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1. This technical data may be controlled under U.S. Export Administration Regulations and may 
be subject to the approval of the U.S Department of Commerce prior to export. Any export 
or re-export, directly or indirectly, in contravention of the U.S. Export Administration 
Regulations is strictly prohibited. 

2. LIFE SUPPORT POLICY 

Toshiba products described in this data book are not authorized for use as critical 
components in life support systems without the written consent of the appropriate officer of 
Toshiba America, Inc. Life support systems are either systems intended for surgical implant 
in the body or systems which sustain life. 

A critical component is any component of a life support system whose failure to perfonn may 
cause a malfunction of the life support system, or may affect its safety or effectiveness. 

3. The information in this data book has been carefully checked and is believed to be reliable; 
however, no responsibility can be assumed for inaccuracies that may not have been caught. 
All information in this data book is subject to change without prior notice. Furthermore, 
Toshiba cannot assume responsibility for the use of any license under the patent rights of 
Toshiba or any third parties. . 
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rOSHIBA 
Introduction 

We are proud to introduce Toshiba's 1994 DRAM Components and Modules data book. The layout and 
contents of this data book were designed to address and resolve various concerns expressed by the design 
engineering and purchasing communities. 

The first section consists of our DRAM component data sheets and corresponding package mechanical 
dimensions. It was our intention only to provide data sheets which correspond to part numbers of DRAM products 
which are in volume production and are recommended for new designs. We hope that this approach will help 
eliminate the experience of designing-in a particular device, only to find out later that it is difficult or impossible 
to source. 

The next section consists of DRAM module data sheets and their corresponding AC conditions. Again, only 
module configurations and part numbers in volume production are listed in this section. 

We have included a section labeled "Next Generation Products". The devices in this section will soon be in 
production and are suitable for new designs in the 1994 time-frame. 

Finally, we have included reference documents and application notes to make your use of our products easier. 
For additional information, please contact your local Toshiba sales office listed on the back cover. 





CONTENTS 

DRAM COMPONENTS 

PART NUMBER DESCRIPTION ISSUE DATE PAGE 
TC5141 OOASJ/ AZ1 AFT -60170/80 4Mxl Fast Page 05-91 A-I 

TC514100ASJU AFTL-60170/80 4Mxl Low Power 05-91 A-21 

TC5116100J/ZJFT-60170 16Mxl Fast Page 10-91 A-39 

TC514400ASJ/ AZ1 AFT -60170/80 IMx4 Fast Page 05-91 A-59 

TC514400ASJUAFTU A TRL-60170/80 IMx4 Low Power 05-91 A-79 

TC5lV 4400ASJUAFTL-80 IMx4 3.3V Low Power 04-92 A-99 

TC514410ASJ-60170/80 IMx4 Write-per-bit 10-90 A-119 

TC5117400JIZlFT-60170 4Mx4 Sym-2K 10-91 A-139 

TC511640OJIFT-60170 4Mx4 Asym-4K* 10-91 A-159 

TC514800AJ/ AZ1 AFT -70/80 512Kx8 Fast Page 08-92 A-185 

TC514800AJU AFTL-70/80 512Kx8 Low Power 08-92 A-207 

TC514800AJLU AFTLL-70/80 512Kx8 Self Refresh 08-92 A-229 

TC5117800ANJ/ANT-60170/80 2Mx8 Asym-2K* 08-92 A-247 

TC514900AJ/ AFT -70/80 512Kx9 Fast Page 08-92 A-271 

TC514900AJL-70/80 512Kx9 Low Power 08-92 A-293 

TC514900AJLL-70/80 512Kx9 Self Refresh 08-92 A-315 

TC514260BJIBFT -70/80 256Kxl6 2-CAS Sym-512* 12-91 A-333 

TC514170BJ -70/80 256Xxl6 2-WE Asym-lK* 08-91 A-363 

TC514273BJ-70/80 256Kxl6 2-WE Write-per-bit 06-92 A-393 

TC5118160AJ/ AFT -70/80 IMx16 2-CAS Sym-IK* 08-92 A-421 

TC5116160AJ/ AFT -60170/80 IMx16 2-CAS Asym-4k* 08-92 A-449 

TC5118180AJ/ AFT -70/80 IMx18 2-CAS Sym-IK* 08-92 A-479 

TC5116180AJ/ AFT -60170/80 IMx18 2-CAS Asym-4K* 08-92 A-511 
* See NOTE 1 on last contents page 
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DRAM PACKAGE MECHANICAL DIMENSIONS 

DRAWING NUMBER DRAM COMPONENT(S) PAGE 
ZIP20-P-400A 4Mxl,lMx4 B-1 

ZIP24-P-475 16Mxl,4Mx4 B-2 

ZIP28-P-400 512Kx8 B-3 

SOJ26-P-300A 4Mxl,lMx4 B-4 

S0128-P-400A 16Mxl,4Mx4 B-5 

SOJ28-P-400 512Kx8, 2Mx8, 512Kx9 B-6 

SOJ40-P-400 256Kx16 B-7 

SOJ42-P-400 IMx16, IMx18 B-8 

TSOP26-P-300 4Mxl,IMx4 B-9 

TSOP26-P-300A IMx4 (Reverse-bend) B-lO 

TSOP28-P-400B 16Mxl,4Mx4 B-11 

TSOP28-P-400 512Kx8, 2Mx8, 512Kx9 B-12 

TSOP44-P-400B 256Kx16 B-13 

TSOP50-P-400 IMx16, IMx18 B-14 

DRAM MODULES 

PART NUMBER DESCRIPTION ISSUE DATE PAGE 
THM321 OOOAS/ ASG-60170/80 IMx32,lMx4-based 10-91 C-l 

THM321 OBOAS/ ASG-70/80 IMx32, IMx16-based 12-92 C-7 

THM322020AS/ ASG-60170/80 2Mx32, IMx4-based 02-92 C-13 

THM3220COAS/ ASG-70/80 2Mx32, IMx16-based 12-92 C-19 

THM324000S/SG-60170 4Mx32,4Mx4-based 10-92 C-25 

THM328020S/SG-60170 8Mx32,4Mx4-based 10-92 C-31 

THM361 020AS/ ASG-60170/80 IMx36,lMx4I1Mxl-based 11-91 C-37 

THM3610BOAS/ ASG-70/80 IMx36, IMx18-based 05-93 C-43 

THM361070AS/ ASG-60170/80 IMx36, IMx4-based, ECC+ 03-93 C-49 

THM362020AS/ ASG-60170/80 2Mx36,IMx4I1Mxl-based 02-92 C-55 

THM362040AS/ ASG-60170/80 2Mx36, 1" Height 02-92 C-61 

THM3620COAS/ ASG-70/80 2Mx36, IMxl8-based 05-93 C-67 

THM362060AS/ ASG-60170/80 2Mx36, IMx4-based, ECC+ 03-93 C-73 

THM364020S/SG-60170 4Mx36, 4Mx4/4Mxl-based 10-92 C-79 

THM3640AOS/SG-60170 4Mx36, 4Mx4-based, ECC+ 03-93 C-85 

THM368020S/SG-60170 8Mx36, 4Mx4/4Mxl-based 10-92 C-91 

THM3680AOS/SG-60170 8Mx36, 4Mx4-based, ECC+ 03-93 C-97 
+ See NOTE 2 on last contents page. 
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DRAM MODULE AC CONDITIONS 

REFERENCE NUMBER DESCRIPTION ISSUE DATE PAGE 

AC Conditions No.4 IMx4flMxl-based 10-91 D-l 

AC Conditions No.8 IMx4-based 10-91 D-9 

AC Conditions No. 11 IMx4-based, with OE 03-93 D-23 

AC Conditions No. 12 IMx4flMxl TSOP-based 10-91 D-45 

AC Conditions No. 13 4Mx4 4K Refresh-based 03-93 D-55 

AC Conditions No. 15 4Mx4/4Mxl-based 02-92 D-77 

AC Conditions No. 16 4Mx4 2K Refresh-based 04-92 D-85 

AC Conditions No. 20 IMxl6 and IMx 18-based 04-93 D-99 

NEXT GENERATION PRODUCTS 

DESCRIPTION PAGE REFERENCE NUMBER 

Third Generation 16M DRAM 16M DRAM 16MxV4Mx4 in 300mil SOJIfSOP E-l 

4Mx4 Quad-CAS 

3.3VDRAM 

Small Outline SIMM 

8-ByteSIMM 

CROSS REFERENCE GUIDE 

Hyper Page Mode 

3.3V Operation 

512Kx32/x36 

256Kx16, 16Mxl,4Mx4, IMx16,2Mx8 

x32 Family, 2.35" Length, Dual Readout 

x64 and x72 Families 

16M DRAM RELIABILITY REPORT 

APPLICATION NOTES 

APPLICATION NOTE TITLE 

Symmetrical vs. Asymmetrical Addressing 

IMxl6 (5V) vs.IMx4 (3.3V) DRAM Comparison 

Module Conversion from 4M DRAM-based to 16M DRAM-based 

Module Applications 

TOSHI8A. A.U~RIr.4 ~I ~r.TAn"lI~ ~nUDntd~tdT~ Itdl' 
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G-1 

PAGE 
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iv 

NOTE 1: 
Sym-512 = Symmetrical Address(9 Row19 Column) 

512 Refresh Cycles/8ms 
Sym-1K = Symmetrical Address (to Row/to Column) 

1024 Refresh CycleS/16ms 
Sym-2K = Symmetrical Address (11 Rowl11 Column) 

2048 Refresh Cycles/32ms 
Asym-IK = Asymmetrical Address (to Row/8 Column) 

to24 Refresh CycleS/16ms 
Asym-2K = Asymmetrical Address (11 Row/to Column) 

2048 Refresh Cycles/32ms 
Asym-4K = Asymmetrical Address (12 Row/to Column for 4M or 12 Row/S Column for 1Mx16) 

4096 Refresh Cycles/64ms 

Refer to Application Note for further details 

NOTE 2: 
x36 modules designated with "ECC" are optimized for ECC applications and x36 modules without the 
"ECC" designation are optimized for parity applications. 
Refer to Application Note for further details. 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



rOSHIBA 
TC514100ASJI AZI AFf-60/70/80 I 

4,194,304 WORD X 1 BIT DYNAMIC RAM 

DESCRIPTION 
THE TC514100A is the new generation dynamic RAM organized 4,194,304 word by 1 bit. The 

TC514410ASJIA'ZlAFT 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 TC514100A to be packaged in a standard 26/20 pin plastic SOJ (3OOmil), 20 pin plastic ZIP, 26/20 
pin plastic TSOP. The package size provides high system bit densities and is compatible with widely available 
automated testing and insertion equipment. System oriented features include single power supply of 5V± 10% 
tolerance, direct interfacing capability with high performance logic families such as Schottky TIL. 

FEATURES KEY PARAMETERS 
• 4,194,304 word by 1 bit organization 
• Fast access time and cycle time 
• Single power supply of 5V± 10% with a built

in V BB generator 
Low Power 

660mW MAX. Operating 
(TC5141ooASJI A'Zl AFT -60) 
550m W MAX. Operating 
(TC5141 ooASJI A'Zl AFT -70) 
468mW MAX. Operating 
(TC5141ooASJI A'Zl AFT -80) 
5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two-di
mensional chip selection 

• Common 110 capability using "EARL Y 
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 TC514400ASJ : SOJ26-P-3OOA 
TC514400AZ : ZIP20-P-4ooA 
TC514400AFT : TSOP26-P-3oo 

ITEM 

tRAc RAS Access Tune 

tAA Column Address 
Access TIme 

tcAC CAS Access TIme 

tRC Cycle TIme 

tpc Fast Page Mode 
Cycle TIme 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 

TC514400ASJI A'Zl AFT 

-60 -70 -80 

60ns 70ns 80ns 

30ns 35ns 40ns 

20ns 20ns 20ns 

110ns 130ns 150ns 

45ns 45ns 50ns 
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TC514100ASJ/ AZ/ AFT-60/70/80 

PIN NAME 

AO-AlO Address Inputs 

RAS Row Address Strobe 

DIN Data In 

DOUT Data Out 

CAS Column Address Strobe 

WRITE Read/Write Input 

Vee Power (+5V) 

Vss Ground 

N.C. No Connection 

PIN CONNECTION (TOP VIEW) 

Plastic SOJ Plastic ZIP 

:p 1/01 
1102 

WRITE 

:[ ; RAS 
A9 

AO 
At 
A2 
A3 

Vee 

9 
to 
11 
12 
13 

Vss [2: 1/04 
26 
25 

1/03 ~( 
CAS 

~6= ill 

24 
23 
22 

18 A8 
17 A7 
16 A6 
15 AS 
14 A4 

Plastic TSOP (Normal Bend Type) 

m 1/01 Vss 
1102 1104 

1/04 WJmt 1/03 
1/01 m m 
WRITE 

A9 OE 

A9 AO A8 
A1 A1 A7 

A2 A6 
A3 A3 AS 
A4 Vee A4 
A6 

A8 

A-2 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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BLOCK DIAGRAM 

WRITE 

CAS 0-...---<:1 

Al 0. 
A2e. 
A3e. 
A40. 

AS 0. 

A60. 

A7 e. 
AS 0. 
AgO. 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL 

Input Voltage VIN 

Output Voltage VOUT 

Power Supply Voltage Vee 

Operating Temperature TOPR 

Storage Temperature TSTG 

Soldering Temperature - Time TSOLOER 

Power Dissipation Po 

Short Circuit Output Current I 
OUT 

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

Vss 

TC514100ASJ/ AZ/ AFT-60/70/80 

RATING 

-1-7 

-1-7 

-1-7 

0-70 

- 55-150 

260 -10 

700 

50 

DATA IN 
BUFFER 

DATA OUT 
BUFFER 

COLUMN 
DECODER 

SENSE AMP. 
I/O GATING 

---4096 --1 
MEMORY 
ARRAY 

SUBSTRATE BIAS 
GENERATOR 

UNIT 

V 

V 

V 

°C 

°C 

°C - sec 

mW 

rnA 

NOTE 

1 

1 

1 

1 

1 

1 

1 

1 

TOSHIBA AMERICA ELECTRONIC COMPONJ;:NTS_ INC_ 



TC514100ASJI AZI AFT-60/70/80 

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

SYMBOL PARAMETER MIN. TYP MAX UNIT NOTE 

Vcc Supply Voltage 4.5 5.0 5.5 V 2 

Vrn Input High Voltage 2.4 - 6.5 V 2 

VII.. Input LowVoltage -1.0 - 0.8 V 2 

D.C. ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX UNIT NOTE 
OPERATING CURRENT TC514100ASJI AZl AFf-60 120 

3,4 I Average Power Supply Operating Current TC514100ASJIAZl AFf-70 100 rnA CCI 5 
(RAS,"'CAS, Address Cycling: tRC=tRC MIN) TC514100ASJI AZl AFf-80 85 

STANDBY CURRENT 
I Power Supply Standby Current 2 rnA CC2 

(RAS=CAS=V1H) 

RAS ONLY REFRESH CURRENT TC514100ASJI AZl AFf-60 120 
I Average Power Supply Current, RAS Only Mode TC514100ASJI AZl AFf-70 100 rnA 3,5 CC3 

(RAS Cycling,"'CAS=Vrn: tRC=tRC MIN.) TC514100ASJI AZl AFf-80 - 85 

FAST PAGE MODE CURRENT TC514100ASJI AZl AFf-60 60 
3,4 I Average Power Supply Current, Fast Page Mode TC514100ASJI AZl AFf-70 60 rnA CC4 5 

(RAS =VIL,"'CAS, Address Cycling: tPc=tpc MIN.) TC514100ASJI AZl AFf-80 50 

STANDBY CURRENT 
rnA I Power Supply Standby Current 1 CC5 

(RAS=CAS=V CC-O.2V) 

CAS BEFORE'Y;\S REFRESH CURRENT TC514100ASJI AZl AFf-60 120 
I Average Power Supply Current, CAS Before RAS TC514100ASJI AZl AFf-70 100 rnA 3,5 CC6 

Mode (RAS, CAS, Cycling: tRC=tRC MIN.) TC514100ASJI AZl AFf-80 85 

INPUT LEAKAGE CURRENT 
I Input Leakage Current, any input -10 10 ~A I(L) 

(OV <V IN<6.5V, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-10 10 ~A O(L) (DOUT is disabled, (OV <V oUT<5.5V), 

VOH 
OUTPUT LEVEL 

2.4 - V 
Output "H" Level Voltage (IOm=-5rnA) 

VOL 
OUTPUT LEVEL 0.4 

V 
Output "L" Level Voltage (lom=4.2rnA) 

-
.. 

A-4 TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



TC514100ASJI AZI AFr-60/70/80 

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

TC514100ASJIAZJ AFT 

SYMBOL PARAMETER -60 -70 -80 UNIT NOTES 

MIN MAX. MIN MAX MIN MAX 

tRc Random Read or Write Cycle Time 110 - 130 - 150 - ns 

tRMw Read-Modify-Write Cycle 135 - 155 - 175 - ns 

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

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

ns 

Access Time from RAS' - 60 - 70 - 80 9,14, 
tRAc ns 15 

teAC Access Time from CAS - 20 - 20 - 20 ns 9,14 

tAA Access Time from Column Address - 30 - 35 - 40 ns 9,15 

tePA Access Time from CAS Precbarge - 40 - 40 - 45 - 9 

taz CAS to Output in Low-Z 0 - 0 - 0 - ns 9 

!oFF Output Buffer Tum-off Delay 0 20 0 20 0 20 ns 10 

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

tRP RAS' Presbarge Time 40 - 50 - 60 - ns 

tRAS RAS' Pulse Width 60 10,000 70 10,000 80 10,000 ns 

tRAsp RAS' Pulse Width (Fast Page Mode) 60 200,000 70 200,000 80 200,000 ns 

tRSH RAS' Hold Time 20 - 20 - 20 - ns 

RAS' Hold Time From "CAS" 40 - 40 - 45 -
tRHcp Precbarge (Fast Page Mode) 

ns 

teSH CAS Hold Time 60 - 70 - 80 - ns 

teAS CAS Pulse Width 20 10,000 20 10,000 20 10,000 ns 

tRCD RAS' to CAS Delay Time 20 40 20 50 20 60 ns 14 

RAS' to Column Address Delay 15 30 15 35 15 40 
15 tRAD Time 

ns 

teRP CAS to RAS' Precbarge Time 5 - 5 5 - ns 

tep CAS Precbarge Time 10 - 10 - 10 - ns 

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

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

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

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

Column Address To RAS' Lead 30 - 35 - 40 
tRAL Time 

ns 

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

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

Read Command Hold Time refer- 0 - 0 - 0 - 11 tRRH enced to RAS' 
ns 

tWCH Write Command Hold Time 10 - 15 - 15 - ns 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-5 



TC514100ASJ/ AZ/ AFT-60/70/80 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 

TC514100ASJIAVAFr 

SYMBOL PARAMETER -60 -70 -80 UNIT NOTES 

MIN MAX. MIN MAX MIN MAX 

twp Write Command Pulse Width 10 - 15 - 15 - ns 

tRWL Write Command to RAS Lead Time 20 - 20 - 20 - ns 

tcWL Write Command to CAS" Lead Time 20 - 20 - 20 - ns 

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

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

tREF Refresh Period - 16 - 16 - 16 ms 

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

tcWD CAS" to WRITE Delay Time 20 - 20 - 30 - ns 13 

tRwO RAS to WRITE Delay Time 60 - 70 - 80 - ns 13 

tAWD 
Column Address to WRITE Delay 

30 - 35 - 40 - ns 13 
Time 

tcPWD 
CAS" Precharge to WRI I E Delay 

40 - 40 - 45 - ns 13 
Time 

tcSR 
CAS" Set-up Time 

5 - 5 - 5 - ns 
(CAS before RAS Cycle) 

tcHR 
CAS' Hold Time 

15 15 15 
(CAS' before RAS Cycle) - - - ns 

tRPC RAS to CAS" Precharge Time 0 - 0 - 0 - ns 

CAS" Precharge Time 

tcPT (CAS" before RAS Counter Test 30 - 40 - 40 - ns 
Cycle 

tWTS 
Write Command Set-up Time 

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

tWTH 
Write Command Hold Time 10 10 10 
(Test Mode In) - - - ns 

tWRP 
WRITE to RAS Precharge Time 

10 - 10 - 10 - ns 
(CAS' before RAS Cycle) 

Wnte to"RAS Hold Time 
10 10 10 tWRH (CAS before ~Cyc1e - - ns 

A-6 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514100ASJI All AFT-60/70/80 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 

TC514100ASJI AZ1 AFT 

SYMBOL PARAMETER -60 -70 -80 

MIN MAX. MIN MAX MIN MAX 

tRC Random Read or Write Cycle Time 115 - 135 - 155 -
tpc Fast Page Mode Cycle Time 50 - 50 - 55 -
tRAc Access Time from RAS 

65 75 85 - - -

teAC Access Time from CAS" - 25 - 25 - 25 

tAA Access Time from Column Address - 35 - 40 - 45 

tePA Access Time from CAS" Precharge - 45 - 45 - 50 

tRAs RAS Pulse Width 65 10,000 75 10,000 85 10,000 

tRAsP RAS Pulse Width (Fast Page Mode) 65 200,000 75 200,000 85 200,000 

tRSH RAS Hold Time 25 - 25 - 25 -
teSH CAS" Hold Time 65 - 75 - 85 -
tRHcp RAS Hold Time From CAS" Pre-

45 45 50 
charge (Fast Page Mode) - - -

teAS CAS" Pulse Width 25 10,000 25 10,000 25 10,000 

tRAL Column Address to RAS Lead Time 35 - 40 - 45 -

CAPACITANCE (V CC = SV ± 10%, f= IMHz, Ta = 0-70°C) 
SYMBOL PARAMETER MIN MAX 

CIl Input Capacitance (AO-A1O, DIN) - 5 

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

Co Input Capacitance (DOUT) - 7 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

UNIT NOTES 

ns 

ns 

9,14, 
ns 15 

ns 9, 14 

ns 9, 15 

ns 9 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

UNIT 

pF 
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TC514100ASJ/ AZ/ AFI'-60/70/80 

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. Icc}, Icc4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=VIL• In case of Icc4' it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200~s 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 t;;\S" 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume t-r=5ns. 

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

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

10. !oFF (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 t;;\S" leading edge in early write cycles and to WRITE leading edge 
in Read-Modify-Write cycles. 

13. twcs, tRWD, tcWD, tAWD and tcPWD are not restictive 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 output will remain open circuit (high impedance) through the entire cycle; If tRWD~RWD (min.), 
tcWD~tcWD (min.), tA~AWD (min.) and tcPwY-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 n.either of the above 
sets of condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC 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• 

A-a TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TIMING WAVEFORMS 

READ CYCLE 

m 

V 1H ru 
VIL 

V1H 
AD-AIO 

V 1L 

~ 
VIH 

V 1L 

DOUT 

WRITE CYCLE (EARLY WRITE) 

DIN 
Vil 

VO~ 

1LC514100l\SJ/~/~-60/70/80 

1Wl: "W or "L" 

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

~: "H" or "L" 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-9 



1lC514100l\SJ/~/AU!f-60/70/80 

READ-MODIFY-WRITE CYCLE 

VIH-
m 

Vll-

VIH-
~ 

VIH 
AO-Al0 

Vil 

VIH 
WJm 

VIL 

VIH 
DIN 

VIL 

VOH-

Dour OPEN 
VOL-

~: "H" or "L" 

A-10 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514100ASJ/ AZ/ AFr-60/70/80 

FAST PAGE MODE READ CYCLE 

DOUT 
Vo l -

~: "H" or"L" 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

DOUT ------------ OPEN -----------
Vol -

~: "W or "L" 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-11 



TC514100ASJ/ AZ/ AFT-60/70/80 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

VOH
Dour ----i---+-----( 

VOl-

~: "W or "L" 

A-12 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



1lC514100~SJ/~/~-60/70/80 

HAS ONLY REFRESH CYCLE 

V,H _~--~ 1~ ______ ........;;!l~ ______ "1 ...u----oi.. 
m 

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

VOL -

~: "H" or "L" 

Note: WRITE, A 10 = "H" or "L" 

CAS BEFORE HAS REFRESH CYCLE 

VOH-~-----i.. 
Dour 1>------------OPEN -------

VOL -~ ___ ._JI-

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

~: "H" or "L" 

TOSHIBA AMERICA ELECTRONIC COMPON!;NTA_ INr. .lL1'2 



TC514100ASJ/ AZ/ AFT-60/70/80 

HIDDEN REFRESH CYCLE (READ) 

VIH _~~-+-+-----I 1-':"::':':"'-1 

ro VIL-

VOH -

DOUT V~L _-------~ 

HIDDEN REFRESH CYCLE (WRITE) 

DATA-OUT 

~: "HH or "L" 

VIH ~-~ I--~~--.I Jr------!ol I_--':'~--I ~---

m VIL-

VIH -------:!!!:--I-+------,. 

ro VIL 

VIH 
DIN 

VIL 

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

VOL -

~: "H"or"L" 

A·14 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514100ASJI AZI AF'T-60/70/80 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

WRITE CYCLE 

VOH -
------~r_---------+_+~--OPEN------------~~---------

Dour VoL -

VIH 

WRiTE 
V 1L 

VIH 
DIN 

V IL 

~: "H" or "L" 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-15 



TC514100ASJI AZI AFT-60/70/80 

WRITE, CAS BEFORE HAS REFRESH CYCLE 

VOH-:------1 
Dour >------------- OPEN -------VOL - ____ -" 

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

READ CYCLE IN THE TEST MODE 

~: "H" or "L" 

A-16 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514100ASJ/ AZ/ AFT-60/70/80 

WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

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

VOL-

~: "W or "L" 

FAST PAGE MODE READ CYCLE IN THE TEST MODE 

~: HH" or "L" 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-17 



TC514100ASJ/ AZ/ AFT-60/70/80 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

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

VoL -

~: "W or "L" 
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TC514100ASJ/ AZ/ AFT-60/70/80 

TEST MODE 
The TC514100/ASJIAZJAFr is the RAM organized 4,194,304 words by 1 bits, internally organized 

524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors in parallel and retrieved the same way. 
A IOR, AlOe and Aoc is not used. If, upon reading, all bits equal (all "1"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 
TC51400/ASJIAZJAFr. In "Test Mode", the 4M DRAM can be tested as if it were a 512K DRAM. 

"WRITE, CP3 Before IV3 Refresh Cycle" puts the device into "Test Mode". And"~ Before IV3 
Refresh Cycle" or IV3 Only Refresh Cycle" puts it back into "Nonnal Mode". In the Test Mode, "WRITE, 
CP3 Before IV3 Refresh Cycle" perfonns the refresh operation with internal refresh address counter. The 
''Test Mode" function reduces test times (118 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 

~ 
~. 

