tAR 

tRCS 

tRCD 

tRAC 

tsc 

COLUMN 
ADDRESS 2 

tcsc 

tCLZ tCLZ 

~: "H" or "L" 
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TC514102JIZ-80 
TC514102JIZ .... 10 

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

ill VIH -

VIL -

AO-AIO 
Vm-

VIL-

WRITE 
VIH -

VIL-

VIH -
DIN 

VIL -

DOur 
VOH -

OPEN 
VOL-

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

VIH -
AO-AIO 

VIL -

VIH - ---!=~~~~~J,,;;,~ri 
""""--' "11 

VIL -

VIH-
WRITE 

VIL -

VIH-
DIN 

VIL-

DOUT 
VOH-

VOL-
OPEN 

A-228 
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TEST ~10DE 

TC514102JJZ-80 
TC5141 02JJZ-l 0 

The TC514102J/Z is the ~l organized 4,194,304 words by 1 bit, it is internally 

organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors 

in parallel and retrieved the same way. AlOR, AlOC and AOC" are not used. If, upon 

reading, all bits are equal (all "l"s or "O"s), the data output pin indicates a "1". 

If any of the bits differed, the data output pin would indicate a "0". Fig. 1 shows 

the block diagram of TC514102J/z. In "Test Mode", the 4M DRAM can be tested as if 

it were a 512K DRAM. 

"WRITE, CS Before RAS Refresh Cycle" puts the device into "Test Mode". And "CS 

Before RAS Refresh Cycle" or "RAS Only Refresh Cycle" puts it back into "Normal Mode". 

In the Test Mode, ''WRITE, CAS Before RAS Refresh Cycle" performs J:he refresh operation 

with the internal refresh address counter. The "Test Mode" function reduces test 

times (1/8 in case of N test pattern). 
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BLOCK DIAGRAl4 IN THE TEST f10DE 

AlOR, • .uOC,;IOC 
512K block 

512K block 

Al OR, AI1iC, ACC 
512K block 

A 

A 
B 

Ii 

C 

No rma I AI OR, AlOC, AOC ,-----., 
t---t-t-M-.... 

• .uOR, AlOC , ADC 

AiiiR, AlOC, ADC ,-----., 
R+H+Ttt--....... 

AIOR,AIOC,AOC 

~ 
Fig. 1 
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4,194,304 WORD x 1 BIT DYNAMIC RAM 

DESCRIPTION 

* This is advanced information and specifica­
tions are subject to change without notice. 

'I'he TC514102AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 4,194,304 words by 1 
bit. The TC514102AP/AJ/ASJ/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 TC514102AP/AJ/ASJ/AZ to be packaged in a standard 18 pin 
pla~tic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 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. 

FEATURES 
• 4,194,304 word by 1bit organization 
• Fast access time and cycle time 

TC5141 02AP/AJlASJlAZ - 60 

tRAC RAS Access Time 60ns 

tAA Column Address 
30ns Access Time 

tCAC CS Access Time 20ns 

tRC Cycle Time lIOns 
tse Static Column 

35ns Mode Cvcle Time 

• Slllgie power supply of 5V±10% 
with a built-in VJlIl generator 

PIN NAMES 

~-Al0 Address Inputs WRITE ReadIWrite Input 

RAS Row Address 5 trobe Vce Power ( + 5V) 

D,N Data In V" Ground 

Dour Data Out N.C. No Connection 

C5 Chip Select Input 

PIN CONNECTION (TOP VIEW) 

Plastic DIP Plastic SOJ Plastic ZIP 

0,. I 18 v" WR?t~ 1 Vss A9 1~j Wi!ifE 2 17 Dour 2 ~u, Dou, 
[2: C$ 

100" 3 16 C$ RAS 3 CO( V" Al0 4 15 A9 N.C. 4 N.C. D'N 
, 

[6: AO 5 14 A8 Al0 5 A9 W , Wi!ifE 
Al 6 13 At AO 9 18 A8 ,:} [8: Al0 
A2 7 12 A6 Al 10 17 A7 

N.C. [19 N.C. 
A3 8 11 AS A2 11 16 A6 AO lj] Dl Vee 9 10 A4 Al 12 15 AS 1)] AI 

Vee 13 14 A4 A2 
[1~ A3 

Vee 1~] [lfo A4 
AS .IiJ 
At liJ] 

[(0 A6 
[29 A8 

• Low Power 
660mW MAX. Operating 

(TC514102AP/AJ/ASJ/AZ -60) 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows two­
dimensional chip selection 

• Common I/O capabili~ 
• 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 
• 1,024 refresh cycleS/16ms 
• Package TC514102AP 

TC514102AJ 
TC514102ASJ 
TC514102AZ 

BLOCK DIAGRAM 
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TC514102AP/ AJ/ ASJ/ AZ-60 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN -1-7 V 1 

Output Voltage VOUT -1-7 V 1 

Power Supply Voltage Vee -1-7 V 1 

Operating Temperature TOPR 0-70 ·C 1 

Storage Temperature TSTG - 55-150 ·C 1 

Soldering Temperature • Time TSOlOER 260·10 °C·sec 1 

Power Dissipation Po 700 mW 1 

Short Circuit Output Current lOUT 50 mA 1 

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Vee Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 - 6.5 V 2 

Vil Input low Voltage -1.0 - 0.8 V 2 
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TC5141 02AP / AJ/ ASJ/ AZ-60 
I 

I 

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

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT 3,4 

Icc, Average Power Supply Operating Current res 141 02AP/AJ/ASJ/AZ·60 - 120 rnA 

(RAS, CS, Address Cycling: tRe = tRe MIN.) 
5 

STANDBY CURRENT 

leC2 Power Supply Standby Current - 2 rnA 

(RAS = CS = VI H) 

RAS ONLY REFRESH CURRENT 

leo Average Power Supply Current, RAS Only Mode rCS'4'02APIAJIASJIAZ·60 - 120 rnA 3,5 

(RAS Cycling, CS = VIH: tRC = tRC MIN.) 

STATIC COLUMN MODE CURRENT 

Average Power Supply Current, Static Column 3,4 
Icc. 

Mode (RAS = CS = VIL, Address Cycling: tSC = t5C 
rCS"'02APIAJIASJIAZ·60 - 85 rnA 

5 
MIN.) 

STANDBY CURRENT 

Iccs Power Supply Standby Current - 1 rnA 

(RAS = CS = VCC - 0.2V) 

CS BEFORE RAS REFRESH CURRENT 

ICC6 Average Power Supply Current, CS Before RAS reS'4' 02APIAJIASJIAZ-60 - 120 rnA 3,5 

Mode (RAS, CS Cycling: tRC = tRC MIN.) 

INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any input -10 10 jIA 

(OV:SVIH :ii6.5V, All Other Pins Not Under Test=OV) 

10(L) 
OUTPUT LEAKAGE CURRENT 

(Dour is disabled, OV:;O VourS + S.SV) 
- 10 10 jIA 

OUTPUT LEVEL 
VOH 

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

OUTPUT LEVEL 
VOL 

Output "L" Level Voltage (lour = 4.2mA) 
- 0.4 V 
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TC5141 02API AJI ASJI AZ-60 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VCC=5V± 10%, Ta = 0-70·c)(Notes 6, 7, 8) 

TC514102AP/AJ/ASJ/AZ-60 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. 

tRC Random Read or Write Cycle Time 110 - ns 

tRMW Read-Modify-Write Cycle Time 135 - ns 

tse Static Column Mode Cycle Time 35 - ns 

tSRMW 
Static Column Mode Read-Modify-

60 - ns Write Cycle Time 

tHAe Access Time from liAS 60 
9,14 - ns 

15 

teAe Access Time from CS - 20 ns 9,14 

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

tALW Access Time from Last Write - 55 n5 9,16 

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

toFF Output Buffer Turn-Off Delay 0 20 n5 10 

tAOH 
Output Data Hold Time from Column 

5 - ns 
Address 

tow Output Data Enable Time from WRiTE - 20 n5 

tWOH Output Data Hold Time from WRITE 0 - ns 

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

tRP liAS Precharge Time 40 - ns 

tRAS liAS Pulse Width 60 10.000 ns 

tRA5e liAS Pulse Width (Static Column Mode) 60 200,000 ns 

tRSH CS to liAS Hold Time 20 - ns 

tCSH m to CS Hold Time 60 - n5 

tes CS Pulse Width 20 10,000 ns 

tesc CS Pulse Width (Static Column Model 20 200,000 ns 

tRCD liAS to CS Delay Time 20 40 ns 14 

tRAD m to Column Address Delay Time 15 30 ns 15 

tCRP CS to liAS Precharge Time 5 - ns 

tcp 
CS Precharge Time 

10 - ns 
(Static Column Mode) 

tASR Row Address Set-Up Time 0 - ns 

tRAH Row Address Hold Time 10 - ns 

tAse Column Address Set-Up Time 0 - ns 

tcAH Column Address Hold Time 15 - ns 
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TC5141 02AP I AJI ASJI AZ-60 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

TC514102AP/AJlASJ/AZ-60 
SYMBOL PARAMETER UNITS NOTES 

MIN. MAX. 

tAR 
Column Address Hold Time referenced 
to AA5 (READ CYCLE) 70 - ns 

tRAl. Column Address to m lead Time 30 - ns 

Column Address Hold Time referenced 
17 tAH 

to RAS Rise 
5 - ns 

tcWL Write Command to ~ lead Time 20 - ns 

last Write to Column Address Delay 
16 tLWAD 20 25 ns 

Time 

last Write to Column Address Hold 
tAHLW 55 - ns 

Time 

tRCS 
Read Command Set-up Time 

0 -
referenced to ~ 

ns 

Read Command Hold Time referenced 
tRCH 

to CS 
0 - ns 11 

Read Command Hold Time referenced 
tRRH 

toW 
0 - ns 11 

tWCH Write Command Hold Time 10 - ns 13 

twp Write Command Pulse Width 10 - ns 

tWI Write Command Inactive Time , 10 - ns 

~WL Write Command to RAS lead Time 20 - ns 

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

tDH Data-In Hold Time IS - ns 12 

tREF Refresh Period - 16 ms 

twcs Write Command Set-UP Time 0 - ns 13 

tCWD 
CS to WRITE Delay Time 

20 - 13 
(READ-MODIFY-WRITE CYCLE) 

ns 

tRwD 
AA5 to WRiTE Delay Time· 

60 - 13 
(READ-MODIFY-WRITE CYCLE) 

ns 

tAwD Column Address to WRiTE Delay Time 30 - ns 13 

tCSR ~ Set-Up Time (~ before RASl 5 - ns 

tCHR CS Hold Time (CS before m) IS - ns 

tRPC RAS Precharge to ~ Active Time 0 - ns 

tCPT 
CS Precharge Time 

30 
(CS before m Counter Test) - ns 
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TC514102AP/AJI ASJI AZ-60 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

TC514102AP/AJ/ASJ/AZ-60 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. 

tWTS Write Command Set-Up Time 10 - ns 

tWTH Write Command Hold Time 10 - ns 

tWRP WJmt to m Precharge Time 10 - ns 

tWRH WliITr to m Hold Time 10 - ns 
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TC514102AP/AJ/ASJ/AZ-60 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATION CONDITIONS IN THE 
TEST MODE (Vcc=5V± 10%, Ta =0-70°C) (Note6, 7, 8) 

TC514102AP/AJ/ASJ/AZ-60 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. 

tRe Random Read or Write Cycle Time 115 - ns 

tse Static Column Mode Cycle Time 40 - ns 

tRAe Access Time from MS' - 65 
9,14 

ns 
15 

teAe Access Time from <:5 - 25 ns 9,14 

tAA Access Time from Column Address - 35 ns 9,15 

tRAS MS' Pulse Width 65 10,000 ns 

tRAse MS' Pulse Width (Static Column Mode) 75 20,000 ns 

tRSH MS' Hold Time 25 - ns 

tcSH <:5 Hold Time 65 - ns 

tes <:5 Pulse Width 25 10,000 ns 

tese <:5 Pulse Width (Static Column Mode) 25 20,000 ns 

tRAL Column Address to RAS Lead Time 35 - ns 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

C" Input Capacitance (AO-A 10, DIN) - 5 pF 

CI2 Input Capacitance (MS', <:5, WRITE) - 7 pF 

Co Output Capacitance (Dour) - 7 pF 
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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 RAS=VIL. 

6. An initial pause of 200ps is required after power-up followed by any 8 RAs only refresh cycles 
before proper device operation is achieved. In case of using internal refresh counter, a minimum 
of 8 CS Before RAS refresh cycles instead of 8 RAS only refreh 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 VlH 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-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 
tRwDS;;tRWD(min.), tcwDS;;tcWD(min.), and tAwDS;;tAWD(min.), the cycle is a read-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 (min.) limit insures that tRAC (max.) can be met. 
tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tneD (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 exclusively 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 rised up. 
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TIMING WAVEFORMS 

READ CYCLE 

RAS 
V,H 

V,L 

AO-Al0 
V,H 

V,L 

CS 
V,H 

VIL 

WRi'i'E VIH 

VIL 

DouT 
VOH 

VOL 

WRITE CYCLE (EARLY WRITE) 

RAS 
V,H 

V,L 

AO-Al0 
VIH 

VIL 

cs V,H 

V1L 

WRitE 
V,H 

V,L 

D,N 
V,H 

VIL 

DOUT 
VOH 

VOL --------------------------OPEN----------------------------
~:"W or "L" 
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READ -MODIFY - WRITE CYCLE 

m VIH 

VIL 

AO-Al0 VIH 

VIL 

CS VIH 

VIL' 

\iiiJii'fE VIH 

VIL 

DIN 
VIH 

VIL 

VOH -
Dour 

VOL -

~: "H"o,"L" 
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TC514102AP/AJ/ASJ/AZ·60 

STATIC COLUMN MODE READ CYCLE 

RAS 
VIH 

VIL 

AO-A10 
ViOl 

VIL 

CS 
V IH 

VIL 

WRITE 
VIH 

VIL 

VOH -
DOUT 

VOL -

~: "W or "L" 
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STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

lIM VIH 

VIL 

AO-Al0 
VIH 

VIL 

~ 
VIH 

VIL 

Wlim VIH 

VIL 

DIN 
VIH 

V IL 

DOUT 
VOH -

'VOL -
OPEN 

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

lIM VIH 

VIL 

AO-Al0 
VIH 

VIL 

CS VIH 

VIL 

WRITE" VIH 

VIL 

DIN 
VIH 

VIL 

DOUT 
VOH - OPEN 
VOL -

~: "H" or "L" 
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STATIC COLUMN MODE READ - MODIFY - WRITE CYCLE 

RAS 
V,H 

V,l 

AO-Al0 
V,H 

V,L 

CS 
V,H 

V,l 

WRITE 
V,H 

V,l 

D'N 
V,H 

V,L 

DOUT 
VOH 

VOL 

STATIC COLUMN MODE READIWIUTE MIXED CYCLE 

RAS 
V,H 

V,l 

AO-Al0 
V,H 

V,l 

cs V,H 

V'l 

WRITE 
V,H 

V,l 

D'N 
V,H 

V'l 

DOUT 
VOH 

VOL 

~: "W or "L" 
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rom ONLY REFRESH CYCLE 

VIH 
W 

B 
VIH 

VIL 

VIH 
AO-A9 

VIL 

VOH-

DOUT • OPEN 
VOL -

~: "H" or "L" 

Note: WlU.'l'E • A10= "lI" or "L" 

as BEFORE ItAS REFRESH CYCLE 

tCHR 

DOUT I}------------- OPEN --------
VOL-;""' ___ """;/f" 

Note: AO-A10="H" or "L" ~: "H"or"L" 
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HIDDEN REFRESH CYCLE (READ) 

VOH­

DOUT VOL _-------H DATA· OUT 

~: "H" or "L"· 
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HIDDEN REFRESH CYCLE (WRITE) 

VIH _~-~ 1·--...:!lOi'---__ 1 .r----"'lIi... I~-~'---I r-----
liAS 

VIL -

VOH-
DOUT --------- OPEN --------------

VOL -

~: "H" or "L" 
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CS BEFORE fiAS REFRESH COUNTER TEST CYCLE 

AO-AlO 

DOUT 

AO-Al0 

DOUT 

DOUT 

WR"ifi, 
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"WRITE, PSBEFORE RAS"REFRESH CYCLE 

tCHR 

tWTH 

VOH ~ __ 1;.,.4.0_F"",F _----------- OPEN 

Dour VOL _ ~ --------

Note: DIN,AO-A10="H" or "L" ~: "H" or"L" 
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TEST MODE 

The 'rC514102AP/AJ/ASJ/AZ is The RAM organized 4,194,304words by 1 bit, it is internally organized 
524,288 words by 8 bits. In "T;st Mode", data are written into 8 sectors in parallel and retrieved the same 
way. AlOR, A10C and AOC are not used. If, upon reading, all bits are equal (all "l"s or" O"s), the data output 
pin indicates a "1 "shows the block diagram ofTC514102AP/AJ/ASJ/AZ. In"Test Mode", the 4M DRAM can be 
tested as ifit were a 512K DRAM. 

"WRITE, CS Before RAS Refresh Cycle" puts the device "Test Mode". And "CS Before RAS' Refresh Cycle 
"or" HAS Only Refresh Cycle"puts it back into "Normal Mode".In the Test Mode, ''WRITE. CS Before RAS' 
Refresh Cycle" performs the refresh operation with the internal refresh address counter. The "Test Mode" 
functiom reduces test times(1/8 in case orN test pattern). 
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BLOCK DIAGRAM IN THE TEST MODE 

Vee 
Al0R,Al0e,Aoe 

~ Normal 

Test 

A lOR, Aloe, Aoe 

-
Fig. 1 
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4,194,304 WORD X 1 BIT DYNAMIC RAM PRELIMINARY 

DESCRIPTION 
The TC514102AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 4,194,304 words by 1 

bit. The TC514102AP/AJ/ASJ/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 TC514102AP/AJ/ASJ/AZ to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package size provides high 
system bit densities and is compatible with widely available auj;Omated testing and insertion 
equipment. System oriented features include single power supply of 5V±100/0 tolerance, direct 
interfacing capability with high performance logic families such as Schottky T"T.. 

FEATURES 

• 4,194,304 word by Ibit organization 
• Fast access time and cycle time 

TC5 1 41 02AP/AJ/ASJ/AZ - 70/- 80/- 10 

tRAC iOi3 Access Time 70ns 80ns 
tAA Column Address 

35ns 40ns Access Time 

tCAe 13 Access Time 20ns 20ns 

tRC Cycle Time 130ns 150ns 
tsc Static Column 

40ns Mode Cycle Time 

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

PIN NAMES 

45ns 

lOOns 

Sans 

2Sns 

180ns 

55ns 

AO-A1C Address Inputs WRi'I! ReadlWrite Input 
iOi3 Row Address Strobe Vcc Power' + 5V) 
D,N Data In Vss Ground 

DOUT Data Out N.C. No Connection 
13 Chip Select Input 

PIN CONNECTION (TOP VIEW) 

Plastic DIP 

DIN I 
Wl!iTl 2 

lIll 3 
AIO 4 

AO S 
AI 6 
A2 7 
A3 8 

Vee 9 

18 Vss 
17 OOUT 
16 ~ 
15 A9 
14 AI 
13 A7 
12 A6 
11 AS 
10 A4 

PI •• de SOJ Plastic ZIP 

26 Vss A9 (J 
~! ~T OOUT ;~ 
23 N.C. DIN .! 
22 A9 lIll:J 

!~ ~o 1~ ~ N.C.:J 
A2 11 16 A6 AO-] 

.fc~ a 1:!: A2 ljJ 
Vee ,;J 
AS Ii] 
A7,;J 

~~ tJ 
t4_ Vss 
[6: WiUT( 
[.: AID 

Llg N.C. 
[(j AI 

[1~ A3 

DJ; A4 
[1:; Ai 

[29 A8 

• Low Power 
550m W MAX. Operating 

(TC514102AP/AJ/ASJ/AZ -70) 
468m W MAX. Operating 

(TC514102AP/AJ/ASJ/AZ-80) 
413mW ~IAX. Operating 

(TC514102AP/AJ/ASJ/AZ -10) 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows two­
dimensional chip selection 

• Common I/O capabi1i!x... 
• Read-Modify-Write, CS before EAS refresh, 

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

• All inputs and outputs TTL compatible 
• 1,024 refresh cycleS/16ms 
• Package TC514102AP 

TC514102AJ 
TC514102ASJ 
TC514102AZ 

BLOCK DIAGRAM 

DIP18-P-300E 
SOJ26-P-350 
SOJ26-P-300A 
ZIP20-P.400A 
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TC514102AP/AJ/ASJ/AZ-70~ TC5141 02AP/AJ/ASJ/AZ--8C) 
TC5141 02AP/AJ/ASJ/AZ-1 0 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage V,N -1-7 V 1 

Output Voltage VOUT -1-7 V 1 

Power Supply Voltage Vee -1-7 V 1 

Operating Temperature TOPR 0-70 ·C 1 

Storage Temperature TSTG -55-150 ·C 1 

Soldering Temperature' Time TSOlDER 260·10 ·C·sec 1 

Power Dissipation PD 700 mW 1 

Short Circuit Output Current lOUT SO mA 1 

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Vee Supply Voltage 4.5 5.0 5.5 V 2 

V'H Input High Voltage 2.4 - 6.5 V 2 

V'l Input Low Voltage -1.0 - 0.8 V 2 
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TC514102AP/AJ/ASJ/AZ-70, TC5141 02AP/AJ/ASJ/AZ-80 
TC5141 02AP/AJ/ASJ/AZ-1 0 

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

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT Tes 14102A.'P/AJ/ASJlAZ.70 - 100 
3,4 

Icc, Average Power Supply Operating Current res 141 02AP/AJ/ASJ/AZ·80 - 85 mA 

(liAS, CS, Address Cycling: tRC = tRC MIN.) 75 
5 

TCS14102AP/AJ/ASJ/AZ·10 '> -
STAND8Y CURRENT 

ICC2 Power Supply Standby Current - 2 mA 

(liAS = CS = V IH) 

liAS ONLY REFRESH CURRENT TCS",02APIAJIASJIAZ·70 - 100 

IcC! Average Power Supply Current, liAS" Only Mode TCS"'02APIAJIASJIAZ·80 - 85 mA 3,5 

(liAS Cycling, CS = V ,H : tRC = tRC MIN.) Tes 141 OlAP/AJ/ASJ/AZ·' 0 - 75 

STATIC COLUMN MODE CURRENT TCS ," 02APIAJ/A5JIAZ·70 - 75 

Average Power Supply Current, Static Column 3,4 
Icc. 

Mode (liAS = CS = VIL, Address Cycling: tSC = tSC 
Te514102AP/AJlASJ/AZ·80 - 65 mA 

5 
MIN.) TC514102AP/AJ/A5J/AZ·10 - 60 

STAND8Y CURRENT 

Iccs Power Supply Standby Current - 1 mA 

(liAS = CS = Vcc - 0.2V) 

CS BEFORE liAS" REFRESH CURRENT TCS,.,02APIAJIA5JIAZ·70 - 100 

ICC6 Average Power Supply Current, CS Before liAS" TCS"'OlAPIAJIASJ/AZ·80 - 85 mA 3,5 

Mode (liAS, CS Cycling: tRC = tRC MIN.) TCSI"02AP/AJIASJIAZ·IO - 75 

INPUT LEAKAGE CURRENT 

I'(L) Input Leakage Current, any input -10 10 vA 
(OV S V,H S 6.SV, All Other Pins Not Under Test = OV) 

OUTPUT LEAKAGE CURRENT 
IO(L) 

(DOUT is disabled, OVS VOUTS + S.5V) 
-10 10 vA 

OUTPUT LEVEL 
VOH 

Output HW Level Voltage (lOUT = - SmA) 
2.4 - V 

VOL 
OUTPUT LEVEL 

Output HL' Level Voltage (lOUT = 4.2mA) - 0.4 V 
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TC514102AP/AJ/ASJ/AZ-70, TC5141 02AP/AJ/ASJ/AZ-80 
TC5141 02AP/AJ/ASJ/AZ-1 0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VCC=5V± 10%, Ta=0-70°c)(Notes6, 7, 8) 

TC514102API .TC514102API TC514102API 

SYMBOL PARAMETER AJ/ASJlAZ·70 AJlASJ/AZ·80 AJ/ASJ/AZ·10 UNIT NOTES 

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 Mo~e Read.Mod!fy. 

70 - 80 - 100 - ns Write Cycle Time 

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

15 

teAc Access Time from i:S - 20 - 20 - 25 ns 9,14 

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

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

telZ i3" to Output in Low·Z 0 - 0 - 0 - ns 9 

tOFF Output Buffer Turn·Off Delay 0 20 0 20 0 20 ns 10 

tACH 
Output Data Hold Time from Column 

5 - 5 - 5 -Address 
ns 

tow Output Data Enable Time from WR1TE' - 20 - 20 - 25 ns 

tWOH Output Data Hold Time from WR1TE' 0 - 0 - 0 - ns 

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

tRP m Precharge Time 50 - 60 - 70 - ns 

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

tRASC m Pulse Width (Static Column Mode) 70 200,000 80 200,000 100 200,000 ns 

tRSH i3" to m Hold Time 20 - 20 - 25 - ns 

tesH m to i:S Hold Time 70 - 80 - 100 - ns 

tcs i:S Pulse Width 20 10,000 20 10,000 25 10.000 ns 

tese i:S Pulse Width (Static Column Mode) 20 200,000 20 200,000 2S 200,000 ns 

tRCD m to i:S Delay Time 20 50 20 60 25 75 ns 14 

tRAD m to Column Address Delay Time 15 35 15 40 20 50 ns 15 

teRP i:S to m Precharge Time 5 - 5 - 10 - ns 

tep 
i:S Precharge Time 

10 - 10 10 
(Static Column Mode) - - 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 

tAwR 
Column Address Hold Time referenced 

to m (WRITE CYCLE) 
55 - 60 - 75 - ns 
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TC514102AP/AJ/ASJ/AZ-70, TC5141 02AP/AJ/ASJ/AZ--80 
TC5141 02AP/AJ/ASJ/AZ-1 0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

TC514102API TC514102API TC514102API 

SYMBOL PARAMETER AJ/ASJ/AZ-70 AJ/ASJ/AZ-BO AJ/ASJ/AZ-l0 UNITS NOTES 

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

tAR 
Column Address Hold Time referenced 

80 to ro (READ SYCLE) - 90 - 115 - ns 

tAAL Column Address to ro Lead Time 35 - 40 - 50 - ns 

Column Address Hold Time referenced 
tAH 

to ro Rise 
5 - 5 - 10 - ns 17 

teW\. Write Command to n- lead Time 20 - 20 - 25 - ns 

last Write to Column Address Delay 
20 tLWAO 

Time 
30 20 35 25 45 ns 16 

last Write to Column Address Hold 
tAHLW 

Time 
65 - 75 - 9S - ns 

tRCS 
Read Command Set-up Time 

0 - 0 0 
referenced to n- - - ns 

Read Command Hold Time referenced 
tRCH 

to n- O - 0 - 0 - ns 11 

Read Command Hold Time referenced 
tRRH 

toro 
0 - 0 - 0 - ns 11 

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

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

tWl Write Command Inactive Time 10 - 10 - 10 - ns 

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

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

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

tREF Refresh Period - 16 - 16 - 16 ms 

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

tewo 
n- to WlUTE Delay Time 

20 20 25 13 
(READ-MODIFY-WRITE CYCLE) - - - ns 

tRWO 
m to Ii\iJIii'E Delay Time 

70 80 100 13 
(READ-MODifY-WRITE CYCLE) - - - ns 

tAWO Column Address to Wlim Delay Time 35 - 40 - SO - ns 13 

tesR ~ Set-Up Time (n- before W) 5 - 5 - 5 - ns 

tCHR n- Hold Time cn- before ro) 15 - 15 - 20 - ns 

tRPe ro Precharge to ~ Active Time 0 - 0 - 0 - ns 

tcPT 
n- Precharge Time 

40 (n- before ro Counter Test) - 40 - SO - ns 

tePN ~ Precharge Time 10 - 10 - 15 - ns 
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1C514102AP/AJ/ASJ/AZ-70, TC514102AP/AJ/ASJ/AZ-80 
TC5141 02AP/AJ/ASJ/AZ-1 0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

TCSI4102API TCS14102AP1 TCSI4102API 

SYMBOL PARAMETER AJlASJ/AZ-70 AJ/ASJ/AZ-80 AJ/ASJ/AZ-IO UNIT 

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

tWTS Write Command Set-Up Time 10 - 10 - '. 10 - ns 

tWTH Write Command Hold Time 10 - 10 - 10 - ns 

tWRP W1m! to m Precharge Time 10 - 10 - 10 - ns 

tWRH W1m! to m Hold Time 10 ,. 10 - 10 - ns 
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TC514102AP/AJ/ASJ/AZ-70, TC5141 02AP/AJ/ASJ/AZ-80 
TC5141 02AP/AJ/ASJ/AZ-1 0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATION CONDITIONS IN THE 
TEST MODE (Vee = 5V:t 10%, Ta= 0-70·C) (Note6, 7, 8) 

TC51410lAPI TC514102API TC514102API 

SYMBOL PARAMETER AJ/ASJ/AZ-70 N/ASJ/AZ-80 AJ/ASJ/AZ-l0 UNIT NOTES 

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

tRC Random Read or Write Cycle Time 135 - ISS - 185 - ns 

tRMW Read-Modify-Write Cycle Time 160 - 180 - 215 - ns 

tse Static Column Mode Cycle Time 45 - 50 - 60 - ns 

tSRMW 
Static Column Mode Read-Modify-Write 

75 - 85 - 105 - ns 
. Cycle Time 

tRAe Access Time from m - 75 85 - 105 
9,14 - ns 
15 

tCAC Access Time from n - 25 - 25 - 30 ns 9,14 

tAA Access Time from Column Address - 40 - 45 - 55 ns 9,15 

tALw Access Time from Last Write - 70 - 80 - 100 ns 9,16 

tRAS liM Pulse Width 75 10,000 85 10,000 105 10.000 ns 

tRAse liM Pulse Width (Static Column Mode) 75 20,000 85 20,000 105 20,000 ns 

tRSH liM Hold Time 25 - 25 - 30 - ns 

tCSH n Hold Time 75 - 85 - 105 - ns 

tes n Pulse Width 25 10.000 25 10.000 30 10.000 ns 

tese n Pulse Width (Static Column Mode) 25 20,000 25 20,000 30 20,000 ns 

tRAL Column Address to m Lead Time 40 - 45 - 55 - ns 

tCWD n to WIm'r Delay Time 25 - 25 - 30 - ns 

tRwD m to WJUn' Delay Time 75 - 85 - 105 - ns 

tAwD Column Address to WIm'r Delay Time 40 - 45 - 55 - ns 

CAPACITANCE (Vee = 5V ± 10%, f = 1MHz, Ta =0-70oq 

SYMBOL PARAMETER MIN. MAX. UNIT 

C" Input Capacitance (AO-A 10, DIN) - 5 pF 

Cl2 Input Capacitance (m, n, Wl!i'm - 7 pF 

Co Output Capacitance (Dour) - 7 pF 
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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. ICC1, ICC3, ICC4, ICC6 depend on cycle rate. 

4. ICC1, ICC4 depend on output loading. Specified values are obtained '$>ith the output open. 

5. Column address can be changed once or less While RA'S=VIL and 'OS=VIH. 

6. An initial pause of 200l1s is required after power-up follow~d by any 8 RAS only refresh cycles 
before proper device operation is achieved. In case of using internal refresh counter, a minimum 
of 8 'OS Before AAS refresh cycles instead of 8 RAS only refreh cycles are required. 

7. AC measurements assume tT=5ns. 

8. Viii (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 TIL loads and 100pF. 

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

11. Either taCH or tRRH must be satisfied f~r a read cycle. 

12. These parameters are referenced to 'CS leading edge in early write cycles and to wmTE' leading 
edge in read-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 
tawnS;taWD(min.), tcWDS;tcWD(min.), and tAwD~tAWD(min.),·the cycle is a read-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 (min.) limit insures that tRAC (max.) can be met. 
tRCD (max.)!s specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
iimit, 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 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. tAU is the condition to latch column address when RAS has rised up. 
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TIMING WAVEFORMS 

READ CYCLE 

VOH -
Dour --...!..---

VOL -

WRITE CYCLE (EARLY WRITE) 

Dour VOH ----------IOPEN-------__ _ 
VOL -

~:"W or "L" 
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READ· MODIFY· WRITE CYCLE 

VOH -
DOUT --.:..------+<J:!~ 

VOL- ~ ___ ~ 

~: HW or HL" 
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STATIC COLUMN MODE READ CYCLE 

WRi'It VIH -

V1l -

Dour VOH ---~---4 
VOL -

~:"W or "L" 
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STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

m VIH 

VIL 

AO-Al0 
VIH 

VIL 

cs VIH 

VIL 

WRITE 
VIH 

VIL 

DIN 
VIH 

VIL 

Dour 
VOH -

OPEN 
VOL -

STATIC COLUMN MODE WRITE CYCLECEARLY WRITE) 

m VIH 

VIL 

AO-Al0 V'H 

V IL 

cs VIH 

VIL 

Wl!ifE VIH 

VIL 

DIN 
VIH 

V IL 

Dour 
VOH -

OPEN 
VOL -

~:"W or "L" 
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STATIC COLUMN MODE READ - MODIFY - WRITE CYCLE 

m V'H 

V'l 

AD-AIO V'H 

V'l 

~ V'H 

V'l 

WRm V'H 

V'l 

D,N V'H 

V'l 

Dour 
VOH -

VOl -

STATIC COLUMN MODE READIWRITE MIXED CYCLE 

m V,H 

V'l 

AD-AIO 
V,H 

V'l 

~ 
V,H 

V,l 

WRITE V'H 
V,l 

D,N 
V,H 

V'l 

Dour 

~: -W or "L" 
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RAS ONLY REFRESH CYCLE 

VIH-m 
V1L -

~ 
VIH-

VIL -

AO-A9 

VOH-
DOUT 

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

~: "W or "L" 

Note: WRITE ,A10= "H"or"L" 

~ BEFORE MS REFRESH CYCLE 

Note: AO-AIO="n" or "L" ~: HW or HL" 
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HIDDEN REFRESH CYCLE CREAD) 

VIH_---1. 
RAS" VIL _ 1_-.!!!tU...-__ IJ 

V1H 
AO-Al0 

VIL 

VOH­

DOUT VOL _------H 
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HIDDEN REFRESH CYCLE (WRITE) 

VOH-
DOUT -------OPEN ----------

VOL -

~:"W or "L" 
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"CS BEFORE liAS REFRESH COUNTER TEST CYCLE 
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WltlTE, Ps BEFORE ~REFRESH CYCLE 

VOH _--------x. 
DOUT VOL I}---------- OPEN ------

Note: DIN,AO-AIO="H" or "La ~: "W or "L" 
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TEST MODE 

The TC514102AP/AJ/ASJ/AZ is The RAM organized 4,194,304words by 1 bit, it is internally organized 
524,288 words by 8 bits. In ''Test Mode", data are written into 8 sectors in parallel and retrieved the same 
way. A10R, AIOC and AOC are not used. If, upon reading, all bits are equal (all "l"s or" O"s), the data output 
pin indicates a "I "shows the block diagram ofTC514102AP/AJ/ASJ/AZ. In''Test Mode", the 4M DRAM can be 
tested as ifit were a 512K DRAM. 

"WRl'l."E" , CS Before RAS Refresh Cycle" puts the device ''Test Mode". And "CS Before I!AS' Refresh Cycle 
"or" ItAS Only Refresh Cycle"puts it back into "Normal Mode".In the Test Mode, ''WlUTE. cg Before ltAS 
Refresh Cycle" performs the refresh operation with the internal refresh address counter. The ''Test Mode" 
functiom reduces test times(1/8 in case of N test pattern). 
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BLOCK DIAGRAM IN THE TEST MODE 

A I,PR, Aloe, Aoe 

~' 

Test 

AloR,Aloe,Aoe 

-
Fig. 1 
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1,048,576 WORD x 4 BIT DYN~'IC RAM 

DESCRIPTION 

* This is advanced information and specifications 
are subject to change without notice. 

The TC5l4400J/Z is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC5l4400J/Z 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 ~C5l4400J/Z to be packaged 
in a standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size pro­
vides 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 4 bit organization • Low Power 
• Fast access time and cycle time 

TC514.4.00.T/Z-80/-:- 10' 

578mW MAX. Operating (TC514400J/Z-80) 
495mW MAX. Operating (TC5l4400J/Z-10) 
5.5mW·MAX. Standby tRAc RAS Access Time 80ns lOOns 

tAA Column Address 40ns sOns Access Time 
tCAC CAS Access Time 20ns 25ns 
tRC Cycle Time l50ns l80ns 

tpc 
Fast Page Mode 
Cycle Time sOns 60ns 

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

PIN CONNECTION (TOP VIEW) 

Plastic 
I/Ol 1 
I/02 2 

WRITE 3 
RAS 4. 

A9 5 

SOJ 
vss 
I/04. 
I/03 
tmr 
mr 

26 
25p 
24. 
23 
220 

9 18~ AO A8 
110 17 Al A7 

11 16 A2 A6 

12 15 A3 A5 
13 14. Vee A4. 

PIN NAMES 
AO '" A9 Address Inputs 

Plastic ZIP 

RAS Row Address Strobe 
CAS Column Address Strobe 
WRITE Read/Write Input 
OE Output Enable 

1/01'" 1/04 Data Input/OutPut 
VCC Power . (+5V) 
VSS Ground 

• Outputs unlatched at cycle end allows two­
dimensional chip selection 

• Read-Modify-Write, CAS before ns refresh, 
RAS-only refresh, Hidden refresh and 
Fast Page Mode capability 

• All inputs and outputs TTL compatible 
• 1024 refresh cycles/16ms 
• Package Plastic SOJ: TC5l4400J 

Plastic ZIP: TC5l4400Z 

BLOCK DIAGRAt-1 
I/Ol I/02 I/03 I/04. 

AO~~~~~~l-~====~ 
Al 
A2 

AS 
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ABSOLUTE ~~IMUM RATINGS 
ITEM 

Input Voltage 
Output Voltage 
Power Supply ~oltage 
Operating Temperature 
Storage Temperature 
Soldering Temperature· Time 
Power Dissipation 
Short Circuit Output Current 

SYMBOL 
VIN 
VOUT 
VCC 
TOPR 
TSTG 
TSOLDER 
Pn 
lOUT 

RECO~1MENDED DC OPERATING CONDITIONS (Ta-O", 70°C) 
SYMBOL PARAMETER MIN. TYP. 
VCC Supply Voltage 4.5 s.o 
VIH Input High Voltage 2.4 -
VIL Input Low Voltage -1.0 -

RATING UNITS 
-1'" 7 V 
-1"'7 V 
-1'" 7 V 

0'" 70 °c 
-55'" 150 °c 
260·10 °Cosec 

600 mW 
50 mA 

MAX. UNIT 
S.S V 
6.S V 
O.B V 

DC ELECTRICAL CHARACTERISTICS (VCC·SV±lO%, Ta-O'" 70°C) 
SYMBOL PARAMETER MIN. 

OPERATING CURRENT T0514400 J/Z-80 -
ICCl Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRC-tRC MIN.) T0514400J/Z-IO -
STANDBY CURRENT 

ICC2 Power Supply Standby Current -
(RAS"~-VIH) 
ns ONLY REFRESH CURRENT T051UOOJ/z-eo -

ICC3 Average Power Supply Current, ~ Only Mode 
O[AS Cycling, ~"VIH: tRC-tRC MIN.) T0514400J/Z-IO -
FAST PAGE MODE CURRENT 

TO CilUOOJ/Z-IjO -ICC4 Average Power Supply Current, Fast Page Mode 
(RASaVIL, ~, Address Cycling: tpC=tpc MIN.) T051UOOJ/Z-IO -
STANDBY CURRENT 

ICCS Power Supply Standby Current -
(RAS·~"VCC~0.2V) 
~ BEFORE US' REFRESH CURRENT T051UOOJ/z-eo -

ICC6 Average Power Supply Current, ~ Before 
RAS Mode (RAS", W Cycling: tRC .. tRC MIN.) T05H400J/Z-IO -
INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any input -10 
(OV~ VIN~ 6.!)V, All Other Pins Not Under Test-OV) 

IO(L) 
OUTPUT ·LEAKAGE CURRENT -10 (DOUT is disabled, OV~ VOUT~ S.SV) 

VOH OUTPUT LEVEL 2.4 Output "HI! Level Voltage (IOUT--SmA) 

VOL 
OUTPUT LEVEL -Output "L" Level Voltage (IOUT-4.2mA) 

A-272 

NOTE 
1 
1 
1 
1 
1 
1 
1 
1 

NOTE 
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MAX. UNITS NOTES 
lOS 

mA 3,4,S 
·90 

2 mA 

lOS 
mA 3,5 

90 

·.70 

60 
mA 3,4,S 

1 mA 

lOS 
mA 3 

.90 

10 JlA 

10 JlA 

- V 

0.4 V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(VCC"~V±10%. Ta-O'" 70°C) (Notes 6. 7. 8) 

TC514400J/Z TC514400J/Z 
SYMBOL PARAMETER -80 -10 UNIT NOTES 

MIN. MAX. MIN. MAX. 
t RC Random Read or Write Cycle Time 150 - l80 - ns 

tRMW Read-Modify-Write Cycle Time 205 - 245 - ns 
tpc Fast Page Mode Cycle Time 50 - 60 - ns 

tpRMW Fast Page Mode Read-Modify-Write Cycle 105 - 125 - ns 
Time 

tRAC Access Time from m - 80 - 100 ns 9,14,15 

tCAC Access Time from CAS - 20 - 25 ns 9.14 
tAA Access Time from Column Address - 40 - 50 ns 9.15 
tCPA Access Time from CAS Precharge - 45 - 55 ns 9 

tCLZ CAS to Output in Low-Z 0 - 0 - ns 9 

tOFF Output Buffer Turn-off Delay 0 20 0 20 ns 10 
tT Transition Time (Rise and Fall') 3 50 3 50 ns 8 
tRP RAS Precharge Time 60 - 70 - ns 
tRAS RAS Pulse Width 80 10.000 100 10.000 ns 

tRASP RAS Pulse Width (Fast Page Mode) 80 .200,000 100 200,000 ns 
t RSR RAS Hold Time 20 - 25 - ns 
tCSH CAS Hold Time 80 - 100 - ns 

tRRCP CAS Precharge to RAS Hold Time 45 - 55 - ns 

tCAS CAS Pulse Width 20 10,000 25 10,000 ns 
t RCD RAS to CAS Delay Time 20 60 25 75 ns 14 
tRAD RAS to Column Address Delay Time 15 40 20 50 ns lIs 
tCRP CAS to RAS Precharge Time 5 - 10 - ns 
tcp <:AS Precharge Time 10 - 10 - ns 
tASR Row Address Set-Up Time 0 - a - ns 

tRAR Row Address Hold Time 10 - 15 - ns 
tASC Column Address Set-Up Time 0 - 0 - ns 
tCAR Column Address' Hold Time 15 - 20 - ns 

tAR Column Address Hold Time referenced to 60 75 m - - ns 

tRAL Column Address to lAS Lead Time 40 - 50 - ns 

tRCS Read Command Set-Up Time 0 - a - ns 
tRCR Read Command Hold Time 0 - 0 - ns 11 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

TC5l4400J/ TC5l4400J/ 
SYMBOL PARAMETER Z-80 Z-10 UNITS 

MIN. MAX. MIN. MAX. 

tRRH Read Command Hold Time referenced to ~ 0 - 0 - ns 
tWCH Write Connnand Hold Time 15 - 20 - DS 
t WCR Write ConnnaDd Hold Time referenced to ~ 60 - 75 - DS 
twp Write Command Pulse Width 15 - . 20 - DS 
tRWL Write Command to RA! Lead Time 20 - 25 - ns 
tCWL Write Connnand to CAS Lead Time 20 - 25 - DS 
tDS Data Set-Up Time 0 - 0 - DS 
tDH Data Hold Time 15 - 20 - DS 

tDHR Data Hold Time refereDced to ~ 60 - 75 - ns 
tREF Refresh Period - 16 - 16 ms 
twcs Write Connnand Set-Up Time 0 - 0 - ns 
tCWD m to mn Delay Time 50 - 60 - DS 
tRWD RAS to WRITE Delay Time 110 - 135 - DS 
tAWD Column Address to WRITE Delay T·ime 70 - 85 - DS 

tcpl-.'D 
CAS Precharge to WRITE Delay Time 75 (Fast Page Mode) - 90 - ns 

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

tCHR CAS Hold Time (CAS before RIS Cycle) 15 - 20 - DS 
tRPC RAS to CAS Precharge Time 0 - 0 - ns 

tCPT CAS Precharge Time 40 - 50 - DS 
(~ before lAS" Counter Test Cycle) 

tROH RAS' Hold Time referenced to tm' 10 - 20 - ns 
tOEA Of Access Time - 20 - 25 DS 

" tOED OE" to Data Delay 20 - 25 - DS 
tOEZ Output Buffer Turn Off Delay Time from Of 0 20 0 20 DS 
tOEH OE Connnand Hold Time 20 - 25 - DS 
tWTS Write Connnand Set-Up Time(Test Mode ID) 10 - 10 - ns 
tWTH Write Connnand Hold'Time (Test Mode In) 10 - 10 ... DS 

tWRP WRITE to RAS Precharge Time 10 - 10 - DS 
(CAS before RAS' Cycle) 

tWRH WRI'TE to RAS Hold Time 10 - 10 - 'DS (CAS before ~ Cycle) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

TC5l4400J/z TC5l4400J/Z 
SYMBOL PARAMETER -80 -10 UNIT NOTES 

MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 155 - 185 - ns 

tpc Fast Page Mode Cycle Time 55 - ·65 - ns 

tRAC Access Time from RAS - 85 - 105 ns 9,14,15 

tCAC Access Time from CAS - 25 - 30 ns 9,14 

tAA Access Time from Column Address - 45 - 55 ns 9,15 

tCPA Access Time from CAS Precharge - 50 - 60 ns 9 

tRAS RAS Pulse Width 85 10,000 105 10,000 ns 

tRASP RAS Pulse Width(Fast Page Mode) 85 200,000 105 200,000 ns 

tRSH RAS Hold Time 25 - 30 - ns 

tCSH CAS Hold Time 85 - 105 - ns 

t RHCP CAS Precharge to RAS Hold Time 50 - 60 - ns 

tCAS CAS Pulse Width 25 10,000 30 10,000 ns 

tRAL Column Address to RAS Lead Time 45 - 55 - ns 

CAPACITANCE (VCC-5Vt10%, f"lMHz. Ta=0-70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

Cn Input Capacitance (AQ-A9) - 5 pF 

CI2 Input Capacitance (RAS, CAS, WRITE, OE) - 7 pF 

Co Output Capacitance (1/01-1/04) - 7 pF 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may ~ause 
permanent damage to the device. 

2. All voltages are referenced to Vss. 

3. ICC1. ICC3. ICC4. ICC6 depend on cycle rate. 

4. ICC1' ICC4 depend on output loading. Specified values ate obtained with the 
output open. 

5. 

6. 

8. 

9. 

10. 

11. 

12. 

14. 

15. 

Column address can be changed once or less while RIS-VIL and CAS-VIH' 

An initial pause of 200~s is required after power-up followed by 8 ~ only 
refresh cycles before proper device operation 'is achieved. In case of using 
internal refresh counter. a minimum of 8 m before m refresh cycles instead 

,of 8 lAS only refresh cycles are required. 

AC measurements assume tT-5ns. 

VIH(min.) and V1L(max.) are reference levels for measuring timing of input 
signals. Also. transition times are measured between VIH and VIL' 

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

tOFF(max.) and tOEZ(max.) qefine the time at which the output achieves the open 
circuit condition and are not referenced ~o output'voltage levels. 

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

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

twcS. tRWD. tCWD. tAWO and tcpwo are not restrictive operating parameters. They 
are included in the data sheet as electrical characteristics only. If twc~twcs 
(min.) the cycle is an early write cycle and data out pin will remain open circuit 
(high impedance) through the entire cycle; If tRWD ~ tRWO (min.). tcwo ~ tCWD (min.). 
tAWD ~ tAWD (min.) and tcpwo ~ tCPWD (min.) (Fast Page Mode). the cycle is a read­
modify-write cycle and 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. 

Operation within the tRCn(max.) limit insures that tRAC(max.) can be met. 
tRCn(max.) is specified as a reference point only: If tRcn is greater than the 
specified tRCn(max.) limit. then access time is controlled by tCAC' 

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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READ CYCLE 

RAS 
VIH-

vu.-

~ 
VIH-

vu.-

VIH_ 
AO-A9 

VIL-

WRfTE 
vIH-

vIL-

01" 
vIH-

VIL-

1/\)1-1/04. 
VOH _ 

VOL-

WRITE CYCLE (EARLY WRITE) 

tRAs 

t 

tcSH 

tRAC 

OPEN 

tRc 

tRSH 

tCAS 

TC514400JIZ~O 
TC514400JIZ-10 

tCRP 

rzL1: "H" or "L" 

OJ[ ::: =///1$1111//)/1/11//1/111// flli//JIIJ///I//II //II /I /II/Ii /III !ifIll!! lit 
I tDHRI ~ tDS . tDH 

VOI-I/04. VIH ------==:~i~VA~LiiID~DA~~TA;-~IN~; ------- OPU -----
• VIL- ~ 
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WRITE CYCLE em: CONTROLLED WRITE) 

VIH------..L. 
N---~~--_I 

VIL-

VIH_ 

AO-A9 

1/01-I/04 

READ-MODIFY-WRITE CYCLE 

VIH_ 
RIii 

VIL-

CAS 
VIH-

VIL-

VIH_ 
AO-A9 

VIL_ 

~: "H" or "L" 

VffiITE VIH ---~r===*===+=~========:::=;t r-:~=-:-;;;;~"T7'TTT'T:rrn"T'7 
VIL­

~ VIH _-----.:---.:....---.!-.... 
VIL----~------~~~-r--' 

VI/OH-_____________ -+_-G'~ 

1/01-1/04 v1/0L - F=-"";;';;'''f 
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FAST PAGE MODE READ CYCLE 

A!l-A9 
VIL-

VIH-
WRITE VIL-

DE VIH-

VIL-

V01-V04, 
VOH- __________ ~ 

VOL- ~'r~~-t 

FAST PAGE MODE WRITE CYCLE 

VIH-Tn~~~~~~~~~'7TTr,~J;;~~~ 
, AO-A9 v IL- """.,..=;:;.;r,"'" ,.=:;;;;:;=~r'"''-L.<:-'-'.1 ,.=~=;...;;;..,. 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

.---: 

tcsH 

tpRlolW 

~_CD 

tRAD 

~ 
[\' 

tCAS 

~ I~ tCAR 
f-R' 

~ 
f""""' 

1~ 

tRASP ,r 
~~L 

tRsH 

I tCRP r tCAS tCAS 

'I 
tRAL 

tCAR ~ 

~ t::1 I~ 
:mROW~ ~r;JD lJl11111! 'IlIA ~g~ JlIIIIIII~ A ~t ~IIIII/IIIIIIIIIIIIIII ~ 

AO-A9 

I~ 
:Jllllill 

I.f'l v1/0H-
1/04. v1/0L-

tRAC 

tCLZ 

tcWD 
, 

tRWJ) 
tCPWD tCPWD tRWL 

tcm. I 
tcWD tcWL tcm. tCWD 

tAWD r-,.f tAWD 1\ ~~ tAWD 

~ tAA twp twp 

rr - I:E ~_ to ~ 

1!2.r;L tCPA ~ tCPA [/t~ 
I~ tCAC ~ 

-,i-

L ~ tOEZ toEZ ~ toEZ 
-~ tDS tns 

tDH t~ tDH ~ 
~~~~df- L t;:t--

~ ~~ IN 2"K ~~~ IN N 

~Tl tCLZ 
~ ~ 

!UT::-OUT 2 tCLZ 

l!ZZI: "H" or "L" 
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RAS ONLY REFRESH CYCLE 

tRC 

RAS VIH_ 
t 

VIL_ 

CAS 
VIH_ 

VIL_ 

VIH-
AO-A9 

VIL-

Note: WRITE, OE-"H" or "L" 

CAS BEFORE RAS REFRESH CYCLE 

tRP 
vIH_ 

RAS 
tRPC vIL-

tRAS 

CAs 
vIH-

VIL-

VIH_ 
WHITE 

VIL-

VOH---------~)r-------------------------
VOL . 

Note: Of, AO", A9 .. "H" or "L" 

A-281 

OPEN 

TC514400JIZ-80 
TC514400JIZ-10 

~: "H" or "L" 

~: "H" or "L" 



TC514400JIZ-80 
TC514400JIZ-10 

HIDDEN REFRESH CYCLE (READ) 

tRC 

VIH----.. tAR 
VIL_ I\~----~--~~ 

V IH- --r7".~-==. 
AO-A9 

VIL-

tRP 

VIH-TTTM~7TTM~~-+------~~~~~--~TTr.n~TT~~~TT~~TT~~~ 

vIL-I...I..J~J..t...~U..I 

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

VIL-- ______________ ~~f_~------------------~~I...I..J~J..t...I...I..J~J..t...~wuJ..t...l...I..J~ 

VOH-- ---------------q VALID DATA-OUT 
vOL-

~: "H" or ''L'' 
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HIDDEN REFRESH CYCLE (WRITE) 

VIH_ 
RAS 

VIL-

tCRP 

VIH-
CAS 

VIL-

t t 

tRSH 
t 

TC514400J1Z-80 
TC514400JIZ-10 

t 

AO-A9 ROW COLUMN 

'n - 'I ~'l/.J..JS~ DDIR~"::,I.U. .L..L.LJ...LJ..1 ~~.L..L.LJ...LJ..II f:J...J.L.L./....~ ~ 
Tan> ::: =W 111I?4 :' ,= 1J;iff' . VI!;;II!II! I///!III III!/!!/ll /IlL 

OE :~: = /jjill I! JIll!! II! /II III /IJ//IJ/ 11// fill/II I!I!! JIll! III! II!!! II 111//1//1 III 
~I~ I tDH 

"'o>-VO< ::: -WIll t:::::'-,. ~ /11////11 II II! //I111111J//J/I IIJ// I/J l!/h 
l:LZI: "H" or ilL" 
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TC514400JIZ--80 
TC5144OOJ1Z-10 

~ BEFORE~ REFRESH COUNTER TEST CYCLE 

1r.m VIH -

VIL -

CD VIH -

VIL -

AO-A9 
vIH -

VIL-

READ CYCLE 

WltrfE 
vIH -

vIL -

OE" 
VIH -

vIL -

l/ol-l/04 VOH -

VOL -

WRITE CYCLE 

WRITE VIH -
VIL _ 

. VIH 
liE" 

VIL 

l/Ol-l/O4 
VIL-

OE VIH-

t 

VIL--------------------------~~_i~ 

fZZLJ "H" or "L" VALID DATA-OUT 
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WlUT'!, CIS BEFORE lAS REFRESH CYCLE 

VIH-
rum 

VIL-

VIH- . tCHR 

CAB 

VIH -
tWTH WRITE 

VIL -

VOR-
V01-I/01. 

VOL-

OE, AO"'A9: "H" or "L" 

loRC 

OPEN 

~: "H" or "L" 

A~285 
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TC514400JIZ-80 
TC514400JIZ-10 

READ CYCLE IN THE TEST MODE 

OPEN ----+---f'lll7IJ VALl D DATA -OUT 

Note: OE'- "L" 

WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

VIR -­
VIL --

~: "H" or· "L" 

tac 

All-A9 VIR -'7"Tl7T7'nO.J.,.-=:J...,t~:t:f;,~~=in7TT17Tm7Tm7TTT:rT77TTTl7T7'7"n. 
v IL - c.L.I...t..L.c.L.I.'1"==;;:..:::r "-"-':"-===-.:r 'ILL.L.f...j~.LL.t..U:.LL.LL.t..U~.LL.LL.,",-,.l..L.r..uJ 

OE ~R--'7"Tl~r.n~rn~~~~~~~~~~~~~~~~~~~~rn~~ 
VIL--~~"~~~t..U:.LL~:.LL~~~~.l..L.c.L.I..I..L.,",-,.LL.LL.,",-,.l..L.c.L.I..l..L.t..U:.LL.LL.u..LL.:.LL 

OPEN------
VIR -

~1~/b4 ------------
VII,. - 1"----.... 

A-286 



FAST PAGE MODE READ CYCLE IN THE TEST MODE 

VIR -­
VIL --

tpc 

FAST PAGE MODE WRITE CYCLE IN THE TEST MODE 

tpc 

tRASP 

tCAS 

~: fiB" or "L" 

TC514400JIZ-80 
TC514400JIZ-10 

tOFF 

VIR --Tr.n7~rr.~~~mn~~~r,n7n~J~~",~r.n7Tr.n~~~;-~~~T.Mn7Tr.n77T.n7 
VlL--~~~~~~~~~~~~~~~~-~~~~~~~r~u.~~~~--
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TC514400JJZ-80 
TC514400JJZ-10 

TEST MODE 

The TCS14400J/Z is the RAM organized 1.048.576 words by 4 bits. it is internally 

organized 524.288 words·by 8 bits.- In "Test Mode". data are written into· 8 sectors 

in parallel and retrieved the same way. Acc is not used. If. upon reading, two bits 

on one I/O pin are equal (all "l"s or "O"s). the I/O pin indicates a "1". 

If they were not equal. the I/O pin would indicate a "0". Fig. 1 shows the block 

diagram of TC5l4400J/Z. In "Test Mode". the lMx 4 DRAM can be tested as if it 

were a 5l2K x 4 DRAM. 

"WRITE. CAS Before RAS Refresh Cycle puts th~ device into·"Test Mode". Arid 

"en Before m Refresh. Cycle" or·"RIS Only Refresh Cycle" puts it back .into "Normal 

Mode". In the Test Mode. '~. CIS Before RAS Refresh Cycle" Performs the refresh 

operation with the internal refresh address counter. The "Test Mode" function re­

duces test times (1/2 in case of N test pattern). 
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BLOCK DIAGIW1 IN THE" TEST MODE 

Normal 

Teat 

Aoe 

Teat 

Ace 

ADO 

TC514400JJZ-80 
TC514400JJZ-10 

r-___ -oAOC Vee 

r---o"! Normal 

r---~----~~~~~~ Normal 

Fig. 1 
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1,043,573 \:ORDx 4 BIT DYNAMIC RAfvI 

DESCRI PTION 

* This is advanced information and specifications 
are subject to change without notice. 

The TCs14400JL/ZL is the new generation dynamic RAM organized 1,048,576 words by 4 bits. 
The TCs14400JL/ZL 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 TCs14400JL/ZL to be packaged in a 
standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The 'package size provides high 
system bit densities and is compatible with widely available automated testing and inser­
tion equipment. System oriented features include single power supply of sV±lO% tolerance, 
direct interfacing capability with high performance logic families such as Schottky TTL. 

FEATURES 

1,048,576 word by 4 bit organization • Low Power 
• Fast access time and cycle time 

TC514400J~L-8a/-lO 

s78mW MAX. Operating(TC5l4400JL/ZL-80) 
495mW MAX. Operating(TCs14400JL/ZL-10) 
2.2mt~ HAX. Standby t~~c RAS Access Time 80ns lOOns 

tAA 
Column Address 40ns SOns Access Time 

tCAC CAS Access Time 20ns 2sns 
tRC Cycle Time lsOns l80ns 

tpc Fast Page Mode 
SOns 60ns Cycle Time 

• Single power supply of sV±lO% with a 
built-in VBB generator 

PIN CONNECTION 

Plastic SOJ Plastic ZIP 

..1.0 
Al 
..1.2 
..1.3 

Vee 

PIN NANES 
AO '\.A9 

RAS 
CAS 
HRITE 
DE 

I/Ol'\. I/04 
VCC 
VSS 

Vss 
1/04 
I/t>3 
~ 
Of 

..1.8 

..1.7 

..1.6 

..1.5 

..1.4 

Vss 
V02 
ill 

..1.7 

Address Inputs 
Row Address Strobe 
Column Address Strobe 
Read/Write Input 
Output Enable 
Data Input/Output 
Power (+sV) 
Ground 

CAs 
1/04 
I/O I 
WRITE 
..1.9 

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

• Read-Modify-Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh and 
Fast Page Hade capability 

All inputs and outputs TTL compatible 
• 1024 refresh cycles/128ms 

Package Plastic SOJ: TCs14400JL 
Plastic ZIP: TCs14400ZL 

BLOCK DIGARAt-1 I/OI I/O 2 I/03 I/O ~ 

AO~hJl!~~ 
Al 
..1.2 
..1.3 
..1.4 
..1.5 
..1.'6 

..1.7 

..1.8 
A9v-~~~~ __ ~~~ 
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TC514400JLI.ZL-80 
TC514400JLJ.ZL~10 

ABSOLUTE MAXmUt~ RATINGS 
ITEM SYMBOL RATING UNITS 

Input Voltage VIN -1'" 7 V 
Output Voltage VOUT -1'" 7 V 
Power Supply Voltage VCC -1'" 7 V 
Operating Temperature TOPR 0'" 70 °c 
Storage Temperature TSTG -55'" i50 °c 
Soldering Temperature' Time TSOLDER 260·10 °C'sec 
Pow.er Dissipation Pi> 600 mW 
Short Circuit Output Current lOUT 50 mA 

RECOt·1MENDED DC OPERATING CONDITIONS (Ta=O'" 70°C) 
SYMBOL PARAMETER MIN. TYP. MAX. UNIT 
VCC Supply Voltage 4.5 5.0 5.5 V 
VIH Input High Voltage 2.4 - 6.5 V 
VIL Input Low Voltage -1.0 - 0.8 V 

DC ELECTRICAL CHARACTERI STICS (VCc"5V±10%, Ta-O'" 70·C) 
SYMBOL PARAMETER MIN. 

Operating Current TC514400J VZL-80 -
ICCl Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRC-tRC MIN.) TC51440OJVZL-I0 -
Standby Current 

ICC2 Power Supply Standby Current 
(RAS=~=VIH) 

-
EAiSOnly Refresh Current TCS14400J!/ZL-80 -

ICC3 Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS=VIH: tRC-tRC MIN.) TC514400JI/ZL-I0 -
Fast Page Mode Current TCS14400JI/ZL-80 -

ICC4 Average Power Supply Current, Fast Page Mode 
(RAS=VIL, CAS, Address Cycling: tPC=tpc MIN.) TC514400J!/ZL-I0 -
Standby Current 

ICCS Power Supply Standby Current -
(~-CAS=VCC-0.2V) 
CAS Before ~ Refresh Current TC514400JI/ZL-80 -

ICC6 Average Power Supply Current, CAS Before ~ 
Mode (RAS, ~ Cycling: tRC-tRC MIN.) TC514400J!/ZL-I0 -
Battery Back Up Current 
Average Power Supply Current, Battery Back Up Mode 

ICC7 (CAS-~ Before RAS Cycling or 0.2V, ~VCC-0.2V. ~VCC- -
0.2V. AO"'9-VCC-0.2V or 0.2V. I/Ol"'4-VCC-0.2V. 
0.2V or OPEN: tRC·12SIlS. tRAS-tRAS MIN. '" Ills) 
Input Leakage Current 

II(L) Input Leakage Current, any input -10 
(OV ~ VIN ~ 6. SV, All Other Pins Not Under Test-OV) 

10(L) 
Output Leakage Current ' 
(DOUT is disabled, OV:; VOUT:; S.SV) -10 

VOH 
Output Level 
Output "H" Level Voltage (IOUT--SmA) 2.4 

VOL Output Level -Outtut "L" Level Voltage (Iour4•2mA) 
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MAX. UNITS NOTES 
105 

mA 3,4,5 
90 

2 mA 

105 
mA 3,5 

90 

70 
mA 3,4,5 

60 

400 IlA 

105 
mA 3 

90 

SOO IlA 3,6 

10 IlA 

10 IlA 

- V 

0.4 V 



TC514400JLlZL--80 
TC514400JLlZL-10 

ELECTRICAL CHARACTERISTICS AND RECO~lt4ENDED AC OPERATING CONDITIONS 

(V CC-5V±10%. Ta"O'" 70 0 C)(Notes 7. S. 9) 

TC5l4400JL/ TC5l4400JL/ 

SYHBOL PARAMETER ZL-SO ZL-10 UNIT NOTES 
MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 150 - lSO - ns 
tR}n~ Read-~!odify-l~rite Cycle Time 205 - 245 - ns 
tpc Fast Page Hode Cycle Time 50 - 60 - ns 

Fast Page Mode Read-Modify-Write Cycle 
tpRMW Time 105 - 125 - ns 

tRAC Access Time from RAS - SO - 100 ns 10.15.16 

tCAC Access Time from CAS - 20 - 25 ns 10,15 

tAA Access Time from Column Address - 40 - 50 ns 10,16 

tCPA Access Time from CAS Precharge - 45 - 55 ns 10 

tCLZ ~ to Output in Low-Z 0 - 0 - ns 10 

tOFF Output Buffer Turn-off Delay 0 20 0 20 ns 11 

tT Transition Time (Rise and Fall) 3 50 3 50 ns 9 

tRP RAS Precharge Time 60 - 70 - ns 

tRAS RAS Pulse Width 80 10,000 100 10,000 ns 
tRASP RAS Pulse Width (Fast Page Mode) 80 200,000 100 200,000 ns 
tRSH RAS Hold Time 20 - 25 - ns 
tCSH CAS Hold Time 80 - 100 - ns 

tRHCP CAS Precharge to RAS Hold Time 45 - 55 - ns 
tCAS CAS Pulse Width 20 10,000 25 10,000 ns 
tRCD RAS to CAS Delay Time 20 60 25 75 ns 15 

tRAD RAS to Column Address Delay Time 15 40 20 50 ns 16 

tCRP CAS to RAS Precharge Time 5 ... 10 - ns 
tcp CAS Precharge Time 10 - 10 - ns 
tASR Row Address Set-Up Time 0 - 0 - ns 
tRAH Row Address Hold Time 10 - 15 - ns 

tASC Column Address Set-Up Time 0 - 0 - ns 
tCAH Column Address Hold Time 15 - 20 - ns 

Column Address Hold Time referenced to 
tAR RAS 60 - 75 - ns 

tRAL Column Address to m Lead Time 40 - 50 - ns 
tRCS Read Command Set-Up Time 0 - 0 - ns 
tRCH Read Command Hold Time 0 - 0 - ns 12 
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TC514400JLlZL--80 
TC514400JLlZL~1 0 

ELECTRICAL C}J.ARACTERI STICS AND REC0Mt4ENDED AC OPERATING CONDITIONS (Continued) 

TC514400JL/ TC514400JL/ 
SYNBOL PARAMETER ZL-80 ZL-10 UNITS 

. MIN. MAX. MIN. MAX • 
tRRH Read Command Hold Time referenced to lIS 0 - 0 - ns 

ttvCH Write Command Hold Time 15 '. 20 - ns 
t\·ICR Write Command Hold Time referenced tom 60 - 75 - ns 
ttvP Write Command Pulse Width 15 - 20 - ns 

tRWL Write Command to RAS Lead Time 20 - 25 - ns 

tCWL Write Command to CAS Lead Time· 20 - 25 - ns 

tDS Data Set-Up Time 0 - 0 - ns 
tDH Data Hold Time 15 - 20 - ns 

tDHR Data Hold Time referenced to RAS 60 - 75 - ns 

tREF Refresh Period - 128 - 128 ms 

t"CS tYrite Command Set-Up Time 0 - 0 - ns 
tavo CAS to 'WR'I'f! Delay Time 50 ~ 60 - ns 

tRWO RAS to WRITE Delay Time 110 - 135 - ns 
tAtVO Column Address to WRITE Delay Xime 70 - 85 - ns 

CAS Precharge to WRITE Delay Time 
75 90 tCPlVO (Fast Page Mode) - - ns 

tCSR CAS Set-Up Time (~before lIS Cycle) 5 - 5 - ns 
tCHR ~ Hoid Time (CAS before RAS Cycle) 15 - 20 - ns 
tRPC ~ to CAS Precharge Time 0 - 0 - ns 

tCPT 
~ Precharge Time 40 - 50 - ns 
(~ before RAS Counter Test Cycle) 

tROH RAS Hold Time referenced to OE 10 - 20 - ns 

tOEA OE Access Time - 20 - 25 ns 
tOED OE to Data Delay 20 - 25 - ns 
tOEZ Output Buffer Turn Off Delay Time from OE 0 20 0 20 ns 
tOEH OE Command Hold Time 20 - 25 - ns 
tWTS Write Command Set-Up Time (Test Mode In) 10 - 10 - ns 

tWTH Write Command Hold Time (Test Mode In) 10 - 10 - ns 

WRITE to RAS Precharge Time 10 10 tl,7RP (CAS before m Cycle) - - ns 

WRITE to RAS Hold Time 
10 10 tWRH (CAS before Ri\'S Cycle) - - ns 
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TC514400JLIZL-80 
TC514400JLlZL-10 

ELECTRICAL CHARACTERISTICS AND RECOt4~IENDED AC OPERATING CONDITIONS IN THE TEST MODE 

TC5l4400JL/ TC5l4400JL/ 

SYMBOL PARAMETER ZL-80 ZL-10 UNIT NOTES . -
mN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 155 - 185 - ns 

tpc Fast Page Mode Cycle Time 55 - ·65 - ns 

tRAC Access Time from RAS - 85 - 105 ns 1Q.l5.16 

tCAC Access Time from CAS - 25 - 30 ns 10,15 

tAA Access Time from Column Address - 45 - 55 ns 10,16 

tCPA Access Time from CAS Precharge - 50 - 60 ns 

tRAS RAS Pulse Width 85 10,000 105 10,000 ns 

tRASP RAS Pulse Width(Fast Page Mode) 85 200,000 105 200,000 ns 

tRSH RAS Hold Time 25 - 30 - ns 

tCSH CAS Hold Time 85 - 105 - ns 

t RHCP CAS Precharge to RAS Hold Time 50 - 60 - ns 

tCAS CAS Pulse Width 25 10,000 30 10,000 ns 

tRAL Column Address to RAS Lead Time 45 - 55 - ns 

CAPACITANCE (VCC-5V±10%, f-lMHz. Ta-0-70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

Cn Input Capacitance (AQ-A9) - 5 pF 

CI2 Input Capacitance (RAS, CAS, WRITE, OE) - 7 pF 

Co Input/Output Capacitance (1/01'" 1104) - 7 pF 
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TC514400JLJ.ZL~O 
TC514400JLJ.ZL-10 

NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause per­
manent damage to the device. 

2. All voltages are referenced to Vss. 

3. ICC1. ICC3. ICC4, ICC6. ICC7 depend on cycle rate. 

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

-5. Column address can be changed once or less while ~=VIL and CAS-VIR' 

6. tRAs(max.)=l~s is only applied to refresh of battery-back up. tRAs(max.)alO~s is 
applied to. functional operating. 

7. An initial pause of 200~s is required after power-up followed by 8 ~ only refresh 
cycles before proper device operation is achieved. In case of using internal 
refresh counter. a minimum of 8 CAS before RAS refresh cycles instead of 8 
RAS only refresh cycles are required. 

8. AC measurements assume tr=5ns. 

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

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

11. 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. 

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

13. These parameters are referenced to CAS leading edge in early write cycles and to 
.mITE leading edge in read-modify-write cycles. 

14. twCS. tRWO. tcwo, tAWO and tCPWD are not restrictive operating parameters. They 
are included in the data sheet as electrical characteristics only. If ewcs~ ewcs 
(min.) the cycle is an early write cycle and data out pin will remain open circuit 
(high impedance) through the entire cycle; If tRWO ~ tRWD(min.). tcwo ~ tcwo(min.) • 
tAWO ~ tAWO(min.) and tCPWD" tCPWD(min.) (Fast Page Mode). the cycle is a read­
modify-write cycle and 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. 

15. Operation within the tRCD(max.) limit insures that tRAc(max.) can be met. 
tRCn(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. 

16. 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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READ CYCLE 

VIH m 
viL 

CAS VIH -

VIL -

VIH -
AO-A9 

VIL -

WRITE VIH -

VIL -

VIH -OE 
VIL -

VOI-VO", VOH -

VOL -

WRITE CYCLE (EARLY WRITE) 

RAs 
VlH-

vIL -

CAS VIH -

VIL -

AD-A9 VIH -

VIL -

"iViiffE 
VIH -

VIL -

OE VIH -

V[L -

VIH -VOI-V04 
VIL -

tR 

IRAS 

IAR 

ICSH 

lacD 

OPEN 

ICLZ 

IRA.5 
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TC514400JLIZL-80 
TC514400JLIZL-10 

IRP 

VALID DATA- OUT 

t2'ZLl: "H" or "L" 

IRC 

lap 

OPEN 



TC514400JUZL-80 
TC514400JUZL-10 

i·)RITE CYCLE. (OE CONTROLLED WRITE) 

VIH -

vIL-

VIH -'-

VIL-

Ao-A9 

IA>l-V04 

READ-MODIFY-WRITE CYCLE 

BAS 
VIH-

vIL-

CAs vIH-

VIL-

AO-A9 
VIH-

VIL-

lac 

'BAS 

'AR 

tcsH 

tRSH 

tCAS 

'RAL 

~ : "R".or ''t'' 

'RMW 

'CSH 

VIH - ---+====+===+===========~ r-;;;~-;;:;k77'T1r-rT7"T7'TTTl 
VIL-

V IH----.:...-----~ 
vIL - _________ .,..---+---+--J 

VI/OH­
VOI-VO'1 VI/OL _ --------+--<Y 'F"=-""'"""f 
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FAST PAGE MODE READ CYCLE 

AO-A9 

'WRiTE 

DE 

VIH -

vIr. -

VIH -

VIL -

VIL-

VIH-

VIL -

VIH -

VIL -

VOH-
1/01-1.104 ---------<1/ 

VOL -

FAST PAGE MODE lJRITE CYCLE 

RAS 
VIH-

vIL-

CAs vIH-

vIL-

Ao-A9 

WiITTE VIH-

VIL-

OE VIH-
VIL-

1/01-1/04 
VIH-

VIL-
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TC514400JLJZL-80 
tC514400JLJZL"":'" 10 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

tpRMW tRSH 

l?ZlA: "H" or "Lit 
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TC514400JLlZL-80 
TC514400JLlZL-10 

RAS ONLY REFRESH CYCLE 

VIH ------~ tRAS 
r-----------~----------~ 

VIL --

VIH --------~--++-------------------------------;~~~-------
VIL - __ ..J 

V IH -- "f"r'f7'7-rT7\. .j.---,/, J"'Tlr'77"T"r:'f7'7-rTTT"I-rTTT"I-rrTT"l"7"T'T7"'lr'77"T"r:r-r"J"'7"'n. r-----
AO-A9 

VI L -- f...L.j'J..J.J..t..LI 1"---; "'-'..<J. .................................................. '"""" ............... ..I..I.. ............. .J..J.II '--____ _ 

Note: I~ITE, OE="H" or "L" ~ "H" or "L" 

CAS BEFORE RAS REFRESH CYCLE 

IRC 
IRP 

vm- tRAs 
HAS 

tRPC vIL-
tcp 

CAs 
vm-

v1L -. 

VIH-
WRITE' 

VIL-

VOH "] 1/01-1/04 OPEN 
VOL 

Note: (5E, AO'" A9="H" or "L" fm "H" or "L" 
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TC514400JUZL-80 
TC514400JUZL.,... 10 

HIDDEN REFRESH CYCLE (READ) 

VIH---">I- tAR 
\1-------1 

VIL-

AO-A9 

teRP 

VIH--7Tr.n7Trr.~~r-;---------~~nr----~TTrn7TITr.nTTrn7TTn77Tn77n 

V I L -- L.L.L.J.,J...""'-7.L..I...r..I 

Vm -----'----------.. 

VIL-- ______________ ~~--+_----------------~.J.,J...~~~~~~~~~~ 

tOEZ 

VOH-
I/Ol-V04 ----------------W 

VOL-
VALID DATA-OUT 

~ : "H" or "L" 
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HIDDEN REFRESH CYCLE <','RITE) 

tRC 

tap I 

tASR tRA}{ tCAH 

TC514400JLJZL-80 
TC514400JLJZL-10 

tRC 

tCRP 

VIH - ROW COLUMN ~r-rrrrrT~r-rrrrrT~~""""""''''---
A.O-A9 V ADD ADDRESS 

IL - I twcs II tWCH~tWRP~11 tWPJi~ 
1ffifi ::: WJllfi: : "" }z;$ W//illll/!IIIIII/lIIJII!/j/l1l2 

DE ::: _1/ IIII/! IIIII/!J//IIJ/ /1/ II! //I!11 111/// 1I!III!l!!/ II 11111//1/ JIll) 11111 lit 
~I ~ I t{»i 

V"-''''' ::: =JI!I !If::~ATA-" Fill III!III!lJ//J//J/!IIJ// //II! II!!I (//1/1. 

~: nH" or ttL" 
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TC514400JLlZL-80 
TC514400JUZL--10 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

RAs' vIH-

VIL-

ro vIH-

VIL-

AO-A9 
Vm-

VIL-

READ CYCLE 

r WRITE vlH-
vIL-

OE 
vIH-

VIL -

1/01-1/04 VOH-____ +I 

VOL-

lVRITE CYCLE 

WRITE VIH­
VIL­
VIH-~~~~~MM~~rM~rr~~~~~rM~~MM~rr~~~~~~~~~ 

VIL-~~~~YH~~WW~~4U~~~~~~~~~~~~~~~~~~~~ 

VlH­
VIL_---

READ-MODIFY-lVRITE CYCLE 

WRITE VIH­
VIL-

VIH ---------------"" 

v1L - --------------..,..4'--4-J 

V01_I/04VVOH -
VI/OL---------------------------~ 

VALID DATA-OUT 
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WRITE, CAS BEFORE RAS REFRESH CYCLE 

Vm-

RTs 
VIL-

Vm- tCHR 

CAS 
VIL-

VIH-
WiiIfE 

VIL-

VOH-
VOI-l/04 

VOL-

Note: O!", AO '" A9: "H" or "L" 

A-305 

OPEN 
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TC514400JLlZL-80 
TC514400JLlZL-10 

READ CYCLE IN THE TEST MODE 

ittS Vm 
VIL 

CAS Vm 
VJL 

.1.0-.1.9 
VII{ 
VIL 

'WRffi" Vm 
VIL 

OPEN -------4------~/1 

Note: OE"- "L" 

WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

A-306 

VALID DAl'X-OUT 

~: "H" or "L" 

OPEN -------



TC514400JUZL-80 
TC514400JUZL-10 

FAST PAGE MODE READ CYCLE IN THE TEST MODE 

warn ;~~ ?//////////l 

I RASP 

1M V 1M 
--I:---i 

CPA 

IcAC 
IRAC~ ~ F ICAC 

ICL~ !. 
tCLZ .J 

VOH - ff?'. 
--------~U~~~ 

- ALID 

1>-_' _<14m.. IX~ID 1'tO ~-OOr.J:! 
VALID DATA-OUT 2 DATA-our 1 

Note: M· .. "L" J7lZI: "H" or "L" 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 
I RASP 

tpc 

V IH -rrT"rrT"Tr7"'7\ ..Jo::-;:;;;T-;~~TTTl'77"'\ Jc-;:r:";";'ft""'"'~ n 

IOFF 

v 1L - LLLLLLL.l-LU"'l"~;.;...:.;.;....,;;-t" "'~t.I."'~~~·\l.LJ..(.L.lJr' ____ """"""'""""""'"'"''"'''''~''''"''''~'-'-''4 
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TC514400JLlZL-80 
!C5144QOJLlZL.-10 

TEST MODE 

The TC5l4400JL/ZL is the RAM organized 1,048,576 words by 4 bits, it is internally 

organized 524,288 words by 8 bits. In "Test Mode",'data are written into 8 sectors in 

parallel and retrieved the same way. Acc is not used. If, upon reading, two bits on 

one I/O pin are equal (all "l"s or "O"s), the I/O pin indicates a "I". 
If they were not equal, the I/O pin would indicate a "0". Fig.l shows the block 

diagram of TC5l4400JL/ZL. In "Test Mode", the 1M x4 DRAM can be tested as if it were 

a 5l2K x 4 DRAM. 

''WRM, CAS Before RAS Refresh, Cycle" puts the device into "Test Mode". And "m Before 

&AS Refresh Cycle" or "m Only Refresh Cycle" puts it back into: ,"Normal Mode"'. In the 

Test Mode, ''WRiTE, CAS Before RAS Refresh Cycle" performs the refresh operation with 

the internal refresh address counter. The "Test Mode" function reduces test times (1/2 

in case of N test patterns). 
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TC51440OJLJ.ZL-80 
TC514400JLJ.ZL-10 

BLOCK DIAGRM4 IN THE TEST MODE 

AOC vee .-------0 
.----o~ Normal 

~==~~~~~ Normal 

~ 
L---o~ Normal 

7Loe 
r------(,~oe Vee 

.----0'-0-.., Normal 

Ace ~ 
~==~~I===~ Test 

Normal 

Aoc 

~---L ____ ~==~~~ 

L.--_--o~ Normal 

...--__ --o!-oe V e 

,----o~ Normal 

Ace ~ 
r----L ___ J====:;----jt=) . Teo t 

Ace 

~--_L ____ -P==~~~ 
'----o~ N.ormal 

Aoe 

Fig. 1 
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1,048,576 WORD x4 BIT DYNAMIC RAM 

DESCRIPTION 

* This is advanced information and specifica­
tions are subject to change without notice. 

The TC514400AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC514400AP/AJ/ASJ/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 TC614400AP/AJ/ASJ/AZ to be packaged in a standard 20 
pin plasti e. DIP, 26/20 pin plastic SOJ (300/350mil) and 20 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 6V± 10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TIL. 

FEATURES 

• 1,048,576 word by 4 bit organization 
• Fast access time and cycle time 

TC514400AP/AJ/ASJ/AZ - GO 

tRAC "RAS Access Time GOns 

tAA Column Address 
30ns Access Time 

tCAC CAS Access Time 20ns 

tRC Cycle Time 110ns 
tpc Fast Page Mode 

45ns Cycle Time 

• Single power supply of 5V ± 10% 
with a built-in VI3B generator 

PIN NAMES 
AO-A9 Address Inputs OE Output Enable 

• Low Power 
660m W MAX. Operating 

(TC514400AP/AJ/ASJ/AZ-60) 
5.5m W MAX. Standby 

• Outputs unlatched at cycle end allows two­
dimensional chip selection 

• Read-Modify-Write. CAS before RAS refresh, 
RAS-only refresh. Hidden refresh. Fast Page 
Mode and Test Mode capability 

• All inputs and outputs 'ITL compatible 
• 1024 refresh cycles/16ms 
• Package 'l'C514400AP 

TC514400AJ 
TC514400ASJ 
TC514400AZ 

DIPZO-P-300C 
SOJZ6-P-350 
SOJ26-P-300A 
ZIP20-P-400A 

RAS Row Address Strobe 1101-1/04 Data InpuUOutput 

CAS Column Address Strobe Vce Power (+5V) 

WRITE ReadIWrite Input Vss Ground 

PIN CONNECTION (TOP VIEW) BLOCK DIAGRAM 

Plastic DIP Plastic 50J Plastic ZIP 

1/01 1 20 Vss 1/01 I 26 
~B4 

l5l 1-"j 
1/02 2 19 1/04 1102 2 25 , [2: <:AJ 

wm 3 18 1/03 Wilif! 3 
24 W 1103 [( 1/04 m 4 17 <:AJ m 4 23 " V'S 

, 
A9 5 16 l5l A9 5 22 , [( 1/01 

1/02 [8: wm AO 6 IS A8 AO 9 18 AS m , 
AI 7 14 A7 AI 10 17 A7 [lg A9 
A2 8 13 A6 A2 \I 16 A6 AO Ij] [Ii AI A3 9 12 AS A3 12 IS AS A2 lj] 

Vce 10 Vec 13 14 A4 [1~ A3 \I A4 Ij] Vee [lj A4 
AS Ii] 

[I~ A6 
A7 ,;J lIo AS 
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TC514400AP/AJ/ASJ/AZ·60 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 
I 

Input Voltage VIN -1-7 V 1 

Output Voltage VOUT -1-7 V 1 

Power Supply Voltage Vee -1-7 V 1 

Operating Temperature TOPR 0....,70 'C 1 

Storage Temperature TsTG - 55-150 'C 1 

Soldering Temperature' Time TSOLDER 260'10 'C'sec 1 

Power Dissipation PD 700 mW 1 

Short Circuit Output Current lOUT 50 mA 1 

RECOMMENDED DC OPERATING COI':DITIONS (Ta = Q-7Q·c) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Vee Supply Voltage 4.5 5.0 5.5 V 2 

V1H Input High Voltage 2.4 - 6.5 V 2 

VIL Input Low Voltage -1.0 - 0.8 V 2 
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TC514400AP I AJI ASJI AZ-60 

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

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CU RRENT 
TC514400AP/AJI 3,4 

IcCI Average Power Supply Operating Current - 120 rnA 

(1\A5, CAS, Address Cycling: tRC = tRC MIN.) 
ASJ/AZ·60 5 

STANDBY CURRENT 

ICC2 Power Supply Standby Current - 2 rnA 

(RAS = CAS = VIH) 

RAS ONLY REFRESH CURRENT 
TCS14400AP/AJI 

ICel Average Power Supply Current, RAS Only Mode - 120 rnA 3, 5 

(RAS Cycling, CAS = VIH: tRC = tRC MIN.) 
ASJ/AZ·60 

FAST PAGE MODE CURRENT 
TCS14400AP/AJI 3,4 

Icc. Average Power Supply Current, Fast Page Mode - 70 rnA 

(if AS = Vll, CAS, Address Cycling: tpc = tpc MIN.) 
ASJ/AZ·60 5 

STANDBY CURRENT 

Iccs Power Supply Standby Current - 1 rnA 

(RAS" CAS = Vcc - 0.2V) 

CAS BEFORE RAS REFRESH CURRENT 
TCS14400AP/AJI 

ICC6 Average Power Supply Current, CAS Before RAS - 120 rnA 3 
Mode (RAS, CAS Cycling: tRC" tRC MIN.) 

ASJ/AZ·60 

INPUT LEAKAGE CURRENT 

II(l) Input Leakage Current, any input -10 10 pA 
(OV:;VIN"6.SV, All Other Pins Not Under Test=OV) 

10 (l) 
OUTPUT LEAKAGE CURRENT 

(Dour is disabled, OV;:;; Vour;:;; S.SV) 
-10 10 pA 

V OH 
OUTPUT ~EVEL 

2.4 V 
Output "W Level Voltage (lour = - SmA) -
OUTPUT LEVEL 

VOl 
Output "L" Level Voltage (lour=4.2mA) 

- 0.4 V 
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TC514400API AJI ASJI AZ .. 60 

ELECTRICAL CHARACTERISTICS AND RECOMMENDEDAC OPERATING CONDITIONS 
(Vee = 5V ± 10%, Ta = 0-70°c)(Notes 6, 7, 8) 

TC514400AP/AJ/ASJ/AZ-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 45 - ns 

tpRMW Fast Page Mode Read-Modify-Write Cycle Time 100 - ns 

tRAC Access Time from m 60 
9,14 - ns 
15 

tCAC Access Time from re - 20 ns 9,14 

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

tCPA Access Time from CAS Precharge - 40 ns 9 

tClZ re to output in Low-Z 0 - ns 9 

toFF Output Buffer Turn-off Delay 0 20 ns 10 

tT 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) 60 200,000 ns 

tRSH m Hold Time 20 - ns 

tRHCP m Hold Time From re Precharge (Fast Page Mode) 40 - ns 

tCSH re Hold Time 60 - ns 

tCAS CAS Pulse Width 20 10,000 ns 

tRCD m to re Delay Time 20 40 ns 14 

tRAD m to Column Address Delay Time IS 30 ns 15 

tCRP CAS to m Precharge Time 5 - ns 

tcp re Precharge Time 10 - ns 

tASR RDW Address Set-Up Time 0 - ns 

tRAH Row Address Hold Time 10 - ns 

tASC Column Address Set-Up Time 0 - ns 

leAH Column Address Hold Time 15 - ns 

tRAl Column Address to m 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 RAS 0 - ns 11 

tWCH Write Command Hold Time 10 - ns 
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TC514400AP/AJ/ASJ/AZ-60 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

TCS 14400AP/AJ/ASJ/AZ-60 
SYMBOL PARAMETER UNITS 

MIN. MAX. 

twp Write Command Pulse Width 10 - ns 

tRWL Write Command to RAS Lead Time 20 - ns 

tCWL Write Command to CAS Lead Time 20 - ns 

tDS Data Set-Up Time 0 - ns 

lou Data Hold Time 15 - ns 

lREF Refresh Period - 16 ms 

twes Write Command Set-Up Time 0 - ns 

tewD CAS 10 WRiTE Delay Time 50 - ns 

tRwD RAS to WkTfi: Delay Time 90 - ns 

IAWD Column Address 10 WRITE Delay Time 60 - ns 

tepwD CAS Precharge to WRITE Delay Time 70 - ns 

tesR 
CAS Set-Up Time 

5 (m before m Cycle) - ns 

m Hold Time 
teHR (CAS before m Cycle) 

15 - ns 

tRPe RAS to cAs Precharge Time I 0 - ns 

tePT 
CAS Precharge Time (m before m Counter Test 

30 
Cycle) 

- ns 

tROH RAS Hold Time referenced to 15E 10 - ns 

tOEA 15E Access Time - 20 ns 

tOED 15E to Data Delay 20 - ns 

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

tOEH OE Command Hold Time 20 -. ns 

tWTS Write Command Set-Up Time (Test Mode In) 10 - ns 

tWTH Write Command Hold Time (Test ·Mode In) 10 - ns 

tWRP WRiTE to RAS Precharge Time (00 before RAS Cycle) 10 - ns 

tWRH WRite to RAS Hold Time (CAS before m Cycle) 10 - ns 
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TC51440QAPI AJI ASJI AZ-60 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE 
TEST MODE 

SYMBOL PARAMETER 
TC514400AP/AJ/ASJ/AZ.6.0 

UNI} NOTES 
MIN. MAX. 

tRC Random Read or Write Cycle Time 115 - ns 

tpc Fast' Page Mode Cycle Time 50 - ns 

tRAC Access,Time from m 65 
9,14 - ns 
15 

teAC Access Time from ~ - 25 ns 9,14 

. t.\A Access Time from Column Address - 35 ns 9,15 

tePA Access Time from ~ Precharge - 45 ns 9 

tRAS m Pulse Width 65 10,000 ns 

tRASP m Pulse Width (Fast Page Mode) 65 200,000 ns 

tRSH RAS Hold Time 25 - ns 

teSH mHold Time 65 - lis 

tRHCP m Hold Time From ~ Precharge (Fast Page Mode) 45 - ns 

teAs m Pulse Width 25 10,000 ns 

tRAL Column Address to 103 Lead Time 35 - ns 

CAPACITANCE (Vee= SV:t 10%, f = 1MHz, Ta = 0-70°c) 

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AO-A9) - 5 pF 

CI2 Input Capacitance em, ~, WRiTE, OE) - 7 pF 

Co Input/Output Capacitance (1101-1104) - 7 pF 

A-316 



TC514400AP I AJI ASJI AZ-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, ICCG 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 'RAS = VIL and UAS = Vm. 

6. An initial pause of 200\1s is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 

CAS before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume t'I'=5n5. 

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

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

10. tOl"1> (max.) and tOl~Z (max.) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage levels. 

11. Either tlWII 01' tHHI! must be satisfied for a read cycle. 

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

13. twes, tRWD, tewD, tAWD and tCPWD are not restrictive operating parameters. They are included 

in the data sheet as electrical characteristics only. If twes~ twes (min.), the cycle is an early 

wri te cycle and the data out pin will remain open circuit (high impedance) through the entire cycle; 

If tRWJ)~ tRWD (min.), tCWD~ leWD (min.). tAWD~ tAWD (min.) and tepwD~ tepwD (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 indeterminllte. 

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

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

tlthD (max.) is specified as a reference point only: Tf tHAD is greater than the specified tUAD (max.) 
limit, then access time is controlled by tAA. 
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TC514400AP I AJI ASJI AZ-60 

READ CYCLE 

m 
VIH-

VIL -

CAS 
VIH-

VIL 

VIH 
AO-A9 

VIL 

WRifE' 
VIH 

VIL 

DE 
VIH 

VIL 

1/01 VOH-

-1/04 VOL-
OPEN 

~: "H" or "L" 
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TC514400AP I AJI ASJI AZ-60 

WRITE CYCLE (EARLY WRITE) 

1/01 

-1/04 VIL -
DATA-IN I}-----OPEN ------

~: "W or "L" 
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TC514400AP I AJI ASJI AZ-60 

WRITE CYCLE (DE CONTROLLED WRITE) 

1/01 
-1/04 VIL -;""" __ --' 

~: "H" or "L" 
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TC514400AP I AJI ASJI AZ-60 

READ-MODIFY-WRITE CYCLE 

V'H 
RAS 

V'L -

CAS 
V'H-

V'H 
AO-A9 

V'L 

V'H 
WRITE 

V'L -

V'H 
Of 

V'L -

1/01 VI/OH-

-1/04 VI/OL-

~: "H" or "L" 
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TC5,14400AP/AJ/ASJ/AZ-60 

FAST PAGE MODE READ CYCLE 

CAS 

VIH 
AO-A9 

VIL 

VIH 
WRITE 

VIL 

VIH 

OE 
VIL 

1/01 
-1104 

~: "H" or "L" 
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TC514400AP / AJ/ ASJ/ AZ-60 

FAST PAGE MODE WRITE CYCLE 

V IH 
AO-A9 

Vil 

V IH 
WRITE 

Vil 

V IH 

DE 
VIL 

1/01 VIH 
-1/04 

VIL 

~: "H" or "L" 
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TC5144QOAPI AJ/ASJl AZ-6.O 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

1/01- VIIOH - ___ _+_~ 

1/04 VIIOL - '"1U ~"-3" '''-':''''--'T 

'I Dour 1 "2 ,Dour 2 *3 Dour N 

~: "H" or "L" 
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TC514400API AJI ASJI AZ-60 

RAS ONLY REFRESH CYCLE 

_ VIH _~--::b~-H-------------:!I~--r-----
CAS 

AO-A9 

Note: ~, UE:::"H" or "L" ~: "W or "L" 

C'AS BEFORE RAS REFRESH CYCLE 

CAS 
Vll 

VIH 
WRITE 

V1l 

1101- VOH ) 1104 
VOL 

>-------------OPEN ----------

Note: 00, AO-A9 = "H" or "L" ~: "H" or "L" 
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TC514400AP I AJI ASJI AZ-60 

HIDDEN REFRESH CYCLE (READ) 

VIH-
AA3 

VIL -

VIH-m 

AO-A9 

V1H _---...J---~ 
Of 

VIL -~--J"""----r-..;;p--+-----_--J."'l"'==T==="' 

1/01 VOH-
o ----t----~~I DATA-OUT 

-II 4 VOL - 1'----------.1f" 
~: "HM or "L" 
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TC514400AP/AJ/ASJ/AZ-60 

HIDDEN REEFRESH CYCLE (WRITE) 

AO-A9 

1/01 V1H ----~ J:-----~ ~IIIIIIIIIIIII 
-1/04 VIL -'--__ J ~-----.,- ~ 

~: "W or "L" 
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TC514400AP / AJ/ ASJ/ AZ-60 

~ BEFORE RAS REFRESH COUNTER TEST CYCLE 

V1H 
AO-A9 

VIL 

READ CYCLE 

VIH 
WRITE 

V1L 

DE 
VIH-

VIL-

1/01 VOH-

-1/04 OPEN 
VOL -

WRITE CYCLE 

WRITE 
VIH 

VIL 

OE 
VIH 

V1L 

1/01 
-1/04 

WRITE 
VIH 

VIL 

ill 
VIH-

VIL-

1101 VIIOH-

-1104 VIIOL-

~: "W or "L" 

A-328 



TC514400AP / AJ/ ASJ/ AZ-60 

WRiTE, CAS BEFORE RAS REFRESH CYCLE 

VIH-

RAS 
V 1L -

V 1H -

CAS 

1101 VOH - 1>-----------,;... OPEN ________ _ 
-1/04 VOL ----,, ___ "[" 

Note: OE, AO-A9 = "W or "L" ~: "W or "L" 
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TC514400AP/ AJ/ ASJ/ AZ-60 

TEST MODE 

The TC514400AP/AJ/ASJ/AZ is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors in parallel and 
retrieved the same way. AOc is not used. If, upon reading, two bits on one 110 pin are equal (aU "l"s or 
"O"s), the 110 pin indicates a "1". 

If they were not equal, the 110 pin would indicate a "0". Fig.l shows the block diagram of 
TC514400AP/AJ/ASJ/AZ. In "Test Mode", the IMX4 DRAM can be tested as if it were a 512KX4 
DRAM. 

"WRITE, CAS Before RAS Refresh Cycle puts the device jnto "Test Mode". And "CAS Before RAS 
Refresh Cycle" or "RAS Only Refresh Cycle" puts it back into "Normal Mode". In the'rest Mode, 
"wRtrE, CAS Before :ttAS Refresh Cycle" Performs the refresh operation with the internal refresh 
address counter. The "Test Mode" function reduces test times (1/2 in case of N test pattern). 
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TC514400API AJI ASJI AZ-60 

BLOCK DIAGRAM IN THE TEST MODE 

Normal SI2K block 

~.o-----~ 
Test t~~==:f~~~:lr-----+---l 512K block 

r-_____ --"Aoe Vee 

Normal ~ ~o--_-1 r---"-__ --1~~~.h;==~p.~~mal I 
1/02 '- ~ Test 

Test 

~ ~--------(l~ Normal 

Aoe 
Vee 

~ 
______ ~~Normal 

Aoe :I. 

Normal 

~'U----~ Test ....:.c>-___ r--------, ~5~12~K~bl~O~Ck~~==~~~ 

512K block 

r-____ ......,AoC Vee 

!~mall 
D----oTest 

Fig. 1 
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1,048,576 WORD x4 BIT DYNAMIC RAM 

DESCRIPTION 

* This is advanced information and specifica­
tions are subject to change without notice. 

The TC514400APLlAJLlASJLlAZL is the new generation dynamic RAM organized 1,048,576 words by 
4 bits. The TC514400APIlAJL/ASJIlAZL 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 TC514400APLlAJIlASJIlAZL to be packaged in a 
standard 20 pin plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 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 
intedacing capability with high performance logic families such as Schottky TTL. 

FEATURES 

• 1,048,576 word by 4 bit organization 
• Fast access time and cycle time 

TC514400APUAJUASJUAZL - 60 

tRAe RAS Access Time 60n. 

tAA Column Address 
30ns Access Time 

tCAC CAS Access Time 20ns 

tRC Cycle Time 110ns 
tpe Fast Page Mode 

45ns Cycle Time 

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

PIN NAMES 

AO-A9 Address Inputs OE Output Enable 

• Low Power 
660mW MAX. Operating 

(TC514400APIlAJIlASJIlAZL-60) 
1.1m W MAX. Standby 

• Outputs unlatched at cycle end allows two­
dimensional chip selection 

• Read-Modify-Write, CAS before RAS' refresh, 
RAS-only refresh, Hidden tefresh, and Fast 
Page Mode and Test Mode capability 

• All inputs and outputs TTL compatible 
• 1024 refresh cycleS/128ms 
o Package TC514400APL: DIP20-P-300C 

TC514400AJL : SOJ26-P-350 
TC514400ASJL: SOJ26-P-300A 
TC514400AZL : ZIP20-P-400A 

BLOCK DIAGRAM 

RAs Row Address Strobe 1/01-1/04 Data Input/Output 

CAS Column Address Strobe Vee Power(+ 5V) 

WRITE ReadlWrite Input Vss Ground 

PIN CONNECTION (TOP VIEW) 

Plastic DIP Plastic 50J Plastic ZIP 

AOo-.. 

VIS ill 

~l 
[~ 00 AI 0-.. 

Y04 1/03 A2o-.. 
Y03 [{ V04 A3o-.. CAS Vss [6: ill VOl A4o-.. 

1/02 [8: WRiTE 18 A8 9:J AS 0-.. 
17 A7 

m [1:9 A9 A6o-.. 
16 A6 AO (IJ [(7 AI A7a-
IS AS A2 lJJ MEMORY 
14 A4 D~ A3 

A8o-.. 
,jJ ARRAY 

Vee [(6 A4 Ago-.. 1024 K 1024K 4 
AS Ii] [(iI A6 
A7 l;J [29 A8 
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ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN -1-7 V I 

Output Voltage VOUT -1-7 V 1 

Power Supply Voltage Vee -1-7 V 1 

Operating Temperature TOPR 0-70 'C 1 

Storage Temperature TSTG -55-150 ·C 1 

Soldering Temperature' Time TSOlOER 260·10 'C'sec 1 

Power Dissipation Po 700 mW 1 

Short Circuit Output Current lOUT 50 mA 1 

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Vee Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 - 6.5 V 2 

Vil Input Low Voltage -1.0 - 0.8 V 2 
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TC514400APLI AJLI ASJLI AZL-60 

DC ELECTRICAL CHARACTERISTIC;:S (Vee = 5V ± 10%, Ta = 0-70°c) 

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT 3,4 

ICCI Average Power Supply Operating Current TC514400APL/AJUASJUAZL·60 - 120 mA 

(RAS, CAS, Address Cycling: tRC = tRe MIN.) 5 

STANDBY CURRENT 

leo Power Supply Standby Current - 2 rnA 

(RAS = CAS = V,H) 

RAS ONLY REFRESH CURRENT 

leC3 Average Power Supply Current, RAS Only Mode Tes I MOOAPL/AJUASJUAZL·60 - 120 mA 3,5 

(RAS Cycling, CAS=V,H: tRe=tRc MIN.) 

FAST PAGE MODE CURRENT 3,4 
Average Power Supply Current, Fast Page Mode Tes I MOOAPUAJUASJIJAZL·60 - 70 mA 

ICC4 (RAS = V'L, CAS, Address Cycling: tpe= tpe MIN.) 5 

STANDBY CURRENT 

Ices Power Supply Standby Current - 200 I'A 

(RAS = CAS = Vee - O.2V) 

CAS BEFORE RAS REFRESH CU RRENT 

lee6 Average Power Supply Current, CAS Before RAS TC514400APUAJUASJL/AZL·60 - 120 mA 3, 5 

Mode (RAS, CAS Cycling: tRe = tRe MIN.) 

Battery Back Up Current 

Average Power Supply Current, Battery Back Up Mode 

leo (CAS = CAS Before RAS Cycling or 0.2V, OE = Vee - 0.2V, WRITE = Vee- - 400 JJA 3,6 

0.2V, AO-9=Vee-0.2V or 0.2V, I/OI-4=Vee-0.2V, 

0.2V or OPEN: tRe= 1251's, tRAs=300ns-ll's) 

Battery Back Up Current 

Average Power Supply Current, Battery Back Up Mode 

llCl (CAS = CAS Before if AS Cycling or O.2V, OE = Vee- 0.2V, WRITE = Vee- - 300 !lA 3,6 

0.2V, AO-9=Vee-O.2V or 0.2V, I/OI-4=Vee-O.2V, 

0.2V or OPEN: tRC= 1251'S, tRAS= tRAS MIN. -300ns) 

INPUT LEAKAGE CURRENT 

I'(L) Input Leakage Current, any input -10 10 I'A 
(OV:;; V,N:;; 6.5V, All Other Pins Not Under Test = OV) 

10 (L) 
OUTPUT LEAKAGE CURRENT 

(DOUT is disabled, OVSVouTS5.SV) 
-10 10 !lA 

OUTPUT LEVEL 
VOH 

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

VOL 
OUTPUT LEVEL 

Output "L· Level Voltage (lOUT = 4.2rnA) - 0.4 V 

A-335 



TC514400APLI AJLI ASJLI AZL-60 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = 5V ± 10%, Ta = Q-70°c)(Notes 7, 8, 9) 

TC514400APUAJUASJUAZL-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 45 - ns 

tpRMW 
Fast Page Mode Read-Modify-Write 

100 - ns Cycle Time 

tRAC Access Time from RAS 60 
10,15 - ns 

16 

tCAC Access Time from CAS - 20 ns 10,15 

tAA Access Time from Column Address , - 30 ns 10,16 

tCPA Access Ti me from CAS Precharge - 40 ns 10 

telZ CAS to output in Low-Z 0 - ns 10 

toFF Output Buffer Turn-off Delay 0 20 ns 11 

tr Transition Time (Rise and Fall) 3 50 ns 9 

tRP m Precharge Time 40 - ns 

tRAS m Pulse Width 60 10,000 ns 

tRASP m Pulse Width (Fast Page Mode) 60 200,000 ns 

tRSH m Hold Time 20 - ns 

tRHCP 
m Hold Time From CAS Precharge 

40 - ns (Fast Page Mode) 

tCSH CAS Hold Time 60 - ns 

leAs CAS Pulse Width 20 10,000 ns 

tRCD m to CAS Delay Time 20 40 ns IS 

tRAD RAS to Column Address Delay Time 15 30 ns 16 

tCRP CAS to m Precharge Time 5 - ns 

tcp "CAS Precharge Time 10 - ns 

tASR Row Address Set-Up Time 0 - ns 

tRAH Row Address Hold Time 10 - ns 

tAse Column Address Set-Up Time 0 - ns 

tCAH Column Address Hold Time 15 - ns 

tRAL Column Address to RAS Lead Time 30 - ns 

tRCS Read Command Set-Up Time 0 - ns 

tRCH Read Command Hold Time 0 - ns 12 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

TC514400APUAJUA5JUAZL-60 
SYMBOL PARAMETER UNITS NOTES 

MIN, MAX, 

Read Command Hold Time referenced 
tRRH 

to RAS 
0 - ns 12 

tWCH Write Command Hold Time 10 - ns 

twp Write Command Pulse Width 10 - ns 

tRWl Write Command to 'j\AS Lead Time 20 - ns 

tewl Write Command to CAS Lead Time 20 - ns 

tos Data Set-Up Time 0 - ns 13 

tOH Data Hold Time 15 - ns 13 

tREF Refresh Period - 128 ms 

twcs Write Command Set~UP Time 0 - ns 14 

tCWD CAS to WRITE Delay Time 50 - ns 14 

tRWD RAS to WRITE Delay Time 90 - ns 14 

tl\.wD Column Address to WRiTE Delay Time 60 - ns 14 

tcpwo CAS Precharge to WRiTE Delay Time 70 - ns 14 

tCSR 
CAS Set-Up Time 

S -
(CAS' before liAs Cycle) 

ns 

cAs Hold Time 
tCHR 

(CAS before RAS Cycle) 
15 - no 

tRPC RAS to CAS Precharge Time 0 - ns 

tCPT 
CAS Precharge Time (CAS before liAs 

30 
Counter Test Cycle) 

- ns 

tROH RAS Hold Time referenced to DE 10 - ns 

tOEA OE Access Time - 20 ns 

tOED DE to Data Delay 20 - ns 

tOEZ 
Output buffer turn off Delay Time 

0 20 10 
from DE 

ns 

tOEH OE Command Hold Time 20 - ns 

tWTS 
Write Commamd Set-Up Time 

10 
(Test Mode In) - ns 

Write Commamd Hold Time 
tWTH 

(Test Mode In) 
10 - ns 

tWRP 
V'rRITE to R-AS' Precharge Time 

10 
(C:AS before RAS Cycle) 

- ns 

Wltlfe to liAS Hold Time 
tWRH (CAS before 'RAS Cycle) 

10 - ns 
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TC514400APLI AJLI ASJLI AZL-60 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE 
TEST MODE 

TC5144.o.oAPlJAJlJASJlJAZL-6.o 
SYMBOL PARAMETER UNITS NOTES 

MIN. MAX. 

tRC Random Read or Write Cycle Time 115 - ns 

tpc Fast Page Mode Cycle Time 5.0 - ns 

tRAC Access Ti m e from RAS - 65 
1.0,15 

ns 
16 

tCAC Access Ti me from CAS - 25 . ns 9,15 

tM Access Time from Column Address - 35 ns 9,16 

tePA Access Time from CAS Precharge - 45 ns 1.0 

tRAS liAS Pulse Width 65 1.0,.0.0.0 ns 

tRASP liAS Pulse Width (Fast Page Mode) 65 lQ.o,CCC ns 

tRSH liAS Hold Time 25 - ns 

tCSH re Hold Time 65 - ns 

tRHCP re Precharge to RAS Hold Time 45 - ns 

tCAS CAS Pulse Width 25 1.0,.0.0.0 ns 

tRAL Column Address to RAS Lead Time 35 - ns 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

Cl1 Input Capacitance (AO-A9) - 5 pF 

Cl2 Input Capacitance (liAS, re. WRiTE. M) - 7 pF 

Co Input/Output Capacitance (1101-1/04) - 7 pF 
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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. ICCI, ICC3, ICC4, Iccs, ICC7 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 and CAS=Vm. 

6. tHAs(max.) = Ips is only applied to refresh of battery-back up. tRAs(max.) = lOps is applied to 

functional operating. 

7. An initial pause of 200ps is required after pow.er-up followed by 8 lIAS only refresh cycles before 

proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 

CAS before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

8. AC measurements assume t<r=5ns. 

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

10. Measured with a load equivalent to 2 TTL loads and 100pl<'. 

11. tQl<'\' (max.) and toEZ (max.) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage level~. 

12. Either tHCll or t\Um must be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 

14. twcs, tRWD, tCWD, tAWD and tcPWD 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 the data out pin will remain open circuit (high impedance) through the entire cycle; 

If tRWD!:;; tHWD (min.), tCWD>;; tcWD (min.), tAWD!:;; tAwD (min.) and tcPWD>;; 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. 

15. Operation within the tRCD (max.) limit insures that titAC (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. 

16. 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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READ CYCLE 

VIH 
m 

VI~ -

CAS 
V".j-

VI~ -

VIH 
AO-A9 

VI~ 

WRliE 
VIH 

VIL 

OE 
VIH 

VIL -

1/01 VOH-

-1/04 VOL-
OPEN 

~: "W or "L" 
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WRITE CYCLE (EARLY WRITE) 

V,H-
RAS 

V,L -

V'H-
CAS 

1/01 V,H-
----~----------~I -1/04 V,L -

DATA-IN I>-----OPEN -------

~: "W or "L" 
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WRITE CYCLE (DE CONTROLLED WRI'l'E) 

V1H _:-------"" 

>---~ 1/01 
-1104 VIL -~ __ --' 

~: "H" or "L" 
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READ-MODIFY-WRITE CYCLE 

VIH ---"---~­
RAS 

AO-A9 

VIH-
WRITE 

V 1L -

VIH-
Of 

VIL -

1101 VIIOH-

-----------------+~ -1104 VIIOL-

~:"W or "L" 
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FAST PAGE MODE READ CYCLE 

AO-A9 

1/01 
-1/04 

~: "H" or "L" 
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FAST PAGE MODE WRITE CYCLE 

VIH 

AO-A9 
VIL 

VIIi 
WRITE 

V 1L 

V1H 

OE 
VIL 

1/01 V 1H 

-1/04 
V 1L 

~: "H" or "l" 
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FAST PAGE MODE READ·MODIFY·WRITE CYCLE 

"I Dour 1 "2 Dour 2 "3 Dour N 

~: "W or "L" 
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RAS ONLY HEFRESH CYCLE 

m 
V1H _:-----~ I_----:!lt"-----__ I Jt-----". 

VIL-

_ VIH _.---:br--H--------------:jl::---,------
CAS 

V1H 
AO-A9 

Vil ---:~~~ l'---J("" \i(.<===:.r.: 

N oto: WRITE, 00 = "H" or "L" ~: -W or -t" 

C'AS BEFORE RAS REFRESH CYCLE 

V1H 

WRITE 
VIL 

1/01- VOH 

> 1/04 
VOL 

>------------ OPEN ----------

~: -HH or -tH 

Note: 00, AO-A9="H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 

VIH-
RM 

VIL -

VIH-
CAS 

VIH ~---'-----J.,. 
OE 

VIL -----..----,...J~--I-------~-

1101 VOH-

-1/04 VOL _----f-----G DATA-OUT 

~: "H" or "L" 
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-----------------------------------~ 
HIDDEN REEFRESH CYCLE (WRITE) 

VIH 

RAS 
V 1l -

tCHR 

CAS 
VIL 

VIH 
AO-A9 

VIL 

WRITE 
VIH 

V1l 

OE 
VIH 

VIL 

VOl V 1H -
-1/04 Vil -

~: "H" or "L" 
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"CAS BEFORE liAS REFRESH COUNTER TEST CYCLE 

AO-A9 
V1H 

VIL 

READ CYCLE 

VIH 
iii71U'if 

VIL 

M VIH-

VIL-

1101 VOH-

-1104 VOL _ 
OPEN 

WRITE CYCLE 

WRiTE" 
VIH 

VIL 

M VIH 

VIL 

1101 
-1104 

Wli'I'f! 
VIH 

VIL 

l:>E" VIH 

VIL 

1101 VIIOH-

-1104 
VIIOL-

~: "H" or "L' 
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WRITE, (;,AS BEFORE R'AS REFRESH CYCLE 

VIH 

RAS 
VIL-

V 1H -

m 

1101 VOH I}-----------OPEN _______ _ 
-1/04 VOL -:"'---.Ji" 

~: "H" or "to 

Note: GE, AO-A9: "H" or "L" 
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TEST MODE 

The TC514400APLlAJLlASJLlAZL is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits, In ''Test Mode", data are written into 8 sectors in parallel and 
retrieved the same way, Aoc is not used, If, upon reading, two bits on one I/O pin are equal (all "l"s or 
"O"s), the I/O pin indicates a "I", 

If they were not equal, the I/O pin would indicate a "0", Fig,l shows the block diagram of 
TC514400APLlAJLlASJL/AZL, In ''Test Mode", the IMX4 DRAM can be tested as if it were a 512KX4 
DRAM, 

''WIUTE, 'CAS Before ItAS Refresh Cycle' puts the device into 'Ufest Mode", And "'CAS Before RAS 
Refresh Cycle" or "HAS Only Refresh Cycle" puts it back into "Nol'mal Mode", In the Test Mode, 
"WIilTE, 'CAS Before ItAS Refresh Cycle" Performs the refresh operation with the internal refresh 
address counter, The ''Test Mode" function reduces test times (1/2 in case of N test pattern), 
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BLOCK DIAGRAM IN THE TEST MODE 

Aoe Vee 

~~mall Aoe A 
512K block D----oTest A 

B 
Test 512K block 

~ Ii 
~Normal 

, 
Ace 
Aoe Vee 

~~mall Aoe C 
512K block D----oTest C 

D 
512K block 

~ i5 

4 ~Normal 

Aoe 

Ace Vee 

!~mall Aoe 
Normal 512K block .......;D----oTest 

~~ II Aoe 
-0.. 

Test 512K block 

~ F r-t-Ji ~ Normal 
% 

Aoe 

Ace Vee 

~~mall Aoe G 
Normal I' 512K block f-/D----oTest 

~ II Aoe 
G 

H 
Test 

LI-o.. 
512K block 

~ H LI ~Normal 
Aoe 

Fig. 1 
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1,048,576 WORD x4 BIT DYNAMIC RAM PRELIMINARY 
DESCRIPTION 

The TC514400AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC514400AP/AJ/ASJ/AZ utilizes TOSHIBA's CMOS Silicon gate process technology as well 
as advanced circuit techniques to provide wide operating markins, bo.th internally and to the system 
user. Multiplexed address inputs permit the TC514400AP/AJ/ASJ/AZ 'to be packaged in a standard 20 
pin plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package size provides 
high system bit densities and is compatible with widely available autQmated 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 

• 1,048,576 word by 4 bit organization 
• Fast access time and cycle time 

TCS 14400AP/AJ/ASJ/AZ 
-70/-BO/-l0 

IRAe m Access Time 70ns BOns 
lAA Column Address 

3Sns 40ns Access Time 

tCAC 00 Access Time 20ns 20ns 

IRC Cycle Time 130ns 150ns 
IpC FaSI Page Mode 

45ns SOns Cycle Time 

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

PIN NAMES 

lOOns 

SOns 

2Sns 

180ns 

60ns 

AO-A9 Address Inputs m Output Enable 
RAS" Row Address Strobe 1/01-1/04 Data InputlOutput 
m Column Address Strobe Vee Power(+SV) 

WRi'It ReadlWrite Input Vss Ground 

PIN CONNECTION (TOP VIEW) 

Plastic DIP 

VOl 1 
VOl 2 

Wl!iT! 3 
m 4 
A9 S 
AO 6 
AI 7 
Al S 
A3 9 

Vee 10 

20 Vss 
19 V04 
18 V03 
1700 
16 m 
IS AS 
14 A7 
13 A6 
12 AS 
11 A4 

PI •• ~C SOl 

A091SAS 
AI 10 17 A7 
A2 11 16 A6 
A3 12 15 AS 

Vee 13 14 A4 

ptastlc ZIP 

m(} 
V03 :} 

VSS :J 
U02 :J 
1A1] 

/IoJJ j] 
A21)J 

Vee ,;] 
AS i} 
A7,j] 

• Low Power 
550mW MAX. Operating . 

(TC514400AP/AJ/ASJ/AZ-70) 
468mW MAX. Operating 

(TC514400AP/AJ/ASJ/AZ - 80) 
413mW MAX. Operating 

(TC514400AP/AJ/ASJ/AZ -10) 
5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two­
dimensional chip selection 

• Read-ModiCy-Write, CAS before RAS refresh, 
RAS·only refresh, Hidden refresh, Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TIL compatible 
• 1024 refresh cycleS/16ms 
• Package TC514400AP: DIP20·P-300C 

TC514400AJ : SOJ26·P·350 
TC514400ASJ : SOJ26·P·300A 
TC514400AZ : ZIP20·P·400A 

BLOCK DIAGRAM 
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TC514400AP/AJ/ASJ/AZ-70, TC514400AP/AJ/ASJ/AZ-80 
TC514400AP/AJ/ASJ/AZ-10 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN -1-7 V 1 

Output Voltage VOUT -1-7 V 1 

Power Supply Voltage Vee -1-7 V 1 

Operating Temperature TOPR 0-70 ·C 1 

Storage Temperature TSTG -55-150 ·C 1 

Soldering TemperaWre' Time TSOLOER 260'10 'C'sec 1 

Power Dissipation Po 700 mW 1 

Short Circuit Output Current lOUT 50 mA 1 

RECOMMENDED DC OPERATING CONDITIONS (Ta = Q-7Q·c) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Vee Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 - 6.5 V 2 

Vil Input Low Voltage -1.0 - 0.8 V 2 
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TC514400AP/AJ/ASJ/AZ-70, TC514400AP/AJ/ASJ/AZ-80 
TC514400AP/AJ/ASJ/AZ-10 

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

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT TC514400APlAJ/ASJ/AZ·70 - 100 3,4 
ICCI Average Power Supply Operating Current TCSI4400AP/AJ/ASJ/AZ·80 - 85 mA 

(m. m. Address Cycling: tRC=tRC MIN.) 75 
S 

TC514400AP/AJ/ASJ/AZ·10 -
STANDBY CURRENT 

ICC2 Power Supply Standby Current - 2 mA 

(m=m=V,H) 

m ONLY REFRESH CURRENT TC514400AP/AJ/ASJ/AZ·70 - 100 

ICC3 Average Power Supply Current. m Only Mode TCSI4400AP/AJ/ASJ/AZ·80 - 85 mA 3,5 

(AAS Cycling, m=V,H: tRC=tRC MIN.) TCSI4400AP/AJ/ASJ/AZ·10 - 7S 

FAST PAGE MODE CURRENT TCSI4400AP/AJ/ASJ/AZ·70 - 70 3,4 
Average Power Supply Current, Fast Page Mode TCSI4400AP/AJ/ASJ/AZ·80 - 60 mA 

Icc4 (liAS = V'L, m, Address Cycling: tpc = tpc MIN.) 55 
5 

TCSI4400AP/AJ/ASJ/AZ.10 -
STANDBY CURRENT 

Iccs Power Supply Standby Current - 1 mA 

(m=m=Vcc- 0.2V) 

m BEFORE m REFRESH CURRENT TCSI4400AP/AJ/ASJlAZ·70 - 100 

ICC6 Average Power Supply Current, m B~fore m TCSI4400AP/AJ/ASJ/AZ·80 - 85 mA 3,5 

Mode (liAS, m Cycling: tRC=tRC MIN.) TC514400AP/AJ/ASJlAZ·10 - 75 

INPUT LEAKAGE CURRENT 

I, (L) Input Leakage Current, any input -10 10 !lA 
(OVSV,N S6.SV, All Other Pins Not Under Test=OV) 

10 (L) 
OUTPUT LEAKAGE CURRENT 

(DOUT is disabled, OVS VOUTS S.SV) 
-10 10 \IA 

OUTPUT LEVEL 
V9H 

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

VOL 
OUTPUT LEVEL 

Output "L" Level Voltage (lOUT = 4.2mA) - 0.4 V 
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TC.514400AP/AJ/ASJ/AZ-70, TC514400AP/AJ/ASJ/AZ-80 
TC514400AP/AJ/ASJ/AZ-10 . . .... 

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

TC514400API TC514400API TC514400API 

SYMBOL PARAMETER AJlA5J/AZ-70 " AJ/ASJ/AZ-80 AJ/A5J/AZ-l0 UNIT NOTES 

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

tRe Random Read or Write Cycle Time 130 - ISO - " 180 - ns 

tRMw Read-Modify-Write Cycle Time 185 - 205 - .245 - ns 

tpe Fast Page Mode Cycle Time 45 - 50 - 60 - ns 

tpRMw 
Fast Page Mode Read-Modify-Write 
Cycle Time 100 - 105 - 125 - ns 

tRAC Access Time from m - 70 - 80 - 100 ns 
9,14. 
IS 

tCAe Access Time from ro - 20 - 20 - 25 ns 9,14 

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

tePA Access Time from ro Precharge - 40 - 45 - 55 ns 9 

telZ ro to output in Low-Z 0 - 0 - 0 - ns 9 

tOFF Output Buffer Turn-off Delay 0 20 0 29 0 20 ns 10 

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

tR' m Precharge Time 50 - 60 - .70 - . ns 

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

tRASP m Pulse Width (Fast Page Mode) 70 200,000 80 200,000 100 200,000 ns 

tRSH mHold Time 20 - 20 - 25 - ns 

tRHC' 
m Hold Time From ro Precharge 

40 - 45 - 55 - ns (Fast Page Mode) 

teSH ro Hold Time 70 - 80 - 100 - ns 

teAs ro Pulse Width 20 10.000 20 10.000 25 10,000 ns 

tRCD m to ro Delay Time 20 50 20 60 25 75 ns 14 

tRAD m to Column Address Delay Time 15 35 IS 40 20 SO ns IS 

teRP ro to m Precharge Time 5 - 5 - 10 - ns 

tep ro Precharge Time 10 - 10 - 10 - ns 

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

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

tASC Coiumn Address Set-Up Time 0 - a - a - ns 

teAH Column Address Hold Time IS ..; 15 - 20 - ns 

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

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

tReH Read Command Hold Time a - 0 - a - ns 11 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

TCSI4400API , TC514400API TC514400API 

SYMBOL PARAMETER AJIASJlAZ-70 AJIASJlA,Z-ao AJlASJIAZ-IO UNITS NOTES 

MIN. MAX. MIN. MAX • MIN. MAX. 

Read Command Hold Time referenced 
.. 

0 
., 

0 .tRRH 
toW - 0 -. - ns \I 

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

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

tRWL Write Command to W lead Time 20 - 20 - 25 - ns 

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

tDS Data Set-Up Time 0 - 0 - 0 - ns 12 

tDH Data Hold Time 15 - 15 - 20 - ns 12 

tREF Refresh Period - 16 - 16 - 16 ms 

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

tcwo m to WJOTI Delay Time 50 - 50 - 60 - ns 13 

tRWD W to W1Uff Delay Time 100 - \10 - 135 - m 13 

tAWO Column Address to W1Uff Delay Time 65 - 70 - 85 - ns 13 

tCPWD m Precharge to W1Uff Delay Time 70 - 75 - 90 - ns 13 

tcSR 
m Set-Up Time 

5 5 5 
(m before W Cycle) - - - ns 

mHold Time 
tcHR (m before W Cycle) 

15 - 15 - 20 - ns 

tRPC W to m Precharg, Time 0 - 0 - 0 - ns 

tcPT 
m Precharge Time (m before W 

40 40 50 
Counter Test Cycle) - - - ns 

tROH W·Hold Time referenced to M 10 - 10 - 20 - m 

toEA M Access Time - 20 - 20 - 25 ns 

toED M to Data Delay 20 - 20 - 25 - ns 

toEZ 
Output buffer turn off Delay Time 

0 20 0 fromM 20 0 20 ns 10 

toEH ~ Command Hold Time 20 - 20 - 25 - ns 

tWTS 
Write Commamd Set-Up Time 

10 10 10 (Test Mode In) - - - ns 

tWTH 
Write Commamd Hold Time 
IT est Mode In) 

10 - 10 - 10 - ns 

tWRP 
WJOTI to W Precharge Time 

10 (m before W Cycle) - 10 - 10 - ns 

tWRH 
~ to W Hold Time 

1m before W Cycle) 
10 - 10 - 10 - ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE 
TEST MODE 

TC514400API " TC514400API TC514400API 

SYMBOL PARAMETER AJlASJ/AZ-70 AJ/ASJlAZ-80 AJ/ASJlAZ-10 UNITS NOTES 

MIN. MAX. MIN. MAX • MIN. MAX. .. 
tRC Random Read or Write Cycle Time 135 - 155 - 185 - ns 

tRMw Read-Modify-Write .Cycle Time 190 - 210 - 250 - ns 

tpc Fast Page Mode Cycle Time 50 - 55 - 65 - ns 

tpRMW 
Fast Page Mode Cycle Read-Modify-

lOS 110 130 
Write Time - - - ns 

tRAC Access Time from lIAS" - 75 - 8S - 105 
9,14, 

ns 
IS 

te .. c Access Time from m - 25 - 25 - 30 ns 9,14 

tAA Access Time from Column Address - 40 - 45 - 55 ns 9,15 

tePA Access Time from m Precharge - 45 - 50 - 60 ns 9 

tRAS m Pulse Width 75 10.000 8S 10.000 lOS 10,000 ns 

tRASP liAS Pulse Width (Fast Page Mode) 75 200,000 85 200,000 lOS 200;000 ns 

tRSH WHoid Time 2S - 2S - 30 - ns 

tcsH m Hold Time 75 - 85 - lOS - ns 

tRHep m Precharge to W Hold Time 45 - 50 - 60 - ns 

teo.s m Pulse Width 25 10,000 25 10.000 30 10.000 ns 

tR .. L Column Address to W Lead Time 40 - 45 - 55 - ns 

tCWD m to WlUTE Delay Time SS 55 - 65 - ns 13 

tRWD W to WlUTE Delay Time 105 - 115 - 140 - ns 13 

tAwD Column Address to WlUTE Delay Time 70 - 75 - 90 - ns 13 

tCPwD m Precharge to WlUTE Delay Time 75 - 80 - 95 - ns 13 

toEA ex Access Time - 25 - 25 - 30 ns 

tOEH ex Command Hold Time 25 - 25 - 30 - ns 

CAPACITANCE (Vee = SV:!: 10%, f = 1MHz, Ta = 0-70°c) 

SYMBOL PARAMETER MIN. MAX. UNIT 

CII Input Capacitance (AO-A9) - 5 pF 

C'2 Input Capacitance (W, m, WIUfE", ~ - 7 pF 

Co Input/Output Capacitance (VOI-V04) - 7 pF 
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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. IaCI, ICC3, ICC4, ICC6 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 1IAS=VIL and 'CAS;"VIH. 

6. An initial pause of 200}ls is required after power-up followed by 8 nAS only refre~h cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
'CAS before nAS refresh cycles instead of 8 nAS only refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. Vm (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 TIL loads and 100pF. 

10. toFP (max.) and tOEZ (max.) define the time at which the output achil!Ves the open circuit condition 
and are not referenced to output voltage levels. 

11. Either taCH or taRH must be satisfied for a read cycle. 

12. These parameters are referenced to 'CAS leading edge in early write cycles and to WRITm 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. II twcsiilawcs (min.), the cycle is an early 
write cycle and the data out pin will remain open circuit(high impedance) through the entire cycle; 
If tawDEstawD (min.), tcWDii=tcwD (min.), tAwDi!i:;tAWD (min.) and tcPWOlttcPWD (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 or' the data 
out (at access time) is indeterminate. 

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

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

VIH 
100" 

VIL-

m V1H -

VIL 

VIH 
AO-A9 

VIL 

WRi1t 
VIH 

VIL 

m- VIH 

VIL 

VOl VoH-

-1104 VOL-
OPEN 

~: "W or "L" 
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WRITE CYCLE (EARLY WRITE) 

VIH-
RAS 

VIL -

ro VIH-

VIL 

VIH 
AO-A9 

VIL 

V1H 
WRii! 

VIL 

VIH 
0[ 

VIL 

1/01 VIH-

-1/04 VIL -
DATA· IN I)----OPEN ----

~:"W or "L" 
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WRITE CYCLE COE CONTROLLED WRITE) 

1101 . VIH 
-1104 VIL ____ -oJ 

~: "H" or "L" 
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READ-MODIFY-WRITE CYCLE 

VIH-:-----,l 

m 
VIL-

V1H 
AO-A9 

VIL 

V1H _:----+---+---h-------"L I~~I 
WRiTE" 

VIL -

VIH ~-----'----~ 
N 

V1L ------,.----..;..,.--..:pi-4-J 

1101 VIIOH"':--------H -1/04 VIIOL-

~: "W. or "L" 
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FAST PAGE MODE READ CYCLE 

V'H----x.. 
100" 

V'L-

~ 
V'L 

V'H 
AO-A9 

VOL 

VOH 
WlilT! 

V'L 

VOH 
i5E 

VOL 

VOl VOH-
-1/04 

VOL-
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FAST PAGE MODE WRITE CYCLE 

<:AS 

VIH 
AO-A9 

VIL 

VIH 
WRi'IT 

VIL 

VIH 
"Ot 

VIL 

V01 VIH 
-V04 

VIL 

~:"W or "LO 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

V01- VUOH­
V04 VIIO~ _---t-_~~ ... ~ ........... ...D---+---4:~ 

*1 00UT 1 *2 0ouT2 *3 00UTN 

~:"W or "L" 
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ltAS ONLY REFRESH CYCLE 

tRe 
tRP 

. . 
tASR tRAH 

AO-A9 ::~ :F~f-:ow:,-___ _ 
Note: WRITE."ClE = HH" or "L" ~: "H" or "L" 

~ BEFORE nAS REFRESH CYCLE 

VIH-

lIAS" VIL 

VIH-

c:AS" 
VIL 

V1H 
WlU1'! 

VIL 

1101-

> 
VOH 

1104 
VOL 

)-----------OPEN --------

Note: "ClE. AO-A9,,"W or "l" 
~: "W or "l" 
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HIDDEN REFRESH CYCLE (READ) 

VIH 
m 

VIL -

VIH-
l7S 

VIL 

VIH 
AO-A9 

VIL 

VIH 
WII'm 

VIL 

VIH 
OE 

VIL 

V01 VOH-

-V04 VOL _ 

~: "W or "L" 
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HIDDEN REEFRESH CYCLE !WRITE) 

1101 V'H ------,.. Jc------u. 
-1/04 V'L - __ ----' ~---J[" 

~: "W or "L" 
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'CAS BEFORE ltAS REFRESH COUNTER TEST CYCLE 

VIH _---~ ... ______ ...:I!lU. _______ ~ -1<'-.---.L 

m ... 
VIL-

READ CYCLE 

~ VIH­

VIL -:...----,..-.------,..-.......---4---1----..61. 

1101 VOH­---+-+-- OPEN --.-,~-+----< 

-1104 VOL - 1..u--...:~...J!~=======:j:;J'--.3f" 
WRITE CYCLE 

WifI'ff VIH 

VIL 

M VIH 

VIL -----------....-+ __ I-J 

VOl VIIOH-
-V04 VIIOL----------~ 
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WRITE. CAS BEFORE ItAS REFRESH CYCLE 

VIH _------i. 1...-----"=-----1 Jr---i. 

m VIL-

VOl VOH I}---------OPEN _____ _ 
-1104 VOL ------.:>f" 

Note: "OZ. AO-A9 ="W or "L" ~: "W or "t" 
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TEST MODE 

The TC514400AP/AJ/ASJ/AZ is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors in parallel and 
retrieved the same way. AOc is not used. If, upon reading, two' bits 01)- one I/O pin are equal (all "l"s or 
"O"s), the I/O pin indicates a "I". 

If they were not equal, the I/O pin would indicate a "0"; Fig.l '.shows the block diagram of 
TC514400AP/AJ/ASJ/AZ. In "Test Mode", the IMX4 DRAM can be tested as if it were a 512KX4 
DRAM. 

''WRITE, ~ Before RAS Refresh Cycle puts the device into "Test Mode". And ''CAS Before l'iAS 
Refresh Cycle" or "ns Only Refresh Cycle" puts it back into "Normal Mode". In the Test Mode, 
''WmE", ~ Before !{AS. Refresh Cycle" Performs the refresh operation with the internal refresh 
address counter. The "Test Mode" function reduces test times (112 in case of N test pattern). 
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BLOCK DIAGRAM IN THE TEST MODE 

Aoe Vee 
,------0 

~==~~~~~~ .. -~~ I r [>---orest 