Normal 

Figure 1 

AIOR. Aloe. Aoe 

~~No'm.' .-----""\A : 1 
~~~~~~111 ~ 

Test 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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·OSHIBA 
TC514100ASTLI AFILOO/70/80 I 

4,194,304 WORD X 1 BIT DYNAMIC RAM 

DESCRIPTION 
The TC514100ASJL/AFfL is the new generation dynamic RAM organized 4,194,304 word by 1 bit. The 

TC514100ASJLlAFfL 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 TC514100ASJL/AFfL to be packaged in a standard 26/20 pin plastic SOJ (300), 26/20 pin plastic 
TSOP. The package size provides high system bit densities and is compatible with widely available automated 
testing and insertion equipment. System oriented features include single power supply of 5V± 10% tolerance, 
direct interfacing capability with high performance logic families such as Schottky TIL. 

FEATURES KEY PARAMETERS 
• 4,194,304 word by 4 bit organization 
• Fast access time and cycle time 
• Single power supply of 5V± 10% with a built

in V BB generator 
Low Power 

660m W MAX .Operating 
(TC5141 OOASJLI AFfL-60) 

550m W MAX. Operating 
(TC5141 OOASJLI AFfL-70) 
46Sm W MAX. Operating 
(TC5141 OOASJLI AFfL-SO) 
l.lmWMAX. Standby 

• Outputs unlatched at cycle end allows two-di
mensional chip selection 

• Common 110 capability using "EARLY 
WRITE" operation 

• Read-Modify-Write, CA5 before RAS" refresh, 
RAS"-only refresh, Hidden refresh, Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TIL compatible 
1024 refresh cyclesl12Sms 

• Package TC514400ASJL: SOJ26-P-300A 
TC514400AFfL: TSOP26-P-300 

tRAC 

tAA 

!cAC 

tRC 

tpc 

ITEM 

RAS" Access Time 

Column Address 

Access Time 

CAS' Access Time 

Cycle Time 

Fast Page Mode 

Cycle Time 

TOSHIBA AMERICA ELECTRONIC COUPONI;NT~ INr. 
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-60 -70 -SO 

60ns 70ns SOns 

30ns 35ns 40ns 

20ns 20ns 20ns 

lIOns 130ns 150ns 

45ns 45ns 50ns 



TC514100ASJL/AU!rlr60/70/80 

PIN NAME 

AO-AIO Address Inputs 

RAS Row Address Strobe 

DIN Data In 

DOUT Data Out 

CAS Column Address Strobe 

WRITE Read/Write Input 

Vee Power (+5V) 

Vss Ground 

N.C. No Connection 

PIN CONNECTION (TOP VIEW) 

---.J2w 
WRITE 

RAS 
N.C 
Al0 

AO 
Al 
A2 
A3 

Vee 

Plastic SOJ 

1 26 
2 25 
3 24 
4 23 
5 22 

9 18 
10 17 
11 16 
12 15 
13 14 

Vss 
Dour 
CAS 
N.C. 
A9 

A8 
A7 
A6 
AS 
A4 

DIN Vss 
WRITE Dour 

RAS CAS 
N.C. N.C. 
Al0 A9 

AO A8 
Al A7 
A2 A6 
A3 AS 

Vee A4 

Tn~WIRA AMI;RICA I;LI;CTRONIC COMPONENTS. INC. 



BLOCK DIAGRAM 

AO 0. 
Al 0. 
A2()-J.. 

A30. 
A40. 
A5()-J.. 

A60. 
A70+
ABO+
Ago+-

Ala 0+-

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL 

Input Voltage VIN 

Output Voltage VOUT 

Power Supply Voltage Vee 

Operating Temperature TOPR 

Storage Temperature TSTG 

Soldering Temperature - Time TSOLOER 

Power Dissipation Po 

Short Circuit Output Current I 
OUT 

TC514100AS]L/AU!flr60/70/80 

Vee Vss 

~ ~ 

RATING 

-1-7 

-1-7 

-1-7 

0-70 

- 55-150 

260 -10 

700 

50 

DATA IN 
BUFFER 

DATA OUT 
BUFFER 

COLUMN 
DECODER 

SENSE AMP. 
1/0 GATING 

---4096 ---

MEMORY 
ARRAY 

SUBSTRATE BIAS 
GENERATOR 

UNIT 

V 

V 

V 

°C 

°C 

°C - sec 

mW 

rnA 

NOTE 

1 

1 

1 

1 

1 

1 

1 

1 
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1LC514100~JL/~60/70/80 

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

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 

Vn.. Input Low Voltage -1.0 - 0.8 V 2 

D.C. ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70°C) 
SYMBOL PARAMETER MIN. MAX UNIT NOTES 

OPERATING CURRENT TC514100ASJUAFfL-60 - 120 
3,4 I Average Power Supply Operating Current TC514100ASJUAFfL-70 - 100 rnA CCI 5 

(RAS', CAS, Address Cycling: tRC=tRC MIN.) TC514100ASJUAFfL-80 - 85 

STANDBY CURRENT 
ICC2 Power Supply Standby Current 2 rnA 

(RAS'=CAS'=VIH) 

RAS ONLY REFRESH CURRENT Average TC514100ASJUAFfL-60 - 120 

leC3 Power Supply Current, RAS' Only Mode TC514100ASJUAFfL-70 - 100 rnA 3,5 
(RAS' Cycling, CAS=VIH: tRC=tRC MIN.) TC514100ASJUAFfL-80 - 85 

FAST PAGE MODE CURRENT TC514100ASJUAFfL-60 - 60 
3,4 I Average Power Supply Current, Fast Page Mode TC514100ASJU AFfL-70 60 rnA CC4 - 5 

(RAS' =Vn..,ns,Address Cycling:tpc=tpc MIN.) TC514100ASJUAFfL-80 - 50 

STANDBY CURRENT 
ICCS Power Supply Standby Current 200 JlA 

(RAS'=CAS'=V Cc-0.2V) 

CAS BEFORE""RAS REFRESH CURRENT TC514100ASJUAFfL-60 - 120 
ICC6 Average Power Supply Current, CAS Before ~ TC514100ASJUAFfL-70 - 100 rnA 3,5 

Mode (RAS', CAS, Cycling: tRC=lRc MIN.) TC514100ASJU AFfL-80 - 85 

Battery Back Up Current 
Average Power Suuply Current, Battery Back Up Mode 

Icc7 (CAS::CAS Before RAS Cycling or 0.2V, WRlTE=V cc-0.2V - 300 JlA 3.6 
AO-IO=Vcc-0.2VorO.2V, DIN=Vcc-0.2V, 0.2VorOPEN: 

tRc=125Jls, tRAS=tRES MIN. -IJls) 

ThWUTLEAKAGECURRENT 

II(L) Input Leakage Current, any input -10 10 JlA 
(OV-5N INS6.5V, All Other Pins Not Under Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

-10 10 JlA 
(DOUT is disabled, OV -5N oUTS5.5V) 

VOH 
OUTPUT LEAKAGE CURRENT 

2.4 V 
Output "H" Level Voltage (Iom=-5mA) 

-

VOL 
OUTPUT LEAKAGE CURRENT 

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

-
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TC514100ASJL/ AFTL60/70/80 

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

TC514100ASJLI AFIL 

SYMBOL PARAMETER -60 -70 -80 UNIT NOTES 

MIN MAX. MIN MAX MIN MAX 

tRc Random Read or Write Cycle Time 110 - 130 - 150 - ns 

tRMw Read-Modify-Write Cycle 135 - 155 - 175 - ns 

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

Fast Page Mode Read-Modify-Write 70 - 70 - 75 -
tpRMw Cycle Time 

ns 

Access Time from RAS' - 60 - 70 - 80 10,15, 
tRAc ns 

16 

teAC Access Time from CAS' - 20 - 20 - 20 ns 10,15 

tAA Access Time from Column Address - 30 - 35 - 40 ns 10,16 

tePA Access Time from CAS' Precharge - 40 - 40 - 45 - 10 

tcLZ CAS'to Output in Low-Z 0 - 0 - 0 - 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 50 3 50 ns 9 

tRP RAS' Presharge Time 40 - 50 - 60 - ns 

tRAs RAS' Pulse Width 60 10,000 70 10,000 80 10,000 ns 

tRAsP RAS' Pulse Width (Fast Page Mode) 60 200,000 70 200,000 80 200,000 ns 

tRSH RAS' Hold Time 20 - 20 - 20 - ns 

RAS' Hold Time From "'CAS' 40 - 40 - 45 -tRHCP Precharge (Fast Page Mode) 
ns 

tcsH CAS' Hold Time 60 - 70 - 80 - ns 

teAS CAS' Pulse Width 20 10,000 20 10,000 20 10,000 ns 

tRCD RAS' to CAS' Delay Time 20 40 20 50 20 60 ns 15 

tRAD RAS' to Column Address Delay Time 15 30 15 35 15 40 ns 16 

tcRP CAS' to RAS' Precharge Time 5 - 5 5 - ns 

tep CAS' Precharge Time 10 - 10 - 10 - ns 

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

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

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

tcAH Column Address Hold Time 15 - 15 - 15 - ns 

tRAL Column Address To RAS' Lead Time 30 - 35 - 40 ns 

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

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

Read Command Hold Time refer- 0 - 0 - 0 - 12 tRRH enced to RAS' ns 

tWCH Write Command Hold Time 10 - 15 - 15 - ns 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-?~ 



TC514100ASJL/ AFTL60/70/80 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 

TC514100ASJLI AFTL 

SYMBOL PARAMETER -60 -70 -80 UNIT NOTES 

MIN MAX MIN MAX MIN MAX 

twp Write Command Pulse Width 10 - 15 - 15 - ns 

tRWL Write Command to RAS' Lead Time 20 - 20 - 20 - ns 

tcWL Write Command to CAS Lead Time 20 - 20 - 20 - ns 

tos Data Set-Up Time 0 - 0 - 0 - ns 13 

tOH Data Hold Time 15 - 15 - 15 - ns 13 

tREF Refresh Period - 128 - 128 - 128 ms 

twcs Write Command Set-Up Time 0 - 0 - 0 - ns 14 

tcWD CAS to WRITE Delay Time 20 - 20 - 20 - ns 14 

tRWD RAS' to WRITE Delay Time 60 - 70 - 80 - ns 14 

tAWO 
Column Address to WRITE Delay 

30 - 35 - 40 - ns 14 Time 

tcpwo 
CAS Precharge to WRl1 E Delay 

40 - 40 - 45 - ns 14 
Time 

tcSR 
CAS Set-Up Time 

5 - 5 - 5 - ns 
(CAS' before RAS' Cycle) 

tcHR 
CAS Hold Time 
(CAS' before RAS' Cycle) 

15 - 15 - 15 - ns 

tRPC RAS' to CAS Precharge Time 0 - 0 - 0 - ns 

CAS Precharge Time 

tcPT (CAS' before RAS' Counter Test 30 - 40 - 40 - ns 
Cycle 

tWTS 
Write Command Set-Up Time 

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

Write Command Hold Time 
10 10 10 tWTH (Test Mode In) 

- - - ns 

tWRP 
WRITE to RAS' Precharge Time 

10 - 10 - 10 - ns (CAS before RAS' Cycle) 

Wnte to ~ Hold Time 
10 10 10 tWRH (CAS' before ~Cycle 

- - ns 
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TC514100ASJL/ AFTL-60/70/80 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE (Vee = 5V ± 10%,Ta = 
0-70°C(Notes 7,8,9) 

TC5141 OOASJLI AFfL 

SYMBOL PARAMETER -60 -70 -80 UNIT 

MIN MAX MIN MAX MIN MAX 

tRC Random Read or Write Cycle Time 115 - 135 - 155 - ns 

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

Access Time from RA.S' - 65 - 75 - 85 
tRAC ns 

teAC Access Time from CAS' - 25 - 25 - 25 ns 

tAA Access Time from Column Address - 35 - 40 - 45 ns 

tePA Access Time from CAS' Precharge - 45 - 45 - 50 ns 

tRAS RA.S' Pulse Width 65 10,000 75 10,000 85 10,000 ns 

tRASP RA.S' Pulse Width (Fast Page Mode) 65 200,000 75 200,000 85 200,000 ns 

tRSH RA.S' Hold Time 25 - 25 - 25 - ns 

teSH CAS' Hold Time 65 - 75 - 85 - ns 

tRHCP CAS' Precharge to RA.S' Hold Time 45 - 45 - 50 - ns 

teAS CAS' Pulse Width 25 10,000 25 10,000 25 10,000 ns 

Column Address to RA.S' Lead 35 - 40 - 45 -
tRAL Time 

ns 

CAPACITANCE (V CC = 5V ± 10%, f = IMHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN MAX UNIT 

CIl Input Capacitance (AO-AIO, DIN) - 5 pF 

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

Co Input Capacitance (DOUT) - 7 pF 

NOTES 

10,15, 
16 

10,15 

10,16 

10 



TC514100ASJL/}U!flr60/70/80 

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' Icc6 depend on cycle rate. 

4. Iccl' ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Vn... In case of IcC4' it can be changed once or less 
during a fast page mode cycle (tpc). 

6. tRAS (max.)=I~s is only applied to refresh of battery-back up. tRAS (max.)=10~ is applied to functional 
operating. 

7. An initial pause of 200~s 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. 

8. AC measurements assume t-r=5ns. 

9. Vm (min.) and Vn.. (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 l00pF. 

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 "CAS' leading edge in early write cycles and to WRITE leading edge 
in Read-Modify-Write cycles. 

14. twcs, tRWD, tcWD, tA WD and tcPWD are not restictive 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 output will remain open circuit (high impedance) through the entire cycle; If tRWD>tRwD (min.), 
tcwo>tcwo (min.), tA WD>tA WD (min.) and tc~tcPWDD (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 condifition is satisfied, the condition o( the data out (at access time) is indeterminate. 

15. Operation within the tRCD (max.) limit insures that tRAC 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 tRAO is greater than the specified tRAD (max.) limit, then access time is 
controlled by tAA• 
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TC514100ASJL/ AFTlr60/70/80 

TIMING WA VEFORMS 

READ CYCLE 

ru 

V1H 
AO-Al0 

V1l 

VIH 
WlUT'E" 

V1l 

DOUT 

WRITE CYCLE (EARLY WRITE) 

VO~ 
Dour ---------- OPEN ------------

VOL-
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TC514100ASJL/ AFTI.r60/70/80 

READ-MODIFY-WRITE CYCLE 

V'H-m 
V'l-

V'H-m 

VOH-
DOUT ----t- OPEN -----+-<: 

VOl-
DATA-OUT 

FAST PAGE MODE READ CYCLE 

VOH-
DOUT --------il~~/,)I(I 

VOl -
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TC514100ASJL/AU!rlr60/70/80 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

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

VOl-

~: "W or "l" 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

VOH -

Dour ---+---+----<I~ 
Vol -

~: "W or "l" 

.. A.ft .................... _. -- -----.... - ------ ... ------ .---



TC514100ASJL/P.U!rlr60/70/80 

RAS ONLY REFRESH CYCLE 

V,H -~-~ I---------.;~------.... I ...Il----oo:i. 
m 

V'L -

m V'H

V'L -

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

VOL -

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

CAS BEFORE RAS REFRESH CYCLE 

V,H 

WMTl V1L 

VOH-~----~ 

~:"W or "L-

DOUT 1>------------OPEN -------VOL - _______ -

Note: AO-A 10 = HW or "L" 

T~~MIRA AMERICA ELECTRONIC COMPONENTS. INC. 



1lC514100l\SJL/~lr60/70/80 

HIDDEN REFRESH CYCLE (READ) 

VIH _~-Ir:--+-+---~ I .. ~~I 

ro VIL-

VOH
--------------~l~XI 

DOUT VOL -

HIDDEN REFRESH CYCLE (WRITE) 

DATA-OUT 

~: "W or "L" 

V1H _~-~ I.---="----~I 11---------.1 1-----'=----1 

m VIL-

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

ro VIL-

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

VOL -

~: "H" or "L" 
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TC514100ASJL/ AFl1.r60/70/80 

CAS BEFORE HAS REFRESH COUNTER TEST CYCLE 

VIH -

~ Vll -

V\S 

VIH 

AO-A10 V
il 

READ CYCLE 

DOUT 

VIH 
~ 

VIL 

WRITE CYCLE 

VOH-

DOUT VOl-
OPEN 

VIH 
WRi'1t 

Vil 

VIH 
DIN 

VIL 

VIH 
WJUT! 

VIL 

VIH 
DIN 

V1l 

~: "H" or "L" 
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l'C514100~SJL/AU!flr60/70/80 

WRItE, CAS BEFORE RAS REFRESH CYCLE 

v_oo __ ------.J. 
Dour I}------------ OPEN -------

VOL-_____ .3I-

Note: DIN. AO-A 10 = "W or "L· 

READ CYCLE IN THE TEST MODE 

VIH -
m 

VIL -

VIH-
rn 

VOH-
DOUT ---- OPEN ------(1, 

VOL-
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TC514100ASJL/~60/70/80 

WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

VO..-
DOUT -----------OPEN ------------

VOL-

FAST PAGE MODE READ CYCLE IN THE TEST MODE 

VIM 
AO-A10 

DOUT 
VOL-

tllASP 
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TC514100ASJL/}U!flr60/70/80 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

DOUT ----------- OPEN -----------
VOL-
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TC514100ASJL/P.U!flr60/70/80 

TEST MODE 
The TC514100ASJUAFTL 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. 
A lOR, AlOe and Aoc are not used. If, upon reading, all bits equal (all "1"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 
TC514100ASJL/AFTL. In "Test Mode", the 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 "Nonnal Mode". In the Test Mode, ''WRITE, 
CAS' Before RAS Refresh Cycle" perfonns the refresh operation with internal refresh address counter. The 
"Test Mode" function reduces test times (118 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 
Vee 

AIO~' Aloe. Aoc 

Figure 1 
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rOSHIBA 
1l:5116100J/Z/F1L~/70 

16,777,216 WORD X 1 BIT DYNAMIC RAM 

DESCRIPTION 

The TC5116100JIZIFT is the new generation dynamic RAM organized 16,777,216 word by 1 bit. The 
TC5116100J/ZIFf 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 TC51161 OOJIZIFT to be packaged in a standard 28/24 pin plastic SOJ, 24 pin plastic ZIP and 28/24 
pin plastic TSOP. The package size provides high system bit densities and is compatible with widely available 
automated testing and insertion equipment. System oriented features include single power supply of 5V± 10% 
tolerance, direct interfacing capability with high performance logic families such as Schottky TTL. 

FEATURES 

16,777,216 word by 1 bit organization 
• Fast access time and cycle time 

Single power supply of 5V± 10% with a built
in V BB generator 
Low Power 

495mW MAX .Operating 
(TC5116100J/ZIFf ITR-60) 
440m W MAX. Operating 
(TC5116100J/ZlFfITR-70) 
5.5mW MAX. Standby 

Outputs unlatched at cycle end allows two-di
mensional chip selection 
Common 110 capability using "EARL Y 
WRITE" operation 

• Read-Modify-Write, CAS' before RA'S" refresh, 
RA'S"-only refresh, Hidden refresh, Fast Page 
Mode and Test Mode capability 
All inputs and outputs TTL compatible 

• 4096 refresh cycles/64ms 
• Package TC5116100J : SOJ28-P-400A 

TC5116100Z : ZIP24-P-475 
TC5116100FT : TSOP28-P-400B 

KEY PARAMETERS 

ITEM TC5116100J/ZIFf 

tRAC RA'S" Access Time 60ns 70ns 

tAA Column Address 30ns 35ns 
Access Time 

tcAC CAS' Access TIme 15ns 20ns 

tRC Cycle Time lIOns 130ns 

tpc Fast Page Mode 40ns 45ns 
Cycle Time 
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TC5116100J/Z/F1'-60/70 I 

PIN NAME 

AO-All Address Inputs 

RAS Row Address Strobe 

DIN Data In 

DOUT Data Out 

CAS Column Address Strobe 

WRITE ReadIWrite Input 

Vee Power (+5V) 

Vss Ground 

N.C No Connection 

PIN CONNECTION (TOP VIEW) 

Plastic 50J Plastic ZIP Plastic TSOP 

vee vss ;"1 vee Vss 
Din Dout A9 -~ Din Dout 

Ne Ne 
ro ~J Ne Ne 

WA1'n ro Dout ~J W1mt ro 
m NC Vee zJ m NC 

Ne iJ A11 A9 
1W ,-,"1 A11 A9 

-~ 

A10 
A10 AS Al0 A8 

A1 
AO A7 AO A7 

A3 
A1 A6 A1 A6 

A2 AS Vss A2 AS 

A3 A4 A3 A4 

Vee Vss Vee Vss 
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BLOCK DIAGRAM 
"ee "ss 

"7 
AI 
AI 

"" "" 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL 

Input Voltage VIN 

Output Voltage VOUT 

Power Supply Voltage Vee 

Operating Temperature TOPR 

Storage Temperature TSTG 

Soldering Temperature - Time TSOLDER 

Power Dissipation PD 

Short Circuit Output Current I 
OUT 

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

RATING 

-1-7 

-1-7 

-1-7 

0-70 

-55-150 

260 -10 

700 

50 

TC5116100J/Z/Ff-60/70 

"ee 
Vss 

UNIT 

V 

V 

V 

°c 

°C 

°C - sec 

mW 

rnA 

NOTE 

1 

1 

1 

1 

1 

1 

1 

1 
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TC5116100J/Z/FT-60/70 

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

SYMBOL PARAMETER MIN. TYP MAX UNIT NOTE 

Vcc Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 - Vcc+0.5 V 2 

VIL Input Low Voltage -0.5* - 0.8 V 2 

*-2.0V at pulse width s; 2Ons. 

D.C. ELECTRICAL CHARACTERISTICS (Vee = SV ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX UNIT NOTES 

OPERATING CURRENT TC51 16100JfZJFf-60 - 90 
3,4 

ICC I Average Power Supply Operating Current TC51 16100JfZJFf-70 - 80 rnA 
(RAS, CAS, Address Cycling: tRC=tRC MIN) 

5 

STANDBY CURRENT 
I Power Supply Standby Current 2 rnA CC2 

(RAS=CAS=V IH) 

RAS ONLY REFRESH CURRENT TC5116100JfZJFf-60 - 90 
I Average Power Supply Current, RAS' Only Mode TC5116100JfZJFf-70 - 80 rnA 3,5 CC3 

(RAS Cycling, CAS=VIH: tRC=tRC MIN.) 

FAST PAGE MODE CURRENT TC5116100JfZJFf-60 - 70 
3,4 I Average Power Supply Current, Fast Page Mode TC5116100JfZJFf-70 60 rnA CC4 5 

(RAS =VIL,l:AS, Address Cycling: tpc=tpc MIN.) 

STANDBY CUImENT 
rnA I Power Supply Standby Current 1 CC5 

(RAS=CAS=V CC-0.2V) 

CAS BEFORE"RAS REFRESH CURRENT TC5116100JfZJFf-60 - 90 
I 
CC6 Average Power Supply Current, CAS Before RAS' TC5116100JfZJFf-70 - 80 rnA 3,5 

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

INPUT LEAKAGE CURRENT 
II(L) Input Leakage Current, any input -10 10 f,lA 

(OVSVINSV CC, All Other Pins Not Under Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

-10 10 f,lA 
(DOUT is disabled, (OVSVOUTSV Cc), 

VOH 
OUTPUT LEVEL 

2.4 V 
Output "H" Level Voltage (IOUT=-5rnA) 

VOL 
OUTPUT LEVEL 

0.4 V 
Output "L" Level Voltage (IOUT=4.2rnA) 
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TC5116100J/Z/FT-60/70 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS 
(V cc = 5V ± 10%, Ta = 0-70°C)(Notes 6,7,8) 

TC5116100JIZIFI' 

SYMBOL PARAMETER -60 -70 UNIT NOTES 

MIN MAX. MIN MAX 

tRC Random Read or Write Cycle Time 110 - 130 - ns 

tRMW Read-Modify-Write Cycle 130 - 155 - ns 

tpc Fast Page Mode Cycle Time 40 - 45 - ns 

Fast Page Mode Read-Modify-Write Cycle 60 - 70 -
tpRMw Time 

ns 

Access Time from RAS' - 60 - 70 9,14, 
tRAc ns 

15 

teAC Access Time from 'CAS - 15 - 20 ns 9,14 

tAA Access Time from Column Address - 30 - 35 ns 9,15 

tePA Access Time from 'CAS Precharge - 35 - 40 - 9 

teLZ 'CAS to Output in Low-Z 0 - 0 - ns 9 

toFF Output Buffer Tum-off Delay 0 15 0 15 ns 10 

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

tRP RAS' Presharge Time 40 - 50 - ns 

tRAS RAS' Pulse Width 60 10,000 70 10,000 ns 

tRASP RAS' Pulse Width (Fast Page Mode) 60 400,000 70 400,000 ns 

tRSH RAS' Hold Time 15 - 20 - ns 

RAS' Hold Time From "CAS" 35 - 40 -
tRHCP Precharge (Fast Page Mode) 

ns 

teSH 'CAS Hold Time 60 - 70 - ns 

teAS 'CAS Pulse Width 15 10,000 20 10,000 ns 

tRCD RAS' to 'CAS Delay Time 20 45 20 50 ns 14 

tRAD RAS' to Column Address Delay Time 15 30 15 35 ns 15 

teRP 'CAS to RAS' Precharge Time 5 - 5 ns 

tep 'CAS Precharge Time 10 - 10 - ns 

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

tRAH Row Address Hold Time 10 - 10 - ns 

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

teAH Column Address Hold Time 10 - 15 - ns 

tRAL Column Address To RAS' Lead Time 30 - 35 - ns 

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

tRCH Read Command Hold Time 0 - 0 - ns 11 

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

ns 

tWCH Write Command Hold Time 10 - 15 - ns 
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1lC5116100J/Z/F1l-60/70 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 

TC5116100JIZIFT 

SYMBOL PARAMETER -60 -70 UNIT NOTES 

MIN MAX. MIN MAX 

twp Write Command Pulse Width 10 - 15 - ns 

tRWL Write Command to RAS Lead Time 15 - 20 - ns 

tcWL Write Command to CAS Lead Time 15 - 20 - ns 

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

tOH Data Hold Time 10 - 15 - ns 12 

tREF Refresh Period - 64 - 64 ms 

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

leW~ CAS to WRITE Delay Time 15 - 20 - ns 13 

tRWD RAS to WRITE Delay Time 60 - 70 - ns 13 

tAWO Column Address to WRITE Delay Time 30 - 35 - ns 13 

lePWD CAS Precharge to WRY I E Delay Time 35 - 40 - ns 13 

leSR 
CAS Set-up Time 

5 - 5 - ns 
'{CAS before RAS Cycle) 

leHR 
CAS Hold Time 
(CAS before RAS Cycle) 

10 - 15 - ns 

tRPC RAS to CAS Precharge Time 5 - 5 - ns 

lePT 
CAS Precharge Time 

20 - 30 - ns 
(CAS before RAS Counter Test Cycle 

tWTS 
Write Command Set-Up Time 

10 - 10 - ns 
(Test Mode In) 

Write Command Hold Time 
10 10 tWTH (Test Mode In) - - ns 

tWRP 
WRITE to RAS Precharge Time 

10 - 10 - ns 
(CAS before RAS Cycle) 

tWRH 
Wnte to""RAS Hold Time-

10 10 
'{CAS before RAS""Cycle - - ns 
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TC5116100J/Z/Ff-60/70 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 

TC51161ooJ/ZIFT 

SYMBOL PARAMETER -60 -70 

MIN MAX. MIN MAX 

tRC Random Read or Write Cycle Time 115 - 135 -
tpc Fast Page Mode Cycle Time 45 - 50 -
tRAC Access Time from RAS' 

65 75 - -

teAC Access Time from CAS - 20 - 25 

tAA Access Time from Column Address - 35 - 40 

tePA Access Time from CAS Precharge - 40 - 45 

tRAS RAS' Pulse Width 65 10,000 75 10,000 

tRASP RAS' Pulse Width (Fast Page Mode) 65 400,000 75 400,000 

tRSH RAS' Hold Time 20 - 25 -

teSH CAS Hold Time 65 - 75 -
tRHCP CAS Precharge to RAS' Hold 40 - 45 -

teAS CAS Pulse Width 20 10,000 25 10,000 

tRAL Column Address to RAS' Lead 35 - 40 -

CAPACITANCE (Vee = 5V ± 10%, f= IMHz, Ta = 0-70°C) 

UNIT 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

SYMBOL PARAMETER MIN MAX 

Cll Input Capacitance (AO-AIO, DIN) - 5 

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

Co Output Capacitance (DoUT) - 7 

TOSHIBA AMI!;RICA I!;U:;:CTRONIC COMPONI!;NT~ INr. 

NOTES 

9,14, 
15 

9, 14 

9,15 

9 

UNIT 

pF 

pF 

pF 



TC5116100J/Z/FT-60/70 

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. Icc!, Icc4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS'=VIL. In case of Icc4, it can be changed once or less 
during a fast page mode cycle (tPC). 

6. An initial pause of 200J.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-r:5ns. 

8. V IH (min.) and V IL (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V1H and VIL. 

9. Measured with a load equivalent to 2 TTL loads and l00pF. 

10. toFF (max.) defines the time at which the output achievsd 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-Modify-Write cycles. 

13. twcs, tRWO' tcwo. tAwo and tcpwo are not restictive 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 output will remain open circuit (high impedance) through the entire cycle; If tRWO>tRWO (min.), 
tcwo>tcwo (min.), tAWO>tAWO (min.) and tcpwp>tcpwo (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 condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

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

by tcAC' 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. tRAD (max.) is specified as 
a reference point only: If tRAD is greater than the specified tRAD (max.) limit, then access time is 
controlled by tAA• 
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TC5116100J/Z/Fr-60/70 

TIMING WAVEFORMS 

READ CYCLE 

~:·W or "L" 

WRITE CYCLE (EARLY WRITE) 

VIH 
AO-All 

VIL 

VIH 
WRITE' 

VIL 

VO~ 
DOUT ----------OPEN ------------

VOL-
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TC5116100J/Z/FT-60/70 

READ-MODIFY-WRITE CYCLE 

VIH-
1(2' 

VIl-

VOH-
Do ----+- OPEN ----+4 

UT VOL-

FAST PAGE MODE READ CYCLE 

VOH-
DoUT VOL--------

DATA-OUT 
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TC5116100J/Z/FT-60/70 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

VIM 
AO-A11 

v .. 

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

VOL-
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TC5116100J/Z/FT-60/70 

FAST PAGE MODE READ-MODIFY -WRITE CYCLE 

VOH-
DOUT ----+---+----41 

VOL-

.ILe;.n 



TC5116100J/Z/FT-60/70 

RAS ONLY REFRESH CYCLE 

m V~-------~~----------~~----------~~------~ 
VIL ---

VOH ---

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

CAS BEFORE RAS REFRESH CYCLE 

VOH-
Dour VOL-";...-______ :-----------OPEN ------------
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1LC5116100J/Z/F1r-60/70 

HIDDEN REFRESH CYCLE (READ) 

HIDDEN REFRESH CYCLE (WRITE) 

~ __ -~~~====~~~1 
~ v .. 

VOH--___________ OPEN ----------

VOL --
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llC5116100J/Z/F1L-60/70 

CAS BEFORE HAS REFRESH COUNTER TEST CYCLE 

VIH
MV .. _ 

VIM 
AO-A11 V .. 

READ CYCLE 

DOUT 

WRIT( 
VIH 

VIL 

WRITE CYCLE 

VIM 
WRIT( 

VIL 

VIM 
DIN 

V .. 

OPEN 

Tnf:UnRA AUI:DII'A 1:1 I:I"TDnt.J11" I"nUDnt.Jct.JTQ 1"11" 



TC5116100J/Z/FT-60/70 

WRITE, CAS BEFORE HAS REFRESH CYCLE 

t:AJ VIH

VIL-__ ~ 

I>------------OPEN -------

READ CYCLE IN THE TEST MODE 

VIH ~--~ J.------....::::::.------... J..---~ 
W 

V~~-~~~-----~~ ~~~--~ 
t:AJ 

VIL 

VIH 
M-A11 

VIL 

DOUT 



TC5116100J/Z/FT-60/70 

WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

~~--~~~--------~ ~~--~ ~~~2----------
~ 

VIL 

VO..-
DOUT ----------- OPEN --------------

VOL-

FAST PAGE MODE READ CYCLE IN THE TEST MODE 

tRASP 

VOH-

DouT ----------
VOL-
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TC5116100J/Z/FT-60/70 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

VOH-

DOUT ----------- OPEN ----------
VOL-
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TC5116100J/Z/FT-60/70 

TEST MODE 
The TC5116100JIZIFT is the RAM organized 16,777,216 words by 1 bits, it is internally organized 

1,048,576 words by 16 bits. In ''Test Mode", data are written into 16 sectors in parallel and retrieved the same 
way. AllC, A UX) A lc and Aoc are not used. If any of the bits differed, the data output pin would indicate a "0". 
Fig. 1 shows the block diagram of TC5116100JIZIFT. In ''Test Mode", the 16M DRAM can be tested as if it 
were a 1M 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, "WRITE, 
CAS' Before RAS" Refresh Cycle" performs the refresh operation with internal refresh address counter. The 
"Test Mode" function reduces test times (1116 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 

:;;~ ~ 1M block 
-'" Aoe,A1e 

- 1M block-

r - t:r) 1M block -----
1M block I--~ 

Al~AlIcft 
Aoc,A1e 

1M block 

:~ A1OC, 
1M block ~ 

~ -0 

1M block f-l-/ ) 

1M block r---~ 
0- -

Normal --0 
Din 

Test 

~r 
1M block -'" 

~~ 
AOC,A1e 

1M block r-- -'" 

~ 
1M block ~ 

~~ - 1M block r-- -- I--

---
L/~ 1M block 

~ 

~~e 1M block r--

L 0-1M block I---

1M block r---~ -
Figure I 
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rOSHIBA 
TC514400ASJI AZI AFT-60/70/80 

1,048,576 WORD X 4 BIT DYNAMIC RAM 

DESCRIPTION 
THE TC514400ASJIAZlAFT is the new generation dynamic RAM organized 1,048,576 word by 4 bit. 

The TC514400ASJIAZlAFT 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 TC514400ASJIAZlAFT to be packaged in a standard, 26/20 pin plastic SOJ (300), 20 
pin plastic ZIP, 26/20 pin plastic TSOP. The package size provides high system bit densities and is compatible 
with widely available automated testing and insertion equipment. System oriented features include single power 
supply of 5V± 10% tolerance, direct interfacing capability with high performance logic families such as 
Schottky TTL. 

FEATURES 
1,048,576 word by 4 bit organization 

• Fast access time and cycle time 
• Single power supply of 5V± 10% with a built

in V BB generator 
Low Power 

660mW MAX .Operating 
(TC514400ASJI AZl AFT -60) 
550m W MAX. Operating 
(TC514400ASJI AZl AFT -70) 
468m W MAX. Operating 
(TC514400ASJI AZl AFT -80) 
5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two-di
mensional 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 TTL compatible 
1024 refresh cyclesl16ms 

• Package TC514400ASJ : SOJ26-P-300A 
TC514400AZ : ZIP20-P-400A 
TC514400AFT : TSOP26-P-300 

KEY PARAMETERS 

TC514400ASJI AZl AFT 
ITEM 

-60 -70 -80 

tRAC RAS" Access Time 60ns 70ns 80ns 

tAA Column Address 30ns 35ns 40ns 
Access Time 

tcAC CAS' Access Time 20ns 20ns 20ns 

tRC Cycle Time nOns 130ns 150ns 

tpc Fast Page Mode 45ns 45ns 50ns I 
Cycle Time 



1lC514400i\SJ/lLl/~-60/70/80 

PIN NAME 

AO-A9 Address Inputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

WRITE ReadlWrite Input 

OE Output Enable 

J/OI-J/04 Data Input/Output 

Vee Power (+5V) 

Vss Ground 

PIN CONNECTION (TOP VIEW) 

Plastic 501 Plastic ZIP 

1/01 
1102 

WRite m 
A9 [I ~ 
AO 
Al 
A2 
A3 

Vee 

9 
10 
11 
12 
13 

26 
2S 
24 
23 
22 

lS 
17 
16 
15 
14 

M 
-... 

Vss t.! [2: 1/04 
1103 [( m 

[6: DE 

AS [s: 
A7 
A6 
AS 
A4 

Plastic TSOP (Normal Bend Type) 

ro 1/01 Vss 
1102 1104 

1104 WlUTt 1103 
1101 m ru 
WRITE 

A9 OE 

A9 AO AS 
Al Al A7 

A2 A6 A3 A3 AS 
A4 Vee A4 
A6 
AS 
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TC514400ASJ/ AZ/ AFT-60/70/80 

BLOCK DIAGRAM 
1102 1103 
o o. 

t t 

WRITE 0----.0 

COLUMN 

AOe.. DECODER 

Ale.. SENSE AMP 
A2e.. 110 GATE 
A3~ 

t n- ~O:4 -tt t A4e.. 
AS 0... 

AGo... 

MEMORY 
ARRAY 

1024 x 1024 x 4 

SUBSTRATE BIAS 
GENERATOR 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNIT NOTE 

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 rnA 1 
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1lC5144001\SJ/lLl/}U!f-60/70/80 

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

SYMBOL PARAMETER MIN. TYP MAX UNIT NOTE 

Vcc Supply Voltage 4.5 5.0 5.5 V 2 

V1H Input High Voltage 2.4 - 6.5 V 2 

V1L Input Low Voltage -1.0 - 0.8 V 2 

D.C. ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX UNIT NOTE 

OPERATING CURRENT TC514400ASJI AZJ AFf-60 - 120 
3,4 I Average Power Supply Operating Current TC514400ASJI AZJ AFf-70 100 rnA CCI - 5 

(RAS', CAS, Address Cycling: tRC=tRC MIN.) TC514400ASJI AZJ AFf-80 - 85 

STANDBY CURRENT, 
I Power Supply Standby Current 2 rnA CC2 

(RAS'=CAS=V IH) 

RAS ONLY REFRESH CURRENT TC514400ASJI AZJ AFf-60 - 120 
I Average Power Supply Current, RAS Only Mode TC514400ASJI AZJAFf-70 - 100 rnA 3,5 CC3 

(RAS Cycling, CAS=V1H: tRC=tRC MIN.) TC514400ASJI AZJ AFf-80 85 

FAST PAGE MODE CURRENT TC514400ASJI AZJ AFf-60 - 70 
3,4 I Average Power Supply Current, Fast Page Mode TC514400ASJI AZJ AFf-70 70 rnA CC4 - 5 

(RAS' =VIL'~' Address Cycling: tpc=tpc MIN.) TC514400ASJI AZJ AFf-80 - 60 

STANDBY CURRENT 
rnA I Power Supply Standby Current 1 CC5 

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

CAS BEFORE"RAS' REFRESH CURRENT TC514400ASJI AZJ AFf-60 - 120 
I Average Power Supply Current, CAS Before RAS TC514400ASJI AZJ AFf-70 - 100 rnA CC6 

Mode (RAS', CAS, Cycling: tRC=tRC MIN.) TC514400ASJI AZJ AFf-80 - 85 

INPUT LEAKAGE CURRENT 
I Input Leakage Current, any input -10 10 IlA 3,5 I(L) 

(OVSVINS6.5V, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-10 

10 IlA 
O(L) (DOUT is disabled, (OVSVOUTSS.5V), 

VOH 
OUTPUT LEVEL 

2.4 - V 
Output "H" Level Voltage (Iom=-5rnA) 

VOL 
OUTPUT LEVEL 0.4 

V 
Output "L" Level Voltage (Iom=4.2rnA) 
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TC514400ASJ/AZ/P.U!f-60/70/80 

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

TC514400ASJIAZJAFf 

SYMBOL PARAMETER -60 -70 -80 UNIT NOTES 

MIN MAX. MIN MAX MIN MAX 

tRc Random Read or Write Cycle Time 110 - 130 - 150 - ns 

tRMw Read-Modify-Write Cycle 165 - 185 - 205 - ns 

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

Fast Page Mode Read-Modify-Write 100 - 100 - 105 -
tpRMW Cycle Time 

ns 

Access Time from RAS' - 60 - 70 - 80 9,14, 
tRAc ns 

15 

teAC Access Time from CAS' - 20 - 20 - 20 ns 9,14 

tAA Access Time from Column Address - 30 - 35 - 40 ns 9,15 

tePA Access Time from CAS' Precbarge - 40 - 40 - 45 - 9 

teLZ CAS' to Output in Low-Z 0 - 0 - 0 - ns 9 

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

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

tRP RAS' Presbarge Time 40 - 50 - 60 - ns 

tRAS RAS' Pulse Width 60 10,000 70 10,000 80 10,000 ns 

tRAsp RAS' Pulse Width (Fast Page Mode) 60 200,000 70 200,000 80 200,000 ns 

tRSH RAS' Hold Time 20 - 20 - 20 - ns 

RAS' Hold TIme From l:A3 40 - 40 - 45 -
tRHcp Precbarge (Fast Page Mode) ns 

teSH CAS' Hold Time 60 - 70 - 80 - ns 

teAS CAS' Pulse Width 20 10,000 20 10,000 20 10,000 ns 

tRCD RAS' to CAS' Delay Time 20 40 20 50 20 60 ns 14 

tRAD RAS' to Column Address Delay Time 15 30 15 35 15 40 ns 15 

teRP CAS' to RAS' Precbarge Time 5 - 5 5 - ns 

teP CAS' Precbarge Time 10 - 10 - 10 - ns 

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

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

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

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

tRAL Column Address To RAS' Lead Time 30 - 35 - 40 ns 

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

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

Read Command Hold Time refer- 0 - 0 - 0 - 11 tRRH enced to RAS' ns 

tWCH Write Command Hold Time 10 - 15 - 15 - ns 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



TC514400ASJ/ AZ/ AFT-60/70/80 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 

TC514400ASJIAZlAFf 

SYMBOL PARAMETER -60 -70 -80 UNIT NOTES 

MIN MAX. MIN MAX MIN MAX 

twp Write Command Pulse Width 10 - 15 - 15 - ns 

tRWL Write Command to RAS' Lead Time 20 - 20 - 20 - ns 

tcWL Write Command to CAS" Lead Time 20 - 20 - 20 - ns 

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

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

tREF Refresh Period - 16 - 16 - 16 ms 

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

tcwo CAS" to WRITE Delay Time 50 - 50 - 50 - ns 13 

tRwo RAS' to WRITE Delay Time 90 - 100 - 110 - ns 13 

tAwO 
Column Address to WRITE Delay 

60 - 65 - 70 - ns 13 Time 

tcpwo 
CAS" Precharge to WRITE Delay 

70 - 70 - 75 - ns 13 
Time 

tcSR 
CAS" Set-up Time 

5 - 5 - 5 - ns 
'{CAS before RAS' Cycle) 

tcHR 
CAS" Hold Time 

15 15 15 
(CAS' before RAS' Cycle) 

- - - ns 

tRPC RAS' to CAS" Precharge Time 0 - 0 - 0 - ns 

CAS" Precharge Time 

tcPf (CAS' before RAS' Counter Test 30 - 40 - 40 - ns 
Cycle) 

tROH RAS' Hold Time referenced to OE 10 - 10 - 10 - ns 

toEA OE Access Time - 20 - 20 - 20 ns 9 

toEO OE to Data Delay 20 - 20 - 20 - ns 

toEZ 
Output buffer tum off Delay Time 

0 20 0 20 0 20 ns 10 
fromOE 

toEH OE Command Hold Time 20 - 20 - 20 - ns 

toos Output Disable Set-Up Time 0 - 0 - 0 - ns 

tWTS 
Write Command Set-Up Time 

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

tWTH 
Write Command Hold Time 

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

tWRP 
WRITE to RAS' Precharge Time 

10 - 10 - 10 - ns 
(CAS' before RAS' Cycle) 

tWRH 
Wnte to"RAS Hold Time 

10 10 10 
'{CAS before ~Cycle) - - ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 

TC514400ASJI AZl AFT 

SYMBOL PARAMETER -60 -70 -80 

MIN MAX. MIN MAX MIN MAX 

tRC Random Read or Write Cycle Time 115 - 135 - 155 -

tpc Fast Page Mode Cycle Time 50 - 50 - 55 -
tRAc Access Time from RAS 

65 75 85 - - -

teAC Access Time from CAS - 25 - 25 - 25 

tAA Access Time from Column Address - 35 - 40 - 45 

tePA Access Time from CAS Precharge - 45 - 45 - 50 

tRAs RAS Pulse Width 65 10,000 75 10,000 85 10,000 

tRAsp RAS Pulse Width (Fast Page Mode) 65 200,000 75 200,000 85 200,000 

tRSH RAS Hold Time 25 - 25 - 25 -
teSH CAS Hold Time 65 - 75 - 85 -

tRHCP CAS Precharge to RAS Hold 45 - 45 - 50 -
teAS CAS Pulse Width 25 10,000 25 10,000 25 10,000 

tRAL Column Address to RAS Lead 35 - 40 - 45 -

CAPACITANCE (Vce = 5V ± 10%, f= IMHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN MAX 

Cn Input Capacitance (AO-A9) - 5 

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

Co Input Capacitance (1101-1104) - 7 

UNIT NOTES 

ns 

ns 

9,14, 
ns 

15 

ns 9,14 

ns 9, 15 

ns 9 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

UNIT 

pF 

pF 

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. Iccl , Icc3, Icc4, ICC6 depend on cycle rate. 

4. Iccl, Icc4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=VIL• In case of Icc4, it can be changed once or less 
during a fast page mode cycle (tpc:). 

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

7. AC measurements assume tr=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 l00pF. 

10. tOFF (max.) and taEZ (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 WRITE leading edge 
in Read-Modify-Write cycles. 

13. twcs, tRWD, tcWD' tAwn and tcPWD are not restictive operating parameters. They are included in the date 
sheet as electrical characteristics only. If twcs ~twcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If tRWD~RWD (min.), 
tcWD~tcWD (min.), tAWD~tAWD (min.) and tcP~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 condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

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

V IH -
m 

Vll-

m 
VIH-

VIH 
AO-A9 

Vil 

W'lfiTl 
VIH 

VOL 

~ 
V'H-

Vll -

1101 VOH-

-1104 VOL-
OPEN 

Note: DIN = OPEN ~: "H" or "L" 

WRITE CYCLE (EARLY WRITE) 

VIH------~ 

lIM 

m 
Vll 

VIH 
AO-A9 

Vll 

VIH 
WJmT 

Vll 

VIH 
(5l 

Vll 

1101 V;H 

-1/04 Vll 

~: "H" or"L" 
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WRITE CYCLE (OR CONTROLLED WRITE) 

Note: Dour = OPEN ~: "H" or "L" 

READ-MODIFY-WRITE CYCLE 

V'H----~ 
m 

V'L -

VIH _-----i----+---+-:O------,L 
wmr 

V'L -

V'H -----...... ----~ ~~:r_---i-+__-------
M 

V'L - .. -----r-----~...:p.~ 

1101 VIIOH-

----------+~ -1104 VlIOl-
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TC514400ASJI AZI AFT-60/70/80 \ 

FAST PAGE MODE READ CYCLE 

~ 

V/H 
.1.0-.1.9 

VIL 

VIH 
WIOTf 

VIL 

Not.: DIN. OPEN 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