~~~=i=6~ 
'--_-o~Normal 

Aoe 
Aoe vee .-----0 

~~==l~~~==}-~-~~ I r [>---orest 

Aoe E 
SI2K block 

SI2K block 

G 
SI2K block 

SI2K block 
FI 

Fig. 1 
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1,048,576 WORD x4 BIT DYNAMIC RAM PRELIMINARY 
DESCRIPTION 

The TC514400APUAJIJASJUAZL is the new generation dynamic RAM organized 1,048,576 words by 
4 bits. The TC514400APUAJIJASJUAZL 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 TC514400APUAJIJASJUAZL to be pac:kaged in a 
standard 20 pin plastic DIP, 26120 pin plastic SOJ (300/350mil) and 20 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 
inte,facing capability with high performance logic families such as Schottky TTL. 

FEATURES 

• l,04S,576 word by 4 bit organization 
• Fast access time and cycle time 

TC514400APUAJUASJUAZL 
-701-801-10 

tHAe m Access Time 70ns 80ns 
tAA Column Address 

35ns 40n5 Access Time 

teAe ~ Access Time 20ns 20ns 

t.lc Cycle Time 130ns 150ns 
tpc Fast Page Mode 

45ns SOns Cycle Time 

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

PIN NAMES 

lOOns 

SOns 

25ns 

180ns 

60ns 

0-A9 Address Inputs l5l Output Enable 

m Row Address Strobe 1101-1104 Data Input/Output 

• Low Power 
550mW MAX. Operating 

(TC514400APUAJIJASJUAZL-70) 
468mW MAX. Operating 

(TC514400APUAJIJASJUAZL-SO) 
413mW MAX. Operating 

(TC514400APUAJUASJUAZL-10) 
1.lmW MAX. Standby 

• Outputs unlatched at cycle end allows two­
dimensional chip selection 

• Read-Modify-Write, CAS before lU\S' refresh, 
rom-only refresh, Hidden refresh, and Fast 
Page Mode and Test Mode capability 

• All inputs and outputs TTL compatible 
• 1024 refresh cycles/12Sms 
• Package TC514400APL: DIP20-P-300C 

TC514400AJL : SOJ26-P-350 
TC514400ASJL: SOJ26-P-300A 
TC514400AZL : ZIP20-P-400A 

~ Column Address Strobe Vee Power(+5V) BLOCK DIAGRAM 
r.W~RI;TE~R~ea~d~AN~ri~U~I~n~pu~t~~;-~v~Ss~+G~r~o~un~d~~--~ 

PIN CONNECTION (TOP VIEW) 

Plastic DIP Plastic SOl Plastic ZIP 

VOl I VOl 1 26 
~4 [2: 1102 2 1102 2 25 ~ 

wmE" 3 Wlm'E 3 24 1103 [( IIQ4 m 4 m4 23 ~ [6: A9 5 A9 S 22 l5l VOl AU 

AD 6 AO 9 18 AS 
[8: WliI1! AI 

AI 7 AI 10 17 A7 [1]» A9 
102 
Al A2 8 A2 II 16 A6 fJj AI A4 

A3 9 A3 12 15 AS 
Vee 10 Vee 13 14 A4 [1~ A3 105 

Ai 
[(~ A4 107 

[t]s A6 

[29 A8 
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TC514400APUAJUASJUAZL~10 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN ·1-7 V 1 

Output Voltage VOUT -1-7 V 1 

Power Supply Voltage Vee -1-7 
" 

V 1 

Operating Temperature TOPR 0-70 ·C 1 

Storage Temperature TSTG -55-150 ·C 1 

Soldering Temperature' Time TSOLDER 260'10 ·C·sec 1 

Power Dissipation PD 700 mW 1 

Short Circuit Output Current lOUT SO mA 1 

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Vee Supply Voltage 4.5 5.0 5.5 V 2 

V1H Input High Voltage 2.4 - 6.5 V 2 

VIL Input Low Voltage -1.0 - 0.8 V 2 
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DC ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70·c) 

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT CS '4.00APLlAiUASJLlAZL-70 - 100 
3,4 

Icc, Average Power Supply Operating Current C5'4400APLlAJLlA5JLlAZL·80 - B5 mA 

(W, m, Address Cycling: tRC .. tRC MIN.) 75 
S 

C5'4400APLlAJLlASJLlAZL·'O '. -
STANDBY CURRENT 

ICC2 Power Supply Standby Current - 2 mA 

(W=m"V,H) 

m ONLY REFRESH CURRENT TCS '4400APLlAJLlASJLlAZL-7 - 100 

ICC3 Average Power Supply Current, m Only Mode TC5,4400APLlAJLIASJLlAZL-8 - B5 mA 3,5 

(m Cycling, '/:AS""V,H: tRC-tRC MIN.) TC5'4400APLlAJLlASJLlAZL-' - 7S 

FAST PAGE MODE CURRENT TC5,4400APLlAJLlASJLlAZL-7C - 70 3,4 
Average Power Supply Current, Fast Page Mode TC5'4400APUAJUASJUAZL-BC - 60 mA 

ICC4 (RA~=V'L' '/:AS", Address Cycling: tpc .. tpc MIN.) 55 
5 

TCS ,4400APUAJLlASJLlAZL-1 -
STANDBY CURRENT 

Iccs Power Supply Standby Current - 200 pA 

(W = '/:AS" = Vcc - 0.2V) 

'/:AS" BEFORE m REFRESH CURRENT TC5'4400APUAJUASJUAZL-7 - 100 

ICC6 Average Power Supply Current, m Before m TCS '4400APUAJUASJUAZL-8 - 85 mA· 3,5 

Mode(m, m Cycling: tRC=tRC MIN.) TCS'4400APUAJUASJUAZL·' - 75 

Battery Back Up Current 

Average Power Supply Current, Battery Back Up Mode 

ICC7 «73',,'/:AS" Before m Cycling or 0.2V, M=vcc-0.2V, WlUTE' .. Vcc- - 400 pA 3,6 

0.2V, AO-9= Vcc-0.2V or 0.2V, VOI-4-Vcc-0.2V, 

0.2V or OPEN: tRC" 125)1s, tRAs=3QOns -1)1s) 

Battery Back Up Current 

Average Power Supply Current, Battery Back Up Mode 

ICC7 «73'=m Before m Cycling or 0.2V, M=VcC-0.2V, WlUTE' .. Vcc- - 300 pA 3,6 

0.2V, AO-g.Vcc-0.2V or 0.2V, VOI-4"VCC-0.2V, 

0.2V or OPEN: tRC = 12S)1s, tRAS = tRAS MIN. -300ns) 

INPUT LEAKAGE CURRENT 

I, ILl Input Leakage Current, any input -10 10 pA 
(OVS V,NS 6.SV. All Other Pins Not Under Test .. OV) 

10 ILl 
OUTPUT LEAKAGE CURRENT 

(DOUT is disabled, OVSVOUT::i5.SV) 
-10 10 IIA 

VOH 
OUTPUT LEVEL 

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

VOL 
OUTPUT LEVEL 

Output "L" Level Voltage (lOUT = 4.2mA) - 0.4 V 
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TC514400APUAJUASJUAZl-70, TC514400APUAJUASJUAZl-BO 
TC514400APUAJUASJUAZl~10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee" SV ± 10%, fa = 0-70·c)(Notes 7, 8, 9) 

TC514400APU .' TC514400APU TC514400APU 

SYMBOL PARAMETER AJUASJUAZL-70 AJUASJUAZL-80 AJUASJUAZL-l0 UNIT NOTES 

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

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

tRMW Read-Modify-Write Cycle Time 185 - 205 - 245 - ns 

tpe Fast Page Mode Cycle Time 45 - 50 - 60 - ns 

tpRMW 
Fast Page Mode Read-Modify-Write 
Cycle Time 100 - 105 - 125 - ns 

tRAe Access Time from m - 70 - 80 - 100 
10,15 

ns 
16 

tCAe Access Time from ~ - 20 - 20 - 25 ns 10,15 

tM Access Time from Column Address - 35 - 40 - 50 ns 10,16 

tePA Access Time from ~ Precharge - 40 - 45 - 55 ns 10 

tell ~ to output in Low-Z 0 - 0 - a - ns 10 

tOFF Output Buffer Turn-off Delay 0 20 0 20 0 20 ns 11 

tT Transition Time (Rise and Fall) 3 50 3 SO 3 50 ns 9 

tRP m P~echarge Time 50 - 60 - 70 - ns 

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

tRASP m Pulse Width{Fast Page Mode) 70 200,000 80 200,000 100 200,000 ns 

tRSH mHold Time 20 - 20 - 25 - ns 

tRHep 
m Hold Time From ~ Precharge 

40 - 45 - 55 - ns (Fast Page Mode) 

1cSH ~ Hold Time 70 - 80 - 100 - ns 

teAS ~ Pulse Width 20 10,000 20 10,000 25 10,000 ns 

toeD m to ~ Delay Time 20 50 20 60 25 75 ns 15 

toAD m to Column Address Delay Time 15 35 15 40 20 50 ns 16 

teRP ~ to m Precharge Time 5 - 5 - 5 - ns 

tep ro Precharge Time 10 - 10 - 10 - ns 

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

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

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

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

tRAl Column Address to m Lead Time 35 - 40 - 50 - ns . 

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

tR04 Read Command Hold Time 0 - 0 - 0 - ns 12 
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/, 

'r , 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIOf'lS 
(Continued) 

TC514400APLJ TC514400APLJ TC5I 4400APU 

SYMBOL PARAMETER AJUASJLJAZL·7O AJLJASJL/AZL·80 AJLJASJVAZL·IO UNITS 

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

Read Command Hold Time referenced " 
tRRH 

to RP3' 
0 - 0 - 0 - nl 

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

twp Write Co,!,mand Pulse Width 15 - 15 - 20 - nl 

tRWl Write Command to RP3' lead Time 20 - 20 - 25 - ! ns 

tewL Write Command to m lead Time 20 - 20 - 25 -I ns 

tos Data Set·Up Time 0 - 0 - 0 _I ns 

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

tREF Refresh Period - 128 - 128 - ! 128 ms 

Write Command Set·UP Time 0 0 0 
I 

twes - - oj nl 

lewD m to WIUTl Delay Time 50 - 50 - 60 
! ,. ns 

tRWO m to WIUTl Delay Time 100 - 110 - 135 ~ nl 

lAwD Column Address to ~ Delay Time 65 - 70 - 85 - nl 

!cPWD m Precharge to WIUTl Delay Time 70 - 75 - 90 - ns 

tCSR 
m Set·Up Time 

5 - 5 - 5 - nl 
(m before m Cycle) 

mHold Time 
tCHR 1m before m Cycle) 

IS - 15 - 20 - ns 

tRPC m to m Precharge Time 0 - 0 - 0 - nl 

!cPT 
m Precharge Time 1m before RP3' 

40 - 40 - 50 - nl 
Count~r Telt Cycle) 

tRDH m Hold Time referenced to 1X 10 - 10 - 20 - nS 
toEA 1X Access Time - 20 - 20 - 25 ns 

tOED 1X to Data Oelay 20 - 20 - 2S - ns 

tOEZ 
Output buffer turn off Delay Time 

0 20 0 20 0 20 
from OE ns 

toEH OE Command Hold Time 20 - 20 - 2S - ns 

tWTS 
Write Commamd Set·Up Time 

10 - 10 10 
(Test Mode In) - - ns 

Write Commamd Hold Time 
tWTH 

(Test Mode In) 
10 - 10 - 10 - ns 

tWRP 
Wim! to RP3' Precharge Time 

10 10 10 (m before RP3' Cycle) - - - nl 

tWRH 
Wim! to RAS" Hold Time 

(00 before m Cycle) 
10 - 10 - 10 - ns 

A-381 

NOTES 

12 -

13 

13 

14 

14 

14 

14 

14 

10 



TC514400APUAJUASJLlAZL~70, TC514400APUAJUASJUAZL-80 
rC514400APUAJUASJUAZL-10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE 

TEST MODE 

TCS 14400APIJ " TCS 14400APIJ TCSI4400APIJ 

SYMBOL PARAMETER AJIJASJIJAZL-70 AJIJASJ~AZL-80 AJIJASJIJAZL-l0 UNITS NOTES 

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

tRC Random Read or Write Cycle Time 135 - ISS " 185 -, - os 

tRMW Read-Modify·Write Cycle Time 190 - 210 - 250 - ns 

tpc Fast Page Mode Cycle Time 50 - 55 - 65 - ns 

tRMR 
Fast Page Mode Read-Modify-Write 

190 - 210 - 250 - ns 
Cycle Time 

tMC Access Time from m 75 85 IDS 
10,15 - - - ns 

16 

teAc Access Time from m - 2S - 25 - 30 ns 9,15 

tM Access Time from Column Address - 40 - 45 - 55 ns 9,16 

tePA Access Time from m Precharge - 40 - 50 - 60 ns 10 

1Ms m Pulse Width 7S 10,000 8S 10,000 105 10,000 ns 

tRASP W Pulse Width (Fast Page Mode) 75 100,000 85 200,000 105 200,000 ns 

tRSH W Hold Time 25 - 25 - 30 - ns 

tCSH m Hold Time 75 - 85 - 105 - ns 

tRHCP m Precharge to m Hold Time 45 - 55 - 65 - ns 

tCAS m Pulse Width 25 10,000 25 10,000 30 10,000 ns 

tRAl Column Address to m Lead TIme 40 - 45 - 55 - ns 

tcwo m to WlUT[ Delay Time 55 - 55 - 65 - ns 14 

tRWO m to Wi!iTr Delay Time 105 - 115 - 140 - ns 14 

tAwD Column Address to WlUT[ Delay Time 70 - 75 - 90 - ns 14 

tCPWD m Precharge to WlUT[ Delay Time. 75 - 80 - 95 - ns 14 

tOEA 'Or Access Time from - 25 - 25 - 30 ns 

toEH 'Or Command Hold Time 25 - 25 - 30 - ns 

CAPACITANCE (Vee = SV ± 10%, f = 1MHz, Ta = Q-7Q·c) 

SYMBOL PARAMETER MIN. MAX. UNIT 

C" Input Capacitance (11.0-11.9) - 5 pF 

C'2 Input Capacitance (m, m, Wlil'IT, 'Or) - 7 pF 

Co Input/Output Capacitance (I/O 1-1/04) - 7 pF 
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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. ICC}, ICC3, ICC4, ICCG, ICC7 depend on cycle rate. 

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

5. Column address can be changed once or less while It\S=VIL and "CAS=VIH. 

6. ,tRAs(max.)=lllS is only applied .to refr~sh of battery-back up. tRAs(max.)=lOllS is applied to 
functional operating. 

7. An initial pause of 20011S is required after power-up followed by 8 nAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
"CAS before lU\S refresh cycles instead of 8 It\S only refresh cycles are required. 

8. AC measurements assume tT=Sns. 

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

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

11. 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. 

12. Either tncH or tnnH must be satisfied for a read cycle. 

13. These parameters are referenced to "CAS leading edge in early write cycles and to wmm leading 
edge in Read-Modify-Write cycles. 

14. twes, tRWD, tcWD, tAWD and tcPWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twess; twes (min.), the cycle is an early 
write cycle and the.data out pin will remain open circuit(high impedance) through the entire cycle; 
If tRwDs;tRWD (min.), tcwDs;tewD (min.), tAWDs;tAWD (min.) and tcPWDs;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. 

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

16. 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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READ CYCLE 

V'H m 
V'L -

m V'H-

V,H 
AO-A9 

V'L 

Wliiit' 
V,H 

V,L 

'O'E" V,H 

V'L 

1/01 VOH-

-1/04 VOL-
OPEN 

~: "W or "LO 
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WRITE CYCLE (EARLY WRITE) 

V'H _------,L 
m 

VIL -

V'H 
AO-A9 

V'L 

V'H 
WRi'i't 

V'L 

1/01 V'H-------<1 
-1104 V'L-

1>-----oPEN ----

~: "W or "L" 
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WRITE CYCLE (O'E CONTROLLED WRITE) 

VOl VIH 

-V04 VII. - ___ ..J 

~:"W or "L" 
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READ·MODIFY·WRlTE CYCLE 

V'H 
liAS 

V'L-

~ 
V'H-

V'L 

V'H 
AO-A9 

V'L 

V'H 
Wlm'E 

V'L -

V'H 
M 

V'L 

1101 VIIOH-

-1104 VVOL-

~: "H" or "L" 

A-38? 



TC514400APUAJUASJUAZL-70,TC514400APUAJUASJUAZL-80 
TC514400APUAJUASJUAZL-10 

FAST PAGE MODE READ CYCLE 

VIH _----:II... 

AAS 
V IC -

m 
VIC 

VIH 
AO-A9 

VIL 

VIH 
WRITE 

VIL 

VIH-
0< 

VIL-

1/01 VOH-
-1104 

VOL-

~:·H"~r·L· 
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FAST PAGE MODE WRITE CYCLE 

ro 

VIH 
AO-A9 

VIL 

VIH 
WRiTE" 

VIL 

VIH 
tiE 

VIL 

VOl VIH 
-1/04 

VIL 

~: "H" or "L" 
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FAST PAGE MODE READ·MODIFY·WRITE CYCLE 

VOI- VIIOH ----I~I*I 
V04 VIiOL - 1I:....:T,.-.:..-.:r 

*1 Dour 1 "2 Dour2 *3 DourN 
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ItAS ONLY REFRESH CYCLE 

tsp 

Noto: WRiTE, OE'="H" or "L" ~: "W or "L" 

CAS BEFORE ltAS REFRESH CYCLE 

V01- VOH 

V04 VOL 
:...--J)>----------OPEN --------

~:"W or "L" 

Note: nE", AO-A9="H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 

VIH-
lIAS" 

V1L -

V1H-
m 

VIH 
AO-A9 

VIL 

VIH 
WRm 

VIL 

VIH 
i5!' 

VIL 

VOl VOH-

-V04 VOL _ 

~: "H" or "L" 
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HIDDEN REEFRESH CYCLE (WRITE) 

1/01 VIH ------,. .,r----.-u. 
-1104 VIL - __ ---' l'-----"""f 

~:"W or "L" 
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'CAS BEFORE BAS REFRESH COUNTER TEST CYCLE 

AO-A9 
VIH 

VIL 

READ CYCLE 

VIH 
Wlim 

VIL 

N VIH 

VIL 

1101 VOH-

-V04 VOL _ 
OPEN 

WRITE CYCLE 

Wlim VIH 

V1L 

N VIH 

VIL 

N VIH 
V'L - __________ ~~+-' 

1101 VIIOH-

-1/04 VIIOL _----------""' 

~:"W or "L" 
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WRITE. "CAS BEFORE RAS REFRESH CYCLE 

V'H _-----i. I~------'~---,--... I Jr--"'3/,. 

m V'L-

1/01 VOH - I}----------OPEN _____ _ 
-1/04 VOL -'----4 

~: "W or "L" 

Note: 'OE'. AO-A9: uH" or "L" 
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TEST MODE 

The TC514400APUAJIJASJIJAZL is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors in parallel and 
retrieved the same way. Aoc is not used. If, upon reading, two' bits o~ one I/O pin are equal (all "l"s or 
"O"s), the I/O pin indicates a "1". 

If they were not equal, the I/O pin would indicate a "0"; Fig.1 ~shows the block diagram of 
TC514400APUAJUASJIJAZL. In "Test Mode", the 1Mx4 DRAM can be tested as if it were a512KX4 
DRAM. 

''WRITE, 'CAS Before 'RAS Refresh Cycle puts the device ~nto 'Test Mode". And "'CAS Before ~ 
Refresh Cycle" or"IIAS Only Refresh Cycle" puts it back into "Normal Mode". In the Test Mode, 
"W'ill'i'E, 'CAS Before !{AS Refresh Cycle" Performs the refresh operation with the internal refresh 
address counter. The "Test Mode" function, reduces test times (1/2 in case of N test pattern). 
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BLOCK DIAGRAM IN THE TEST MODE 

.--__ --o.Ace Vee 

~~3i===}--F' "'"1~ ~I ~Test 

Normal 
..-0. Ace C 

I SI2K block 

~ II Ace 
~ 
0 

Test 
I...-.. 

SI2K block 
15 

Ace G 
SI2K block 

SI2K block 
H 

Fig. 1 
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1,048,576 WORD x 4 BIT DYNAMIC 1W1 

DESCRIPTION 

* This is advanced information and specifications 
are subject to change without notice. 

The TCS14402J/Z is the new generation dynamic ·RMi organized l,04S,S76 words by 4 
bits. The TCS14402J/Z utilizes TOSHIBA's CMOS Silicon gate process technology as well 
as advanced circuit techniques to provide wide operating ~fgins, both internally and 
to the system user. Multiplexed address inputs permit the TCS14402J/Z to be packaged 
in a standard 26/20 pin plastic SOJ and 20 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 sinlge power supply of 
SV±lO% tolerance, direct interfacing capability with high performance logic families 
such as Schottky TTL. 

FEATURES 

• l,04S,S76 word by 4 bit organization • Low Power 
• Fast access time and cycle time 

TCSI4402J/Z-8Q/-I0 

S7Smw MAX. Operating (TCS14402J/Z-SO) 
49SmW MAX. Operating (TCSl4402J/Z-lO) 
S.smw MAX. Standby tRAC RAS Access Time SOns lOOns 

tAA Column Address 40ns SOns Access Time 
tCAC CS Access Time 20ns 2Sns 
tRC Cycle Time lSOns lSOn8 

tsc 
Static Column 4Sns SSns Mode Cycle Time 

• Single power supply of SV±lO% with a 
built-in VBB generator 

pm CONNECTION (TOP VIEW) 

Plastic SOJ Plastic ZIP 

VOl 
1/02 

WRITE 
RAS 

A9 

AO 
Al 
A2 
A3 

Vee 

[ I 
[ 2 

3 
4 
5 

9 
10 
11 
12 
13 

PIN NAMES 
AO'VA9 
m 
CS 
WRITE 
OE 

1/01 'V 1/04 
VCC 
VSS 

26 
25 
24 
23 
22 

18 
17 
16 
15 ~ 
14 ~ 

Vss 
1/04 
1/03 
l!S" 
<rf 

A8 
A7 
A6 
A5 
A4 

Address Inputs 
Row Address Strobe 
Chip Select 
Read/Write Input 
Output Enable 
Data Input/Output 
Power (+SV) 
Ground 

• Outputs unlatched at cycle end allows 
two-dimensionai chip selection 

• Read-Modify-Write, CS before ~ refresh, 
BAS-only refresh, Hidden refresh and 
Static Column Mode capability 

• All inputs and outputs TTL compatible 
• 1024 refresh cycles/16ms 
• Package Plastic SOJ: TCSl4402J 

Plastic ZIP: TCS14402Z 

BLOCK DIAGRAM 
1,11)1 1/02 1/03 1/1)4 

Vee Vss 

r 1 

AO "--.r--:-:,,,. 

Al IB~~~tIT--~~~~~~ A2 ;::; 
A3 
A4 
AS 
A6 
A7 
A8 
A9v-~~~~~~~ 
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ABSOLUTE MAXIMUM RATINGS 
ITEM SYMBOL RATING UNITS 

Input Voltage VIN -1'" 7 V 
Output Voltage VOUT -1'" 7 V 
Power Supply Voltage VCC -1'" 7 V 
Operating Temperature TOPR ()'I. 70 " °c " 

Storage Temperature TSTG -55 "'150 °c 
Soldering Temperature' Time TSOLDER 260·10 °C'sec 
Power Dissipation Pn 600 mW 
Short Circuit Output Current lOUT 50 mA 

RECOMMENDED DC OPERATING CONDITIONS (Ta=O'" 70°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT. 
VCC Supply Voltage 4.5 5.0 5.5 V 
VIH Input High Voltage 2.4 - 6.5 V 
VIL Input Low Voltage -l.0 - 0.8 V 

DC ELECTRICAL CHARACTERISTICS (VCC=5V+IO% Ta"O'" 70°C) - , 
su-mOL PARAMETER MIN. 