Note: Dour = OPEN 1'%1. "H" "L" L:ZiJ. or 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

AO-A9 V1H 
V1L 

1/01- VI/OH-___ ~~X1. 

1/04 VltOL - ~v-lI:..-~ 

·1 Dour 1 ·2 DOUT 2 ·3 DOUT N 

~: "W or "L" 
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IUS ONLY REFRESH CYCLE 

I' 

Note: DIN.~. M = "H" or "L" ~: "H" or "L" 

CAS BEFORE IUS REFRESH CYCLE 

1/01- VOH »)-___________ OPEN _________ _ 

V04 VOL -~_.J. 

Note: DIN. OE'. AO-A9 = "W or "L· ~: "W or "LH 
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HIDDEN REFRESH CYCLE (READ) 

VIH-

ro 
V IL 

VIH 
AO-A9 

VIL 

VIH 

WRm 
V il 

V iH 

~ 
V 1l 

1101 VOH -

-1/04 VOL _-----:r-----~ DATA· OUT 

Note: D:N = OPEN ~: "H" or "L" 

HIDDEN REFRESH CYCLE (WRITE) 

Note: DOi,ii = O?EN ~: "H"or "L" 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

m V'H-

V'L-

ro 

V,H 
AO-A9 

V ,L 

READ CYCLE 

V,H 
WJ(j'IT 

V'L 

m- V,H -

V'L 
-

1/01 VOH -

-1/04 VOL _ 
OPEN 

WRITE CYCLE 

WRITE 
V,H 

V'L 

m- V,H 

V 'L 

1/01 V,H 

-1104 
V'L 

~ 
V,H 

V,L 

N V'H-

V'L -

1101 V IIOH-

-1104 V'.OL -

1w;;1.~~ . "H" "L" ~. or 
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WRITE, CAS BEFORE HAS REFRESH CYCLE 

V01 VOH - I}------------OPEN _______ _ 
-1104 VOL -;""' __ -'!' 

READ CYCLE IN THE TEST MODE 

VIH-

ftAS 
VIL -

ro VIH-

VIH 
AO-A9 

1101 VO>i_ 

-1104 VOL _----

Note: O! = "L" DIN = OPEN 

DATA-OUT 

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

VIH 
AO-A9 

Vil 

VIH 
WJrn' 

VI~ 

V1H 
C5! 

Vil 

VOl V1H 

-1104 VI~ 

~: "H" or "L" 

Note: DOUT = OPEN 
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FAST PAGE MODE READ CYCLE IN THE TEST MODE 

Note: m = "L" DIN = OPEN ~: "H" or "L" 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

Note: Dour = OPEN ~: "H" or "L" 
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TEST MODE 
The TC514400/ASJIAZlAFT 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 (all "1"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 TC5144001 ASJI 
AZlAFT. In "Test Mode", the IMX4 DRAM can be tested as if it were a 512KX4 DRAM. 

"WRITE, CAS Before 'R}\g Refresh Cycle puts the device into ''Test Mode". And "CAS Before 'R}\g 
Refresh Cycle" or'R}\g Only Refresh Cycle" puts it back into "Nonnal Mode". In the Test Mode, "WRITE, 
CAS Before 'R}\g Refresh Cycle" perfonns the refresh operation with internal refresh address counter. The 
"Test Mode" function reduces test times (1/2 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 

Normal 

~ 
Test 

Normal 

~ 
Test 

Normal 

~o-----44 

Aoc 

AOC 

AOC 

A 
512K block 

A 

B 
512K block 

! 

C 
S12K block 

~ 

0 
SI2K block 

~ 

S12K block 
'--------' E 

Test y..o-.....<>-----~ S12K block 
'----..... r 

AOC G 
Normal SI2K block. 

~ ~ 

H 
Test SI2K block. 

H 

Figure 1 
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·OSHIBA 
TC514400ASJLI AFIL/ ATRLOO/70/BO I 

1,048,576 WORD X 4 BIT DYNAMIC RAM 

DESCRIPTION 
The TC514400ASJUAFTLIATRL is the new generation dynamic RAM organized 1,048,576 word by 4 

bit. The TC514400ASJLIAFTLIATRL 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 TC514400ASJLlAFTLIATRL to be packaged in a standard 26/20 pin 
plastic SOJ (300), 26/20 pin plastic TSOP. The package size provides high system bit densities and is compatible 
with widely available automated testing and insertion equipment. System oriented features include single power 
supply of 5V± 10% tolerance, direct intetfacing capability with high petformance logic families such as 
Schottky TTL. 

FEATURES 
1,048,576 word by 4 bit organization 

• Fast access time and cycle time 
• Single power supply of 5V± 10% with a built

in V BB generator 
Low Power 

660mW MAX .Operating 
(TC5144ooASJL/AFTL/ATRL-60) 
550m W MAX. Operating 
( TC5144ooASJLlAFTL/ATRL-70) 
468m W MAX. Operating 
(TC5144ooASJLlAFTLI ATRL-80) 
1.1mW MAX. Standby 

• Outputs unlatched at cycle end allows two-di
mensional 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 TTL compatible 
1024 refresh cycles/128ms 

• Package TC5144ooASJL: SOJ26-P-3OOA 
TC5144ooAFTL: TSOP26-P-3oo 
TC5144ooATRL: TS0P26-P-3OOA 

KEY PARAMETERS 

TC5144ooASJ/AZ/AFT 
ITEM 

-60 -70 -80 

tRAc RAS' Access Time 60ns 70ns 80ns 

tAA Column Address .30ns 35ns 40ns 
Access Time 

tcAC 'CAS' Access Time 20ns 20ns 20ns 

tRC Cycle Time 110ns 130ns 150ns 

tpc Fast Page Mode 45ns 45ns 50ns 
Cycle Time 
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PIN NAME 

AO-A9 Address Inputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

WRITE ReadlWrite Input 

DE Output Enable 

1101-1104 Data Input/Output 

Vee Power (+5V) 

Vss Ground 

PIN CONNECTION (TOP VIEW) 

Plastic SOJ Plastic TSOP (Normal Bend Type) 

1/01 
1/02 

WRITE 
m 

A9 

AO 
Al 
A2 
A3 

Vee 

.-... 

1 26 
2 2S 
3 24 
4 23 
S 22 

9 18 
10 17 
11 16 
12 15 
13 14 ----

1/01 Vss 
Vss 1/02 1/04 
1104 WRITE 1103 
1/03 RAS CAS CAS A9 <5E at 
AS AO AS 
A7 A1 A7 
A6 A2 A6 
AS A3 AS A4 

Vee AI. 

Plastic TSOP (Reverse Bend Type) 

Vss 1/01 
1104 1102 
1/03 WRiTI 
eM' m 
at A9 

AS AO 
A7 A1 
A6 A2 
AS A3 
A4 Vee 
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BLOCK DIAGRAM 

AO~ 

Al~ 

A2~ 

A3D-

A40+

A5~ 

A6~ 

A70+

A8D-

A90+---,/ 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL 

Input Voltage VIN 

Output Voltage VOUT 

Power Supply Voltage Vee 

Operating Temperature TOPR 

Storage Temperature TSTG 

Soldering Temperature • Time TSOLDER 

Power Dissipation PD 

Short Circuit Output Current I 
OUT 

TC514400ASJL/ AFTL/ ATRL-60/70/80 

1/02 1/03 
o 0 

~ t 

RATING 

-1-7 

-1-7 

-1-7 

0-70 

-55-150 

260· 10 

700 

50 

.... -oOE 

COLUMN 
DECODER 

SENSE AMP 
I/O GATE 

MEMORY 
ARRAY 

1024 x 1024 x 4 

SUBSTRATE BIAS 
GENERATOR 

UNIT 

V 

V 

V 

°C 

°C 

°C· sec 

mW 

rnA 

NOTE 

1 

1 

1 

1 

1 

1 

1 

1 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-81 



1LC514400l\SJL/AU!fL/l\1LN1r60/70/80 

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

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 

D.C. ELECTRICAL CHARACTERISTICS (Vee = SV ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX UNIT NOTE 

OPERATING CURRENT TC514400ASJU AFfU ATRL-6O - 120 
3,4 

ICC! Average Power Supply Operating Current TC514400ASJU AFfU ATRL-70 100 rnA 
5 (RAS, ~,Address Cycling: tRC=tRC MIN.) TC514400ASJU AFfU ATRL-80 - 85 

STANDBY CURRENT 
I Power Supply Standby Current - 2 rnA CC2 

(RAS=~=VIH) 

RAS' ONLY REFRESH CURRENT Average TC514400ASJUAFfUATRL-6O - 120 

Icc3 Power Supply Current, RAS' Only Mode TC514400ASJUAFrUATRL-70 - 100 rnA 3,5 
(RAS Cycling, ~=VIH: tRC=tRC MIN.) TC514400ASJUAFfUATRL-80 - 85 

FAST PAGE MODE CURRENT TC514400ASJU AFfU ATRL-60 - 70 
3,4 

ICC4 Average Power Supply Current, Fast Page Mode TC514400ASJUAFfUATRL-70 70 rnA 
5 

(RAS' =VIL'~' Address Cycling:tpc=tpc MIN.) TC514400ASJU AFfU ATRL-80 - 60 

STANDBY CURRENT 
I Power Supply Standby Current - 200 rnA CC5 

(RAS~=V CC-0.2V) 

~ BEFORE"'RAS' REFRESH CURRENT TC514400ASJUAFfUATRL-6O 120 
ICC6 Average Power Supply Current, ~ Before RAS' TC514400ASJU AFfU ATRL-70 100 rnA 3,5 

Mode (RAS', ~, Cycling: tRC=tRC MIN.) TC514400ASJUAFTUATRL-80 - 85 

Battery Back Up Current 

Average Power Suuply Current, Battery Back Up Mode 

ICC7 (CAS=CAS Before RAS Cycling or 0.2V, OE=V cc-O.02V, WRITE= - 300 JlA 3.6 
V cc-0.2V,AO-9=V cc-0.2V or 0.2V, I10I-4=Vcc-O.2V, 

0.2V or OPEN:tRc=125Jls, tRAS=tRAS MIN. -IJls) 

INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any input -10 10 JlA 
(OVSVINS6.5V, All Other Pins Not Under Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

-10 10 JlA 
(DOUT is disabled,O SVoUTS5.5V) 

VOH 
OUTPUT LEAKAGE CURRENT 

2.4 V 
Output "H" Level Voltage (Iour=-5mA) 

-

VOL 
OUTPUT LEAKAGE CURRENT 

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

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

TC514400ASJUAFfUATRL 

SYMBOL PARAMETER -60 -70 -80 UNIT NOTES 

MIN MAX. MIN MAX MIN MAX 

tRc Random Read or Write Cycle Time 110 - 130 - 150 - ns 

tRMW Read-Modify-Write Cycle 165 - 185 - 205 - ns 

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

Fast Page Mode Read-Modify-Write 100 - 100 - 105 -
tpRMw Cycle Time 

ns 

Access Time from RAS" - 60 - 70 - 80 10,15, 
tRAc ns 

16 

teAC Access Time from CAS - 20 - 20 - 20 ns 10,15 

tAA Access Time from Column Address - 30 - 35 - 40 ns 10,16 

tePA Access Time from CAS Precharge - 40 - 40 - 45 - 10 

teLZ CAS to Output in Low-Z 0 - 0 - 0 - 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 50 3 50 ns 9 

tRP RAS" Presharge TIme 40 - 50 - 60 - ns 

tRAs RAS" Pulse Width 60 10,000 70 10,000 80 10,000 ns 

tRAsP RAS" Pulse Width (Fast Page Mode) 60 200,000 70 200,000 80 200,000 ns 

tRSH RAS" Hold Time 20 - 20 - 20 - ns 

RAS" Hold Time From ~ 40 - 40 - 45 -
tRHcp Precharge (Fast Page Mode) ns 

teSH CAS Hold Time 60 - 70 - 80 - ns 

teAS CAS Pulse Width 20 10,000 20 10,000 20 10,000 ns 

tRCD RAS" to CAS Delay Time 20 40 20 50 20 60 ns 15 

tRAO RAS" to Column Address Delay Time 15 30 15 35 15 40 ns 16 

teRP CAS to RAS" Precharge TIme 5 - 5 5 - ns 

tep CAS Precharge Time 10 - 10 - 10 - ns 

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

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

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

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

tRAL Column Address To RAS" Lead Time 30 - 35 - 40 ns 

tRcs Read Command Set-Up TIme 0 - 0 - 0 - ns 

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

Read Command Hold Time refer- 0 - 0 - 0 
12 tRRH enced to RAS" ns 

tWCH Write Command Hold Time 10 - 15 - 15 ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 

TC5144ooASJUAFI1.IATRL 

SYMBOL PARAMETER -60 -70 -80 UNIT NOTES 

MIN MAX MIN MAX MIN MAX 

twp Write Command Pulse Width 10 - 15 - 15 - ns 

tRWL Write Command to RAS Lead Time 20 - 20 - 20 - ns 

teWL Write Command to CAS' Lead Time 20 - 20 - 20 - ns 

tos Data Set-Up Time 0 - 0 - 0 - ns 13 

tOH Data Hold Time 15 - 15 - 15 - ns 13 

tREF Refresh Period - 128 - 128 - 128 ms 

twcs Write Command Set-Up Time 0 - 0 - 0 - ns 14 

teWD CAS' to WRITE Delay Time 50 - 50 - 50 - ns 14 

tRWD RAS to WRITE Delay Time 90 - 100 - 110 - ns 14 

tAWD 
Column Address to WRITE Delay 

60 - 65 - 70 - ns 14 
Time 

tePWD 
CAS' Precharge to WRI I E Delay 

70 - 70 - 75 - ns 14 
Time 

teSR 
CAS' Set-Up Time 

5 - 5 - 5 - ns 
{CAS' before RAS Cycle) 

teHR 
CAS' Hold Time 

15 15 15 
(CAS' before RAS Cycle) - - - ns 

tRPC RAS to CAS' Precharge Time 0 - 0 - 0 - ns 

CAS' Precharge Time 

tePT (CAS' before RAS Counter Test 30 - 40 - 40 - ns. 
Cycle 

tROH RAS Hold Time referenced to OE 10 - 10 - 10 - ns 

toEA OE Access Time - 20 - 20 - 20 ns 9 

toED OE to Data Delay 20 - 20 - 20 - ns 

toEZ 
Output buffer tum off Delay Time 

0 20 0 20 0 20 ns 11 
fromOE 

toEH OE Command Hold Time 20 - 20 - 20 - ns 

toos Output Disable Set-Up Time 0 - 0 - 0 - ns 

tWTS 
Write Command Set-Up Time 

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

Write Command Hold Time 
10 10 10 tWTH (Test Mode In) - - - ns 

tWRP 
WRITE to RAS Precharge Time 

10 - 10 - 10 - ns 
(CAS' before RAS Cycle) 

Wnte to ~ Hold Time 
10 tWRH {CAS' before RAS'"Cycle - 10 - 10 ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 

TC514400ASJUAFfUATRL 

SYMBOL PARAMETER -60 -70 -80 

MIN MAX MIN MAX MIN MAX 

tRC Random Read or Write Cycle Time 115 - 135 - 155 -
tpc Fast Page Mode Cycle Time 50 - 50 - 55 -

tRAC 
Access TIme from RAS' - 65 - 75 - 85 

teAC Access Time from CAS' - 25 - 25 - 25 

tAA Access Time from Column Address - 35 - 40 - 45 

tePA Access TIme from CAS' Precharge - 45 - 45 - 50 

tRAS RAS' Pulse Width 65 10,000 75 10,000 85 10,000 

tRAsP RAS' Pulse Width (Fast Page Mode) 65 200,000 75 200,000 85 200,000 

tRSH RAS' Hold Time 25 - 25 - 25 -
teSH CAS' Hold Time 65 - 75 - 85 -

tRHCP CAS' Precharge to RAS' Hold 45 - 45 - 50 -
teAS CAS' Pulse Width 25 10,000 25 10,000 25 10,000 

tRAL Column Address to RAS' Lead 35 - 40 - 45 -

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

SYMBOL PARAMETER MIN MAX 

Cn Input Capacitance (AO-A9) - 5 

CI2 Input Capacitance (RAS', CAS', 'WRITE, UE) - 7 

Co Ioput Capacitance (1101-1104) - 7 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 
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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' Icc6 depend on cycle rate. 

4. Iccl' ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=VIL• In case of Icc4' it can be changed once or less 
during a fast page mode cycle (tpc). 

6. tRAS (max.)=llls is only applied to refresh of battery-back up. tRAS (max.)=IOIlS is applied to functional 
operating. 

7. An initial pause of 200IlS 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. 

8. AC measurements assume t,.=5ns. 

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

10. Measured with a load equivalent to 2 TIL loads and l00pF. 

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 WRITE leading edge 
in Read-Modify-Write cycles. 

14. twcs, tRWD' tcWD' tA WD and tcPWD are not restictive 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 output will remain open circuit (high impedance) through the entire cycle; If tRWD>tRWD (min.), 
tcWD>tcwo (min.), tAwo>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 condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

15. Operation within the tRCO (max.) limit insures that tRAc can be met. tRcs (max.) is specified as a 
reference point only: IftRco is greater than the specified tRCO (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 tRAO is greater than the specified tRAD (max.) limit, then access time is 
controlled by tAA . 
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READ CYCLE 

VIH-~---~ 

RAS 

AO-A9 

VIH _------.1--------'""'" 
N 

VIL -~ ____ -.,-____ ---, _ _=_ _ _+_~ 

VOl VOH-

-1/04 VOL _---- OPEN DATA· OUT 

Note: DIN = OPEN 1Wl: "H" or "L" 

WRITE CYCLE (EARL Y WRITE) 

VIH 
AO-A9 

VIL 

V IH 
WJm1 

VIL 

VIH 
N 

VIL 

VOl VIH 

-V04 V
1L 

~: "W or "L" 
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WRITE CYCLE (UE CONTROLLED WRITE) 

WRiTE VIH -

VOl 

Note: DOUT = OPEN ~: "H" or "L" 

READ-MODIFY-WRITE CYCLE 

VIH-
RAS 

VIL-

CAS 
VIH-

VIH 
AO-A9 

VIL 

VIH-
WRITE 

VIL -

VIH-
N 

Vll-

1101 VIIOH-

-1/04 VI/OL-

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

Note: DIN = OPEN ~: "H" or "l" 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

ro 
V IL 

VIH 
AO-A9 

V IL 

VIH 
WRm 

VIL 

VIH 

'Or 
V IL 

1/01 VIH 
-1/04 

V IL 

Note: Dour = OPEN ~: "H" or "L" 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

... 
AAS VIH 

---, tesH 

V1l -

tnr 

F ~------~------------------------~. ~ 

RA<'P 

tRCD ~S 
tD~MV' tRSH 

tCRP 

I 
tr",~ Ir;---,I 

teAs r--: r\~ 
tCAS 

ro V 1H ~\ [I 
V 1l - 1\: --tRAO 

tRAH tCAH 

~ t~-t:f.. t~ ~ ~ r 

~w~_~~~~~~.k--I-COL-.N -:i.-J .= .• =~='."7±~=~±.=~~=~ 
n- tRWO tCWD !tPV'!lt I I 

~W tcwo ... ' tcPWO ' I , tewD , ~ 
I W~ tcw~ 

*1 DOUT 1 *2 DOUT 2 *3 Dour N 

IWJ: "H" or "L" 
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HAS ONLY REFRESH CYCLE 

m 
Vllol-

~O-A9~:~~ I ROW __ B· '----__ 
Note: DIN. WRITE. DE = "HH or "L" rw· "HH "L" ~. or 

CAS BEFORE HAS REFRESH CYCLE 

1/01- VOH 

1/04 VOL 
:......-.--J)>---------- OPEN -------

Note: DIN. CE. AO-A9 = "H" or "L" (%1. "H" "L" ~. or 

TOSHIBA AMERICA ELECTRONIC COMPONI!:NT~_ INC 
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HIDDEN REFRESH CYCLE (READ) 

VIH-

RAS 
VIL-

VIH-
~~ 

VIH 
AO-A9 

VIL 

VIH 
Wlm'E 

VIL 

VIH-
N 

V IL -

VOl VOH-

-1104 VO
L
--

DATA-OUT 

Note: DIN = OPEN ~: "H" or"l" 

HIDDEN REFRESH CYCLE (WRITE) 

Note: DOUT = OPEN ~: "H" or "L" 
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CAS BEFORE IUS REFRESH COUNTER TEST CYCLE 

t, 
VIH-

RAS 
V1l-

CAS 

V 1H 
AO-A9 

V1L 

READ CYCLE 

V 1H 
WRffE 

V1L 

OE 
V1H-

V 1L -

1/01 VOH -

-1/04 OPEN 
VOL -

WRITE CYCLE 

WRITE 
VIH 

VIL 

m V 1H 

V 1L 

1/01 V 1H 

-1/04 
V 1L 

WRffE 
V 1H 

V 1L 

OE 
V1H-

V 1L -

1/01 V1/OH-

-1/04 VI/OL-

rWl,", . .. H .. .. L" ~. or 
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WRITE, CAS BEFORE HAS REFRESH CYCLE 

1101 VOH - 1).----------OPEN _____ _ 

-1/04 VOL - __ -"'I 

Note: DIN. M. AO-A9 = "H" or "L" ~: "H" or "L" 

READ CYCLE IN THE TEST MODE 

VIH -:-----~ m 
VIL -

• tCRP I 

VOl VoH _ 

-1/04 VOL _--- OPEN DATA-OUT ~----

Note:M = "L" DIN = OPEN ~: "H" or "L" 
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WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

m 

VII~ 
AO-A9 

V IL 

VIM 

WJm! 
VIL 

VIM 

N 
V IL 

VOl VIM 

-1104 V
IL 

~; "W or "L" 

Note: DOUT = O?EN 

FAST PAGE MODE READ CYCLE IN THE TEST MODE 

Note: -err = "L" DIN = OPEN IWJ: "H" or HL" 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

Note: Dour = OPEN ~: "W or "L" 
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TEST MODE 
The TC514400ASJUAFfL/ATRL 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 (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 TC514400ASJU 
AFfLIATRL. In ''Test Mode", the 1M54 DRAM can be tested as if it were a 512K54 DRAM. 

"WRITE, CAS Before ~ Refresh Cycle" puts the device into "Test Mode". And "CAS Before ~ 
Refresh Cycle" or ~ Only Refresh Cycle" puts it back into "Nonnal Mode". In the Test Mode, "WRITE, 
CAS Before ~ Refresh Cycle" perfonns the refresh operation with internal refresh address counter. The 
''Test Mode" function reduces test times (112 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 

Aoe Vee 

Aoe A 
Normal SI2K block 

~ 
A 
B 

~ ~---o ~Normal 
~-----o~oe 

Test SI2K block 
B 

Aoe vee 
,-------0 

Aoe ,-------, C ,-----o~ ~mal I 
Normal ~>---____t S 12K block t------t--4~ 
~ 0------4 r-~-----t'__ ___ __.J c Test 

~ Aoe ,--------,0 
Test '-f-<D-......o-----i SI2K block ~::::::t::::t-4D Test 

Normal 

~o----H 

~ ___ --' 0 '--__ ~---< yO"':~ 

~ z. 

Aoe 
0-----1 

SI2K block 
'-------'E 

Aoe 

Test L+D-......o-----I SI2K block 
'__ ___ __.J F 

Aoe G 
Normal SI2K block 

~ 
G 
H 

Test SI2K block 
H 

Aoe 

Figure 1 
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rOSHIBA 
TC51V 4400ASJIj AF1L8O I 

1,048,576 WORD X 4 BIT DYNAMIC RAM 

DESCRIPTION 
The TC51V4400ASJUAFTL is the new generation dynamic RAM organized 1,04S,576 word by 4 bit. 

The TC51V4400ASJUAFTL 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 pennit the TC51V4400ASJUAFTL to be packaged in a standard 26/20 pin plastic SOJ (300), 
26/20 pin plastic TSOP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include single power supply of 
3.3V±o.3V tolerance, direct interfacing capability with high performance logic families such as Schottky 'ITL. 

FEATURES 
1,04S,576 word by 4 bit organization 

• Fast access time and cycle time 
• Single power supply of 3.3V±o.3V with a built

in V BB generator 
Low Power 

216mW MAX .Operating 
0.54m W MAX. Standby 

Outputs unlatched at cycle end allows two-di
mensional 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 cyclesl12Sms 

• Package TC51V4400ASJL: S0J26-P-300A 
TC51V4400AFTL : TS0P26-P-300 

KEY PARAMETERS 

ITEM TC51 V4400ASJU AFTL 

tRAC RAS" Access Tune sOns 

tAA Column Address 40ns 
Access Tune 

!cAC CAS" Access Time 20ns 

tRC Cycle Tune 150ns 

tpc Fast Page Mode 50ns 
Cycle Tune 

TO~MIA'& '&U~AI~'& ~I ~~TAnNI~ ~nUDnNa:NTC: INI' 



TeS1 v 4400ASJL/ AFTL-80 

PIN NAME 

AO-A9 Address Inputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

WRITE ReadIWrite Input 

OE Output Enable 

1/01-1/04 Data Input/Output 

Vee Power (+3.3V) 

Vss Ground 

PIN CONNECTION (TOP VIEW) 

Plastic 50J Plastic TSOP (Normal Bend Type) 

1/01 VS5 
1102 104 

1 26 
2 2S I 

1/01 Vss 
1/02 1104 

~ 103 m m 
A9 ~ 

3 24 I 
4 23 
S 22 

W1fiTl 1103 
m m 

A9 m-
AO A8 9 18 
A1 A7 10 17 AO A8 
A2 A6 11 16 Al A7 
A3 AS 

Vee A4 
12 lS 
13 14 A2 A6 

A3 AS -
Vee A4 
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BLOCK DIAGRAM 

A7 

1101 
o 

1102 1103 1104 
o o 0 

COLUMN 
DECODER 

SENSE AMP 
110 GATE 

·1024· 
x4 

MEMORY 
ARRAY 

1024 x 1024 x 4 

SUBSTRATE BIAS 
GENERATOR 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNIT 

Input Voltage VIN -0.5-Vee+O.5 V 

Output Voltage VOUT -0.5-Vee+O.5 V 

Power Supply Voltage Vee -0.5-4.6 V 

Operating Temperature TOPR 0-70 °C 

Storage Temperature TSTG -55-150 °C 

Soldering Temperature - Time TSOLDER 260 -10 °C - sec 

Power Dissipation PD 700 mW 

Short Circuit Output Current loUT 50 rnA 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 6-70°C) 

SYMBOL PARAMETER MIN. TYP MAX UNIT NOTE 

Vcc Supply Voltage 3.0 3.3 3.6 V 2 

VIH Input High Voltage 2.2 - Vcc+O·3 V 2 

VIL Input LowVoltage -0.3 - 0.6 V 2 

D.C. ELECTRICAL CHARACTERISTICS (Vee = 3.3V ± O.3V, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX UNIT NOTES 

OPERATING CURRENT 
3,4 I Average Power Supply Operating Current TC5t V4400ASJUAFI'L-80 60 rnA CCI 5 

(RAS, 'CAS, Address Cycling: tRC=tRC MIN) 

STANDBY CURRENT 
ICC2 Power Supply Standby Current t rnA 

(RAS'='CAS=V IH) 

RAS ONLY REFRESH CURRENT 
I Average Power Supply C;urrent, RAS Only Mode TC51 V 44OOASJUAFrL-80 60 rnA 3,5 CC3 

(RAS Cycling, 'CAS=VIH: tRC=tRC MIN.) 

FAST PAGE MODE CURRENT 
3,4 I Average Power Supply Current, Fast Page Mode TC5t V 44OOASJUAFrL-80 40 rnA CC4 - 5 (RAS =VIL:CXS, Address Cycling: tpc=tpc MIN.) 

STANDBY CURRENT 
~A I Power Supply Standby Current 250 CCS 

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

'CAS BEFORE~ REFRESH CURRENT 
I Average Power Supply Current, 'CAS Before RAS TC5t V 44OOASJUAFI'L-80 60 rnA 3,5 CC6 

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

BATIERY BACK UP CURRENT 
Average Power Suuply Current, Battery Back Up Mode 

Icc7 (Cj\S=CAS Before RAS Cycling or 0.2V, OE=V cc-O.2V, WRITE - 300 ~ 6 
=V ceO.2V, AO-9=V cc-O.2V or 0.2V, I/O-4=Vcc-0.2V, 0.2V or 
OPEN: tRc=125~s, tRAS=tRAS MIN. -l~s) 

INPUT LEAKAGE CURRENT 
I Input Leakage Current, any input -10 10 ~A I(L) 

(OVSVINSO.5V, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-10 10 ~ O(L) (DOUT is disabled, (OVSV ourSS.5V), 

VOH 
OUTPUT LEVEL 

2.4 V 
Output "H" Level Voltage (low=-5rnA) -

VOL 
OUTPUT LEVEL 

0.4 V 
Output "L" Level Voltage (low=4:2rnA) -
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS 
(Vee = 3.3V ± O.3V, Ta = 0-70°C)(Notes 6,7,8) 

TC51 V 4400ASJL 
IAFrL 

SYMBOL PARAMETER 
-80 

UNIT NOTES 

MIN MAX 

tRc Random Read or Write Cycle Time 150 - ns 

tRMW Read-Modify-Write Cycle 205 - ns 

tpc Fast Page Mode Cycle Time 50 - ns 

tpRMW Fast Page Mode Read-Modify-Write Cycle Time 105 - ns 

tRAC Access Time from RAS' - 80 ns 10,15,16 

tcAC Access Time from CAS - 20 ns 10,15 

tAA Access Time from Column Address - 40 ns 10,16 

tePA Access Time from CAS Precharge - 45 - 10 

tcu CAS to Output in Low-Z 0 - ns 10 

toFF Output Buffer Turn-off Delay 0 20 ns 11 

tT Transition Time (Rise and Fall) 3 50 ns 

tRP RAS' Presharge Time 60 - ns 

tRAs RAS' Pulse Width 80 10,000 ns 

tRAsp RAS' Pulse Width (Fast Page Mode) 80 200,000 ns 

tRSH RAS' Hold Time 20 - ns 

RAS" Hold Time From "'CAS' 45 -
tRHcp Precharge (Fast Page Mode) 

ns 

tcSH CAS Hold Time 80 - ns 

teAS CAS Pulse Width 20 10,000 ns 

tRCD RAS" to CAS Delay Time 20 60 ns 15 

tRAO RAS' to Column Address Delay Time 15 40 ns 16 

tcRP CAS to RAS' Precharge Time 5 - ns 

teP 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 0 0 ns 

teAH Column Address Hold Time 15 - ns 

tRAL Column Address To RAS' Lead Time 40 ns 

tRcs Read Command Set-Up Time 0 - ns 

tRCH Read Command Hold Time 0 - ns 12 

tRRH Read Command Hold Time referenced to RAS" 0 - ns 12 

tWCH Write Command Hold Time 15 - ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 

TC514400ASJU 
AFrL 

SYMBOL PARAMETER 
-80 

UNIT NOTES 

MIN MAX 

twp Write Command Pulse Width 15 - os 

tRWL Write Command to RAS' Lead Time 20 - os 

tcWL Write Command to CAS' Lead Time 20 - os 

tos Data Set-Up Time 0 - os 13 

tOH Data Hold Time 15 - os 13 

tREF Refresh Period - 128 ms 

twcs Write Command Set-Up Time 0 - os 14 

tcWD CAS'to WRITE Delay Time 50 - os 14 

tRWD RAS' to WRITE Delay Time 110 - os 14 

tAWD Column Address to WRITE Delay Time 70 - os 14 

tcPWD CAS' Precharge to WRY I E Delay Time 75 - os 14 

CAS' Set-up Time 5 -
tcSR '{CAS before RAS' Cycle) 

os 

CAS' Hold Time 15 -
tcHR (CAS' before RAS' Cycle) 

os 

tRPC RAS' to CAS' Precharge Time 0 - os 

CAS' Precharge Time 40 -
tcPT (CAS' before RAS' Couoter Test Cycle 

os 

tROH RAS' Hold Time refereoced to UE 10 - os 

toEA UE Access Time - 20 os 10 

toED UE to Data Delay 20 - os 

Output buffer tum off Delay Time 0 20 
11 toEZ fromUE 

os 

toEH UE Command Hold Time 20 - os 

toos Output Disable Set-Up Time 0 - os 

Write Command Set-Up Time 10 -
tWTS (Test Mode 10) 

os 

Write Command Hold Time 10 -
tWTH (Test Mode 10) 

os 

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

os 

Wnte to"RAS' Hold Time- 10 -
tWRH '{CAS before RAS""Cycle 

os 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 

TC514400ASJU 
AZlAFT 

SYMBOL PARAMETER 
-80 

UNIT NOTES 

MIN MAX 

tRC Random Read or Write Cycle Time 155 - ns 

tpc Fast Page Mode Cycle Time 55 - ns 

tRAc Access Time from RAS" - 85 ns 10.15.16 

teAC Access Time from CAS' - 25 ns 10,15 

tAA Access Time from Column Address - 45 ns 10,15 

tePA Access Time from CAS' Precharge - 50 ns 10 

tRAs RAS" Pulse Width 85 10,000 ns 

tRAsp RAS" Pulse Width (Fast Page Mode) 85 200,000 ns 

tRsH RAS" Hold Time 25 - ns 

teSH CAS' Hold Time 85 - ns 

tRHcp CAS' Precharge to RAS" Hold 50 - ns 

teAS CAS' Pulse Width 25 10,000 ns 

tRAL Column Address to RAS" Lead 45 - ns 

CAPACITANCE (Vee = 3.3V ±O.3V, f = IMHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN MAX 

cn Input Capacitance (AO-A9) - 5 

CI2 Input Capacitance <RAS", CAS', WRITE, OE) - 7 

Co Input/Output Capacitance (1101-1104) - 7 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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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. Icc!, Icc3' Icc4' Icc6 depend on cycle rate. 

4. Icc!, 1cc4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=VIL• In case of Icc4' it can be changed once or less 
during a fast page mode cycle (tpc). 

6. tRAs (max.)=I~s is only applied to refersh of battery-back up. tRAs(max)=10~s is applied to functional 
operating. 

7. An initial pause of 2ms 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 ~ before RAS 
refresh cycles instead of 8 RAS only refresh cycles are required. 

8. AC measurements assume tr=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 l00pF and at VoH=2.0V(Iour=-2mA), VOL =O.8V (Iour=2mA). 

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 WRITE leading edge 
in Read-Modify-Write cycles. 

14. twcs, tRWD' tcwo, tA WD and tcPwo are not restictive 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 output will remain open circuit (high impedance) through the entire cycle; If tRwo>tRWD (min.), 
tcwo>tcWD (min.), tAwo>tAWD (min.) and tcP~lcPWD (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 condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

15. Operation within the tRCD (max.) limit insures that tRAC 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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TeS1 v 4400ASJL/ AFI'lr80 

READ CYCLE 

VIH -::-----~ 
m 

VIL -

~ VIH 

VIL --------r--------,-.=L..-i__"" 

1101 VoH-

-1104 VOL _---- OPEN DATA· OUT 

Note: DIN = OPEN 

WRITE CYCLE (EARLY WRITE) 

VIH-~---"'\I 

m 
VIL -

VIH 
AO-A9 

VIL 

VIH 
wmr 

VIL 
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TC51V4400ASJL/ AFTL80 

WRITE CYCLE (OE CONTROLLED WRITE) 

1101 
-1104 VIL -

Note: DOUT = OPEN ~:"W or "L" 

READ-MODIFY-WRITE CYCLE 

VIH----~ 
D3 

VIL -

VIH 
AO-A9 

VIL 

V1H 
WItlTl 

VIL 

VIH 
m 

VIL 

1101 VIIOH
----OPEN ----1--4 

-1104 VIIOL-
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TeS1 v 4400ASJL/ AFTI.r80 

FAST PAGE MODE READ CYCLE 

~ 

VIH 
AO-A9 

VIL 

VIH 
WIUT[ 

VIL 

Note: DIN = OPEN 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

Note: DOUT = OPEN 
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Te51 v 4400ASJL/ AFTlr80 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

-I DOUT 1 -2 DOUT2 -3 DOUTN 
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RAS ONLY REFRESH CYCLE 

AO-A9 

Note: DIN. wm. M = "HH or HL H 

DOUT=OPEN 

CAS BEFORE RAS REFRESH CYCLE 

VIH -

~ Vll 

m 

VIH 
WJm' 

Vll 

VOl VOH 

TeS1 v 4400ASJL/ AFTL-80 

-V04 r-----------------------OPEN-------------------> VOL 

Note: DIN. M. AO-A9 =·W or "L H ~: "W or HLH 
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Te51 v 4400ASJL/ AFTI.r80 

HIDDEN REFRESH CYCLE (READ) 

VIH 
AO-A9 

VIL 

VIH 
WJ(fTt 

VIL 

VIH 
~ 

VIL 

VOl VOH-

-V04 VOL _----t---~ DATA-OUT 

Note: DIN. OPEN 

HIDDEN REFRESH CYCLE (WRITE) 

VIH 
AO-A9 

VIL 

wm VIH 

VIL 

~ 
VIH 

VIL 

Note: DOUT = OPEN ~: ·W or HL" 
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TeS1 v 4400ASJL/ AFTL-80 

CAS BEFORE HAS REFRESH COUNTER TEST CYCLE 

AO-A9 
VIH 

VIL 

READ CYCLE 

VIH 
WJm'l 

VaL 

M VIH-

VIL -

1101 VOH-

-1104 VOL _ 
OPEN 

WRITE CYCLE 

WJm'l 
VIH 

VIL 

M VIH 

VIL 

1101 VIH 

-1104 
VIL 

M VIH 

VIL --;.----------~+___._,I_' 

1101 VI.'OH-
-1104 ------------( 

VI.'OL-

~: ·W or "L-
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Te51 v 4400ASJL/ AFTI.r80 

wRITE, CAS BEFORE HAS REFRESH CYCLE 

1101 VOH - I}------------OPEN ________ _ 
-1104 VOL - ____ ...., 

READ CYCLE IN THE TEST MODE 

VIH --:"----~ 
m 

VIL -

1101 VOH_ 

-1104 VOL _----

Note: ~ = "L" OIN. OPEN ~: "W or "L" 
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Te51 v 4400ASJL/ AFTL-80 

WRITE CYCLE (EARLY WRITE) IN THE TEST MODEFAST PAGE MODE 

VIH-~---~ 

m 
VIL -

VIH 
AO-A9 

VIL 

VIH 
WJmt 

VIL 

~: ~H" or ~L· 

Note: DOUT. OPEN 

READ CYCLE IN THE TEST MODE 

Note: M = ~L· DIN" OPEN 
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TeS1 v 4400ASJL/ AFTL-80 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

Note: Dour = OPEN 
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TeS1V 4400ASJL/ AFTL80 

TEST MODE 
The TC51V4400/ASJUAFfL 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 (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 TC51 V 44001 
ASJUAFrL. In ''Test Mode", the 1MX4 DRAM can be tested as if it were a 512KX4 DRAM. 

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

Refresh Cycle" or RAg Only Refresh Cycle" puts it back into "Normal Mode". In the Test Mode, "WRITE, 
CAS Before RAg Refresh Cycle" perfonns the refresh operation with internal refresh address counter. The 
''Test Mode" function reduces test times (112 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 

Figurel 

Aoe A 
SI2K block 

A 
B 

SI2K block 
I ~ '--_--O~Normal .., 

Aoe 
Aoe Vee 

.------0 

Aoec>-_--f,------.. c r-----o~~ 
,--=-__ .....j S 12K block 1:==.=.=.-:,4---+~~ 

~_-+ L...-___ ....J~ ~Test 

,..------,0 
'-i-C~>----; SI2K block ~--I--""" 

~ L....-___ ....J~ 

'-----o~ Normal 

Aoe 
Aoe Vee 

Aoe 
SI2K block 

L...-___ ....I! 

.-------0. 

~~ 
D-----oTest 

SI2K block 
L...----....J'F ~ '-----o~ Normal z 

Aoe 
Aoe Vee .-------0, 

Aoe ,-------.. G .-----o~~mal I 
c>----f SI2K block ~--4---+~~ 0----.. .--~--i... ___ __'~ ~Test 

,..------,H 
~1)o."J:>----I SI2K block ~------I--""" 

L...-___ ....IJ:j ~ '-----o~ Normal 

Aoe 
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·OSHIBA 
TC514410ASJ-60/70/BO 

1,048,576 WORD X 4 BIT DYNAMIC RAM 

DESCRIPTION 
The TC514410ASJ is the new generation dynamic RAM organized 1,048,576 word by 4 bit. The 

TC514410ASJ 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 
TC514410ASJ to be packaged in a standard, 26/20 pin plastic SOJ (300mil). 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 
perfonnance logic families such as Schottky TTL. 

FEATURES KEY PARAMETERS 
1,048,576 word by 4 bit organization 

• Fast access time and cycle time 
• Single power supply of 5V± 10% with a built

in V BB generator 
Low Power 

660m W MAX .Operating 
(TC51440ASJ-60) 
550mW MAX. Operating 
(TC51440ASJ-70) 
468mW MAX. Operating 
(TC51440ASJ-80) 
5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two-di
mensional chip selection 

• Read-Modify-Write, CAS before Rj\g refresh, 
Rj\g-only refresh, Hidden refresh, Fast Page 
Mode and Test Mode capability 

• All inputs and outputs TTL compatible 
1024 refresh cyclesl16ms 

• Package TC51441OASJ: SOJ26-P-300A 

tRAC 

tAA 

tcAC 

tRC 

tpc 

ITEM 

RAe Access TIme 

Column Address 

Access Tune 

CAS' Access Tune 

Cycle Tune 

Fast Page Mode 

Cycle Tune 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

TC514410ASJ 

-60 -70 -80 

60ns 70ns 80ns 

30ns 35ns 40ns 

20ns 20ns 20ns 

lIOns 130ns 150ns 

45ns 45ns 50ns 
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1LC514410J\SJ-60/70/80 

PIN NAME 

Ao-A9 Address Inputs 

'[{AS Row Address Strobe 

~ Column Address Strobe 

WBIWB Write Per BitIReadlWrite 
Input 

O'E Output Enable 

WIIIOl- Write SelectlData 
W41104 Input/Output 

Vee Power (+5V) 

Vss Ground 

PIN CONNECTION (TOP VIEW) 

WlII01 
W21102 
Wif:m 

lAS 
AI 

AO 
A1 
A2 
A3 

Vee 

Plastic SOJ 

I"" 1 26 
112 25 
~3 24 
~4 23 
IllS 22 .. 
1""9 18 
~10 17 
~11 16 
~12 15 
~13 .. 14 

Vss_ 
W4II04 
W3/103 

W 
A8 
A7 
A6 
AS 
A4 
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1lC5144101\SJ-60/70/80 

BLOCK DIAGRAM 

W2J102 W.,.CM 
WIIIOI W3II03 

o 0 0 0 

Vee Vss 

r r 

AO 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL 

Input Voltage VIN 

Output Voltage VOUT 

Power Supply Voltage Vee 

Operating Temperature TOPR 

Storage Temperature TSTG 

Soldering Temperature - Time TSOLOER 

Power Dissipation Po 

Short Circuit Output Current I 
OUT 

RATING 

-1-7 

-1-7 

-1-7 

0-70 

-55-150 

260 -10 

700 

50 

COLUMN 
DECODER 

SENSE AMP 
110 GATE 

. 1024 • 
x4 

MEMORY 
ARRAY 

1024x 1024x4 

SUBSTRATE BIAS 
GENERATOR 

UNIT 

V 

V 

V 

°C 

°C 

°C - sec 

mW 

rnA 
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NOTE 

1 

1 

1 

1 

1 

1 

1 

1 
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1lC514410l\SJ-60/70/BO 

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

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 

D.C. ELECTRICAL CHARACTERISTICS (Vee = SV ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX UNIT NOTES 

OPERATING CURRENT TC5144100ASJ-60 - 120 
3,4 I Average Power Supply Operating Current TC5144100ASJ-70 - 100 rnA CCI 5 

(RAS, rAS, Address Cycling: tRC=tRC MIN.) TC5144100ASJ-80 - 85 
STANDBY CURRENT 

I 
CC2 Power Supply Standby Current 2 rnA 

(RAS~=VIH) 

RAS ONLY REFRESH CURRENT TC5144100ASJ-60 - 120 
I 
CC3 Average Power Supply Current, RAS Only Mode TC5144100ASJ-70 100 rnA 3,5 

(RAS Cycling,"'CAS=VIH: tRC=tRC MIN.) TC5144100ASJ-80 - 85 
FAST PAGE MODE CURRENT TC5144100ASJ-60 70 

3,4 I Average Power Supply Current, Fast Page Mode TC5144100ASJ-70 - 70 rnA CC4 5 
(RAS =VIL,"'CAS, Address Cycling: tpc=tpc MIN.) TC5144100ASJ-80 60 
STANDBY CURRENT 

rnA I Power Supply Standby Current 1 CC5 
(RAS=rAS=V CC-O.2V) 

rAS BEFORE"RAS REFRESH CURRENT TC5144100ASJ-60 120 
I 
CC6 Average Power Supply Current, rAS Before RAS TC5144100ASJ-70 - 100 rnA 3,5 

Mode (RAS, rAS, Cycling: tRC=tRC MIN.) TC5144100ASJ-80 85 

INPUT LEAKAGE CURRENT 
II(L) Input Leakage Current, any input -10 10 j.1A 

(OVSVINS6.5V, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-10 10 j.tA O(L) (DOUT is disabled, (OVSVomS5.5V), 

VOH 
OUTPUT LEVEL 

2.4 V 
Output "If' Level Voltage (lom=-5rnA) -

VOL 
OUTPUT LEVEL 

0.4 V 
Output "L" Level Voltage (lour-4.2rnA) 
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TC514410ASj-60/70/80 

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

TC5144100ASJ 

SYMBOL CHARACTERISTIC -60 -70 -80 UNIT NOTES 

MIN MAX. MIN MAX MIN MAX 

tRC Random Read or Write Cycle Time 110 - 130 - 150 - ns 

tRMW Read-Modify-Write Cycle 165 - 185 - 205 - ns 

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

Fast Page Mode Read-Modify-Write 100 - 100 - 105 -
tpRMW Cycle Time 

ns 

tRAC Access Time from RAS - 60 - 70 - 80 ns 9,14,15 

teAC Access Time from CAS' - 20 - 20 - 20 ns 9,14 

tAA Access Time from Column Address - 30 - 35 - 40 ns 9,15 

tePA Access Time from CAS' Precharge - 40 - 40 - 45 - 9 

teLZ CAS' to Output in Low-Z 0 - 0 - 0 - ns 9 

'OFF Output Buffer Tum-off Delay 0 20 0 20 0 20 ns 10 

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

tRP RAS Precharge Time 40 - 50 - 60 - ns 

tRAS RAS Pulse Width 60 10,000 70 10,000 80 10,000 ns 

tRASP RAS Pulse Width (Fast Page Mode) 60 200,000 70 200,000 80 200,000 ns 

tRSH RAS Hold Time 20 - 20 - 20 - ns 

RAS Hold Time From"'CAS' 40 - 40 - 45 -tRHCP Precharge (Fast Page Mode) 
ns 

teSH CAS' Hold Time 60 - 70 - 80 - ns 

teAS CAS' Pulse Width 20 10,000 20 10,000 20 10,000 ns 

tRCD RAS to CAS' Delay Time 20 40 20 50 20 60 ns 14 

RAS to Column Address Delay 15 30 15 35 15 40 
15 tRAO Time 

ns 

teRP CAS' to RAS Precharge Time 5 - 5 5 - ns 

tep CAS' Precharge Time 10 - 10 - 10 - ns 

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

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

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

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

tRAL Column Address To RAS Lead Time 30 - 35 - 40 ns 

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

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

Read Command Hold Time refer- 0 - 0 - 0 - 11 tRRH enced toRAS 
ns 

tWCH Write Command Hold Time 10 - 15 - 15 - ns 
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1LC514410l\SJ-60/70/80 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 

TC5144100ASJ 

SYMBOL CHARACTERISTIC -60 -70 -80 UNIT NOTES 

MIN MAX. MIN MAX MIN MAX 

twp Write Command Pulse Width 10 - 15 - 15 - ns 

tRWL Write Command to 'RAS Lead Time 20 - 20 - 20 - ns 

1:cWL Write Command to CAS Lead TIme 20 - 20 - 20 - ns 

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

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

tREF Refresh Period - 16 - 16 - 16 ns 

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

1:cWD CAS to WE Delay Time 50 - 50 - 50 - ns 13 

tRWD 'RAS to WE Delay Time 90 - 100 - 110 - ns 13 

tAWD Column Address to WE Delay Time 60 - 65 - 70 - ns 13 

1:cPwo CAS Precharge to WE Delay Time 70 - 70 - 75 - ns 13 

1:cSR 
CAS Set-up Time 

5 - 5 - 5 - ns 
'(CAS before 'RAS Cycle) 

CAS Hold Time 
15 1:cHR (CAS before 'RAS Cycle) - 15 - 15 - ns 

tRPC 'RAS to CAS Precharge Time 0 - 0 - 0 - os 

CAS Precharge Time 

1:cPr (CAS before 'RAS Counter Test 30 - 40 - 40 - ns 
Cycle) 

tROH 'RAS Hold Time referenced to tm 10 - 10 - 10 - ns 

toEA tm Access Time - 20 - 20 - 20 ns 

toEO tm to Data Delay 20 - 20 - 20 - ns 

toEZ 
Output buffer turn off Delay Time 

0 20 0 20 0 20 ns 10 
fromtm 

toEH tm Command Hold Time 20 - 20 - 20 - ns 

toos Output Disable Set-up Time 0 - 0 - 0 - ns 

tWTS 
Write Command Set-up Time 

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

tWTH 
Write Command Hold Time 

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

tWRP 
WRITE to 'RAS Precharge Time 

10 - 10 - 10 - ns 
(CAS before 'RAS Cycle) 

tWRH 
Wnte to ~ Hold Time 

10 10 10 
~ before ~Cycle) - - ns 
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TC514410ASj-60/70/80 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 

TC5144100ASJ 

SYMBOL PARAMETER -60 -70 -80 UNIT 

MIN MAX MIN MAX MIN MAX 

tWBS Write Per Bit Set-Up Time 0 - 0 - 0 - ns 

tWBH Write Per Bit Hold Time 10 - 10 - 10 - ns 

Write Per Bit Selection Set-Up 0 - 0 - 0 -
twos Time 

ns 

tWOH Write Per Bit Selection Hold Time 10 - 10 - 10 - ns 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 

TC5144100ASJ 

SYMBOL PARAMETER -60 -70 -80 

MIN MAX. MIN MAX MIN MAX 

tRC Random Read or Write Cycle Time 115 - 135 - 155 

tpc Fast Page Mode Cycle Time 50 - 50 - 55 

tRAC Access Time from RAS" 
65 75 85 - - -

teAC Access Time from CAS' - 25 - 25 - 25 

tAA Access Time from Column Address - 35 - 40 - 45 

tePA Access Time from CAS' Precbarge - 45 - 45 - 50 

tRAs RAS" Pulse Width 65 10,000 75 10,000 085 10,000 

tRAsp RAS" Pulse Width (Fast Page Mode) 65 200,000 75 200,000 85 200,000 

tRSH RAS" Hold Time 25 - 25 - 25 

teSH CAS' Hold Time 65 - 75 - 85 -

tRHcp CAS' Precbarge to RAS" Hold Time 45 - 45 - 50 

teAS CAS' Pulse Width 25 10,000 25 10,000 25 10,000 

tRAL Column Address to RAS" Lead Time 35 - 40 - 45 

CAPACITANCE (Vee = 5V ± 10%, f= IMHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN MAX 

Cn Input Capacitance (AO-A9) - 5 

CI2 Input Capacitance (RAS", CAS', WB'IWE, OE) - 7 

Co Input/Output Capacitance (WI110 1-W 41104) - 7 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

NOTES 

UNIT NOTES 

ns 

ns 

9,14, 
ns 

15 

ns 9, 14 

ns 9,15 

ns 9 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

UNIT 

pF 

pF 

pF 

A-125 



TC514410ASJ-60/70/80 

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. Icc}, ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed one or less while RAS'=Vn.. and CAS = VIH 

6. An initial pause of 200~s 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-r=5ns. 

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

9. Measured with a load equivalent to 2 TTL loads and l00pF. 

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 WBIWE leading edge 
in Read-Modify-Write cycles. 

13. twcs, tRWD, !cWD' tA WD and 1:cPWD are not restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. Iftwcs~twcs (min.), the cycle is an early write cycle and the data 
output will remain open circuit (high impedance) through the entire cycle; If tRWD~RWD (min.), 
tcwn~ (min.), tAWD~AWD (min.) and tcP~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 condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

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

bY!cAc, 

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

VIM _:-------i. 
m 

Vil -

m VIM 

Vil -.-----~-----r--..:L--+-,Jg, 

WlIlOI VOM-

-W4II04 VOL _---- OPEN 

Note: DIN. OPEN 

WRITE CYCLE (EARLY WRITE) 

VIM _:------,,L 
100' 

V1L -

wlnol VIH 

"W4II04 Vil 

Note: DOUT. OPEN 

TC514410AS]-60/70/80 
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TC514410ASJ-60/70/80 

WRITE CYCLE (DE CONTROLLED WRITE) 

WIlOl VIH 

-W4II04 VIL 

Note: DOUT. OPEN 
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TC514410ASJ-60/70/80 

READ-MODIFY-WRITE CYCLE 

VIH-
m 

VIL -

m VIH-

VIL 

VIH 
AO-A9 

VIL 

WIIWr 
VIH 

VIL 

VIH 
m 

VIL 

VIH 

VIL 

W1nOl 
-W4II04 

VOH 
OPEN 

VOL 

Tn~u,IIRA AUI:R.t"A 1:. I:t"TDnu.t" t"n .. nn"'l:lu,,~ .... ,. 



TC514410ASj-60/70/80 

FAST PAGE MODE READ CYCLE 

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

VIL -----r----,....;tii.--f-+r.---..,.....;;~+-tn-..,----r"~-~ 

wlnol VOH-
-W4II04 --------<: 

VOL-

Note: DIN. OPEN 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

ro 
VIL 

VIH 
AO-A9 

VIL 

VIH 
'WIfm. 

VIL 

VIH 
m 

VIL 

W1nOI VIM 
-W4II04 

VIL 

Note: DOUl" OPEN ~: -W or -L-
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

'1II01-lV~~ = W4'104 
VIH -----',-",,"",,'T':'7":r"1. 

V1L --1~~~ 

*1 DOUTl 
*2 DOUl2 
*3 OouTN 

TC514410ASJ-60/70/80 



1lC5144101\SJ-60/70/80 

HAS ONLY REFRESH CYCLE 

tRP 

~: -W or -L-

'CAS BEFORE HAS REFRESH CYCLE 

W11101- VO.r-~ 
W4II04 )0------------ OPEN ------

VOL-
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1lC514410l\SJ-60/70/80 

HIDDEN REFRESH CYCLE (READ) 

VIH-
m 

VIL 

VIH 
AO"'A9 

VIL 

VIH _-----1..---"'" 
M 

VIL -----.,...---~~--r------~ 

W1nOl VOH

"'W4III04 VOL _---+-----C 

Not. : DIN. OPEN 

HIDDEN REFRESH CYCLE (WRITE) 

wlnol VIH --..:--~ .z------.u. 
"'W4II04 VIL - ___ --' 1'-----""""'1" 

Not. : DOUT. OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



1lC514410l\SJ-60/70/80 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

AO-A9 

READ CYCLE 

M VIH 

VIL --:. ___ ,....... ____ ---,~,...,..--~-+----1.fJ. 

1/101 VOH - __ ---I-+-_ OPEN ---+--t-I--~ 
-W4II04 VOL 

- IJ-.l-~~~~=====+::;r--...Jf" 
WRITE CYCLE 

W1twr VIH 

VIL 

M VIH-

VIL -~-----------r-...;;po--+-, 

11101 VIIOH

-W4J104
VIIOL 
------------~~~~--L--IO 

A-134 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514410ASJ-60/70/80 

WE, CAS BEFORE HAS REFRESH CYCLE 

VIH-
m 

VIL 

VIH 
WIJWE' 

V IL 

W11101 VOH - 1\------------OPEN ________ _ 
-W4II04 VOL - ____ ~ 

~: .. Wor .. L .. 

READ CYCLE IN THE TEST MODE 

VIH _~----:K. 
m 

VIL -

WlII01 VOH-

-W4II04 VOL _---- OPEN DATA· OUT 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-135 



TC514410AS]-60/70/80 

WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

WlII01 VIH 

-W4II04 V
IL 

Not. : Dour. OPEN 

FAST PAGE MODE READ CYCLE IN THE TEST MODE 

WII01 
-WU04 

A-136 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514410ASJ-60/70/80 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

m 
VIL 

V1H 
AO-A9 

VIL 

VIH 
WlIWr 

VIL 

VIH 

M' 
VIL 

W11l01 VIH 
-W4II04 

VIL 

Note: DOUT = OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-137 



1LC5144101\S]-60/70/80 

TEST MODE 
The TC5144100/ASJ 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 (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 TC51441 001 
ASJ. In ''Test Mode", the 1MX4 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 RAS"Refresh 
Cycle" or RAS' Only Refresh Cycle" puts it back into "Normal Mode". In the Test Mode, "WE, CAS Before 
RAS' Refresh Cycle" perfonns the refresh operation with internal refresh address counter. The ''Test Mode" 
function reduces test times (112 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 

Figure 1 

A-138 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



rOSHIBA 
TC5117400J/Z/Ff .f:IJ/70 I 

4,194,304 WORD X 4 BIT DYNAMIC RAM 

DESCRIPTION 
The TC5117400JfZJFf-oonO is the new generation dynamic RAM organized 4,194,304 word by 4 bit. 

The TC5117400JfZJFf-oonO 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 TC5117400JfZJFf -oonO to be packaged in 28124 pin plastic SOJ, 
24 pin plastic ZIP and 28/24 pin plastic TSOP. The package 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±1O% tolerance, direct interfacing capability with high performance logic families such as Schottky 
TIL. 

FEATURES 
• Single power supply of 5V±1O% with a built

in V BB generator 

• Low Power 
600mW MAX. Operating 

(TC5117400JfZJFf-OO) 
550mW MAX. Operating 

(TC5117400JfZJFf -70) 
5.5mW MAX. Standby 
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 Mode and Test Mode capability 

• All inputs and outputs TIL compatible 

• 2048 refresh cycles/32ms 

• Package 
TC5117400J: SOJ28-P-400A 
TC5117400Z: ZIP24-P-475 
TC5117400FT: TSOP28-P-400B 

KEY PARAMETERS 

ITEM 

tRAc RAS' Access Time 

tAA Column Address 
Access Time 

tcAC CAS Access Time 

tRC Cycle Time 

tpc Fast Page Mode 
Cycle Time 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

TC5117400JIZIFT 

-60 -70 

OOns 70ns 

30ns 35ns 

15ns 20ns 

lIOns 130ns 

40ns 45ns 

A-139 



TC5117400J/Z/Ff -00/70 

PIN NAME 

AO-A9 Address Inputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

WRl'I'E ReadIWrite Input 

OE Output Enable 

1/01-1/ Data Input/Output 
04 

Vee Power ( +5V) 

Vss Ground 

PIN CONNECTION (TOP VIEW) 

Plastic SOJ Plastic ZIP Plastic TSOP 

vee vss ;. vee Vss 
1101 1104 A9 _ ... 

1101 1104 
1102 1103 

~ ~J 1102 1103 
WRiTl ru 1104 WJUn ~ 

100 M Vee 100 M 
NC A9 

1102 NC A9 

A10 AS A10 A8 
AO 

A1 
AO A7 A7 

A1 A6 
A3 A1 A6 

A2 AS Vss A2 AS 
A3 A4 A3 A4 

Vee Vss Vee Vss 

A-140 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5117400J/Z/Ff -00/70 

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RANGES UNIT NOTE 

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 

StorageTemperature TSTG -55-150 °c 1 

Soldering Temperature -Time TSOLOER 260 -10 °C· sec 1 

Power Dissipation Po 700 mW 1 

Short Circuit Ouput Current lOUT 50 rnA 1 

TOSHIBA AMERICA ELECTRONIC COMPONENTS_ INC_ A.1.41 



TC5117400J/Z/Fr -00/70 

RECOMMENDED D.C. OPERATING CONDITION (Ta = 0-70°c) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTE 

Vcc Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 - Vcc+O·5 V 2 

VIL Input Low Voltage -0.5* - 0.8 V 2 

*-2.0V at pulse width S 20ns 

D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT NOTE 

OPERATING CURRENT TC5117400JfZJFf-60 - 120 

IcC} 
Average Power Supply Operating Current 

rnA 3,4,5 
(RAS', ~ Address Cycling: tRC = tRC TC5117400JfZJFf-70 - 100 MIN.) 

STANDBY CURRENT 

Icc2 Power Supply Standby Current - 2 rnA 
(RAS'=~=VIH 

RAS ONLY REFRESH CURRENT TC5117400JfZJFf-60 - 120 

Icc3 
Average Power Supply Current, RAS 

rnA 3,5 
Only Mode TC5117400JfZJFf-70 100 (RAS' Cycling, ~=VIH: tRC=tRC MIN.) -

FAST PAGE MODE CURRENT TC5117400JfZJFf-60 
70 

Average Power Supply Current, Fast Page 
-

Icc4 Mode rnA 3,4,5 
(RAS'=VIL, ~,Address Cycling: 

TC5117400JfZJFf-70 - 60 tpc=tpc MIN.) 

STANDBY CURRENT 

Iccs Power Supply Standby Current - 1 rnA 
(RAS'=~=V CC-O·2V) 

~ BEFORE RAS REFRESH CUR- TC5117400JfZJFf-60 - 120 
RENT 

Icc6 
Average Power Supply Current, ~ 

rnA 3,5 
BeforeRAS 
Mode (RAS', ~ Cycling: tRC=tRC 

TC5117400JfZJFf-70 - 100 

MIN.) 

INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any input -10 10 ~ 
(OV SV INSV CC. All Other Pins Not Under Test=OV) 

1o(L) 
OUTPUT LEAKAGE CURRENT 

-10 10 ~ (DOUT is disabled, OVSV OUTSV cC> 

VOH 
OUTPUT LEVEL 

2.4 V 
Output "H" Level Voltage (IoUT= -SmA) 

-

VOL 
OUTPUT LEVEL 0.4 V 
Output "L" Level Voltage (1om=4.2rnA) -

A·142 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5117400J/Z/Ff -00/70 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (Vee = 5V ± 10%, Ta = 0-70°C)(Notes 6, 7, 8) 

TC511741OJIZ1FI' 

SYMBOL PARAMETER -60 -70 
UNIT NOTES 

MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 110 - 130 - os 

tRMw Read-Modify-Write Cycle Tune 155 - 180 - os 

tpc Fast Page Mode Cycle Tune 40 - 45 - os 

tpRMw Fast Page Mode Read-Modify-Write Cycle Time 85 - 95 - os 

tRAC Access Time from RAS 
60 70 

9,14, - - os 
15 

teAC Access Time from CAS" 0 15 0 20 os 9, 14 

tAA Access Time from Column Address - 30 - 35 os 9, 15 

tePA Access Time from CAS" Precbarge - 35 - 40 os 9 

teLZ CAS" to ouput io Low-Z 0 - 0 - os 9 

toFF Output Buffer Turn-off Delay 0 15 0 15 os 10 

tT Transitioo Time (Rise and Fall) 3 50 3 50 os 8 

tRP RAS Precbarge Time 40 - 50 - os 

tRAS RAS Pulse Width 60 10,000 70 10,000 os 

tRAsP RAS Pulse Width (Fast Page Mode) 60 200,000 70 200,000 os 

tRSH RAS Hold Time 15 - 20 - os 

tRHCP RAS Hold Time From CAS" Precbarge (Fast Page 
35 - 40 - os 

Mode) 

teSH CAS" Hold Time 60 - 70 - os 

teAS CAS" Pulse Width 15 10,000 20 10,000 os 

tRCD RAS to CAS" Delay Time 20 45 20 50 os 14 

tRAD RAS to Column Address Delay Time 15 30 15 35 os 15 

teRP CAS" to RAS Precbarge Time 5 - 5 - os 

tep CAS" Precbarge Time 10 - 10 - os 

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

tRAH Row Address Hold Time 10 - 10 - os 

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

teAH Column Address Hold Time 10 - 15 - os 

tRAL Column Address to RAS Lead Time 30 - 35 - os 

tRCS Read Command Set-Up Time 0 - 0 - os 

tRCHS Read Command Hold Time 0 - 0 - os 11 

tRRH Read Command Hold Time refereoced to RAS 0 - 0 - os 11 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-U.~ 



11:5117400J/Z~~/70 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 

TC5117400JfZJFf 

SYMBOL PARAMETER -60 -70 UNIT 

MIN .. MAX. MIN. MAX. 

tWCH Write Command Hold Time 10 - 15 - os 

twp Write Command Pulse Width 10 - 15 - ns 

tRWL Write Command to RAS Lead Tune 15 - 20 - os 

tcWL Write Command to CAS' Lead Time 15 - 20 - ns 

tos Data Set-Up Time 0 - 0 - os 

tOH Data Hold Time 10 - 15 - ns 

tREF Refresh Period - 32 - 32 IDS 

twcs Write Command Set-Up Time 0 - 0 - os 

tcwo CAS' to WRITE Delay Time 40 - 45 - ns 

tRWD RAS to WRITE Delay Time 85 - 95 - ns 

tAWD Column Address to WRITE Delay Time 55 - 60 - ns 

tcPwo CAS' Precharge to WRITE Delay Time 60 - 65 - ns 

tcSR CAS' Set-Up Time 
5 - 5 - os 

(CAS' before"'RAS Cycle) 

lcHR CAS' Hold Time 
10 15 

(CAS' before"'RAS Cycle) - - ns 

tRPC RAS to CAS' Precharge Time 5 - 5 - ns 

tcPT CAS' Precharge Time (CAS' before RAS Counter 20 - 30 - ns 
Test Cycle 

tROH RAS" Hold Time referenced to 'DE 10 - 10 - ns 

toEA 'DE Access Time - 15 - 20 os 

toED 'DE to Data Delay 15 - 15 - ns 

toEZ Output buffer tum off Delay Time from 'DE 0 15 0 15 ns 

toEH 'DE Command Hold Time 15 - 15 - ns 

toos Output Disable Set-Up Time 0 - 0 - ns 

tWTS 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 (CAS' before 
10 - 10 - ns 

RAS"Cycle) 

tWRH WRITE to RAS" Hold Time (CAS' before RAS 
10 - 10 - ns 

Cycle) 

A-144 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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TC5117400J/Z/Ff -00/70 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 

TC5117400JIZIFT 

SYMBOL PARAMETER --ffl -70 

MIN. MAX. MIN. MAX. 

tRc Random Read or Write Cycle Time 115 - 135 -
tpc Fast Page Mode Cycle Tune 45 - 50 -

tRAC Access Time from RAS 
65 75 - -

tcAC Access Time from CAS - 20 - 25 

tAA Access Time from Column Address - 35 - 40 

tePA Access Time from CAS Precbarge - 40 - 45 

tRAS RAS Pulse Width 65 10,000 75 10,000 

tRASP RAS Pulse Width (Fast Page Mode) 65 200,000 75 200,000 

tRSH RAS Hold Time 20 - 25 -

tcSH CAS Hold Time 65 - 75 -
tRHcp CAS Precbarge to RAS Hold Time 40 - 45 -

teAs CAS Pulse Width 20 10,000 25 10,000 

tRAL Column Address to RAS Lead Time 35 - 40 -
toEA OE Access Time - 20 - 25 

toEH OE Hold Time 20 - 20 -

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

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

SYMBOL PARAMETER MIN MAX UNIT 

cll Input Capacitance(AO-AIO) - 5 pF 

C12 Input Capacitance (RAS, CAS, WRITE, 
- 7 pF 

OE) 

Co Input/Output Capacitance (VOI-V04) - 7 pF 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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TC5117400J/Z/Ff -00/70 

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' Icc6 depend on cycle rate. 

4. Iccl' Icc4 depend on output loading. SPEcified values are obtained with the output open. 

5. Address can be changed one or less while RAS=VIL. In case of Icc4' it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200J.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 tr:5ns. 

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

9. Measured with a load equivalent to 2 TTL loads and l00pF. 

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 WRITE leading edge 
in Read-Modify-Write cycles. 

13. twcs, tRWD' tcwo, tAWD and 1:cPWD are not restictive 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 output will remain open circuit (high impedance) through the entire cycle; If tRWD~RWD (min.), 
tcWD~ (min.), tAWD~AWD (min.) and tcP~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 condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

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

by tcAC' 

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

A-146 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



READ CYCLE 

VIH~----~ 
RAJ 

VIL-

~ VIH

VIL-

'Or VIH 
VIL~ _______ ~ ________ -T~3-__ +-~ 

1101 VOH-____ OPEN ____ --1_-< 
-U04 VOL-

WRITE CYCLE (EARLY WRITE) 

VIH ~-----,L 
RAJ 

VIL-

Note: DOUT. OPEN 

TC5117400J/Z/Ff -00/70 

DATA· OUT 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-147 



TC5117400J/Z/FT -00/70 

WRITE CYCLE (OE CONTROLLED WRITE) 

m VIM 

VIL-

Note: DOUT. OPEN 

READ-MODIFY-WRITE CYCLE 

VIH----~ 
m 

VIL-

VIM 
AO-A10 

VIL 

VIM-
WIOTl 

VIL-

VIH m 
VIL 

1101 VIIOH-

-----------------------~ -1104 VltOl-

A-148 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5117400J/Z/Ff -00/70 

FAST PAGE MODE READ CYCLE 

AO-A10 
V .. 

VI. 

V .. 

m ~~----~----~~~+-~----~~T-~~~~--~ 

1101 
-1104 

Not.: DIN. OPEN 

FAST PAGE MODE WRITE CYCLE 

AO-A10 VIM 
VII. 

VIN 
m 

VII. 

1101 VIM 
-1104 

VI. 

Not.: Dour. OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-149 



'TC5117400J/Z/FT -00/70 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

m VIH 
VIL 

., DOUT 1 *2 DOUT2 *3 DOUTN 

A-150 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5117400J/Z/Ff -00/70 

HAS ONLY REFRESH CYCLE 

"CAS BEFORE HAS REFRESH CYCLE 

1101- VOr- ) 
~_.J )-------------OPEN ----------

1104 VOL _ • 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-151 



TC5117400J/Z/FT -00/70 

HIDDEN REFRESH CYCLE (READ) 

VIH-
lAS 

VIL-

VIH-m 
VIL 

VIH 
AO-A10 

VIL 

WJOT( 
VIH 

VIL 

VIH 
m 

VIL 

1101 VOH-

-1104 VOL-

Not.: DIN. OPEN 

HIDDEN REFRESH CYCLE (WRITE) 

A-152 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5117400J/Z/Ff -00/70 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

W 
VIH-

VIL-

m 

AO-Al0 
VIH 

VIL 

READ CYCLE 

VIH 
WJOTl 

VIL 

m- VIH 

VIL 

1101 VOH-

-1104 VOL-
OPEN 

WRITE CYCLE 

WJOTl 
VIH 

VIL 

m- VIH 

VIL 

1101 VIH 

-1104 
VIL 

WJm'E' 
VIH 

VIL 

m- VIH-

V 1L -

1101 VIIOH-

-1104 
VIIOL-

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



TC5117400J/Z/FT -00/70 

wRITE, CAS BEFORE HAS REFRESH CYCLE 

1101 VOH 

-1104 VOL ---; ___ ~ 

READ CYCLE IN THE TEST MODE 

VIH ---:-----,L 
m 

VIL-

1101 VOH-_____ -+ ___ +-~I__~ 
-1103 VOL-

VOH-
1104 ----OPEN ------t-~ 

VOL-
DATA-OUT 

Note: UZ="L", DIN=OPEN 

A-154 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5117400J/Z/Ff -00/70 

WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

VIH-~----'!L 

m 
VIL -

1101 

TOSHIBA AMERICA ELECTRONIC COUPONt;NT~ INr. 



TC5117400J/Z/FT -00/70 

FAST PAGE MODE READ CYCLE IN THE TEST MODE 

VIM 
It« 

t:AS 

AO-A10 

WRiTE 

1101 
-1103 

1104 

VIL 

VIH 

VIL 

VIH 

VIL 

Note: 'OE-"L", DIN-OPEN 

A-158 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5117400J/Z/FT -60/70 

FAST PAGE MODE WRITE CYCLE IN THE TEST MODE 

m 
VIL 

VIH 
AO-A10 

VIL 

VIH 
wm'E' 

VIL 

VIH 
M 

VIL 

V01 
VIH 

VIL 

Note: V02-V04="W or "L", DOUT=OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-1~7 
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TEST MODE 

The TC5117400JIZIFT is the RAM organized 4,194,304 words by 4 bits; it is internally organized 
1,048,576 words by 16 bits. In "Test Mode," data are written into 16 sectors in parallel by using only 1101. A1c, 
AOc are not used. If, upon reading, 16 bits are equal (all "l"s or "O"s), the 1104 pin indicates a "1." If they were 
not equal, the 1104 pin would indicate a "0." 1101,1102 and 1103 always indicate a "1" during test mode read cycle. 
Fig. 1 shows the block diagram of TC5117400JIZIFT. In "Test Mode," the 4Mx4 DRAM can be tested as if it 
were a 1MX16 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, "WRITE, 
CAS Before RAS Refresh Cycle" Performs the refresh operation with the internal refresh address counter. The 
"Test Mode" function reduces test times (1/4 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 

MH~~-------------Q~ 
YNormal 

rrrr~~--~--~-----Q~ 
YNormal 

~~==~--++--++-----o~ 
YNormal 

1M block 

Figure 1 

A-158 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



rOSHIBA 
TC5116400JIFf -00/70 I 

4,194,304 WORD X 4 BIT DYNAMIC RAM 

DESCRIPTION 
The TC5116400JIFT is the new generation dynamic RAM organized 4,194,304 word by 4 bit. The 

TC5116400JIFT 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 TC5116400JIFT to be packaged in a 28/24 pin plastic SOJ, and 28124 pin plastic TSOP. The package 
size provides high system bit densities and is compatible with widely available automated testing and insertion 
equipment. System oriented features include single power supply of 5V± 10% tolerance, direct interfacing 
capability with high performance logic families such as Schottky TTL. 

FEATURES KEY PARAMETERS 
• 4,194,304 word by 4 bit organization 
• Fast access time and cycle time 

Single power supply of 5V± 10% with a built
in V BB generator 
Low Power 

495mW MAX .Operating 
(TC5116400JIFT -60) 

440mW MAX. Operating 
(TC5116400JIFT-70) 
5.5mWMAX. Standby 

• Outputs unlatched at cycle end allows two-di
mensional 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 TTL compatible 
• 4096 refresh cycles/64ms 
• Package TC5116400J : SOJ28-P-400A 

TC5116400FT: TS0P28-P-400B 

tRAC 

tAA 

tcAC 

tRC 

tpc 

ITEM 

RAS Access Time 

Column Address 

Access Time 

CAS Access Time 

CycJeTime 

Fast Page Mode 

CycJeTime 

TOSHIBA AMI;:RICA I;:LI;CTRnNIC cnUDn~II:NTQ ltd,.. 

TC5116400JIFT 

-60 -70 

60ns 70ns 

30ns 35ns 

15ns 20ns 

110ns 130ns 

40ns 45ns 



1lC5116400J/F1r-60/70 

PIN NAME 

AO-All Address Inputs 

RAS' Row Address Strobe 

CAS Column Address Strobe 

WRITE ReadIWrite Input 

UE Output Enable 

1101-1104 Data Input/Output 

Vee Power (+5V) 

Vss Ground 

PIN CONNECTION (TOP VIEW) 

Plastic SOJ Plastic TSOP 

vee vss vee Vss 
1101 1104 1101 1104 
1102 1103 1102 1103 

WJUT( m WRm ru 
m m m m 

A11R A9 A11R A9 

A10R AI A10R A8 
AO A7 AO A7 
A1 A6 A1 A6 
A2 AS A2 AS 

A3 A4 A3 A4 

Vee Vss Vee Vss 

A.1M TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



BLOCK DIAGRAM 

,. 
AI 

AI 
AI 
M 

AI 
M 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL 

Input Voltage VIN 

Output Voltage VOUT 

Power Supply Voltage Vee 

Operating Temperature TOPR 

Storage Temperature TSTG 

Soldering Temperature - Time TsoLDER 

Power Dissipation PD 

Short Circuit Output Current I 
OUT 

TC5116400J/Ff -60/-70 

RATING UNIT 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 

700 mW 1 

50 rnA 1 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



TC5116400J/FT -60/70 

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

SYMBOL PARAMETER MIN. TYP MAX UNIT NOTE 

Vcc Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 - Vcc+O·5 V 2 

V IL Input Low Voltage -0.5* - 0.8 V 2 

·-2.0V at pulse width :s; 20ns 

D.C. ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX UNIT NOTES 

OPERATING CURRENT TC511640J/Ff-60 - 90 
3,4 I Average Power Supply Operating Current TC511640J/Ff-70 - 80 rnA CCI 5 

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

STANDBY CURRENT 
I Power Supply Standby Current 2 rnA CC2 

(RAS"='CAS=V IH) 

RAS' ONLY REFRESH CURRENT Average TC511640J/Ff-60 90 

Icc3 Power Supply Current, RAS' Only Mode TC511640J/Ff-70 - 80 rnA 3,5 
(RAS" Cycling, 'CAS=VIH: tRC=tRC MIN.) -
FAST PAGE MODE CURRENT TC511640J/Ff-60 - 70 

3,4 I Average Power Supply Current, Fast Page Mode TC511640J/Ff-70 - 60 rnA CC4 5 
(RAS" =VIL,""CAS, Address Cycling:tpc=tpc MIN.) -
STANDBY CURRENT 

I Power Supply Standby Current 1 rnA CC5 
(RAS"='CAS=V cc-0.2V) 

'CAS BEFORE"RAS' REFRESH CURRENT TC511640J/Ff-60 - 90 
I Average Power Supply Current, 'CAS Before RAS'" TC511640J/Ff-70 80 rnA 3,5 CC6 

Mode (RAS", 'CAS, Cycling: tRC=tRC MIN.) -
INPUT LEAKAGE CURRENT 

I Input Leakage Current, any input -10 10 IlA I(L) 
(OVS.VINS.V CC, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-10 10 O(L) 

(DOUT is disabled, OV S.V OUTS.V cd IlA 

VOH 
OUTPUT CURRENT 

2.4 
Output "H" Level Voltage (Iour=-5mA) 

- V 

VOL 
OUTPUT CURRENT 

0.4 
Output "L" Level Voltage (Iour=4.2mA) 

- V 
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TC5116400J/FT -60/-70 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (Vee = 5V ± 10%, Ta = 0-70°C)(Notes 6,7,8) 

TC5116400JIFf 

SYMBOL PARAMETER -60 -70 UNIT NOTES 

MIN MAX. MIN MAX 

tRc Random Read or Write Cycle Time 110 - 130 - ns 

tRMw Read-Modify-Write Cycle 155 - 180 - ns 

tpc Fast Page Mode Cycle Time 40 - 45 - ns 

Fast Page Mode Read-Modify-Write 85 - 95 -
tpRMw Cycle Time 

ns 

tRAc Access Time from RAS - 60 - 70 ns 9,14,15 

teAC Access Time from CAS" - 15 - 20 ns 9,14 

tAA Access Time from Column Address - 30 - 35 ns 9,15 

tePA Access Time from CAS" Precharge - 35 - 40 - 9 

teLZ CAS" to Output in Low-Z 0 - 0 - ns 9 

toFF Output Buffer Tum-off Delay 0 15 0 15 ns 10 

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

tRP RAS Presharge Time 40 - 50 - ns 

tRAs RAS Pulse Width 60 10,000 70 10,000 ns 

tRAsp RAS Pulse Width (Fast Page Mode) 60 200,000 70 200,000 ns 

tRSH RAS Hold Time 15 - 20 - ns 

tRHcp 
RAS Hold Time From "'CAS' 35 - 40 -
Precharge (Fast Page Mode) 

ns 

teSH CAS" Hold Time 60 - 70 - ns 

teAS CAS" Pulse Width 15 10,000 20 10,000 ns 

tRCD RAS to CAS" Delay Time 20 45 20 50 ns 14 

tRAO RAS to Column Address Delay Time 15 30 15 35 ns 15 

teRP CAS" to RAS Precharge Time 5 - 5 ns 

tep CAS" Precharge Time 10 - 10 - ns 

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

tRAH Row Address Hold Time 10 - 10 - ns 

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

teAH Column Address Hold Time 10 - 15 - ns 

tRAL Column Address To RAS Lead Time 30 - 35 - ns 

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

tRCH Read Command Hold Time 0 - 0 - ns 11 

tRRH 
Read Command Hold Time refer- 0 - 0 - 11 
enced to RAS 

ns 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



~5116400J/F1r-60/70 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 

TC5116400JIFfL 

SYMBOL PARAMElER -60 -70 UNIT NOlES 

MIN MAX MIN MAX 

tWCH Write CommandHold Time 10 - 15 - ns 

twp Write Command Pulse Width lO - 15 - ns 

tRWL Write Command to ~ Lead Time lO - 20 - ns 

tcWL Write Command to CAS Lead Time 15 - 20 - ns 

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

tOH Data Hold Time 10 - 15 - ns 12 

tREF Refresh Period - 64 - 64 IDS 

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

tcwo CAS to WRITE Delay Time 40 - 45 - ns 13 

tRWD ~ to WRITE Delay Time 85 - 95 - ns 13 

tAWD Column Address to WRITE Delay Time 55 - 60 - ns 13 

tcPwo CAS Precharge to WKlTE Delay Time 60 - 65 - ns 13 

tcSR 
CAS Set-Up Time 5 - 5 -
{CAS before ~ Cycle) 

ns 

lcHR 
CAS Hold Time lO - 15 -
(CAS' before ~ Cycle) 

ns 

tRPC ~ to CAS Precharge Time 5 - 5 - ns 

lcPT 
CAS Precharge Time 20 - 30 -
(CAS' before ~ Counter Test Cycle 

ns 

tROH RAS Hold Time referenced to OE 10 - lO ns 

toEA OE Access TIme - 15 20 ns 

toEO OE to Data Delay 15 - 15 - ns 

toEZ Output buffer tum off Delay Time from OE 0 15 0 15 ns 10 

toEH OE Command Hold Time 15 - 15 - ns 

toos Output Disable Set-Up Time 0 - 0 - ns 

Write Command Set-Up Time 10 - 10 -
tWTS (Test Mode In) 

ns 

twm 
Write Command Hold Time 10 - 10 -
(Test Mode In) 

ns 

tWRP 
WRITE to ~ Precharge Time 10 - lO -
(CAS' before ~ Cycle) 

ns 

Wnte to 1tC\S Hold Time 10 - 10 -tWRH {CAS before RAS""Cycle 
ns 
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TC5116400J/FT -60/-70 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERA TING CONDITIONS IN THE TEST MODE 

TC5116400JIFfL 

SYMBOL PARAMETER -60 -70 

MIN MAX MIN MAX 

tRC Random Read or Write Cycle TIme 115 - 135 -
tpc Fast Page Mode Cycle Time 45 - 50 -

tRAC 
Access Time from RAg - 65 - 75 

teAC Access Time from CAS' - 20 - 25 

tAA Access Time from Column Address - 35 - 40 

tePA Access TIme from CAS' Precbarge - 40 - 45 

tRAs RAg Pulse Width 65 10,000 75 10,000 

tRASP RAg Pulse Width (Fast Page Mode) 65 200,000 75 200,000 

tRSH RAg Hold Time 20 - 25 -
teSH CAS' Hold Time 65 - 75 -

tRHCP CAS' Precbarge to RAg Hold 40 - 45 -
teAS CAS' Pulse Width 20 10,000 25 10,000 

tRAL Column Address to RAg Lead 35 - 40 -
toEA OE Access Time - 20 25 

tRAL OE Command Hold Time 30 - 20 -

CAPACITANCE (Vee = 5V ± 10%, f= IMHz, Ta = 0-70°C) 

UNIT 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

SYMBOL PARAMETER MIN MAX 

cll Input Capacitance (AO-All) - 5 

CI2 Input Capacitance (RAS', CAS', WRITE, OE) - 7 

Co Input Capacitance (1101-1104) - 7 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

NOTES 

9,14, 
15 

9,14 

9,15 

9 

UNIT 

pF 

pF 

pF 
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1lC5116400J/F1r-60/70 

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. Icc}, Icc4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=Va . In case of Icc4' it can be changed once or less 
during a fast page mode cycle (tpc) 

6. An initial pause of 200J.ls 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-r=5ns. 

8. V1H (min.) and Va (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between V IH and Va. 

9. Measured with a load equivalent to 2 TIL loads and l00pF. 

10. !oFF (max.) and !oEZ (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 WRITE leading edge 
in Read-Modify-Write cycles. 

13. twcs, tRWD, tcWD' tAWD and tcPWD are not restictive operating parameters. They are included in the date 
sheet as electrical characteristics only. If twcs >twcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If tRWD>tRWD (min.), 
tcWD>tcWD (min.), tAWD>tAWD (min.) and tcPWP>tcPWDD(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 condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

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

by tcAC' 

15. Operation within the tRAD (max.) limit insures that tRAc (max.) can be met. tRAD (max.) is specified as 
a reference point only: If tRAD is greater than the specified tRAD (max.) limit, then access time is 
controlled by tAA• 
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1lCS116400J/F1r-60/-70 

READ CYCLE 

VIH-~---~ 
m 

VIL-

VIH 
AO-A9 

VIL 

VIH 
A10,A11 

VIL 

U01 VOH-____ OPEN --------1t--~ 
-U04 VOL-

DATA· OUT 

Note: DIN. OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-167 



1lC5116400J/frf-60/70 

WRITE CYCLE (EARLY WRITE) 

VIH 
AO-A9 

VIH 
A10,A11 

VIL 

A-168 

Note: DOUT. OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



WRITE CYCLE (OE"CONTROLLED WRITE) 

WV'H

V'L -

ro VIM-

A10,A11 VIH 

VIL 

Note: DOUT = OPEN 

TC5116400J/FT -60/-70 

~: "W or "L" 
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1lC5116400J/F1L-60/70 

READ·MODIFY·WRITE CYCLE 

VIM m 
Vll-

m VIM-

Vil -

V ... 
AO-A9 

VIL 

VIM 
A10,A11 

VIL 

VIM 
WJO'n 

VIL -

VIM 
M 

Vil 

1101 VIIOH-

-1104 VIIOL-
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1lC5116400J/FJr-60/-70 

FAST PAGE MODE READ CYCLE 

m 

VIH 
AO-A9 

Vll 

"10,A11 
VIH 

Vll 

VIH 
WJm 

Vll 

'M 

1101 
-1104 

Note: DIN = OPEN ~: HW or HL· 
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1lC5116400J/F1l-60/70 

FAST PAGE MODE WRITE CYCLE 

A10,A11 V'H 

V'L 

A-172 

Note: DOUT" OPEN 
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1lC5116400J/F1L-60/-70 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

*1 DOUT 1 *2 DOUT2 *3 DOUTN 
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1lC5116400J/F1r-60/70 

RAS ONLY REFRESH CYCLE 

'CAS BEFORE RAS REFRESH CYCLE 

U01- VOH 

1104 VOL 

A-174 

~_...,)>------------OPEN ----------

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5116400J/FT -60/-70 

HIDDEN REFRESH CYCLE (READ) 

AO-A9 

AtO.Att 
VIL 

VIH -~---"----~ 
'OI 

VIL - _____ ..--__ --,.~'---+------~ 

1I0t VOH-
---+------<: -1104 VOL _ 

DATA-OUT 

Note: DIN = OPEN 
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1LC5116400J/F1r-60/70 

HIDDEN REFRESH CYCLE (WRITE) 

VIH 
AO-A9 

V1L 

VIH 
A10.A11 

VIL 

Note: DOUT = OPEN 
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"CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

m VIH

VIL-

All-A! 
VIH 

Vil. 

READ CYCLE 

VIH 
WJ8ft 

VIL 

'Or VIH 

VIL 

1101 VOH-

-V04 VOL-

WRITE CYCLE 

WJ8ft VIH 

VIL 

M VIH 

VIL 

M VIH-

OPEN 

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

V01 VIIOH-

-V04 VIIOL ------------~~-..:..-L--..__ 

1lC5116400J/FJr-60/-70 

~: "H- or "L-
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1lC5116400J/F1r-60/70 

wRITE, 'CAS BEFORE RAS REFRESH CYCLE 

1101 VOH I)-----------OPEN _______ _ 
-1104 VOL - ___ ~ 
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TC5116400J/FT -60/-70 

READ CYCLE IN THE TEST MODE 

VIH-~---~ 
m 

VIL -

V01 VOH-

-----------+------~~~~ -V03 VOL-

VOH-
V04 ----OPEN -------t--< 

VOL-
DATA· OUT 

Note: M="L". DIN=OPEN ~: "Wor "L" 
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1lC5116400J/F1r-60/70 

WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

VIH 
RAJ 

VIl,-

t:'AJ VIH-

VIL 

VIH 
AO-A9 

VIL 

VIH 
A10,Al1 

VIL 

VIH 
VJJOTr 

VIL 

VIH 
or 

VIL 

VIH 
1101 

VIL 

Note: 1102-1104= -W or -L- , DOUT=OPEN 
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TC5116400J/FT -60/-70 

FAST PAGE MODE READ CYCLE IN THE TEST MODE 

ro 

VIH 
AO-A9 

VIL 

VIH 
AIO, AU 

Vll 

VIH 
WJ8Tl 

VIL 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A.1A1 



1LC5116400J/F1r-60/70 

FAST PAGE MODE WRITE CYCLE IN THE TEST MODE 

m 

VIH 
AO-A9 

VIL 

VIH 
A10,A11 

VIL 

VIH 
WJmt 

VIL 

VIH 

M 
VIL 

1101 
VIH 

VIL 

Note: 1102-1/04. "W or "L" , DOUT=OPEN 
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TC5116400J/FT -60/-70 

TEST MODE 
The TC5116400JIFf is the RAM organized 4,194,304 words by 4 bits, it is internally organized 1,048,576 

words by 16 bits. In "Test Mode", data are written into 16 sectors in parallel by using only 1/10. A1c, AOc are 
not used. If, upon reading, 16 bits equal (all "l"s or "O"s), the 1104 pin indicates a"l". If they were not equal, 
the 1104 pin would indicate a "0".1101,1102 and 1103 always indicate "I" during test mode read cycle. Fig. 1 
shows the block diagram of TC5116400JIFf. In "Test Mode", the 4M5DRAM can be tested as if it were a 
1M516DRAM. 

"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, "WRITE, 
CAS' Before RAS Refresh Cycle" performs the refresh operation with internal refresh address counter. The 
''Test Mode" function reduces test times (1/4 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 

1M block 

1M block ~--_---------o, y. 
Normal ra 1M block I--i-t-±-li':f 

1M block 

y. 
Normal ra 

y. 
Normal ra 

ra 
Figure 1 
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rOSHIBA 
TC514800I\JI AZI AFf-70/80 I 

524,288 WORD X 8 BIT DYNAMIC RAM 

DESCRIPTION 

The TC514800AJIAZiAFT is the new generation dynamic RAM organized 524,288 word by 8 bit. The 
TC514800AJIAZiAFT 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 TC514800AJI AZi AFT to be packaged in a standard 28 pin plastic SOJ, 28 pin plastic ZIP and 28 pin 
plastic TSOP. The package size provides high system bit densities and is compatible with widely available 
automated testing and insertion equipment. System oriented features include single power supply of 5V± 10% 
tolerance, direct interfacing capability with high performance logic families such as Schottky TTL, 

FEATURES KEY PARAMETERS 

• 524,288 word by 8 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% with a built
ion V BB generator 
Low Power 

578mW MAX .Operating 
(TC514800AJI AZi AFT -70) 
495m W Max. Operating 
TC514800AJI AZi AFT -80 
5.5mW Max. Standby 

• Outputs unlatched at cycle end allows two-di
mensional chip selection 

• Read-Modify-Write, CAS' before RA5 refresh, 
RA5-only refresh, Hidden refresh, Fast Page 
Mode capability 

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

• Package 
TC514800AJ :SOJ28-P-400 
TC514800AZ :ZIP28-P-400 
TC514800AFT :TSOP28-P-400 

ITEM 

tRAC RA5 Access Time 

tAA Column Address 

Access Time 

!cAC CAS' Access Time 

tRC Cycle Time 

tpc Fast Page Mode 

Cycle Time 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

TC514800AJIAZiAFT 

-70 -80 

70ns 80ns 

35ns 40ns 

20ns 20ns 

130ns 150ns 

45ns 50ns 

A-185 



1lC514800J/lLl/~1\-70/80 

PIN NAME 

AO-AS Address Inputs 
A9R 

RAS' Row Address Strobe 

CAS Column Address Strobe 

WRITE Read/Write Input 

'DE Output Enable 

1I01-1I0S Data Input/Output 

Vee Power(+ 5V) 

Vss Ground 

N.C. No Connection 

PIN CONNECTION (TOP VIEW) 

Plastic SOJ Plastic ZIP Plastic TSOP 
(Normal Bend Type) 

0 
vec Vss vee 28 Vss 
V01 1/08 1/01 2 27 1/08 

V02 1/07 1/02 3 26 1/07 

1103 1/06 1/03 4 25 1/06 

V04 VOS 1/04 5 24 1/05 

N.C. m 6 23 ro 
WRiTE M 7 22 M 

m N.C. 8 21 N.C. 

A9R AS A9R 9 AS 

AO A7 10 A7 

A1 A6 A1 11 A6 

A2 AS A2 12 AS 

A3 A4 13 A4 

Vee Vss 14 Vss 

A-186 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



1lC514800AJ/lLl/P.U!f-70/80 

BLOCK DIAGRAM 

V02 1104 1106 1108 

1101 V03 0 1105 0 1107 0 

Vee Vss 

WIm" 0----<1 

AO COLUMN 

Al DECODER 

A2 0. 

A3 0. 

A4 0. 

AS 0. 

A6 0. MEMORY 

A7 0. ARRAY 
AS 

1024x 512 xS 

A9R 

SUBSTRATE BIAS 
GENERATOR 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNIT NOTE 

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 I 

Storage Temperature TSTG -55-150 °C 1 

Soldering Temperature - Time TSOLOER 260 -10 °C - sec 1 

Power Dissipation Po 600 mW 1 

Short Circuit Output Current I 50 rnA 1 OUT 

TOSHIBA AMERICA ELECTRONIC COMPONENTS_ INC_ 



1lC514800J/lLl/~1\-70/80 

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

SYMBOL PARAMETER 

Vcc Supply Voltage 

VIH Input High Voltage 

VIL 
Input Low Voltage 
(AO-A8,A9, RAS, CAS, WRITE, t:m) 

VIL Input Low Voltage (170-170'9) 

*1 -2.SV at pulse width S 20ns 
*2 -2.0V at pulse width S 20ns 

MIN. 

4.5 

2.4 

-1.0*1 

-0.5*2 

TYP MAX UNIT 

5.0 5.5 V 

- 6 .. 5 V 

- 0.8 V 

- 0.8 V 

NOTE 

2 

2 

2 

2 

D.C. ELECTRICAL CHARACTERISTICS (V cc = SV ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX UNIT 

OPERATING CURRENT TC514S00AJIAZlAFr-70 - 105 
I Average Power Supply Operating Current TC514S00AJIAZlAFr-SO 90 rnA CCI -

(RAS', ~,Address Cycling: tRC=tRC MIN.) 

STANDBY CURRENT 
I Power Supply Standby Current 2 rnA CC2 

(RAS'=CAS=V IH) 

RAS ONLY REFRESH CURRENT Average TC514S00AJIAZlAFr-70 - 105 

IcC3 Power Supply Current, RAS Only Mode TC514S00AJIAZlAFr-SO - 90 rnA 
(RAS' Cycling, ~=VIH: tRC=tRC MIN.) -
FAST PAGE MODE CURRENT TC514S00AJIAZlAFr-70 - 75 

I Average Power Supply Current, Fast Page Mode TC514S00AJIAZI AFr-SO 65 rnA CC4 -
(RAS' =VIL, ~,Address Cycling:tpc=tpcMIN.) -
STANDBY CURRENT 

I Power Supply Standby Current 1 rnA CCS 
(RAS'=CAS=V CC-O.2V) 

~ BEFORE"'RAS' REFRESH CURRENT TC514S00AJIAZlAFr-70 - 105 
I Average Power Supply Current, ~ Before RAS" TC514S00AJIAZI AFr-SO - 90 rnA CC6 

Mode (RAS', ~,Cycling: tRC=tPC MIN.) -
ThWUTLEAKAGEC~ 

I Input Leakage Current,· any input -10 10 ~ I(L) 
(OV~INS6.5V, All Other Pins Not Under Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

-10 10 ~A 