OPERATING CURRENT TC514402J -ICCl Average Pow.er Supply Operating Current /Z-80 

(RAS, CS, Address Cycling: tRC-tRC MIN.) TC514402J 
/Z-lO -

STANDBY CURRENT 
ICC2 Power Supply Standby Current -

(RASzCS-VIH) 
RAS ONLY REFRESH CURRENT TC514402J -- /Z-80 

ICC3 Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CS-VIH: tRC-tRC MIN.) TC514402J 

/Z-10 -
STATIC COLUMN MODE CURRENT TC514402J -

ICC4 Average Power Supply Current, Static Column Mode /Z-80 

(RlS-CS=VIL' Address Cycling: tSC·tsc MIN.) TC514402J 
/Z-10· -

STANDBY CURiENT 
ICC5 Power Supply Standby Current -

(RlS"cs-v Cc-O. 2V) 
CS BEFORE m REFRESH CURRENT TCS14402J -ICC6 Average Power Supply Current, CS Before RAS Mode /Z-80 

TC514402J (RAS, CS Cycling: tRe-tRC MIN.) /Z-10 -
INPUT LEAKAGE CURRENT 

1I(L) Input Leakage Current, any input -10 
(OV ~ VIN! 6. 5V, All Other Pins not under Test-OV) 

IO(L) OUTPUT LEAKAGE CURRENT -10 (DOUT is disabled, OV S VOUT! 5. 5V) 

VOH 
OUTPUT LEVEL 
Output "H" Level Voltage (IOUT=-5mA) 2.4 

VOL 
OUTPUT LEVEL 
Output "L" Level Voltage (10Ur=4.2mA) -

A-400 

NOTE 
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NOTE 
2 
2 
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MAX. UNITS NOTES 
105 

mA 3,4,5 
90 

2 mA 

105 
mA 3,5 

90 

85 
mA 3,4,5 

75 

1 mA 

105 

90 
mA 3 

10 jJA 

10 jJA 

- V 

0.4 V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

TC5l4402J/Z TC5l4402J/Z 
SYMBOL PARAMETER -80 -10 UNIT !NOTES 

MIN. MAX " . " MIN. MAX. 
tRC Random Read or Write Cycle Time 150 - 180 - ns 
tRMW Read-Modify-Write Cycle Time 205 - 245 - ns 

tsc Static Column Mode Cycle Time 45 - 55 - ns 

tSRMW Static Column Mode Read-Modify-Write 
110 - 135 - ns Cycle Time 

t RAC Access Time from m - 80 - 100 ns 9.14.15 

tCAC Access Time from CS' - 20 - 2S ns 9.14 
tM Access Time from Column Address - 40 - 50 ns 9.15 
tALW Access Time from Last Write - 75 - 95 ns 9.16 

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

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

tAOH 
Output Data Hold Time from Column 5 - 5 -, ns 
Address 

tow Output Data Enable Time from WRITE - 25 - 30 ns 
tT Transition Time (Rise and Fall) 3 50 3 50 ns 8 
tRP &AS Precharge Time 60 - 70 - ns 
tRAS RAS Pulse Width 80 10,000 100 10,000 ns 
tRASC RAS Pulse Width (Static Column Mode) 80 200,000 100 200,000 ns 
tRSH &AS Hold Time 20 - 25 - ns 
tCSH CS Hold Time 80 - 100 - ns 
tcs CS Pulse Width 20 10.000 25 10.000 ns 
tcsc C"S Pulse Width (Static Column Mode) 20 200,000 25 200,000 ns 
t RCD ~ to CS Delay Time 20 60 25 75 ns 14 
tRAD RAS to Column Address Delay Time 15 40 20 50 ns 15 
tCRP cs to m Precharge Time S - 10 - ns 
tcp as Precharge Time 10 - 10 - ns 
tASR Row Address 'Set-Up Time 0 - 0 - ns 
tRAH Row Address Hold Time 10 - 15 - ns 

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

tCAR Column Address Hold Time lS - 20 - ns 

tAWR Write Address Hold Time referenced to 60 7S W - - ns 

tAR 
Column Address Hold Time referenced to 
m 90 - 115 - ns 

tRAL Column Address to US Lead Time 40 - 50 - ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

TC5l4402J/Z TC5l4402J/Z 
SYMBOL .PARAMETER -80 -10 UNITS 

MIN. !We. MIN. MAX. 

t Column Address Hold Time referenced to 5 10 AlI m Rise· - - ns 

tLWAD Last Write to Column Address Delay Time 20 35 25 45 ns 
tAlILW Last Write to Column Address Hold Time 75 - 95 - ns 

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

tRCH Read Command Hold Time 0 - 0 - ns 
tRRH Read Command Hold Time referenced tom 0 - 0 - ns 
tWCH Write Command Hold Time 15 - 20 - ns 

tWCR 
Write Commadn Hold Time referenced to 
RAS 60 - 75 - ns 

twp Write Command Pulse Width 15 - 20 - ns 
tWI WRITE Inactive Time 10 - 10 - ns 
tRlVI. Write Command to m Lead Time 20 - 25 - ns 
tCVIL Write Command to CS Lead Time 20 - 25 - ns 
tDS Data Set-Up Time 0 - 0 - ns 
tDH Data Hold Time 15 - 20 - ns 
tDHR Data Hold Time referenced to RAS 60 - 75 - ns 
tREF Refresh Period - 16 - 16 ms 
tl•CS Write Command Set-Up Time 0 - 0 - ns 
tcwn ~ to WRITE Delay Time 50 - 65 - ns 
tRWD RAS to WRITE Delay Time 110 - 135 - ns 
tAWD Column Address to WRITE Delay Time 70 - 85 - ns 
tCSR CS Set-Up Time (~ before ~ Cycle) 5 - 5 - ns 

tCRR CAS Hold Time (CS before RAS Cycle) 15 - 20 - ns 
tRPC RAS to CS Precharge Time 0 - 0 - ns 

tCPT CS Precharge Time 40 - 50 - ns 
(CS before RAS Counter Test Cycle) 

tROH BAS Hold Time referenced to OE 10 - 20 - ns 
tOEA OE Access Time - 20 - 25 ns 
tOED OE to Data Delay 20 - 25 - ns 
tOEZ Output Buffer Turn Off Delay Time fromlm 0 20 0 20 ns 
tOEH OE Command Hold Time 20 - 25 - ns 
tWTS Write Command Set-Up Time(Test Mode In) 10 - 10 - ns 
tWTH Write Command Hold Time (Test Mode In) 10 - 10 - ns 

t WRP WRITE to RAS Precharge Time 10 - 10 - ns (CS before m Cycle) 

tWRH 
WRITE to RAS Hold Time 
(CS before RAS Cycle) 

10 - 10 - ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 
(Vcc=5V±10%, Ta=0-700C) (Notes 6, 7, 8) 

TC5l4402J/Z TC5l4402J/Z 
SYMBOL PARAMETER -80' " -10 UNIT NOTES 

MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 155 - 185 - ns 

tsc Static Column Mode Cycle Time 50 - 60 - ns 

tRAC Access Time from RAS - 85 - 105 ns 9.14.15 

tCAC Access Time from CS - 25 - 30 ns 9,14 

tAA Access Time from Column Address - 45 - 55 ns 9,15 

tRAS RAS Pulse Width 85 10,000 105 10,000 ns 

tRASC TAS Pulse Width (Static Column Mode) 85 200,000 105 200,000 ns 

tRSH TAS Hold Time 25 - 30 - ns 

tCSH CS Hold Time 85 - 105 - ns 

tes CS Pulse Width 25 10,000 30 10,000 ns 

tcsc CS Pulse Width (Static Column Mode) 25 200,000 30 200,000 ns 

tRAL Column Address to RAS Lead Time 45 - 55 - ns 
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CAPACITANCE (Vcc=5V±lO%, f"!MHz, Ta=O"'700C) 
SYMBOL PARAMETER 
Cn Input Capacitance (AO '" A9) 
CI2 Input Capacitance (W, CS', lmI'T!, 1m) 
Co Input Output Capacitance (1/01'" 1/04) 

NOTES: 

MIN. MAX. UNIT 
- 5 
- 7 pF 

- 7 

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. ICC1, ICC3' ICC4' ICC6 depend on cycle rate. 

4. ICC1' ICC4 depend on output loading. Specificied values are obtained with the 
output open. 

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

6. An initial pause of 200~s is required after power-up followed by 8 BAS only 
refresh cycles before proper device operation is achieved. In case of using 
internal refresh counter, a minimum of 8 CS before RAS refresh cycles instead 
of 8 RAS only refresh cycles.are required. 

7. AC measurements assume tT=5ns. 

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

9. Measured with a load equivalent to 2 TTL 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 tRRR 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 cycles. 

13. twcs, tRWD, tcwo 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 the data out pin will remain open circuit 
(high impedance) through the entire cycle; If tRWD~tRWD(min.), tCWD~tCWO(min.) and 
tAWD~tAWD(min.), the cycle is a Read-Modify-Write cycle and the data out will con­
tain 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' 

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. tAR is the condition to latch column address when BAS has rised up. 
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TC514402JIZ-80 
TC514402JIZ-10 

READ CYCLE 

VIH ----~I\'""_----t...:;RA:::;;...S -----~J1 
VIL -

tCSH 
tRSH 

VIH --...,....,t=:::j~==~:;::;~--.-::.'ttc~s;---, 
VIL -

V IH _ -rrTrT\ Jo:---";":=--.L 

VIL -

V 1L - '-U.LLJ..LJ...J'-L.L.t,LL.L.LJ 

V IH - .,..,...,-rrrrr-rr.'+".,..,..,-rr;;;:;:;:;;;t;:;:;::;-tt:;;;.:1 
VIL-~~~LW~~.LJ...J'-U.LLJ.~~~_-+~~LLJ.~'-U.LW~~~'-L.L.~~~ 

VOH -
VOl-l/04 ------ OPEN -t---{J/ 

VOL -

E2Z}: "H" or "L" 
WRITE CYCLE (EARLY WRITE) 

tRC 

AO-A9 

''WifiTE 

V IH - ----.I. tAWR 
~----~~-----~ 

VIL -
tCSH tCRP 

tRCO tRSH 
VIH--~~==~======~tr-tt~c~s~--tt=~----------
VIL -

VIH­

VIL -

V Di - "TrTrT"T'T'l"Trr7-r'T'T"ll t wp 
A~--~+-~--~I 

VIL-~~~~~~~====~========~~~~~'-L.L.~~~~~~~ 

VIH-
I/OI-V04 ------~ 

V IL - 1"-------; OP~ ---------

~: "H" or "L" 
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TC514402JJZ--80 
TC514402JJZ-10 

WRITE CYCLE CO! CONTROLLED WRITE) 

tRP 
vIR ------=!.I\f,. _____ t...:;RA.S= ____ -'----I ~====~ 

WRITE 

OE 

VIL -
tCSH 

tRSH 
VIH - ---d~==I-1===::::;T-----'lt~c;s---1 

tCRP 

VIL -

VIH -rr~~n~~~~rr,~~~~~~~rrn77Tn~Ir~7Trn77Tn77Tn77n 

V~ -~~~~~~~~·~~UJ~--_~y .. ~~~~~~~~~~~~~ 

Vm -

VIL -

Vm 

VIL 

VIH ------. 
I/O 1-1/04 )---{, 

V IL - \.L..LLLJ...LJ.."f ,, ____ _"1" ~~~'_'_L.L.L..<..L.I..l.J...I..I...I...u..l.J.J...u..I.J..I."'_'_ 

~: "H" or ilL" 
READ-MODIFY-WRITE CYCLE 

RAS 
vm -
VIL -

tRAL 

tRCD 

vIH -
cs 

tcs 

AO-A9 
vIL -

COLUMN ADDRESS 

VIH -
WRITE 

VIL -

DE 

{/01-{/04 
VVOH-

VVOL-
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TC514402JIZ-80 
TC514402JIZ-10 

STATIC COLUMN MODE READ CYCLE 

AO-A9 

VIH ---_ tusc 
~~----------------~~~----------------~ 

VIL -

tsc 

COLUMN 
ADDRESS 

tsc 

COWMN 
AOORESS 2 

COLUMN 
ADDRESS N 

Vm ----r----r-'h_--W~t!:C~SC~_r"':---.-"'-f_o~=::........~.k:+t-----
VIL _ tRRH 

V1H -<7777Trr.~7777~-r--~+-----rr------~~ir~---------+4---~7Trrrr 

V I L -- oL.<..L.L.'-'-'-'-''-L.4.LJ..L.IJ 

VIH -7T;.n~~7T~;.n~777T~~ 

~L --~WU~.L.L.'-'-~~.L.L.~~~~~ __ ++ ____ ~wr~~~~~ __ ~~~~~LL~~ 

1/01-1/04 VOH ----------------~[V 
VOL -

VALID DATA 2 

~: "H" or "L" 
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TC514402JIZ-80 
TC514402JIZ-10 

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

VIH ---1\1-0---------==--------11 

AO-A9 

VIH ----I===~~ 
VIL -

1/'.)1-1/04 
VIH -"""1"rT"7"'T'r.r-rrT'7"'7"n ~~,:.......,L,.....,'"7\. .J.:-~~ 

V IL - .LJ..L.1..L.L.<..J..J-L-u.J.J ~=..:;......,t"\.U...., 'F=;;..;;...r-~-" 1'-=~\.L.L..I.~.JJ..J...<u....t..J.~ 

~: "R" or ilL" 

STATIC COL~m MODE WRITE CYCLE (EARLY WRITE) 

VIH-~~~~ 
v1L -

V IH _--~~~::t:tt::- rrr'r77"7"ll. 

vIL -

VIH ----+----.:=~\~I__++.....:.::..-lJ 
vIL -
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STATIC COLUMN MODE READ-HODIFY-WRITE CYCLE 

TC514402JIZ-80 
TC514402JIZ-10 

VIH ---...,.. tRASC 
~~~~~~~~~~--===-----------------~ 

VIL-

VIH -
V IL - ..l.L.'1";;;;';;'F~ 

tSRMW tRAL 
VIH-----~----~~--~~~-tt;.;~------~~--~~, 

VIL-

tRCD 

VIH - ---+---+-+------=4-
v1L- tRIVD 

V IH - 77-rTTTi-r:r-n77"TTT'Tl\ 

V I L - ..... L.<..'-'-''-f-'..L..L.L.L.4.L..U-I.'"'''fo---' 

VVOH-
1/01-1/04 -------~V 

VI/OL -

~: "H" or "L" 
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TC514402JIZ-80 
TC514402JIZ .... lO 

STATIC COLUMN MODE READ/WRITE MIXED CYCLE 

VIR -

VIL -

tRCO tcp 

CS vIR - tcsc 

VIL -

tLWAD 

tA}{LW 

Vm -
AO-A9 

VIL -

VIR -
WRITE 

VIL -

VIR -
OE 

VIL -

VI/OH -
I/O 1-1/04 ~--+-(/. 

VVOL -

(WRITE) 

A-41 0 

COLUMN 
ADDRESS 2 

VALID 
DATA-otJT 2 

(READ) 

COLUMN 
ADDRESSN 

tAWD 

tAA 

VALID VALID 
DATA-OUT N DATA-IN N 

(READ) (WRITE) 

~: "R" or "L" 



RAS ONLY REFRESH CYCLE 

iiAS 
VIH -

VIL -
tCRP 

CS 

VIH -
AD-A9 

VIL -

Note: WRITE, 

CS BEFORE RAS REFRESH CYCLE 

.tac 

tRAS 

OE-nH" or "L" 

tac 

TC514402JIZ-80 
TC514402JIZ-10 

~: IIH" or "L" 

VIH-Trr.n7TTM~~--~--~Tn~Tr.~Tr.n77Tn77Trn~Tr.n7TTr.n7Trn7TTM~ 

V IL - '-'-'..J..I..'-'-' ....... r..J 

VOH - -------,) 
1/01-1/04 )----------------

VOL . 
OPEN 

Note: OE, AO '" A9="H" or "L" 

~ : "H" or "L" 
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TC514402JIZ.;..fID 
TC514402JIZ~ 10 

HIDDEN REFRESH CYCLE (READ) 

tRCD tRSH 

t CRP tun tRAL 

V lH --JF:W====*==rt-=~----, 

VIL -

AO-A9 

VIH-
WRITE 

VIL -

OE 
VIH-

VIL -

VOH­
VOI-I/04 ---------(V 

VOL -

A-412 

tRAS 

tCRP 

tOEZ 

VALID DATA-OUT 

~: "H" or "L" 



TC514402JIZ-80 
TC514402JIZ-10 

HIDDEN REFRESH CYCLE (WRITE) 

tRC tRC 

tRAS tRP tRP 

Vrn - tAWR tRAS 

VIL-

tRCD tRSH tCHR 

VIH -

VIL -
tASC 

AO-A9 

V,,_ I ~I'~ ~ ~M 
::: _'!II 1I11I(1fi't :':'H iff Will //j /!JJ 1111/// 1/ II/! II I/IJ 
::: /f/li//Il II! /1//11111 //II /II /I //1 II! /111/1//1/111/11111 ///111 /I 1/1 /111/11 

I tIllm 

tDS tIE 

VALID DATA-IN OPEN 

~ : "H" or "L" 
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TCS1 4402JIZ~O 
TCS14402JIZ-10 

es BEFORE RAS" REFRESH COUNTER TEST CYCLE 

m v1H-

vIL-

CS" 
VIH-

vIL -

VIH -
AO-A9 

VIL -

READ CYCLE 

VIH -
WRITE 

VIL -

VIH .e-

VIL -

VOH_ 
I/OI-I/04 OPEN 

VOL-

WRITE CYCLE 

WiIT'fE 
VlL -

VIH -
OE 

I/01-1,/t)4 
VIL -

WRITE 
VIH-

VIL-

OE VIL_ 

VVOH-
1/01-1/04 

VI/OL -

fZZ2I : "H" or "L" 

tRAS 

tRSH 

t.CS 

COLUMN ADDRESS 

tOEZ 

VALID DATA-OUT 

VALID DATA-OUT 
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WRITE, CS BEFORE RAS REFRESH CYCLE 

VIR -
iiAS 

VIL-

VIH-

~ 
VIL -

vrn -
WiITfE 

vlL -

VOR-
1/01-1/04 

VOL-

Note: OE, AO""A9: "R" OT "L" 

A-415 

OPEN 

~: "H" OT "L" 

TC514402JIZ-80 
TC514402JIZ-10 



TC514402JIZ-80 
TC514402JIZ..;..10 

READ CYCLE IN THE TEST MODE 

AO-A9 

Vt>l-I/04 

VIH ------"- tBAS 
~--------~~----------~A 

VIL-

VIH ---.t~:W==~~~~---:'~-"""1 
VIL--

VIH -­

VIL-

VIH- Trr~~?7~~~~~L--! ______ ~~tRRH~~:=~~~::~TMMM~~n 
V IL - ~.L4.L.J..r..L.O'-'-'I.kL.f..LJ 

tOFF 

VOH-------- OP EN -+---(1 VALID DATA-OUT 
VOL- tCLZ 

Note: OE-"L" ~ 'H' or 'L' 
WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

IRC 

V IH - -----.1.1-___ ......;1 AWR=.:::..-___ -I 

VIL-
ICSH 

IReD IRSH 
VIH-----t===~========~----tt~cs~---ti==+-------------------
VIL-

VIH­

VIL--

IRAn 

VIH-~rn~rn~rn~I~--_+~~------~rn7TTrnTTr.n~Tr.~TTrnTTrn~ 

VIL--~~~~~~4====*~======~~==~~~~~~~~~ 

VIH--~rnTr.~~~~~~~~~~~rnTr.~MTrnTr.~MT~Tr.~ 
VIL --~~~.L4~~~.L4.kL.~~~r..L.O.L4~~~~~.L4~r..L.O.L4~~.L4~~.L4~ 

VIH --
I/OI-I/b4 --------(IVALID DATA-IN'I}------ OPEN 

VIL --

~: 'H' or 'L' 
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~TATIC COLUMN MODE READ CYCLE IN THE TEST MODE 

AO-A9 

tsc 

COWMN 
ADDRESS 1 

All 

tRASC 

tsc 

COLUMN 
ADDRESS 2 

TC514402JIZ-80 
TC514402JIZ-10 

COLUMN 
ADDRESS N 

VIR ----+-----+--"- 1-__ -H_t,:;CS::;:C'---t *'-...,... ... 1-_-====--1 4,....;----­

VIL-

VIH-~"Tr.h77T.n;~~----~--~H_----~bJ~~--------H_--~~r.n77 

VIL-.L.J..I..I..J~.J...L,u...t..L.J..U 

VOH-
Vtll-I/tl4 ------------------+<V 

VOL-
tCLZ 

VALID DATA 2 

Note: OE="L" 
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TC514402JIZ-80 
TC514402JIZ-10 

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

~H----~~~ ________________ ~~~ ________________ ~I 

VIL --
t 

VIH -;:;;:~g~ 
VIL --

VIH ----t===:±::=tl 
'''--''-'=-11" 

Vn -

VIH -----l---.:=~I 
VIL -

\1--H-'.uL..--l1 

VIH --~~rn~Tr~~Tr~Trn77T~7r.h77T~7Trn~~rM7TrM~TM~7T~ 

VIL --~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

VIR -----......,j 

VIL -- I~------------------~~~--------------~~" 

AO-A9 

VIR - ----J==~~::::t:tt~ rrr!r-rr"'/' 
11 ... -==' 

VIL --

WRITE 
VIH --

VIL --

DE 

VIR --
1/01-1/04 

V1L --
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TEST MODE 

TC514402JIZ-80 
TC514402JIZ-10 

The TC514402J/Z is the RAM organized 1,048,576 words by 4 bits, it is internally 

organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors 

in parallel and retrieved the same way. AOC is not used. If, upon reading, two 

bits on one 1/0 pin are equal (all "l"s or "O"s), the 110 pin indicates a "1". 

If they were not equal, the I/O pin would indicate a "0". Fig. 1 shows the block 

diagram of TC514402J/Z. In "Test Mode", the 1M x 4 DRAM can be tested as if it were 

a 512K x 4 DRAM. 

'''QRITE,. es Before m Refresh Cycle" puts the .deVice into "Test Mode". And"~ 

Before m Refresh Cycle" or ''m Only Refresh Cycle" puts it: back into "Normal 

Node". In the Test Mode, ''WlITTE, CS Before RAS Refresh Cycle" performs the refresh 

operation with the internal refresh address counter. The "Test Mode" function re­

duces test times (1/2 in case of N test pattern). 
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1048,576 WORD X 4 BIT DYNAMIC RAM 

DESCRIPTION 

.' This is advanced information and specifica­
, tions are subject to change without notice. 

The TC514402AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC514402AP/AJ/ASJ/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 TC514402AP/AJ/ASJ/AZ to be packaged in a standard 20 pin 
plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 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 performace logic families such as Schottky TTL. 

FEATURES 
• 1,048,576 word by 4 bit organization 
• Fast access time and cycle time 

TC514402AP/AJ/ASJI AZ - 60 

tRAC m Access Time 60ns 

tAA Column Address Access Time 30ns 

tCAC CS Access Ti me 20ns 

tRC Cycle Time liOns 
tsc Static Column rAode 

35ns Cvcle Time 

PIN NAMES 

AO-A9 Address Inputs OE Output Enable 

RAS Row Address Strobe 1101-1104 Data InpuVOutput 

CS Chip Select Vcc Power(+ ~V) 

WRITE ReadlWrite Input Vss Ground 

PIN CONNECTION (TOP VIEW) 

Plastic DIP Plastic 50J Plastic ZIP 

1101 20 Vss 1101 OE 1~J 1102 19 1/04 1102 ~: c:s 
Wiii'fE 18 1103 WRiTE' 1103 [( 1104 

lIM 17 c:s lIM , 
[6: A9 16 U~ A9 , 1101 

AO IS AD AO 9 18 A8 , [8: WillTt 
AI 14 A7 AI 10 17 A7 [19·A9 A2 13 A6 A2 11 16 A6 AO (1J D) A3 12 AS A3 12 IS AS lj] AI 

A2 
Vee 11 A4 Vee 13 14 A4 [t~ A3 

Vee 1:!;] 
[t~ A4 

AS 1iJ 
D~ A6 

A7 ,;J 
[29 A8 

A-421 

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

'0 Low Power 
660m W MAX. Operating 

(TC514402AP/AJ/ASJ/AZ-60) 
5.5mW MAX. Standby 

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

• Read-ModMy-rrite, CS before RAS 
refresh, A -only refresh, Hidden 
refresh, Static Column Mode and 
Test Mode capability 

• All inputs and outputs TTL Compatible 
• 1024 refresh cycleS/16ms 
• Package 

TC514402AP 
TC514402AJ 
TC514402ASJ 
TC514402AZ 

BLOCK DIAGRAM 

: DIP20-P-300C 
: SOJ26-P-350' 
: SOJ26-P-300A 
: ZIP20-P-400A 

SUBSTRATE BIAS 
GENERATOR 



TC514402AP I AJ/ASJI AZ-60 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN -1-7 V 1 

Output Voltage VOUT -1-7 V 1 

Power Supply Voltage Vee -1-7 V 1 

Operating Temperature TOPR 0-70 'C 1 

Storage Temperature TSTG - 55-150 'C 1 

Soldering Temperature' Time TSOLDER 260'10 °C· sec 1 

Power Dissipation PD 700 mW 1 

Short Circuit Output Current lOUT 50 mA 1 

RECOMMENDED DC OPERATING CONDITIONS (Ta = Q-7Q·c) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Vee Supply Voltage , 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 - 6.5 V 2 

VIL Input Low Voltage -1.0 - 0.8 V 2 
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TC514402API AJI ASJI AZ-60 

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

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT 3,4 
ICCI Average Power Supply Operating Current TC514402AP/AJ/ASJ/AZ·60 - 120 rnA 

(RAS, CS, Address Cycling: tRe = tRe MIN.) 
5 

STANDBY CURRENT 

ICCl Power Supply Standby Current - 2 mA 

{RAS = CS = V, H) 

RAS ONLY REFRESH CURRENT 

IC(3 Average Power Supply Current, ~ Only Mode TC514402AP/AJ/ASJ/AZ·60 - 120 mA 3,5 

{~Cycling, CS=V,H: tRc=tRe MIN.} 

STATIC COLUMN MODE CURRENT 3,4 
Average Power Supply Current, STATIC COLUMN TC514402AP/AJJASJ/AZ·60 - 95 rnA 

ICC4 Mode (~= CS = V'L, Address Cycling: tsc = tsc MIN.) 
5 

STANDBY CURRENT 

ICC5 Power Supply Standby Current - 1 rnA 

(RAS = CS = Vec - O.2V) 

CS BEFORE RAS REFRESH CURRENT 

lee6 Average Power Supply Current, CS Before RAS Te514402AP/AJ/ASJ/AZ·60 - 120 rnA 3,5 

Mode {RAS, CS Cycling: tRC=tRC MIN.} 

INPUT LEAKAGE CURRENT 

I'IL) Input Leakage Current, any input -10 10 !lA 
{OV~V'N;$6.SV, All Other Pins Not Under TestkOV} 

OUTPUT LEAKAGE CURRENT 
10 (L) 

(DouT is disabled, OV ~ VOUT ~ S.SV) 
-10 10 !lA 

vOH 
OUTPUT LEVEL 

Output "H" Level Voltage {lOUT = - SmA} 
2.4 - V 

OUTPUT LEVEL 
VOL -

Output "L" Level Voltage {lOUT = 4.2mA} 
0.4 V 
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TC514402API AJ/ASJI AZ-60 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(VCC=5V± 10%, Ta=0-70°c)(Notes 6, 7, 8) 

TCSI4402AP/AJ/ASJ/AZ-60 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. 

tRC Random Read or Write Cycle Time 110 - ns 

tRMw Read-Modify-Write Cycle Time 165 - ns 

tse Static Column Mode Cycle Time 3S - ns 

tSRMW 
Static Column Mode Read-Modify-Write 

90 - ns Cycle Time 

tllAC Access Time from liAS 60 
9,14 - ns 

15 

teAC Access Time from CS - 20 ns 9,14 

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

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

tClZ CS to output in Low-Z I 0 - ns 9 

tOFF Output Buffer Turn-off Delay 0 20 ns 10 

tAOH 
Output Data Hold Time from Column 

Addres 
5 - ns 

tow Output Data Enable Time from WRITE - 20 ns 

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

tRP RP3 Precharge Time 40 - ns 

tRAS liAS Pulse Width 60 10,000 ns 

tRASC liAS Pulse Width (Static Column Mode) 60 200,000 ns 

tRSH CS to liAS Hold Time 20 - ns 

teSH RAS to CS Hold Time 60 - ns 

tes CS Pulse Width 20 10,000 ns 

tesc CS Pulse Width (Static Column Mode) 20 200,000 ns 

tRCD liAS to CS Delay Time 20 40 ns 14 

tRAD liAS to Column Address Delay Time 15 30 ns 15 

tCRP CS to RAS Precharge Time 5 - ns 

tcp c:s Precharge Time 10 - ns 

tASR Row Address Set-Up Time 0 - ns 

tRAH Row Address Hold Time 10 - ns 

tAse Column Address Set-Up Time 0 - ns 

leAH Column Address Hold Time 15 - ns 

Column Address Hold Time referenced 
tAR 

to liAS (READ CYCLE) 
70 - ns 

tRAl Column Address to liAS Lead Time 30 - ns 

tAH 
Column Address Hold Time referenced 

5 17 
to RAS Rise 

- ns 
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TC514402AP/AJ/ASJ/AZ-60 

TC514402AP/AJ/ASJ/AZ-60 
SYMBOL PARAMETER UNITS NOTES 

MIN. MAX. 

tLWAO 
Last Write to Column Address Delay 

20 25 ns 16 
Time 

Last Write to Column Address Hold 
tAHLW 

Time 
55 - ns 

tRCS 
Read Command Set-up Time referenced 

0 - ns 
to CS 
Read Command Hold Time referenced 

0 11 tRCH 
to CS - ns 

Read Command Hold Time referenced 
tRRH 

to RAS 
0 - ns 11 

Write Command Hold Time 
tWCH 

(Output Data Disable) 
10 - ns 13 

twp Write Command Pulse Width 10 - ns 

tWI Write Command Inactive Time 10 - ns 

tRWl Write Command to RAS Lead Time 20 - ns 

tCWL Write Command to CS Lead Time 20 - ns 

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

tOH Data-In Hold Time 15 - ns 12 

tREF Refresh Period - 16 ms 

Write Command Set-UP Time 
twcs 

(Output Data Disable) 
0 - ns 13 

tcwD 
CS to WRITE Delay Time 

50 
(READ-MODIFY-WRITE CYCLE) - ns 13 

tRWD 
liAs to WRITE Delay Time 

90 
(READ-MODIFY-WRITE Cycle) - ns 13 

tAWO Column Address to wRIfE Delay Time 60 - ns 13 

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

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

tRPC RAS to CS Precharge Time 0 - ns 

\cPT 
CS Precharge Time (CS before RAS 

30 
Counter Test Cycle) 

- ns 

tROH RAS Hold Time referenced to OE 10 - ns 

tOEA OJ: Access Time - 20 ns 

tOED OE to Data Delay 20 - ns 

toEZ 
Output Buffer turn off Delay Time 

0 20 10 
from DE 

ns 

tOEH DE Command Hold Time 20 - ns 
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TC514402AP/ AJ/ ASJ/ AZ-60 

TCS14402AP/AJ/ASJ/AZ·60 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. 

·tWTS Write Command Set·Up Time 11) - ns 

tWTH Write Command Hold Time 10 - ns 

tWRP Wlm'E to liAS Precharge Time 10 - ns 

tWRH WRITE to RAS Hold Time 10 - ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE 
TEST MODE (Vee = SV ± 10%, Ta = 0-70°c) (Notes 6, 7, 8) 

TC514402AP/AJ/ASJ/AZ-60 
SYMBOl PARAMETER UNIT NOTES 

MIN. MAX. 

tRC Random Read or Write Cycle Time 115 - n5 

tsc Static Column Mode Cycle Time 40 - ns 

tRAC Access Time from G - 65 
9,14 

ns 
15 

tCAe Access Time from CS - 2S ns 9,14 

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

tRAS RAS Pulse Width 65 10,000 ns 

tRAse liAS Pulse Width (Static Column Mode) 65 200,000 ns 

tRSH RAS Hold Time 25 - ns 

tCSH CS Hold Time 65 - ns 

tes CS Pulse Width 25 10,000 ns 

tcse i:s Pulse Wid.th (Static Column Mode) 25 200,000 ns 

tRAL Column Address to RAS ~ead Time 35 - ns 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

C" Input Capacitance (AO-A9) - 5 pF 

C'2 Input Capacitance (RAS, G, WRITE, (10) - 7 pF 

Co Input/Output Capacitance (I/O 1-1/04) - 7 pF 

A-427 



TC514402API AJI ASJI AZ-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 V 55. 

3. ICCI, ICC3, ICC4, ICC6 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 8 R:AS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CS 
before RAS refresh cycles instead of 8 RAS refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. VIH (min.) and VIL (max.) are reference levels for measuring timing of input signals. 

9. Measured with a load equivalent to 2 TIL loads and 1QOpF. 

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 CS leading edge in early write cycles and to WRITE 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 the data out pin will remain open circuit (high impedance) through the entire cycle; If 

tRWD~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 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 tRCO (max.) 
limit, then access time is controlled by tCAC. 

15. Operation within the tRAO (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 tRAO (max.) 
limit, then access time is controlled by tAA. 

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

17. tAH is the condition to latch column address ewhen R:AS has rised up. 
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TC514402AP/AJ/ASJ/AZ-60 

READ CYCLE 

tRC 

RAS 
VIH 

VIL 

cs VIH 

VIL 

AO-A9 
VIH 

V IL 

WRTfE Viii 

V IL 

OE 
VIH 

V IL 

1101-1104 VOH 

VOL 

~: "W or "L" 

WRITE CYCLE (EARLY WRITE) 

RAS VIH 

V IL 

(S- VIH 

VIL 

AO-A9 
VIH 

VIL 

iiilRTfE VIH 

VIL 

OE 
VIH 

VIL = 
1101-1104 

V IH 

V IL 

_rtosJ LtRH=;l 
--------; DATA·IN J---- OPEN ----------

~: "H" or "L" 
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WRITE CYCLE (DE CONTROLLED WRITE) 

RAS V1H 

VIL 

~ 
V1H 

VIL 

AO-A9 
VIH 

VIL 

WRITE 
VIH 

V 1L 

OE VIH 

V 1L 

1/01-1/04 
VIH 

VIL 

~: "H" or "L" 

READ - MODIFY - WRITE CYCLE 

RAS VIH 

VIL 

~ 
VIH 

VIL 

AO-A9 
V 1H 

VIL 

WRi'fE VIH 

VIL 

OE VIH 

V 1L 

V01-1/04 VIIOH 

VIIOL 

~: "W or "L" 
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TC514402AP / AJ/ ASJ/ AZ-60 

STATIC COLUMN MODE READ CYCLE 

RAS V'H 

V'L 

AO-A9 V'H 

V'l 

CS V'H 

V'L 

wRiTE V'H 

V'L 

OE V'H 

V'L 

1/01-1/04 VOH 
VOL 

DOUT2 

~: "H" or "L" 
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TC514402AP/ AJ/ ASJ/ AZ-60 

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

RAS VIH 

VIL 

AO-A9 
VIH 

VIL 

~ 
VIH 

VIL 

WRiTE VIH 

VIL 

OE 
VIH 

VIL 

1/01-1/04 
VIH 

VIL 

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

RAS 
V1H 

VIL 

VIH 
AO-A9 

VIL 

~ 
VIH 

VIL 

WRITE 
VIH 

VIL 

ill 
VIH 

VIL 

VIH 
1/01-1/04 

VIL 
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STATIC COLUMN MODE READ - MODIFY - WRITE CYCLE 

RAs v"' 
V,l 

AO-A9 
V,H 

V,l 

CS 
VIH 

V'l 

WRITE V"' 
V,l 

OE .V'H 

V'l 

VIIOH 
1/01-1/04 V IiOl 

A-433 
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TC514402API AJI ASJ/AZ-60 

STATIC COLUMN MODE READIWRITE MIXED CYCLE 

~ V'H 

V'L 

cs V'H 

V'L 

AO-A9 V'H 

V'L 

WRiTe V'H 

V'L 

DE V'H 

V'L 

(WRITE) (READ) (WRITE) 

~: "H"or"L" 
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TC514402AP / AJ/ ASJ/ AZ-60 

RAS ONLY REFRESH CYCLE 

RAS 

V1H 
CS" 

V1H 
AO-A9 

V1L 

~: "W or "L" 

NoLe: WIU'fE. O1I="u" or "L" 
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TC514402AP/AJI ASJ/AZ-60 

'CS BEFORE ltAS REFRESH CYCLE 

1101-1104 VOH 

VOL 
-:..-... _____ )>-----------OPEN -------

NoLe: oK AO-A9= "11" or "I." 
~: "H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 

V,H-
RAS 

V,L -

V,H-
CS 

V,L 

V,H 
AO-A9 

V,L 

V,H 
WRITE 

V'L 

V,H 
OE 

V'L 

1/01 VOH-

-1/04 VOL _ 

~: "H" or "L" 
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TC514402AP/ AJ/ ASJ/ AZ-60 

HIDDEN REEFRESH CYCLE (WRITE) 

VIH _~-:!L 
m 

V1L·-

VOl VIH ----'""'""'- Jt:-----~ 

-1/04 VIL - ___ --I ~----....1[" 

~: "W or "L" 
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TC514402AP/AJ/ASJ/AZ-60 

CS BEFORE RAS REFRESH COUNTER TEST CYCLE 

VIH 

m 
VIL-

VIH 

cs 
VIL -

AO-A9 COLUMN ADDRESS 

READ CYCLE 

WRITE CYCLE 

VIH 

WRITE 
VIL 

VIH 
ill 

VIL 

1/01- VIH-

1/04 
VIL -

READ-MODIFY-

WRITE CYCLE 

V IH 

WR'i'f! 
VIL 

ill 
VIH 

VIL 

1/01- VIIOH _ 

1104 VIIOL _------------~ 

~ : "W or "LO 
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TC514402AP/AJI ASJI AZ-60 

'WlU'i'E", 'OS BEFORE ns REFRESH CYCLE 

VIH -~-----":I!... I ... ~------'''''''-----I Ji----"!I!... 
W 

VIL -

U01-U04 VOH-
I>--~--------OPEN -------VOL-____ --:1r'" 

Note: 00, AO-A9= "H" or ilL" 

~: "H" or "L" 
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TC514402AP I AJI ASJI AZ-60 

TEST MODE 

'fhe TC514402AP/AJ/ASJ/AZ is the RAM organized 1,048,576 words by 4 bits, it is internally 
organized 524,288 words by 8 bits. In '''I'est Mode", data are written into 8 sectors ill parallel and 
retrieved the same way. AOC is not used. If, upon "reading, two bits on one 110 pin are equal (all "l"s 

or "O"s) , the 110 pill indicates a "I". If they were not equal, the 110 pin would indicate a "0". Fig. 1 
shows the block diagram of TC514402AP/AJ/ASJ/AZ. In "Test Mode", the 1MX4 DRAM can be tested 
as if it were a 512KX4 DRAM. 

"WRITE, CS Before RAS Refresh Cycle" puts the device into ''Test Mode". And "CS Before RAS 
Refresh C~e "or "RAS Only Refresh Cycle" put it back into "Normal Mode". In the Test Mode, 
"WRITE, CS Before RAS Refresh Cycle" performs the refresh operation with the internal refresh 
address counter. The "Test Mode" function reduces test times (1/2 in cace of N test pattern). 
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TC514402API AJI ASJI AZ-60 

BLOCK DIAGRAM IN THE TEST MODE 

Aoe 

~Normal 
A 

S12K block ~...-0-1 
Test 

A 

B 
S12K block D oTest 

B '0-1 
~Normal 
Ace 

Aoe Vee 

~Normal 
S12K block \ [>----o~ 

S12K block D oTest 

'0-1 
~Normal 
Aoe 

Ace 

~Normal 
Aoe 

Normal S12K block [>----o~ 
~ Aoe Test 

S12K block D oTest 

'0-1 
~Normal 
Aoe 

Aoe 

~Normal 
S12K block [>----o~ 

S12K block D oTest 

'0-1 
~Normal 
Aoe 

Fig. 1 
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1048,576 WORD X 4 BIT DYNAMIC RAM PRELIMINARY 
DESCRIPTION 

The TC514402AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC514402AP/AJ/ASJ/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 TC514402AP/AJ/ASJ/AZ to be> packaged in a standard 20 pin 
plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 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 performace logic families such as Schottky TTL. 

FEATURES 
• 1,048,576 word by 4 bit organization 
• Fast access time and cycle time 

CSI4402AP/AJ/ASJI AZ-701- 80/-10 

tRAC m Access Time 70ns 80ns lOOns 
tAA Column Address Access Time 3Sns 40ns SOns 

tCAC CS Access Time 20ns 20ns 2Sns 

tRC Cycle Time 130ns 1 SOns 180ns 
tsc Static Column Mode 

40ns Cycle Time 4Sns SSns 

PIN NAMES 

AO-A9 Address Inputs 'O! Output Enable 

m Row Address Strobe I/01-V04 Data InpuVOutput 

cr Chip Select Vee Power(+SV) 

WRiT! ReadlWrite Input Vss Ground 

PIN CONNECTION (TOP VIEW) 

1101 
V02 

WIi1Tr 
m 

PI.stic DIP 

20 Vss 
19 1104 
18 1103 

4 17 ~ 
A9 S 16 M 
AO 6 15 AS 
Al 7 14 A7 
A281lA6 
A3 9 12 A5 

V(C 10 11 A4 

VOl 
1102 

WIi1Tr 
m 

A9 

AO 
Al 
A2 
A3 

Vee 

Pllstic SOJ Plasde ZIP 

A-443 

• Single power supply of 5V±10% 
witli a built-in VSS generator 

• Low Power 
550mW MAX. Operating 

(TC514402AP/AJ/ASJ/AZ -70) 
468mW MAX. Operati!lg 

(TC514402AP/AJ/ASJ/AZ-80) 
413mW MAX. Operati!1g 

(TC514402AP/AJ/ASJ/AZ-I0) 
5.5m W MAX. Standby 

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

• Read-ModifJ:~rite, CS before nAS' 
refresh, -only refresh, Hidden 
refresh, Static Column Mode and 
Test Mode capability 

• All inp)1ts and outputs TTL Compatible 
• 1024 refresh cycleS/16ms 
• Package 

TC514402AP : DIP20-P-300C 
TC514402AJ : SOJ26-P-350 
TC514402ASJ : SOJ26-P-300A 
TC514402AZ : ZIP20-P-400A 

BLOCK DIAGRAM 

x4 

SUBSTRATE BlA5 
GENERATOR 



TC514402AP/AJ/ASJ/AZ-70, TC514402AP/AJ/ASJ/AZ-80 
TC514402AP/AJ/ASJ/AZ-10 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage V,N -10-7 V I 

Output Voltage VOUT -1-7 V I 

Power Supply Voltage Vee -1-7 V I 

Operating Temperature TOPR 0-70 ·C I 

Storage Temperature TSTG -55-ISO ·C I 

Soldering Temperature· TIme TSOLOER 260·10 ·C·sec 1 

Power Oissipation Po 700 mW 1 

Short Circuit Output Current lOUT 50 .mA 1 

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

Vee Supply Voltage 4.5 5.0 5.5 V 

V,w Input High Voltage 2.4 - 6.5 V 

V,L Input Low Voltage -1.0 - 0.8 V 

NOTES 

2 

2 

2 



TC514402AP/AJ/ASJ/AZ-70, TC514402AP/AJ/ASJ/AZ-80 
TC514402AP/AJ/ASJ/AZ-10 

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

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT Te5 I 4402AP/AJlASJlAZ·70 - 100 3,4 
Icci Average Power Supply Operating Current TC51'.02AP/AJlASJ/AZ·80 - BS rnA 

(m, ~, Address Cycling: tRC=tRC MIN.) 7S 
5 

TCSI4402AP/AJ/ASJ/AZ.'~ -
STANDBY CURRENT 

ICC2 Power Supply Standby Current - 2 mA 

(m=~=VIH) 

m ONLY REFRESH CURRENT TC5 I "OZAP/AJ/ASJ/AZ·70 - 100 " 

ICC3 Average Power Supply Current. m Only Mode TC51"02AP/AJlASJ/AZ·80 - 85 mA 3,5 

(m Cycling, ~=V'H: tRC=tRC MIN.) TC5 I .402AP/AJ/ASJ/AZ· 10 - 75 

STATIC COLUMN MODE CURRENT TCS14402APlAJ/ASJ/AZ·70 - 85 3,4 
Average Power Supply Current, STATIC COLUMN TC$14402AP/AJ/ASJ/AZ·80 - 75 rnA 

Icc. Mode(m=~=VIL' Address Cycling: tSC=tsc MIN.) 70 
5 

TCSI'402AP/AJlASJlAZ·IO -
STANDBY CURRENT 

Iccs Power Supply Standby Current - 1 mA 

(m=~=Vcc-O.2V) 

~ BEFORE m REFRESH CURRENT TC51"02AP/AJ/A5J/Az-70 - 100 

ICC6 Average Power Supply Current, ~ Before m TC51.402AP/AJlASJ/AZ-80 - 85 mA 3,5 
Mode(m, ~ Cycling: tRC=toC MIN.) TCSI "02AP/AJ/ASJ/AZ-10 - 75 

INPUT LEAKAGE CURRENT 

1,(1.) Input Leakage Current. any input -10 10 I1A 
(OV~ V'N~ 6.SV, All Other Pins Not Under Test: OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

(Dour is disabled, OV~ Vour:5 S.5V) 
-10 10 I1A 

VOH 
OUTPUT LEVEL 

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

VOL 
OUTPUT LEVEL 

Output "L" Level Voltage (lour=4.2mA) - 0.4 V 
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TC514402AP/AJ/ASJ/AZ-70, TC514402AP/AJ/ASJ/AZ-80 
TC514402AP/AJ/ASJ/AZ-10 

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

TCS 14402API TC514402API TC514402API 

SYMBOL PARAMETER AJ/ASJ/AZ·70 AJ/ASJ/AZ·80 AJ/ASJ/AZ·10 UNIT NOTES 

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

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

tRMW Read·Modify.Write Cycle Time 185 - 205 - 245 - ns 

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

t~RMW 
Static Column Mode Read·Modify·Write 
Cycle Time 100 - 110 - 135 - ns 

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

ns 
15 

teAC Access Time from ~ - 20 - 20 - 25 ns 9.14 

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

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

teLz ~ to output in Low·Z 0 - 0 - 0 - ns 9 

toFF Output Buffer Turn·off Delay 0 20 0 20 0 20 ns 10 

tAOH 
Output Data Hold Time from Column 

5 5 5 
Addres - - - ns 

tow Output Data Enable Time from ~ - 20 - 20 - 30 ns 

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

tRP m 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' 70 260,000 80 200,000 100 200,000 ns 

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

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

les ~ Pulse Width 20 10,000 20 10,000 25 10,000 ns 

lesc ~ Pulse Width (StatIc Column Mode' 20 200,000 20 200,000 25 200,000 ns 

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

tRAD m to Column Address Delay Time 15 35 15 40 20 50 ns 15 

IcRP ~ to m Precharge Time 5 - 5 - 10 - ns 

tcp "B 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 

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

Column Address Hold Time referenced 
tAR 

to m (READ CYCLE) 
85 - 95 - 115 - ns 

IRAL Column Address to m lead Time 35 - 40 - 50 - ns 

tAH 
Column Address Hold Time referenced 

5 5 10 
to m Rise - - - ns 17 
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SYMBOL 

tLWAO 

4HLW 

tRes 

tReH 

tRRH 

tWCH 

twp 

tWl 

tRwL 

tcwL 

tos 

tOH 

tREF 

twel 

tewo 

tRwD 

tAwD 

tesA 

leHR 

tAPe 

tePT 

tROH 

tOEA 

toED 

tOEZ 

tOE" 

TC514402AP/AJ/ASJ/AZ-70, TC514402AP/AJ/ASJ/AZ-80 
TC514402AP/AJ/ASJ/AZ-10 

TC514402API TC514402API TC514402API 

PARAMETER AJ/A5J/AZ-70 AJ/A5J/AZ-80 AJ/A5J1AZ-l0 UNITS NOTES 

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

Last Write to Column Address Delay 
20 30 20 3S 25 45 ns 16 

Time 

Last Write to Column Address Hold 
65 95 - 7S - - ns 

Time 

Read Command Set-up Time referenced 
0 0 0 -

to~ 
- - ns 

Read Command Hold Time referenced 
0 0 

to ts' - 0 - - ns 11 

Read Command Hold Time referenced 

toW 
0 - 0 - 0 - ns 11 

Write Command Hold Time 

(Output Data Disable) 
IS - 15 - 20 - ns 13 

Write Command Pulse Width 15 - 15 - 20 - ns 

Write Command Inactive Time 10 - 10 - 10 - ns 

Write Command to W Lead Time 20 - 20 - 25 - ns 

Write Command to ~ Lead Time 20 - 20 - 25 - ns 

Data·ln Set-Up Time 0 - 0 - 0 - ns 12 

Data·ln Hold Time IS - 15 - 20 - ns 12 

Refresh Period - 16 - 16 - 16 ms 

Write Command Set·UP Time 

(Output Data Disable) 
0 - 0 - 0 - ns 13 

~ to WRi1t Delay Time 
50 - SO - 60 - 13 

(READ·MODIFY-WRITE CYCLE) 
ns 

m to WRm Delay Time 
100 - 110 135 - 13 

(READ·MODIFY-WRITE Cycle) - ns 

Column Address to Wim'! Delay Time 65 - 70 - 85 - ns 13 

n Set·Up Time(ts' before 1tlI3) 5 - 5 - 5 - ns 

'CS Hold Time('CS before 1tlI3) IS - 15 - 20 - ns 

1tlI3 to 'CS Precharge Time 0 - 0 - 0 - ns 

'CS Precharge Time (0' before m 
40 40 50 

Counter Test Cycle) - - - ns 

m Hold Time referenced to N 10 - 10 - 20 - ns 

N Access Time - 20 - 20 - 2S ns 

N to Data Delay 20 - 20 - 25 - ns 

Output Buffer turn off Delay Time 
0 20 0 20 0 20 

fromN 
ns 10 

N Command Hold Time 20 - 20 - 25 - n5 
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TC514402AP/AJ/ASJ/AZ-70, TC514402AP/AJ/ASJ/AZ-80 
TC514402AP/AJ/ASJ/AZ-10 

TCSI 4402API TCSI4402API TCS I 4402API 

SYMBOL PARAMETER AJ/ASJlAZ-70 AJ/ASJlAZ-80 AJ/ASJlAZ-10 UNIT 

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

twrs Write Command Set-Up Time 10 - 10 - 10 - ns 

tWTH Write Command Hold Time 10 - 10 - 10 - ns 

tWRP WRiff: to ~ Precharge Time 10 - 10 - 10 - ns 

tWRH WRITE to RAS Hold Time 10 - 10 - 10 - ns 
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TC514402AP/AJ/ASJ/AZ-70, TC514402AP/AJ/ASJ/AZ-80 
TC514402AP/AJ/ASJ/AZ-10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE 
TEST MODE (Vee = SV:!: 10%, Ta = 0-70'c)(Notes 6, 7, 8) 

TC514402API TC514402API TC514402API 

SYMBOL PARAMETER AJ/ASJ/AZ·70 AJ/ASJ/AZ·80 AJ/ASJ/AZ-l0 UNIT NOTES 

MIN_ MAX. MIN. MAX. MIN. MAX. 

tRe Random Read or Write Cyde Time 135 - 155 " -'. 185 - ns 

tRMW Read-Modify-Write Cyde Time 190 - 210 - 250 - ns 

tse Static Column Mode Cyde Time 45 - 50 - 60 - ns 

tSRMW 
Static Column Mode Read-Modify-Write 
Cycle Time 105 - 115 - 140 - ns 

tRAe Access Time from <3 - 75 - 85 - 105 
9,14 

ns 
15 

tCAe Access Time from <3 - 25 - 25 - 30 ns 9,14 

tAA Access Time from Column Address - 40 - 45 - SO ns 9,15 

tALw Access Time from Last Write - 70 - 80 - 100 ns 9,16 

tRAS RAS Pulse Width 75 10,000 85 10,000 105 10,000 ns 

tRASe RAS Pulse Width (Static Column Mode) 75 200,000 85 200,000 105 200,000 ns 

tRSH RAS Hold Time 25 - 25 - 30 - ns 

tesH C5 Hold Time. 75 - 85 - 105 - ns 

tes C5 Pulse Width 25 10,000 25 10,000 30 10,000 ns 

tese <3 Pulse Width (Static Column Mode) 2S 200,000 25 200,000 30 200,000 ns 

tRAL Column Address to lIAS Lead Time 40 - 45 - 55 - ns 

tCWD C5 to Wl\iiE" Oelay Time 60 - 60 - 70 - ns \3 

tRwD lIAS to WRTTt Dalay Time 105 - 115 - 140 - ns 13 

tAwD Column Address to WRTTt Delay Time 70 - 75 - 90 - ns \3 

toEA M Access Time - 25 - 25 - 30 ns 

toeD ~ to Data Delay 25 - 25 - 30 - ns 

toeH M Command Hold Time 25 - 25 - 30 - ns 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

C" Input Capacitance (AO-A9) - 5 pF 

C'2 Input Capacitance (lIAS, <3, WRii"E", m) - 7 pF 

Co Input/Output CapaCitance (1/01-1104) - 7 pF 
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TC514402AP/AJ/ASJ/AZ-70, TC514402AP/AJ/ASJ/AZ-80 
TC514402AP/AJ/ASJ/AZ-10 

NOTES: 

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

2. All voltages are referenced to V 55. 

3. ICCI. ICC3. lCC4, ICC6 depend on cycle rate. 

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

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

6. "An initial pause of 200\1s is required after power-up follo,,!,ed by 8 IiAS only" "refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter. a minimum of 8 'CS 
before RAS refresh cycles instead of 8 RAS refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. VIH (min.) and VIL (max.) are reference levels for measuring timing of input signals. 

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

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 Cor a read cycle. 

12. These parameters are referenced to ~leading edge in early write cycles and to WIIl'i'E" leading 
edge in Read-Modify-Write cycles. 

13. twCS. tRWD. toWD and tAWD are not restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If twCSii1:; twcs (min.), the cycle is an early write cycle 
and the data out pin will remain open circuit (high impedance) through the entire cycle; If 
tRwDii1:;tRWD (min.). tcWDii1:;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 thetRCD (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.) 
limi t, "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. 

16. Operation within the tLWAD (max.) limit insures that tALW (max.) can be met. 
tI.WAD (max.) is specified as a reference point only: If tRAD is greater than the specified tLWAD 
(max.) limit. then access time is controlled by tAA. 

17. tAB is the condition to latch column address ewhen IiAS has rised up. 



TC514402AP/AJ/ASJ/AZ-70, TC514402AP/AJ/ASJ/AZ-80 
TC514402AP/AJ/ASJ/AZ-10 

READ CYCLE 

m VIH 

V1L 

n- VIH 

VIL 

AO-A9 
VIH 

VIL 

Wii1TE VIH 

VIL 

()E VIH 

VIL 

1101-1/04 VOH -

VOL -

mm: "W or "L" 

WRITE CYCLE (EARLY WRITE) 

m VIH -
VIL -

~ 
VIH -
VIL -
VIH -AO-A9 
VIL -

WRITE 
V 1H -
VIL -

ill 

1101-1104 
V 1H 

VIL -

~:"W or "L" 
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WRITE CYCLE (OE CONTROLLED WRITE) 

m V'H 

V'L 

~ V'H 

V'L 

AO-A9 V'H 

V'L 

WRi'I'r V'H 

V'L 

M" V'H 

V'L 

1/01-1/04 V'H 

V'L 

READ· MODIFY· WRITE CYCLE 

m V'H 

V'L 

cs V'H 

V'L 

AO-A9 V'H 

V'L 

Wii.1'rr V'H 

V'L 

M" V'H 

V'L 

1101-1/04 V'IOH -
VIIOL -

~: "W or "L" 
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STATIC COLUMN MODE READ CYCLE 

AO-A9 

1/01-1/04 
VOH - ______ ~ 

VOL -

DOUT2 

~: oW or "L" 
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· TC514402AP/AJ/ASJ/AZ-70, TC514402AP/AJ/ASJ/AZ-80 
TC514402AP/AJ/ASJ/AZ-10 

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

m VIH 

VIL 

AO-A9 
VIH 

VIL 

~ 
VIH 

VIL 

WRiIT VIH 

VIL 

Of VIH 

VIL 

1/01-1/04 
VIH 

VIL 

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

m VIH 

VIL 

VIH 
AO-A9 

VIL 

~ 
VIH 

VIL 

Wim'E 
VIM 

VIL 

Of 
VIH 

VIL 

1/01-1/04 
VIH 

V IL 
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TC514402AP/AJ/ASJ/AZ-70, TC514402AP/AJ/ASJ/AZ-80 
TC514402AP/AJ/ASJ/AZ-10 

STATIC COLUMN MODE READ - MODIFY - WRITE CYCLE 

m VIH tRASC 

VIL 

AO-A9 
VIH 

VIL 

CS VIH -
VIL 

WRITE 
V IH 

VIL 

N 
V IH 

VIL 

VIIOH -
1101-1104 VIIOL _-----:--HlW.MOnIlT 

~: "W or "L" 
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TC514402AP/AJ/ASJ/AZ-70, TC514402AP/AJ/ASJ/AZ-80 
TC514402AP/AJ/ASJ/AZ-10 

STATIC COLUMN MODE READIWRITE MIXED CYCLE 

ro V 1H 

VIL 

C5 VIH 

VIL 

AO-A9 
VIH 

VIL 

WRii'E VIH 

VIL 

m VIH 

VIL 

1101-1104 WOH ----+-C$i:<X1 
VtfOL - =tl~~ 

(WRITE) (READ) 

~: "H" or "L" 
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TC514402AP/AJ/ASJ/AZ-70, TC514402AP/AJ/ASJ/AZ--80 
TC514402AP/AJ/ASJ/AZ-10 

ItAS ONLY REFRESH CYCLE 

tRe 

V'H-m 
V'L-

V'H-
~ 

~:·H"or·L· 

NoLo: wmTE, UE="H" or "L" 
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TC514402AP/AJ/ASJ/AZ-70, TC514402AP/AJ/ASJ/AZ-80 
TC514402AP/AJ/ASJ/AZ-10 

pg BEFORE lU\S REFRESH CYCLE 

1101-1/04 VOH 

VOL 
-:--_---1)>--------- OPEN -----

Nota: tm. AO-A9- "Ii" or "L" 
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TC514402AP/AJ/ASJ/AZ-70, TC514402AP/AJ/ASJ/AZ-80 
TC514402AP/AJ/ASJ/AZ-10 

HIDDEN REFRESH CYCLE (READ) 

1/01- VOH----------c 
V04 VOL -

DATA-OUT 

~: "W or "t" 
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TC514402AP/AJ/ASJ/AZ-70, TC514402AP/AJ/ASJ/AZ-80 
TC514402AP/AJ/ASJ/AZ-10 

HIDDEN REFRESH CYCLE (WRITE) 

DE ~:~ 

t~t II. 'tPH .~ 
1/01- V,H -

--~ DATA-IN --OPEN-------
1/04 V,L -

~: "W or "L" 
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TC514402AP/AJ/ASJ/AZ-70, TC514402AP/AJ/ASJ/AZ-80 
TC514402AP/AJ/ASJ/AZ-10 

~ BEFORE ro:s REFRESH COUNTER TEST CYCLE 

AO-A9 

READ CYCLE 

READ-MODIFY­

WRITE CYCLE 

VIH 

WRITE VIL 

1101- VI/OH_ 

COLUMN ADDRESS 

1104 VI/OL _-----------{l~X 
"",,-L.....1I" 

~ : "H" or "L" DATA-OUT 
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TC514402AP/AJ/ASJ/AZ-70, TC514402AP/AJ/ASJ/AZ-80 
TC514402AP/AJ/ASJ/AZ-10 

wroTE. ~ BEFORE ltAS REFRESH CYCLE 

I/01-V04 VOH-
i}---------OPEN -----

VOL-~ __ .T 

Note: UE, AO-A9= "H" or OIL" 

~:"W or "L" 
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TC514402AP/AJ/ASJ/AZ-70, TC514402AP/AJ/ASJ/AZ-80 
TC514402AP/AJ/ASJ/AZ-10 

TEST MODE 

The TC514402AP/AJ/ASJ/AZ is the RAM organized 1,048,576 words by 4 bits. it is internally 
organized 524,288 words by 8 bits, In ''Test Mode", data are written into 8 sectors in parallel and 
retrieved the same way, AOC is not used, If, upon reading, two bits on one ItO pin are equal (all "l"s 
or "O"s) , the ItO pin indicates a "1", If they were not equal, the ItO pin would indicate a "0", Fig, 1 
shows the block diagram of TC514402AP/AJ/ASJ/AZ, In "Test Mode", the 1MX4 DRAM can be tested 

as if it were a 512Kx4 DRAM, 
"WRi'I'E, 'OS Before RAS Refresh Cycle" puts the device into ''Test Mode", And "'OS Before RAS 

Refresh C1!:!e "or "RAS Only Refresh Cycle" put it back into "Normal Mode", In the Test Mode, 
"Wiil'i'E, CS Before RAS Refresh Cycle" performs the refresh operation with the internal refresh 
address. counter, The ''Test Mode" function reduces test times (1/2 in cace of N test pattern) , 
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TC514402AP/AJ/ASJ/AZ-70, TC514402AP/AJ/ASJ/AZ-80 
TC514402AP/AJ/ASJ/AZ-10 

BLOCK DIAGRAM IN THE TEST MODE 

Aoc 

~Normal 
Aoc A 

~~ SI2K block 
A 

Aoc B 
S12Kblock D oTest 

B ""o-j 
~Normal 
Aoc 

Aoc 

~Normal 
Aoc C 

512Kblock ~~ 
C 

Aoc 0 
SI2K block D oTest 

0 ""o-j 
~Normal 
Aoc 

Aoc Vc 

~Normal 
Aoc 

S12K block [)o o~ 
Test 

E 
Aoc 

SI2K block D bTest 
F ""o-j 

~Normal 
Aoc 

AoC Vc 

~Normal 
Aoc G 

SI2K block ~~ 
G 

Aoc 
H 

S12K block D oTest 
H ""o-j 

~Normal 
Aoc 

Fig. 1 
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* This is advanced information and specifications 
are subject to change without notice. 

1,048,576 HORD X 4 BIT DYNAMIC RAM 

DESCRIPTION 

The TC5l44l0J/Z is the new generation dynamic RAM organized 1,04S,576 words by 4 
bits. The TC5l44l0J/Z utilizes TOSHIBA's CMOS Silicon gafe 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 TC5144l0J/Z to be pack­
aged in a standard 26/20 pin plastic SOJ and 20 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 sup­
ply of 5V±10% tolerance, direct interfacing capability with high performance logic 
families such as Schottky TTL. 

FEATURES 

• l,04S,576 word by 4 bit organization • Low Power 
• Fast access time and cycle time 

TC514410J/Z-SO/-IO 
57SmW ~~. Operating (TC5144l0J/Z-SO) 
49SmW MAX. Operating (TC5144l0J/Z-lO) 
S.SmW MAX. Standby tRAC RAS Access Time SOns lOOns 

tAA Column Address 40ns SOns Access Time 
tCAC CAS Access Time 20ns 25ns 
tRC Cycle Time l50ns lSOns 

tpc Fast Page Mode 
Cycle Time SOns 60ns 

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

PIN CONNECTION (TOP VIEW) 

Plastic SOJ Plastic ZIP 

-------WVIOI If 26 Vss DE t.J [j CAS WVI02 2 25 WV104 w,vt03 -, 
3 .. ~ [~ W4/l04 WMVE 3 24 WVI03 Vss -., 
5_J ... m 4 23 eA! \\Wl02 i1 U W~OI 

A9 S DE -.I .. - WiVWE 22 m G 1.J 
(19 A9 

AO 9 IS AS AO 1]] 
[(~ Al 

Al 10 17 A7 A2 lj] m A3 
A2 11 16 A6 Vee l!J [(& A4 
A3 12 IS AS AS Ii] 

Vee 13 14 A4 -. [(8 A6 
A7 iJ ,,- AS L29 

PIN NAr4ES 
AQ'UA9 Address Inputs 

RAS" Row Address Strobe 
CAS Column Address Strobe 

HB/WE Write Per'Bit/Read/ 
Write Input 

UE' Output Enable 
Wl!I01 '\. Write Selection! 
W4/I04 Data Input/Output 

VCC Power (+5V) 
VSS Ground 

• Outputs unlatched at cycle end allows 
two-dimensional ~hip selection 

• Read-Modify-Write, CAS before RAS refresh, 
~-only refresh, Hidden refresh, Write 
Per Bit and Fast Page Mode capability 

• All inputs and outputs TTL compatible 
• 1024 refresh cycles/16ms 
• Package Plastic SOJ: TC5144l0J 

Plastic ZIP: TCS14410Z 

BLOCK DIAGRAM 

Vee vss 

i I 

WVI02 W~l04 
Wl/IOI W¥I03 

AO n......-r-...-.!" 

Al 
A2 
A3 
A4 
AS 
A6 
A7 
AS 
A9 __ ~~~ __ -,~~ 
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TC514410JIZ-80 
TC514410JIZ-10 

ABSOLUTE MAXIMUM RATINGS 
ITEM SYMBOL RATING UNITS 

Input Voltage VIN ... 1",7 V 
Output Vol tage VOUT -1"'7 Y 
Power Supply Voltage VCC -1"'7 V 
Operating Temperature TOPR 0",70 ·C 
Storage Temperature TSTG -SS'UlSO ·C 
Soldering Temperature ° Time TSOLDER 260 0 10 ·Cosec 
Power Dissipation PD 600 mW 
Short Circuit Output Current lOUT 50 mA 

RECOMMENDED DC OPERATING CONDITIONS (TaE Q'V70·C) 

SYMBOL PARAMETER MIN •. TYP. MAX. UNIT 
VCC Supply Voltage 4.5 5.0 5.5 V 
VIH Input High Voltage 2.4 - 6.5 V 
VIL Input Low Voltage -1.0 - 0.8 V 

DC ELECTRICAL CHARACTERISTICS (VCc=sV±lO%, TaaQ'V70·C) 

SYMBOL PARAMETER MIN. 
OPERATING CURRENT TCSI4410J/Z-80 -

ICCl Average Power Supply Operating Current 
(RAS, CAS, Address Cycling: tRC=tRC MIN.) TCSI44101/Z-10 -
STANDBY CURRENT 

ICC2 Power Supply Standby Current -
(m-CAS=VIH) 
RAS ONLY REFRESH CURRENT TCS 144101/Z-80 -

ICC3 Average Power Supply Current, RAS Only Mode 
(RAS Cycling, CAS-VIH: tRC=tRC MIN.) TCSI44101/Z-10 -
FAST PAGE MODE CURRENT TCSl4410J/Z-80 -

ICC4 Average Power.Supply Current, Fast Page Mode 
(RAS-VIL' CAS, Address Cycling: tpC·tpc MIN.) TCSl4410J/Z-I0 -
STANDBY CURRENT 

ICCs Power Supply Standby Current -
(RAS=CAS=VCC-O. 2 V) 
CAS BEFORE RAS REFRESH CURRENT TCS14410J/Z-80 -

ICC6 Average Power Supply Current, CAS Before 
]AS Mode (RAS, CAS Cycling: tRC=tRC MIN.) TCSl4410J/Z-I0 -

INPUT LEAKAGE CURRENT 
II(L) Input Leakage Current, any input -10 

(OV~VIN~6.sV, All Other Pins Not Under. Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

-10 (DOUT is disabled, OV~VOUT~s.sV) 

VOH 
OUTPUT LEVEL 

2.4 Output "H" Level Voltage (LOUTe-smA) 

VOL 
OUTPUT LEVEL 
Output "L" Level Voltage (IOUTa4.2mA) -

A-466 

NOTE 
1 
1 
1 
1 
1 
1 
1 
1 

NOTE. 
2 
2 
2 

MAX. UNITS NOTES 
105 

mA 3,4,5 
90 

2 mA 

105 
mA 3,5 

90 

75 
mA 3,4,5 

65 

1 mA 

105 
mA 3 

90 

10 lJA 

10 lJA 

- V 

0.4 V 



TC514410JIZ-80 
TC51441 OJIZ-1 0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(VCC.5V±10%, Ta·~70·C) (Notes 6, 7, 8) 

TC514410J/Z' TC514410J/Z 
SYMBOL PARAMETER ~80 -10 UNIT NOTES 

MIN. MAX; MIN. MAX. 

tRC Random Read or Write Cycle Time 150 - 180 - ns 
tRMW Read-Modify-Write Cycle Time 205 - 245 - ns 

tpc Fast Page Mode Cycle Time 50 - 60 - ns 

tpRMW Fast Page Mode Read-Modify-Write Cycle 105 - lis - ns 
Time 

tRAC Access Time from m - 80 - 100 ns 9.14.15 

tCAC Access Time from CAS - 20 - 25 ns 9,14 
tAA Access Time from Column Address - 40 - 50 ns 9,15 

tCPA Access Time from CAS Pre charge - 45 - 55 ns 9 

tCLZ CAS to Output in Low-Z 0 - 0 - ns 9 

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

tT Transition Time (Rise and Fall) 3 50 3 50 ns 8 
tRP RAS Pre charge Time 60 - 70 - ns 
tRAS RAS Pulse Width 80 10,000 100 10,000 ns 

tRASP ill Pulse Width (Fast Page Mode) 80 200,000 100 200,000 ns 
tRSH RAS Hold Time 20 - 25 - ns 
tCSH CAS Hold Time 80 - 100 - ns 
tRHCP CAS Precharge to m Hold Time 45 - 55 - ns 
tCAS CAS Pulse Width 20 10,000 25 10,000 ns 
tRCD RAS to CAS Delay Time 20 60 25 75 ns 14 
tRAD m to Column Address Delay Time 15 40 20 50 ns 15 
tCRP CAS to RAS Pre charge Time 5 - 10 - ns 
tcp CAS Precharge Time 10 - 10 - ns 
tASR Row Address Set-Up Time 0 - 0 - ns 
tRAH Row Address Hold Time 10 - 15 - ns 
tASC Column Address Set-Up Time 0 - 0 - ns 
tCAH Column Address Hold Time 15 - 20 - ns 

tAR Column Address Hold Time referenced to 60 - 75 - ns RAS 
tRAL Column Address to m Lead Time 40 - 50 - ns 
tRCS Read Command Set-Up Time 0 - 0 - ns 
tRCH Read Command Hold Time 0 - 0 - ns 11 
tRRH Read Command Hold Time referenced to RAS 0 - 0 - ns 11 
tWCH Write Command Hold Time 15 - 20 - ns 
tWCR Write Command Hold Time referenced to RAS 60 - 75 - ns 
twp Write Command Pulse Width 15 - 20 - ns 
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TC514410JJZ-80 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued) 

'rC5l44l0J/Z TC5l44l0J/Z 
SYMBOL PARAMETER -80 -10 ~JNITS 

MIN. MAX. MIN. MAX. 
tRWL Write Command to RAS Lead Time 20 -~" 25 - ns 
tCWL Write Command to CAS Lead Time 20 - 25 - ns 
tDS Data Set-Up Time 0 - 0 - ns 
tDH Data Hold Time 15 - 20 - ns 
tDHR Data Hold Time referenced to RAS 60 - 75 - ns 
tREF Refresh Period - 16 - 16 ms 
twcs Write Command Set-Up Time 0 - 0 - ns 
tcwo CAS to WE Delay Time 50 - 60 - ns 
tRWO RAS to WE Delay Time 110 - 135 - ns 

tCPIID CAS Precharge to 1m Delay· Time 75 - 90 - ns 
(Fast Page Mode) 

tAWO Column Address to WE Delay Time 70 - 85 - ns 
tCSR &s Set-Up Time (CAS before W Cycle) 5 - 5 - ns 
tCHR CAS Hold Time (CAS before iAS Cycle) 15 - 20 - ns 
tRPC RAS to CAS Pre charge Time 0 - 0 - ns 

tCPT 
eAS Precharge Time 
(eAS before RAS Counter Test Cycle) 40 - 50 - ns 

tROH BAS Hold Time referenced to O! 10 - 20 - ns 
tOEA OE Access Time - 20 - 25 ns 
tOED OE to Data Delay 20 - 25 - ns 
tOEZ Output Buffer Turn Off Delay Time from OE 0 20 0 20 ns 
tOEH OE Command Hold Time 20 - 25 - ns 
tWBS Write Per Bit Set-Up Time 0 - 0 - ns 
tWBH Write Per Bit Hold Time 10 - 10 - ns 
twos Write Per Bit Selection Set-Up Time 0 - 0 - ns 
tWOH Write Per Bit Selection Hold Time 10 - 10 - . ns 

tWIS Write Command Set-Up Time (Test Mode In) 10 - 10 - ns 
twrH Write Command Hold Time (Test Mode In) 10 - 10 - ns 

tWRP WE to RAS Prccharge Time 10 - 10 - ns (CAS before RAS Cycle) 

twas WE to m Hold Time 
10 - 10 - ns (CAS before RAS Cycle) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE 

(VCC=5V±10%, Ta=0-700C) (Notes 6,7,8) 

TC514410J/Z TC514410J/Z 
SYMBOL PARAMETER -80 -10 UNIT NOTES 

MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 155 - 185 - ns 

tpc Fast Page Mode Cycle Time 55 - 65 - ns 

tRAC Access Time from RAS - 85 - 105 ns p,14,15 

tCAC Access Time from CAS - 25 - 30 ns 9,14 

tAA Access Time from Column Address - 45 - 55 ns 9,15 

tCPA Access Time from CAS Precharge - 50 - 60 ns 9 

tRAS RAS Pulse l<1idth 85 10,000 105 10,000 ns 

tRASP RAS Pulse Width (Fast Page Mode) 85 200,000 105 200,000 ns 

tRSH RAS Hold Time 25 - 30 - ns 

tCSH CAS Hold Time 85 - 105 - ns 

tRHCP CAS Precharge to RAS Hold Time 50 60 ns 

tCAS CAS Pulse Width 25 10,000 30 10,000 ns 

tRAL Column Address to RAS Lead Time 45 - 55 - ns 

CAPACITANCE (VCC=5V±10%, f=lMHz, Ta=0~70·C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

Cn Input Capacitance (AO~A9) - 5 pF 

CI 2 Input Capacitance (RAS, CAS, WB/WE, OE) - 7 pF 

Co Input/Output Capacitance (Wl/IOl~W4/I04) - 7 pF 
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NOTES: 

1. Stresses greater than those listeduncf'er "Absolute ~imum Ratings" may cause 
permanent damage to the device. 

2. All vol tages _are referenced to VSS' 

3. ICC1, ICC3. ICC4, ICC6 depend on cycle rate. 

4. ICC1. 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 and CAS=VIH' 

6. An initial pause of 200 us is required after power-up followed by 8 RAS only 
refresh cycles before proper device operation is achieved. In case of using 
internal refresh counter. a minimum of 8 CAS before RAS refresh cycles instead 
ofa RAS only refresh cycles are required. 

7. AC-measurements assume tT-5 ns. 

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 100 pF. 

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 (WBI) ~leading edge in read-modify-write cycles. 

13. twcs, tRloJD' tCHD, tAIID and tCPIID 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 cir­
cuit (high impedance) through the entire cycle; If tRIID ~ tRW (min.), 
tCWD ~ tCWD (min.). tAW ~ tAW (min.) and tCPWD ~ tCPWD (min .• ). the cycle is 
a read-modify-write cycle and 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 spedfied tRAD (max.) _ limit, then access time is controlled by tAA. 
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READ CYCLE tRC 
t RAS 

RAS YrH - tAR 

YrL -
tCSH 

tRSH 

CAS 
YIH -

YrL -

YIH-
AO-A9 

YrL -

Wil/iVE YrH-

YrL -

YIH -
OE 

YrL -

WVlOI--WVI04 YOH - _____ OPEN ----+----<1' 
YOL-

tcLZ 
Note: DIN=OPEN 

YALID DATA-OUT 

TC514410JIZ-80 
TC51441 OJIZ-1 0 

12'ZLl: "H" or "L" 
WRITE CYCLE (EARLY WRITE) tRC 

YIH ------~ tAR 
YrL _ I\f-----= ::.:--......, 

AO-A9 

WB/WE 

Wl/IOI--W.vI04 yVIH -
lL-

Note: DOUl'=OPEN 

tCSH 

4i 
A-471 

tRSH tCRP 

tCAs 

lZl1 : "H" or "L" 



TC514410JIZ-80 
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WRITE CYCLE (OE CONTROLLED WRITE) 
tRC 

VlH - -----i.I-___ t...,AR ..... __ --t 

vIL-

V IH - 'rM"""'''''''''' ,I.-""";'';''''',,/, 
V IL -- :.LJ..t...LLJJ 1=~::='f" '-'" ~-====:"-"f "'1..L.A:..t.LLLJ,+,.LL.4.L.LL.r..t..I..L.L.I..L.A'J.I.J...L.r....L.J.'..LJ..LLJ'..LJ...f. 

V IH -"rrT'TTT""<~.}-'-":""-"'" Omm7J1j1J..r _>-..!tM~~ _~-;:;:;jj~'""T"'M"-rrrT'T"7"''''''''''''''''''''''''''''''''''''''''''''f'''I"rr 
VIL--~~~~~~_~'~~~.f.LL.f.~ ___ ~L.f.~~~.f.LL.f.~~~.f.LL.f.~~~L 

vIH-~~~TTrr~~~~~------~==~r.M~TT~~~~~~~~~~~~~~ 

VIL--LL~~~.L.L.~~.L.L.~ 

WI/I01-..w¥I04 
VIH-7TM7~~~~r,n7TM7JJ~it====:1J~7T.M7rn7TM7TM~~Tr.MT~~ 
VIL-~4.f.~"'~~~~~'J.I..L.L.~r~--____ ~~LLJ'J.I..L.L.LLJr..t..I..f.L~~'J.I.L.f.LLJ~~ 

Note: DOU!",OPEN fZZL1 : "H" or "L" 
READ-HODIFY-HRITE CYCLE tRW 

RAs 

CAS 

AO-A9 

vIH-

VIL-

VIH--

VIL-

VIH-

VIL-

Vm­
vIL-

tCRP 

VIH-----~---~-~-~ 

tRAS 

tCSH 

vIL------,,-------~~_f~+--J 

WI/IOl-W4/104 [~::= 
VOH- OPEN 
VOL-- ------- --_11 

A-472 

VALID 
ATA- OUT 

rzzL): "H" or "L" 



FAST PAGE MODE READ CYCLE 

Ao-A9 

VIH -

VIL -

IpC 

IRCD 

TC514410JIZ-80 
TC51441 OJIZ-1 0 

V IH - -rr.rn-.~~::j:i-l---==+:::;g:;ttt==---l--J:;:;tj::::=-----+.u=~~:.,..,.. 
V I L - .L.L.L.U~L.IJ 

VIH ---......:----...!.."'" 
OE 

VIL---~----~~~~~---~T_-TL~----~-~~~pw~~~~ 

WVIOI-WVI04 VOH - ________ ...q 
VOL-

Note: DIN=OPEN 

FAST PAGE !IODE ¥IRITE CYCLE 

AO-A9 

VIH­

VIL -

VIH­

VIL-

21ZZL1: "H" or "L" 

VIH-----~----~~~nT~--~*F~~M7----~~~~TM~~~~ 
VIL-

Wl/IOI-W4/I04 VlH­
VIL-

Note: DOUT=OPEN VALID f7771 
DATA-IN 2 lLLLI: "H" or "L" 
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TC51441 OJIZ-80· 
TC514410J/z-10 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

VIR ----. tRASP Ir 
VIL - 1'------'----------------Ff~L 

t("SH 

VI 
AO-A9 

VI 

Wfi/Wi: VI 

VI 

fZZJ : "H" or "L" 
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RAS ONLY REFRESH CYLCE 

t RC 

Vm- tRAS 
R'XS 

VIL-

tCRP 

CAS 
VrH-

VrL-

VIH-
AO-A9 

vIL-

Note: WB/WE, Q'E="H" or "L" 

CAS BEFORE RAS REFRESH CYCLE 

tRP 

VIH- tau 
RAS tRPC 

VIL-

VIH-
CAS 

VIL-

wB/WE 
vlH -

VIL-

VOH- ) Wl/IO I-W4/1 Oi 
VOL-

Note: DIN· OE. AO"'A9~"H" or "L" 

A-475 

OPEN 

tRP 

TC514410JIZ-80 
TC51441 OJIZ-1 0 

rzzL): "H" or "L" 

fZZ1: "H" or "L" 



TC514410JIZ-80 
TC514410JIZ-10 

HIDDEN REFRESH CYCLE (READ) 

VIH -
AO-A9 

VlL -

VIH -
WB/\VE 

VlL -

VIH -
OS 

VlL -

VOH -
WVIOI-W4/!04 ---------<l 

vOL -

Note: DIN=OPEN 

tCRP 

VALID DATA-OUT 

fZZLl : "H" or ilL" 
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HIDDEN REFRESH CYCLE (WRITE) 

tRC 

Vm ---"1I..I-__ t;::::AR::""-_-I 

VIL -

VIH -

VIL -

tRSH 

tRC 

TC514410JIZ-80 
TC51441 OJIZ-1 0 

tCRP 

~~H*I <WeR 'WOP II, .... · 
~: =~r 'w, ]'111/} Wi/!I//i//IIII/I/ !II/I/IIII//; 
VIH II 

1ZZZLl: "H" or "L" 

Note: DOUT=OPEN 
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TC51441 OJIZ~O 
TC51441 OJIZ~ 10 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

iiAS 
VIH-

VIL-

VIH-
CAS 

VIL-

AG-A9 
VIH-

VIL-

READ CYCLE 

ViB/,vIE 
VIH-

VIL-

VIH -
OE 

VIL-

VOH­
WVIOI-W4/I04 ----++ 

VOL-

I<1RITE CYCLE 

WB/WE 
VIH-

VIL -

OE 
VIH _ 

VIL -

VIH­
Wl/IOI-WVI04 VIL _----++-

VIH-7rrn~~1=~~TM~M7~~4============t 
VIL-

VIH --------------~ 
VIL- _______________________ ~~_+-J 

Wl/IOl_W4/I04~V:: = 
vIH-
vIL ------------
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WE, CAS BEFORE RAS REFRESH CYCLE 

VIH-
RAS 

VIL-

V1H-

CAS 
V1L-

vIH-

WB/WE twrH 

vIL -

VOH-----.I 
WVIOI-WVI04 _________ _ 

VOL-___ -'f 

Note: DIN' OE, AO 'l.A9 -"H" or "L" 

A-479 

tac 

TC514410J/z-80 
TC51441 OJ/z-1 0 

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

(!ZL1: "H" or "L" 



TC514410JJZ-80 
TC51441 OJJZ-1 0 

READ CYCLE IN THE TEST MODE 
lac 

iiAS VlH -

VIL -

VIH -
CAS 

VIL -

WB/WE Vm­
VIL -

lRAS 

IAR 

ICSH 

IRSH 

tCAS 

--- OPEN ---+---/4/ 
ICLZ 

Note: DIN=OPEN, OE="L" 

\ffiITE CYCLE (EARLY WRITE) IN THE TEST MODE 

RAS 
VIH _ 

vIL -

CAS VIH-

VIL -

AD-A9 
vIH -

VIL -

Note: DOUT=OPEN 

A-480 

llU' 

ICRP 

VALID DATA-OUT 

fZZl: "H" ot' "L" 

IRC 

~ : "H" Ot' "L" 



FAST PAGE MODE READ CYCLE IN THE TEST MODE 

RAS 
VIH_ tAR 

VIL-
tpc 

VIH-CAs 
VIL - t 

AO-A9 
VIH-

VIL-

\\B/WE VIa-
VIL-

Wl/IOI-W4/I04 
VOH­

Note: DIN=OPEN, OE-"L" 

FAST PAGE MODE WRITE CYCLE IN THE TEST MODE 

CAS VIH-

vIL-

AO-A9 
vIH-

VIL-

A-481 
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~: "H" or flL" 

IZ?ZI: "H" or "L" 



TC514410JIZ-80 
TC514410JIZ-10 

APPLICATION INFORMATION 

ADDRESSING 

The 20 address bits required to decode 1 of the 1,048,5'76 cell locations within 
the TC5l44l0J/Z 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, ~ 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 CAS clock to be externally activated as soon as the Row Address 
Hole Time specification (tRAH) has been satisfied and the address inputs have been 
changed from Row address to Column address information • • Data Inputs 

A write cycle is performed by bringing CWB/)WE low during the RAS/CAS operation. 
The falling edge of CAS or (WB/)WE strobes data on (Wi)IOi into the on-chip data 
latch. To make use of the write-per-bit capability WB(/UE) must be low as RAS falls. 
In this case data bits to which the write operation is applied can be specified by 
keeping Wi(/IOi) high with set-up and hold times referenced to the RAS negative 
transition. 
For those data bits of Wi(/IOi) that are kept low as ~ falls the write operation 
is inhibited on the chip. If WB(/WE) is hiih as RAS falls, the write-per-bit capa­
bility does not work and the write operatio~ is performed for all four data bits. 

Data Outputs 

The three-state output buffers provide direct TTL compatibility with a fan-out 
of two standard TTL loads. Data-out is the same polarity as data-in. The outputs 
are in the high-impedance state until CAS is brought low. In a read cycle the 
outputs go active after the access time interval tRAC and tOEA are satisfied. 

The outputs become valid after the access time has elapsed and remains valid 
while CAS and OE are low. CAS or' OE going high returns it to a high impedance state. 
In an early-write cycle, the outputs are always,in ~he high-impedance state. In a 
delayed-write or read-modi~y-writ:e cyCle, the ou!:puts will follow the sequence for 
the read cycle. 

The OE controls the impedance of the output buffers. In the logic high position 
the buffers will remain in a high impedance state. 

When the OE input is brought to a logical low level, the output buffers are 
enabled. Both CAS and OE can control the output. Thus in a read operation, either 
OE or CAS returning high forces the outputs into the high impedance state. 
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~ ONLY REFRESH 

TCS14410JIZ-80 
TCS.1441 OJIZ-1 0 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle 
at each of the 1024 row addresses (AO-A9) within each 16 millisecond time interval. 
Although any normal memory cycle will perform the refresh operation, this function 
is most easily accomplished with "RAS-on1y" cycles. 

CAS BEFORE RAS REFRESH 
CAS before RAS refreshing available on the TC5i44l0J/Z 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 generations 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 in­
cremented in preparation for the next CAS before RAS refresh operation. 

Fl\ST PAGE MODE 
The "Fast rage Mode" feature of the TC514410J/Z allows for successive memory 

operations at multiple column locations of the same row address with increased speed 
without an increase in power. This is donell by strobing the ro'w address into the chip 
and maintaining the RAS signal at a logic 0 throughout all successive memory cycles 
in which the row address is common. This "Fast Page Mode" of operation will not 
dissipate the power associated vith the' negative going edge of RAS. Also, the time 
required for strobing in a new address is eliminated, thereby decreasing the access 
and cycle times. 

HIDDEN REFRESH 
An optional feature of the TC514410J/Z is that refresh cycles may be performed 

while maintaining valid data at the output pins. This is 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 CYCLE REFRESH CYCLE 

\ r'~ r'~ ~ 

Wl/IOl'\,W4/I04 -OPEN / VALID DATA-oUT ~ 
\.. ./ 

This feature allows a refresh cycle to be "Hidden" amo\lg data cycles without 
affecting the data availability. 

AA83 



TC514410JIZ-80 
TC51441OJIZ-10 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC5l44l0J/Z can be tested by CAS BEFORE 

RAS REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking the 

internal counter address as row address and the input addre&s as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as initializa­

tion cycles. The test procedure is as follows. 

CD Write "0" into all the memory cells at normal write mode. 

CD Select one certain column address and read "0" out and write "1" in each cell 

by performing CAS BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE). 

Repeat this operation 1024 times. 

® Check "I" out of 1024 bits at normal read mode, which was written at @. 

® Using the same coluDUl as CD, read "I" out and write "0" in each cell perform­

ing CAS BEFORE BAS REFRESH COUNTER TEST. Repeat this operation 1024 times. 

~ Check "0" out of 1024 bits at normal read mode, which was written at ®. 

® Perform the above CD to ® to the complement data. 
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TEST MODE 

TC514410JIZ-80 
TC51441 OJIZ-1 0 

The TC5l44l0J/Z is the RAM organized 1,048,576"words by 4 bits, it is internally 

organized 524,288 words by 8 bits. In "Test Mode". data are written into 8 sectors 

in parallel and retrieved the same way. AOS is not used. If, upon reading, two bits 

on one I/O pin are equal (all "1 "s or "O"s), the I/O pin indicates a "1". 

If they were not equal, the I/O pin would indicate a "0". Fig. 1 shows the block 

diagram of TC5144l0J/Z. In "Test Mode". the 1M x 4 DRAM can be tested as 1£ it 

were a 5l2K x 4 DRAM. 

''lyE, CAS Before RAS Refresh Cycle" puts the dev.ice into "Test Mode~'. And "CAS 

Before RAS Refresh Cycle" or "RAr. Only Refresh Cycle" puts it back into "Normal 

Hode". In the Test Mode, ''WE, CAS Before RAS Refresh Cycle" performs the refresh 

operation with the internal refresh address counter. The "Test Mode" function re­

duces test times (1/2 in case of N test pattern). 
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TC514410JIZ-80 
TC51441 OJIZ-1 0 

BLOCK DIAGRAM IN THE TEST 1·IODE 

~ __ -oAoe vee 

.---0'-0-, Norma 1 
AO e .- ! --0-1 
r----L-_--.JI==:=;-~~e8t I 

~ 
~_-o~Normal 

'------oAoe 
.------oNJ eVe 

r---o~ Normal 