(DOUT is disabled, OV SVoUTS5.5V) 

VOH 
OUTPUT CURRENT 

2.4 v 
Output "H" Level Voltage (Iour=-5mA) -

VOL 
OUTPUT CURRENT 

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

A-188 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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3,4 
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3,4 
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llC514800AJ/lLl/~-70/80 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (Vee = 5V ± 10%, Ta = 0-70°C)(Notes 6,7,8) 

TC514S00AJI AZJ AFT 

SYMBOL PARAMETER -70 -80 UNIT NOTES 

MIN MAX. MIN MAX 

tRc Random Read or Write Cycle Time 130 - 150 - ns 

tRMW Read-Modify-Write Cycle IS5 - 205 - ns 

tpc Fast Page Mode Cycle Time 45 - 50 - ns 

tpRMw Fast Page Mode Read-Modify-Write Cycle Time 100 - 105 - ns 

tRAC Access Time from RAS - 70 - 80 ns 9,14,15 

teAC Access Time from CAS - 20 - 20 ns 9,14 

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

tePA Access Time from CAS Precharge - 40 - 45 - 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 S 

tRP RAS Presharge Time 50 - 60 - ns 

tRAs RAS Pulse Width 70 10,000 SO 10,000 ns 

RAS Pulse Width (Fast Page Mode) 70 100,000 SO 100,00 
tRAsp 0 

ns 

tRSH RAS Hold Time 20 - 20 - ns 

RAS Hold Time From-cAS' 40 - 45 -
tRHcp Precharge (Fast Page Mode) 

ns 

teSH CAS' Hold Time 70 - SO - ns 

teAS CAS Pulse Width 20 10,000 20 10,000 ns 

tRCD RAS to CAS Delay Time 20 50 20 60 ns 14 

tRAD RAS to Column Address Delay Time 15 35 15 40 ns 15 

teRP CAS to RAS Precharge Time 5 - 5 ns 

tep CAS Precharge Time 10 - 10 - ns 

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

tRAH Row Address Hold Time 10 - 10 - ns 

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

teAH Column Address Hold Time 15 - 15 - ns 

tAR Column Address Hold Time 55 - 60 - ns 

tRAL Column Address To RAS Lead Time 35 - 40 - 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 - 15 - ns 

tWCR Write Command Hold Time referenced to RAS 55 - 60 - ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 

TC514800AJIAZJAFr 

SYMBOL PARAMETER -70 -80 UNIT NOTES 

MIN MAX MIN MAX 

twp Write Command Pulse Width 15 - 15 - ns 

tRWL Write Command to RAS Lead Time 20 - 20 - ns 

tcWL Write Command to CAS Lead Time 20 - 20 - ns 

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

tOHR Data Hold Time 15 - 15 - ns 12 

tOH Data Hold Time referenced to RAS 55 - 60 - ns 

tREF Refresh Period - 16 - 16 ms 

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

tcwo CAS to WRITE Delay Time 50 - 50 - ns 13 

tRWD RAS to WRITE Delay Time 100 - 110 - ns 13 

tAWD Column Address to WRITE Delay Time 65 - 70 - ns 13 

tcPWD CAS Precharge to WID I E Delay Time 70 - 75 - ns 13 

tcSR CAS Set-Up Time ~ before RAS Cycle) 5 - 5 - ns 

tcHR CAS Hold Time (CAS before RAS Cycle) 15 - 15 - ns 

tRPC RAS to CAS Precharge Time 0 - 0 - ns 

CAS Precharge Time (CAS before RAS 40 - 40 -
tcPr Counter Test Cycle) 

ns 

tROH RAS Hold Time referenced to OE 10 - 10 ns 

toEA OE Access TIme - 20 0 20 ns 9 

toEO OE to Data Delay 20 - 20 - ns 

toEZ Output buffer tum off Delay Time from OE 0 20 0 20 ns 10 

toEH OE Command Hold Time 20 - 20 - ns 

toDS Output Disable Set-Up Time 0 - 0 - ns 

CAPACITANCE (Vee =5V± 10%,f= IMHz, Ta=0-70°C) 

SYMBOL PARAMETER MIN MAX UNIT 

Cll Input Capacitance (AO-A8, A9) - 5 pF 

CI2 Input Capacitance (RAS, CAS, WRITE,1JE) - 7 pF 

Co Input Capacitance (1101-1108) - 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 V ss' 

3. Icc!, ICC3' Icc4' Icc6 depend on cycle rate. 

4. ICC!' ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while IV3=VIL. In case of Icc4' it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200~s is required after power-up followed by 8 IV3 only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS" 
before IV3 refresh cycles instead of 8 IV3 only refresh cycles are required. 

7. AC measurements assume t-r=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 l00pF. 

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 WRITE leading edge 
in Read-Modify-Write cycles. 

13. twcs, tRWD, tcWD' tA WD and tcPWD are not restictive operating parameters. They are included in the date 
sheet as electrical characteristics only. If twcs ~wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If tRWD~tRWD (min.), 
tcWD~tcWD (min.), tAWD~tAWD (min.) and tcP~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 condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

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

by tcAC' 

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

UJ V~~----~~----~----~ 
VIl-

m VIH -------"'------~ 
VIL - ______ ,...-____ ,.......;Ii..--+-"'" 

1101 VOH-
----OPEN -----+-----< 

-1108 VOl-
DATA-OUT 

Not. : DIN = OPEN 
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WRITE CYCLE (EARLY WRITE) 

V ... _-----'31... 1 ... _---=cIA---_1 
lAS 

V .. -

~ 
V ... -

V",-__ ....I 

VIM 
AIR 

Note: Dour-OPEN 

1lC514800AJ/~/AU!f-70/80 

~: "W or "L" 
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WRITE CYCLE (OE CONTROLLED WRITE) 

Note: Dour. OPEN 
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READ-MODIFY-WRITE CYCLE 

'V1H 
ItAS 

VIL -

m VIH-

VIL -

VIH 
AD-AI 

VIL 

VIH 
A9R 

VIL 

VIH 
WI01t 

VIL 

VIH-
M 

VIL -

VIH-

VIL -
V01 
-VOS 

VOH-
OPEN 

VOL -
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FAST PAGE MODE READ CYCLE 

m 

Viti 
AG-AJ 

VIl 

VIM 
A9R 

VIL 

VIM 
wmt 

VIL 

VIH 
m 

VIL 

1101 VOH-
-1108 ---OPEN 

VOL-

Note: DIN = OPEN ~: "H" or "L" 



TC514BOOAjI AZI AFT-70IBO 

FAST PAGE MODE WRITE CYCLE 

VIH 
AIR 

VIL 

VIH 
WJOT( 

VIL 

VIH 
or 

VIL 

1101 VIH 
-1108 

VIL 

Note: Dour" OPEN 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

1101- [~~: =-OPEN *1 

1/08 

VIH --OPEN--~~ 
Vil 
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HAS ONLY REFRESH CYCLE 

Note: WJ(I'fE', M, D,N. "H" or "L" 

Dour = OPEN 

CAS BEFORE HAS REFRESH CYCLE 

TC514BOOAJ/ AZ/ AFT-70/BO 

_---t..;.;;..;RAS:.....---_.y. t~ L 

1101- VOH 

1108 VOL 

tcHR 

.~ 

~_..J)\------------OPEN ---------

Note: D,N, WRiTl, M, AO-A8, A9R = "W or ilL" 
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HIDDEN REFRESH CYCLE (READ) 

AO-AI 
VIl 

VIH -~----"'---""'" 
M 

VIL -;...-_---.~-_...,-~-+---------&I. 

1101 VOH-

-VOl VOL _---+ DATA-OUT 

Note: DIN = OPEN 
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HIDDEN REFRESH CYCLE (WRITE) 

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

JAJ VIL _ 

VIM 
M-M 

Vil. 

VIH 
A9R 

VIL 

Note: Dour. OPEN 
~: "H" or "L" 
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CAS BEFORE'"RAS REFRESH COUNTER TEST CYCLE 

VIH-

'RAJ 
VIL-

VIH 

m 

VIH 
AO-AS 

VIL 

READ QYQLE 

WIOTl 
VIH 

VIL 

M 
VIL -

1101-1108 
VOH-

OPEN 
VOL-

WRITE QYCLE 
VIH 

WIOTl 
VIL 

M 

WIOTl 
VIH 

VIL 

VIH 
M 

VIL 

VOH-
OPEN 

VOl-

1101-1108 
VIH-

OPEN 
VIL-

Note: A9R .. H H"or H L" 
~: "H" or HL" 
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APPLICATION INFORMATION 

ADDRESSING 

The 19 address bits required to decode 1 of the 524,288 cell locations within the TC514800AJIAZlAFr 
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 9 column address bits into the chip. Each of 
these signals, RXS 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 RXS clock chain. The "gated 
CAS" feature allows the CAS 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 WRITE low during the RXS/CAS operation. The falling edge of 
CAS or WRITE stobes data on 1101-1108 into the on-chip data latch. In an early write cycle, WRl'l"E is brought 
low prior to CAS and the data is strobed in by CAS with setup and hold times referenced to this signal. In 
delayed write or read modify write cycle, CAS will already be low, thus the data will be strobed in by WRITE 
with setup and hold times referenced to these signals. 

In delayed or read modify write, OE must be high to bring the output buffers to high impedance prior to 
impressing data on the 110 lines. 

DataOuputs 

The three state output buffers provide direct TTL compatibility with a fan-out of standard TIL load. 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 tRAe 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 output 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 imput is brought to a logical low level, the output buffers are enabled. Both CAS and OE 
can control the outputs. Thus in 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 1024 row 

addresses (AO-A8, A9R) within each 16 millisecond time interval. Although any nonnal memory cycle will 
perform the refresh operation, this function is most easily accomplished ''RAS-only'' cycles, RAS'" only refresh 
results in a substantial reduction in operating power. This reduction in power is reflected in the Icc3 
specification. 

CAS BEFORE RAS REFRESH 
CASOefore RAS' refreshing available on the TC514800AJI AZI AFT offers an alternate refresh method. If 

CAS is hold 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 control clock generations and 
the refresh address counter are enabled, and an internal refresh operation takes place. After the refresh opeation 
is performed, the refresh address counter is automatically incremented in preparation for the next CAS before 
RAS'" refresh operation. 

FAST PAGE MODE 
The "Fast Page Mode" feature of the TC514800AJIAZIAFT 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 common. This "Fast 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 TC514800AJIAZIAFT 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 perfomed 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) 

1101-1108 - OPEN +---0( VALID DATA-OUT 

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 TC514800AJI AZJ AFT can be tested by "CAS' BEFORE ~ REFRESH 

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

The test is perfonned after a minimum of 8 CAS' before RAg cycle as initialization cycles. The test 
procedure is as follows. 

1. Write "0" into all the memory cells nonnal write mode. 

2. Select one certain column address and read "0" out and write "1' in each cell be perfonning "CAS' 
BEFORE RAg REFRESH COUNTER TEST (READ-MODIFY-WRITE CYCLE)". Repeat this 
operation 1024 times. 

3. Check "1" out of 1024 bits at nonnal read mode, which was written at 2. 

4. Using the same column as 2., read "1" out and write "0" in each cell performing "CAS' BEFORE RAg 
REFRESH COUNTER TEST". Repeat This operation 1024 times. 

5. Check "0" out of 1024 bits as nonnal read mode, which was written at 4. 

6. Perfonn the above 1. to 5. to the complement data. 

TOSHIBA AMERICA ELECTRONIC COIlPONI!;'NT~_ INC A_~n" 





·OSHIBA 
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524,288 WORD X 8 BIT DYNAMIC RAM 

DESCRIPTION 

The TC514800AJL/AFTL is the new generation dynamic RAM organized 524,288 word by 8 bit. The 
TC514800AJL/AFTL 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 TC514800AJLI AFTL to be packaged in a standard 28 pin plastic SO], and 28 pin plastic TSOP. The 
package size provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V± 10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTI.., 

FEATURES 

• 524,288 word by 8 bit organization 

• Fast access time and cycle time 

• Single power supply of 5V± 10% with a built
ion Vaa generator 
Low Power 

578mW MAX .Operating 
(TC514800AJI AZ/ AFT -70) 
495m W Max. Operating 
TC514800AJI AZ/ AFT -80 
1.1mW Max. Standby 

• Outputs unlatched at cycle end allows two-di
mensional chip selection 

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

• All inputs and outputs TTI.. compatible 
1024 refresh cyclesl128ms 

• Package 
TC514800AJL :S0J28-P-400 
TC514800AFTL :TSOP28-P-400 

KEY PARAMETERS 

ITEM 

tRAC RAS" Access Time 

tAA Column Address 

Access Time 

!cAC CAS' Access Time 

tRC Cycle Time 

tpc Fast Page Mode 

Cycle Tune 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 

TC514800AJU AFIL 

-70 -80 

70ns 80ns 

35ns 40ns 

20ns 20ns 

130ns 150ns 

45ns 50ns 
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PIN NAME 

AO-A8 Address Inputs 
A9R 

RAS Row Address 
Strobe 

t;AS Column Address 
Strobe 

WRITE ReadlWrite Input 

DE Output Enable 

1/01-1/08 Data Input/Output 

Vee Power(+ 5V) 

Vss Ground 

PIN CONNECTION (TOP VIEW) 

Plastic SOJ Plastic TSOP 
(Normal Bend Type) 

0 
vee vss vee 1 Vss 
1/01 1/08 1/01 2 1/08 
1/02 1107 1/02 3 1/07 
1/03 1/06 1/03 1/06 
1/04 1/05 1104 1/05 
N.C. m ro 

WW M M 
m N.C. N.C. 
A9R A8 A9R A8 

AO A7 AO A7 
A1 A6 A1 A6 
A2 AS A2 AS 
A3 A4 A3 A4 

Vee Vss Vee Vss 
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BLOCK DIAGRAM 

1/02 1/04 1/06 1/08 
1/01 1/03 0 1/05 0 1/07 0 

A7 

AS 

Vee Vss 

WRlTrD---<a 

A9R o---~_-. __ ..J 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL 

Input Voltage VIN 

Output Voltage VOUT 

Power Supply Voltage Vee 

Operating Temperature TOPR 

Storage Temperature TSTG 

COLUMN 
DECODER 

MEMORY 

ARRAY 

1024x 512 x8 

SUBSTRATE BIAS 
GENERATOR 

RATING 

-1-7 

-1-7 

-1-7 

0-70 

-55-150 

UNIT 

V 

V 

V 

°C 

°C 

Soldering Temperature - Time TSOLDER 260 -10 °C - sec 

Power Dissipation PD 600 mW 

Short Circuit Output Current I 50 rnA OUT 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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1 

1 

1 

1 

1 

1 

1 

1 
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0-70°C) 

SYMBOL PARAMETER 

Vcc Supply Voltage 

VIH Input High Voltage 

VIL 
Input Low Voltage 
(AO-A8,A9, RAS, CAS, WRITE, OE) 

V IL Input Low Voltage (Im-]7Og) 

*1 -2.SV at pulse width S 20ns 
*2 -2.0V at pulse width S 20ns 

MIN. TYP MAX UNIT 

4.5 5.0 5.5 V 

2.4 - 6 .. 5 V 

-1.0*1 - 0.8 V 

-0.5*2 - 0.8 V 

NOTE 

2 

2 

2 

2 

D.C. ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX UNIT 

OPERATING CURRENT TC514800AJU AFfL-70 105 
I Average Power Supply Operating Current TC514800AJU AFfL-80 90 rnA CCI 

(RAS, ~, Address Cycling: tRC=tRC MIN.) 

STANDBY CURRENT 
ICC2 Power Supply Standby Current 2 rnA 

(Rj\S='CAS'=VIH) 

RAS ONLY REFRESH CURRENT Average TC514800AJU AFfL-70 105 

Icc3 Power Supply Current, RAS Only Mode TC514800AJU AFfL-80 90 rnA 
(RAS Cycling, ~=VIH: tRC=tRC MIN.) 

FAST PAGE MODE CURRENT TC514800AJU AFfL-70 - 75 
I Average Power Supply Current, Fast Page Mode TC514800AJU AFfL-80 65 rnA CC4 

(Rj\S =VIL, ~,Address Cycling:tpe=tpeMIN.) -
STANDBY CURRENT 

I Power Supply Standby Current 200 rnA CCS 
(Rj\S=~=V CC-O.2V) 

~ BEFORE"RAS REFRESH CURRENT TC514800AJU AFTL-70 - 105 

ICC6 Average Power Supply Current, ~ Before RAS" TC514800AJU AFfL-80 - 90 rnA 
Mode (RAS, ~,Cyc1ing: tRC=tpe MIN.) 

BATTERY BACK UP CURRENT 
I Average Power Supply Current, Battery back up Mode 300 rnA CC7 

(CAS= ~ Before RAS Cycling or O.2V, OE =V cc-O.2V or O.2V, 

INPUT LEAKAGE CURRENT 

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

(OV~VIN~6.5V, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-10 10 ~ O(L) 

(DOUT is disabled, OV ~VoUT~5.5V) 

VOH 
OUTPUT CURRENT 

2.4 v 
Output "H" Level Voltage (Iour=-5mA) 

-

VOL 
OUTPUT CURRENT 

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

-

A-210 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

UNIT 

3,4 
5 

3,5 

3,4 
5 

3 

3.6 



TC514800AJL/ AFT1.r70/80 

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

TC514800AJUAFTL 

SYMBOL PARAMETER -70 -80 UNIT NOTE 

MIN MAX. MIN MAX 

tRc Random Read or Write Cycle Time 130 - 150 - ns 

tRMW Read-Modify-Write Cycle 185 - 205 - ns 

tpc Fast Page Mode Cycle Time 45 - 50 - ns 

tpRMW Fast Page Mode Read-Modify-Write Cycle Time 100 - 105 - ns 

Access Time from RAS' - 70 - 80 10,15, 
tRAc ns 

16 

teAC Access Time from CAS' - 20 - 20 ns 10,15 

tAA Access Time from Column Address - 35 - 40 ns 10,16 

tePA Access Time from CAS' Precharge - 40 - 45 - 10 

teLZ 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' Presharge Time 50 - 60 ns 

tRAS RAS' Pulse Width 70 10,000 80 10,000 IlS 

RAS' Pulse Width (Fast Page Mode) 70 100,000 80 100,00 
tRAsp 0 

ns 

tRSH RAS' Hold Time 20 - 20 - ns 

RAS' Hold Time From "CAS 40 - 45 -
tRHcp Precharge (Fast Page Mode) 

ns 

teSH CAS' Hold Time 70 - 80 - ns 

teAS CAS' Pulse Width 20 10,000 20 10,000 ns 

tRCD RAS' to CAS' Delay Time 20 50 20 60 ns 15 

tRAO RAS' to Column Address Delay Time 15 35 15 40 ns 16 

teRP CAS' to RAS' Precharge Time 5 - 5 ns 

tep CAS' Precharge Time 10 - 10 - ns 

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

tRAH Row Address Hold Time 10 - 10 - ns 

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

teAH Column Address Hold Time 15 - 15 - ns 

tAR Column Address Hold Time 55 - 60 - ns 

tRAL Column Address To RAS' Lead Time 35 - 40 - ns 

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

tRCH Read Command Hold Time 0 - 0 - ns 12 

tRRH Read Command Hold Time referenced to RAS' 0 - 0 - ns 12 

tWCH Write Command Hold TIme 15 - 15 - ns 

tWCR Write Command Hold Time referenced to RAS' 55 - 60 - ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 

TC514800AJUAFrL 

SYMBOL PARAMETER -70 -80 UNIT NOTES 

MIN MAX MIN MAX 

twp Write Command Pulse Width 15 - 15 - ns 

~WL Write Command to RAS Lead Time 20 - 20 - ns 

tcWL Write Command to CAS Lead Time 20 - 20 - ns 

tos Data Set-Up Time 0 - 0 - os 13 

tDHR Data Hold Time 15 - 15 - ns 13 

tOH Data Hold Time referenced to RAS 55 - 60 - ns 

tREF Refresh Period - 128 - 128 ms 

twcs Write Command Set-Up Time 0 - 0 - ns 14 

tcwo CAS to WRITE Delay Time 50 - 50 - ns 14 

tRWD RAS to WRITE Delay Time 100 - 110 - os 14 

tAWD Column Address to WRITE Delay Time 65 - 70 - ns 14 

tcPwo CAS Precharge to WRIIE Delay Time 70 - 75 - ns 14 

tcSR CAS Set-Up Time ~ before RAS Cycle) 5 - 5 - os 

tcHR CAS Hold Time (CAS before RAS Cycle) 15 - 15 - ns 

tRPC RAS to CAS Precharge Tune 0 - 0 - ns 

CAS Precharge Time (CAS before RAS 40 - 40 -
tcPr Counter Test Cycle) 

ns 

tROH RAS Hold Time referenced to OE 10 - 10 ns 

toEA UE Access TIme - 20 0 20 ns 10 

toED UE to Data Delay 20 - 20 - ns 

toEZ Output buffer turn off Delay Tune from UE 0 20 0 20 ns 11 

toEH UE Command Hold Time 20 - 20 - ns 

toos Output Disable Set-Up Time 0 - 0 - os 

CAPACITANCE (Vee = 5V ± 10%, f= IMHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN MAX UNIT 

Cn Input Capacitance (AO-A8, A9R) - 5 pF 

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

Co Input Capacitance (1101-1108) - 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 V ss. 

3. Icc!, 1cc3' Icc4' 1cc6 depend on cycle rate. 

4. Icc!, Icc4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while ~=VIL' In case of Icc4' it can be changed once or less 
during a fast page mode cycle (tpc). 

6. tRAS (max.) = 1 J.1IllS is only applied to to refresh of battery-back up. tRAS (max.) = lOllS is applied to 
functional opration. 

7. An initial pause of 200Jls 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 ~ refresh cycles instead of 8 ~ only refresh cycles are required. 

8. AC measurements assume t-r: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 TIL loads 8."1d l00pF. 

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 WRITE leading edge 
in Read-Modify-Write cycles. 

14. twcs, tRWD' leWD' tAWD and lePWD are not restictive operating parameters. They are included in the date 
sheet as electrical characteristics only. If twcs ~wcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If tRWD~tRWD (min.), 
tcwo->tcWD (min.), tAWD~AWD (min.) and leP~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 condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

15. Operation within the tRCD (max.) limit insures that tRAc can be met. tRcD (max.) is specified as a 
reference point only: IftRCD is greater than the specified tRCD (max.) limit, then access time is controlled 

by leAC' 

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• 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-213 



TC514800AJL/~lr70/80 

READ CYCLE 

M 
VIH -~-----'-----"""""'\. 
VIL - _______ -,-____ ..,..~ __ ~ 

U01 VOH-
---- OPEN -----t----c; 

-U08 VOL-
DATA-OUT 

Note: DIN = OPEN ~: -W or "L" 
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WRITE CYCLE (EARLY WRITE) 

Note: DOUT = OPEN ~: -W or "L-
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WRITE CYCLE (OE CONTROLLED WRITE) 

Note: Dour = OPEN ~: "W or "L-
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READ-MODIFY-WRITE CYCLE 

VIM~---~~~--~=---__ I 

m 
VIL-

VIH 
AO-AI 

VIL 

VIM 
A9R 

VIL 

VIH 
WJm 

V1L 

VIH-m 
VIL-

VIH-
----OPEN ------t---+---+-~:K.I 

VIL -
1101 
-uoa 

VOH-
-----OPEN ----~:xl 

VOL -
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FAST PAGE MODE READ CYCLE 

1101 VOH-
-1108 V -OPEN 

OL-

Note: DIN = OPEN 

A.?1A TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514800AJL/ AFTL-70/80 

FAST PAGE MODE WRITE CYCLE 

Note: DOUT = OPEN 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

~[~~~ =-OPEN *1 

VIH --OPEN---oftl 
VIL 

~: "HO or "lO 
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HAS ONLY REFRESH CYCLE 

OJ VIH 

VIL-

Note: WIOT{, M, DIN- -H- or -L

DOUT-OPEN 

"CAS BEFORE RAS REFRESH CYCLE 

TC514800AJL/AU!flr70/80 

__ ~tRAS:""--__ ,y,,, L 
tcHR 

.~ 

1101- Vo.r- ) 
~_-,).o----------- OPEN ---------

1108 VOL _ • 
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HIDDEN REFRESH CYCLE (READ) 

VIH m 
VIL-

VIH-
m 

VIL 

VIH 
AO-AI 

VIL 

VIH 
A9R 

VIL 

VIH 
WR1Tl 

VIL 

VIII_ 
or 

VIL-

1101 VOH-

-1108 VOL-

~: "W or "L-
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HIDDEN REFRESH CYCLE (WRITE) 

VIM ~--~ I ... ---.:;au.....-_I 

)(AS VIL-

VIH 
AO-AI 

VIL 

VIH 
A9R 

VIL 

Note: DOUT" OPEN 
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CAS BEFORE""RAS REFRESH COUNTER TEST CYCLE 

V~-------~~ ____________ ~~ ____________ ~ 

READ CYCLE 
WJOT( v~ 

VIL 

m VIH 

VIL ---------~-~-"""'""'-_+_----

1101-1108 

WRlTEQYQ~ 
VIH 

WRiT( 
VIL 

VIH m 
VIL 

VIH 
1101-1108 

VIL 

WJOT( 
VIH 

VIL 

VIH 
m 

VIL 

1101-1108 

Note: A9R. "H" or "L" 
~: "W or "L" 

A-224 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514800AJL/AU!flr70/80 

APPLICATION INFORMATION 

ADDRESSING 

The 19 address bits required to decode 1 of the 524,288 cell locations within the TC514800AJU AFfL are 
multiplexed onto the 10 address inputs and latched into the on-chip address latches by externally applying two 
negative going TTL-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 9 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 RAS clock chain. The "gated 
CAS''' feature allows the CAS' 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 WRITE low during the RASICAS operation. The falling edge of 
CAS or WRITE stobes data on 1/01-1/08 into the on-chip data latch. In an early write cycle, WRITE is brought 
low prior to CAS' and the data is strobed in by CAS' with setup and hold times referenced to this signal. In 
delayed write or read modify write cycle, CAS' will already be low, thus the data will be strobed in by WRITE 
with setup and hold times referenced to these signals. 

In delayed or read modify write, DE must be high to bring the output buffers to high impedance prior to 
impressing data on the I/O lines. 

Data Ouputs 

The three state output buffers provide direct TTL compatibility with a fan-out of standard TTL load. 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 UE are low. 
CAS' or DE going high returns it to a high impedance state. In an early-write cycle, the output 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 DE controls the impedance of the output buffers. In the logic high position the buffers will remain in 
a high impedance state. 

When the DE imput is brought to a logical low level, the output buffers are enabled. Both CAS' and DE 
can control the outputs. Thus in read operation, either DE 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 1024 row 
addresses (AO-A8, A9R) within each 128 millisecond time interval. Although any normal memory cycle will 
perform the refresh operation, this function is most easily accomplished "'R'AS-only" cycles, ~ only refresh 
results in a substantial reduction in operating power. This reduction in power is reflected in the Icc3 
specification. 

CAS BEFORE RAS REFRESH 

CAS'""before 'R'AS refreshing available on the TC514800AJUAFTL offers an alternate refresh method. If 
CAS" is hold on low for the specified period (tcSR) before'R'AS goes to low, on chip refresh control clock 
generations and the refresh address counter are enabled, and an internal refresh control clock generations and 
the refresh address counter are enabled, and an internal refresh operation takes place. Mter the refresh opeation 
is performed, the refresh address counter is automatically incremented in preparation for the next t:;AS' before 
~ refresh operation. 

FAST PAGE MODE 

The "Fast Page Mode" feature of the TC514800AJUAFTL 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 'R'AS 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 with the negative going edge of'R'AS. 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 TC514800AJU AFTL is the refresh cycles may be performed while maintaining 
valid data at the output pins. This referred to as Hidden Refresh. Hidden Refresh is perfomed by holding CAS 
at V IL and taking RAS high and after a specified precharge period (tRP)' executing a t:;AS' before 'R'AS refresh 
cycle. (see figure below) 

1101-1108 -OPEN -+---0( VALID DATA-OUT 

This feature allows a refresh cycle to be "hidden" among data cycles without affecting the data 
availability. 

A-226 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514800i\JL/ AFTL70/80 

CAS BEFORE HAS REFRESH COUNTER TEST 
The internal refresh operation of TC514800AJUAFrL can be tested by "CAS' BEFORE RAS REFRESH 

COUNTER TEST". This cycle performs READIWRITE operation taking 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- cycle as initialization cycles. The test 
procedure is as follows. 

1. Write "0" into all the memory cells normal write mode. 

2. Select one certain column address and read "0" out and write "1' in each cell be performing "CAS' 
BEFORE RAs- REFRESH COUNTER TEST (READ-MODIFY-WRITE CYCLE)". Repeat this 
operation 1024 times. 

3. Check "I" out of 1024 bits at normal read mode, which was written at 2. 

4. Using the same column as 2., read "I" out and write "0" in each cell performing "CAS'BEFORE RAs
REFRESH COUNTER TEST". Repeat This operation 1024 times. 

5. Check "0" out of 1024 bits as normal read mode, which was written at 4. 

6. Perform the above 1. to 5. to the complement data. 
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rOSHIBA 
TC514800AjLL-/ AFTI.L70/BO 

524,288 WORD X 8 BIT DYNAMIC RAM 

DESCRIPTION 
The TC514800AJLUAFfLL is the new generation dynamic RAM organized 524,288 word by 8 bit. The 

TC514800AJLUAFfLL 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 TC514800AJLUAFfLL to be packaged in a standard 28 pin plastic SOJ, and 28 pin plastic TSOP. 
The package size provides high system bit densities and is compatible with widely available automated testing 
and insertion equipment. System oriented features include single power supply of 5V± 10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 

FEATURES KEY PARAMETERS 
• 524,288 word by 8 bit organization 
• Fast access time and cycle time 
• Single power supply of 5V± 10% with a built

in V BB generator 
Low Power 
578mW MAX .Operating 
(TC514800AJLUAFfLL-70) 
495m W MAX. Operating 
(TC514800AJLUAFfLL-80) 
1.1mWMAX. Standby 

• Outputs unlatched at cycle end allows two-di
mensional chip selection 

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

• All inputs and outputs TTL compatible 
1024 refresh cyclesl128ms 

• Package TC514800AJLL : S0J28-P-400 
TC514800AFfLL : TS0P28-P-400 

tRAc 

tAA 

tcAC 

tRC 

tpc 

ITEM 

RAS Access TIme 

Column Address 
Access rune 

CAS' Access rune 

Cycle TIme 

Fast Page Mode 

Cycle TIme 
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-70 -80 

70ns 80ns 

35ns 40ns 

20ns 20ns 

130ns 150ns 

45ns 50ns 
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PIN NAME 

AO-A8,A9R Address Inputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

WRITE ReadIWrite Input 

UE Output Enable 

1101-1108 Data Input/Output 

Vee Power (+5V) 

Vss Ground 

N.C. No Connection 

PIN CONNECTION (TOP VIEW) 

PlastieSOJ Plastic TSOP 
(Normal Bend Type) 

Vee vss Vss 
V01 V08 2 1/08 
V02 1107 3 1107 
V03 1/06 4 1/06 
1/04 1/05 5 1/05 
N.C. ru 6 m 

WJ(in M 7 M 
1til N.C. 8 N.C. 
A9R A8 9 A8 

AO A7 10 A7 
A1 A6 11 A6 
A2 AS 12 AS 
A3 A4 13 A4 

Vee Vss 14 Vss 
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BLOCK DIAGRAM 

Vee Vss 

WJUno---a 

COLUMN 
DECODER 

Alo. 
SENCE AMP 

A2 0. I/O GATE 

A3 0. 

A4 0. 
····S12XS· .. · 

AS 0. 

A6 0. 

A7 0. MEMORY 

ARRAY 

1024x512x8 
A9R 

SUBSTRATE BIAS 
GENERATOR 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNIT NOTE 

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 I 50 rnA 1 OUT 
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0-70°C) 

SYMBOL PARAMETER 

Vcc Supply Voltage 

VIH Input High Voltage 

VIL 
Input LowVoltage 
(AO-A8, A9R, RAS, CAS, WRITE, OE) 

VIL Input LowVoltage (1101-1108) 

*1 -2.5V at pulse width S 20ns 
*2 -2.0V at pulse width S 20ns 

MIN. 

4.5 

2.4 

-1.0*1 

-0.5*2 

TYP MAX UNIT 

5.0 5.5 V 

- 6.5 V 

- 0.8 V 

- 0.8 V 

NOTE 

2 

2 

2 

2 

D.C. ELECTRICAL CHARACTERISTICS (Vee = SV ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX UNIT 
OPERATING CURRENT TC514800AJLU AFIL-70 - 105 

I Average Power Supply Operating Current TC514800AJLU AFIL-80 90 rnA CCI 
(RAS, 'CAS, Address Cycling: tRC=tRC MIN) 

STANDBY CURRENT 
I Power Supply Standby Current 2 rnA CC2 

(RAS=CAS'=VIH) 

RAS ONLY REFRESH CURRENT TC514800AJLUAFfL-70 105 
I Average Power Supply Current, RAS Only Mode TC514800AJLU AFfL-80 - 90 rnA CC3 

(RAS Cycling, 'CAS=VIH: tRC=tRC MIN.) 

FAST PAGE MODE CURRENT TC514800AJLUAFfL-70 75 
I Average Power Supply Current, Fast Page Mode TC514800AJLUAFIL-80 65 rnA CC4 -

(RAS =VIL;'CAS', Address Cycling: tpc=tpc MIN.) 

STANDBY CURRENT 
~ I Power Supply Standby Current 200 CC5 

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

'CAS BEFORElti\S REFRESH CURRENT TC514800AJLU AFIL-70 - 105 
I Average Power Supply Current, 'CAS Before RAS TC514800AJLUAFfL-80 - 90 rnA CC6 

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

BATTERY BACK UP CURRENT 
Average Power Suuply Current, Battery Back Up Mode 

Icc? (RAS=CAS Before RAS Cycling or 0.2V, OE=V cc-0.2Vor 0.2V - 300 IlA 
WRITE =V cc-0.2V or 0.2V, AO-A8, A9R=V cc-0.2V or 0.2V, 
1I0-1I08=Vcc-0.2V, 0.2V or OPEN:tRC=125Ils, tRAS=tRAS MIN. -IllS) 

SELF REFRESH CURRENT 

Iccs 
Average Power Supply Current, Self Refresh Mode - 200 ~ (RAS=CAS=V IL' WRTI'E=V cc-0.2V or 0.2V, OE=v cc-0.2V or 0.2V 
AO-8=V cc-0.2V or 0.2V, 1I01-8=V cc-0.2V, 0.2V or OPEN 

INPUT LEAKAGE CURRENT 
I I(L) Input Leakage Current, any input -10 10 ~ 

(OVSVINSO.5Y, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-10 10 ~ O(L) (DOUT is disabled, (OVSV OUTSS.5V), 

VOH 
OUTPUT LEVEL 

2.4 V 
Output "H" Level Voltage (IOm=-5rnA) -

VOL 
OUTPUT LEVEL 

0.4 V 
Output "L" Level Voltage (lom=4.2rnA) -
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERA TING CONDITION~ 
(Vee = 5V ± 10%, Ta = 0-70°C)(Notes 7,8,9) 

TC514800AJLUAFTLL 

SYMBOL PARAMETER -70 -80 UNIT NOTES 

MIN MAX MIN MAX 

tRc Random Read or Write Cycle Time 130 - 150 - os 

tRMW Read-Modify-Write Cycle 185 - 205 - os 

tpc Fast Page Mode Cycle Time 45 - 50 - os 

Fast Page Mode Read-Modify-Write 100 - 105 -
tpRMw Cycle Time 

os 

tRAC Access Time from RAS' - 70 - 80 os 10,15,16 

teAC Access Time from CAS - 20 - 20 os 10,15 

tAA Access Time from Column Address - 35 - 40 os 10,16 

tePA Access Time from CAS Precharge - 40 - 45 - 10 

leu CAS to Output io Low-Z 0 - 0 - os 10 

toFF Output Buffer Turn-off Delay 0 20 0 20 os 11 

tT Transitioo Time (Rise and Fall) 3 50 3 50 os 9 

tRP RAS' Presharge Time 50 - 60 - os 

tRAS RAS' Pulse Width 70 10,000 80 10,000 os 

tRAsP RAS' Pulse Width (Fast Page Mode) 70 100,000 80 100,000 os 

tRSH RAS' Hold Time 20 - 20 - os 

RAS' Hold Time From ~ 40 - 45 -
tRHCP Precharge (Fast Page Mode) 

os 

teSH CAS Hold Time 70 - 80 - os 

teAS CAS Pulse Width 20 10,000 20 10,000 os 

tRCD RAS' to CAS Delay Time 20 50 20 60 os 15 

tRAO RAS' to Column Address Delay Time 15 35 15 40 ns 16 

leRP CAS to RAS' Precharge Time 5 5 - ns 

teP CAS Precharge Time 10 - 10 - ns 

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

tRAH Row Address Hold Time 10 - 10 - ns 

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

leAH Column Address Hold Time 15 - 15 - ns 

Column Address Hold Time referenced to 55 - 60 
tAR RAS' ns 

tRAL Column Address To RAS' Lead Time 35 - 40 ns 

tRcs Read Command Set-Up Time 0 - 0 - os 

tRCH Read Command Hold Time 0 - 0 - os 12 

Read Command Hold Time referenced to 0 - 0 - 12 tRRH RAS' os 

tWCH Write Command Hold Time 15 - 15 - os 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 

TC514400AJLUAFI'LL 

SYMBOL PARAMETER -70 -80 UNIT NOTES 

MIN MAX MIN MAX 

Write Command Hold Time refer- 55 - 60 -
tWCR encedRAS' 

ns 

twp Write Command Pulse Width 15 - 15 - ns 

tRWL Write Command to RAS' Lead Time 20 - 20 - ns 

tcWL Write Command to CAS Lead Time 20 - 20 - ns 

tos Data Set-Up Time 0 - 0 - ns 13 

tOH Data Hold Time 15 - 15 - ns 13 

tOHR Data Hold Time referenced to RAS' 55 - 60 - ns 

tREF Refresh Period - 128 - 128 ms 

twcs Write Command Set-Up Time 0 - 0 - ns 14 

tcwo CAS to WRIm Delay Time 50 - 50 - ns 14 

tRWD RAS' to WRIm Delay Time 100 - 110 - ns 14 

tAWD 
Column Address to WRIm Delay 

65 - 70 - ns 14 
Time 

tcPwo 
CAS Precharge to WRn E Delay 

70 - 75 - ns 14 
Time 

tcSR 
CAS Set-up Time 

5 - 5 - ns 
'{CAS before RAS' Cycle) 

tcHR 
CAS Hold Time 

15 15 
(CAS before RAS' Cycle) - - ns 

tRPC RAS' to CAS Precharge Time 0 - 0 - ns 

CAS Precharge Time 

tcPr (CAS before RAS' Counter Test 40 - 40 - ns 
Cycle 

tROH RAS' Hold Time referenced to OE 10 - 10 - ns 

toEA OE Access Time - 20 - 20 ns 10 

toEO OE to Data Delay 20 - 20 - ns 

toEZ 
Output buffer turn off Delay Time 

0 20 0 20 ns 11 
fromOE 

toEH OE Command Hold Time 20 - 20 - ns 

toos Output Disable Set-Up Time 0 - 0 - ns 

tRASS 
RAS' Pulse Width (CAS before RAS' 

100 - 100 -Self Refresh) 

tRPS 
RAS' Precharge Time (CAS before 

130 - 150 - ns 
RAS' Self Refresh) 

tcHS 
CAS Hold time (CAS before RAS' 

-50 - -60 - ns 
Self Refresh) 
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CAPACITANCE (Vee = 5V ± 10%, f= IMHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN MAX UNIT 

cn Input Capacitance (AO-A8, A9R) - 5 pF 

C12 Input Capacitance (RAS, CAS, WRITE, 00) - 7 pF 

Co Input/Output Capacitance (1101-1108) - 7 pF 

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' Icc6 depend on cycle rate. 

4. Iccl' Icc4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS'=VII..' In case of Icc4' it can be changed once or less 
during a fast page mode cycle (tpc). 

6. tRAs(max.)=I,:1s is only applied to refresh of battery-back up. tRAs(max.)=IO,:1s is applied to functional 
operating. 

7. An initial pause of 200,:1s is required after pwoer-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 8 RAS" only refresh cycles are required. 

8. AC measurements assume t-r=5ns. 

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

10. Measured with a load equivalent to 2 TIL loads and l00pF. 

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 WRITE leading edge 
in Read-Modify-Write cycles. 

14. twcs, tRWD' tcWD' tA WD and tcPWD are not restictive operating parameters. They are included in the date 
sheet as electrical characteristics only. If twcs >twcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If tRWO>tRWD (min.), 
tcwo>tcwo (min.), tAwo>tAWD (min.) and tcPWP>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 condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

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

by tcAC' 

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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-235 



1LC514800AJLL/~Llr70/80 

READ CYCLE 

1101 VOH-
---- OPEN ----""i-~ 

-1108 VOL-
DATA-OUT 

Note: DIN. OPEN 

A-236 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514800AJLL/AU!fLlr70/80 

WRITE CYCLE (EARLY WRITE) 

VIH 
A9R 

Vil 

VIH 
WImT 

Vil 

Note: DOUT. OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-237 



TC514800J\JLL/ AFrLlr70/80 

WRITE CYCLE (OE CONTROLLED WRITE) 

Note: DOUT = OPEN 

A-238 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514800AjLL/ AFTLlr70/80 

READ-MODIFY-WRITE CYCLE 

----OPEN ---","--4--+---4~ 

---...... OPEN -----c:V.m1 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-239 



TC514800AJLL/~Llr70/80 

FAST PAGE MODE READ CYCLE 

tAS 

VIH 
M-M 

VIL 

VIH 
A9R 

VII. 

VIH 
WlOTf 

VIL 

VIH-
'M 

VIL-

1101 VOH-
-1108 --OPEN 

VOL-

Note: DIN. OPEN 

A·240 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



1lC514800AJLL/~Llr70/80 

FAST PAGE MODE WRITE CYCLE 

A9R 
VI&. 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-241 



rC514800AJLL/}U!fLlr70/80 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

AIR 
VII. 

IIO~ [~~ =-OPEN .1 DOUT 1 

VIII --OPEN----e~1 
VII. -

~: "H" or "L" 

A-242 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



RAS ONLY REFRESH CYCLE 

Not.: wroTr, M, DIN - "H" or "L· 

DOUT-OPEN 

'CAS BEFORE RAS REFRESH CYCLE 

1lC514800AJLL/AU!fLlr70/80 

tRP 
tRP .~L 

_________ t_~_s ________ ~~~. : 

tcHR 

'lwt---t 
1101- Vo.r- ) )00------------ OPEN ---------1108 VOL - ____ """ 

Note: DIN, Wlmt, M, AO-A8, A9R = "W or "L- ~: "W or "L" 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-243 



TC514800AJLL/ AFfL1.r70/80 

CAS BEFORE HAS SELF REFRESH CYCLE 

VIH

m 
VIL-

~~ ::-____ ,.,)>-----------OPEN -----------

HIDDEN REFRESH CYCLE (READ) 

VIM 
AO-AJ 

VI\. 

VIH 
AIR 

VIL 

VIH 
wmr 

VIL 

VIH 
~ 

VIL 

1101 VOH-

-Il0l VOL -

A·244 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514800AJLL/ AFTLL-70/80 

HIDDEN REFRESH CYCLE (WRITE) 

Note: Dour. OPEN 
~: "H- or "L-

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



TC514800AJLL/~Llr70/80 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

VIH-

RAt 
VIL-

VIH 

m 

V1H 
AO-M 

VIL 

REAI2~Y~LE 

WJm 
VIH 

V 1L 

m VIH 

V1L 

1101-1108 
VOH-

OPEN 
VoL -

WRITE QYQLE 
V1H 

WJm 
V1L 

m 

WJm 
V 1H 

VIL 

V1H-
m 

VIL-

VOH-
OPEN 

VOL-

1101-1108 

V 1H -
OPEN 

V 1L -

Note: A9R= HW or HL-

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



rOSHIBA 
TC5117800ANJ/ ANf -00/70/00 I 

2,097,152 WORD X 8 BIT DYNAMIC RAM 

DESCRIPTION 
The TC5117800A series is the new generation dynamic RAM organized 2,097,152 word by 8 bit. The 

TC5117800A series 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 TC5117800A to be packaged in 28 pin plastic SOJ, and 28 pin 
plastic TSOP. The package size provides high system bit densities and is compatible with widely available 
automated testing and insertion equipment. System oriented features include single power supply of 5V± 10% 
tolerance, direct interfacing capability with high performance logic families such as Schottky TTL. 

FEATURES KEY PARAMETERS 
• 2,097,152 word by 8 bit organization 
• Fast access time and cycle time 
• Single power supply of 5V± 10% with a built

in V BB generator 
TC5117800ANJ/ ANT 

Low Power 
633mW MAX .Operating 

(60ns Version) 
523m W MAX. Operating 

(70ns Version) 
440m W MAX. Operating 

(80ns Version) 
5.5mWMAX. Standby 

• Outputs unlatched at cycle end allows two-di
mensional chip selection 

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

• All inputs and outputs TTL compatible 
• 2048 refresh cycles/32ms 
• Package 

TC5117800ANJ : SOJ28-P-400c 
TC5117800ANT : TSOP28-P-400 

ITEM 

tRAc ~AccessTIme 

tAA Column Address 

Access TIme 

tcAC ~AccessTIme 

tRC CycJeTIme 

tpc Fast Page Mode 

Cycle Tune 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 

-60 -70 -80 

60ns 70ns 80ns 

30ns 35ns 40ns 

15ns 20ns 20ns 

HOns 130ns 150ns 

40ns 45ns 50ns 



1lC5117800~J/~1l-60/70/80 

PIN NAME 

AO-AlO Address Inputs 

R'j\g Row Address Strobe 

~ Column Address Strobe 

WRITE ReadIWrite Input 

OF: Output Enable 

IIOl-/I08 Data Input/Output 

Vee Power(+ 5V) 

Vss Ground 

N.C. No Connection 

PIN CONNECTION (TOP VIEW) 

res 117800ANJ reS117800ANT 

Vee 1 28 Vss Vee 1 28 Vss 
1101 2 27 1108 1101 2 27 1108 
1102 3 26 1107 1102 3 26 1107 
1103 4 25 1106 1103 4 25 1106 
1104 5 24 1105 1104 5 24 1105 

WJOT!' 6 23 ~ WRIT! 6 23 ~ 
~ 7 22 m ~ 7 22 m 
N.C. 8 21 A9 N.C. 8 21 A9 

A10R 9 20 A8 A10R 9 20 A8 
AO 10 19 A7 AO 10 19 A7 
A1 11 18 A6 A1 11 18 A6 
A2 12 17 AS A2 12 17 AS 
A3 13 15 A4 A3 13 16 A4 

Vee 14 16 Vss Vee 14 15 Vss 

A-248 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



BLOCK DIAGRAM 

Vee Vss 

VOLTAGE DOWN 
CONVERTER 

~o----a 

AO 

At 

A2 

A3 

A4 

AS 
A6 

A7 

A8 

A9 

A10R 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL 

Input Voltage VIN 

Output Voltage VOUT 

Power Supply Voltage Vee 

Operating Temperature TOPR 

Storage Temperature TSTG 

Soldering Temperature - Time TSOLOER 

Power Dissipation Po 

Short Circuit Output Current I 
OUT 

TC5117800ANJI ANT -OO/70/WJ 

1106 V08 

VOS 0 V07 0 

COLUMN 
DECODER 

MEMORY 

ARRAY 

2048 x1 024 x 8 

SUBSTRATE BIAS .-0 Vee 
GENERATOR .-.<) Vss 

RATING UNIT NOTE 

-0.5-Vee + 0.5 V 1 

- 0.5-Vee + 0.5 V 1 

-0.5-7.0 V 1 

0-70 °C 1 

-55-150 °C 1 

260 -10 °C - sec 1 

900 mW 1 

50 rnA 1 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-249 



1lC5117800~J/~1l-60/70/80 

RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0-70°C» 

SYMBOL PARAMETER 

Vcc Supply Voltage 

VIH Input High Voltage 

VIL Input Low Voltage 

* v cc + 2.0V at pulse width :QOns. (pulse width is measured at V cc) 

**-2.0V at pulse width :QOns. (pulse width is measured at OV) 

MIN. 

4.5 

2.4 

-0.5** 

TYP MAX UNIT 

5.0 5.5 V 

- Vcc+O·5* V 

- 0.8 V 

NOTE 

2 

2 

2 

D.C. ELECTRICAL CHARACTERISTICS (Vee = SV ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX UNIT NOTES 

OPERATING CURRENT -60 - 115 
3,4 I Average Power Supply Operating Current -70 95 rnA CCI 5 

(RAS, CAS, Address Cycling: tRC=tRC MIN.) -80 80 

STANDBY CURRENT 
I Power Supply Standby Current 2 rnA CC2 

(RAS=CAS=V IH) 

RAS ONLY REFRESH CURRENT -60 - 115 
ICC3 Average Power Supply Current, RAS Only Mode -70 95 rnA 3,5 

(RAS Cycling,-cAS=VIH: tRC=tRC MIN.) -80 - 80 

FAST PAGE MODE CURRENT -60 - 75 
3,4 I Average Power Supply Current, Fast Page Mode -70 - 65 rnA CC4 5 

(RAS =VIL,-cAS, Address Cycling: tpc=tpc MIN.) -80 - 55 

STANDBY CURRENT 
rnA 

ICCS Power Supply Standby Current I 
(RAS=CAS=V CC-0.2V) 

CAS BEFORE"RAS REFRESH CURRENT -60 - 115 
I Average Power Supply Current, CAS Before RAS -70 - 95 rnA 3,5 CC6 

Mode (RAS, CAS, Cycling: tRC=tRC MIN.) -80 - 80 
INPUT LEAKAGE CURRENT 

I Input Leakage Current, any input -10 10 ~ I(L) 
(OVSYINSO.5V, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-10 10 ~A O(L) (DOUT is disabled, (OVSVOUTS5.5V), 

VOH 
OUTPUT LEVEL 

2.4 V 
Output "H" Level Voltage (iOUT=-5rnA) -

VOL 
OUTPUT LEVEL 

0.4 V 
Output "L" Level Voltage (iOUT=4.2rnA) -

A-2S0 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5117800ANJ/ ANT -00/70/00 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 

TC5117800AJ/ANJIAZJ ANZlAFf/ANTI ATRI ANR 

SYMBOL CHARACTERISTIC -60 -70 -80 UNIT 

MIN MAX. MIN MAX MIN MAX 

twp Write Command Pulse Width 10 - 15 - 15 - ns 

tRWL Write Command to RAS' Lead Time 15 - 20 - 20 - ns 

teWL Write Command to CAS" Lead Time 15 - 20 - 20 - ns 

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

tOH Data Hold Time 10 - 15 - 15 - ns 

tREF Refresh Period - 32 - 32 - 32 ms 

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

teWD CAS" to WRITE Delay Time 40 - 45 - 45 - ns 

tRWD RAS' to WRITE Delay Time 85 - 95 - 105 - ns 

tAWD 
Column Address to WRITE Delay 

55 - 60 - 65 - ns 
Time 

tePWD 
CAS" Precharge to WRITE Delay 

60 - 65 - 70 - ns 
Time 

teSR 
CAS" Set-up Time 

5 - 5 - 5 - ns 
~ before RAS' Cycle) 

teHR 
CAS" Hold Time 

10 15 15 
(CAS' before RAS' Cycle) 

- - - ns 

tRPC RAS' to CAS Precharge Time 5 - 5 - 5 - ns 

CAS Precharge Time 

tePT (CAS' before RAS' Counter Test 20 - 30 - 30 - ns 
Cycle) 

tROH RAS' Hold Time referenced to OE 10 - 10 - 10 - ns 

toEA OE Access Time - 15 - 20 - 20 ns 

toED OE to Data Delay 15 - 15 - 15 - ns 

toEZ 
Output buffer turn off Delay Time 

0 15 0 15 0 15 ns 
fromOE 

toEH OE Command Hold Time 15 - 15 - 15 - ns 

toos Output Disable Set-up Time 0 - 0 - 0 - ns 

tWTS 
Write Command Set-up Time 

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

Write Command Hold Time 
10 10 10 tWTH (Test Mode In) - - - ns 

tWRP 
WRITE to RAS' Precharge TIme 

10 - 10 - 10 - ns 
(CAS' before RAS' Cycle) 

Wnte to ~ Hold Time 
10 10 10 tWRH ~ before RAS'"Cycle) - - ns 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-251 

NOTE 

12 

12 
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TC5117800~J/~1L-60/70/80 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE 

TC5117800AJ/ANJIA'ZJANZlAFf/ANf/ATRJANR 

SYMBOL PARAMETER -60 -70 -80 

MIN MAX MIN MAX MIN MAX 

tRC Random Read or Write Cycle Time 115 - 135 - 155 -
tpc Fast Page Mode Cycle Time 45 - 50 - 55 -

tRAC Access Time from RAS - 65 - 75 - 85 

teAc Access Time from CAS - 20 - 25 - 25 

tAA Access Time from Column Address - 35 - 40 - 45 

tePA Access Time from CAS Precbarge - 40 - 45 - 50 

tRAS RAS Pulse Width 65 10,000 75 10,000 85 10,000 

RAS Pulse Width (Fast Page 65 200,000 75 200,000 85 200,000 
tRASP Mode) 

tRSH RAS Hold Time 20 - 25 - 25 -
teSH CAS Hold Time 65 - 75 - 85 -

tRHCP CAS Precbarge to RAS Hold Time 40 - 45 - 50 -
teAS CAS Pulse Width 20 10,000 25 10,000 25 10,000 

Column Address to RAS Lead 35 - 40 - 45 -tRAL Time 

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

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

SYMBOL PARAMETER MIN MAX UNIT 

Cn Input Capacitance (AO-AlO) - 5 pF 

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

Co Input/Output Capacitance (1101-1108) - 7 pF 

A-252 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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TC5117800ANJ/ ANT -ffJ/70/WJ 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERA TING CONDITIONS (Vee = SV ± 10%, Ta = 0-70°C)(Notes 6,7,8) 

TC5117800AJ/ANJIAZlANZJAFf/ANT/ATRlANR 

SYMBOL PARAMETER -60 -70 -80 

MIN MAX. MIN MAX MIN MAX 

tRC Random Read or Write Cycle Time 110 - 130 - 150 -
tRMW Read-Modify-Write Cycle 155 - 180 - 200 -

tpc Fast Page Mode Cycle Time 40 - 45 - 50 -
Fast Page Mode Read-Modify-Write 85 - 95 - 100 -

tpRMw Cycle Time 

tRAC Access Time from RAg - 60 - 70 - 80 

teAC Access Time from CAS - 15 - 20 - 20 

tAA Access Time from Column Address - 30 - 35 - 40 

tePA Access Time from CAS Precbarge - 35 - 40 - 45 

teLZ CAS to Output io Low-Z 0 - 0 - 0 -
toFF Output Buffer Turn-off Delay 0 15 0 15 0 15 

tT Transitioo Time (Rise and Fall) 3 50 3 50 3 50 

tRP RAg Precbarge Time 40 - 50 - 60 -
tRAs RAS Pulse Width 60 10,000 70 10,000 80 10,000 

tRASP RAg Pulse Width (Fast Page Mode) 60 200,000 70 200,000 80 200,000 

tRSH RAg Hold Time 15 - 20 - 20 -
RAg Hold Time From-cAS 35 - 40 - 45 -

tRHCP Precbarge (Fast Page Mode) 

teSH CAS Hold Time 60 - 70 - 80 -
teAS CAS Pulse Width 15 10,000 20 10,000 20 10,000 

tRCD RAS to CAS Delay Time 20 45 20 50 20 60 

RAS to Column Address Delay 15 30 15 35 15 40 
tRAO Time 

teRP CAS to RAg Precbarge Time 5 - 5 5 -
tcP CAS Precbarge Time 10 - 10 - 10 -

tASR Row Address Set-Up Time 0 - 0 - 0 -
tRAH Row Address Hold Time / 10 - 10 - 10 -
tASC Column Address Set-Up Time 0 - 0 - 0 -
teAH Column Address Hold Time 10 - 15 - 15 -

tRAL Column Address to RAS Lead Time 30 - 35 - 40 

tRCS Read Command Set-Up Time 0 - 0 - 0 -
tRCH Read Command Hold Time 0 - 0 - 0 -

Read Command Hold Time refer- 0 - 0 - 0 -
tRRH eoced toRAS 

tWCH Write Command Hold Time 10 - 15 - 15 -

UNIT 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 
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1lC5117800~J/~1l-60/70/80 

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' Icc6 depend on cycle rate. 

4. Iccl' Icc4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed once or less while RAS=VIL. In case of Icc4' it can be changed once or less 
during a fast page mode cycle (tPC). 

6. An initial pause of 200l.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,.=5ns. 

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

9. Measured with a load equivalent to 2 TIL loads and l00pF. 

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 WRITE leading edge 
in Read-Modify-Write cycles. 

13. twcs, tRWD, leWD, tAWD and lePWD are not restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. Iftwcs~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 tR~tRWD (min.), 
tcwo~ (min.), tA~AWD (min.) and le~WD (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 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 leAC. 

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

A-254 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



READ CYCLE 

VIH 
A10R 

TC5117800ANJ/ ANT -00/70/00 

1/01 VOH - _____ OPEN ----.-+--C 
-1/08 VOL-

DATA-OUT 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-255 



1LC5117800~J/~1L-60/70/80 

WRITE CYCLE (EARLY WRITE) 

VIH-~---~ 
m 

VIL-

VIH 
A10R 

A-256 

Note: Dour. OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



WRITE CYCLE (OE CONTROLLED WRITE) 

m VIH-

VIH 
A10R 

Note: DOUT. OPEN 

TC5117800ANJ/ ANT -00/70/00 



1CC5117800~J/~1l-60/70/80 

READ-MODIFY-WRITE CYCLE 

AO-A9 

AtOR 

WJm 

M 

VOt 
-VOl 

A-258 

VIH 

Vil 

VIH 

Vil 

VIH 

Vil 

VIH 

Vil 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5117800ANJ/ ANT -00/70/00 

FAST PAGE MODE READ CYCLE 

AO-A9 

A10R 

1101 VOH-
-VOl ---OPEN ----C 

VOL-

Note: DIN. OPEN 

TOSHIBA AMERICA ELECTRONIC COMPON!;NT~_ IN~ 



1lC5117800~J/~1l-60/70/80 

FAST PAGE MODE WRITE CYCLE 

A10R 
VIL 

1101 VIH 
-UOI 

VIL 

Note: DOUT. OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5117800ANJ/ ANT' .fIJ/70/WJ 

FAST PAGE MODE READ·MODIFY·WRITE CYCLE 

[

VOM --OPEN 
VOL -

1101- ·1 
1108 

VIM --OPEN----taec 
VIL ~_-'T 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



1lC5117800~J/~1l-60/70/80 

HAS ONLY REFRESH CYCLE 

Note: WRJTr. m. DIN - -H- or -L

DOUT-OPEN 

CAS BEFORE RAS REFRESH CYCLE 

1/01- VOH 

1/08 VOL 

A-262 

____ J)~---------------------OPEN------------------

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5117800ANJ/ ANT -00/70/00 

HIDDEN REFRESH CYCLE (READ) 

V'H-m 
V'L-

V,H-
~ 

V'L 

V'H 
AO-At 

V'L 

V'H 
A10R 

V'L 

V'H 
WIOT!' 

V'L 

V'H 
"Or 

V'L 

lI01 VOH-

-1108 VOL-

Note: D'N. OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-263 



1lC5117800~J/~1l-60/70/80 

HIDDEN REFRESH CYCLE (WRITE) 

Note: DOUT. OPEN 

A-264 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5117800ANJ/ ANT -OO/70/WJ 

CAS BEFORE HAS REFRESH COUNTER TEST CYCLE 

VIM 

m 

m 

VIH 
AO-A9 

VIL 

READ QYQLE 

WIOTl 
VIH 

VIL 

M 
VIH 

VIL 

VOt-1I08 

WRl'l'E QYQLE 
VIH 

WIOTl 
VIL 

VIH 
M 

VIL 

VIH 
VOt-1I0a 

V IL 

WJm'l 
VIH 

VIL 

VIH 
M 

VIL 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-265 



1lC5117800~J/AJ(f-60/70/80 

WRITE, CAS BEFORE HAS REFRESH CYCLE 

tAc 

V01 VOM - 1'\------------OPEN _______ _ 

-1108 VOL ------r 

READ CYCLE IN THE TEST MODE 

VIH-----~ 
'RAJ 

VIL-

1101 VOH-____ --ir--_--+_-t-~ 
-1/07 VOL-

VOH-

I/OS VOL _---- OPEN 

Note: M=-L-. DiN-OPEN ~: -H" or -L" 

A-266 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5117800ANJ/ ANT -OO/70/eIJ 

WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

VIH------"'3I 

OJ 

VIH 
AO-M 

VIL 

A9,A10R 
VIH 

VIL 

VIH 
wmt 

VIL 

VIH 
m 

VIL 

VIH 

1101 VIL 

Note: 1I02-1I0a. -W or -L- , DOUT=OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-267 



1LC5117800~J/~1L-60/70/80 

FAST PAGE MODE READ CYCLE IN THE TEST MODE 

m 

AO-AS 

A9,A10R 

WJOTr 

1101 
-1107 

1108 

A-268 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5117800ANJ/ ANT .fIJ/70/&l 

FAST PAGE MODE WRITE CYCLE IN THE TEST MODE 

m 
VIL 

VIM 
AO-Aa 

VIL 

VIM 
A9,A10R 

VIL 

VIM 
WJUT( 

VIL 

VIM 

m 
VIL 

VIM 
1101 

VIL 

Note: 1/02-1/08. -W or -L- , DOUT=OPEN 

TOSHIBA AMERICA ELECTRONIC cnUpnN~Nnt IN~ A_~.c!n 



1lC5117800~J/~1l-60/70/80 

TEST MODE 
The TC5117800AJ/ANJIAZJANZlAFI'/ANT/ATRlANR is the RAM organized 2,097,152 words by8 

bits; it is internally organized 1,048,576 words by16 bits. In "Test Mode", data are written into 16 sectors in 
parallel by using only 1101. A9C is not used. If, upon reading, 16 bits are equal (all "l"s or "O"s), the 1108 pin 
indicates a "1". 

If they were not equal, the 1108 pin would indicate a "0". Other 110 pins (1101-1107) always indicate a "1" 
during test mode read cycle. Fig. 1 shows the block diagram of TC5117800AJI ANJI AZJ ANZI AFI'I ANTI ATRI 
ANR. In ''Test Mode", the 2MX8 DRAM can be tested as if it were a 1MX16 DRAM. 

"WRlTB, '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, "WRlTB, 
'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 pattern). 

BLOCK DIAGRAM IN THE TEST MODE 
Ate 

Figure 1 
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rOSHIBA 
TC5149OOAJ/AFf-70/80 I 

524,288 WORD X 9 BIT DYNAMIC RAM 

DESCRIPTION 

The TC514900AJI AFT is the new generation dynamic RAM organized 524,288 word by 9 bit. The 
TC514900AJIAFT 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 TC514900AJIAFT to be packaged in a standard 28 pin plastic SOJ, and 28 pin plastic TSOP. The 
package size provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V± 10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TIL. 

FEATURES KEY PARAMETERS 

• 524,288 word by 9 bit organization 
• Fast access time and cycle time 
• Single power supply of 5V± 10% with a built

in V ss generator 
Low Power 

633mW MAX .Operating 
(TC514900AJI AFT -70) 
550m W MAX. Operating 
(TC514900AJI AFT -80) 
5.5mWMAX. Standby 

• Outputs unlatched at cycle end allows two-di
mensional 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 TIL compatible 
1024 refresh cyclesl16ms 

• Package TC514900AJ : SOJ28-P-400 
TC514900AFT : TSOP28-P-400 

ITEM 

tRAC RAS Access Time 

tAA Column Address 

Access Time 

tcAC CAS" Access Time 

tRC Cycle Time 

tpc Fast Page Mode 

Cycle Time 

TOSHIBA AMERICA ELECTRONIC COMPONI;NTA_ IN~ 
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35ns 40ns 

20ns 20ns 
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TC514900AJ/ AFf-70/BO II 

PIN NAME 

AO-A8,A9R Address Inputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

WRITE ReadIWrite Input 

OE Output Enable 

1/01-1/09 Data Input/Output 

Vee Power (+5V) 

Vss Ground 

N.C. No Connection 

PIN CONNECTION (TOP VIEW) 

Plastic SOJ Plastic TSOP 
(Normal Bend Type) 

0 
vee Vss 1 Vss 
V01 V09 2 1/09 
V02 V08 3 1/08 
V03 V07 4 1/07 
V04 V06 5 V06 
VOS ro 6 ro 

WRm M 7 M 
m N.C. 8 N.C. 
A9R A8 9 A8 

AO A7 10 A7 
A1 A6 A1 11 A6 
A2 AS 12 AS 
A3 A4 13 A4 

Vee Vss 14 Vss 
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TC514900AJ/~-70/80 

BLOCK DIAGRAM 
1102 1104 1106 1108 

I/O 1 1/03 0 1/05 0 1/07 0 1/09 

Vee Vss 

WJOTl 0---<2 

A9R o----t~ _ __:__----1 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL 

Input Voltage VIN 

Output Voltage VOUT 

Power Supply Voltage Vee 

Operating Temperature TOPR 

Storage Temperature TSTG 

Soldering Temperature • Time TSOLDER 

Power Dissipation Po 

Short Circuit Output Current I 
OUT 

COLUMN 
DECODER 

MEMORY 

ARRAY 

1024x 512 x 9 

SUBSTRATE BIAS 
GENERATOR 

RATING 

-1-7 

-1-7 

-1-7 

0-70 

-55-150 

260· 10 

700 

50 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

UNIT 

V 

V 

V 

°C 

°C 

°C· sec 

mW 

rnA 

NOTE 

1 

1 

1 

1 

1 

1 

1 

1 
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TC514900AJ/AU!r-70/80 

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

SYMBOL PARAMETER MIN. 

Vcc Supply Voltage 4.5 

VIH Input High Voltage 2.4 

VIL 
Input Low Voltage 

-1.0*1 
(AO-AS,A9, RAS, CAS, WRITE, UE) 

VIL Input Low Voltage (170-1709) -0.5*2 

TYP 

5.0 

-

-

-

MAX UNIT NOTE 

5.5 V 2 

6 .. 5 V 2 

O.S V 2 

O.S V 2 

*1 -2.5V at pulse width::;; 20ns 
*2 -2.0V at pulse width::;; 20ns 

D.C. ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX UNIT NOTE 

OPERATING CURRENT TC514900AJI AFf-70 - 115 
3,4 

ICC I Average Power Supply Operating Current TC514900AJI AFf-80 100 rnA 
5 

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

STANDBY CURRENT 
I Power Supply Standby Current 2 rnA CC2 

(RAS='CAS=V IH) 

RAS ONLY REFRESH CURRENT Average TC514900AJI AFf-70 115 

Icc3 Power Supply Current, RAS Only Mode TC514900AJI AFf-80 100 rnA 3,5 
(RAS Cycling, 'CAS=VIH: tRC=tRC MIN.) -
FAST PAGE MODE CURRENT TC514900AJI AFf-70 80 

3,4 I Average Power Supply Current, Fast Page Mode TC514900AJI AFf-80 70 rnA CC4 - 5 
(RAS =VIL, 'CAS,Address Cycling:tpc=tpcMIN.) 

STANDBY CURRENT 
I 
CC5 Power Supply Standby Current 1 rnA 

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

'CAS BEFORE"RAS REFRESH CURRENT TC514900AJI AFf-70 - 115 
I Average Power Supply Current, 'CAS Before RAS" TC514900AJI AFf-80 100 rnA 3 CC6 

Mode (RAS, 'CAS,Cycling: tRC=tPC MIN.) -
INPUT LEAKAGE CURRENT 

I Input Leakage Current, any input -10 10 JlA I(L) 
(OV::;;V IN::;;6.SV, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-10 10 JlA O(L) (DOUT is disabled, OV ::;;V OUT::;;S.SV) 

VOH 
OUTPUT CURRENT 

2.4 V 
Output "H" Level Voltage (Iour=-SmA) 

-

VOL 
OUTPUT CURRENT 

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

-
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TC514900AJ/ AFf-70/BO 

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

TC514400ASJL/AFfLI ATRL 

SYMBOL PARAMETER -70 -80 UNIT NOTES 

MIN MAX. MIN MAX 

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

tRMW Read-Modify-Write Cycle 185 - 205 - ns 

tpc Fast Page Mode Cycle Time 45 - 50 - ns 

tpRMW Fast Page Mode Read-Modify-Write Cycle Time 100 - 105 - ns 

tRAC Access Time from RA5 - 70 - 80 ns 9,14,15 

teAC Access Time from CAS - 20 - 20 ns 9,14 

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

tePA Access Time from CAS Precharge - 40 - 45 - 9 

teLZ CAS to Output in Low-Z 0 - 0 - ns 9 

!oFF Output Buffer Tum-off Delay 0 20 0 20 ns 10 

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

tRP RA5 Presharge Time 50 - 60 - ns 

tRAs RA5 Pulse Width 70 10,000 80 10,000 ns 

tRASP RA5 Pulse Width (Fast Page Mode) 70 100,000 80 100,000 ns 

tRSH RA5 Hold Time 20 - 20 - ns 

RA5 Hold Time From-cAS 40 - 45 -tRHCP Precharge (Fast Page Mode) 
ns 

teSH CAS Hold Time 70 - 80 - ns 

teAS CAS Pulse Width 20 10,000 20 10,000 ns 

tRCD RA5 to CAS Delay Time 20 50 20 60 ns 14 

tRAD RA5 to Column Address Delay Time 15 35 15 40 ns 15 

teRP CAS to RA5 Precharge Time 5 - 5 ns 

tep CAS Precharge Time 10 - 10 - ns 

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

tRAH Row Address Hold Time 10 - 10 - ns 

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

teAH Column Address Hold Time 15 - 15 - ns 

tAR Column Address Hold Time 55 - 60 - ns 

tRAL Column Address To RA5 Lead Time 35 - 40 - 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 RA5 0 - 0 - ns 11 

tWCH Write Command Hold TIme 15 - 15 - ns 

tWCR Write Command Hold Time referenced to RA5 55 - 60 - ns 
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TC514900AJ/ AFT-70/BO 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 

TC514273BJ 

SYMBOL PARAMETER -70 -80 UNIT NOTES 

MIN MAX MIN MAX 

twp Write Command Pulse Width 15 - 15 - ns 

tRWL Write Command to RAS' Lead Time 20 - 20 - os 

tcWL Write Command to CAS Lead Time 20 - 20 - ns 

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

tOH Data Hold Time 15 - 15 - ns 12 

tOHR Data Hold Time referenced to RAS' 55 - 60 - ns 

tREF Refresh Period - 16 - 16 ms 

twcs Write Command Set-Up Time 0 - 0 - ns 15 

tcWD CAS to WRITE Delay Time 50 - 50 - ns 15 

tRWD RAS' to WRITE Delay Time 100 - 110 - ns 15 

tAWD Column Address to WRITE Delay Time 65 - 70 - ns 15 

tcPWD CAS Precharge to WRY I E Delay Time 70 - 75 - ns 15 

tcSR CAS Set-Up Time rcAS before RAS' Cycle) 5 - 5 - ns 

tcHR CAS Hold Time (CAS before RAg Cycle) 15 - 15 - ns 

tRPC RAg to Cj\g Precharge Time 0 - 0 - os 

CAS Precharge Time (CAS before RAS' 40 - 40 -
tcPr Counter Test Cycle) 

ns 

tROH RAg Hold Time referenced to OE 10 - 10 ns 

toEA OE Access TIme - 20 0 20 ns 9 

toEO OE to Data Delay 20 - 20 - ns 

toEZ Output buffer turn off Delay Time from OE 0 20 0 20 ns 10 

toEH OE Command Hold Time 20 - 20 - ns 

toos Output Disable Set-Up Time 0 - 0 - ns 

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

SYMBOL PARAMETER MIN MAX UNIT 

CIl Input Capacitance (AO-A8, A9R) - 5 pF 

CI2 Input Capacitance (RAS', CAS, WRITE,lJE» - 7 pF 

Co Input Capacitance (1101-1109) - 7 pF 
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TC514900Aj/ AFr-70/BO 

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' Icc6 depend on cycle rate. 

4. Iccl' ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAg=VIL. In case of ICC4' it can be changed once or less 
during a fast page mode cycle (tpc). 

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

7. AC measurements assume ty=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 l00pF. 

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 WRITE leading edge 
in Read-Modify-Write cycles. 

13. twcs, tRWD, lcwo, tAWD and tcPWD are not restictive operating parameters. They are included in the date 
sheet as electrical characteristics only. If twcs ~twcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If tRwD~tRwD (min.), 
tcWD~tcWD (min.), tAWD~tAWD (min.) and tcP~PWD (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 condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

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

by tcAC' 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. tRAD (max.) is specified as 
a reference point only: If tRAD is greater than the specified tRAD (max.) limit, then access time is 
controlled by tAA• 
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TC514900AJ/~-70/80 

READ CYCLE 

VIH 
A9R 

or VIH 

Vil - ______ ~----~-.;;;Jli...-+_~ 

V01 VOH-
---- OPEN ------+--c; 

-V09 VOl-

Note: DIN = OPEN 

DATA-OUT 
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TC5149001\T/ AFT-70/BO 

WRITE CYCLE (EARLY WRITE) 

VIH 
A9R 

Vil 

VIH 
WIOTl 

Vil 

VOl VIH 

-V09 Vil 

Note: Dour = OPE N 
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TC514900AJ/AU!r-70/80 

WRITE CYCLE (UE CONTROLLED WRITE) 

){AS VIH 

VIL -

W V1H
-

VIL-__ _ 

VIH 
A9R 

WJOn VIH

VIL -

1101 VIH 

-V09 VIL 

A-280 

Note: DOUT = OPEN 
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READ-MODIFY-WRITE CYCLE 

m 

M 

VOl 
-V09 

VIH - .---""" 

V1L -

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

VIL - ______ -----__ ~~ 

VIH - _____ OPEN ----+----+--...... ~0e{1 
VIL -

VOH-_____ OPEN -----a~1 
VOL -

TC514900AJ/ AFT-70/BO 

~: "H" or "L-
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TC514900J\J/ AFT-70/BO 

FAST PAGE MODE READ CYCLE 

A9R 

Ol 
VIL -~----r-----......=jL--I'-"""'--__ -=!I--J.-I-......-___ ~-~ 

1101 VOH-
-1109 ---OPEN ----C 

VOL-

Note: DIN = OPEN ~: "H" or "L" 
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TC514900Aj/ AFr-70/BO 

FAST PAGE MODE WRITE CYCLE 

Note: DOUT=OPEN ~: "W or "L" 
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TC514900AJ/ AFT-70/BO 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

UO'-lV:~ =-OPEN ., 
U09 

VIH --OPEN---~I VIL 
~: HH" or HL" 
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HAS ONLY REFRESH CYCLE 

Note: WiliTE. M. DIN" "H" or "L" 

DOUT=OPEN 

CAS BEFORE HAS REFRESH CYCLE 

TC514900AJ/~-70/80 

V01- VOH ) 
~_-')------------ OPEN ----------

V09 VOL-_ . 

Note: DIN.~. M. AO-A8. A9R = "W or "L" ~: "W or HL" 
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TC514900AJ/ AFT-70/BO 

HIDDEN REFRESH CYCLE (READ) 

VIH-
W 

V1l-

VIH-ro 
Vil 

VIH 
AD-AS 

Vil 

VIH 
A9R 

Vil 

VIH 
WJm 

Vil 

VIH-m 
Vll-

W01 VOH-

-1109 
VOL -

Note: OIN = OPEN 
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TC514900AJ/ AFT-70/BO 

HIDDEN REFRESH CYCLE (WRITE) 

VIH 
AO-A8 

VIL 

VIH 
A9R 

V1L 

Note: DOUT=OPEN 
~: "H" or "L" 

TOSHIBA AMERICA ELECTRONIC CnUpnNI=NT~ IN~ 



TC514900AJ/ AFI'-70/80 

CAS BEFORE"HS REFRESH COUNTER TEST CYCLE 

VIH-

lIAS 
VIL-

tAt 

VIH 
AO-AS 

VIL 

READ QYQLE 

WI01t 
VIH 

VIL 

m VIH 

VIL 

VoH-
1/01-1/09 OPEN 

VoL -

WRlTEQYQLE 
VIH 

WI01t 
VIL 

VIH m 
VIL 

VIH 
1/01-1/09 

VIL 

WI01t 
VIH 

VIL 

VIH-
m 

VIL-

VOH-
OPEN-----C 

VOL-

1/01-1/09 

VIH-
-------OPEN ------~"I 

VIL-

Note: A9R.-H- or -L-

A-288 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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APPLICATION INFORMATION 

ADDRESSING 

The 19 address bits required to decode 1 of the 524,288 cell locations within the TC514900AJ/AFI' 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 9 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 RAS clock chain. The "gated 
CAS''' feature allows the CAS' 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 WRITE low during the RAS/CAS' operation. The falling edge of 
CAS' or WRITE stobes data on 1101-1109 into the on-chip data latch. In an early write cycle, WRITE is brought 
low prior to CAS' and the data is strobed in by CAS' with setup and hold times referenced to this signal. In 
delayed write or read modify write cycle, CAS' will already be low, thus the data will be strobed in by WRITE 
with setup and hold times referenced to these signals. 

In delayed or read modify write, 'OE must be high to bring the output buffers to high impedance prior to 
impressing data on the 110 lines. 

DataOuputs 

The three state output buffers provide direct TTL compatibility with a fan-out of standard TTL load. 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 output 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 imput is brought to a logical low level, the output buffers are enabled. Both CAS" and 'OE 
can control the outputs. Thus in read operation, either 'OE or CAS' returning high forces the outputs into the high 
impedance state. 
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TC514900AJ/ AFT-70/BO 

RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by perfonning a memory cycle at each of the 1024 row 
addresses (AO-A8, A9R) within each 16 millisecond time interval. Although any normal memory cycle will 
perform the refresh operation, this function is most easily accomplished "RAS"-only" cycles, RAS"" only refresh 
results in a substantial reduction in operating power. This reduction in power is reflected in the Icc3 
specification. 

CAS BEFORE RAS REFRESH 

CAS"before RAS" refreshing available on the TC514900AJ/AFf offers an alternate refresh method. If CAS 
is hold 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 control clock generations and the refresh 
address counter are enabled, and an internal refresh operation takes place. After the refresh opeation is 
performed, the refresh address counter is automatically incremented in preparation for the next CAS before RAS" 
refresh operation. 

FAST PAGE MODE 

The "Fast Page Mode" feature of the TC514900AJ/AFf 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 common. This "Fast 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 TC514900AJ/AFf is the refresh cycles may be performed while maintaining 
valid data at the output pins. This referred to as Hidden Refresh. Hidden Refresh is perfomed by holding CAS 
at V1L and taking RAS" high and after a specified precharge period (tRP), executing a CAS before RAS" refresh 
cycle. (see figure below) 

1101-1109 - OPEN -t---o( VALID DATA-OUT 

This feature allows a refresh cycle to be "Hidden" among data cycles without affecting the data 
availability. 
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TC514900AJI AFT-70/BO 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of TC514900AJ/AFf can be tested by "CAS" BEFORE RAS REFRESH 
COUNTER TEST'. This cycle perfonns READIWRITE operation taking internal counter address as row 
address and the input address as column address. 

The test is perfonned after a minimum of 8 CAS" before RAS cycle as initialization cycles. The test 
procedure is as follows. 

1. Write "0" into all the memory cells nonnal write mode. 

2. Select one certain column address and read "0" out and write "1' in each cell be performing "CAS" 
BEFORE RAS REFRESH COUNTER TEST (READ-MODIFY-WRITE CYCLE)". Repeat this 
operation 1024 times. 

3. Check "1" out of 1024 bits at nonnal read mode, which was written at 2. 

4. Using the same column as 2., read "1" out and write "0" in each cell performing "CAS" BEFORE RAS 
REFRESH COUNTER TEST'. Repeat This operation 1024 times. 

5. Check "0" out of 1024 bits as nonnal read mode, which was written at 4. 

6. Perfonn the above 1. to 5. to the complement data. 
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rOSHIBA 
TC514900A]L-70/80 

524,288 WORD X 9 BIT DYNAMIC RAM 

DESCRIPTION 

The TC514900AJL is the new generation dynamic RAM organized 524,288 word by 9 bit. The 
TC514900AJL 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 
TC514900AJL to be packaged in a standard 28 pin plastic SOl. 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 

• 524,288 word by 9 bit organization 
• Fast access time and cycle time 
• Single power supply of 5V± 10% with a built

in V ss generator 
Low Power 

633mW MAX .Operating 
(TC514900AJL-70) 

550m W MAX. Operating 
(TC514900AJL-80) 
l.lmW MAX. Standby 

• Outputs unlatched at cycle end allows two-di
mensional chip selection 

• Read-Modify-Write, CAS" before 'RP3 refresh, 
'RP3-only refresh, Hidden refresh and Fast 
Page Mode capability 

• All inputs and outputs TTL compatible 
1024 refresh cyclesl128ms 

• Package TC514900AJL : S0J28-P-400 

KEY PARAMETERS 

ITEM 

tRAC 'RP3 Access Time 

tAA Column Address Access Time 

tcAC CAS" Access Time 

tRC Cycle Time 

tpc Fast Page Mode Cycle Tune 
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TC514900AJL 

-70 -80 

70ns 80ns 

35ns 40ns 

20ns 20ns 

130ns 150ns 

45ns 50ns 
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TC514900AJL -70/80 

PIN NAME 

AO-AS Address Inputs 
A9R 

RAS Row Address Strobe 

CAS" Column Address Strobe 

WRITE ReadiWrite Input 

UE Output Enable 

1/01-1/09 Data Input/Output 

Vee Power (+5V) 

Vss Ground 

N.C. No Connection 

PIN CONNECTION (TOP VIEW) 

Plastic SOJ 

Vee Vss 
VOl 1109 
1102 1/08 

1103 1/07 

1/04 1/06 

1105 CAS 
Wimt OE 

m N.C. 

A9R AS 
AO A7 
Al A6 
A2 AS 
A3 A4 

Vee Vss 
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TC514900NL -70/80 

BLOCK DIAGRAM 
1102 1104 1/06 V08 

1/03 0 1/05 0 1107 0 1109 

Vee Vss 

WRiTE 0----<2 

COLUMN 

A1 DECODER 

A2 0. 

A3 0. 

A4 0. 

AS 0. 

A6 0. MEMORY 

A7 0. ARRAY 
A8 

1024x512x9 

A9R 

SUBSTRATE BIAS 
GENERATOR 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNIT NOTE 

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 I 50 rnA 1 OUT 
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0 .... 70°C) 

SYMBOL PARAMETER 

Vcc Supply Voltage 

V IH Input High Voltage 

Input Low Voltage 

V IL (AO-AS, A9R, RAS, CAS, 
WRlTE,'OE 

V IL Input Low Voltage (1101-1109) 

*1-2.5V at pulse width ~ 20ns 
*2-2.0V at pulse width ~ 20ns 

MIN. TYP MAX UNIT 

4.5 5~0 5.5 V 

2.4 - 6.5 V 

-1.0*1 - O.S V 

-0.5*2 - O.S V 

NOTE 

2 

2 

2 

2 

D.C. ELECTRICAL CHARACTERISTICS (V cc = SV ± 10%, Ta = 0 .... 70°C) 

SYMBOL PARAMETER MIN. MAX UNIT NOTE 

OPERATING CURRENT TCS149OOAJL-70 - 115 
3,4 I Average Power Supply Operating Current 100 rnA CCI TCS149OOAJL-80 

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

STANDBY CURRENT 
I Power Supply Standby Current - 2 rnA CC2 

(RAS=CAS=VIH) 

RAS" ONLY REFRESH CURRENT Average TC5149OOAJL-70 115 

IcC3 Power Supply Current, RAS Only Mode 
TCS149OOAJL-80 

- 100 rnA 3,S 
(RAS Cycling, CAS=VIH: tRC=tRC MIN.) -
FAST PAGE MODE CURRENT TCSI49OOAJL-70 - 80 

3,4 I Average Power Supply Current, Fast Page Mode 70 rnA CC4 TCS149OOAJL-80 
-

S 
(RAS =VIL,""CAS, Address Cycling:tpc=tpc MIN.) -
STANDBY CURRENT 

I Power Supply Standby Current - 200 JlA CC5 
(RAS=CAS=V cc-0.2V) 

CAS BEFORE"RAS REFRESH CURRENT TCS14900AJL-70 l1S 
I Average Power Supply Current, CAS Before R".i\S"" - 100 rnA 3 CC6 TCS149OOAJL-80 

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

BATTERY BACK UP CURRENT TCS149OOAJL-70 -

Average Power Supply Current, Battery back up TCS149OOAJL-80 

Mode (CAS = CAS Before RAS" Cycling or 0.2V, 
r---I DE = V CC -0.2V or 0.2V, WRITE = V Cc-0.2V or 300 JlA 3,6 CC7 

0.2V, AO-A9 = V cc -0.2V or 0.2V, 1/01- 9 = 
V Cc-02V, 0.2V or OPEN: tRC=12SJlS, tRAs = f---

tRAS MIN-1JlS) f---

INPUT LEAKAGE CURRENT 
I Input Leakage Current, any input -10 10 JlA I(L) 

(OV~V IN ~ 6.5V, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-10 10 JlA O(L) (DOUT is disabled, OV 5,VOUT 5, 5.5V) 

VOH 
OUTPUT LEVEL 

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

-

VOL 
OUTPUT LEVEL 

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

-
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (Vee = 5V ± 10%, Ta = 0-70°C)(Notes 7,8,9) 

TC514900AJL 

SYMBOL PARAMETER -70 -80 UNIT NOTE 

MIN MAX. MIN MAX 

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

tRMW Read-Modify-Write Cycle Time 185 - 205 - ns 

tpc Fast Page Mode Cycle Time 45 - 50 - ns 

Fast Page Mode Read-Modify-Write 100 - 105 -
tpRMW Cycle Time 

ns 

Access Time from RA5 - 70 - 80 10, 
tRAC ns 

15,16 

teAC Access Time from CAS - 20 - 20 ns 10,15 

tAA Access Time from Column Address - 35 - 40 ns 10,16 

tePA Access Time from CAS Precharge - 40 - 45 - 10 

teLz CAS to output in Low-Z 0 - 0 - ns 10 

toFF Output Buffer Tum-off Delay 0 20 0 20 ns 11 

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

tRP RA5 Precharge Time 50 - 60 - ns 

tRAS RA5 Pulse Width 70 10,000 80 10,000 ns 

tRASP RA5 Pulse Width (Fast Page Mode) 70 100,000 80 100,000 ns 

tRSH RA5 Hold Time 20 - 20 - ns 

RA5 Hold Time From""CAS" 40 - 45 -
tRHCP Precharge (Fast Page Mode) 

ns 

teSH CAS Hold Time 70 - 80 - ns 

teAS CAS Pulse Width 20 10,000 20 10,000 ns 

tRCO RA5 to CAS Delay Time 20 50 20 60 ns 15 

tRAO RA5 to Column Address Delay Time 15 35 15 40 ns 16 

teRP CAS to RA5 Precharge Time 5 - 5 ns 

tep CAS Precharge Time 10 - 10 - ns 

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

tRAH Row Address Hold Time 10 - 10 - ns 

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

teAH Column Address Hold Time 15 - 15 - ns 

Column Address Hold Time refer- 55 - 60 -
tAR enced to RA5 

ns 

tRAL Column Address to RA5 Lead Time 35 - 40 - ns 

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

tRCH Read Command Hold Time 0 - 0 - ns 12 

Read Command Hold Time refer- 0 - 0 -
12 tRRH enced to RA5 

ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 

TC514900AJL 

SYMBOL PARAMETER -70 -80 UNIT NOTE 

MIN MAX MIN MAX 

tWCH Write Command Hold Time 15 - 15 - ns 

Write Command Hold Time referenced to 55 - 60 -
tWCR RAS" 

ns 

twp Write Command Pulse Width 15 - 15 - ns 

tRWL Write Command to RAS" Lead Time 20 - 20 - ns 

tcWL Write Command to 'CAS' Lead Time 20 - 20 - ns 

tos Data Set-Up Time 0 - 0 - ns 13 

tOH Data Hold Time 15 - 15 - ns 13 

tOHR Data Hold Time referenced to RAS" 55 - 60 - ns 

tREF Refresh Period - 128 - 128 ms 

twcs Write Command Set-Up Time 0 - 0 - ns 14 

tcwo 'CAS' to WRITE Delay Time 50 - 50 - ns 14 

tRwo RAS" to WRITE Delay Time 100 - 110 - ns 14 

tAwo Column Address to WRITE Delay Time 65 - 70 - ns 14 

tcPWD 'CAS' Precharge to WRITE Delay Time 70 - 75 - ns 14 

'CAS' Set-Up Time 5 - 5 -
tcSR (CAS" before RAS" Cycle) 

ns 

'CAS' Hold Time 15 - 15 -
tcHR ('CAS' before RAS" Cycle) 

ns 

tRPC RAS" to 'CAS' Precharge Time 0 - 0 - ns 

'CAS' Precharge Time 40 - 40 -
tcPT ('CAS' before RAS" Counter Test Cycle 

ns 

tROH RAS" Hold Time referenced to OE 10 - 10 - ns 

toEA OE Access Time - 20 - 20 ns 10 

toEO OE to Data Delay 20 - 20 - ns 

toEZ Output buffer tum off Delay Time from OE 0 20 0 20 ns 11 

toEH OE Command Hold Time 20 - 20 - ns 

toos Output Disable Set-Up Time 0 - 0 - ns 

CAPACITANCE (Vee = 5V ± 10%,f= IMHz, Ta = 0 ... 70°C) 

SYMBOL PARAMETER MIN MAX UNIT 

Cn Input Capacitance (AO-A8, A9R) - 5 pF 

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

Co Input Capacitance (1/01-1/09) - 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 V ss. 

3. ICC}' ICC3' ICC4' ICC6 depend on cycle rate. 

4. ICC}' Icc4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS"=VIL. In case of Icc4, it can be changed once or less 
during a fast page mode cycle (tpc). 

6. tRAS (max.) = l~s is only applied to refresh of battery-back up. tRAS (max.) = lOllS is applied to 
functional operating. 

7. An initial pause of 200IlS 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. 

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 V IH and V IL. 

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 WRITE leading edge 
in Read-Modify-Write cycles. 

14. twcs, tRWD, tcWD' tAWD and tcPWD are not restictive 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.), 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 tRAc 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 -------~----~ 

Vil --------...,....-------...;;g ...... -+~ 
1101 VOH-

----OPEN -----1----( 
-1109 VOl-

DATA-OUT 

Note: DIN = OPEN ~: "W or"L-
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WRITE CYCLE (EARLY WRITE) 

VIH 
AO-AS 

VIL 

VIH 
A9R 

Vil 

Note: DOUT = OPEN 
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WRITE CYCLE (UE"CONTROLLED WRITE) 

V,H 
A9R 

wmTE" V'H

V'l-

1101 V,H 

-1109 V,l 

A-302 

Note: Dour = OPEN 