~~~~~~~ 

~ 
'-_-o~Normal 

Aoe V .------0 Aoc ee 
'---O~Normal 

AOC __ ~ .....0-1 
r---;. __ ---lI=;;::~--t:)L)O----Ofe 8 t ' 

L----~oe 

Norma) 

Fig. 1 
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1.048.576 WORD x 4 BIT DYNAMIC RAM 

DESCRIPTION 

* This is advanced infonnation and specifica­
tions are subject to change without notice. 

The TC514410AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC514410AP/AJ/ASJ/AZ utilizes TOSHIBA's CMOS Silicon gate process technology as well as 
advanced circuit te~niques to provide wide operating margins, both internally and to the system user. 
Multiplexed address inputs permit the TC514410AP/AJ/ASJ/AZ to be packaged in a standard 20 pin 
plastic DIP, 26/20 pin plastic SOJ (300 I 350mil) and 20 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 perfol"macc logic families such as Schottky TTL. 

FEATURES 
• 1,048,576 word by 4 bit organization 
• Fast access time and cycle time 

TCS14410AP/AJ/ASJI AZ- 60 

tRAC m Access Time 60ns 

tAA Column AddressAccess Time 30ns 

tCAC CAS Access Time 20ns 

tRC Cycle Time 110ns 

tpc Fast Page Mode Cycle Time 45ns 

PIN NAMES 

AO-A9 Address Inputs 

m Row Address Strobe 

CAS Column Address 'Strobe 

WBIWE Write Per Bit/Read/Write Input 

OE Output Enable 

Wl/101":'W4/104 Write Select/Date Input/Output 

Vce Power(+SV) 

Vss Ground 

PIN CONNECTION (TOP VIEW) 

Plastic DIP 

WlIlOll 
W21102 2 
WDiWf 3 

lIAS 4 
A9 5 
A06 
Al 7 
Al8 
A3 9 

Vee 10 

20 V .. 
19 W4II04 
18 W3II03 
17m 
16 l)l 
15 AI 
14 A7 
13 A6 
12 AS 
11 A4 

Plastic SO) Plastic ZIP 

A-487 

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

• Low Power 
660m W MAX. Operating 

(TC514410AP/AJ/ASJ/AZ-SO) 
5.5mW MAX. Standby 

• Output unlatched at cycle end allows 
two-dimensional chipcse§ection 

• Read-Modify-rrite, A before HAS 
refresh, RA -only refresh, Hidden­
refresh, Write per Bit, Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTL Compatible 
• 1024 refresh cycles/ISms 
• Package -

TC514410AP 
TC514410AJ 
TC514410ASJ 
TC514410AZ 

BLOCK DIAGRAM 

DIP20-P-300C 
SOJ2S-P-350 
SOJ26-P-300A 
ZIP20-P-400A 



TC51441 OAP/ AJ/ ASJ/ AZ-60 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN -1-7 V 1 

Output Voltage VOUT -1-7 V 1 

Power Supply Voltage Vee -1-7 V 1 

Operating Temperature TOPR 0-70 ·C 1 

Storage Temperature TSTG - 55-150 ·C 1 

Soldering Temperature' Time TSOlDER 260'10 'C'sec 1 

Power Dissipation. Po 700 mW 1 

Short Circuit Output Current lOUT 50 mA 1 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70·e) 

SYMBOL PARAMETER 
\ 

TYP. UNIT NOTES MIN. MAX. 

Vee Supply Voltage 4.5 5.0 5.5 V 2 

V1H Input High Voltage 2.4 - 6.5 V 2 

Vil Input Low Voltage -1.0 .- O.B V 2 
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TC51441 OAP / AJ/ ASJ/ AZ-60 

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

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT 3,4 

ICC1 Average Power Supply Operating Current 1(514410AP/AJ/ASJ/AZ·60 - 120 mA 

(RAS, CAS, Address Cycling: tRC = tRC MIN.) 
5 

STANDBY CURRENT 

ICC> Power Supply Standby Current - 2 mA 

(RAS = CAS = V,H) 

RAS ONLY REFRESH CURRENT 

Ico Average Power Supply Current, RAS Only Mode TC514410AP/AJ/ASJlAZ·60 - 120 mA 3, 5 

(RAS Cycling, CAS = V,H: tRe = tRe MIN.) 

FAST PAGE MODE CURRENT 3,4 
Average Power Supply Current, Fast Page Mode TC514410AP/AJ/ASJ/AZ·60 - 70 mA 

Ice4 (RAS = VIt, (·AS, Address Cycling: tpc = tpe MIN.) 5 

STANDBY CURRENT 

Iccs Power Supply Standby Current - 1 mA 

(RAS = CAS = Vec - 0.2V) 

CAS BEFORE RAS REFRESH CURRENT 

Ice6 Average Power Supply Current, CAS Before RAS TCS 1441 OAP/AJIASJ/AZ·60 - 120 mA 3, 5 

Mode (liAS, CAS Cycling: tRC = tRC MIN.) 

INPUT LEAKAGE CURRENT 

I,(l) Input Leakage Current, any input _10 10 (lA 

(OV:; V,N =' 6.SV, All Other Pins not under Test = OV) 

'O(l) 
OUTPUT LEAKAGE CURRENT 

(DOUT is disabled, OVS VOUT;O S.SV) 
-10 10 l'A 

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 



TC51441 OAP I AJI ASJI AZ-60 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VCC=5V± 10%, Ta=0-70°c)(Notes 6,7,8) 

TC514410AP/AJlASJ/AZ·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 45 - ns 

tpRMW 
Fast Page Mode Read·Modify·Write 

100 - ns Cycle Time 

tRAC Access Time from RAS 60 
9,14 - ns 
15 

tCAC Access Time from CAS - 20 ns 9,14 

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

tCPA Access Time from CAS Precharge - 40 ns 9 

tClZ CAS to output in Low-Z 0 - os 9 

tOFF Output Buffer Turn-off Delay a 20 ns 10 

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

tRP RAS Precharge Time 40 - ns 

tRAS RAS Pulse Width 60 10,000 ns 

tRASP RAS Pulse Width (Fast Page Mode) 60 200,000 ns 

tRSH RAS Hold Time 20 - ns 

tRHCP 
RAS Hold Time From CAS Precharge 

40 - ns (Fast Page Mode) 

tCSH CAS Hold Time 60 - ns 

tCAS CAS Pulse Width 20 10,000 ns 

tRCD RAS to CAS Delay Time 20 40 ns 14 

tRAD liAS to Column Address Delay Time 15 30 ns 15 

tCRP CAS to AAS Precharge Time 5 - ns 

tcp CAS 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 a - ns 

leAH Column Address Hold Time 15 - nS 

tRAl Column Address to RAS Lead Time 30 - ns 

tRCS Read Command Set-Up Time 0 - ns 

tRCH Read Command Hold Time a - ns 11 
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TC514410AP/AJ/ASJ/AZ-60 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Continued) 

TC514410AP/AJ/ASJ/AZ-60 
SYMBOL PARAMETER UNITS NOTES 

MIN. MAX. 

Read Command Hold Time referenced 
tRRH 

tom 
0 - ns 11 

tWCH Write Command Hold Time 10 - ns 

twp Write Command Pulse Width 10 - ns 

tRWL Write Command to m lead Time 20 - ns 

tCWL Write Command to CAS lead Time 20 - ns 

tos Data Set-Up Time 0 - ns 12 

toH Data Hold Time 15 - ns 12 

tREF Refresh Period - 16 ms 

twcs Write Command Set-UP Time 0 - ns 13 

tewo m to wt Delay Time 50 - ns 13 

tRWo RAS to wt Delay Time 90 - ns 13 

tAWo Column Address to WE Delay Time 60 - ns 13 

tcpwo CAS Preeharge to WRITE Delay Time 70 - ns 13 

tcso 
m Set-Up Time 

S 
(CAS before RAS Cycle) 

- ns 

CAS Hold Time 
tCHR (CAS before RAS Cycle) 

15 - ns 
I 

tRPC RAS to m Precharge Time 0 - ns 

tCPT 
CAS Precharge Time 

30 
(CAS before RAS Counter Test Cycle) - ns 

tROH RAS Hold Time referenced to OE 10 - ns 

toEA OE Access Time - 20 ns 

tOED OE to Data Del ay 20 - ns 

tOEz 
Output buffer turn off Delay Time 

0 20 
from OE 

ns 

tOEH OE Command Hold Time 20 - ns 

tWBS Write Per Bit Set-Up Time 0 - ns 

tWBH Write Per Bit Hold Time 10 - ns 

twos Write Per Bit Selection Set-Up Time 0 - ns 

tWoH Write Per Bit Selection Hold Time 10 - ns 
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TC51441 OAP I AJI ASJI AZ-60 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

TC514410AP/AJ/ASJ/AZ·60 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. 

tWTS Write Command Set·up Time 10 - ns 

tWTH Write Command Hold Width 10 - ns 

tWRP WE to m Precharge Time 10 - ns 

tWRH WE to m Hold Time 10 - ns 
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TC51441 OAP / AJ/ ASJ/AZ-60 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE 
TEST MODE (Vee=SV±10%, Ta=O-70·c)(Notes 6, 7, 8) 

TC514410AP/AJ/ASJlAZ-60 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. 

tRC Random Read or Write Cycle Time 115 - ns 

tpc Fast Page Mode Cycle Time 50 - ns 

tRAC Access Time from RAS - 65 ns 
9,14, 

15 

tCAC Access Time from CAS - 25 ns 9,14 

tAA Access Time from Column Address - 35 ns 9,15 

tCPA Access Time from CAS Precharge - 45 ns 9 

tRAS RAs Pulse Width 6S 10,000 ns 

tRASP RAS Pulse Width (Fast Page Mode) 65 200,000 ns 

tRSH RAS Hold Time 25 - ns 

tCSH CAS Hold Time 65 - ns 

tRHCP CAS Precharge to RAS Hold Time 45 - ns 

tCAS CAS Pulse Widlh 25 10,000 ns 

tRAL Column Address to RAS Lead Time 35 - ns 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

C'l Input Capacitance (AO-A9) - 5 pF 

C'2 Input Capacitance (RAS, CAS, WBIWE, OE) - 7 pF 

Co Input/Output Capacitance (Wl/101-W4II04) - 7 pF 
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TC51441 OAPI AJI ASJI AZ-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 V 55. 

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

•. ICCl. ICC4 depend on output loading. Specifi.ed values are obtained with the output open. 

S. Column address can be changed once or less while ltAS = V IL and CAS = V 1/·1. 

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

7. AC measurements assume tT=5ns. 

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

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

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

11. Either tRcn or tRIUI must be satisfied for a read cycle. 

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

13. tWC5, tRWD, tcWD, tAWD and tcPWD are not restrictive operating parameters .. They are included 
in the data sheet as electrical characteristics only. If tWC5E tWC5 (min.), the cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) throughout the entire 

cycle; If ti~WDE tRwD (min:.), tcWDE tcWD (min.), tAWDE tAWD (min.) and tcPWDE tcl'WD (min.) 
(Fast Page Mode), the cycle is a Read-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. 
tReD (max.) is specified as a reference point only: If tRCD is greater than the specified tRC!) (max.) 
limit, then access time is controlled by tcAC. 

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

RAs V1H 

V1l 

CAS 
V1H 

Vil 

AO-A9 
V1H 

V1l 

WrifWE VIII 

V1l 

OE V1H 

Vil 

Wl/101-
VIH 

W4/104 V1l 

NOlc: UlN = "II" 01' "L" 
~ "H" or "L" 

WRITE CYCLE (EARLY WRITE) 

liAs VIH 

V1l 

cAs VIH 

V1L 

AO-A9 
VIH 

V1L 

WB/We VIH 

V1l 

Or: V1H 

V1L 

Wl/101- VII, 

W4/104 Vil 

N"lc: DOUT=OI'~;N 
~: "H" or "L" 
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WRITE CYCLE (OE CONTROLLED WRITE) 

ilAS" VIH 

VIL 

CAS VIH 

VIL 

AO-A9 
VIH 

VIL 

WlIW~ 
VIH 

VIL 

m VIH 

VIL 

Wl/101- VIH 
W4II04 VIL 

Note: DOUT=OI'EN ~: "H" or "L" 

READ - MODIFY - WRITE CYCLE 

m VIH 

Vil 

00 VIH 

Vil 

AO-A9 
VIH 

VIL 
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FAST PAGE MODE READ CYCLE 

Wl/101- VOH 
W4/104 VOL 

NoLo: DIN = .. 11 .. 0 .... 1,'· 

FAST PAGE MODE WRrrE CYCLE 

RAS VIH 
VIL 

CAS VIH 
VIL 

AO-A9 V'H 
V'L 

WI/I01- V'H 
W4/104 VIL 

NoLo: Dou'r=OI'I~N 

TC514410AP/AJ/ASJ/AZ·60 

~: "W or "L" 

~: "H" or "Lo 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

RAS 

CAS 

AO-A9 

WatWe 

OE 

Wl/101-
W4II04 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

RAg ONLY REFRESH CYCLE 

AO-A9 

Note: WRITE. UE="n" or "L" 
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TC51441 OAP / AJ/ ASJ/ AZ-60 

CAS BEFORE RAS REFRESH CYCLE 

Wl/101- VOH 

W4/104 VOL 
~ ___ ...J)>------------OPEN -------

Note: DIN, DE, AO-A9= "H" or "L" 

~: "W or "L" 
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HIDDEN REFRESH CYCLE (READ) 

VIH 
RAS 

VIL -

VIH-
m 

VIL 

VIH 
AO-A9 

VIL 

VIH 
WBIWE 

VIL 

VIH-
M 

VIL -

WlII01- VOH_ 

W4II04 VOL-

~: "H" or "L" 
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HIDDEN REEFRESH CYCLE (WRITE) 

VIH 

RAS 
VIL -

tCHR 

00 
VIL 

VIH 
AO-A9 

VIL" 

VIH 
WBrwE 

VIL 

VIH 
OE 

VIL 

Wl/101 VIH-

-W4II04 VIL-

~: ow or "L" 
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CJ\S BEFORE RAS REFRESH COUNTER TEST CYCLE 

VIH -~--~ I ... _---------''''''''''---------~ ..J<:-----:>L 

VIL-

ro 

VIH 
AO-A9 

VIL 

READ CYCLE 

VIH 
WiJ~ 

VIL 

VIH-
OE 

VIL -

WlII01 VOH-

-WI/I04 VOL -

twcs 
WRITE CYCLE 

VIH 
WBfWE 

VIL 

VIH 
OE 

VIL 

WIII01 VIH-

-WI/I04 VIL -

READ·MODIFY· 
WRITE CYCLE 

VIH 
WiJIWE 

VIL 

OE 
VIH 

V 1L -

VOH_ 

WlIlOl VOL-

-WIII04 V1H_ 

V 1L -
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WE. Ci\S BEFORE RAS REFRESH CYCLE 

VIH 
RAS 

VIL -

VIH-
CAS 

VIL -

VIH 

'Name 
VIL 

Wl/101- VOH-
I}------------OPEN -------

W4/104 VOL~. ____ -7r 

Note: DIN, OE, AO-A9 = "H" or "L" 

~: "H" or "L" 

i 
I-



TC514410AP/ AJ/ ASJ/ AZ-60 

APPLICATION INFORMATION 

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

TC51410AP/AJ/ASJ/AZ are multiplexed onto the 10 address inputs and latched into the on-chip address 
latches by externally applying two negative going 'ITL-Ievel 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, RA:"S, and ~, 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 tile 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 ~" feature allows the ~ clock to be externally activated as soon as the 
Row Address Hold Time specification (tRAIl) has been satisfied and the address inputs have been 
changed from Row address to Column address information. 