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READ-MODIFY-WRITE CYCLE 

V1H 
;tAS 

VIL -

m 
VIH-

V1H 
AO-A8 

VIL 

VIH 
A9R 

VIL 

VIH 
Wim! 

VIL 

VIH-
m 

VIL -

VIH-
-----OPEN ----+---+-+-~~I 

VIL -
VOl 
-V09 

VOH-
-----OPEN ----~~I 

VOL-

~: "W or "l-
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FAST PAGE MODE READ CYCLE 

VIH
M 

VIL -;..-.---r-----T-'.;;p---I'--foro-----r-:;;p;--l~r:__.,__,..~-p 

1101 VOH-
-1109 --OPEN-----c 

VOL-

Note: DIN" OPEN ~: "W or "L-
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FAST PAGE MODE WRITE CYCLE 

Note: Dour = OPEN ~: "W or "L" 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

VIH ------"_...--""'-. 
A9R 

V1L ~·1L-Z' 

V01_[~~: =-OPEN .1 

V09 
VIH --OPEN---""I 
VIL 

~: "H" or "L" 

A-306 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514900AJL -70/80 

RAS ONLY REFRESH CYCLE 

tASR tRAH 

AO-': ~:=-sOW ~'-_____ _ 
Note: WiITrr, M, DIN =·W or HL· 

Dour = OPEN 

CAS BEFORE RAS REFRESH CYCLE 

V01- VOH 

VOg VOL 
;......_--J»)------------- OPEN ----------
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HIDDEN REFRESH CYCLE (READ) 

VIH-
RAJ 

VIL -

VIH-
tAS 

VIL 

VIH 
AO-AB 

VIL 

VIH 
A9R 

VIL 

VIH 
WJ(Jn 

VIL 

VIH-
M 

VIL -

1101 VOH-

-1109 VOL-

Note: DIN = OPEN 
~: "W or "L-
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HIDDEN REFRESH CYCLE (WRITE) 

VIH 
AD-AS 

VIL 

VIH 
A9R 

VIL 

Note: DOUT. OPEN 
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CAS BEFORE IUS REFRESH COUNTER TEST CYCLE 
V1H 

m 

VIH 

m 

VIH 
AO-AS 

Vil 

READ CYCLE 

WJOTr 
VIH 

Vil 

ex VIH 

Vil 

WRITE QYQLE 
V1H 

WRiTl 
Vil 

ex 

V1H 
V01-I/09 

Vil 

WJOTr 
VIH 

Vil 

VIH ex 
Vil 

Note: A9R = HH" or "L" 
~: "W or "L" 
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APPLICATION INFORMATION 

ADDRESSING 
The 19 address bits required to decode 1 of the 524,288 cell locations within the TC514900AJL 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 9 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 RAS clock chain. The "gated 
CAS" feature allows the CAS 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 WRITE low during the RAS/CAS operation. The falling edge of 

CAS or WRITE strobes data on 1101-1109 into the on-chip data latch. In an early write cycle, WRITE is brought 
low prior to CAS and the data is strobed in by CAS with setup and hold times referenced to this signal. In 
delayed write or read modify write cycle, CAS will already be low, thus the data will be strobed in by WRITE 
with setup and hold times referenced to these signals. 

In delayed or read modify write, OF: must be high to bring the output buffers to high impedance prior to 
impressing data on the 110 lines. 

DATA OUTPUTS 

The three-state output buffers provide direct TTL compatibility with a fan-out of a standard TTL load. 
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 remain valid while CAS and OF: are low. 
CAS or OF: going high returns it to a high impedance state. In a delayed write or read-modify-write cycle, the 
outputs will follow the sequence for the read cycle. 

The OF: controls the impedance of the output buffers. In the logic high position the buffers will remain in 
a high impedance state. 

When the OF: input is brought to a logical low level, the output buffers are enabled. Both CAS" and OF: can 
control the outputs. Thus in a read operation, either OF: or CAS returning high forces the outputs into the high 
impedance state. 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-311 
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RAS ONLY REFRESH 
Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 1024 row 

addresses (AO-AS, A9R) within each 16 millisecond time interval. Although any normal memory cycle will 
perform the refresh operation, this function is most easily accomplished with "RA'S-only" cycles. RAS only 
refresh results in a substantial reduction in operating power. This reduction in power is reflected in the ICC3 

specification. 

CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the TC514900AJL 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 incremented in preparation for the next CAS 
before RAS refresh operation. 

FAST PAGE MODE 

The "Fast Page Mode" feature of the TC514900AJL 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 common. This "Fast 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 TC514900AJL 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 

1101-1109 - OPEN -+----< VALID DATA-OUT 

This feature allows a refresh cycle to be "Hidden" among data cycles without affecting the availability. 
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CAS BEFORE IUS REFRESH COUNTER TEST 
The internal refresh operation of TCSI4900AJL can be tested by "CAS" BEFORE RAS REFRESH 

COUNTER TEST." This cycle performs READIWRITE operation taking internalcounter 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. The test 
procedure is as follows: 

1. Write "0" into all the memory cells normal write mode. 

2. Select one certain column address and read "0" out and write" 1" in each cell by performing "CAS" 
BEFORE RAS" REFRESH COUNTER TEST (READ-MODIFY-WRITE CYCLE)." 

3. Check "1" out of 1024 bits at normal read mode, which was written at 7;. 

4. Using the same column as 7;, read "1" out and write "0" in each cell performing "CAS" BEFORE RAS" 
REFRESH COUNTER TEST." Repeat this operation 1024 times. 

5. Check "0" out of 1024 bits at normal read mode, which was written at-v. 
6. Perform the above + to f to the complement data. 





TOSHIBA 
1l:514900AJIJl-70/BO 

524,288 WORD X 9 BIT DYNAMIC RAM 

DESCRIPTION 

The TC514900AJLL is the new generation dynamic RAM organized 524,288 word by 9 bit. The 
TC514900AJLL 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 TC514900AJLL to be packaged in a standard 28 pin plastic SOJ. 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 

524,288 word by 9 bit organization 
• Fast access time and cycle time 

Single power supply of 5V± 10% with a built
in V BB generator 
Low Power 

663mW MAX .Operating 
(TC514900AJLL-70) 

550m W MAX. Operating 
(TC514900AJLL-80) 
l.lmW MAX. Standby 

Outputs unlatched at cycle end allows two-di
mensional chip selection 
Read-Modify-Write, 'CAS before RAS'refresh, 
RAS'-only refresh, Hidden refresh, and Fast 
Page Mode capability 
All inputs and outputs TTL compatible 
1024 refresh cycles/128ms 
Package TC514400AJLL: S0J28-P-400 

KEY PARAMETERS 

TC514400AJLL 
ITEM 

-70 -80 

tRAc RAS' Access Time 70ns 80ns 

tAA Column Address 35ns 40ns 
Access Time 

tcAC 'CAS Access Time 20ns 20ns 

tRC Cycle Time 130ns 150ns 

tpc Fast Page Mode 45ns 50ns 
Cycle Time 
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PIN NAME 

AO-A8,A9R Address Inputs 

RA5 Row Address Strobe 

CAS Column Address Strobe 

WRITE ReadIWrite Input 

UE Output Enable 

1101-1109 Data Input/Output 

Vee Power (+5V) 

Vss Ground 

N.C. No Connection 

PIN CONNECTION (TOP VIEW) 

Plastic SOJ 

Vee vss 
V01 1109 
V02 1108 

1/03 1107 
1104 1106 
vas ~ 

WRi'It m 
m N.C. 

A9R AS 
AO A7 
A1 A6 
A2 AS 
A3 A4 

Vee Vss 
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BLOCK DIAGRAM 
V02 1/04 1/06 VOS 

I/O 1 1/03 0 1/05 0 1107 0 1/09 

Vee Vss 

AO 

A1 0. 

A2 0. 

A3 0. 

A4 0. 

AS 0. 

A6 

A7 

A9Ro-----~ ____ ~ __ ~ 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL 

Input Voltage VIN 

Output Voltage VOUT 

Power Supply Voltage Vee 

Operating Temperature TOPR 

Storage Temperature TSTG 

Soldering Temperature - Time TSOLOER 

Power Dissipation Po 

Short Circuit Output Current I 
OUT 

COLUMN 
DECODER 

SENCE AMP 
I/O GATE 

····S12x9···· 

MEMORY 

ARRAY 

1024xS12 x9 

SUBSTRATE BIAS 
GENERATOR 

RATING UNIT 

-1-7 V 

-1-7 V 

-1-7 V 

0-70 °C 

-55-150 °C 

260 -10 °C - sec 

700 mW 

50 rnA 

NOTE 

1 

1 

1 

1 

1 

1 

1 

1 

IL<:Ii"7 
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RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0-70°C) 

SYMBOL PARAMETER 

Vcc Supply Voltage 

VIH Input High Voltage 

VIL 
Input Low Voltage 
(AO-AS,A9R, RAS, CAS, WRITE, OE 

VIL Input Low Voltage (00-009 

*1 -2.SV at pulse width ~ 20ns 

*2 -2.0V at pulse width ~ 20ns 

MIN. TYP MAX UNIT 

4.5 5.0 5.5 V 

2.4 - 6.5 V 

-1.0*1 - O.S V 

-0.5*2 - O.S V 

D.C. OPERATING CHARACTERISTICS (Vee = SV ± 10%, Ta = 0-70°C) 
SYMBOL PARAMETER MIN. MAX 

OPERATING CURRENT TC514100AJLL-70 115 
I Average Power Supply Operating Current TC514100AJLL-80 100 CCI 

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

STANDBY CURRENT 
I Power Supply Standby Current 2 CC2 

(RAS='CAS=VIH) 

RAS ONLY REFRESH CURRENT Average TC514100AJLL-70 115 
ICC3 Power Supply Current, RAS' Only Mode TC514100AJLL-80 100 

(RAS Cycling, 'CAS=VIH: tRC=tRC MIN.) 

FAST PAGE MODE CURRENT TC514100AJLL-70 80 
I Average Power Supply Current, Fast Page Mode TC514100AJLL-80 70 CC4 

(RAS =VIL,US, Address Cycling:tpc=tpc MIN.) -
STANDBY CURRENT 

I Power Supply Standby Current 200 CCS 
(RAS='CAS=V CC-0.2V) 

'CAS BEFORE'RAS REFRESH CURRENT TC514100AJLL-70 115 
I Average Power Supply Current, CAS Before RAS TC514100AJLL-80 100 CC6 

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

BATTERY BACK UP CURRENT 
Average Power Suuply Current, Battery Back Up Mode 

Icc7 (RAS=CAS Before RAS Cycling or 0.2V, OE=V cc-0.2V or 0.2V, - 300 
WRITE =V cc-0.2V or 0.2V AO-AS, A9R=V cc-0.2V or 0.2V, 1/0-1/ 
09=Vcc-0.2V, 0.2Vor OPEN:tRC=125J,ls, tRAS=tRES MIN. -1J,ls) 

SELF REFRESH CURRENT 

Iccs 
Average Power Supply Current, Self Refresh Mode - 200 
(RAS=CAS=V IL' WRlTE=V cc-0.2V or 0.2V, OE=v cc-0.2V or 0.2V 
AO-A9=V cc-0.2V or 0.2V, 1/01-9=V cc-0.2V, 0.2V or OPEN 

INPUT LEAKAGE CURRENT 
I Input Leakage Current, any input -to to I(L) 

(OV!5:VIN!5:6.5V, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-to to O(L) (DOUT is disabled, OV !5:VoUT!5:5.5V) 

VOH 
OUTPUT CURRENT 

2.4 
Output "H" Level Voltage (lom=-5mA) -

VOL 
OUTPUT CURRENT 

0.4 
Output "L" Level Voltage (lom=4.2mA) -

A-318 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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UNIT NOTE 

3,4 
rnA 

5 

rnA 

rnA 3,5 

3,4 
rnA 

5 

J,lA 

rnA 3 

J,lA 3,6 

J,lA 

J,lA 

J,lA 

V 

V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (Vee = 5V ± 10%, Ta = 0-70°C)(Notes 7,8,9) 

TC514400AAJLL 

SYMBOL PARAMETER -70 -80 UNIT NOTE 

MIN MAX MIN MAX 

tRC Random Read or Write Cycle Time 130 - 150 ns 

tRMW Read-Modify-Write Cycle 185 - 205 ns 

tpc Fast Page Mode Cycle Time 45 - 50 ns 

Fast Page Mode Read-Modify-Write Cycle 100 - 105 
tpRMW Time 

ns 

Access Time from RAS" - 70 - 80 10,15, 
tRAC ns 

16 

teAC Access Time from CAS" - 20 - 20 ns 10,15 

tAA Access Time from Column Address - 35 - 40 ns 10,16 

tePA Access Time from CAS" Precharge - 40 - 45 - 10 

teLZ CAS" to Output in Low-Z 0 - 0 ns 10 

!oFF Output Buffer Tum-off Delay 0 20 0 20 ns 11 

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

tRP RAS" Presharge Time 50 - 60 ns 

tRAS RAS" Pulse Width 70 10,000 80 10,000 ns 

tRASP RAS" Pulse Width (Fast Page Mode) 70 100,000 80 100,000 ns 

tRSH RAS" Hold Time 20 - 20 ns 

RAS" Hold Time From "'CAS 40 - 45 -
tRHcp Precharge (Fast Page Mode) 

ns 

teSH CAS" Hold Time 70 - 80 - ns 

teAS CAS" Pulse Width 20 10,000 20 10,000 ns 

tRCD RAS" to CAS" Delay Time 20 50 20 60 ns 15 

tRAO RAS" to Column Address Delay Time 15 35 15 40 ns 16 

teRP CAS" to RAS" Precharge Time 5 5 - ns 

tep CAS" Precharge Time 10 - 10 - ns 

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

tRAH Row Address Hold Time 10 - 10 - ns 

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

teAH Column Address Hold Time 15 - 15 - ns 

tAR Column Address Hold Time referenced RAS" 55 - 60 ns 

tRAL Column Address To RAS" Lead Time 35 - 40 ns 

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

tRCH Read Command Hold Time 0 - 0 - ns 12 

tRRH Read Command Hold Time referenced to RAS" 0 - 0 - ns 12 

tWCH Write Command Hold Time 15 - 15 - ns 

tWCR Write Command Hold Time referenced to RAS" 55 - 60 - ns 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-31Q 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 

TC514400AAJLL 

SYMBOL PARAMETER -70 -80 UNIT NOTE 

MIN MAX MIN MAX 

twp Write Command Pulse Width 15 - 15 - ns 

tRWL Write Command to RAS Lead Time 20 - 20 - ns 

tcWL Write Command to 'CAS" Lead Time 20 - 20 - ns 

tDS Data Set-Up Time 0 - 0 - ns l3 

tDH Data Hold Time 15 - 15 - ns 13 

tREF Refresh Period - 128 - 128 ms 

twcs Write Command Set-Up Time 0 - 0 - ns 14 

tcwD 'CAS" to WRITE Delay Time 20 - 20 - ns 14 

tRWD RAS to WRITE Delay Time 70 - 80 - ns 14 

tAWD Column Address to WRITE Delay Time 35 - 40 - ns 14 

tcPWD 'CAS" Precharge to WRI I E Delay Time 40 - 45 - ns 14 

tcSR 
'CAS" Set-Up Time 

5 - 5 - ns 
'{CAS before RAS Cycle) 

'CAS" Hold Time 
15 15 tcHR ('CAS" before RAS Cycle) - - ns 

tRPC RAS to 'CAS" Precharge Time 0 - 0 - ns 

tcPT 
'CAS" Precharge Time 

40 - 40 - ns 
('CAS" before RAS Counter Test Cycle 

tROH RAS Hold Time referenced to OE 10 - 10 - ns 

toEA OE Access Time - 20 - 20 ns 10 

toED OE to Data Delay 20 - 20 - ns 

toEZ 
Output buffer tum off Delay Time 

0 20 0 20 ns 11 
fromOE 

toEH OE Command Hold Time 20 - 20 - ns 

toDS Output Disable Set-Up Time 0 - 0 - ns 

tRASS 
RAS Pulse Width ('CAS" before RAS Self 

100 - 100 - ~s Refresh) 

tRPS RAS Precharge Time ('CAS" before Self Refresh) l30 - 150 - ns 

tcHS 'CAS" Hold Time ('CAS" before"RAS" Self Refresh) -50 - -60 - ns 

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

SYMBOL PARAMETER MIN MAX UNIT 

Cn Input Capacitance (AO-A8,A9R) , - 5 pF 

CI2 Input Capacitance <RAS, 'CAS", WRITE, OE) - 7 pF 

Co Input Capacitance (1101-1109) - 7 pF 

A-320 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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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. Icc!. Icc3• Icc4• ICC6 depend on cycle rate. 

4. Icc!. Icc4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS'=VIL• In case of Icc4• it can be changed once or less 
during a fast page mode cycle (tp(:). 

6. tRAS (max.)=I/is is only applied to refresh of battery-back up. tRAS (max.) = lO/is is applied to functional 
operating. 

7. An initial pause of 200/is 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. 

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 VIH and VIL. 

10. Measured with a load equivalent to 2 TTL loads and l00pF. 

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 WRITE leading edge 
in Read-Modify-Write cycles. 

14. twcs, tRwo, lewo, tAWO and lepwo are not restictive operating parameters. They are included in the date 
sheet as electrical characteristics only. If twcs >twcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If tRWO>tRwD (min.), 
leWO>lewD (min.), tAWO>tAWO (min.) and lePWP>lcPWOD (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 condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

15. Operation within the tRCD (max.) limit insures that tRAC 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 leAC' 

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 

ro VIH

VIL -

N 
VIH -~------'-------'-"", 

VIL -~------r-----r--...;;m..--+-....tUil 

1101 VOH-
----OPEN -----+--<; 

-1109 VOL-

Note: DIN = OPEN 

DATA-OUT 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



WRITE CYCLE (EARL Y WRITE) 

VIH-
]{AS 

Vll-

m VIH

Vll --::_--J 

VIH 
A9R 

Vll 

VIH 
WJm 

Vll 

1101 VIH 

-1109 V1l 

Note: DOUT = OPEN 

TOSHIBA AMERICA ELECTRONIC COMPON!;NTS_ INC_ 
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WRITE CYCLE (UE CONTROLLED WRITE) 

Note: DOUT = OPEN 

A-324 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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READ-MODIFY-WRITE CYCLE 

V'H 
100 

V'L -

ru V'H-

V'L -

V'H 
AO-AB 

V'L 

V'H 
A9R 

V'L 

V'H wmr 
V'L 

V'H 
M 

V'L 

V'H -
----OPEN ----+---+---I~_@~, 

V'L -
VOl 
-V09 

VOH-
-----OPEN ----~~I 

VOL -

~: "H- or "L" 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-325 
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FAST PAGE MODE READ CYCLE 

AD-AS 

A9R 

1101 VOH-
-1109 ---OPEN -----I 

VOL-

Note: DIN = OPEN 

A-326 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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FAST PAGE MODE WRITE CYCLE 

Note: DOUT = OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-327 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

1101- ~V~: =-OPEN *1 

1109 

VIH --OPEN----E:I;ICI 
Vil 

~: "H" or "l" 

A-328 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



RAS ONLY REFRESH CYCLE 

AO-AB. VIH 

A9R VIL 

Note: WIUT£. M. DIN = "H- or -L

Dour = OPEN 

CAS BEFORE RAS AUTO REFRESH CYCLE 

1lC514900AJLlr70/80 

tRe 
__ ~tRAS:""--__ 'Y' ~ :L 

tcHR 

'~ 

1101- VOH ) 
"--_,..,)o------------OPEN ---------

1/09 VOL-_ , 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-329 
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CAS BEFORE RAS SELF REFRESH CYCLE 

) 

: 
U01- VO..-- ) '--__ -' )00----------- OPEN ----------U09 VOL _ , 

~: "W or "L" 

Note: DIN, WR'i'IT, M, AO-A8, A9R= HH" or HL" 

HIDDEN REFRESH CYCLE (READ) 

VIH-
US 

VIL -

VIH-
~ 

VIL 

VIH 
AO-AS 

VIL 

VIH 
A9R 

VIL 

VIH 
WRiT[ 

VIL 

VIH-
M 

VIL -

1101 VOH-

-1109 VOL-

Note: DIN = OPEN 

A-330 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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HIDDEN REFRESH CYCLE (WRITE) 

VIH 
AO-AS 

Vil 

VIH 
A9R 

Vil 

~ 
VIH 

Vil 

M VIH 

Vil 

Note: Dour = OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-331 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
VIH 

RAJ 

ro 

VIH 

AO"'A8 
VIL 

READ QYQLE 

WI8Tl 
VIH 

VIL 

M 
VIH 

VIL 

WR1TECYCLE 
VIH 

WRiTl 
V1L 

M 

VIH 
V01"'V09 

VIL 

WRiTl 
VIH 

VIL 

VIH 
M 

V 1L 

Note: A9R = HH" or HL" 
~; HH" or HL" 
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TOSHIBA 
TC514260BJIBFf..70/80 I 

262,144 WORD X 16 BIT DYNAMIC RAM 

DESCRIPTION 
The TC514260BJIBFf is the new generation dynamic RAM organized 262,144 word by 16 bit. The 

TC514260BJIBFf 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 TC514273BJ to be packaged in a standard 40 pin plastic SOJ, and 44/40 pin plastic TSOP. The 
package size provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V± 10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 

FEATURES KEY PARAMETERS 

• 262,144 word by 16 bit organization 
• Fast access time and cycle time 
• Single power supply of 5V± 10% with a built

in V ss generator 
Low Power 

550mW MAX .Operating 
(TC514273BJ-70) 
46SmW MAX. Operating 
(TC514273BJ-SO) 
5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two-di
mensional 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 TTL compatible 
• 512refresh cycles/Sms 
• Package TC514260BJ : SOJ40-P-400 

TC514260BFf: TSOP44-P-400B 

tRAc 

tAA 

tcAC 

tRC 

tpc 

ITEM 

RAS Access Tune 

Column Address 

Access Time 

CAS' Access Tune 

Cycle Tune 

Fast Page Mode 

Cycle Tune 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

TC514260BJ 

-70 -SO 

70ns SOns 

35ns 40ns 

20ns 20ns 

130ns 150ns 

45ns 50ns 

A-333 
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PIN NAME 

AO-AS Address Inputs 

RAS Row Address Strobe 

UCAS 
Column Address StrobelUpper 
Byte Control 

LeAS' 
Column Address StrobelLower 
Byte Control 

WRITE ReadlWrite Input 

on Output Enable 

1/01-1/016 Write Section! Data Input/Output 

Vee Power (+5V) 

Vss Ground 

N.C. No Connection 

PIN CONNECTION (TOP VIEW) 

Plastic SOJ Plastic TSOP 
(Normal Bend Type) 

vee Vss vee Vss 
1101 11016 1101 11016 
1102 11015 1102 11015 

1103 11014 1103 11014 

1104 IIOU 1104 IIOU 

Vee Vss Vee V" 
1105 11012 1105 11012 
1106 11011 1/06 11011 

11010 1107 11010 
1108 1109 1108 1109 
N.C. N.C. 
N.C. LCAs N.C. N.C. 

WRiTe UCAS N.C. LeAs' 
RAs Oe WRiTE UcAS 
N.C. AI RAs Of 

AO A7 N.C. A8 
A1 A6 AO A7 
Al AS A1 A6 
A3 A4 Al A5 

Vee Vss A3 A4 
Vee VSS 

A-334 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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BLOCK DIAGRAM 

AO COLUMN 

A1 9 DECODER 

A2 0. SENSE AMP 
16 

A3 0- 110 GATE 

A40. 

AS 0-

A6 0. MEMORY 

A7 0. ARRAY 
AS 

512x512x 16 

SUBSTRATE BIAS Vee 
GENERATOR Vss 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNIT NOTE 

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 I 50 rnA 1 OUT 

TOSHI8A AMI!RICA I!LI!CTRnNIC CnllPnNII=Nnl INC 
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RECOMMENDED D.C. OPERATING CONDITION (Ta = o-70°C) 

SYMBOL PARAMETER MIN. TYP MAX UNIT NOTE 

Vcc Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 - Vcc+O·5 V 2 

Vn. Input Low Voltage -0.5 - 0.8 V 2 

*-2.0V at pulse width S 20ns 

D.C. OPERATING CHARACTERISTICS (Vee = SV ± 10%, Ta = o-70°C) 

SYMBOL PARAMETER MIN. MAX UNIT NOTE 

OPERATING CURRENT TC514260BJIBFf-70 - 100 
3,4 

ICCl Average Power Supply Operating Current (RAS', TC514260BJIBFf-80 - 85 rnA 
~, ~, Address Cycling: tRC=tRC MIN.) 

5 

STANDBY CURRENT 
I 
CC2 Power Supply Standby Current 2 rnA 

(RAS'=~=~=VIH) 

RAS ONLY REFRESH CURRENT Average Power TC514260BJIBFf-70 - 100 

Icc3 Supply Current,"RAS Only Mode(RAS' Cycling, TC514260BJIBFf-80 85 rnA 3,5 
~=~=VIH: tRC=tRC MIN.) 

FAST PAGE MODE CURRENT TC514260BJIBFf-70 - 70 
3,4 I Average Power Supply Current, Fast Page Mode(RAS' TC514260BJIBFf-80 - 60 rnA CC4 5 

=Vn.~,~,Address Cycling:tpc=tpcMIN.) 

STANDBY CURRENT 
I 
CC5 Power Supply Standby Current 1 rnA 

(RAS'=~=~=Vcc-O·2V) 

CAS BEFORE"RAS REFRESH CURRENT TC514260BJIBFf-70 - 100 
I Average Power Supply Current, CAS Before RAS* TC514260BJIBFf-80 - 85 rnA 3,5 CC6 

Mode (RAS', ~, Ir.AS Cycling: tRC=tPC MIN.) -
ThWUTLEAKAGECURRENT 

I Input Leakage Current, any input -10 10 ~ I(L) 
(OVSVINS6.5V, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-10 10 ~ O(L) 

(DOUT is disabled, OV SV OUTS5.5V) 

VOH 
OUTPUT CURRENT 

2.4 
Output "H" Level Voltage (Iom=-5mA) 

- V 

VOL 
OUTPUT CURRENT 

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

-

A-336 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (Vee = SV ± 10%, Ta = 0-70°C)(Notes 6,7,8) 

TC514260BJIBFf 

SYMBOL PARAMETER -70 -80 UNIT NOTES 

MIN MAX. MIN MAX 

tRc Random Read or Write Cycle Time 130 - 150 - os 

tRMW Read-Modify-Write Cycle 185 - 205 - os 

tpc Fast Page Mode Cycle Time 45 - 50 - os 

tpRMW Fast Page Mode Read-Modify-Write Cycle Time 100 - 105 - os 

tRAC Access Time from RAS - 70 - 80 os 9,14,15 

teAC Access Time from CAS' - 20 - 20 os 9,14 

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

tePA Access Time from CAS' Precharge - 40 - 45 - 9 

tcu CAS' to Output io Low-Z 0 - 0 - os 9 

toFF Output Buffer Turn-off Delay 0 15 0 15 os 10 

tT Transitioo Time (Rise and Fall) 3 50 3 50 os 

tRP RAS Presharge Time 50 - 60 - os 

tRAS RAS Pulse Width 70 10,000 80 10,000 os 

tRAsp RAS Pulse Width (Fast Page Mode) 70 100,000 80 100,000 os 

tRSH RAS Hold Time 20 - 20 - os 

tRHcp 
RAS Hold Time From"'CAS 40 - 45 -
Precharge (Fast Page Mode) 

os 

teSH CAS' Hold Time 70 - 80 - os 

teAS CAS' Pulse Width 20 10,000 20 10,000 os 

tRCD RAS to CAS' Delay Time 20 50 20 60 os 14 

tRAO RAS to Column Address Delay Time 15 35 15 40 os 15 

teRP CAS' to RAS Precharge Time 5 - 5 os 

teP CAS' Precharge Time 10 - 10 - os 

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

tRAH Row Address Hold Time 10 - 10 - os 

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

teAH Column Address Hold Time 10 - 15 - os 

tRAL Column Address To RAS Lead Time 35 - 40 - os 

tRCS Read Command Set-Up Time 0 - 0 - os 

tRCH Read Command Hold Time 0 - 0 - os 11 

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

tWCH Write Command Hold Time 15 - 15 - os 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-337 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 

TC514260BJIBFf 

SYMBOL PARAMETER -70 -SO 

MIN MAX MIN MAX 

twp Write Command Pulse Width 15 - 15 -
tRWL Write Command to RAS" Lead Time 20 - 20 -

tcWL Write Command to 'CAS' Lead Time 20 - 20 -
tos Data Set-Up Time 0 - 0 -
tOH Data Hold Time 15 - 15 -
tREF Refresh Period - S - S 

twcs Write Command Set-Up Time 0 - 0 -

tcwo 'CAS' to WRITE Delay Time 50 - 50 -

tRWD RAS" to WRITE Delay Time 100 - 110 -
tAWD Column Address to WE Delay Time 65 - 70 -

tePWD 'CAS' Precharge to WRI I E Delay Time 70 - 75 -
teSR 'CAS' Set-Up Time ~ before RAS" Cycle) 5 - 5 -
teHR 'CAS' Hold Time ('CAS' before RAS" Cycle) 15 - 15 -

tRPC RAS" to 'CAS' Precbarge Time 5 - 5 -

tePT 
'CAS' Precharge Time ('CAS' before RAS" 

30 - 30 -
Counter Test Cycle 

tROH RAS" Hold Time referenced to OE 10 - 10 

toEA OE Access TIme - 20 0 20 

toED OE to Data Delay 20 - 20 -
toEZ Output buffer turn off Delay Time from OE 0 20 0 20 

toEH OE Command Hold Time 20 - 20 -
toos Output Disable Set-Up Time 0 - 0 -

CAPACITANCE (Vee = 5V ± 10%, f = IMHz, Ta = 0-70°C) 

UNIT NOTES 

ns 

ns 

ns 

ns 12 

ns 12 

ns 

ns 13 

ns 13 

ns 13 

ns 13 

ns 13 

ns 

ns 

ns 

ns 

ns 

ns 9 

ns 

ns 10 

ns 

ns 

SYMBOL PARAMETER MIN MAX UNIT 

CIl Input Capacitance (AO-AS) - 5 pF 

Cl2 Input Capacitance (RAS", UCAS, [CAS':UE» - 7 pi' 

Co Input Capacitance(I/Ol-I/O 16) - 7 pF 
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NOTES: 

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

2. All voltages are referenced to V ss. 

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. Address can be changed one or less while RAS'=VIL. In case of ICC4' it can be changed once or less 
during a fast page mode cycle (tpc:). 

6. An initial pause of 200~s 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-r==5ns. 

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

9. Measured with a load equivalent to 2 TTL 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 for a read cycle. 

12. These parameters are referenced to UCAS, r::cAS leading edge in early write cycles and to WRITE, 
leading edge in Read-Modify-Write cycles. 

13. twcs, tRWD, tcWD' tAWD and tcPWD are not restictive 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 output will remain open circuit (high impedance) through the entire cycle; If tRWD~RWD (min.), 
tcWD~tcWD (min.), tAWD~tAWD (min.) and tcP~PWD (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 condifition is satisfied, the condition of the data out (at access time) is indetenninate. 

14. Operation within the tRCD (max.) limit insures that tRAC 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' 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 
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READ CYCLE 

VIM -2-----'-. 
m 

VIL-

m V~--~----~-----~ 
VIL --:......----...,...----...,...--=:L--I-J'oi 

1101 VOH--____ OPEN ------+--4 
... 11016 VOL--

DATA-OUT 

Note: DIN. OPEN 

A.~ TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



TC514260BJ/BFT-70/80 

UPPER BYTE READ CYCLE 

VIH-~---~il... 
](AS 

VIL-

m VIH -~---------""'---------~ 

VIL ------------.,...----------t-'".-p.--+..Jo:j 

U01 VOH-
___________ OPEN~--------~--____ -+--~--_+-----------------

-U08 VOL-

DATA-OUT 
U09 VOH-

----- OPEN -----+---4: 
-U016 VOL -

Note: DIN (U01-U08) = Don't eare WiJ: ·W or OIL-
DIN(V09-V016) -OPEN 

TOSHIBA AMERICA ELECTRONIC cnMPnNt:NTR IN~ .4L'lJl1 



TC514260BJ/BF1l-70/80 

LOWER BYTE READ CYCLE 

M 
VIH _~-----.l..-----....a.."" 

VIL - ______ ,.-____ ...,.._..p...._-+-""' 

1/01 VOH-
----- OPEN -----+---< 

-1108 VOL-
DATA-OUT 

1/09. VOH-____ OPEN ____________________ _ 

-1/016 VOL-

A-342 

Note: DIN(II01-V08) =OPEN 

DIN(l/09-V016) = Don't Care 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514260B] IBFT-70 180 

WRITE CYCLE (EARLY WRITE) 

om, 
~ VIL 

VIH 
AO-AS 

VIL 

VIH 
WRiT! 

VIL 

VIH 
m 

Vil 

VOl VIH 

-11016 VIL 

Note: Dour = OPEN 

Tn~WIR.6. .6.UI:RI~'& 1:1 I:~TDn~lI~ I"nUDntdCtdTC! Itdl" 



TC514260BJ/BF1r-70/80 

UPPER BYTE WRITE CYCLE (EARLY WRITE) 

VIH~----~ 

as 
VIl-

Not.: DIN (VO 1-1/08). Don't Car. 

DOUT. OPEN 



TC514260BJ/BFT-70/80 

LOWER BYTE WRITE CYCLE (EARLY WRITE) 

VIH 
AO-Aa 

VIL 

VIH 
WJm 

VIL 

V 1H 
M 

V IL 

U01 VIH 

-U08 VIL 

Note: DIN (1/09-1/016) = Don't Care 

Dour. OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-345 



TC514260BJ/BF1l-70/80 

WRITE CYCLE (UE CONTROLLED WRITE) 

Note: DOUT = OPEN 

A-346 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514260BJ/BFT-70/80 

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 

Note: DIN (1101-1108) = Don't Care 

DOUT" OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



TC514260BJ/BF1L-70/80 

LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 

m VIH

Vll-

WJ(IT( VIH

Vil -

1101 VIH 

-1108 Vil 

Note: DIN (1109-11016). Don't Care 

DOUT = OPEN 

A-348 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514260BJ/BFT-70/80 

READ-MODIFY-WRITE CYCLE 

RAS. 
~ VIL 

AG-AI 

WJm 

~ 

V01 
-1101& 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-349 



TC514260BJ/BF1l-70/80 

UPPER BYTE READ-MODIFY-WRITE CYCLE 

om VIH-
VIL - __ _ 

VIH 
AO-A8 

m 

1109 
-V016 

A-350 

VIL 

VIH -~----'-----"""'"", 

VIL -~---..,...-----.,-.,...-t-

VIH - _____ OPEN ___ +-_-+---+_~~ 

VIL - ~ ll'---'"'I 

VOH-_____ 
OPEN 
---~ 

VOL-

Not.: DIN(V01-V08). Don't Care 

DOUT(V01-V08) • OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514260BJ/BFT-70/80 

LOWER BYTE READ-MODIFY-WRITE CYCLE 

AO-A8 

wmt 

~ 

1101 

-IIOS 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

Note: DIN(1I09-V016) = Don't Care 

DOUT(V09-V016) =OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-351 



TC514260BJ/BFT-70/80 

FAST PAGE MODE READ CYCLE 

1101 VOH
-11016 VOL_-------C 

Not.: DIN" OPEN 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

VIH 
AO-AI 

VIL 

VIH 
WJm' 

VIL 

VIH 

c:rE 
VIL 

1101 VIH 
-11016 

VIL 

Note: DOUT cOPEN ~: "W or "L· 

A-352 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514260BJ/BF1L-70/80 

FAST PAGE MODE BYTE READ CYCLE 

VIH _'"-''2!!r--++----t-I-+--...... -+---L 14-"""""' .... Jl-----ll-+----ot-t+m 

VIL 

AO-AS 

1101 VOH-

-UOI VOL-

1109 VOH-

-U016 VoL -

Note: DIN = OPEN 

TI'\C!!UID& &."':1211'& ICI ICI'TDI'\ ... II' I'1'\ •• nl'\"'IC •• ~ .".1' 



TC514260BJ/BFT-70/80 

FAST PAGE MODE BYTE WRITE CYCLE (EARLY WRITE) 

VIH ----!"'-'ldE"'-l~--+-+----i~-~ ~-~ ..k:---++-----1r-i'...-.o:"m 
tW 

VIL 

Note: Dour = OPEN 



FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

N V1H 

1f01 
-VOl 

Vll ---.,----t"'"'f-1 

VIH ----+-+~IDIN I>----+_-+~ 
Vll - w-R.:....----.:r 

TC514260BJ/BFT-70/80 

VOH ----~)oUT11>----~~()UT2I>_---~OO>OUTti)_---
VOL -



TC514260BJ/BFf-70/80 

FAST PAGE MODE BYTE READ-MODIFY-WRITE CYCLE 

~H----------~IOOUT1~----------------------~~OUT~----------
VOL --

TI'\QUIDA AUCDIt'A CI CI'TDI'\t.lII'I'nUDnt.lCt.lTQ .t.lI' 



RAS ONLY REFRESH CYCLE 

Note: WIUn, N = "H- or "l" 

DIN = Don't Care 

DOUT=OPEN 

CAS BEFORE RAS REFRESH CYCLE 

TC514260BJ/BF1L-70/80 

t BL ~ __________ tR_AS ____________ ~.~' " • 

tCHR 

.~ 

U01- VOH )-
~_~ .------------OPEN -----------

U016 VOL__ . 

Note: WRil£, N, AO-A8= "H" or "L· 

DIN = Don't Care 

~: "W or "L" 

ro before W refresh is performed when either uru or ~ meets this timing. 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-357 



TC514260BJ/BFT-70/80 

HIDDEN REFRESH CYCLE (READ) 

lJro'. 
~VIL-

VIH 
AO-AS 

VIL 

VIH 
W1m! 

VIL 

VIH 
M 

VIL 

VOl VOH -----t-----C 
-11016 VO

L
-

Note: DIN" OPEN ~: "H" or "L" 

A-358 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



HIDDEN REFRESH CYCLE (WRITE) 

VIH --:---.. 

mVII._ 

1101 V IH 

-11016 V
il 

Note: DOUT. OPEN 

TC514260BJ/BF1l-70/80 

~: "H" or "L" 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



TC514260BJ/BFT-70/80 

CAS BEFORE"RAS REFRESH COUNTER TEST READ CYCLE-

m VIH -

Vll ----------r----r-~..:jL--I----~ 

1101 VOH -
-11016 VOL _---

Note: DIN = OPEN 

CAS BEFORE RAS REFRESH COUNTER TEST WRITE CYCLE 

Note: Dour'" OPEN 

A-360 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514260BJ/BFf-70/80 

"CASBEFORE"RASREFRESH COUNTER TEST READ-MODIFY-WRITE CYCLE 

VIH ---~ t--------~~--------I ...IC---'" 

lIAS VIL 

VIH -
AO-AS 

1101 
-1101 

VIL 

VOH -

VOL -

-------OPEN --+----I----W~I 

-----OPEN ------4 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-361 





rOSHIBA 
11:514170BJ-70/8O 

262,144 WORD X 16 BIT DYNAMIC RAM 

DESCRIPTION 

The TC514170BJ is the new generation dynamic RAM organized 262,144 word by 16 bit. The 
TC514170BJ 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 
TC514170BJ to be packaged in a standard 40 pin plastic SOJ. The package size provides high system bit 
densities and is compatible with widely available automated testing and insertion equipment. System oriented 
features include single power supply of 5V± 10% tolerance, direct interfacing capability with high performance 
logic families such as Schottky TTL, 

FEATURES 
• 262,144 word by 16 bit organization 

• Fast access time and cycle time 

Single power supply of 5V± 10% with a built
ion V BB generator 
Low Power 

413mW MAX .Operating 
(TC514170B-70) 
358mW Max. Operating 
TC514170B-80 
5.5mW Max. Standby 

• Outputs unlatched at cycle end allows two-di
mensional chip selection 

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

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

• Package TC514170BJ : SOJ40-P-400 

KEY PARAMETERS 

ITEM 

tRAC RAS Access Time 

tAA Column Address 

Access Time 

tcAC CAS" Access Time 

tRc Cycle Time 

tpc Fast Page Mode 

Cycle Time 

TC514170BJ 

-70 -80 

70ns 80ns 

35ns 40ns 

20ns 20ns 

130ns 150ns 

45ns 50ns 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-363 



TC514170B]-70/80 I~ 

PIN NAME 

AO-A 7, A8R, A9R Address Inputs 

RAS Row Address Strobe 

CAS" Column Address Strobe 

UW ReadlUpper Byte Write Input 

r:w ReadlLower Byte Write Input 

UE Output Enable 

1101-11016 Data Input/Outputt 

Vee Power (+5V) 

Vss Ground 

N.C. No Connection 

PIN CONNECTION (TOP VIEW) 

Plastic 50J 

Vee 1 40 VSS 
1101 2 39 11016 
1/02 3 38 1/015 
1103 4 37 1/014 
1/04 5 36 1/013 
Vee 6 35 Vss 
1/05 7 34 1/012 
1/06 8 33 1/011 
1/07 9 32 1/010 
1108 10 31 1109 
N.C. 11 30 N.C. 
[W 12 29 N.C. 
OW 13 28 ru ru 14 27 M 
A9R 15 26 A8R 

AO 16 25 A7 A1 17 24 A6 A2 '18 23 AS A3 19 22 A4 
Vee 20 21 Vss 

A-364 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514170BJ-70/80 

BLOCK DIAGRAM 

Vee Vss 

ijWo---<I 

LW 0-+---<1 

COLUMN 

AO 0.- 8 DECODER 

A1 SENSE AMP 

A2 VOGATE 

A3 

A4 

AS MEMORY 

A6 ARRAY 
A7 0.-

1024)( 256)( 16 

A8R 
A9R SUBSTRATE BIAS Vee 

GENERATOR Vss 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNIT NOTE 

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 rnA 1 



TC514170BJ-70/80 

RECOMMENDED D.C. OPERATING CONDITION (Ta = 0-70°C) 

SYMBOL PARAMETER MIN. TYP MAX UNIT NOTE 

Vcc Supply Voltage 4.5 5.0 5.5 V 2 

V IH High Level Input Voltage 2.4 - Vcc+O.5 V 2 

V IL Low Level Input Voltage -0.5* - 0.8 V 2 

* 2.0V at.pu!se width::; 20ns 

D.C. ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT NOTE 

OPERATING CURRENT TC514170BJ-70 75 
3,4 

ICCI Average Power Supply Operating Current TC514170BJ-80 65 rnA 
5 

(Rj\5,"'CAS', Address Cycling:tRC=tRC MIN) 

STANBY CURRENT 
I Power Supply Standby Current - 2 rnA CC2 

(Rj\5=CAS, = V IH) 

RAS ONLY REFRESH CURRENT TC514170BJ-70 75 

ICC3 Average Power Supply Current (RAS" Only Mode TC514170BJ-80 65 rnA 3,5 
(RAS,-Cycling-;-c.AS",= VIH: tRC=tRC MIN) 

FAST PAGE MODE CURRENT TC514170BJ-70 70 

ICC4 Average Power Supply Current, Fast Page Mode TC514170BJ-80 - 60 rnA 3,4,5 

(Rj\5= -V IL,"'CAS',Adress Cycling: tpc=tpc MIN) 

STANDBY CURRENT 

ICC5 Power Supply Standby Current, 1 rnA 
(RAS=CAS=V Cc-0.2V) 

CAS BEFORE RAS REFRESH CURRENT TC514170BJ-70 75 
I Average Power Supply Current, Fast Page Mode TC514170BJ-80 65 rnA 3,5 CC6 

(Rj\5= -V IL,"'CAS',Adress Cycling: tpc=tpc 

INPUT LEAKAGE CURRENT 
I Input Leakage Current, any input -10 10 J.lA I(L) 

(OV:S; VIN::; V CC, All Other Pins Not Under Test=OV 

IO(L) OUTPUT LEAKAGE CURRENT 
-10 10 J.lA 

(DOUT is disabled, :S; OV::; V OUT :s; V CC 

VOH OUTPUT LEVEL 
2.4 V 

(Output "H" Level Voltage (lOUT = 5mA) 

VOL OUTPUT LEVEL 
0.4 V 

(Output "H" Level Voltage (lOUT = 4.2mA) 

Tne:UII::lA AIICDII'A CI CI'TDnaJl1' I'nIlDnI.ICI.''I'~ '1.'1' 



TC514170BJ-70/80 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS 
(Vee = 5V ± 10%, Ta = 0 .... 70°C)(Notes 6,7,8) 

TC514170BJ 

SYMBOL PARAMETER -70 -80 UNIT NOTES 

MIN MAX. MIN MAX 

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

tRMW Read-Modify-Write Cycle 185 - 205 - ns 

tpc Fast Page Mode Cycle Time 45 - 50 - ns 

tpRMW Fast Page Mode Read-Modify-Write Cycle Time 100 - 105 - ns 

tRAC Access Time from RAS - 70 - 80 ns 9,14,15 

teAC Access Time from CAS" - 20 - 20 ns 9,14 

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

tePA Access Time from CAS" Precharge - 40 - 45 - 9 

teLZ CAS" to Output in Low-Z Data Hold Time 0 - 0 - ns 9 

!oFF Output Buffer Tum-off Delay 0 15 0 15 ns 10 

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

tRP RAS Presharge Time 50 - 60 - ns 

tRAS RAS Pulse Width 70 10,000 80 10,000 ns 

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

tRSH RAS Hold Time 20 - 20 - ns 

RAS Hold Time From""CAS 40 - 45 -
tRHCP Precharge (Fast Page Mode) 

ns 

teSH CAS" Hold Time 70 - 80 - ns 

teAS CAS" Pulse Width 20 10,000 20 10,000 ns 

tRCD RAS to CAS" Delay Time 20 50 20 60 ns 14 

tRAD RAS to Column Address Delay Time 15 35 15 40 ns 15 

teRP CAS" to RAS Precharge Time 5 - 5 ns 

tep CAS" Precharge Time 10 - 10 - ns 

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

tRAH Row Address Hold Time 10 - 10 - ns 

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

teAH Column Address Hold Time 10 - 15 - ns 

tRAL Column Address To RAS Lead Time 35 - 40 - 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 - 15 - ns 

A-'lt::.7 



1lC514170BJ-70/80 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 

TC514170BJ 

SYMBOL PARAMETER -70 -80 UNIT NOTE 

MIN MAX MIN MAX 

twp Write Command Pulse Width 15 - 15 - ns 

tRWL Write Command to RAS Lead Time 20 - 20 - ns 

leWL Write Command to CAS Lead Time 20 - 20 - ns 

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

tOH Data Hold Time 15 - 15 - ns 12 

tREF Refresh Period - 16 - 16 ns 

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

leWD CAS to 'WRITE Delay Time 50 - 50 - ns 13 

tRWD RAS to 'WRITE Delay Time 100 - 110 - ns 13 

tAWD Column Address to 'WRITE Delay Time 65 - 70 - ns 13 

lepwo CAS Precharge to 'WRITE Delay Time 70 - 75 - ns 13 

leSR CAS Set-up Time 
5 - 5 - ns 

'{CAS before RAS Cycle) 

leHR CAS Hold Time 
15 15 

(CAS' before RAS Cycle) - - ns 

tRPC RAS to CAS Precharge Time 5 - 5 - ns 

lePT CAS Precharge Time 
30 - 30 - ns 

(CAS' before RAS Counter Test) 

tROH RAS Hold Time referenced to 00 10 - 10 ns 

toEA 00 Access Time - 20 0 20 ns 9 

toEO 00 to Data Delay 20 - 20 - ns 

toEZ Output buffer tum off Delay Time 
0 20 0 20 ns 10 

from 00 

toEH 00 Command Hold Time 20 - 20 - ns 