DATA INPUTS 
A write cycle is performed by bringing (W13/) WE low during the RAS/CAS operation. The falling 

edge of CAS or (WIT!) WE strobes data on (Wi) IOi into the on-chip data latch. To make use of the 
write-per-bit capability W13(iWE) must be low as RAS falls. In this case data bits to which the write 
operation is applied can be specified by keeping Wi (1100 high with set-up and hold times referenced to 
the RAS negative transition. For those data bits of Wi (lIOi) that are kept low as RAS tails the write 
operation is inhibited on the chip if WB(IWE) is high as RAS falls, the write-per-bit capability does not 
work and the write operation is performed for all four data bits. 

DATA OUTPUTS 

The three-state output buffers provide direct TTL compatibility with a fan-out of two standard TTL 
loads. Data-out is the same polarity as data-in. The outputs are in the high-impedance state until CAS 
is brought low. In a read cycle the outputs go active after the access time interval tltAe and tOgA are 
satisfied. 

'l'he outputs become valied after the access time has elapsed and remains valied while CAS and OE 
are low. CAS or OE going high returns it to a high impedance state. In an early-write cycle, the 
outputs are always in the high-impedance state. In a delayed-write or read-modify-write cycle, the 
outputs will follow the sequence for the read cycle. 

The ern: controls the impedance of the output buffers. In the logic high position the buffers will 
remain in a high impedance state. 

When the ern: input is brought to a logical low level, the output buffer are enabled. Both ~ and 
DE can control the output. Thus in a read operation, either OE or CAS returning high forces the 
outputs into the high impedance state. 
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RAS ONLY REFRESH 
Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 512 

row address (AO-A9) within each 16 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 TC514410AP/AJ/ASJ/AZ offers an alternate refresh 

method. If CAS is held on low for the specified period (tcsnl 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. 

PAGE MODE 

The "Page-Mode" feature of the TC514410AP/AJ/ASJ/AZ allows for successive memory operations at 
multiple colulllll locations of the same row address with illcreased speed without an increase in power. 
This is done by strobing the row address into the chip and maintaining the RAS signal at a logic 0 
throughout all successive memory cycles in which the row address is common. This "Page-Mode" of 
opemtion will not dissipate the power associated with the negative going edge of RAS. Also, the time 
required for strobing in a new addl'ess is eliminnted, thereby decreasing the access and cycle times. 

HIDDEN REFRESH 

An optional feature of the TC514410AP/AJ/ASJ/AZ is that refl'esh cycles may Ile pedormed _ while 

maintaining valid data at the output pin'. This is referred to as Hidden Refresh. Hidden Refresh is 

performed by holding CAS at VII. and taking RAS high and after a specified precharge period (tup), 

executing a CAS before RAS refresh cycle. (see Figure below) 

MEMORY CYCLE REFRESH CYCLE REFRESH-CYCLE 

~ I' I' 

CAS 

-- OPEN VALID DATA·OUT \ 
I WlI101-W4/104 

I 
This feature allows a refresh cycle to be "Hidden" among data cycles without affecting the data 

availability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 
The internal refresh ,operation of TC514410AP/AJ/ASJ/AZ can be tested by CAS BEFORE RAS 

REFRESH COUNTER TEST. This cycle performs READIWRI'l'E operation taking the internal counter 
address as row address and the input address as column address. 

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

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

BEFORE 1.iA."S REFRESH COUNTER TEST (READ-WRITE CYCLE). Repeat this operation 512 
times. 

® Check "I" out of 512 bits at normal read mode, which was written at ®. 
@ Using the same column as ®, read "I" out and write "0" in each cell performing CAS BEFORE 

HAS REFRESH COUNTER TES'l'. Repeat this operation 512 times. 
® Check "0" out of 512 bits at normal read mode, which was written at @. 

® Perform the above <Xl to ® to the complement da~. 

TEST MODE 
The TC514410AP/AJ/ASJ/AZ is the RAM organized 1,048,576 words by 4 bits,it is internally 

organized 524,288 words by 8 bits. In ''Test Mode", data are written into 8 sectors in parallel and 
retrieved the same way. Aoo is not used. If, upon reading, two bits on one 110 pin are equal (all "l"s 
or "O"s), the 110 pin indicates a "I". If they were not equal, the 110 pin would indicate a "0", Fig. 1 
shows the block diagram of TC51441OJ/Z. In "Test Mode", the IMX4 DRAM can be tested as if it were 
a 512KX4 DRAM. 

''WE', CAS Before RAS Refresh Cycle" puts the device into ''Test Mode". And "CAS Before 1.iA."S 
Refresh Cycle" or "HAS Only Refresh Cycle" puts it back into "Normal Mode", In the Test Mode, "WE, 
CAS Before RAS Refresh Cycle" performs the refresh operation with the internal refresh address 
counter. The ''Test Mode" function reduces test times (112 in case of N test pattern), 
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BLOCK DIAGRAM IN THE TEST MODE 

Norm 

~ Tes 

-,:-o~ A 
.~ ..... 

I SI2K block 
IA 

0--1- Aoe t 
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I SI2K block 

B 

Aoe C 

SI2K block 
C 

0 
SI2K block 

0 

E 
SI2K block 

E 

SI2K block 

Aoe 

SI2K block 

Aoe 

SI2K block 

Fig. 1 
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1,048,576 WORD X 4 BIT DYNAMIC RAM PRELIMINARY 
DESCRIPTION 

The TC514410AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 4 
bits. The TC514410AP/AJ/ASJ/AZ utilizes TOSHIBA's CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating mariins, both internally and to the system user. 
Multiplexed address inputs permit the TC514410AP/AJ/ASJ/AZ to be packaged in a standard 20 pin 
plastic DIP, 26120 pin plastic SOJ (300 I 350mil) and 20 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 performace logic families such as Schottky TTL. 

FEATURES 
•. 1,048,576 word by 4 bit organization 
• Fast access time and cycle time 

C514410AP/AJ/ASJI AZ-70/- 80/- 10 

tRAC lIAS Access Time 70ns 80ns 

tM Column AddressAcces. Time 3Sn. 40n. 

tCAC CAS Access Time 20ns 20n. 

tRC Cycle Time 130ns 150ns 

tpc Fast Page Mode Cycle Time 4sns SOns 

PIN NAMES 

AO-A9 Address Inputs 

TiM Row Address Strobe 

CAS Column Address Strobe 

WfitWl Write Per Bit/Read/Write Input 

N Output Enable 

W 1/10 l-W4I104 Write Select/Date Input/Output 

Vee Power ( +5V) 

Vss Ground 

PIN CONNECTION (TOP VIEW) 

Plil$llc DIP Plastic SOJ Planic ZIP 

W1JI011 
W2JI02 2 
WfJW[ 3 

m. 
A9S 
AO 6 
AI 7 
A2 8 
A3 9 

Vee 10 

lOOns 

SOn. 

25n. 

180n5 

60ns 

A-509 

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

• Low Power 
550mW MAX. Operating 

(TC514410AP/AJ/ASJ/AZ -70) 
468mW MAX. Operating 

(TC514410AP/AJ/ASJ/AZ-80) 
413mW MAX. Operati!1g 

(TC514410AP/AJ/ASJ/AZ-10) 
5.5m W MAX. Standby 

• Output unlatched at cycle end allows 
two-dimensional chip' selection 

• Read-Modifilrite, CAS before lU\S 
refresh, -only refresh, Hidden 
refresh, Write per Bit, Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTL Compatible 
• 1024 refresh cycleS/16ms 
• Package 

TC514410AP 
TC514410AJ 
TC514410ASJ 
TC514410AZ 

BLOCK DIAGRAM 

: DIP20-P-300C 
: SOJ26-P-350 
: SOJ26-P-300A 
: ZIP2-P-400A 



TC514410AP/AJ/ASJ/AZ-70, TC51441 OAP/AJ/ASJ/AZ-80 
TC51441 OAP/AJ/ASJ/AZ-1 0 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN -1-7 V 1 

Output Voltage VOUT -1-7 V 1 

Power Supply Voltage Vee -1-7 V 1 

Operating Temperature TOPR 0-70 'C 1 

Storage Temperature TSTG -55-ISO 'C 1 

Soldering Temperature· Time TSOLOER 260·10 ·C·sec 1 

Power Dissipation Po 700 mW 1 

Short Circuit Output Current lOUT SO mA 1 

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

Vee Supply Voltage 4.5 S.O 5.S V 

VIH Input High Voltage 2.4 - 6.5 V 

V1L Input Low Voltage -1.0 - 0.8 V 

A-510 
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TC514410AP/AJ/ASJ/AZ-70, TC51441 OAP/AJ/ASJ/AZ-80 
TC51441 OAP/AJ/ASJ/AZ-1 0 

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

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT TCSI4410APIAJIASJiAZ.70 - 100 
3,4 

ICCI Average Power Supply Operating Current TC514410APIAJlASJIAZ·80 - 85 mA 

~. m. Address Cycling: tRC = tRC MIN.) TC514410APIAJlASJIAZ.)b 75 
5 -

STANDBY CURRENT 

Iccz Power Supply Standby Current - 2 mA 

(m=m=VIH) 

m ONLY REFRESH CURRENT TCSI4410APIAJlASJlA%.70 - 100 

ICC3 Average Power Supply Current, m Only Mode TC514410APlAJlASJlAZ.aO - 85 mA 3,5 

(m Cycling, m .. VIH: tRe"' tRC MIN.) TC514410AP/AJlASJ/AZ·10 - 75 

FAST PAGE MODE CURRENT TC514410AP/AJ/ASJlAZ·70 - 70 
3.4 

Average Power Supply Current. Fast Page Mode Te514410AP/AJ/ASJlAZ·80 - 65 mA 
Icc4 ~=VIL. m. Address Cycling: tpC=tpC MIN.) 55 

5 
TC514410AP/AJlASJ/AZ·1O -

STANDBY CURRENT 

Ices Power Supply Standby Current - 1 mA 

(m=m=Vcc-0.2V) 

m BEFORE m REFRESH CURRENT TCS 14410APIAJlASJlAZ·70 - 100 

leC6 Average Power Supply Current, m Before m TC514410AP/AJlASJlAZ.ao - 85 mA 3, S 

Mode~, m Cycling: tRC=tRC MIN.) TC514410APIAJ/ASJlAZ·10 - 7S 

INPUT LEAKAGE CURRENT 

II (L) Input Leakage Current, any input -10 10 jIA 

(OV:iVIN:i6.SV, All Other Pins not under Test=OV) 

10 (L) 
OUTPUT LEAKAGE CURRENT 

(DOUT is disabled, OV:iVoUT:iS.5V) 
-10 10 jIA 

VOH 
OUTPUT LEVEL 

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

VOL 
OUTPUT LEVEL 

Output "L' Level Voltage (lOUT = 4.2mA) - 0.4 V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VCC=5V:!: 10%, Ta=0-70·c} (Notes 6, 7, 8) 

TC514410API TC514410API TC514410API 

SYMBOL PARAMETER AJ/ASJ/AZ-70 AJ/ASJ/AZ-80 AJ/ASJ/AZ-l0 UNIT NOTES 

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

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

tRMW Read-Modify-Write Cycle Time 185 - 205 - 245 - ns 

t.c Fast Page Mode Cycle Time 45 - 50 - 60 - ns 

tpRMW 
Fast Page Mode Read-Modify-Write 

100 - 105 - 125 .:. ns Cycle Time 

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

ns 
IS 

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

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

tCPA Access Time from m Precharge - 40 - 45 - 55 ns 9 

telz m to output in Low-Z 0 - 0 - 0 - ns 9 

!oFF 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 m Precharge Time 50 - 60 - 70 - ns 

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

tRAS. m Pulse Width (Fast Page Mode) 70 200,000 80 200,000 100 200,000 ns 

tRSH mHold Time 20 - 20 - 25 - ns 

tRHe. 
m Hold Time From m Precharge 

40 -(Fast Page Mode) 45 - 55 - ns 

teSH m Hold Time 70 - 80 - 100 - ns 

teAs m Pulse Width 20 10,000 20 10,000 25 10,000 ns 

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

tRAO m to Column Address Delay'Time 15 35 15 40 20 SO ns IS 

teR. m to m Precharge Time 5 - 5 - 10 - ns 

tep m Precharge Time 10 - 10 - 10 - ns 

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

tRAl Column Address to m lead Time 3S - 40 - 50 - ns 

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

tRCH Read Command Hold Time 0 - 0 - 0 - ns II 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Continued) 

TC514410API TC514410API TC514410API 

SYMBOL PARAMETER AJ/ASJ/AZ-70 AJ/ASJ/AZ-80 AJ/ASJ/AZ-l0 UNITS NOTES 

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

Read Command Hold Time referenced a tRRH 
to AAS 

a - a - - ns 11 

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

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

tRwL Write Command to m'Lead Time 20 - 20 - 25 - ns 

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

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

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

tREF Refresh Period - 16 - 16 - 16 ms 

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

tewo V3' to m Delay Time 50 - 50 -' 60 - ns 13 

tRWO iiAS' to m Delay Time 100 - 110 - 135 - ns 13 

tAWO Column Address to m Delay Time 65 - 70 - 85 - ns 13 

tcpwo m Precharge to Wii'ifE' Delay Time 75 - 75 - 90 - ns 13 

tesR 
m Set-Up Time 

S 5 5 -(u3' before AAS Cycle) - - ns 

m Hold Time 
teHR (m before lIAS Cycle) 

15 - 15 - 20 - ns 

tRPC iiAS' to m Precharge Time 0 - 0 - 0 - ns 

lePT 
m Precharge Time 

40 40 50 (m before iiAS' Counter Test Cycle) - - - ns 

tROH m Hold Time referenced to'O! 10 - 10 - 20 - ns 

toEA O! Access Time - 20 - 20 - 25 ns 

tOED O! to Data Delay 20 - 20 - 25 - ns 

tOEZ 
Output buffer turn off Delay Time 

0 20 0 20 0 20 
from O! 

ns 

tOEH O! Command Hold Time 20 - 20 - 25 - ns 

tWBS Write Per Bit Set-Up Time 0 - a - 0 - ns 

tWBH Write Per Bit Hold Time 10 - 10 - 10 - ns 

twos Write Per Bit Selection Set-Up Time 0 - 0 - 0 - ns 

tWOH Write Per 8it Selection Hold Time 10 - 10 - 10 - ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

TCS14410API TCS14410API TCS14410API 

SYMBOL PARAMETER AJIASJIAZ-70 AJIASl/AZ-aO AJIASJIAZ-l0 UNIT 

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

tWTS Write Command Set-up Time 10 - 10 - 10 - ns 

tWTH Write Command Hold Width 10 - 10 - 10 - ns 

tWRP Wl to m Precharge Time 10 - 10 - 10 - ns 

tWRH Wl to m Hold TIme 10 - 10 - 10 - ns 

A-S14 

NOTES 



TC514410AP/AJ/ASJ/AZ-70, TC51441 OAP/AJ/ASJ/AZ-80 
TC51441 OAP/AJ/ASJ/AZ-1 0 

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

TC514410API TC514410API TC514410API 

SYMBOL PARAMETER AJ/ASJ/AZ-70 AJ/ASJ/AZ-BO AJ/ASJ/AZ-l0 UNIT NOTES 

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

" 
tRC Random Read or Write Cycle Time 135 - 155 - lB5 - ns 

tRMw Read-Modify-Write Cycle Time 160 - lBO - 215 - ns 

tpc Fast Page Mode Cycle Time 50 - 55 - 65 - ns 

tpRMW 
Fast Page Mode Read-Modify-Write 
Cycle Time 75 - BO - 95 - ns 

tRAC Access Time from ro 75 B5 - 105 
9,14, - - ns 

15 

tCAC Access Time from m - 25 - 25 - 30 ns 9,14 

tAA Access Time from Column Address - 40 - 45 - 55 ns 9,15 

tCPA Access Time from m Precharge - 45 - 50 - 60 ns 9 

tRA! ro Pulse Width 75 10,000 85 10,000 105 10,000 ns 

tRASP ro Pulse Width (Fast Page Mode) 75 200,000 85 200,000 105 200,000 ns 

tRSH ro Hold Time 25 - 25 - 30 - ns 

tCSH mHold Time 75 - 85 - 105 - ns 

tRHCP m Precharge to m Hold Time 45 - 50 - 60 - ns 

teAs m Pulse Width 25 10,000 25 10,000 30 10,000 ns 

tRAL Column Address to iii>3 Lead Time 40 - 45 - 55 - ns 

tcwo m to ~ Delay Time 55 - 55 - 65 - ns 13 

tRWO ro to WE' Delay Time 105 - 115 - 140 - ns 13 

tAWO Column Address to WE' Delay Time 70 - 75 - 90 - ns 13 

tcPWD m Precharge to WIilTE' Delay Time 80 - 80 - 95 - ns 13 

toEA m Access Time - 25 - 2S - 30 ns 

toeH m Command Hold Time 25 - 25 - 30 - ns 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

COl Input Capacitance (AO-A9) - 5 pF 

CJ2 Input Capacitance (m, m. ~, mJ - 7 pF 

Co Input/Output Capacitance (1/I01-VI04) - 7 pF 
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NOTES: 

1. Stresses greater than those list,ed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. 

2. All voltages are referenced to VSS. 

3. ICC!. 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 chang~d once or less while IiAS'=VIL and CAS=V!H. 

6. An initial pause of 200115 is required after power-up followed by 8 liAS' only refresh before proper 
device oper~tion is achieved. In case of u~ing' internal refresh counter, a minimum of 8 CAS 
before AAS refresh cycles instead of 8 liAS' refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. Viii (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 TIL loads and 100pF. 

10. toFF (max.) and 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 CAS leading edge in early write cycles and to WRITE leading 
edge in Read-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 twcs'" twcs (min.), the cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) throughout the entire 
cycle; If tRwD~tRwD (min.), tcWD"'tcWD (min.), tAWD"'tAWD (min.) and tcPWD!5;tcPWD (min.) 
(Fast Page Mode), the cycle is a Read-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 tacD is greater than the specified tRCO (max.) 
limit, then access time is controlled by tcAC. 

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

m V'H 

V'L 

m V'H 

V'L 

AO-A9 V'H 

V'L 

WlfiWE V," 
V'L 

i5t V'H 

V'L 

Wl/101- V'H 

W4/104 V'L 

Note: DIN ="H" or "L" 
~:"W or "L" 

WRITE CYCLE (EARLY WRITE) 

m V'H 

V'L 

m V'H 

V'L 

AO-A9 V'H 

V'L 

mtrm V'H 

V'L 

N V'H 

V'L 

Wl/101- V'H 
W4II04 V'L 

Note: DOUT=OPEN ~: "H" or "L" 
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WRITE CYCLE ('OE CONTROLLED WRITE) 

m VIH 

VIL 

ro VIH 

VIL 

AO-A9 
VIH 

VIL 

WSIWt VIH 

VIL 

?5E VIH 

VIL 

WlIIOI- VIH 
W4II04 VIL 

Not.e: DOUT=OPEN ~:"W or "L" 

READ - MODIFY - WRITE CYCLE 

Wl/101- ~V:~. = 
W4/104 

VOH -

VOL -----
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FAST PAGE MODE READ CYCLE 

W1IIOI- VOH 
W41104 VOL 

Note: DJN="H"or"L" 

FAST PAGE MODE WRITE CYCLE 

m V'H 
V'L 

eM V'H 
V'L 

AO-A9 V'H 
V'L 

Wl1101- V'H 
W4/104 V'L 

Note: DOUT= OPEN 

~:"W or "L" 

~:"W or "L" 
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FAST PAGE MODE READ·MODIFY·WRITE CYCLE 

liM 

m 

AO-A9 

WSf'm 

m 

WlII01-
W4II04 

V'H 

V'L 

V'H 

V'L 

V'H 

V'L 

V'H 

V'L 

V'H 

V'L 

R'AS" ONLY REFRESH CYCLE 

V'H-
liM 

V'L-
~ 

V'H-m 

AO-A9 

Note: WIUTE, UE="H" or "L" 
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CAS BEFORE RAS REFRESH CYCLE 

Wl/101- vOH 

W4/104 VOL 
~ __ -I)>---------OPEN ------

Note: DIN, N, AO-A9 = oW or "L ° 

~: "W or "LO 
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HIDDEN REFRESH CYCLE (READ) 

VIH -----'---'---~ 

C5E VIL ------:-__ --:--~:-I---_--U. 

1101 

-1/04 

A"522 
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HIDDEN REEFRESH CYCLE (WRITE) 

~:"W or "L" 
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~ BEFORE ltAS REFRESH COUNTER TEST CYCLE 

V,H 
m 

V'L-

V,H 
CAS' 

V'L-

V,H 
AO-A9 

V,L 

READ CYCLE 

V,H 
r:m~ 

V,L 

V,H 
OE" 

V,L 

W1IIOI VOH­
---I--IOPIEN 

-WItI04 VOL -

WRITE CYCLE 

... W1IIOI 

-WIJI04 V'L­

READ·MODIFY· 
WRITE CYCLE 

V,M 

V,L -------------:--3£--1.../ 

WlIlOI VOL­

-WIJI04 V,H_ 
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WE. CAS BEFORE RAS REFRESH CYCLE 

V,H _:-------,,1... 1------'''''''----1 ..ir---"">i.. 
100" 

V,L -

WlII01- I}---------- OPEN ____ _ 
W4/104 VOL-___ --:1I" 

Note: D,N, m, AO-A9. oW or "L ° 
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APPLICATION INFORMATION 

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

TC51410AP/AJ/ASJ/AZ are multiplexed onto the 10 address inputs and latched into the on-chip address 
latches by externally applying two negative going TIL-level clocks. 

The first clock, the Row Address Strobe (i:iAS), latches the 10 row:address bits into the chip. The 

second clock, the Column Address Strobe (~), subsequenUy latches the 10 column address bits into 
the chip. Each of these signals, iD'i:S, and ~, triggers a sequence of events which are controlled by 
different delayed in ternal 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 iD'i:S 
clock chain. The "gated ~ .. feature allows the TIi\S 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 INPUTS 

A write cycle is performed by bringing (WfJf) WE" low during the nAslCAS operation. The falling 
edge of CAS or (WfJf) WE" strobes data on (Wi) IOi into the on-chip data latch. To make use of the 
write-per-bit capability Wli(iWE) must be low as ns falls. In this case data bits to which the write 
operation is applied can be specified by keeping Wi (1I0i) high with set-up and hold times referenced to 
the EAS negative transition. For those data bits of Wi (lIOn that are kept low as ns tails the write 
operation is inhibited on the chip if WB'(i'WE) is high as RAS falls, the write-per-bit capability does not 
work and the write operation is performed for all four data bits. 

DATA OUTPUTS 

The three-state output buffers provide direct TIL compatibility with a fan-out of two standard TIL 
loads. Data-out is the same polarity as data-in. The outputs are in the high-impedance state until CAS 
is brought low. In a read cycle the outputs go active after the access time interval tRAC and toEA are 
satisfied. 

The outputs become valied after the access time has elapsed and remains valied while ~ and 'OE 
are low. TIi\S or 'OE going high returns it to a high impedance state. In an early-write cycle, the 

outputs are always in the high-impedance state. In a delayed-write or read-modify-write cycle, the 
outputs will follow the sequence for the read cycle. 

The OE controls the impedance of the output buffers. In the logic high position the buffers will 
remain in a high impedance state. 

When the OE' input is brought to a logical low level, the output buffer are enabled. Both TIi\S and 
UE can control the output. Thus in a read operation, either OE' or TIi\S returning high forces the 
outputs into the high impedance state. 
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RAS ONLY REFRESH 
Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 512 

row address (AO-A9) within each 16 millisecond" time interva1. 
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 TC514410AP/AJ/ASJ/AZ offers an alternate refresh 

method. If CAS is held on low for the specified period (tcsRl 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 Cl\S before RAS refresh operation. 

PAGE MODE 

The "Page-Mode" feature of the TC514410AP/AJ/ASJ/AZ allows for successive memory operations at 
multiple column locations of the same row address with increased speed without an increase in power. 
This is done by strobing the row address into the chip and maintaining the RAS signal at a logic 0 
throughout all successive memory cycles in which the row address is cqmmon. This "Page-Mode" of 
operation will not dissipate the power associated with the negative going edge of RAS. Also, the time 
required for strobing in a new address is eliminated, thereby decreasing the access and cycle times. 

HIDDEN REFRESH 

An optional feature of the TC514410AP/AJ/ASJ/AZ is that refresh cycles may be performed while 
maintaining valid data at the output pin. This is referred to as Hidden Refresh. Hidden Refresh is 
performed by holding Cl\S at VIL and taking RAS high and after a specified precharge period (tRP), 
executing a Cl\S before RAS refresh cycle. (see Figure below) 

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE 

~ I' I' 

-- OPEN VALID DATA-OUT \ 
I 

I 
Wl1101-W41104 

This feature allows a refresh cycle to be "Hidden" among data cycles without affecting the data 
availability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 
The internal refresh operation of TC514410APfAJfASJfAZ can be tested by "CAS BEFORE MS 

REFRESH COUNTER TEST. This cycle performs READIWRlTE 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 ns 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 write "1" in each cell by performing "CAS 

BEFORE ~ REFRESH COUNTER TEST (READ.WRITE CYCLE). Repeat this operation 512 
times. 

® Check "1" out of512 bits at normal read mode, which was written at @. 

@ Using the same column as @, read "1" out and write "0" in each cell performing CAS BEFORE 
RAS 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. 

TEST MODE 
The TC514410APfAJfASJfAZ is the RAM organized 1,048,576 words by 4 bits, it is internally 

organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors in parallel and 
retrieved the same way. Aoo is not used. If, upon reading, two bits on one ItO pin are equal (all "l"s 
or "O"s), the ItO pin indicates a "1". If theY were not equal, the ItO pin would indicate a "0". Fig. 1 
shows the block diagram of TC514410JfZ. In "Test Mode", the 1MX4 DRAM can be tested as if it were 
a 512Kx4 DRAM. 

''WE, CAS Before EAS Refresh Cycle" puts the device into "Test Mode". And ""CAS Before ~ 
Refresh Cycle" or "HAS' Only Refresh Cycle" puts it back into "Normal Mode". In the Test Mode, ''WE, 
CAS Before RAS Refresh Cycle" performs the refresh operation with the internal refresh address 
counter. The "Test Mode" function reduces test times (112 in case of N test pattern). 
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BLOCK DIAGRAM INTHE TEST MODE 

Aoe 

~Normal 
Aoe A 

Normal SI2Kbiock [>--o~ 
~ A 

Test Ace B 
SI2K block D oTest 

B ~ 
~Normal 
Ace 

Aoe Vee 

~Normal 
Aoe C 

Normal SI2Kbiock [>--o~ 
~ C 

Test Aoe 
0 

SI2K block D oTest 
0 ~ 

~Normal 
Ace 

Aoe Ve 

~Normal 
Aoe 

SI2K block [>--o~ 
E 

Aoe 

SI2K block D oTest 
F ~ 

~N.ormal 
Aoe 

Ace 

~Normal 
Aoe G 

Normal SI2K block [>--o~ 
~ G 

Test Aoe 
H 

SI2K block D oTest 
H ~ 

~Normal 
Aoe 

Fig. 1 
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4,194,304 WORDSx8 BIT DYNAMIC RAM MODULE 

DESCRIPTION 
PRELIMINARY 

The THM84000S is a 4,194,304 words by 8 bits dynamic RAM module which assembled 8 pcs of 
TC514000J on the printed circuit board. 

The THM84000S is optimized for application to the systems which are required high density and 
large capacity such as main memory of the computers and an image memory systems, and to the 
others which are requested compact size. 

FEATURES 

• 4,194,304 words by 8 bits organization 
• Fast access time 

THMB4000s/L-BO THMB4000s/L-IO 

tRAe m Atcen Time BOns lOOns 

tM Column Address Access Time 40ns SOns 

tCAe ru Access Time 20ns 25ns 

tRC Cycle Time 150ns IBOns 

tpc Fast Page Mode Cyde Time SOns 60ns 

• Single power supply of 5V±10% 
• Low power 4,400mW MAX. Operating(THM84000SIL-80) 

3,740mW MAX. Operating(THM84000S/L-IO) 
44mW MAX. Standby 

• CAS before MS" refresh, MS" only refresh, Hidden refresh, and Fast Page Mode capability. 
• All inputs and outputs TTL compatible 
• 1,024 refresh cycleS/16ms 

PIN CONNECTION (TOP VIEW) 
THMB4000S THM84000L 

vee (I) C 
PIN NAMES 

fAr (2) C 
DQO (3) C 

AD-AIO Address Inputs 

All (4) C DQO-DQ7 Data Inputs/Outputs 
AI (5) C 
DQI (6) C 

ru Column Address Strobe 
A2 (7) C m Row Address Strobe 
A3 (S) c 
vss (9) C VI ReadlWrite Input 
DQ2 (10) C 
A4 (II) C 
AS (12) C 

Vec Power(+5V) 

Vss Ground 
DQ3 (13) C 
A6 (14) c· N.C. No Connection 

A7 (IS) C 
004 (16) C 
AS (17) C 
A9 (18) C 
Al0 (19) C 
DQ5 (20) C 
Vi (21) C 
VS$ (22) C 
DQ6 (23) c 
N.C. (24) C 
DQ7 (25) 0 
N.C. (26) 0 
lIAS' (27) C 
N.C. (28) 0 
N.C. (29) C 
VCC (30) C 

0 
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BLOCK DIAGRAM 

DQ 

DQ 

DQ 

OQ 

Vee 
VSS 

0 I 

1 r 

2 f 

3 r 

~ --< 
--< 
--< 

~ -< 

-< 

--< 

:;:; 
~ 
-< 

-< 

:; 
--c 

-< 

-< 

D 
AO-Al0 
m 
m 
WlfiTE 

rlf-

D 
AO-Al0 
lIAS' 
au 
WIU'FE 

-If-

D 
AO-Al0 
lIAS' 
au 
WRITE 

-If-

D 
AO-Al0 
lIAS' 
au 
WIU'FE 

-II-

QJ DQ4 I D QJ 

~ AO-Al0 
lIAS' 

--< m 
--< \ii7I{I'f! 

-If-

QJ r QJ DQS 
~ 

D 
AO-Al0 

~ lIAS' 
--< m 
-< WRITE 

-If-

QJ r QJ DQ6 ;;; D 
AO-Al0 

~ lIAS' 
--< au 
~ WRiTE' 

-II-

QJ r QJ DQ7 

~ 
D 
AO-Al0 

--< m 
-< au 
--c Wl\i"ff 

~I-

I 
I 
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ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage V'N - 1.0-7.0 V 1 

Output Voltage VOUT -1.0-7.0 V 1 

Power Supply Voltage VCC -1.0-7.0 V 1 

Operating Temperature TOPR 0-70 'c 1 

Storage Temperature TSTG - 55-125 'c 1 

Soldering Temperature' Time TSOlDER 260'10 ·C· sec 1 

Power Dissipation Po 4.B W 1 

Short Circuit Output Current lOUT 50 mA 1 

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

Vec • Supply Voltage 4.5 5.0 5.5 V 2 

V'H lriput High Voltage 2.4 - 6.5 V 2 

V'l Input Low Voltage -1.0 - 0.8 V 2 

DC ELECTRICAL CHARACTERISTICS (Vrr - 5V + 10% Ta - 0-70°C) - , -

SYMBOL PARAMETER. MIN. MAX. UNITS NOTES 

OPERATING CURRENT THM x x X X X X - 80 - 800 
IcC! Average Power Supply Operating Current mA 3,4 

(RAS, CAS, Address Cycling: tRC = tRC MIN.) THMx X XI< X X -10 - 680 

STANDBY CURRENT 

ICC2 Power Supply Standby Current - 16 mA 

(m = CAS = V'H) 

RAS ONLY REFRESH CURRENT THM x x X x X x - 80 - 800 
ICC3 Average Power Supply Current, W Only Mode mA 3 

(RAS Cycling, CAS V'H: tRC = tRC MIN.) THMxxxxxx-l0 - 680 

FAST PAGE MODE CURRENT THM x x x x x x - 80 - 480 
1((4 Average Power Supply Current, Fast Page Mode mA 3,4 

(RAS = V'l, m Address Cycling: tpc = tpc MIN.) THMx x x x x x -10 - 400 

STANDBY CURRENT 

lee5 Power Supply Standby Current - 8 mA 

(W= CAS = Vcr-0.2V) 

m BEFORE W REFRESH CURRENT THM x x x x x x - 80 - 800 
1((6 Average Power Supply Current, ro Before RAS mA 3 

Mode (RAS, m Cycling: tRC=tRC MIN.) THMxxxxxx-l0 - 680 

INPUT LEAKAGE CURRENT 

I'(l) Input Leakage Current, any Input -80 80 I'A 
(OVSV'NS6.5V All Other Pins not under Test = OV) 

10(l) 
OUTPUT LEAKAGE CURRENT 

-20 20 
(DOUT is disabled, OVSVollTSS.5V) 

pA 

VOH 
OUTPUT LEVEL 

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

VOL 
OUTPUT LEVEL 

Output ··L· Level Voltage (10 JT = 4.2mA) - 0.4 V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
. (Vee = SV ± 10%, Ta = 0-70°C) (Notes 5, 6, 7) 

THM84000S-80 THM84000S-10 
SYMBOL PARAMETER 

MAX. 
UNIT NOTES 

MIN. MAX. MIN. 

tRe Random Read or Write Cycle Time ISO - 180 - ns 

tpe Fast Page Mode Cycle Time 50 - 60 - ns 

tRAe Access Time from m - 80 - 100 ns 8,13 

teAe Acceu Time from c:AS" - 20 - 25 ns 8, 13 

tAA Access Time from Column Address - 40 - SO ns 8,14 

tePA Access Time from ro Precharge - 45 - 55 ns 8 

telz m to Output in Low-Z 0 - 0 - ns 8 

tOFF Output Buffer Turn-off Delay 0 20 0 20 ns 9 

tT Transition Time (Rise and Fall) 3 50 3 SO ns 7 

IRP m Precharge Time 60 - 70 - ns 

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

tRASP m Pulse Width (Fast Page Mode) 80 200,000 100 200,000 ns 

tRIH m Hold Time 20 - 25 - ns 

lesH m Hold Time 80 - 100 - ns 

tCAS ru Pulse Width 20 10,000 25 10.000 ns 

tReD RAS to m Delay Time 20 60 25 75 ns 13 

tRAD m to Column Address Delay Time IS 40 20 SO ns 14 

leRP CAS to m Precharge Time 5 - 10 - ns 

tep m Precharge Time (Fast Page Mode) 10 - 10 - ns 

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

tRAH Row Address Hold Time 10 - IS - ns 

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

leAH Column Address Hold Time IS - 20 - ns 

tAR 
Column Address Hold Time referenced to 

60 - 75 -m ns 

tRAl Column Address to m Lead Time 40 - SO - ns 

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

tRCH Read Command Hold Time 0 - 0 - ns 10 

tRRH 
Read Command Hold Time referenced to 

0 0 10 m - - ns 

tWCH Write ommand Hold Time IS - 20 - ns 

tweR 
Write ommand Hold Time referenced to 

60 75 m - - ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

THM84000S-80 THM84000S-10 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. 

twp Write Command Pulse Width 15 - 20 - ns 

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

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

tos Data Set-Up Time 0 - 0 - ns 11 

tOH Data Hold Time 15 - 20 - ns 11 

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

tREF Refresh Period - 16 - 16 ms 

twes Write Command Set-Up Time 0 - 0 - ns 12 

tesft m Set-Up Time (m before W Cycle) 5 - 10 - ns 

teHR m Hold Time (m before W Cycle) 15 - 20 - ns 

tRPe m to m Precharge Time 0 - 0 - ns 

tcpr 
m Precharge Time (00 before m 

40 - 50 - ns Counter Test Cycle) 

tWJ\P 
WRiTE to m Precharge Time 

10 (CAS before m Cycle) - 10 - ns 

tWRH 
WRITE to m Hold Time 

10 - 10 (CAS berore RAS Cycle) - ns 

CAPACITANCE (Vrr - 5V + 10% f -1MHz Ta - 0-70·C) - , - , -
SYMBOL PARAMETER MIN. MAX. UNIT 

C" Input Capacitance (AO-Al0, iN, CAs, ·R:As) - 60 pF 

COQ 110 Capacitance (DQO-DQ7) - 15 pF 
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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 V ss. 

3. ICCI. ICC3. ICC4. IcCG depend on cycle rate. 

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

5. An initial pause of 200115 is required after power-up followed by 8 !'!AS cycles before proper device 
operation is achieved. In case of using internal refresh counter. a minimum of 8 ~ before ItAS 
initialization qcles instead of 8 ItAS cycles are required. 

6. AC measurements assume t·r=5ns. 

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

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

9. tQ1o'Jo' (max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to ou tpu t voltage levels. 

10. Either tRClI or tHlm must be satisfied for a read cycle. 

11. These parameters are referenced to 'CAS leading edge. 

12. twcs is not restrictive operating parameters. This is 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). 

13. Operation within the taco (max.) limit insures that tRI\C (max.) can be met. 
taco (max.) is specified as a reference point only: If tltCD is greater than the specified tltCD (max.) 
limit, then access time is controlled by tcl\C. 

14. Operation within the tl~D (max.) limit insures that tltl\C (max.) can be met. 
taAo (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit. then access time is controlled by tl\/\. 
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READ CYCLE 

AO-AIO 

V,H­
V1L _ 

V1H -

V'L 

I .. , 

DOO- VOH-______ OPEN ____ ~ 

D07 VOL-

8-7 

THM84000S/L-80, 10 

_ : ow or "L" 



THM84000S/L-80, 10 

EARLY WRITE CYCLE 

Viii -
AO-Al0 VIL_ 

OQO- VIH 
OQ7 VIL 

_ : ow or "L" 
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FAST PAGE MODE READ CYCLE 

V,H 
AD-Ala V,L 

VOH-000-
007 

VOL_---------~~ 

8-9 

THM84000S/L-80, 10 

VALID DATA OUT 

_ : "W or "L" • 



THM84000S/L-80, 10 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

V,H -
CAS V,L _ __ --' 

DQO­
OQ7 

8-10 

• VALID OATA IN 

_:"WOr"l" 



THM84000S/L-80, 10 

RA""S ONLY REFRESH CYCLE 

• t~, .1 
I ~ 

t!!P • . til!' 
'j \ 

Ie ... 

~I ,-
i V 

I~ 
tRAB 

_ : "W or "l" 

Note: WRITE, Al0="W or "L" 
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THMB4000S/L-BO, 10 

~ BEFORE ID\'S REFRESH CYCLE 

DOO- V,H '}-________ OPEN __________ _ 
D07 V,L -____ --J 

1m! :"W or "L" 
Note: AO-A 10 = oW or "L ° 
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HIDDEN REI<'RESH CYCLE (READ) 

AO-Al0 

DQO­
DQ7 

THM84000S/L-80, 10 

_ : HW or HL" 
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THM84000S/L-80, 10 

HIDDEN REFRESH CYCLE (WRITE) 

_ : "H" or "L" 
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CAS BEFORE RAg REFRESH COUNTER TEST CYCLE 

READ CYCLE 

000- VOH -------I-+-- OPEN ___ -++< 
DQ7 VOL_ 

WRITE CYCLE 

000-
007 V1H - -----OPEN __ -{I 

V1L - l<-____ ......Jr 

8-15 

THMB4000S/L-BO, 10 

_ : oW or "L" 



THM84000S/L-80, 10 

OUTLINE DRAWINGS 
Unit in mm 

eTHM84000S 

2-1213.18± 0.05 

1~ ____________ ~8~8.~9t~0~.1~3 ______________ ~ 

---' 

~;.~ 0000 
~: 0000 
_7~.6~2~±0~.1~3~ __ ~~ ________ ~~ ___________ 1 

eTHM84000L 

x 

~ 
N 

'" N 

82.14±0.13 

Contacts: Tin - Lead 

0.25MAX. 

I. 76.5010.13 ~ 

0000 
0000 

73.66 
....!Lll.tO.l ., 
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1,048,576 WORDSx32 BIT DYNAMIC RAM MODULE 

DESCRIPTION 
PRELIMINARY 

The THM321000S is a 1.048.576 words by 32 bits dynamic RAM module which assembled 8 pes of 
TC514400J on the printed circuit board. The THM321000S can be as well used as 2.097,152 words by 
16 bits dynamic RAM module. by means of connecting DQO and DQ16. DQl and DQ17. DQ2 and 
DQ18. ......... DQ15 and DQ3l, respectively. The THM321000S is optimized for application to the 
systems which are required high density and large capacity such as main memory of the computers 
and as image memory systems, and to the others which are requested compact size. 

FEATURES 

• 1,048,576 words by 32 bits organization 
• Fast access time and cycle time 

THM321000 THM321000 
5-80 5-10 

tRAC liAS" Access Time 80ns lOOns 

tAA Column Address 

Access Time 
40ns SOns 

tCAC 00 Access Time 20ns 2Sns 

tRC Cycle Time 150ns 180ns 

tpc fast Page Mode 
SOns 60ns 

Cycle Time 

PIN CONNECTION (TOP VIEW) 

• Single power supply of 5V±10% 
• Low power 

4,620mW MAX. Operating(THMxxxxxx-80) 
3.960mW MAX. Operating(THMxxxxxx-l0) 

44mW MAX. Standby 
• "CAS before EAS refresh, RAS only refresh, Hidden 

refresh. and Fast Page Mode capability. 
• All inputs and outputs TIL compatible 
• 1024 Refresh cycleS/16ms 
• Tin-Lead Contact: THM321000S-80,10 
• Gold Contact: THM321000SG-80,lO 

PIN NAMES 

~ "Q",Q,Q"g, ~",Q",Q",g" 0 I 
AO-A9 Addre" Inpuu 

oQO-oQ31 Data InputlOutpuU 

~-~ Column Addre" Strobe 

~.m1 Row Address Strobe 

I 36 37 72 W ReadIWrite Input 

Vee Power(+5V) 

Vss Ground 

PO Presence Detect Pin 

I Vss 13 AI 25 oQ22 37 NC 49 oQ8 61 oQI3 -80 -10 
2 OQO 14 A2 26 007 38 NC 50 0024 62 0030 PoO Vss Vss 
3 0016 IS A3 27 0023 39 Vss 51 009 63 0014 POI Vss Vss 
4 001 16 A4 28 A7 40 c::AS1j 52 0025 64 0031 P02 NC Vss 
5 0017 17 AS 29 tlC 41 ro2 53 0010 65 0015 P03 Vss Vss 
6 002 18 A6 30 Vee 42 rnl 54 0026 66 NC 

7 0018 19 NC 31 A8 43 UUT ,55 0011 67 POO 

8 003 20 004 32 A9 44 ~ 56 0027 68 POI 

9 0019 21 DQ20 33 NC 45 NC 57 OQI2 69 P02 

10 Vee 22 DQ5 34 R.m 46 NC 58 0028 70 P03 

11 NC 23 oQ21 35 NC 47 W 59 Vee 71 NC 

12 AO 24 OQ6 36 NC 48 NC 60 OQ29 72 V.s 
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THM321000S-80, 10 
THM321000SG-80, 10 

BLOCK DIAGRAM 

roo 
100'0 

w 
AO-A9 

ro 
,rlf: W 

T 
---1~ 
rif: w 

ro 
100" riM W 

- T 
---j:m 
rlf: W 

ro 

rlf: W 
T 

'---1:m 
rlf: W 

ro 
rlf: W 

T 
'---1ro 
,rlf: W 

1101 
1102 

MO 1103 
AO-9 1104 

I 
1101 

Ml 1102 
1103 

AO-9 1104 

1101 
M3 1102 

1103 
AO-9 1104 

1101 
M4 1102 

1103 
AO-9 1104 

1101 
1102 

M6 1103 
AO-9 1104 

I 
1101 
1102 

M7 1103 
AO-9 1104 

1101 
1102 

M9 1103 
AO-9 1104 

I 
1101 
1102 MIO 1103 

AO-9 1104 

Vee 0-0---------1r------' MO-7 

Vss 0 T CO-7 , MO-7 
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o 10 
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D 18 o 19 

D~20 D 21 
o 22 o 23 

D~24 D 25 
D 26 
D 27 

D§28 o 29 
D 30 
D 31 



ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING 

Input Voltage V'N -1.0-7.0 

Output Voltage VOUT -1.0-7.0 

Power Supply Voltage Vee -1.0-7.0 

Operating Temperature TOPR 0 ... 70 

Storage Temperature TSTG -55-125 

Soldering Temperature' Time TSOlDER 260'10 

Power Dissipation Po 4.8 

Short Circuit Output Current lOUT 50 

RECOMMENDED DC, OPERATING CONDITIONS eTa = 0-70oq 

SYMBOL PARAMETER MIN •• TYP. 

Vee Supply Voltage 4.5 5.0 

V'H Input High Voltage 2.4 -
V'l Input Low Voltage -1.0 -

8-19 

THM321000S-BO, 10 
THM321000SG-BO, 10 

UNITS NOTES 

V 1 

V 1 

V 1 

·C 1 

·C 1 

·C·sec 1 

W 1 

mA 1 

MAX. UNIT NOTES 

5.5 V 2 

6.5 V 2 

0.8 V 2 



THM321000S-80, 10 
THM321000SG-80, 10 

DC ELECTRICAL CKARACTERISTICS (Vee = SV ± 10%. Ta = 0-70oq 

SYMBOL PARAMETER MIN. 

OPERATING CURRENT 

ICCI Average Power Supply Operating Current THM3210005-aO -
(W. m. Address Cycling: tRC=tRCMIN.) THM3210ooS·10 -
STANDBY CURRENT 

Iccz Power Supply Standby Current -
em = m .. VIH) 

W ONLY REFRESH CURRENT 

ICC] Average Power Supply Current, W Only Mode THM3210005-80 -em Cycling. m .. VIH: tRC" tRC MIN. ) THM321000S·10 -
FAST PAGE MODE CURRENT 

ICC4 Average Power Supply Current, Fast Page Mode THM321000S·80 -
(W"V,L. m Address Cycling: tpcctpcMIN.) THM321 0005-1 0 -
STANDBY CURRENT 

Ices Power Supply Standby Current -
(w=m"Vcc-0.2V) 

m BEFORE m REFRESH CURRENT 

Ice6 Average Power Supply Current, m Before W THM321 0005·80 -
Mode !'liM. m Cycling: tAC" tAC MIN. ) THM3210005-10 -
INPUT LEAKAGE CURRENT 

II ILl Input Leakage Current, any Input -80 

(OV:;; VIN :;; 6.SV. All Other Pins not under Test.. OV) 

lOlL) 
OUTPUT LEAKAGE CURRENT 

-10 
(DOUT is disabled. OV:;; VOUT:;; S.SV) 

IOH 
OUTPUT LEVEL 

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

OUTPUT LEVEL 
VOL 

Output "L' level Voltage (lOUT" 4.2mA) -

8-20 

MAX. UNITS NOTES 

840 rnA 3.4 

720 

16 mA 

840 rnA 3 

720 

560 mA 3.4 

480 

8 rnA 

840 mA 3 

720 

80 pA 

10 pA 

- V . 
0.4 V 



THM321000S-80, 10 
THM321000SG-80, 10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = 5V ± 10%, Ta = 0-70°C) (Notes 5, 6, 7) 

THM321 0005-80 THM321000S-10 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. 

\ftc Random Read or Write Cycle Time 150 - 180 - ns 

tpc Fast Page Mode Cycle Time 50 - 60 - ns 

tRAC Access Time from m - 80 - 100 ns 8,13 

tCAC Access Time from ro - 20 - 25 ns 8,13 

tAA Access Time from Column Address - 40 - 50 ns 8,14 

tePA Access TIme from ro Precharge - 4S - 55 ns 8 

te12 ro 10 Output in Low-Z 0 - 0 - ns 8 

tOFF Output Buffer Turn-off Oelay 0 20 0 20 ns 9 

tT Transition Time (Rise and Fall) 3 50 3 50 ns 7 

tRP m Precharge Time 60 - 70 - ns 

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

IR .. SP m Pulse Width (Fast Page Mode) 80 200,000 100 200,000 ns 

tRSH mHold Tim. 20 - 25 - ns 

tCSH ro Hold Time 80 - 100 - ns 

tc .. s ro Pulse Width 20 10,000 2S 10,000 ns 

tRCO m to m Oelay Time 20 60 25 75 ns 13 

tRAO m to Column Address Delay Time 15 40 20 50 ns 14 

teRP ro to m Precharge Time 5 - 10 - ns 

tep ro Precharge Time (Fast Page Mode) 10 - 10 - ns 

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

tRAH Row Address Hold Time 10 - 15 - ns 

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

te .. H Column Address Hold Time 15 - 20 - ns 

Column Address Hold Time referenced 
60 75 t .. R 

tom - - ns 

tRAl Column Addrels to m Lead Time 40 - 50 - ns 

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

tRCH Read Command Hold Time 0 - 0 - ns 10 

Read Command Hold Time referenced 
tRRH 

tom 
0 - 0 - ns 10 

tWCH Write Command Hold TIme 15 - 20 - ns 

Write Command Hold Time referenced 
tWCR 

tom 
60 - 75 - ns 
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THM321000S-80, 10 
THM321000SG-80, 10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

THM321000S·80 THM321000S·10 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. 

twp Write Command Pul~e Width 15 - 20 - ns 

t~Wl Write Command to 'RAJ Lead Time 20 - 2S - ns 

1cWl Write Command to 'CAS" Lead Time 20 - 2S - ns 

tos Date Set·Up Time 0 - 0 - ns 11 

tDH Date Hold Time 15 - 20 - ns 11 

tDHR Data Hold Time referenced to lIAS' 60 - 75 - ns 

tREF Refr.~h Period - 16 - 16 ms 

lwes Write Command Set·UP Time 0 - 0 - ns 12 

teSR m Set·Up Time (m before lIAS' Cyde) 5 - 10 - ns 

teHR m Hold Time (m before lIAS' Cycle) 15 - 20 - ns 

tRPC m to m Precharge Time 0 . - 0 - n~ 

tCPT 
m Precharge Time em before lIAS' 

40 - 50 - ns 
Counter Test Cycle) 

tWR' 
IiVlii11 to lIAS' Precharge Time 

, 10 - 10 - ns (m before lIAS' Cycle) 

IiVlii11 to m Hold Time 
tWRH (m before 'RAJ Cycle) 

10 - 10 - n~ 

CAPACITANCE (Vee = .5V± 10%, f = 1MHz, Ta = 0-70oq 

SYMBOL PARAMETER MIN. MAX. UNIT 

CII Input Capacitance (AO-A9) - 60 pF 

CI2 Input Capacitance (W) - 45 pF 

Cl3 Input Capacitance (1IASlf. lIASJ) - 35 pF 

CI4 Input Capacitance (~-ml) - 30 pF 

CDQI VO Capacitance(OQO-31) - 17 pF 
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NOTES: 

THM321000S-80, 10 
THM321000SG-80, 10 

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. ICC1. ICC3. ICC4. ICC6 depend on cycle rate. 

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

S. 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 "CAS before 
RAS initialization cycles instead of 8 lti\S cycles are required. 

6. AC measurements assume tT=5ns. 

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

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

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

10. Either taCH or tam·l must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. twcs is not restrictive operating parameters. This is included the data sheet as electrical 
characteristics only. If twCS!1: twcs(min.), the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance). 

13. Operation within the taco(max.) limit insures that tRAc(max.) can be met. 
taco(max.) is specified as a reference point only: If tRCO is greater than the specified tnco(max.) 
limit. then access time is controlled by teAC. 

14. Operation within the tRAo(max.) limit. insures Ulat tRAc(max.) can be met. 
tnAo(max.) is specified as a reference point only: IftRAO is greater than the specified tRAo(Jnax.) 
limit. then access time is controlled by tAA. 
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THM321000S-80, 10 
THM321000SG-80, 10 

READ CYCLE 

DQO- VOH- _____ OPEN -----<l! 
DQ31 VOL..,. 

8-24 

_ :"W or "L" 



EARLY WRITE CYCLE 

OQO- VIH­
OQ31 VIL_ 

8-25 

THM321000S-80,10 
THM321000SG-80, 10 

_ :"W or "L" 



THM321000S-BO, 10 
THM321000SG-BO, 10 

FAST PAGE MODE READ CYCLE 

VIH-----""'­
VIL _ 

OQO- VOH- ---------I--4'9ZM 
OQ31 VOL-

8-26 

• VALID DATA OUT 

_ : "H" or "L' 



FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

VIH -
AO-A9 VIL_ 

OQO- VIH­
OQ31 VIL _ 

B-27 
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VALID DATA IN 

IE : "W or "L". 



THM321000S-BO, 10 
THM321000SG-BO, 10 

lU:S ONLY REFRESH CYCLE 

1\ ~ 

.t: 
.if 

I~ :::t 

Note: W1(j'fE."W or "L" 

t.,. 

tlls 
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to. , 
"\ I--..jt 

I~ 
\./ 
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~ BEFORE m REFRESH CYCLE 

THM321 0005-80, 10 
THM3210005G-80, 10 

OQO- VIH 
OQ31 VIL ____ .:--------OPEN ---------

_ :"W or "L" 

Note: AO-A9" "H" or "L" 
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THM321000S-80, 10 
THM321000SG-80, 10 

HIDDEN REFRESH CYCLE (READ) 

V'H­
W V'L_ 

V'H­
AO-A9 V'L_ 

DQO- VOH -------'----+-<mW>! 
DQ31 VOL - 1'--_____ -,...-_-

fa :"W or "L~ 
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HIDDEN REFRESH CYCLE (WRITE) 

8"31 

THM321000S-80, 10 
THM321000SG-80, 10 

at ;"W or "L" 



THM321000S-BO, 10 
THM321000SG-BO, 10 

~ BEFORE ItAS REFRESH COUNTER TEST CYCLE 

READ CYCLE 

WRITE CYCLE 

[

WiW ~:~ 

DQO- VIH­
DQ31 VIL _----- OPEN ---{I "It-_____ --'Ir 
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OUTLINE DRAWINGS 

FRONT SIDE 

THM321000S-80, 10 
THM321000SG-80, 10 

Unit In mm 

2-03 IUO OS 

-.-1' ",." .• " 11 ~ 
'4-4-"'T~Q,g"q,9Q9,9,g) j, ~ 

..... ,.. 
..... - II! 

0 ;;; +I 
0 '" +1 "! 0 .. ... 
In 

1/ N 

1.27 I "' Rl.S7tO.l0 2 t +0.10 
--~It+"= 1.27 - O.OB 

";;':';;':;':;;':;;';~;t<+- 6.35 + O.OB 2.03±0.13 

6.3S±0.13 9S.2S±0.OB 

3.3BtO.13 IOI.19±0.13 

• THM321000S 

Contacts: Tin -lead 

" , ?9± 0.08 

· DOD ~. 
i 
N 

o 
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• THM321000SG 

" ,,1.04:1:,0.05 

· DOD-iN: 
Contacts: Gold 

--~====~~~~-
,~ i 
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1,048,576 WORDS x 32 BIT DYNAMIC RAM MODULE 

DESCRIPTION 
PRELIMINARY 

The THM321020S is a 1.048.576 words by 32 bits dynamic RAM module which assembled 8 pes of 
TC514400J on the printed circuit board. The THM321020S can be as well used as 2.097.152 words by 
16 bits dynamic RAM module. by means oC connecting DQO and DQ16. DQ1 and DQ17. DQ2 and 
DQ18 •.•...•..• DQ15 and DQ31. respectively. The THM321020S is optimized Cor application to the 
systems which are required high density and large capacity such as main memory oC the computers 
and as image memory systems. and to the others which are requested compact size. 

FEATURES 

• 1.048.576 words by 32 bits organization 
• Fast access time and cycle time 

THM321020 THM321020 
5-80 S·IO 

tRAe ro Access Time 80ns lOOns 

tM Column Add,ess 
40ns 

Access Time 
SOns 

teAc m Access Time 20ns 2Snl 

tRC Cycle Time I Sans 180ns 

t'e Fast Page Mode 
Sans 60ns 

Cycle Time 

PIN CONNECTION (TOP VIEW) 

D D D D 

• Single power supply oC 5V±10~ 
• Low power 

4,620mW MAX. Operating(THMx=xxx-801 
3.960mW MAX. Operating(THMxxxxxx-10) 

44mW MAX. Standby 
• ~ before ns refresh. ns only refresh. Hidden 

refresh. and Fast Page Mode capability. 
• All inputs and outputs TTL compatible 
• 1024 Refresh cycleS/16ms 
• Tin-Lead Contact: THM321020S·80,lO 
• Gold Contact: THM321020SG·80.10 

PIN NAMES 

AO-A' Address InpuU 
DQO-OQ31 Data InputlOutpuU 
~-roJ Column Address Strobe ~o 

1111111111111111111111111111111111111 A 1111111111111111111111111111111111111 

01 
030", Jtm' Row Addross Strobe 

I 36 37 72 W Re.dJW,ite Input 

Vee Powe,(+5VI 

Vss G,ound 
PO P,esence Detect Pin 

I Vss 13 AI 25 DQ22 37 NC 4' OQ8 61 OQI3 -80 -10 
2 OQO I" ~ 26 DQ7 38 NC 50 DQ24 62 OQ30 PDO Vss Vss 
3 OQI6 15 A3 27 DQll 3' Vss 51 DQ9 63 OQI4 POI Ifss Vss 
4 DQI 16 A4 28 A7 40 ~ 52 OQ25 64 OQ31 PD2 Ne Vss 
5 OQI7 17 AS 29 NC 41 mI 53 OQIO 65 DQI5 PD3 Vss Vss 
6 OQ2 18 A6 30 V~e 42 mJ 54 OQ26 66 NC 
7 DQI8 19 NC 31 AI 43 mT 55 OQl1 67 PDO 
8 OQ3 20 DO" 32 A9 44 !lAm 56 DQ27 68 POI 

9 DQI9 21 OQ20 33 NC 4S NC 57 OQI2 69 PD2 
HI Vee 22 DQ5 34 Jtm' 46 NC 58 OQ28 70 PD3 
II NC 23 DQ21 35 NC 47 W 59 vee 71 NC 
12 AO 24 DQ6 36 NC 48 NC 60 OQ29 72 Vss 
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THM3210205-80, 10 
THM321 0205G-80,1 0 

BLOCK DIAGRAM 

mO 
M'o 

w 
AO·A9 

m 

ri~ 
'---jm 

rl~ 

m 

rl~ 
L...-.-j.m 
rl~ 

m 
rl~ 
~m 

rl~ 

m 
Irl~ 
L---jm 

rl~ 

W 
T 

W 

W 
T 

W 

W 
T 

W 

1 
W 
T 

W 

1101 

MO 
1102 
1103 

AO-9 1104 

I 
VOl 

MI V02 
V03 

AO-9 1104 

VOl 
M3 

1102 
V03 

AO-9 1104 

1101 
M4 1102 

1103 
AO-9 1104 

1101 

M6 
1102 
1103 

AO-9 1104 

I 
1101 
1102 

M7 1103 
AO-9 1104 

1101 

M9 
1102 
1103 

AO-9 1104 

J 
1101 
1102 MID 1103 

AO-9 1104 

Vee ooo--------""11r------" MO-7 
Vss 0 T CO-7 " MO.7 
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ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING 

Input Voltage V,N -1.0-7.0 

Output Voltage VOUT -1.0-7.0 

Power Supply Voltage Vee -1.0-7.0 

Operating Temperature TOPA .0-70 

Storage Temperatur. TSTG -55-125 

Soldering Temperatur.· Time TSOLDER 260'10 

Pow.r Dissipation PD 4.& 

Short Circuit Output Current lOUT SO 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70·Q 

SYMBOL PARAMETER MIN. TYP. 

Vee Supply Voltage 4.5 5.0 

V,H Input Hi\lh Voltago 2.4 -
V,L Input Low Voltage -1.0 -
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UNITS 

V 

V 

V 

·C 

·C 

-C,sec 

W 

rnA 

THM3210205-80, 10 
THM3210205G-80, 10 

NOTES 

I 

I 

I 

I 

1 

t 

1 

1 

MAX. UNIT NOTES 

5.5 V 2 

6.5 V 2 

0.& V 2 



THM321020S-80, 10 
THM321020SG-80, 10 

DC ELECTRICAL CHARACTERISTICS Nee = sv ± 10%, Ta = 0-70·C) 

SYMBOL PARAMETER MIN. 

OPERATING CURRENT 

Ice. Average Power Supply Operating Current THM32 I 0205-80 -
(m, 03, Addr.ss Cycling: tRC" t.c MIN.) THM321 0205-1 0 -
STANDBY CURRENT 

ICC2 Power Supply Standby Current -
(w .. 03 .. VIH) 

m ONLY REFRESH CURRENT 

Ico Average Power Supply Current, W Only Mode THM3210205-80 -
(m Cycling. m.VIH: IRC"tRCMIN.) THM321 0205-1 a -
FAST PAGE MODE CURRENT 

Icee Average Power Supply Current, Fast Page Mode THM321020S-80 -
(IIA~ .. Vlu 03 Addres. Cycling: I" '" I" MIN.) THM321 0205-1 a -
STANDBY CURRENT 

Iccs Power Supply Slandby Currenl -
(w .. m.Vcc- 0.2V) 

03 BEFORE m REFRESH CURRENT 

ICC6 Average Power Supply Currenl, ro Before m THM3210205-S0 -
Mode (m, 03 Cycling: IRC" tRC MIN. ) THM321 0205-1 0 -
INPUT LeAKAGE CURRENT 

II(L) Input Leakage Current, any Input -80 
(OVSVINS6.SV, All Other Pins not under TeshOV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

-10 
(DOUT is disabled, OVSVOUTSS.5V) 

IOH 
OUTPUT LEVEL 

Output "W Level Vollage(loUT" -SmA) 
2.4 

VOL 
OUTPUT LEVEL 

Output • L" Level Voltage (lOUT" 4.2mA) -

8-38 

MAX. UNITS NOTES 

840 InA 3,4 

720 

16 InA 

840 rnA 3 

720 

560 InA 3,4 

4S0 

S InA 

840 InA 3 

720 

80 pA 

10 pA 

- V 

0.4 V 



THM321020S-80,10 
THM321020SG-80, 10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc=5V:t10%, Ta =O-70°C) (Notes 5, 6,7) 

THM321020S-BO THM321020S-10 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. 

t.e Random Read or Write Cycle Time ISO - 180 - ns 

tpe Fast Page Mod. Cycle Time 50 - 60 - ns 

tRAe Access Time from m - BO - 100 ns 8, 13 

teAe Acc." Time from m - 20 - 25 ns 8, 13 

tM Access Time from Column Address - 40 - 50 ns 8, 14 

tePA Access Tim. from m Precharge - 45 - 55 ns 8 

tell m to Output in Low-Z a - 0 - ns 8 

to" Output Buffer Turn-off Delay a 20 a 20 ns 9 

tT Transition Time (Rise and Fall) 3 50 3 50 ns 7 

tRP m Precharge Time 60 - 70 - ns 

tRAS m Pulse Width 80 10.000 lOa 10,000 ns 

tRASP m Pulse Width (Fast Page Mode) 80 200,000 lOa 200,000 ns 

tASH m Hold Time 20 - 25 - ns 

tcsH m Hold Time BO - lOa - ns 

teAs m Pulse Width 20 10.000 25 10,000 ns 

tRCD m to ro Delay Time 20 60 25 75 ns 13 

tRAD m to Column Address Delay Time IS 40 20 50 ns 14 

teR' m to m'P,echarg' Timo 5 - 10 - ns 

tep /:A'S" Precharge Tim. (Fasl Page Mode) 10 - 10 - ns 

IASR Row Address Set-Up Time a - a - ns 

lRAH Row Address Hold Time 10 - IS - nl 

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

teAH Column Addr.ss Hold Time IS - 20 - nl 

Column Address Hold Time reforenced 
60 1M 

tom - 75 - nl 

lRAl Column Address to m Lead Time 40 - 50 - ns 

tRes Read Command S.t-Up Time a - a - ns 

tRCH Read Command Hold Time 0 - a - ns 10 

IARH 
Read Command Hold Time referenced 

tom 
0 - 0 - ns 10 

tWCH Write Command Hold Time 15 - 20 - nl 

Write Command Hold Time r.ferenced 
twc. 

tom 
60 - 75 - nl 
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THM321020S-80,10 
THM321020SG-80, 10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

THM321020S·80 THM32102QS.IO 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. 

twp Writ. Command Pullf Width IS - 20 - ns 

tAWl. Writ. Command to m Lead Tim. 20 - 25 - ns 

tcWI. Write Command to m Lead Tim. 20 - 25 - ns 

t05 Oat. Set·Up Time 0 - 0 - ns II 

taH Date Hold Tim. 15 - 20 - ns II 

taH' Data Hold Time referenced to m 60 .:. 75 - ns 

tREf Refresh Period - 16 - 16 ms 

twa Write Command Set·UP Tim. 0 - 0 - ns 12 

taR m Set·Up Time 1m before m Cycle) 5 - 10 - ns 

tcHR m Hold Time em before m Cycle) IS - 20 - ns 

t.pc m to m Procharge Time 0 - 0 - ns 

tcPT 
m Precharge Time em before m 

40 - SO - ns 
Counter Test Cycl.) 

tWRP 
WJmt to m Precharg. Tim. 

10 - 10 - ns 1m beforem Cycle) 

wm to m Hold Tim. 
10 tWAH 1m beforo m Cycle) 

. - 10 - ns 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (A0-A9) - 88 pF 

02 Input Capacitanc. (W) - 84 pF 

03 Input Capacitanc. ~.lIAJl) - 42 pF 

04 Input Capacltanc. ~-m3) - 3& pF 

COQl I/O Capacitance IDQO-31) - 11 pF 
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NOTES: 

THM3210205-80, 10 
THM3210205G-80, 10 

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. lCC1, ICC3, ICC4, lCC6 depend on cycle rate. 

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

5. An initial pause of 200\15 is required after power-up followed by 8 nAg cycles Defore proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before 
lIAS initialization cycles instead of 8 m cycles are required. 

6. AC measurements assume tT=5ns. 

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

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

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

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

11. These parameters are referenced to ~ leading edge. 

12. twcs is not rl!strictive operating parameters. This is included the data sheet as electrical 
characteristics only. II twcs~ twcs(min.), the cycle is an early write cycle and data out pin will 
remain open circuit (high impedance). 

13. Operation within the tRco(max.) 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. 

14. Operation within the tRAo(max.) limit, insures that tRAc(max.) can be met. 
tRAo(max.) is specified as a reference point only: irtRAO is greater than the specified tRAo(max.) 
limit, then access time is controlled by tAA. 
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THM321020S-80, 10 
THM321020SG-80,10 

READ CYCLE 

V'H­m V,~_ 

V'H -
AO-A9 V,~_ 

OQO- VOH- ____ O'EN __ ~ 
OQ31 Vo~-

8-42 
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EARLY WRITE CYCLE 

OQO- V'H­
OQ31 V'L-
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_ : ow or "L" 



THM321020S-80, 10 
THM321020SG-80, 10 

FAST PAGE MODE READ CYCLE 

AO-A9 VV'H­'l_ 

DQO- VOH-_______ ~~ 

DQ31 VOl-

VAUO DATA OUT 

_ :"W Dr "L" 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

V'H­
AO-A9 V'L_ 

DQO- V'H­
DQ31 V'L-
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THM321020SG-80, 10 

VAUD DATA IN 

_ :"W or "l." 



THM321020S-80,10 
THM321 020SG~80, 10 

m ONLY REFRESH CYCLE 

W VIH VIL ___ --' 

Note: WIiITf."W or "L" 

_ :"W or "L" 



"CAS BEFORE m REFRESH CYCLE 

THM321020S-80,10 
THM321020SG-80,10 

-
OQO- V'H 
OQ31 V'L __ --r'>-------OPlN-------

~ :"W or "L" 

Note: AO-A9."W or "L" 

8-47 
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THM321020S-80, 10 
THM321020SG-80, 10 

HIDDEN REFRESH CYCLE (READ) 

OQO- VOH -_...,..._~ ___ +--
DQ31 VOL-

_ :"W or "~" 
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HIDDEN REFRESH CYCLE CWRITE> 
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THM321020S-BO, 10 
THM321020SG-BO, 10 

PAS BEFORE BAS REFRESH COUNTER TEST CYCLE 

REAO CYCLE 

WRITE CYCLE 

[

WII1T! ~: 

OQO- VIII­
DQ31 VR. _'-----OPEN ---(I _____ ---7' 

B-50 
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OUTLINE DRAWINGS 

FRONT SIDE 

I' 
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.00 ... - II! 

'" .. .. 
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In 
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11,.27 
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6.3St 0.13 

3.38±0.13 

BACK SIDE 

107.95t 0.13 

I 
"-

9S.25:t 0.08 

101.19:1: 0.13 

THM321020S-80,10 
THM321020SG-80, 10 

Unit in mm 

2·03.18 t 0.05 

DOlt; 
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.1 I f·89MAX• 

,~ 
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\.w.l i 
Contacts: Gold 

, , , ,1.04tO.OS 

· ITO-~ 
i 

N N 

'" '" 
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4,194,304 WORDSx9 BIT DYNAMIC RAM MODULE 

DESCRIPTION 
PRELIMINARY 

The THM94000SIL is a 4.194.304 words by 9 bits dynamic RAM module which assembled 9 pes of 
TC514100J on the printed circuit board. 

The THM94000SIL is optimized for application to the systems which are required high density and 
large capacity such as main memory of the computers and an image memory systems, and to the 
others which are requested compact size. 

FEATURES 

• 4,194.304 words by 9 bits organization 
• Fast access time 

THM94000S/L-80 THM94000s/L-IO 

tRAe RAS Access Time 

tM Column Address Access Time 

tCAe CAS Access Time 

tRe Cycle Time 

tpe Fast Page Mode Cycle Time 

• Single power supply of 5V±100/0 
• Low power 4.950mW MAX. Operating (THM94000SIL-80) 

4.212mW MAX. Operating(THM94000SIL-10) 

80ns lOOns 

40ns SOns 

20ns 25ns 

ISOns 180ns 

SOns 60ns 

49.5mW MAX. Standby 
• CAS before RAS refresh, RABonly refresh, Hidden refresh, and Fast Page Mode capability 
• All inputs and outputs TTL compatible 
• 1,024 refresh cycleS/16ms 

PIN CONNECTION (TOP VIEW) 

THM94000S THM94000L 

vee (1) 0 
0 PIN NAMES 

fi3" (2) 0 
DQO' (3) a 
AO (4) a 

AO-AIO Address Inputs 

DQO-DQ7 Data Inputs/Outputs 
Al (5) a 
DQl (6) a 08 Data Inputs 

A2 (7) a Q8 Data Outputs 
A3 (B) a 
VSS (9) a c:AS Column Address Strobe 
OQ2 (10) a RAS' Row Address Strobe 
A4 (11) a 
AS (12) a W Read/Write Input 
OQ3 (13) a 
A6 (14) a 
A7 (15) a 

~ Column Address Strobe 

vee Power(+SV) 
OQ4 (16) a 
AB (17) a Vss Ground 

A9 (lB) a N.C. No Connection 
Al0 (19) a 
OQS (20) a 
W (21) a 
VSS (22) a 
OQ6 (23) a 
N.e. (24) a 
OQ7 (25) a 
QB (26) a 
liM (27) a 
eASB (2B) a 
DB (29) a 
vee (30) a 

0 
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THM94000S/L-80, 10 

BLOCK DIAGRAM 

DQ a I 

DO 1 I 

DQ 2 
[ 

DO 3 r 

AO-A10 

m 
CAS 

(ASS 

WRITE 

<>--

Vee 
Vss 

I 
I 

D 
=C: AD-A1O 
-< m 
-< CAS 
-< WRITE 

f-H-

~ 
D 
AD-A1O E m 

-< CAS 
--< WRiTE 

HI-

I-- D 

~ AO-A1O 
m 

i-< ro 
i-< W"liJfE 

HI-

t; D 
AD-A1O p; m 

I-< CAS 
i-< W"liJfE 

HI-

QJ DQ4 1 QJ 

~ AD-AI 0 
m 

-< CAS 
i-< W"liJfE 

~I-

QJ I QJ DOS 

~ 
D 
AD-A1O 

i-< m 
r-< CAS 
I--< WRITE 

HI-

QJ r oJ DQ6 
~ 

D 
AD-A1O 

~ m 
r-< CAS 
I--< WRiIT 

f-H-
oJ I o~ DQ7 r- D 

~ AO-AlO 
m 

r-< CAS 
t-< WRTft 

II-

D8 

~ 
D QI--<> 
AO-AlO 

m 

08 

CAS 
WRITE 

~I-
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THM94000S/L-80, 10 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage Y,N -1.0-7.0 V 1 

Output Voltage Your -1.0-7.0. V 1 

Power Supply Voltage Vcc -1.0-7.0 V 1 

Operating Temperature TOPR 0-70 ·C 1 

Storage Temperature TSTG - 55-US ·C 1 

Soldering Temperature' Time TSOlDER 260'10 ·C· sec 1 

Power Dissipation PD 5.4 W 1 

Short Circuit Output Current lOUT SO mA 1 

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Vcc Supply Voltage 4.5 5.0 5.5 V 2 

V,H Input High Voltage 2.4 - 6.5 V 2 

V,l Input Low Voltage -1.0 - 0.8 V 2 

DC ELECTRICAL CHARACTERISTICS (Vr-r- - 5V + 10% Ta - 0-70·C) - - , -
SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT THM x x x x x x - 80 - 900 
Icc. Average Power Supply Operating Current mA 3,4 

(m, ro, Address Cycling: tRC=tRC MIN.) THMxxxxxx-l0 - 765 

STANDBY CURRENT 

ICC2 Power Supply Standby Current - 18 mA 

(m=ro=VH) 

m ONLY. REFRESH CURRENT THM x x x x x x - 80 - 900 
ICCl Average Power Supply Current, m Only Mode mA 3 

(m Cycling, ro V,H: tRC=tRC MIN.) THMxxxxxx-l0 - 765 

FAST PAGE MODE CURRENT THM x x x x x x - 80 - 540 
ICC4 Average Power Supply Current, fast Page Mode mA 3,4 

(m = V'l, ro Address Cycling: tpc = tpc MIN.) THMx x x x x x -10 - 450 

STANDBY CURRENT 

Iccs Power Supply Standby Current - 9 mA 

(m = ro =Vrr- 0.2V) 

ro BEfORE m REFRESH CURRENT THMx x x x x x -80 - 900 
ICC6 Average Power Supply Current, ro Before m mA 3 

Mode (m, ro Cycling: tRC=tRC MIN.) THMx x x x x x -10 - 765 

INPUT LEAKAGE CURRENT 

I.(l) Input Leakage Current, any Input -90 90 IIA 
(OVSV,NS6.5V All Other Pins not under Test=OV) 

'Oll) 
OUTPUT LEAKAGE CURRENT 

(Dour is disabled, OVS VOUTS S.SV) 
-20 20 IIA 

VOH 
OUTPUT LEVEL 

2.4 
Output "W Level Voltage (lOUT = 5 - mAl - V 

VOL 
OUTPUT LEVEL 

Output "L· Level Voltage (lOUT = 4.2mA) - 0.4 V 
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THM94000S/L-80, 10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = 5V ± 10%, Ta = 0-70·C)(Notes 5, 6, 7) 

THM94000S-80 THM9400OS-10 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. 

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

tpc Fast Page Mode Cycle Time 50 - 60 - ns 

tRAC Access Time from AAS" - 80 - 100 ns 8, 13 

tCAC Access Time from 00 - 20 - 25 ns 8,13 

tAA Access Time from Column Address - 40 - 50 ns 8,14 

tCPA Access Time from 00 Precharge - 45 - 55 ns 8 

telZ CAS to Output in Low-Z a - 0 - ns 8 

tOFF Output Buffer Turn-off Delay a 20 a 20 ns 9 

tT Transition Time (Rise and Fall) 3 50 3 50 ns 7 

tRP AAS" Precharge Time 60 - 70 - ns 

IRAS AAS" Pulse Width 80 10,000 100 10,000 ns 

tRASP AAS" Pulse Width (Fast Page Mode) 80 200,000 100 200,000 ns 

IRSH AAS" Hold Time 20 - 25 - ns 

tCSH 00 Hold Time 80 - 100 - os 

tCAS 00 Pulse Width 20 10,000 25 10,000 ns 

tReo m 10 00 Delay Time 20 60 25 75 ns 13 

tRAD AAS" to Column Address Delay Time 15 40 20 50 ns 14 

tCRP 00 to RAS Precharge Time 5 - 10 - ns 

tcp 00 Precharge Time (Fast Page Mode) 10 - 10 - ns 

IASR Row Address Set-Up Time a - 0 - ns 

tRAH Row Address Hold Time 10 - 15 - ns 

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

ICAH Column Address Hold Time 15 - 20 - ns 

tAR 
Column Address Hold Time referenced to 

60 - 75 - ns RAS 

tRAl Column Address to AAS" Lead Time 40 - SO - ns 

tRes Read Command Set-Up'Time 0 - a - ns 

tReH Read Command Hold Time a - 0 - ns 10 

tRRH 
Read Command Hold Time referenced to a - a - ns 10 RAS 

IweH Write Command Hold Time 15 - 20 - ns 

tWCR 
Write Command Hold Time referenced to 

60 - 75 - ns AAS" 
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THM94000S/L-80, 10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

THM94000S-80 . THM94000S-10 
SYM80L PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. 

twp Write Command Pulse Width 15 - 20 - ns 

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

tCWL Write Command to 00 Lead Time 20 - 25 - ns 

tos Data Set-Up Time 0 - 0 - ns 11 

tOH Data Hold Time 15 - 20 - ns 11 

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

tREF Refresh Period - 16 - 16 ms 

twcs Write Command Set-Up Time 0 - 0 - ns 12 

tCSR CAS Set-Up Time (00 before m Cycle) 5 - 10 - ns 

tCHR CAS Hold Time (00 before m Cycle) 15 - 20 - ns 

tRPC RA5 to 00 Precharge Time 0 - 0 - ns 

tCPT 
00 Precharge Time (00 before RA5 

40 
Counter Test Cycle) - 50 - ns 

tWRP 
WRITE to m Precharge Time 

10 (00 before RAS Cycle) - 10 - ns 

tWRH 
WRITE to m Hold Time 

10 (00 before m Cycle) - 10 - ns 

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

C" Input Capacitance (AO-A 10, W, 00. Rii3) - 60 pF 

C'2 Input Capacitance (08, 00li) - 10 pF 

Coo I/O Capacitance (DQO-DQ7) - 15 pF 

Co Output Capacitance (Q8) - 10 pF 
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THM94000S/L-80, 10 

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. ICC1, ICC3, ICC4, IeC6 depend on cycle rate. 

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

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

6. AC measurements assume tT=5ns. 

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

8. Measured with a load equivalent to 2 TIL loads an~ 100pF. 

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

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

11. These parameters are referenced to CAS leading edge. 

12. twcs is not restrictive operating parameters. This is 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). 

13. Operation within the tReD (max.) limit insures that tRAe (max.) can be met. 
tReD (max.) is specified as a reference point only. If tReD is greater than the specified tReD (max.) 
limi t, then access time is controlled by tcAC. 

14. Operation within the tHAD (max.) limit insures that tRAC (max.) can be met. 
tHAD (max.) is specified as a reference point only: If tRAD is greater than the specified tHAD (max.) 
limit, then access time is controlled by tAA. 
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THM94000S/L-80, 10 

READ CYCLE 

AO-Al0 

DQO-DQ7 VOH- ____ _ 
Q8 VOL-

_: "H" or "L" 
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THM94000S/L-80, 10 

EARLY WRITE CYCLE 

AO-Al0 

DQO-DQ7 VIH -
08 V1L -

Q8 
VOH-_________________________________ __ 

VOL ·OPEN ----------

_ ;"W or "L" 
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THM94000S/L-80, 10 

FAST PAGE MODE READ CYCLE 

V,H -
CAS V,L ____ --' 

DQO-DQ7 VOH -_________ ~~ 

QS VOL _ 

VALID OATA OUT 

_ :"W o,:L" 
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THM94000S/L-80, 10 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

VAllO DATA IN 

Q8 VDH ---------------------OPEN ______ _ 
VOL 

_ :"W or "L" 
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THM94000S/L-80, 10 

RAS ONLY REFRESH CYCLE 

AO-A9 

Q8 ~~~ --------------------OPEN ------

Note: WRm. Al0="W O( "L" _ :"W or "L" 
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THM94000S/L-80,10 

CAS' BEFORE NAS REFRESH CYCLE 

V1H-
VIL-. ___ -I 

VIH­

VIL -

DQO-DQ7 V1H - ')--____ ---_ OPEN _________ _ 
Q8VIL ____ ~ 

IBJ :"W or "L" 
Note: AO-Al0= "H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 

VIH -
VIL _ 

VIH 
VIL - __ --J 

DQO-DQ7 VOH -________ ~ 

Q8 VOL -

THM94000S/L-80, 10 

_ :"W or "LO 
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HIDDEN REFRESH CYCLE (WRITE) 

AQ-Al0 

OQO-OQ7 VIH -

08 V1L -

Q8 VOH --------------------OPEN _____ _ VOL _ 

_ : "W or "L" 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

READ CYCLE 

DOD-D07 VOH - ____ -++-_ OPEN ----t-K 
Q8 VOL_ 

WRITE CYCLE 

DQO-DQ7 V1H -
08 V 1L _----- OPEN ---~ 

1<---_---"1" 

THM94000S/L-80, 10 

08 
VOH- __________________________________ __ 

VOL_ OPEN ----------

_ :"W or "L" 
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OUTLINE DRAWINGS 

Unit in mm 

eTHM94000S 

1
.-______________ ~8~8.9~±~0~.1~3 ______________ ~ 

2-r2J3.1B± 0.05 

--,~-' 

00000 '" '" .... 

0000 I t~ 
0 

"l 
0 +1 ;;; +1 

'" ~ "! .. 
~t N 

~--~~~~~~~~UUUU~~~~L---~-o 

~----+O--~--+-I 
2.03 to.13 

7.62±0.13 

82.14 ± 0.13 

Contacts; Tin - Lead 

eTHM94000L 

i 
N 

~ 
N 

~1 

I. 81.2 ±O.I) .1 

00000 
0000 

73.66 
,~O.I 

·1 
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1,048,576 WORDS X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM36102CS is a 1.048.576 words by 36 bits dynamic RAM module which assembled 8 pcs of 
TC514400J and 4 pcs of TC511000AJ on the printed circuit board. The THM361020S can be as well 
used as 2.097.152 words by 18 bits dynamic RAM module. by means of connecting DQO and DQ18. 
DQ1 and DQ19. DQ2 and DQ20 •........• DQ17 and DQ35. respectively. The THM361020S is optimized 
for application to the systems which are required high density and large capacity such as main 
memory of the computers and as image memory systems, and to the others which are requested 
compact size. 

FEATURES 

• 1.048.576 words by 36 bits organization 
• Fast access time and cycle time 

THM361020 THM361020 

5·80 5·10 

tRAe RAS Access Time 80ns lOOns 

I"A Column Address 

Access Time 
40ns SOns 

le .. e CAS Access Time 20ns 2Snl 

tRe Cycle Time 1 SOns 180nl 

tpc Fast Page Mode 
SOns 60ns 

Cycle Time 

PIN CONNECTION (TOP VIEW) 

D D 0 0 D D 

• Single power supply of 5V ± 10% 
• Low power 

6,160mW MAX. Operating (THMxxxxxx-80) 
5.280mW MAX. Operating (THMxxxxx):·lO) 

66mW MAX. Standby 
• CAS" before RAS refresh. RAS only refresh. I-Iidden 

refresh. and Fast Page Mode capability. 
• All inputs and outputs TIL compatible 
• 1024 Refresh cyclesl Sms (Burst Refresh) 
• 1024 Refresh cyclesl16ms (Distributed Refresh) 
• Tin·Lead Contact: THM361020S-S0.10 
• Gold Contact: THM361020SG·80.10 

PIN NAMES 

AO-A9 1 Address Inputs 

000-0035 Oal. InpuVOutPUti 

om-CJm Column Address Strobe ~ o I 
1IIIIIilllllllllllllllllllllllmnn 1111111111111111111111111111111111111 ~.!\An Row Address Slrobe ,.., 

1 36 37 72 
W Re.dlWrite Input 

Vee Power (+ SV) 

VII Ground 

PO Presence Detect Pin 

1 VII 13 Al 25 0024 371 0017 49 009 61 0014 - 80 I -10 
2 000 14 A2 26 007 38 0035 50 0027 62 0033 POO VII VII 
3 DQ18 15 A3 27 0025 39 VII 51 0010 63 0015 POI Vss VSI 
4 001 16 A4 28 A7 40 roo 52 0028 64 0034 P02 NC VII 
5 0019 17 A5 29 NC 41 "CArr 53 0011 65 0016 PD3 VII VII 
6 002 18 A6 30 Vee 42 CJm 54 0029 66 NC 

7 0020 19 NC 31 A8 43 m; 55 0012 67 POO 

8 003 20 004 32 A9 44 RASa 56 0030 68 POI 

9 0021 21 0022 33 NC 45 NC 57 00t3 69 P02 

to Vee 22 005 34 !\An 46 NC 58 D03t 70 P03 

11 NC 23 0023 35 0026 47 W 59 Vee 71 NC 

12 AO 24 006 36 Ooa 48 NC 60 0032 72 VSS 
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THM3610205-80, 10 
THM3610205G-80, 10 

BLOCK DIAGRAM 

roo 
R.03 0 

ro, 

iN 
AO·A9 

lro 

rl:S 
-J~ ,r{m 
-J~ 

Cti3 

rim m 
r---1Cti3 m rim 
'---1~ 

m 
rl~ 

---<jro 

ri~ 
-J~ 

ro 

rl~ 
-J~ 
rim 
"---1~ 

........ 

MO 
W 

T 

Ml 

w 
I 

M2 
iN 
T 

M3 
w 
T 

M4 

w 
T 

iN 
MS 

I 

M6 
W 

I 
M7 

iN 
T 

MS 
iN 
T 

M9 
iN 
T 

MIO 
iN 
T 

MIl 
iN 
J 

1/01 
1102 
1103 

AO·9 1104 

I 
1101 
1102 
1103 

AO·9 1104 

I 
Din 

Dout~ AO·9 

I 
1/01 
1102 
1/03 

AO·9 1/04 

1 
1/01 
1/02 
1/03 

AO·9 1104 

I 
Din 

AO·9 DOU1~ 
I 

1/01 
1/02 
1/03 

AO·9 1/04 

I 
1/01 
1/02 
1/03 

AO·9 1/04 

I 
Din 

Dout~ AO·9 

I 
1101 
V02 
1/03 

AO·9 1104 

I 
1/01 
1/02 
1103 

AO·9 1/04 

I 
Din 

AO·9 Dout I-----J 
I 

Vee 00----------"""1-----. MO·" 

Vss 0 T CO·" • MO.II 
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000 
DO 1 
002 
OQ3 

004 
DOS 
006 
007 

DQS 

DOg 
0010 

08" o 12 

DO 13 
DO 14 
DO 15 
OQ16 

0017 

0018 
D019 
0020 
DQ21 

08 22 o 23 
08 24 o 25 

0026 

0027 
0028 
0029 
DQ30 

DQ31 
OQ32 
DQ33 
OQ34 

OQ35 



ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING 

Input Voltage V,N -1.0-7.0 

Output Voltage VOUT -1.0-7.0 

Power Supply Voltage Vee -1.0-7.0 

Operating Temperature TOPR 0-70 

Storage Temperature TSTG -55-125 

Soldering Temperature' Time TSOLDER 260' 10 

Power Dissipation PD 7.2 

Short Circuit Output Current lOUT SO 

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

SYMBOL PARAMETER MIN. TYP. 

Vee Supply Voltage 4.5 5.0 

V ,H Input High Voltage 2.4 -
V'L Input Low Voltage -1.0 -

8-71 

UNITS 

V 

V 

V 

·C 

·C 

'C, sec 

W 

rnA 

MAX. 

5.5 

6.S 

0.8 
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THM361020S-80,10 
THM361020SG-80, 10 

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

SYMBOL PARAMETER MIN. 

OPERATING CURRENT 

ICCI Average Power Supply Operating Current THM361020S·BO -
(RAS, CAS, Address Cycling: tRC = tRC MIN.) THM361 020S·1 0 -
STANDBY CURRENT 

ICC2 Power Supply Standby Current -
(m=CAS=V,H) 

m ONLY REFRESH CURRENT 

Ico Average Power Supply Current, m Only Mode THM361020S·BO -
(m Cycling, CAS = V'H: tRC = tRC MIN.) THM361020S·10 -
FAST PAGE MODE CURRENT 

Icc. Average Power Supply Current, Fast Page Mode THM361020S·80 -
(m = V'l, CAS Address Cycling: tpc = tpc MIN.) THM361020S·10 -
STANDBY CURRENT 

lees Power Supply Standby Current -
(m = CAS = Vee - 0.2V) 

CAS BEFORE m REFRESH CURRENT 

ICC6 Average Power Supply Current, CAS Before RAS THM361020S·80 -
Mode (m, CAS Cycling: tRC = tRC MIN.) THM361 0205·1 0 -
INPUT LEAKAGE CURRENT 

I'll) Input Leakage Current. any Input -120 

(OVSV'NS6.SV, All Other Pins not under Test=OV) 

lOll) 
OUTPUT LEAKAGE CURRENT 

(DOUT is disabled, OVS VOUTS S.SV) 
-10 

IOH 
OUTPUT LEVEL 

Output HW Level Voltage (lOUT = - SmA) 
2.4 

OUTPUT LEVEL 
VOl 

Output HL· Level Voltage (lOUT = 4.2mA) -

8-72 

MAX. UNITS NOTES 

1120 mA 3,4 

960 

24 mA 

1120 mA 3 

960 

760 mA 3,4 

640 

12 mA 

1120 mA 3 

960 

120 I'A 

10 I'A 

- V 

0.4 V 



THM361 0205-80, 10 
THM3610205G-80, 10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vcc=5V+10%, Ta =O-70°C) (Notes 5, 6, 7) 

THM36 10205·80 THM361020S·IO 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. 

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

tpe Fast Page Mode Cycle Time 50 - 60 - ns 

tRAC Access Time from m - 80 - 100 ns 8, 13 

tCAC Access Time from m - 20 - 25 ns 8, 13 

tAA Access Time from Column Address - 40 - 50 ns 8, 14 

tCPA Access Time from m Precharge - 45 - 5S ns 8 

tCLl CAS to Output in Low·Z a - a - ns 8 

tOFF Oulput Buffer Turn·off Delay a 20 a 20 ns 9 

tT Transition Time (Rise and Fall) 3 50 3 50 ns 7 

tRP m Precharge Time 60 - 70 - ns 

tRAS RAS Pulse Width 80 10,000 100 10,000 ns 

tRMP RAS Pulse Width (Fast Page Mode) 80 200.000 100 200,000 ns 

lRSH m Hold Time 20 - 25 - ns 

tCI" m Hold Time 80 - 100 - ns 

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

tReo RAS to m Delay Time 20 60 2S 75 ns 13 

lRAO m to Column Address Delay Time 15 40 20 50 ns 14 

tCRP m to RAS Precharge Time S - 10 - ns 

tcP m Precharge Time (Fast Page Mode) 10 - 10 - ns 

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

tRAH Row Address Hold Time 10 - 15 - ns 

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

tCAH Column Address Hold Time 15 - 20 - ns 

tAR 
Column Address Hold Time referenced 

toRAS 
60 - 7S - ns . 

tRAl Column Address to m Lead Time 40 - 50 - ns 

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

tACH Read Command Hold Time 0 - 0 - ns 10 

tRRH 
Read Command Hold Time referenced 

toRAS 
0 - 0 - ns 10 

tWCH Write Command Hold Time IS - 20 - ns 

tweR 
Write Command Hold Time referenced 

10RAS 
60 - 75 - ns 
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THM361020S-80, 10 
THM361020SG-80, 10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Continued) 

THM361020S·80 THM361 0205·1 0 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. 

twp Write Command Pul,e Width 15 - 20 - n, 

tRwL Write Command to ~ Lead Time 20 - 25 - n, 

tcwL Write Command to rn Lead Time 20 - 25 - no 

tos Oate Set·Up Time a - 0 - n, 11 

tO~t Date Hold Time 15 - 20 - n, 11 

tOHR Oata Hold Time referenced to m 60 - 75 - ns 

tREF Refresh Period - 16 - 16 ms 

twel Write Command Set·UP Time a - a - ns 12 

ICIR CAS Set·Up Time (00 before RAS Cycle) 5 - 10 - ns 

teHR CAS Hold Time (ro before m Cycle) 15 - 20 - ns 

tRPC m to ro Precharge Time a - a - ns 

lePT 
00 Pre charge Time (00 before iiM 
Counter Test Cycle) 

40 - 50 - ns 

tw~p 
WRITE to m Precharge Time 

10 - 10 -(CAS before m Cycle) 
ns 

WRlT~ to RA~ Hold Time 
tWRH (ro before Jtti3" Cycle) 

10 - 10 - ns 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

Cll Input Capacitance (AO-A9) - 8B pF 

Cl2 Input Capacitance (W) - 84 pF 

CI3 Input Capacitance (mo. i!AS2) - 42 pF 

CI4 Input Capacitance(~-~) - 36 pF 

COOl I/O Capacitance (000-7, 9-16.18-25.27-34) - 17 pF 

CD02 I/O Capacitance (DQB. 17.26.35) - 22 pF 
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NOTES: 

THM3610205-80, 10 
THM3610205G-80, 10 

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

damage to the device. 

2. All voltages al'e referenced to V 55. 

3. ICCI. ICC3. ICC4. ICCG depend on cycle rate. 

4. lCCl, lCC4 depend on output loading. Specified values are obtained with the output open. 

5. An initial pause of 200llS is required after power-up followed by 8 nAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before 

RAS ini tialization cycles instead of 8 RAS" cycles are required. 

6. AC measurements assume tT=5ns. 

7. VlIl(min.) and VIL(max.) are reference levels for measuring timing of input signals. Also, 

transition times are measured between VIII and VII •. 

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

9. tOl'l'·(max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

10. Either tilCII or tRIUI must be satisfied for a read cycle. 

11. These parameters are referenced to exg'leading edge. 

12. twcs is not restrictive operating parameters. This is included the data sheet as electrical 
characteristics only. If twcss: twcs(min.), the cycle is an early write cycle and data out pin will 
remain open circui t (high impedance). 

13. Operation within the tRco(max.) limit insures that tRAc(max.) can be met. 

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

14. Operation within the tRAo(max.) limit, insures that tRAc(max.) can be met. 

tRAo(max.) is specified as a reference point only: rftRAO is greater than the specified tRAo(max.l 
limit, then access time is controlled by tAA. 
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THM3610205-80, 10 
THM3610205G-80, 10 

READ CYCLE 

VIH _ 

VIL-__ ..J 

V 1H -

AO-A9 V1l - === 1"-----71 

DQO- VOH- ____ _ 

DQ35 VOl -

IB : "W or "L" 
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EARLY WRITE CYCLE 

OQO- V'H­
OQ35 V'L-

8-77 
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THM361020S-80,10 
THM361020SG-80, 10 

FAST PAGE MODE READ CYCLE 

OQO- VOH- ----------+~WXl 
OQ35 VOl-

8·78 

• VALID DATA OUT 

_ :"W or "L' 



FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

WRITE ~'H­IL _ 

OQO- V,H -

DQ35 V,L-
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VALID OATA IN 

_ : oW or."LH 



THM361020S-80, 10 
THM361020SG-80, 10 

RAg ONLY REFRESH CYCLE 

1\ • 

I~ 

if 

tMR tRIoI" -

Note: WRi'f! = oW or °L· 

'BI~ 
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t. I 
• t •• • 

.-1 '\ .j/ 

f;t""'-_.I 

\J 

_ :"H" or "L" 



"CAS BEFORE R:i\S REFRESH CYCLE 

V,H -
AAS V,L -~_--J 

THM3610205-80, 10 
THM3610205G-80, 10 

OQO- V,H 
OQ35 V,L 

'J----,------- OPEN --_--____ _ 

_ : "W or "L" 

Note: AO-A9 = • W or "L" 
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THM3610205-80, 10 
THM3610205G-80, 10 

HIDDEN REFRESH CYCLE (READ) 

V,H -

AO-A9 V,l _=== ~"--_-" 

V ,H -
WRiTE V'l_ === 

DQO- VOH -----:....-----4_ 
DQ35 VOl-
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HIDDEN RE]<'RESH CYCLE (WRITE) 

V'H 
AO-A9 v" 
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THM3610205-80, 10 
THM3610205G-80, 10 

CJ\S BEFORE ltAS REFRESH COUNTER 'rEST CYCLE 

READ CYCLE 

l/00~03~ ~~~~ -----:--'-- OPEN 

V," =~::::=:=I-!~==-------l-W~ 
WRITE V,L 

WRITE CYCLE 

[

Wimt ~:z 

000- V,H -
OQ35 V,L _-----OPEN ---<I 

-------" 

8-84 

_ :"W or "L" 



OUTLINE DRAWINGS 

'" '" ... 
VI 

0 0 

'" +1 +1 
0 VI ., "'! 

'" "'i--
N 

t V 
II 1.27 

2.0H 0.13 II 
6.35±0.13 95.25 ± 0.08 

3.38 ± 0.13 101.19 ± 0.13 

BACK SIDE 

• TIIM3GI020S 

Contacts: Tin· Lead 

'I 1.0.9 ± 0.08 · ooo-~ 
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Contacts: Gold 

THM3610205-80, 10 
THM3610205G-80, 10 

Unit in mm 

I ~.89MAX. 

• TllM3GI020S0 

'I 1,1.04 ± 0.05 · ooo-~ 
i I~ .,., .... 
o 
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1,048,576 WORDSx40 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM401020SG is a 1,048,576 words by 40 bits dynamic RAM module which assembled .10 pes of 
TC514400J on the printed circuit board. 

The THM401020SG is optimized for application to the systems which are required high density and 
large capacity such as main memory of the computers and as image memory systems, and to the 
others which are requested compact size. 

FEATURES 

• 1,048,576 words by 40 bits organization 
• Fast access time and cycle time 

THM401020 THM401020 

SG·80 SG·IO 

tRAC m Access Time 80ns lOOnS 

tAA Column Address 

Access Time 
40ns SOns 

ICAC CAS" Access Time 20ns 2Sns 

tRe Cycle Time 1 SOns 180ns 

Ipe fast Page Mode 

Cycle Time 
50ns 60ns 

PIN CONNECTION (TOP VIEW) 

• Single power supply of 5VilO,*, 
• Low power 

5,775mW MAX. Operating(THMxxxxxx·SO) 
4,950mW MAX. Operating(THMxxxxxx·lO) 

55mW MAX. Standby 
• Read.Modify.write,m before nxg refresh, 

RAS only refresh, Hidden refresh, and Fast Page 
Mode capability. 

• All inputs and outputs TTL compatible 
• 1024 Refresh cyclesl16ms 
• Gold Contact 
• JEDEC OUTLINE 
• NON JEDEC OUTLINE 

PIN NAMES 

: THM401020SG-80, 10 
: THM401040SG-80, 10 

~·","""Q"""g""1II gllll"QIIIII"QII""'" 
·1 '""'" "",,, 

AO-A9 Address Inputs 

OQO-oQ39 oala Inputs/Outputs 

CAS" Column Address Strobe 

m Row Address Strobe 

l· DO DOD 
I 11111111111111111111l1li1111111111111 " 1111111111111111111111111111111111111 ·1 

W ReadlWrite Input 

N Output Enable 
THM401040SG Vee Power ( +5V) 

Vss Ground 

PO Presence Detect Pin 
1 n 

1 Vss 13 Al 25 OQ13 37 OQ19 49 OQ22 61 OQ33 -80 -10 

2 OQO 14 A2 26 OQ14 38 OQ20 SO oQ23 62 OQ34 POO Vss Vss 

3 oQl 15 A3 27 oQ15 39 Vss 51 OQ24 63 oQ35 POI Vss Vss 

4 OQ2 16 A4 28 A7 40 CAS" 52 oQ2S 64 oQ36 PDZ NC Vss 

5 OQ3 17 A5 29 oQ16 41 NC 53 OQ26 65 oQ37 P03 Vss VSS 

6 OQ4 18 A6 30 Vee 42 NC 54 OQ27 66 OQ38 

7 OQ5 19 N 31 A8 43 NC 55 OQ28 67 POO 

8 DQ6 20 DQ8 32 A9 44 m 56 DQ29 68 POI 

9 OCp 21 OQ9 33 NC 45 NC 57 OQ30 69 P02 

10 Vee 22 oQiO 34 NC 46 OQ21 58 OQ31 70 P03 

11 NC 23 OQ11 35 OQ17 47 W 59 Vee 71 OQ39 

12 AD 24 OQ12 36 OQ18 48 Vss 60 OQ32 n Vss 
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THM401020SG-80,10 

BLOCK DIAGRAM 

0 ]ro 1/01 
1/02 0 W MO 1/03 0 

OE W AO-9 1/04 0 

H~ 
1/01 - Ml 1/02 " 1/03 " OE W AO-9 1/04 " 

H~ 
1/01 

0- M2 
V02 
V03 

OE W AO-9 1104 

H~ 
1/01 

0- M3 V02 " 1/03 0 
OE W AO-9 1/04 0 

r 
H~ 

1/01 

f- 1/02 0 
M4 1/03 0 

OE W AO-9 1/04 0 

H~ 
1/01 

f- M5 
1/02 
1/03 

OE W AO-9 V04 

I I 

H~ 
1/01 

f- 1102 
M6 1/03 

OE W AO-9 1104 

I 

H~ 110)1:-
'""" M7 

1/02--
1/03 ----0 

OE W AO-9 1/04 " 

R~ 
1/01 0 

~ 
1/02 0 

M8 1/03 0 
OE W AO-9 1/04 0 

~~ 
1/01 " 

M9 1/02 " 
I/o~I----o 

OE W AO-9 1/04 " 

W 
AO-A 9 

Vee 0---------1r------. MO-9 

Vss 0 T CO-g • MO-9 
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084 
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008 
08 9 o 10 
OQll 

0~'2 o 13 o 14 
o 15 

OQ 16 
OQ17 
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OQ20 
0021 
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OQ24 
OQ25 
OQ26 
OQ27 

08 28 o 29 
OQ30 
OQ31 

0~32 o 33 
o 34 
o 35 

08 36 o 37 
OQ38 
OQ39 



THM401020SG-BO, 10 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN -1.0-7.0 V 1 

Output Voltage VOUT -1.0-7.0 V 1 

Power Supply Voltage Vee -1.0-7.0 V 1 

Operating Temperature TOPR 0-70 ·C 1 

Storage Temperature TSTG -55-125 ·C 1 

Soldering Temperature· Time TSOLOER 260·10 ·C . sec 1 

Power Dissipation Po 6.0 W 1 

Short Circuit Output Current lOUT 50 mA 1 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70oq 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Vee Supply Voltage 4.S 5.0 5.5 V 2 

V1H Input High Voltage 2.4 - 6.5 V 2 

VIL Input low Voltage -1.0 - O.B V 2 
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THM401020SG-80, 10 

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

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT 

ICCl Average Power Supply Operating Current THM40I 020SG·80 - 1050 mA 3,4,5 

(m, re, Address Cycling: tRC" tRC MIN. ) THM401020SG·l0 - 900 

STAND8Y CURRENT 

lee2 Power Supply Standby Current - 20 mA 

(liAS"=re=VIH) 

liAS" ONLY REFRESH CURRENT 

lee3 Average Power Supply Current, lIAS" Only Mode THM401020SG·80 - 1050 mA 3,5 

(liAS" Cycling, re .. VIH: tRC" tRc MIN. ) THM40102OSG·IO - 900 

FAST PflGE MODE CURRENT 

ICC4 Average Power Supply Current, Fast Page Mode THM401020SG·80 - 700 mA 3,4,5 

eliAS" .. VIL, re Address Cycling: tpc" tpc MIN. ) THM401020SG·l0 - 600 

STAND8Y CURRENT 

Ices Power Supply Standby Current - 10 mA 

(liAS"=U3"=Vce- O.2V) 

CAS BEFORE m REFRESH CURRENT 

ICC6 Average Power Supply Current, re Before lIAS" THM401020SG·80 - 1050 mA 3 

Mode (m, .CAS Cycling: tRC = tRC MIN.) THM401020SG·IO - 900 

INPUT LEAKAGE CURRENT 

IIIL) Input Leakage Current, any Input -100 100 pA 
(OV:Ii VIN:Ii 6.SV, All Other Pins not under Test = OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

(DoUT is disabled, OV:Ii VOUTS 5.5V) 
-10 10 pA 

VOH 
OUTPUT LEVEL 

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

VOL 
OUTPUT LEVEL 

Output "L· Level Voltage (lOUT = 4.2mA) - 0.4 V 
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THM401020SG-80, 10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(V cc = 5V ± 10%, Ta = 0-70°C) (Notes 5, 6, 7) 

THM401020 THM401020 

SYMBOL PARAMETER SG-80 SG-IO UNIT NOTES 

MIN. MAX. MIN. MAX. 

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

tRMW Read-Modify-Write Cy~le Time 205 - 245 - ns 

tpc Fast Page Mode Cycle Time 50 - 60 - ns 

tpRMW 
Fast Page Mode Read-Modify-Write 

105 Cycle Time - 125 - ns 

tRAC Access Time from m 80 100 
9,14 - - ns 
IS 

teAC ':';,ess Time from <::AS" - 20 - 25 ns 9,14 

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

tePA Access Time from ro Precharge - 45 - 55 ns 9· 

tell <::AS" to output in low-Z 0 - 0 - ns 9 

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

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

tRP m Precharge Time 60 - 70 - ns 

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

tRASP Jii53 Pulse Width (Fast Page Mode) 80 100,000 100 100,000 ns 

tRSH Jii53 Hold Time 20 - 25 - ns 

tRHCP 
m Hold Time From <::AS" Precharge 

45 - 55 - ns (Fast Page Mode) 

tesH CAS Hold Time 80 - 100 - n5 

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

tReD m to <::AS" Delay Time 20 60 25 75 ns 14 

tRAD m to Column Address Delay Time 15 40 20 50 ns 15 

teRP <::AS" to m Precharge Time 5 - 10 - ns 

tep 
ro Precharge Time 

10 - 10 - ns (Fast Page Mode) 

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

tRAH Row Address Hold Time 10 - IS - ns 

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

leAH Column Address Hold Time 15 - 20 - ns 

tAR 
Column Address Hold Time referenced 

60 75 tom - - ns 

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

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

tRCH Read Command Hold Time 0 - 0 - ns 11 
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THM401020SG-BO, 10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

THM401020 THM401020 

SYMBOL PARAMETER SG-80 SG-l0 UNITS NOTES 

MIN. MAX. MIN. MAX. 

Read Command Hold Time referenced 
tRRH 

to AA! 
0 - 0 - ns 11 

tweH Write Command Hold Time 15 - 20 - ns 

Write Command Hold Time referenced 
tweR 

tom 
60 - 75 - ns 

twp Write Command Pulse Width 15 - 20 - ns 

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

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

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

tOH Data Hold Time 15 - 20 - ns 12 

tOHR Data Hold Time referenced to liAS" 60 - 75 - ns 

tREF Refresh Period - 16 - 16 ms 

twes Write Command Set-UP Time 0 - 0 - ns 13. 

tewD CAS to WRITE Delay Time 50 - 60 - ns 13 

tRWO liAS" to WiU'it Delay Time 110 - 135 - ns 13 

tAWO Column Address to WRITE Delay Time 70 - 85 - ns 13 -
tepwD CAS Precharge to WRITE Delay Time 75 - 90 - ns 13 

tesR CAS Set-Up Time(CAS before liAS" Cycle) 5 - 5 - n5 

teHR CAS Hold Time(CAS before liAS" Cycle) 15 - 20 - ns 

tRPC m to CAS Preeharge Time 0 - 0 - ns 

tCPT 
CAS Precharge Time (CAS before liAS" 

40 50 
Counter Test Cycle) - - ns 

tROH m Hold Time referenced to M 10 - 20 - ns 

tOEA ill Access Time - 20 - 25 n5 

tOED ill to Data Delay 20 - 25 - ns 

tOEZ 
Output buffer turn off Delay Time 

0 20 
from ill 0 20 n5 10 

toEH ill Command Hold Time 20 - 25 - ns 

tWRP 
WRiTE to m Precharge Time 

10 - 10 
(CAS before m Cycle) - ns 

tWRH 
WiU'it to m Hold Time 

(m before m Cycle) 
10 - 10 - ns 
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CAPACITANCE (Vee = sv ± 10%, f = 1MHz, Ta = 0-70oq 

SYMBOL PARAMETER MIN. MAX. UNIT 

Cll Input Capacitance (AO-A9) - 65 pF 

CI2 Input Capacitance (W,M) - 65 pF 

CI3 Input Capacitance (l\7i3) - 50 pF 

CI4 Input Capacitance (ro) - 60 pF 

COQ I/O Capacitance (OQO-OQ39) - 17 pF 
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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 value are obtained with the output open. 

5. Column address can be changed once or less while RAS = VIL and 'CAS = Vm. 

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

7. AC measurements assume tT=Sns. 

8. Vm (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 TIL loads and 100pF. 

10. tOl'F (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 tacH or tHHH must be satisfied for a read cycle. 

12. These parameters are referenced to 'CAS leading edge in early write cycles and to WRITE leading 
edge in read·write cycles. 

13. twcs, tHWD, tCWD. tAWD and tCPwD 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 tRwD~tRWD (min.), tcWD~tcWD (min.), tAWD~tAWD (min.) and tcPWD~tcPWD (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 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. 
tHAD (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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READ CYCLE 

V,H 
RAS 

V,L -

V,H-
eM 

V,H 
AO-A9 

V,L 

V'H 
WRITE 

V,L 

V,H 
OE 

V,L -

OQO- VOH-

OQ39 VOL-
DATA-OUT 

~: oW or "L" 
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WRITE CYCLE (EARLY WRITE) 

VIH-
W 

V1L -

CAS 
V 1H -

VIH 
AO-A9 

VIL 

VIH 
WRITE 

V 1L 

OE 

DQO- VIH-

DQ39v1L -
OPEN .. J 

~: oW or "L" 
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WRITE CYCLE (~ CONTROLLED WRITE) 

V'H-m 
V'L -

CAS 
V'H-

V'L 

V'H 
AO-A9 

V'L 

V'H 
WRiTE 

V'L 

VIH 
DE 

V'L 

000- V'H 

0039 V'L -

~: HW or "L" 
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READ-MODIFY-WRITE CYCLE 

VIH 
m 

VIL -

~ 
VIH-

VIL 

VIH 
AO-A9 

VIL 

VIH _:------II-----II---t-------i. 

VIH -:------...;~---...;~-.:....,. 

V1L -;........--~:------o:--~+-" 

000- VI/OH-

--------------~~Xl OQ39 VI/OL -

~: "W or "L" 
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FAST PAGE MODE READ CYCLE 

AO-A9 

DQO- VOH -

--------------~~~ DQ39 VOL _ 

~: ow or "L" 
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FAST PAGE MODE WRITE CYCLE 

ro 

VIH 
AO-A9 

VIL 

VIH 
WRi'f! 

VIL 

M 

~: "W or "L" 
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FAST PAGE MODE READ·MODIFY·WRITE CYCLE 

---- VIH 
RAS V 

IL 

OQO- VI/OH­
DQ39 VIIOL- -_._--+-M.::xJ 
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RAS ONLY REFRESH CYCLE 

tRP I 
RAS 

VIH 

VIL 

tRAS 
.~ • • 

CAS 
VIH-

VIL 

I·!CR~ !R'i·1 
1 \....J 

VIH 

tASR tRAH 
1..+ ---

AO-A9 VIL 

NOTE: WRITE, OE ="W or"L" ~: "Wor"L" 

"CAS' BEFORE RAS REFRESH CYCLE 

DQO­
DQ39 

VOH 

VOL 
:::::)----------------------------------------"-"-OPEN------------------------------------

NOTE : OE, AO-A9 = HH" or "L" ~: "WorHL" 
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HIDDEN REFRESH CYCLE (READ) 

V'H-
RAS V'l-

CAS V,l 

AO-A9 V,l 

WRITE V,l 

V'H-
OE V'l-

000- VOH-

0039 VOl -

~ : "H"or"L" 

HIDDEN REFRESH CYCLE (WRITE) 

AO-A9 

000-
0039 

'RC • R, • . teas .~ ~ 
tAR • tRAS • 1\ 

tCRP tRCO tR~H tcRP - • tRAQ tCHR 
• • • 

tASR -+-C 
tASc;.., -~ -<+:)tRAH 

~.A~?"'ft~ CP'}NM~~ 
r 1 

V,L I I t~ I. tw,H ._t~lb 
~: =~. i .~'7)lwJ'7)l:';'==;;;:;wa""~'7)l=='7)l. ====== 

~:~= 

~I . tQS .1 I. tPH : 

~:~ = VALID DATA-IN 

I~ tOHR • 

~ : "H"or"L" 
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(jAg BEFORE RAE REFRESH COUNTER TEST CYCLE 

m VIH-

VIL -

CAS 
VIH-

VIL-

VIH -
AO-A9 VIL-

READ CYCLE 

OE 

VIH­

VIL-

VIH _. ----.;.;....------.;.;....-"\�...!<~I 

VIL -----...------:---....,-.,---1'--+-----"1'" 

.. ,;:;::: 

DQu- VOH-----~--,OPEN--_t~~~~~~;;~~~~~::~~----DQ39 VOL -

WRITE CYCLE tWR. tWRH 

WRITE 

DQO- VIH-
DQ39 VIL _-----IH-

READ-MODiFY-WRiTE 

WRiTE 
VIH-

VIL-

VIH-
OE VIL-

DQO- VIIOH -------------~~~~~~[::!JE~~~!:-------
DQ39 VltOL - ~ 

~ : "H"or"l" 

8-104 

VALID 
DATA·OUT 



THM401020SG-80, 10 

OUTLINE DRAWINGS 

• THM401020SG 

FRONT SIDE 2·0318 ±O.OS 

1~ ____________ ~10~7~.9S~±~0~.1~3 ________________ '11 ~ 

--,---.!/ ~ M .... 

mTTTTTTTTTTTTITO 0 0 /l~ ~ 
: II! 

0 0 0 0 a: +1 +1 
0 '" ... ""! 

'" <D:--
N 

t V 

II 1.27 

2.03 ± 0.13 II 
6.35 ± 0.13 -
3.38±0.13 

BACK SIDE 

Contacts: Gold 

I "" Rl.S7±0.10 

6.35 ±0.08 

95.25 ± 0.08 

101.19+0.13 

'I 1 ,1.04 ± 0.05 

· DOO-~ 
x 
~ 
'" N 

o 

I~ 
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2,097,152 WORDS X 32 BIT DYNAMIC RAM MODULE 

DESCRIPTION 
PRELIMINARY 

The THM322020S is a 2,097,152 words by 32 bits dynamic RAM module which assembled 16 pes of 
TC514400J on the printed circuit board. The THM322020S can be as well used as 4,194,304 words by 
16 bits dynamic RAM module, by means of connecting DQO and DQ16, DQl and DQ17, DQ2 and DQ18, 
...... , DQ15 and DQ31, respectively. The THM322020S is optimized for application to the systems which 
are required high densHy and large capacity such as main memory of the computers and as image 
memory systems, and to the others which are requested compact size. 

FEATURES 

• 2,097,152 words by 32 bits organization 
• Fast access time and cycle time 

THM322020 THM322020 
So80 Sola 

tRAr m Access Time 80ns lOOns 
tM Column Address 

40ns SOns Access Time 

teAe ro Access Time 20ns 2Sns 

tor Cvcle Time I SOns 180ns 

tpc fast Page Mode 
SOns 60ns 

Cycle Time 

PIN CONNECTION (TOP VIEW) 

~ 
CJc::JDD 
CJc::JDD 

1111I1I1I111111111I1I111iI11I1I111I1I " IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIHlIlIl 

1 36 37 72 

1 V .. 13 AI 25 DQ22 37 NC 

2 DQO 14 A2 26 DQ7 38 NC 
J DQ16 15 AJ Z7 DQ23 39 V •• 
4 DQl 16 A4 28 A7 40 tASU 
5 DQ17 17 AS 29 Ne 41 ro2 
6 DQZ ,. A6 30 Vee 42 tASJ 
7 0018 19 NC 31 AI 43 roT 
8 003 ZO 004 32 A9 44 mG 
9 0019 21 DOZO 33 AAn" 45 mT 

10 Vee 22 DQ5 34 mI 46 NC 
11 NC 23 DQ21 35 NC 47 W 
12 AO 24 DQ6 36 NC 48 NC 

• Single power supply of 5V±10% 
• Low Power 

4,708mW MAX. Operating (THMxxxxxx.80) 
4,048mW MAX. Operating (THMuxxu·lO) 

88mW MAX. Standby 
• CAS before RAS refresh, RAS only refresh, Hidden 

refresh, and Fast Page Mode capability. 
• All inputs and outputs TIL compatible. 
• 1024 Refresh cycleS/16ms 
• Tin-Lead Contact: THM322020S-80, 10 
• Gold Contact: THM322020SG-80, 10 

PIN NAMES 

·1 

AO-A9 Address Inputs 

DQO-DQ31 Data Input/Output 

rou-mJ Column Address Strobe 

mG-mJ Row Addre" Strobe 

W ReadlWrite Input 

Vee Power(+SV) 

Vss Ground 

PO Presence Detect Pin 

49 DQ8 61 DQIl -80 -10 
50 DQ24 62 DQ30 

POD NC NC 
51 DQ9 63 DQ14 

POI NC NC 
52 DQ25 64 DQ31 

NC 
53 DQ10 65 0015 

PD2 Vu 
POl V" V •• 

DQ26 54 66 NC 
55 DQ11 67 POD 
56 DQZ7 68 POI 
57 0012 69 PDZ 
58 DQ28 70 POl 
59 Vrr 71 NC 
60 DQ29 72 Vss 
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w~--------~----+-----------------+---~ 
A~A9~--------------~------------------~ 

Vee <>o--------------------------l~-----------. M~15 

I C~15 

Vu <>0----------__ --------____ ....._-1-------------... M~15 
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ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING 

Input Voltage VIN -1.0-7.0 

Output Voltage Vour -1.0-7.0 

Power Supply Voltage Vee -1.0-7.0 

Operating Temperature TOPR 0-70 

Storage Temperature TSTG -55-125 

Soldering Temperature' Time TSOLDER 260'10 

Power Dissipation PD 7.2 

Short Circuit Output Current lour 50 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70oq 

SYMBOL PARAMETER MIN. TYP. 

Vee Supply Voltage 4.5 5.0 

VIH Input High Voltage 2.4 -
VIL Input Low Voltage -1.0 -

8-109 

UNITS 

V 

V 

v 

'C 

'C 

'C'sec 

W 

mA 

MAX. 

5.5 

6.5 

0 .• 

THM322020S-80, 10 
THM322020SG-80, 10 

NOTES 

1 

1 

1 

1 , 
1 

1 

1 

UNIT NOTES 

V 2 

V 2 

V 2 
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DC ELECTRICAL CHARACTERISTICS (Vee = SV:t 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. 

OPERATING CURRENT 

ICC 1 Average Power Supply Operating Current THM3220205-80 -
(m, m, Address Cycling: tllC.t~cMIN.) THM322020S·10 -
STANDBY CURRENT 

leez Power Supply Standby Current -
(m=m"VIH) 

m ONLY REFRESH CURRENT 

leo Average Power Supply Current, lIAS Only Mode THM322020s-a0 -
(m Cycling, m .. VIH: tRe" tRe MIN.) THM3220205-10 -
FAST PAGE MODE CURRENT 

ICC4 Average Power Supply Current, Fast Page Mode THM322020s-aO -
(m" VIL, m Address Cycling: tpe" tpc MIN.) THM3220205-IO -
STANDBY CURRENT 

Ices Power Supply Standby Current -
(m.m.Vce-O.Zy) 

m BEFORE lIAS REFRESH CURRENT 

!eC& Average Power Supply Current, m Belore lIAS THM322020S·BO -
Mode (m, ro Cycling: tRe. tRe MIN.). THM322020S·IO -
INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any Input -160 

(OV:5VIN:56.SV, All Other Pins not under Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

(DOUT is disabled, OV:5 VOUT:5 S.SV) 
-20 

OUTPUT LEVEL 
IOH 

Output "W Level Voltage (loUT" - SmA) 
2.4 

VOL 
OUTPUT LEVEL 

Output "L· Level Voltage (lOUT. 4.2mA) -
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MAX. UNITS NOTES 

856 mA 3,4 

736 

32 mA 

856 mA 3 

736 

576 mA 3,4 

496 

16 mA 

856 mA 3 

736 

160 jIA 

20 jIA 

- V 

0.4 V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = SV ± 10%, Ta = 0-70·C)(Notes 5, 6, 7) 

THM322020S-80 THM322020S-10 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. 

IRe Random Read or Wrile Cycle Time 150 - 180 - ns 

tpe ,,lst Page Mode Cycle Time 50 - 60 - ns 

lRAe Access Time from W - 80 - 100 ns 8,13 

tue Access Time from m - 20 - 25 ns 8,13 

tM Access Time from Column Address - 40 - 50 ns 8, 14 

tePA Access Time from m Precharge - 45 - 55 ns 8 

tell m to Outpul in Low-Z 0 - 0 - ns 8 

to" Output Buffer Turn-off Delay 0 20 0 20 ns 9 

tT Transition Tim. (Rise and FIll) 3 50 3 50 ns 7 

tR' W Precharge Time 60 - 70 - ns 

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

lRAS' W Pulse Widlh (Fast Page Mod.) 80 200,000 100 200,000 ns 

tRIM m Hold Time 20 - 25 - ns 

tcsH m Hold Time 80 - 100 - ns 

teAs m Pulse Widlh 20 10,000 25 10,000 ns 

tReD m to m Delay Time 20 60 25 75 ns 13 

tRAD m to Column Address Delay Time 15 40 20 50 ns 14 

teRP m to m Precharge Time 5 - 10 - ns 

te, m Precharge Time (Fast Page Mode) 10 - 10 - ns 

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

tRAH Row Address Hold Time 10 - 15 - ns 

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

leAH Column Address Hold Time 15 - 20 - ns 

Column Address Hold Time referenced 
60 75 tAR 

tom - - ns 

tlW. Column Address to lIAS" Lead Time 40 - 50 - ns 

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

tRCH Read Command Hold Tim. 0 - 0 - ns 10 

Read Command Hold Time referenced 
0 0 10 lROH 

tom - - ns 

tweH Write Command Hold Time 15 - 20 - ns 

Write Command Hold Time referenced 
60 75 tweR 

tom - - ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

THM322020S-BO THM3220205-IO 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. 

twp Write Command Pulse Width IS - 20 - ns 

tRWl Write Command to m Lead Tim. 20 - 2S - ns 

1<wt. Write Command to m Lead Time 20 - 25 - ns 

to! D.te Set-Up Time 0 - 0 - ns 11 

tOH Date Hold Time IS - 20 - ns 11 

tOH' Data Hold Time referenced to m 60 - 7S - ns 

tREF Refresh Period - 16 - 16 ms 

twes Write Comm.nd Set-UP Time 0 - 0 - ns 12 

tes. re Set-Up Time (m before m Cycle) 5 - 10 - ns 

teHR re Hold Time (re before m Cycle) 15 - 20 - ns 

tRPe m to re Precharge Time 0 - 0 - ns 

tePT 
re Precharge Time (m before m 

40 
Counter Test Cycle) - 50 - ns 

tWRP 
W1ii'rr to m before Precharge Time 

10 - 10 -(m before m Cycle) 
ns 

W1ii'rr to m Hold Time 
tWRH (re before m Cycle) 

10 - 10 - ns 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

Cll Input Capacitance (AO-A9) - 161 pF 

Cl2 Input C.p.citance (W) - 168 pF 

el3 Input Capacitance (~-AAn) - 42 pF 

CI4 Input Capacitance (mlJ-V3lJ - 42 !IF 

CDQI VO Cap.cit.nce (OQO-31) - 29 pF 
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NOTES: 

THM322020S-80, 10 
THM322020SG-80, 10 

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

2. All voltages are referenced to VSS. 

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

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

5. An initial pause of 200liS 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 'C]\g before 
IiAS initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tor=5ns. 

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

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

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

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

11. These parameters are referenced to CAS leading edge. 

12. twcs is not restrictive operating parameters. This is included 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). 

13. Operation within the tRco(max.) 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. 

14. Operation within the tRAo(max.) limit, insures that tRAc(max.) can be meL 
tRAo(max.) is specified as a reference point only: IetRAo is greater than the specified tRAo(max.) 
limit, then access time is controlled by tAA. 
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OQO­
OQ31 

_ :"W or "L" 
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EARLY WRITE CYCLE 

V,H -
AO-A9 VIl_ 

000- V'H­
DQ31 V,L -
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FAST PAGE MODE READ CYCLE 

V,H 
AO-A9 V,~ 

DQO­
DQ31 

, VAUOOATAOUT 

~ :'H"O/'·L" 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

OQO- VIH­
OQ31 vl\.-

~ 8-117 
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'BAS ONLY REFRESH CYCLE 

V'H­
VOL _ 

V'H 
V'L-__ ..J 

Note: WJiJT[. "H" or "L" 

_ :"W or "L" 
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~ BEFORE AAS REFRESH CYCLE 

VIH -m vIL-___ ...J 

THM322020S-80, 10 
THM322020SG-80, 10 

OQO- V1H -----~ _______ _ 

OQ31 V1L _ -r OPEN ----------

rmI : "H" or "L" 

Note: AO-A9."H" or "L' 
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HIDDEN REFRESH CYCLE (REAP) 

8-120 
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HIDDEN REFRESH CYCLE CWRlTEl 

OQO- VIH­
OQ31 VII.-
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PAS' BEFORE BAS' REFRESH COUNTER TEST CYCLE 

V,H 
AO-A9 Va. 

READ CYCLE 

[~~~~ ~~~:" ____ ~_ OPEN 

WI(iTl V,H 
V'L 

WRITE CYCLE 

[

Wim ~:: 

DQO- V,H­
DQ31 VII. _---- OPEN ---<I "1'-___ -"' 
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OUTLINE DRAWINGS 

FRONT SIDE 

107.95% 0.13 

~ '" 
0 Q 
+1 +1 ... .. II> "l '" "! ..; ... K ... 

2.03:1: 0.13 

6.35 t 0.13 95.25%0.08 

3.38±0.13 101.19% 0.13 

BACK SIDE 

o 

DEB· B DD · 
• THM322020S 

i 
CONTACTS: Gold 

'I I p.9%0.08 

· DOD ~N: 
CONTACTS: Tin -lead 

--~========~~--

bJ 
N 

o 
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2,097,152 WORDS X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 
PRELIMINARY 

The THM362020S is a 2.097.152 words by 36 bits dynamic RAM module which assembled 16 pes of 
TC514400J and 8 pes of TC511000AJ on the printed circuit board. The TllM362U2US can be as well 
used as 4.194.304 words by 18 bits dynamic RAM module. by means of connecting DQO and DQ18. 
DQl and DQ19. DQ2 and DQ20 ........ DQ17 and DQ35. respectively. The TIlM362020S is optimized for 
application La the systems which are required high density and large capacity such as main memory of 
the computers and as image memory systems. and to the others which are requested compact size. 

FEATURES 

• 2.097.152 words by 36 bils organization 
• Fast access time and cycle time 

THM362020 THM362020 
5·80 5·10 

tRAC RAS Acce .. Time 80n, lOOn, 
IAA Column Address 

40n, SOns Access Time 

!cAC ~'"S Access Time 20ns 25n, 

tRC Cyde Time 150n, 180ns 

tpc Fail Page Mod. 
Cycle Time 

SOns 60ns 

PIN CONNECTION (TOP VIEW) 

• Single power supply of 5V ± 10% 
• Low Power 

6.':'il2mW MAX. Operating (THMxxxxxx·80) 
5.412mW MAX. Operating (THMxxxxxx·l0) 

132mW MAX. Standby 
• CAS before lfJ\S refresh. RAS only refresh. Hidden 

refresh. and Fast Page Mode capability. 
• All inputs and outputs '1'I'L compatible. 
• 1024 Refresh cyclesl 8ms !Burst Hefresh) 
• 1024 Refresh cyclesl16ms (DisLl'ibuted Refresh) 
• Tin·Lead Contact: THM362020S·80. 10 
• Gold Contact: THM362020SU·80. 10 

PIN NAMES 

~1II11II1I!IEJ,E}~,~~1 
AO-A9 Address Inputs 

000-0035 Data InpuUOutput 

~SO-c:;m Column Address Strobe 

i\ASO-~ Row Address Strobe 

W ReadlWrit. Input 

1 36 31 12 Vee Power ( + 5V) 

Vss Ground 

PO Presence Detect Pin 

I V .. 13 AI 25 OQ24 31 DOH 49 009 61 0014 -80 - 10 
2 000 14 A2 26 OQ7 38 0035 SO OQ27 62 0033 

P~Q NC 
15 

NC 
3 0018 A3 27 OQ2S 39 Vss 51 DOlO 63 OQ15 

POI NC NC 
4 OQI 16 A4 28 A7 40 roll 52 OQ28 64 OQ34 

NC V .. 
i:ASl 

P02 
5 OQI9 17 AS 29 NC 41 53 OQ11 65 OQI6 

P03 V .. V" 
6 002 18 A6 30 Va 42 c:;m 54 OQ29 66 NC 

7 OQ20 19 NC 31 A8 43 roT 55 OQIl 67 POO 

8 003 20 OQ4 32 A9 44 l{ASQ 56 OQ30 68 POI 

9 0021 21 OQ22 33 ~ 45 roT 57 OQI3 69 P02 

10 Vrr 22 OQ5 34 Itm 46 NC 58 OQ31 70 P03 

II NC 23 DQ23 35 OQ26 47 W 59 Vu 11 NC 

12 AO 24 DQ6 36 DQ8 48 NC 60 DQ32 72 V .. 
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BLOCK DIAGRAM 

~O~-r--------------------------------------------~ 000·3 
1/01 1/01 

MO I/O 2 1/02 MI2 
W AO.9:~g! :~g!AO.9 w 

004·7 

MI Mil 

CA~1 
1/01 

M3 1/02 MIS 
W AO'9::g~ W 

DO 13·16 
1101 1/01 

M4 1/02 1/02 M16 
W AO.9::g! ::g!AO.9 w 

M5 Din Din M17 
W AO·gDout Ooul AO·9 W 

ro2 
1/01 1/01 

m2 M6 1/02 1/02 M18 
W AO.9::g! ::g!AO.9 w 

DO 22·25 
1/01 I/O 1 

M7 1102 1/02 MIg 
W AO.g'/O 3 ::g!AO.9 w 1/04 

M8 Din Din M20 
W AO·9 Dout Dout AO·9 W 

~3 
1/01 1/01 

M9 1/02 1/02 M21 
1/03 1/03 AO.g W AO.91/04 1/04 W 

OQ31·34 

MIO M22 

W~--------~~---4-------------------4-----J 
AO·A9~----------------~--------------------~ 

Vee 0-0 -----------------------------I~-------------. MO·23 

I cO·2] 
Vss C>Q------_____________ ..... _________ ----_. Mo.23 
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ABSOLUTE MAXIMUM RATING~ 

ITEM SYMBOL RATING 

Input Voilage V,N -1.0-7.0 

Outpul Voltage VOUT - 1.0-7.0 

Power Supply Voltage Vee -1.0-70 

Operating Temperature TOPR 0-70 

Storage Temperature TSTG - 55-125 

Soldering Temperature' Time TSOlOER 260· 10 

Power Dissipation Po 7.2 

Short Circuit Output Current lOUT 50 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70DQ 

SYMBOL PARAMETER MIN. TY? 

Vee Supply Voltage 4.5 5.0 

V,H Input High Voltage 2.4 -
V'l Input low Voltage - I 0 -
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DC ELECTRICAL CHARACTERISTICS (Vee = sv ± 10%, Ta = a-70°C) 

SYMBOL PARAMETER MIN. 

OPERATING CURRENT 

'cc' Average Power Supply Operating Current THM362020S·80 -
(m. roo Address Cycling: tRC = tRC MIN. ) THM362020S·10 -
STANOBY CURRENT 

leCl Power Supply Standby Current -
(re = ill = V'H) 

RAS ONLY REFRESH CURRENT 

leel Average Power Supply Current. m Only Mode THM362020S·80 -
(m Cycling. ro = V'H: IRC = IRC MIN. ) THM362020S-10 -
FAST PAGE MODE CURRENT 

ICC4 Average Power Supply Current, Fasl Page Mode THM362020S-80 -
(m = V'l. ro Address Cycling: I,C = I.C MIN.) THM362020S-10 -
STANDBY CURRENT 

Ices Power Supply Standby Currenl -
(m = <:"M = Vcc - O.2V) 

ro BEFORE m REFRESH CURRENT 

I(C6 Average Power Supply Currenl. ro Belore m THM362020S-BO -
Mode (RM. ro Cycling: 10( = IRe MIN.) THM362020S-10 -
INPUT LEAKAGE CURRENT 

"(lI Input Leakage Currenl. any Inpul - 240 

(OV S V'N S 6.SV. All Other Pins not under TeSI = OV) 

OUTPUT LEAKAGE CURRENT 
10 III 

(Dou, is disabled. OVSVou,S 5,SV) 
- 20 

OUTPUT LEVEL 
10H 

Oulput "H" Level Voltage (Iou, = - SmA) 
2.4 

OUTPUT LEVEL 
VOl 

Oulput "L" Level Voltage (Iou, = 4.2mA) -
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1144 mA 3,4 

984 

48 mA 

1144 mA 3 

9B4 

784 mA 3.4 

664 

24 mA 

1144 mA 3 

984 

240 \1A 

20 \1A 

- V 

0.4 V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VcC=5V:t10%, Ta=O-70·C) (Notes 5, 6, 7) 

THM362020S-80 THM362020S-10 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. 

"C Random Read or Write Cycle Time 150 - 180 - ns 

"C fast Page Mode Cycle Time 50 - 60 - ns 

lRAC Access Time from ~ - 80 - 100 ns 8, 13 

tCAC Access Time from rn - 20 - 25 ns 8, 13 

tAA Access Time from Column Address - 40 - 50 ns 8, 14 

tC~A Access Time from roo Preeharge - 45 - 55 ns 8 

tell 00 to Outpul in LOw-Z 0 - a - ns 8 

tOFF Oulput Buffer Turn-off Delay a 20 a 20 nl 9 

tr Transition Time (Rise and Fall) 3 50 3 SO ns 7 

IRP ii~ Preeharge Time 60 - 70 - n. 

tRAS iiA~ Pulse Width 80 10,000 100 10,000 ns 

lRASP iiAs Pulse Width (fast Page Mode) 80 200,000 100 200,000 ns 

tRSM iiAs Hold Time 20 - 25 - n. 

tCSH CAS Hold Time 80 - 100 - ns 

rCAS CAS Pulse Widlh 20 10,000 25 10,000 ns 

tqCD m to 00 Delay Time 20 60 25 75 ns 13 

tRAO rn to Column Address Delay Time 15 40 20 50 ns 14 

tOUt <:A~ 10 j{~ Preeharge Time 5 - 10 - nl 

tc' eAS Preeharge Time (Fasl Page Mode) 10 - 10 - nl 

tASA Row Address Set-Up Time a - a - nl 

tRAH Row Address Hold Time 10 - 15 - nl 

lAIC Column Address Sel-Up Time 0 - a - nl 

leAH Column Address Hold Time 15 - 20 - ns 

Column Addrell Hold Time referenced 
60 75 IAR 

to iiAs - - nl 

tRAl Column Address to m Lead Time 40 - 50 - n. 

lRCS Read Command Set-Up Time 0 - 0 - nl 

tRCIoI Read Command Hold Time 0 - 0 - nl 10 

Read Command Hold Time referenced 
tARH 

lOW 
a - a - nl 10 

tWCH Write Command Hold Time 15 - 20 - ns 

Write Command Hold Time referenced 
Iwe. 

toW 
60 - 75 - nl 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

THM362020S-80 THM362020S-10 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. 

two Write Command Pulse Width 15 - 20 - n. 

lRWL Write Command to liAS Lead Time 20 - 25 - n. 

lew!. Write Command to m Lead Time 20 - 25 - n. 

to. Date Set-Up Time 0 - 0 - n. 11 

tOH Date Hold Time 15 - 20 - ns 11 

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

tREF Refresh Period - 16 - 16 ms 

twes Write Command Set-UP Time 0 - 0 - ns 12 

tCSR 03 Set-Up Time (03 before m Cycle) 5 - 10 - ns 

tcHR 03 Hold Time (03 before ru Cycle) IS - 20 - ns 

tRPe m to 03 Precharge Time 0 - 0 - n. 

lCPT 
ro Pr.charge Time (eAS be for. m 

40 - SO - ns 
Counter Te.t Cycle) 

tWRP 
WJIii'"£ to RAS be for. Precharge Time 

10 - 10 - ns 
(03 before U;S Cyeie) 

WifiTE to m Hold Time 
lWRH (03 belore ilAS Cycle) 

10 - 10 - ns 

CAPACITANCE (Vee = SV + 10%, f = 1MHz, Ta = 0-70oq 

SYMBOL PARAMETER MIN. MAX. UNIT 

Cll Input Capacitance (AO-A9) - 161 pF 

CI2 Input Capacitance (W) - 168 pF 

CI3 Input Capacitance (RASl!- mJ) - 42 pF 

CI4 Input Capacitance (i:AJl!-i:An) - 42 pF 

COOl 110 Capacitance (000-7, 9-16.18-25.27-34) - 29 pF 

CD02 I/O Capacitance (008. 17.26,35) - 39 pF 
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NOTES: 

THM362020S-80, 10 
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1. Stresses greater than those listed under "Absolute Maximum Rat.ings" may cause permanent 
damage to the device. 

2. All vol tages are referenced to V ss. 

3. ICCI, [CC3, ICC4, ICCG depend on cycle rate. 

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

5. An initial pause of 200llS 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 CAS before 

fiAS initialization cycles instead of 8 RAS cycles are required. 

6. AC measurements assume tT=5ns. 

i. VIII(min.) and VIL(max.) are reference levels for measuring timing of input signals. Also, 

transition times are measured between VIII and VIL. 

8. Measured with a load equivalent to 21'1'L loads and 100pF. 

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

10. Either tl\CII or tlUUI must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. twcs is not restrictive operating parameters. This is included 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 circui t (high impedance). 

13. Operation within the tl\cu(max.) limit insures that tltAc(max.) can be met. 

tRco(max.) is ~pecified as a reference point only: If tl\CU is greater than the specified tl\cu(max.) 
limit, then access time is controlled by tcAC. 

14. Operation within the tltAu(max.) limit, insures that tl\Ac(max.) can be met. 

tI\Au(max.) is specified as a reference point only: If tUAD is greater than the specified tltAo(max.) 
limit, then access time is controlled by tAA. 
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READ CYCLE 

V'H 
wilIT! v" 

000-
DQ3S 

_ :"W or "~. 
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EARLY WRITE CYCLE 

V'H _=== .r---:i 
AO-A9 V'l_ 

OQO- V'H­
OQ35 V'l-
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FAST PAGE MODE READ CYCLE 

" Vu·, 
AO-A9 V,L _"""== 

VIl-4 -

WiUfE V'L 

000-
0035 

• VALID OATA our 
_ :"W or "L' 
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FAST PAGE MODE WRITE CYCLE (EARLY WruTE) 

V1H -

m V'L_ 

VIH _ 

CAS V'L _ __ --J 

VIH-===~-">l. 
AO-A9 V'L _ 

V'H - ===='"' 
WRITE V'L _ 

000- V,H -

0035 V,L _ 
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BAS ONLY REFRESH CYCLE 

' .. 
'14\ 1 • 

~I-'------~-------~I 

I:' 4trtK. •• 1 

Nole: wRiT! ="W or "L· 
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cAS BEFORE RAS REFRESH CYCLE 

VIM -

liA~ Vil -' __ --J 

VIM _ 

CAS VIl-___ ..J 

THM362020S-80, 10 
THM362020SG-80, 10 

DOO- V," _ ----....,L 
DQ35 Vil _ ')----------OPEN ----------

~ ·"H" "L" ~. or 

Note: AO-A9 = "W or "L" 
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HIDDEN REFRESH CYCLE (READ) 

AO-A9 

000-
0035 

VIH -

V'l _ 

V'H ---':7++----->1,. 
v,, ___ -, 

V 1H -

V'l _ 

_ :"W or "l" 
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HIDDEN REFRESH CYCLE (WRITE) 

VU'4 -
ro V,L ___ -' 

. v,"-==~~-"">I.. 
AO-A9 V'L_ 

OQO­
OQ35 
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PAS BEFORE BAS REFRESH COUNTER TEST CYCLE 

V1H -V,L _ 

READ CYCLE 

[00~03~ ~~~=----.-;....;..-- OPEN ----+--H 

WRITI V,H - dr====*t±::~---IJ~~ 
V1l _ 

WRITE CYCLE 

[

WRrn: ~:~: 

OQO- V'H­
OQ35 V'L _ ----- OPEN ---<I 11__ ___ --70 
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OUTLINE DRAWINGS 

FRONT SIDE 

\' 
10795tO.13 

R1.57±0.10 

6.35 ± O.OS 

6.35 t 0.13 95.25 ± 0.08 

3.38 ± 0.13 101.19±0.13 

BACK SIDE 

• THM362020S 

>< 

~ 

CONTACTS: Gold 

'I 1,0.9 ± 0.08 

· DOO-~ 
CONTACTS: Tin· L •• d .. 

--~~====~==~~-

~ ... 
o 
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Unit in mm 

1,·S9MAX. 

z 

!L 
-+-II ~010 
~8 

• THM362020SG 

'I 1,1.04±O.05 

· DOO-~ 
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2,097,152 WORDS x 40 BIT DYNAMIC RAM MODULE 

DESCRIPTION 
PRELIMINARY 

The THM402020SG is a 2,097,152 words by 40 bits dynamic RAM module which assembled 20 pcs of 
TC514400J on the printed circuit board. 

The THM402020SG is optimized for application to the systems which are required high density and 
large capacity such as main memory of the computers and as image memory systems, and to the 
others which are requested compact size. 

~RES 

• 2,097,152 words by 40 bits organization • Single power supply of 5V±100/0 
• Fast access time and cycle time 

THM402020 THM402020 

SG·80 SG·l0 

tRAC m Access Time 80ns lOOns 

tM Column Address 

Access Time 
40n5 SOns 

tCAC CAS Access Time 20n5 2sns 

tRC Cycle Time 1 SOns 180ns 

tpc Fast Page Mode 

Cycle Time 
SOns 60ns 

PIN CONNECTION (TOP VIEW) 

• Low power 
5,885mW MAX. Operating(THMxxxxxx.80) 
5,060mW MAX. Operating(THMxxxxxx.l0) 

llOmW MAX. Standby 
• Read.Modify.write,CAS before rom refresh, 

RAS only refresh, Hidden refresh, and Fast Page 
Mode capability. 

• All inputs and outputs TTL compatible 
• 1024 Refresh cycleS/16ms 
• Gold Contact 
• JEDEC OUTLlLNE : THM402020SG· 80, 10 
• NON JEDEC OUTLINE: THM402040SG· 80, 10 

PIN NAMES 

AO-A9 Address Inputs 

DQO-DQ39 Data Inputs/Outputs 

CASl!,~ Column Address Strobe 

R7i30,mT Row Address Strobe }II~"~"Q,,,Q,, Q ~"~"~,,, 0 IrnM'''''~ 
1 36 37 72 W ReadlWrite Input 

M Output Enable 

Vee Power(+5V) 

Vss Ground 

PO Presence Detect Pin 

1 Vss 13 Al 25 DQ13 37 DQ19 49 OQ22 61 OQ33 

2 OQD 14 A2 26 DQ14 38 OQ20 50 OQ23 62 OQ34 

-80 -10 

PDO NC NC 

3 DQl 15 A3 27 DQ15 39 VSS 51 DQ24 63 OQ35 

4 OQ2 16 A4 28 A7 40 CASl! 52 DQ25 64 OQ36 

POI NC NC 

POl NC Vss 

5 DQ3 17 A5 29 DQ16 41 NC 53 DQt6 65 DQ37 
PD3 Vss Vss 

6 DQ4 18 A6 30 Vee 42 NC 54 DQ27 66 DQ38 

7 DQs 19 OE 31 A8 43 U;;S; 55 DQ28 67 POO 

8 DQ6 20 DQ8 32 A9 44 AASO 56 DQ29 68 POI 

9 DQ7 21 DQ9 33 NC 45 mT 57 DQ30 69 P02 

10 Vee 22 DQ10 34 NC 46 OQ21 58 DQ31 70 P03 

11 NC 23 DQll 35 DQ17 47 W 59 Vee 71 DQ39 

12 AO 24 DQ12 36 DQ18 48 Vss 60 DQ32 72 Vss 
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BLOCK DIAGRAM 

0 

'iN 
AO-A 9 

0 

CAS 
l!M 
OE 

H~ I-
M 

HCM ~ l!M 
OE 

H~ ~ 
OE 

HF I- m 
Oe 

H~ ~ 
M 

H~ I-
OE 

HF ~ m 
OE 

R~ r-
OE 

~~ AA'S 
OE 

MO 
W 
I 

Ml 
W 
J 

M2 
'iN 

M3 
W 
J 

M4 
w 

MS 
W 

M6 
'iN 

M7 
'iN 

M8 
W 

M9 
W 

1/01 
OQO-3 

1/02 
1/03 

AO-9 V04 

I OQ4-7 
1/01 
1/02 
1/03 

AO-9 1/04 

1/01 
OQ8-11 

1/02 
1/03 

AO-9 1/04 

VOl 
OQ12-15 

V02 
1/03 

AO-9 1/04 

1/01 
OQ16-19 

1/02 
1/03 

AO-9 1/04 

1/01 
OQ20-23 

1/02 
1/03 

AO-9 1/04 

1/01 
OQ24-27 

1/02 
1/03 

AO-9 1/04 

1/01 
OQ28-31 

1/02 
1/03 

AO-9 1/04 

1/01 
OQ32-35 

1/02 
1/03 

AO-9 1/04 

1/01 
OQ36-39 

1/02 
1/03 

AO-9 1/04 

Vee o-----------<lr------------~, MO-19 
T CO-19 

Vsso ... 'MO-19 
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VOl CAS [ 1/02 
V03 MID l!M[ 
1/04 AD-9 W M 

I 
1/01 

~F 1/02 Mil -1/03 
1/04 AO-9 W OE 

I 
1/01 

~~= 1/02 
M12 -1/03 

1/04 AO-9 W M 
I 

1/01 

~~= 1/02 M13 -1/03 
1/04 AO-9 W M 

I 
1/01 ~b 1/02 l!M -1/03 M14 
1/04 AO-9 W M 

I 
1/01 

~~ 1/02 -1/03 MIS 
1/04 AO-9 W M 

I 
1/01 

gj~ 1/02 -1/03 M16 
1/04 AO-9 W M 

I 
1/01 

~~= 1/02 -1/03 M17 
1/04 AO-9 W 

I 
1/01 

~~ 1/02 I-1/03 M18 
1/04 AO-9 'iN M 

Y 
1/01 

~~ 1/02 M19 1/03 
1/04 AO-9 W OE 
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ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNITS NOTES 

Input Voltage VIN -1.0-7.0 V 1 

Output Voltage VOUT -1.0-7.0 V 1 

Power Supply Voltage Vee -1.0-7.0 V 1 

Operating Temperature TOPR 0-70 ·C 1 

Storage Temperature TSTG - 55-125 ·C 1 

Soldering Temperature· Time TSOLDER 260'10 ·C· sec 1 

Power Dissipation Po 6.0 W 1 

Short Circuit Output Current lOUT 50 mA 1 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70oq 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

. Vee Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 - 6.5 V 2 

VIL Input Low Voltage -1.0 - 0.8 V 2 
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DC ELECTRICAL CHARACTERISTICS (Vee = sv ± 10%, Ta = 0-70oq 

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT 

ICCI Average Power Supply Operating Current THM402020SG-80 - 1070 mA 3,4,5 

(liAS, ro, Address Cycling: tRe = tRe MIN.) THM402020SG·\0 - 920 

STANDBY CURRENT 

lee2 Power Supply Standby Current - 40 mA 

(liAS = ro = V,H) 

m ONLY REFRESH CURRENT 

lee3 Average Power Supply Current, MS Only Mode THM402020SG-80 - 1070 mA 3,5 

(MS Cycling, ro = V,H: tRe = tRe MIN.) THM402020SG-l0 - 920 

FAST PAGE MODE CURRENT 

leC4 Average Power Supply Current, Fast Page Mode THM402020SG-80 - 720 mA 3,4,5 

(MS = V'L, ro Address Cycling: tpe = tpe MIN. ) THM402020SG·l0 - 620 

STANDBY CURRENT 

Ices Power Supply Standby Current - 20 mA 

(MS = (A'S = Vee - 0.2V) 

CAS BEFORE MS REFRESH CURRENT 

lee6 Average Power Supply Current. CAS Before liAS THM402020SG-80 - 1070 'mA 3 

Mode (MS. CAS Cycling: tRe = tRC MIN.) THM402020SG·\ 0 - 920 

INPUT LEAKAGE CURRENT 

I, (L) Input Leakage Current. any Input -200 200 )IA 

(OV::l Y,N ::l6.SV, All Other Pins not under Test = OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

(DOUT is disabled, OV:iVOUT::l S.5V) 
-20 20 )IA 

OUTPUT LEVEL 
VOH 

Output co H· Level Voltage (lOUT = - SmA) 
2.4 - V 

VOL 
OUTPUT LEVEL 

Output "L· Level Voltage (lOUT = 4.2mA) - 0.4 V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = 5V ± 10%, Ta";' 0-70oq (Notes 5, 6, 7) 

THM402020 THM402020 

SYMBOL PARAMETER SG-BO SG-l0 UNIT NOTES 

MIN. MAX. MIN. MAX. 

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

tRMW Read-Modify-Write Cycle Time 205 - 245 - ns 

tpc Fast Page Mode Cycle Time 50 - 60 - ns 

tpRMW 
Fast Page Mode Read-Modify-Write 

105 Cycle Time - 125 - ns 

tRAC Access Time from AAS 80 100 
9,14 - - ns 
15 

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

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

tCPA Access Time from CAS Precharge - 45 - 55 ns 9 

telZ CAS to output in Low-Z 0 - 0 - ns 9 

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

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

tRP RM Precharge Time 60 - 70 - ns 

tRAS RAS Pulse Width 80 10,000 100 10,000 ns 

tRASP RAS Pulse Width (Fast Page Mode) 80 100,000 100 100,000 ns 

tRSH RAS Hold Time 20 - 25 - ns 

tRHCP 
RAS Hold Time From CAS Precharge 

45 - 55 - ns (Fast Page Mode) 

tCSH CAS Hold Time 80 - 100 - ns 

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

tReD AAS to CAS Delay Time 20 60 25 75 ns 14 

tRAD AAS to Column Address Delay Time 15 40 20 50 ns 15 

tCRP CAS to AAS Precharge Time 5 - 10 - ns 

tcp 
CAS Pre charge Time 

10 - 10 - ns (Fast Page Mode) 

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

tRAH Row Address Hold Time 10 - 15 - ns 

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

leAH Column Address Hold Time 15 - 20 - ns 

tAR 
Column Address Hold Time referenced 

60 75 to AAS - - ns 

tRAl Column Address to RM Lead Time 40 - 50 - ns 

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

tReH Read Command Hold Time 0 - 0 - ns 11 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

THM402020 THM402020 

SYMBOL PARAMETER SG-BO SG-l0 UN1TS NOTES 

MIN. MAX. MIN. MAX. 

Read Command Hold Time referenced 
tRRH 

to liIU 
0 - 0 - ns 11 

tWCH Write Command Hold Time 15 - 20 - ns 

Write Command Hold Time referenced 
tweR 

tom 
60 - 75 - ns 

twp Write Command Pulse Width 15 - 20 - ns 

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

tcwL Write Command to CAS lead Time 20 - 25 - ns 

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

tOH Data Hold Time 15 - 20 - ns 12 

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

tREF Refresh Period - 16 - 16 ms 

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

tcwo CAS to WRite Delay Time SO - 60 - ns 13 

tRwO m to WRm Delay Time 110 - 13S - ns 13 

tAwD Column Address to \iiiR'i'rr Delay Time 70 - B5 - ns 13 

tcpwo CAS Precharge to WRITE Delay Time 75 - 90 - ns 13 

tesR CAS Set-Up Time(CAS before m Cycle) 5 - 5 - ns 

tCHR CAS Hold Time(CAS before m Cycle) 15 - 20 - ns 

tRPC m to CAS Precharge Time 0 - 0 - ns 

tCPT 
CAS Precharge Time (CAS before m 

40 50 - - ns 
Counter Test Cycle) 

tROH m Hold Time referenced to OE 10 - 20 - ns 

tOEA (JE Access Time - 20 - 25 ns 

tOEO (JE to Data Delay 20 - 25 - ns 

tOEZ 
Output buffer turn off Delay Time 

0 20 
from OE 0 20 ns 10 

tOEH DE Command Hold Time 20 - 25 - ns 

tWRP 
WRITE to liIU Precharge Time 

10 10 
(CAS before m Cycle) 

- - ns 

WRITE to m Hold Time 
tWRH 

(CAS before liIU Cycle) 
10 - 10 - ns 
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CAPACITANCE {Vee = SV± 10%, f= 1MHz, Ta =0-70oq 

SYMBOL PARAMETER MIN. MAX. UNIT 

Cll Input Capacitance (AO-A9) - 130 pF 

CI2 Input Capacitance (W, OE) - 130 pF 

CI3 Input Capacitance (RASO,RAS1) - 70 pF 

CI4 Input Capacitance (CASO,Elm) - 70 pF 

COQ I/O Capacitance (OQO-OQ39) - 35 pF 
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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. ICCI, ICC3, ICC4, ICC6 depend on cycle rate. 

4. ICcl. ICC4 depend on output loading. Specified value are obtained with the output open. 

5. Column address can be changed once or less while RAS = VIL and 'CAS = VIIi. 

6. An initial pause of 200llS is required nfter power-up followed by 8 RAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a ll::11imum of 8 ~ before RAS 
initialization cycles instead of 8 RAg cycles are required. 

7. AC measurements assume tT=5ns. 

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

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

10. tOFI' (max.) and tm:z (max.) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage levels. 

11. Either tltCll or tltRII must be satisfied for a read cycle. 

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

13. twcs, tllWD, tCWD, tAWD and tcPWD 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 tRwD~ tRWD (min.), tcwD~ tcWD (min.), tAwD~ tAWD (min.) and tCPWD~ tcpwD (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 tRCD (max.) limit insures that tltAC (max.) can be met. 

tilCD (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 tllAD (max.) limit insures that tRAC (max.) can be met. 
tHAD (max.) is specified as a reference point only: If tltAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA. 
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READ CYCLE 

V 1H 
RAS 

VIL -

CAS 
V1H-

VIH 
AO-A9 

V 1L 

VIH 
wRiTE 

VIL 

V 1H 
at 

V1L 

DQO- VOH-

DQ39 VOL -

~: "W or "LO 
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WRITE CYCLE (EARLY WRITE) 

VIH-
m 

Vll-

ro 
VIH-

Vil 

VIH 
AO-A9 

V 1L 

VIH 
WRiTE 

Vil 

bE 

000- V1H-

OQ39 VIL -
OPEN 

~: "W or "L" 
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WRITE CYCLE (OE CONTROLLED WRITE) 

CAS 

V 1H 
AO-A9 

V 1L 

V1H 
WRITE 

Vil 

VIH 

OE 
V1L 

DQO-

DQ39 

~: "W or "L" 
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READ·MODIFY·WRITE CYCLE 

AO-A9 

WRITE 

OE 
V'L -'------,--------,-=lX-_!_' 

DQO- VltOH­

OQ39 VltOl _----------t~I%X 

~: "W or "l" 

8-154 



THM402020SG-80, 10 

FAST PAGE MODE READ CYCLE 

AO-A9 

OQO- VOH - --------(Il OQ39 VOL _ 

~:"W or "L" 
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FAST PAGE MODE WRITE CYCLE 

CA"S 
V'L 

V'H 
AO-A9 

V'L 

V'H 
WRITE 

V'L 

Of 

OQO- V'H 

OQ39 V'L 

~; "W or "L" 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

_._- VIH 
RAS V 

IL 

---. VIH 
CAS V 

IL 

DQO" VI/OH-­
DQ39 VIIOL- -----H>0X1 
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RAS ONLY REFRESH CYCLE 

tRP I 
VIH===.--------~~============t~RA~S============~~======~ \~ Vil -

!RP~·I 

AO-A9 

NOTE: iiiiRi'iT. OE = "W or "l" ~: "Wor"l" 

cAS BEFORE RAS REFRESH CYCLE 

DQO­
DQ39 

VOH--:::=~~ __________________ _ 
VOl-- ) OPEN ------------

NOTE: OE, AO-A9 ="H" or "L" ~: "H"or"L" 
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HIDDEN REFRESH CYCLE (READ) 

V'H-
RAS V'L-

CAS 

V'H 
AO-A9 

V'L 

W'RiT! 
Vn~ 

V'L 

OE 
V'H 

V'L 

DOO- VOH-

0039 VOL-

~ : "Wor"L" 

HIDDEN REFRESH CYCLE (WRITE) 

RAS 
V'H-

V'L-

CAS 

V'H 
AO-A9 

V'L 

V'H-
WRITE 

V'L-

OE 
V'H-

V'L-

000-
0039 

~:"WorHL" 
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Clili BEFORE RAS REFRESH COUNTER TEST CYCLE 

VIH-
RAS 

V 1L -

CAS 
VIH-

VIL-
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OUTLINE DRAWINGS 
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