toos Output Disable Set-up Time 0 - 0 - ns 

tMcs Masked Write Set-Up Time 0 - 10 - ns 

tMRH Masked Write Hold Time referenced to 
0 10 

RAS - - ns 

tMCH Masked Write Hold Time referenced to 
0 10 

CAS - - ns 

CAPACITANCE (Tee= 5V± 10%, f= IMHz, Ta = 0-70°c) 

SYMBOL CHARACTERISTIC MIN MAX UNIT 

Cn Input Capacitance (AO -A 7, A8R, A9R) - 5 pF 

CI2 Input Capacitance (RAS, CAS, UW, LW, 00) - 7 pF 

Co Input/Output Capacitance (1101-11016) - 7 pF 

TOSHIBA AMI;RICA I;LI;CTRONIC COMPONI;NTS_ INC_ 



TC514170B]-70/80 

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. Icc}, ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=V IL. In case of ICC4' it can be changed once or less 
during a fast page mode cycle (tl'(:). 

6. An initial pause of 200~s 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~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 l00pF. 

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 WRITE leading edge 
in Read-Modify-Write cycles. 

13. twcs, tRWD, tcWD' tAWD and tcPWD are not restictive 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 output will remain open circuit (high impedance) through the entire cycle; If tRWD~tRwD (min.), 
tcwtcwo (min.), tAWD~tAWD (min.) and tcP~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 condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

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

by tcAe. 

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• 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-369 



TC514170BJ-70/80 

READ CYCLE 

AO-A7 

1101 VOH - _____ OPEN -----f-----4! 

-11016 VOL -
DATA-OUT 

Note: DIN = OPEN ~:"Wo 

A-370 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514170B]-70/80 

WRITE CYCLE (EARLY WRITE) 

AO-A7 

Note: Dour = OPEN ~:"Wor" 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-371 



TC514170B]-70/80 

UPPER BYTE READ CYCLE (EARLY WRITE) 

m VIH 

VIL 

m VIH 

VIL 

AO-A7 
VIH 

VIL 

ABR,A9R VIH 

VIL 

uw VIH 

VIL 

IW 
VIH 

VIL 

M 
VIH 

VIL 

A-372 

Note: DIN (l/01-V08) = Don't Care 

DOUT-OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



LOWER BYTE READ CYCLE (EARLY WRITE) 

lAS 
VIH 

VIL 

W 
VIH 

VIL 

AO-A7 
VIH 

VIL 

AlR,A9R VIH 

VIL 

"OW 
VIH 

VIL 

lW 
VIH 

VIL 

~ 
VIH 

VIL 

1101 VIH 

-V08 VIL 

Note: DIN (V09-V016) = Don't Care 
Dour=OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 

TC514170BJ-70/80 

A-373 



TC514170B]-70/80 

WRITE CYCLE (OE CONTROLLED WRITE) 

1(43 
VIH 

VIL 

W 
VIH 

VIL 

AO-A7 
VIH 

VIL 

1101 VIH 

-11016 VIL 

Note: Dour = OPEN ~: "Wor "L" 

A-374 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



UPPER BYTE WRITE CYCLE (OR CONTROLLED WRITE) 

m VIH 

VIL 

m VIH 

VIL 

AO-A7 
VIH 

VIL 

ASR,A9R VIH 

VIL 

UW 
VIH 

VIL 

tw 
VIH 

VIL 

'Or 
VIH 

VIL 

1109 VIH 

-11016 VIL 

Note: DIN (1/01-1/08) = Don't Care 

Dour = OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

TC514170B]-70/80 

A-375 



TC514170B]-70/80 

LOWER BYTE WRITE CYCLE (OR CONTROLLED WRITE) 

W 
VIH 

VIL 

m VIH 

VIL 

AO-A7 
VIH 

VIL 

A8R,A9R VIH 

VIL 

UW 
VIH 

VIL 

rw VIH 

VIL 

M 
VIH 

VIL 

1101 VIH 

-1108 VIL 

A-376 

Note: DIN (1109-11016) = Don't Care 

DOUT=OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

~:"W 



READ-MODIFY-WRITE CYCLE 

m 

m 

AO-A7 

001 
-U01 

VIH 

Vil 

VIH 

Vll 

VIH 

Vil 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

TC514170B]-70/80 

A-377 



TC514170B]-70/80 

READ-MODIFY -UPPER-BYTE-WRITE CYCLE 

VIH -m 
VIL 

m VIH 

VIL 

AO-A7 
VIH 

VIL 

AlR,A9R VIH 

VIL 

ow VIH 

VIL 

tw 
VIH 

VIL 

M 
VIH 

VIL 

VIH 

VIL 

VOl 
-V08 

VOH -

VOL -

VIH 

VIL 

V09 
-VOI6 

VOH -

VOL -

A-378 

---+ OPEN -t---+-+--+--+--C 

---+ OPEN +--+-mr:xPoun:~--t-+-----------

---+ OPEN ---+---+-~~I 

----OPEN-----~~'ou~~-------~~---
~: -W or -L-

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514170B]-70/80 

READ-MODIFY-LOWER-BYTE-WRITE CYCLE 

JAJ 
VIH 

VIL 

m VIH 

VIL 

AO-A7 
VIH 

VIL 

A8R,A9R VIH 

VIL 

Wi 
VIH 

VIL 

tw 
VIH 

VIL 

M 
VIH 

VIL 

VIH ___ -+OPEN -+--~H-H~~ 
VIL 

1101 
-1108 

VOH -

VOL -
------+OPEN~--~~~~Oll~-----------------------

VIH -----+ OPEN ----+---1-+~ 
VIL 

1109 
-11016 

VOH -

VOL -
---------OPEN----~~POUI~----------------~~----

~: -W or -L-

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-379 



TC514170B]-70/80 

FAST PAGE MODE READ CYCLE 

m VIH 

VIL 

AO-A7 
VIH 

VIL 

1101 VOH ---+-----0 
-11016 VOL -

A-380 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

m VIH 

VIL 

AO-A7 
VIH 

VIL 

A8R,A9R VIH 

VIL 

llW,tw VIH 

VIL 

1101 VIH 

-11016 VIL 

Note: Dour. OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

TC514170B]-70/80 

A-381 



TC514170Bj-70/80 

FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 

W 
VIH 

Vil 

ro VIH 

Vil 

AO-A7 
VIH 

VIL 

AlR,A9R VIH 

VIL 

ow VIH 

VIL 

IW 
VIH 

VIL 

'M 
VIH 

VIL 

1/09 VIH 

-1/016 VIL 

A-382 

Note: OjN (1/01-1/08) = Don't Care 

Dour = OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514170B]-70/80 

FAST PAGE MODE LOWER BYTE WRITE CYCLE (EARLY WRITE) 

m VIH 

VIL 

m VIH 

VIL 

VIH 
AO-A7 

VIL 

AlR,A9R VIH 

VIL 

ow VIH 

VIL 

tw 
VIH 

VIL 

or VIH 

VIL 

1101 VIH 

-1108 VIL 

Note: DIN (V09-1I016) = Don't Care 

DOUT=OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-383 



1lC514170BJ-70/80 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

m VIH 

VIL -

VIH -
tAl 

VIL -

AO-A7 
VIH 

VIL 

A8R,A9R VIH 

VIl 

VIH -

VIL ---+---++-+-~ 
1101 

-11016 

VOH -
---~ 

VOL -

A-384 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514170B]-70/80 

FAST PAGE MODE READ-MODIFY-UPPER-BYTE-WRITE CYCLE 

1(73 
VIH 

VIL 

m VIH 

VIL 

AO-A7 
VIH 

VIL 

AlR,A9R VIH 

UW 

tw 

m 

1101 
-110 

1109 
-1101 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

TOSHIBA AMI;RICA I;ll;CTRONIC COMPONI;NTS_ INC_ 



TC514170B]-70/80 

FAST PAGE MODE READ-MODIFY-LOWER-BYTE-WRITE CYCLE 

AO-A7 

ow 

tw 

1101 
-1108 

VOH ---+--+--HEOO 
VOL -

1109 
-11016 

VOH ------cl~ 
VOL -

A-3S6 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



IUS ONLY REFRESH CYCLE 

AO-A7, 
ASR,A9R VIL 

Note: OW, tw, ~="H" or "L" 

DIN = Don't Care 

DOUT=OPEN 

CAS BEFORE RAS ONLY REFRESH CYCLE 

W 

lAS 

1/01 
-11016 

VIH tRAS 

VIL 

tcHR 
VIH 

VIL 

VOH -~~ _________ OPEN _________ _ 

VOL ----./ 

Note: OW, tw, ~, AO-A7, A8R, A9R= "W or "L" 

DIN = Don't Care 

TC514170BJ-70/80 

~: "W or "L 



TC514170BJ-70/80 

HIDDEN REFRESH CYCLE 

m VIH 

VIL 

tAS 
VIH 

VIL 

AO-A7 
VIH 

VIL 

1101 VOH ---------i 
-11016 VOL -

Note: DIN = OPEN ~: "Wor"L' 

A-388 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514170B]-70/80 

HIDDEN REFRESH CYCLE (WRITE) 

AO-A7 

Note: Dour = OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-389 



TC514170B]-70/80 

HIDDEN REFRESH CYCLE (UPPER BYTE WRITE) 

VIH 

m 
VIL 

m VIH 

VIL 

AO-A7 
VIH 

VIL 

ASR,A9R VIH 

VIL 

OW 
VIH 

VIL 

tw 
VIH 

VIL 

m VIH 

VIL 

1109 VIH 

-11016 VIL 

A-39Q 

Note: DIN (110 1-1/08) = Don't Care 

DOUT=OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

~: "H" or "L' 



HIDDEN REFRESH CYCLE (LOWER BYTE WRITE) 

m VIH 

VIL 

m VIH 

VIL 

AO-A7 
VIH 

VIL 

ASR,A9R VIH 

VIL 

OW 
VIH 

VIL 

tw 
VIH 

VIL 

M 
VIH 

VIL 

1101 VIH 

-1108 VIL 

Note: DIN (V09-1/016) = Don't Care 

DOUT=OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 

TC514170B]-70/80 

A-391 



TC514170B]-70/80 

CAS BEFORE RAS REFRESH COUNTER TEST READ CYCLE 

VIH -
m 

VIL -

ru VIH 

VIL 

VIH 
AO-A7 

VIL 

UW,lW VIH 

VIL 

m VIH 

VIL 

1101 VOH -

-11016 VOL _ 
OPEN 

Note: A8R,A9R="H"or"L" 
DIN=OPEN 

CAS BEFORE RAS REFRESH COUNTER TEST WRITE CYCLE 

A-392 

Note: A8R,A9R."Wor"L" 
DOUT-OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

~: "W or "L" 



rOSHIBA 
TC514273B]-70/80 I 

262,144 WORD X 16 BIT DYNAMIC RAM 

DESCRIPTION 

The TC514273BJ is the new generation dynamic RAM organized 262,144 word by 16 bit. The 
TC514273BJ 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 
TC514273BJ to be packaged in a standard 40 pin plastic SOJ. The package size provides high system bit 
densities and is compatible with widely available automated testing and insertion equipment. System oriented 
features include single power supply of 5V± 10% tolerance, direct interfacing capability with high performance 
logic families such as Schottky TTL. 

FEATURES 

• 262,144 word by 16 bit organization 
• Fast access time and cycle time 

Single power supply of 5V± 10% with a built
in V BB generator 
Low Power 

550mW MAX .Operating 
(TC514273BJ-70) 

468m W MAX. Operating 
(TC514273BJ-80) 
5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two-di
mensional chip selection 

• Read-Modify-Write, CAS before RA5 refresh, 
RA5-only refresh, Hidden refresh, Write-Per
Bit and Fast Page Mode capability 

• All inputs and outputs TTL compatible 
• 512 refresh cycles/8ms 
• Package TC514273BJ : SOJ40-P-400 

KEY PARAMETERS 

TC514273BJ 
ITEM 

-70 -80 

tRAC RA5 Access Time 70ns 80ns 

tAA Column Address 35ns 40ns 
Access Time 

tcAC CAS Access Time 20ns 20ns 

tRc Cycle Time 130ns 150ns 

tpc Fast Page Mode 45ns 50ns 
Cycle Time 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-393 



TC514273B]-70/80 

PIN NAME 

AO-AS Address Inputs 

RAS Row Address Strobe 

UWBIUW 
Write Per BitlReadlUpper Byte 
Write Input 

LWBILW 
Write Per BitlReadILower Byte 
Write Input 

OE Output Enable 

Wl1IOl-W161I016 Write Section! Data Input/Output 

Vee Power (+5V) 

Vss Ground 

N.C. No Connection 

PIN CONNECTION (TOP VIEW) 

A-394 

Plastic SOJ 

Vss 
W1611016 

W1511015 

W1411014 

W1311013 

vss 
W1211012 

Wl111011 

Wl01l010 

W91109 

N.C. 
N.C. 
CAS 
c5E 
AS 
A7 

A6 
A5 
A4 

Vss 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



BLOCK DIAGRAM 
W2n02 

Vee Vss 

twIItW 0----1 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL 

Input Voltage VIN 

Output Voltage VOUT 

Power Supply Voltage Vee 

Operating Temperature TOPR 

Storage Temperature TSTG 

Soldering Temperature - Time TSOLDER 

Power Dissipation PD 

Short Circuit Output Current I 
OUT 

COLUMN 
9 DECODER 

ARRAY 

512x512x 16 

SUBSTRATE BIAS 
GENERATOR 

RATING 

- 0.5-V ee+O.5 

- 0.5-V ee+O.5 

-0.5-7.0 

0-70 

-55-150 

260 -10 

700 

50 

Vee 

Vss 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

TC514273B]-70/80 

UNIT NOTE 

V 1 

V 1 

V 1 

°C 1 

°C 1 

°C - sec 1 

mW 1 

rnA 1 

A-395 



1lC514273BJ-70/80 

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

SYMBOL PARAMETER MIN. TYP MAX UNIT NOTE 

Vcc Supply Voltage 4.5 5.0 5.5 V 2 

V IH Input High Voltage 2.4 - Vcc+O·5 V 2 

V IL Input Low Voltage -0.5* - 0.8 V 2 

*-2.0V at pulse width :5; 20ns 

D.C. ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX UNIT NOTES 

OPERATING CURRENT TC514273BJ-70 - 100 
3,4 I Average Power Supply Operating Current TC514273BJ-80 85 rnA CCI -
5 <RAS, CAS, Address Cycling: tRC=tRC MIN.) 

STANDBY CURRENT 
I Power Supply Standby Current 2 rnA CC2 

(RAS=CAS=V IH) 

RAS ONLY REFRESH CURRENT Average TC514273BJ-70 100 

Icc3 Power Supply Current,"RAS Only Mode TC514273BJ-80 85 rnA 3,5 
(RAS Cycling, CAS'=VIH: tRC=tRC MIN.) 

FAST PAGE MODE CURRENT TC514273BJ-70 - 70 
3,4 I Average Power Supply Current, Fast Page Mode TC514273BJ-80 60 rnA CC4 5 

(RAS =VIL, CAS,Address Cycling:tpc=tpcMIN.) d 

STANDBY CURRENT 
I Power Supply Standby Current 1 rnA CC5 

(RAS=CAS=V CC-0.2V) 

CAS BEFORE"RAS REFRESH CURRENT TC514273BJ-70 100 
I Average Power Supply Current, CAS Before RAS" TC514273BJ-80 - 85 rnA 3,5 CC6 

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

INPUT LEAKAGE CURRENT 
I Input Leakage Current, any input -10 10 ~ I(L) 

(OV:5;V IN:5;V CC, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-10 10 O(L) 

(DOUT is disabled, OV :5;V OUT:5;V CC) 
J..lA 

VOH 
OUTPUT CURRENT 

2.4 
Output "H" Level Voltage (loUT=-5mA) 

- V 

VOL 
OUTPUT CURRENT 

0.4 
Output "L" Level Voltage (IouT=4.2mA) 

- V 

A-396 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514273B]-70/80 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (Vcc = SV ± 10%, Ta = 0-70°C)(Notes 6,7,8) 

TC514273BJ 

SYMBOL PARAMETER -70 -80 UNIT NOTES 

MIN MAX. MIN MAX 

tRC Random Read or Write Cycle Time 130 - 150 - os 

tRMw Read-Modify-Write Cycle 185 - 205 - os 

tpc Fast Page Mode Cycle Time 45 - 50 - os 

tpRMw Fast Page Mode Read-Modify-Write Cycle Time 100 - 105 - os 

tRAC Access Time from RAS - 70 - 80 os 9,14,15 

teAC Access Time from "CAS - 20 - 20 os 9,14 

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

tePA Access Time from "CAS Precharge - 40 - 45 - 9 

teLZ "CAS to Output io Low-Z 0 - 0 - os 9 

!oFF Output Buffer Tum-off Delay 0 15 0 15 os 10 

tT Transitioo Time (Rise and Fall) 3 50 3 50 os 

tRP RAS Presharge Time 50 - 60 - os 

tRAS RAS Pulse Width 70 10,000 80 10,000 os 

tRAsP RAS Pulse Width (Fast Page Mode) 70 100,000 80 100,000 os 

tRSH RAS Hold Time 20 - 20 - os 

RAS Hold Time From""CAS 40 - 45 -
tRHCP Precharge (Fast Page Mode) 

os 

teSH "CAS Hold Time 70 - 80 - os 

teAS "CAS Pulse Width 20 10,000 20 10,000 os 

tRCD RAS to "CAS Delay Time 20 50 20 60 os 14 

tRAD RAS to Column Address Delay Time 15 35 15 40 os 15 

teRP "CAS to RAS Precharge Time 5 - 5 os 

tep CAS Precharge Time 10 - 10 - os 

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

tRAH Row Address Hold Time 10 - 10 - os 

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

teAH Column Address Hold Time 10 - 15 - os 

tRAL Column Address To RAS Lead Time 35 - 40 - os 

tRCS Read Command Set-Up Time 0 - 0 - os 

tRCH Read Command Hold Time 0 - 0 - os 11 

tRRH Read Command Hold Time refereoced to RAS 0 - 0 - os 11 

tWCH Write Command Hold TIme 15 - 15 - os 

twp Write Command Pulse Width 15 - 15 - os 

tRWL Write Command to RAS Lead Time 20 - 20 - os 

Tn~"'IR4 4UJ:RI~4 J:I J:~TRnNIC COMPONENTS. INC. A-397 



TC514273B]-70/80 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 

TC514273BJ 

SYMBOL PARAMETER -70 -SO UNIT NOTES 

MIN MAX MIN MAX 

tcWL Write Command to CAS Lead Time 20 - 20 - ns 

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

tOH Data Hold Time 15 - 15 - ns 12 

tREF Refresh Period - S - S ms 

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

tcwo CAS' to WE Delay Time 50 - 50 - ns 13 

tRWO RAS to WE Delay Time 100 - 110 - ns 13 

tAWO Column Address to WE Delay Time 65 - 70 - ns 13 

tcPwo CAS Precharge to WE'Delay Time 70 - 75 - ns 13 

tcSR CAS' Set-Up Time (CAS' before RAS Cycle) 5 - 5 - ns 

tcHR CAS Hold Time (CAS' before RAS Cycle) 15 - 15 - ns 

tRPC RAS to CAS Precharge Time 5 - 5 - ns 

CAS Precharge Time (CAS' before RAS 30 - 30 -
tcPI' Counter Test Cycle) 

ns 

tROH RAS Hold Time referenced to OE 10 - 10 ns 

toEA OE Access TIme - 20 0 20 ns 9 

toED OE to Data Delay 20 - 20 - ns 

toEZ Output buffer turn off Delay Time from OE 0 20 0 20 ns 10 

toEH OE Command Hold Time 20 - 20 - ns 

toos Output Disable Set-Up Time 0 - 0 - ns 

tMCS Masked Write Set-Up Time 0 - 0 - ns 

tMRH Masked Write Hold Time referenced to RAS 0 - 0 - ns 16 

tMCH Masked Write Hold TIme referenced to CAS' 0 - 0 - ns 16 

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 

CAPACITANCE (Vee = 5V ± 10%,f= IMHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN MAX UNIT 

CIl Input Capacitance (AO-AS) - 5 pF 

CI2 Input Capacitance (RAS, CAS, UWBIUW, r:wB1t:W,0E» - 7 pF 

Co Input Capacitance (WIIIOI-WI6IIOI6) - 7 pF 

A-398 TOSHIRA AMI;RICA I;LI;CTRnNI~ ~nUDnN~NTQ IN~ 



1lC514273B]-70/80 

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, Icc6 depend on cycle rate. 

4. IccI' ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS"=VIL• In case of Icc4' it can be changed once or less 
during a fast page mode cycle (tpe). 

6. An initial pause of 200j.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-r=5ns. 

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

9. Measured with a load equivalent to 2 TTL loads and l00pF. 

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 (UWB7) UW, 
(LWBI) r::w leading edge in Read-Modify-Write cycles. 

13. twcs, tRWD, tcWD' tAWD and tcPWD are notrestictive 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 output will remain open circuit (high impedance) through the entire cycle; If tRWO>tRWD (min.), 
tcWD>tcWD (min.), tAWD>tAWD (min.) and tcP~tcPWOD(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 condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC 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. Either tMCH or tMRH must be satisfied for a byte write cycle. 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-399 



TC,514273B]-70/80 

READ CYCLE 

VIH 
1m' 

Vll-

ro VIH-

AO-A8 

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

Vil --------:------,-------t-""'" 

Wl1l01 VOH-

-WI611016 VOL _---- OPEN 

Note: DIN = OPEN 

WRITE CYCLE (EARLY WRITE) 

AO-A8 

WIIIOI VIH 

-WI61tOI6 Vil 

A-400 

Note: Dour = OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



TC514273B]-70/80 

UPPER BYTE WRITE CYCLE (EARLY WRITE) 

ro 

AO-A8 

tJWIiUW 

rwIILW 

M 

W9/109 
-WI611016 

V IH 

Vil 

V IH 

Vil 

VIH 

Vil 

V IH 

Vil 

VIH 

Vil 

Note: DIN rN 1/10 l-W8I108) = Don't Care 

DOUT = OPEN 

~: "H" or "L" 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-401 



1lC514273BJ-70/80 

LOWER BYTE WRITE CYCLE (EARLY WRITE) 

VIH 
tw!Jtw 

VIL 

VIH 
M 

VIL 

Wl/101 VIH 

-W8II08 VIL 

A-402 

Note: DIN (W9/109-WI6110 16) = Don't Care 

DOUT = OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



WRITE CYCLE ~CONTROLLED WRITE) 

AO-A8 

UWIIUW. 
twIILW 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

WIIIOI VIH 
-WI611016 

VIL 

Not.: DOUT" OPEN ~: "W or "L" 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

TC514273B]-70/80 

A-403 



TC514273B]-70/80 

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 

AO-Aa 

W91I09 
-Wl611016 VIL 

Note: DIN (Wl1101-W8II08) = Don't Care 

Dour = OPEN 

~:"W or "L" 

A-404 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514273B]-70/80 

LOWER BYTE WRITE CYCLE (OE"CONTROLLED WRITE) 

W1/101 VIH 

-W8II08 VIL 

Note: DIN (W91l09-W16JI016) = Don't Care 

Dour = OPEN 

~: "H" or"L" 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-405 



1lC514273BJ-70/80 

READ-MODIFY-WRITE CYCLE 

m 
VIL 

VIH 
AO-A8 

VIL 

UWIIUW. VIH 

twIItw V1L 

VIH 
m 

VIL 

VIH 

VIL 

W1/101 
-W1611016 

A-406 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC514273BJ-70/80 

READ-MODIFY -UPPER-BYTE-WRITE CYCLE 

m 

m 

AO-A8 

UW!JUW 

twlJtw 

'Of 

W11I01 
-W8II08 

W9/109· 
-WI611016 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

V 1H 

VIL 

VOH -

VOL -

VIH 

VIL 

VOH -

VOL -

----+-+ OP~N -+----+-+--+-+~~ 

---+-..... OPEN +------I-~~C)OUTD-__1+----------

----OPEN ---~OO)OUlo----------=:--
~: -W or "L" 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-407 



TC514273B]-70/80 

READ-MODIFY-LOWER-BYTE-WRITE CYCLE 

VIH 

VIL 

W1tIOl 
-W8II08 

VOH - ---+ OPEN -+----l-~OO)OUTl}-------------
VOL -

V 1H ---+ OPEN ---+--+-+--{11';£~ 
VIL 

W9110g 
-Wl611016 

VOH -
---- OPEN ---~~)ou,·I>_------------

VOL -
~: "H" or "L" 

A-408 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



FAST PAGE MODE READ CYCLE 

m 

AD-AS 

tlWIIUW. 
twIILW 

m 

WM01 
-W16f1016 

Vil 

VIH 

Vil 

VIH 

Vil 

Note: DIN. OPEN 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

AO-A8 

W11101 
-W1611016 Vil 

Note: DOUT = OPEN 

TC514273B]-70/80 

~: "H" or "L" 

FlfliJ: "W or "L" 



TC514273BJ-70/80 

FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 

m VIH 

VIL 

~ 
VIH 

VIL 

VIH 
AO-A8 

VIL 

VIH 
UWIIUW 

VIL 

twIItw VIH 

VIL 

M 
VIH 

VIL 

N9/109 VIH 

"Wl611016 VIL 

Note: DIN (WlII01-W8I108) = Don't Care 

DOUT=OPEN 



TC514273B]-70/80 

FAST PAGE MODE LOWER BYTE WRITE CYCLE (EARLY WRITE) 

100" 
VIH 

VIL 

m VIH 

VIL 

~-AI 
VIH 

VIL 

UWlJUW 
VIH 

VIL 

rwa7LW VIH 

VIL 

~ 
VIH 

VIL 

Wl1101 VIH 

-W8II08 VIL 

Note: DIN (W91109-Wl611016) = Don't Care 

Dour = OPEN 

tRP 

~: "H" or "L" 

II. Aii 



1LC514273BJ-70/80 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

RAJ VIH 

VIL 

AO-AS VIH 

111101 
·WI6f1016 

A-412 

VIL 

~:"W or "l" 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 
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FAST PAGE MODE READ-MODIFY-UPPER-BYTE-WRITE CYCLE 

VIH 
AO-AS 

VIL -''''IL..-...lI''''1I'1~....JI 

M VIH 

WlnOt 
-w8IIoa 

W9II09 
-Wt6l10t6 

VIL ----r,---r.--r+-~~.u 

VOH -
--++-+-~I 

VOL -

VOH -
---~ 

VOL -



TC514273B]-70/80 

FAST PAGE MODE READ-MODIFY-LOWER-BYTE-WRITE CYCLE 

AO-A8 

WIII01 

-W8II08 

W9/109 
-W1611016 

A A-4A 

VIH --'.;r-""'1.A.z-~ 

VIL 

VOH ------6~ 
VOL -



TC514273B]-70/80 

RAS ONLY REFRESH CYCLE 

AO-A8 

t~c 

~b 
~::_ RO~,--__ 

Note: UW!/OW, LW!/LW, 'O't="H" or "L" 

DIN = Don't care 

Dour = OPEN 

CAS BEFORE RAS REFRESH CYCLE 

VIH

VIL-

tAAS 

~
t~p 

p.~ .~~ 
VIH

- ~ 
VIL - o....-____________ ~~""'''''''~=''''''=~''''''"''"' 

W11101 VOH ) '--__ >------------- OPEN ----------
-W1611016 VOL -_ , 

Note: UW!/UW, ~/r.w, 'O't. AO-A8 = HW or HL· 

DIN = Don't Care 



1lC514273BJ-70/80 

HIDDEN REFRESH CYCLE (READ) 

m 
VIL 

VIH 
AO-A8 

VIL 

VIH 
UWIIOW. 

VIL IWII[w 

VIH-
c:rE' 

V1L -

Wl1101 VOH -

-Wl&11016 VOL -

Note: DIN:I OPEN 

HIDDEN REFRESH CYCLE (WRITE) 

m 
VIL 

VIH 
AO-A8 

VIL 

UWIIOW. VIH 

twII[W 
VIL 

c:rE' 
VIH 

VIL 

Wl1101 VIH 

-Wl&11016 V1L 

DATA-IN 

Note: DOUT" OPEN 

A-416 TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



HIDDEN REFRESH CYCLE (UPPER BYTE WRITE) 

VIH 
AO-A8 

VIL 

UWfIUW 
VIH 

VIL 

VIH 
twIJ[W 

VIL 

M 
VIH 

VIL 

W9I109 VIH 

-W1611016 VIL 

DATA·IN 

Note: DIN (W1J101-W8II08) = Don't Care 

DOUT = OPEN 

TC514273B]-70/80 



TC514273B]-70/80 

HIDDEN REFRESH CYCLE (LOWER BYTE WRITE) 

VIH----L 

VIH 
AD-AS 

VIL 

VIH 
UWIIUW 

VIL 

lWI/LW 
VIH 

VIL 

M 
VIH 

V IL 

WI/IOI VIH 

-W8II08 VIL 

A-418 

DATA-IN 

Note: DIN (W91109-WI611016) = Don't Care 

Dour = OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



TC514273B]-70/80 

CAS BEFORE"'RAS REFRESH COUNTER TEST READ CYCLE 

VIH 

m 
Vil 

m VIH 

V1l 

AO-A8 
VIH 

V1l 

OWl/OW. VIH 

IW!IIW Vil 

~ 
V1H 

Vil 

WIIIOl VOH -

-Wl611016 VOL -

~:"W or "L" 

CAS BEFORE RAS REFRESH COUNTER TEST WRITE CYCLE 

m VIH 

Vil 

V1H 
AO-A8 

Vil 

WIIIOl VIH 

-Wl611016 Vil 

Note: Dour = OPEN ~ : -W or "L" 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-419 



1lC514273BJ-70/80 

CAS BEFORE RAS REFRESH COUNTER TEST READ-MODIFY-WRITE CYCLE 

V'H 
m 

VIL 

V'H ro 
V'L 

V'H 
AO-A8 

V'L 

UWlJOW. V'H 

twlJtw V'L 

V,H 
OE 

V,L 

V,H 

V,L 

Wl1101 
-WI611016 

VOH -

VOL -

A-420 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TOSHIBA 
TC5118160Aj/ AFr -70/00 I 

1,048,576 WORD X 16 BIT DYNAMIC RAM 

DESCRIPTION 
The TC5118160AJ/AFr is the new generation dynamic RAM organized 1,048,576 word by 16 bit. The 

TC5118160AJ/AFr 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 TC5118160AJ/AFr to be packaged in 42 pin plastic SOJ. The package 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±IO% tolerance, direct interfacing capability with high performance 
logic families such as Schottky TTL. 

FEATURES 
1,048,576 word by 16 bit organization 

• Fast access time and cycle time 

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

• Low Power 
770mW MAX. Operating 
TC5118160AJIAZlAFr/ATR-70 

660m W MAX. Operating 
(TC5118160AJIAZlAFr/ATR-80) 

5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two di
mensional chip selection 

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

• All inputs and outputs TTL compatible 

1024 refresh cyclesl16ms 

• Package 
TC5118160AJ : SOJ42-P-400 
TC5118160AFr :TSOP50-P-400 

KEY PARAMETERS 

ITEM 

tRAC RAS" Access TIme 

tAA Column Address 

Access TIme 

tcAC CAS' Access TIme 

tRC Cycle Time 

tpc Fast Page Mode 

Cycle TIme 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 

TC5118160AJ/AFr 

-70 -80 

70ns 80ns 

35ns 40ns 

20ns 20ns 

130ns 1500s 

45ns 50ns 

A-421 



11:5118160AJ/~-70/80 

PIN NAME 

AO-A9 Address Inputs 

RAS Row Address Strobe 

UCAS" Column Address Strobe 
/Upper Byte Control 

ITAS" Column Address Strobe 
!Lower Byte Control 

WRITE ReadIWrite Input 

OE Output Enable 

1/01-1/016 Data Input/Output 

Vee Power (+ 5V) 

Vss Ground 

N.C. No Connection 

PIN CONNECTION (TOP VIEW) 
Plastic 50J Plastic TSOP 

vee 1 Vee 
V01 2 1/01 

1/02 1/02 3 1/03 

1 50 
2 49 
3 48 
4 47 

1/03 4 1/04 5 46 
V04 5 Jdi Vee 6 
VOS 7 1/06 

1107 1/06 8 1/08 
V07 9 NC 

6 45 
7 44 
8 43 
9 423 

I 10 41 ~ 
111 40 

V08 10 
Ne 11 
NC 12 NC WltiTr 13 NC m 14 WJOTI 

15 36 
16 35 
17 34 

NC 15 m 
NC 16 NC 

AO 17 NC 
AO 

A1 18 A1 

18 33 
19 32 
20 31 
21 30 
22 29 

A2 19 A2 23 28 
A3 20 A3 

vee 21 Vss Vee 
I 24 27 
E 25 26 

A-422 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

Vss 
11016 
11015 
1/014 
11013 
ViS 
11012 
1/0" 
11010 
1109 
NC 

• m-
A9 
AI 
A7 
A6 
AS 
A4 
Vss 

I' 



BLOCK DIAGRAM 

COLUMN 
10 DECODER 

ARRAY 

1024)( 1024)( 16 

SUBSTRATE BIAS 
GENERATOR 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RANGES 

Input Voltage VIN - 0.5-Vee + 0.5 

Output Voltage VOUT - 0.5-Vee + 0.5 

Power Supply Voltage Vee -0.5-7 

Operating Temperature TOPR 0-70 

Storage Temperature TSTG -55-150 

Soldering Temperature -Time TSOLDER 260 - 10 

Power Dissipation PD 900 

Short Circuit Ouput Current lOUT 50 

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

Vee 

Vss 

1l:5118160AJ/P.U!f-70/BO 

UNIT NOTE 

V 1 

V 1 

V 1 

DC 1 

DC 1 

DC· sec 1 

mW 1 

rnA 1 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-423 



TC51181001\J/ AFr-70/80 

RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0-70°c) 

SYMBOL PARAMETER 

Vcc Supply Voltage 

VIH Input High Voltage 

VIL Input Low Voltage 

"Vee + 2.0V at pulse width :S: 2Ons. (pulse width is measured at Vee) • 
.... -2.0V at pulse width :S: 2Ons. (pulse width is measured at OV) 

MIN. 

4.5 

2.4 

-0.5** 

TYP MAX UNIT 

5.0 5.5 V 

- Vcc+0.5* V 

- 0.8 V 

D.C. OPERATING CHARACTERISTICS (Vee = SV ± 10%, Ta = 0-70°C) 
SYMBOL PARAMETER MIN. MAX 

TC5118160AJ/AFf-70 140 
OPERATING CURRENT 

I Average Power Supply Operating Current CCI 
(RAS. ~,Address Cycling: tRC=tRC MIN.) TC5118160AJ/AFf-80 - 120 

STANDBY CURRENT 
I Power Supply Standby Current 2 CC2 

(RAS~=VIH) 

RAS ONLY REFRESH CURRENT Average 
TC5118160AJ/AFf-70 - 140 

ICC3 Power Supply Current, RAS Only Mode 
(RAS Cycling, ~=VIH: tRC=tRC MIN.) TC5118160AJ/AFf-80 - 120 

FAST PAGE MODE CURRENT 
TC5118160AJ/AFf-70 - 75 

I Average Power Supply Current, Fast Page Mode CC4 
(RAS =V IL;~' Address Cycling:tpc=tpc MIN.) TC5118160AJ/AFf-80 - 65 

STANDBY CURRENT 
ICCS Power Supply Standby Current 1 

(RAS~=Vcc-0.2V) 

TC5118160AJ/AFf-70 - 140 
~ BEFORE"RAS' REFRESH CURRENT 

I Average Power Supply Current, ~ Before RAS CC6 TC5118160AJ/AFf-80 120 
Mode (RAS, ~, Cycling: tRC=tRC MIN.) 

-

ThWUT LEAKAGE CURRENT 
I Input Leakage Current, any input -10 10 I(L) 

(OV~IN~6.5V, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-10 10 O(L) (DOUT is disabled, OV ~VoUT~5.5V) 

VOH 
OUTPUT CURRENT 

2.4 
Output "H" Level Voltage (Iom=-5mA) 

-

VOL 
OUTPUT CURRENT 

0.4 
Output "L" Level Voltage (loUT=4.2mA) 

-

A-424 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

NOTE 

2 

2 

2 

UNIT NOTE 

3,4 
rnA 

5 

rnA 

rnA 3,5 

3,4 
rnA 

5 

rnA 

rnA 3,5 

flA 

flA 

V 

V 



TC5118160AJ/ AFT-70/BO 

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

TC5118160AJ/AFf 

SYMBOL PARAMETER -70 -80 

MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 130 - 150 -

tRMw Read-Modify-Write Cycle TlIfle 180 - 200 -
tpc Fast Page Mode Cycle TlIfle 45 - 50 -

tpRMW Fast Page Mode Read-Modify-Write Cycle Time 90 - 100 -
tRAC Access Time from RAS 

70 80 - -

teAC Access Time from CAS - 20 - 20 

tAA Acess Time from Column Address - 35 - 40 

tePA Access Time from CAS Precbarge - 40 - 45 

teLZ CAS to ouput in Low-Z 0 - 0 -
!oFF Output Buffer Turn-off Delay 0 15 0 15 

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

tRP RAS Precbarge Time 50 - 60 -
tRAS RAS Pulse Width 70 10,000 80 10,000 

tRASP RAS Pulse Width (Fast Page Mode) 70 200,000 80 200,000 

tRSH RAS Hold Time 20 - 20 -

tRHCP RAS Hold Time From CAS Precbarge (Fast Page Mode) 40 - 45 -

teSH CAS Hold Time 70 - 80 -
teAS CAS Pulse Width 20 10,000 20 10,000 

tRCD RAS to CAS Delay Time 20 50 20 60 

tRAD RAS to Column Address Delay Time 15 35 15 40 

tcRP CAS to RAS Precbarge Time 5 - 5 -

tcp CAS Precbarge Time 10 - 10 -

tASR Row Address Set-Up Time 0 - 0 -
tRAH Row Address Hold Time 10 - 10 -

tASC Column Address Set-Up Time 0 - 0 -

teAH Column Address Hold Time 15 - 15 -

tRAL Column Address to RAS Lead Time 35 - 40 -

tRCS Read Command Set-Up Time 0 - 0 -
tRCH Read Command Hold Time 0 - 0 -

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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

UNIT NOTE 

ns 

ns 

ns 

ns 

9,14, 
ns 

15 

ns 9,14 

ns 9, 15 

ns 9 

ns 9 

ns 10 

ns 8 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 14 

ns 15 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 11 

ns 11 

A-425 



11:5118160AJ/}U!f-70/BO 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 

TC5118160AJIAFT 

SYMBOL PARAMETER -70 -80 

MIN. MAX. MIN. MAX. 

tWCH Write Command Hold Time 15 - 15 -
twp Write Command Pulse Width 15 - 15 -

tRWL Write Command to RAS' Lead TIme 20 - 20 -
tcWL Write Command to 'CAS Lead Time 20 - 20 -
tos Data Set-Up Time 0 - 0 -

tOHS Data Hold Time 15 - 15 -
tREF Refresh Period - 16 - 16 

twcs Write Command Set-Up Time 0 - 0 -
tcwo 'CAS to WRITE Delay 45 - 45 -
tRwo RAS' to WRITE Delay 95 - 105 -

tAWO Column Address to WRITE Delay Time 60 - 65 -

tcpwo 'CAS Precharge to WRITE Delay Time 65 - 70 -
tcSR 'CAS Set-Up Time 

5 - 5 -('CAS before"RAS' Cycle) 

tcHR 'CAS Hold Time 
15 15 

('CAS before"RAS' Cycle) - -

tRPC RAS'to 'CAS Precharge Time 5 - 5 -

tcPr 'CAS Precharge Time ('CAS before RAS' Counter Test 
30 - 30 -Cycle 

tROH RAS' Hold Time referenced to 00 10 - 10 -

toEA 00 Access Time - 20 - 20 

toED 00 to Data Delay 15 - 15 -
toEZ Output buffer tum off Delay Time from 00 0 15 0 15 

toEH 00 Command Hold Time 15 - 15 -
toos Output Disable Set-Up Time 0 - 0 -

CAPACITANCE (Vee = 5V ± 10%, f= IMHz, TA = 0-70°C) 

SYMBOL PARAMETER MIN MAX 

CIl Input Capacitance(AO-A9) - 5 

CI2 Input Capacitance (RAS', UCAS', I:CAS', WRITE, 00) - 7 

Co Input/Output Capacitance (1101-11016) - 7 

A-426 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

UNIT NOTE 

ns 

ns 

ns 

ns 

ns 12 

ns 12 

ms 

ns 13 

ns 13 

ns 13 

ns 13 

ns 13 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 10 

ns 

ns 

UNIT 

pF 

pF 

pF 



1l:5118160AJ/lU!r-70/80 

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. ICC!' ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS'=VIL. In case of Icc4, it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200IlS 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'f'=5ns. 

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

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

10. tOFF (max.) 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 UCAS or I:AS leading edge in early write cycles and to WRITE 
leading edge in Read-Modify-Write cycles. 

13. twcs, tRWD' tcwo, tAWD and tcpwD are not restictive 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 output will remain open circuit (high impedance) through the entire cycle; If tRWD>tRwD (min.), 
tcWO>tcWD (min.), tAWD>tAwD (min.) and tcPWP>tcPWOD (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 condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

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

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-427 



TC51181601\J/ AFT-70/BO 

READ CYCLE 

VIH------~ 
m 

VIL-

VIH 
AO-A9 

~ VIH 

VIL - ______ ~---~-::r....-+__""' 

1101 VOH-____ OPEN ____ -+----< 
-11016 VOL-

Note: DIN. OPEN 

WRITE CYCLE (EARLY WRITE) 

VIH-------i.. 

m 

1101 VIM 

-11016 VIL 

A-428 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5118100AJ/ AFT-70/80 

UPPER BYTE READ CYCLE 

VIH-~----~ 
m 

VIL -

~ 

VIH ~ _____ ......L _____ ~ 

VIL -.-------,.------r-~I__-+_" 

VOH-1101 
----OPEN 1------+-----+---1---+---------

-1108 VOL-

1109 VOH-
----- OPEN -----+---C 

-11016 VOL-

Note: DIN(II01-V08) = Don't Care 

DIN(V09-V016) =OPEN 

DATA· OUT 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-429 



11:5118160AJ/}U!f-70/BO 

LOWER BYTE READ CYCLE 

VIH-·----~ 

m 
VIL -

~ VIH-

VIL -O-"-----:---___ ...,..--.;1I--_+-oU.I 

1101 VOH-

-1108 VOL _----- OPEN DATA-OUT 

1109 VOH-
____ OPEN _____________________ _ 

-11016 VOL-

A-430 

Note: DIN(l/01-II08) =OPEN 

OIN(I/09-V016) = Don't Care 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



UPPER BYTE WRITE CYCLE (EARLY WRITE) 

VIH-~---~ 
m 

VIL -

VIH 
AO-A9 

VIL 

VIH 
WJm! 

VIL 

V09 VIH 

-V016 VIL 

Note: DIN (V01-I/08) = Don't care 

Dour = OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 

11:5118160AJ/P.U!r-70/BO 

A-431 



TC5118160AJ/ AFT-70/BO 

LOWER BYTE WRITE CYCLE (EARLY WRITE) 

VIH-~---~ 
m 

VIL-

VIH 
WJUT( 

VIL 

VIH 
trr 

VIL 

101 VIH 

-1108 VIL 

Not.: DIN (V09-V016). Don't Car. 

DOUT. OPEN 

A-432 TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



11:5118160AJ/}U!f-70/BO 

WRITE CYCLE (UE CONTROLLED WRITE) 

Note: DOUT. OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-433 



11:5118160AJ/~-70/80 

UPPER BYTE WRITE CYCLE (00 CONTROLLED WRITE) 

wm VIH -

VIL -

Note: DIN (1/09-1/016) = Don't Care 

DOUT = OPEN 

A-434 TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



11:5118160AJ/~-70/80 

LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 

VIH-~--~ 
m 

VIL -

oro, 

VIH 
AO-A9 

VIL 

VIH 
WlOTr 

VIL 

VIH 
~ 

VIL 

VIH -
----- OPEN ----+--+-+-~:t3(1 

VIL -

V01 

-V016 

VOH-
----- OPEN ---~ 

VOL -



1l:5118160AJ/}U!f-70/BO 

READ-MODIFY-WRITE CYCLE 

WAS 

AO-A9 

m 

1109 
-11016 

VIH ---!----L 

VIL-

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

VIL ----;;.... ___ ...,. _____ --!'_ .... ~'" 

VIH - _____ OPEN ___ -+-__ +-...... _~~I 
VIL -

VOH
-----OPEN -----c: 

VOL-

Note: DIN(1I01-1I08) = Don't Care 

Dour(II01-II08) = OPEN 

TOSHIBA AM!;RICA !;L!;CTRONIC COMPON!;NTS_ INC_ 



UPPER BYTE READ-MODIFY-WRITE CYCLE 

WAS 

m 

U01 
-VOl 

VIH-~---L 

VIL-

VIH ~----"------","",,"", 
VIL -. ____ ..,...-____ -..,. ___ ,...+_' 

VIH - _____ OPEN __ --+ __ +--;-_~~ 
VIL -

VOH-_____ OPEN 

VOL-

Note: DIN(IJ09-I/016) = Don't care 

DOUT(l/09-I/016) = OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 

TC5118160J\J/ AFr-70/BO 

A-437 



11:5118160AJ/}U!f-70/BO 

LOWER BYTE READ-MODIFY-WRITE CYCLE 

VIH-~--~ 
m 

VIL -

VIH 
AO-A9 

M 

VOl 
-V08 

A-4~R 

VIL 

VIH -~---....... -----~ 
VIL - _____ -,... _____ -,--~-+_ 

VIH
----- OPEN ---+--+--+-~:x.1 

VIL -

VOH-_____ OPEN ----C 

VOL-

Note: DIN(II09-1I0l6) = Don't care 

Dour(l/09-1I0l6) = OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



TC5118160J\J/ AFT-70/BO 

FAST PAGE MODE READ CYCLE 

'Om. 

VIH 
AO-A9 

VIL 

VIH 
WJmt 

VIL 

VOl VOH-_____ ---< 
-VOI6 VOL-

Note: DIN = OPEN 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

Note: DOUT = OPEN 



TC5118160AJ/ AFT-70/BO 

FAST PAGE MODE BYTE READ CYCLE 

AO-A9 

101 
-V08 

109 
-V016 

ILAAn 

Note: DIN. OPEN 

TnC!UIDA AUCDII'A CI CI'TDnUll'l'nIlIDnUCUTC! lUI' 



1l:5118160AJ/lU!r-70/BO 

FAST PAGE MODE BYTE WRITE CYCLE (EARLY WRITE) 

Note: DOUT = OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-441 



11:5118160AJ/P.U!r-70/SO 

FAST PAGE MODE READ·MODIFY·WRITE CYCLE 

AO-A9 VIH 

1101 
-VOl 

A-442 

VIL ---"J'''IL-...:lI-Yl-'=---~' 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



FAST PAGE MODE BYTE READ-MODIFY-WRITE CYCLE 

1109 
-1101 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

11:5118160AJ/JU7f-70/BO 

~:"W or "l" 

A-443 



11:5118160AJ/}U!f-70/BO 

HAS ONLY REFRESH CYCLE 

Note: lJVW, nt. -H" or "L" 

DIN. Don't Care 

DOUT-OPEN 

CAS BEFORE HAS REFRESH CYCLE 

1101- VOH =--___ )'\.------------ OPEN __________ _ 

11016 VOL-_ . 

DIN = Don't Care 
m before m refresh is performed when either um or rm me.U this timing. 

A-444 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



11:5118160AJ/}U!f-70/BO 

HIDDEN REFRESH CYCLE (READ) 

VIH 
)(AI 

VIL-

VIH-
~. 

Il:AI VIL -

VIH 
AO-A9 

VIL 

V IH 
WIOTl 

VIL 

VIH 
m 

V1L 

1101 VOH - __ --+ ___ ~ 
-11016 VOL -

Note: DIN. OPEN 

HIDDEN REFRESH CYCLE (WRITE) 

Note: DOUT. OPEN ~: -H- or -L-

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-445 



TC5118160l\J/ AF'I'-70/BO 

CAS BEFORE RAS REFRESH COUNTER TEST READ CYCLE 

AO-A9 

VIH -

VIL - _______ .,......_.,......~~_+_-----"'" 

1101 VOH - ___ OPEN ____ _+_~ 
-11016 VOL _ 

Nott: DIN. OPEN 

CAS BEFORE RAS REFRESH COUNTER TEST WRITE CYCLE 

Note: DOUT. OPEN 

A-446 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



1l:5118160AJ/lU!f-70/BO 

"CAS BEFORE HAS REFRESH COUNTER TEST READ-MODIFY-WRITE CYCLE 

uro. VIH 

~VIL 

AO-A9 

WJmt 

m 

1101 
-1/01 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VOH-____ _ 

VOL -

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-447 





rOSHIBA 11:5116160AJ/JU7f~/70/801 
1,048,576 WORD X 16 BIT DYNAMIC RAM 

DESCRIPTION 

The TC5116160AJ/AFT is the new generation dynamic RAM organized 1,048,576 word by 16 bit. The 
TC5116160AJ/AFT 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 TC5116160AJI AFT to be packaged in a standard 42 pin plastic SOJ, 
and 50/44 pin plastic TSOP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include single power supply of 
5V± 10% tolerance, direct interfacing capability with high performance logic families such as Schottky TTL. 

FEATURES KEY PARAMETERS 

1,048,576 word by 16 bit organization 
• Fast access time and cycle time 

Single power supply of 5V± 10% with a built
in V BB generator 
Low Power 

523m W MAX. Operating 
(TC5116160AJ/AFT-60) 
440m W MAX. Operating 
(TC5116160AJ/AFT-70) 
385m W MAX. Operating 
(TC5116160AJ/AFT-80) 
5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two-di
mensional chip selection 

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

• All inputs and outputs TTL compatible 
• 4096 refresh cyclesl16ms 
• Package TC5116160AJ : SOJ42-P-400 

TC5116160AFT: TSOP20-P-400 

ITEM 

tRAC RAS" Access Time 

tAA Column Address 

Access Time 

tcAC CAS Access Time 

tRc Cycle Time 

tpc Fast Page Mode 

Cycle Time 

Tn~"'IAA AUI=AIr.A 1=1 I=r.TRnNIC COMPON~NTS_ INC. 

TC5116160AJ/AFT 

-60 -70 -80 

60ns 70ns 80ns 

30ns 35ns 40ns 

15ns 200s 20ns 

lIOns 130ns 150ns 

40ns 45ns 50ns 

A-449 



1lC51161610AJ/AU!r-60/70/80 

PIN NAME 

AO-All Address Inputs 

lIAS Row Address Strobe 

UCP3 
Column Address Strobe /Upper 
Byte Control 

ITI\S 
Column Address Strobe fLower 
Byte Control 

WRITE ReadiWrite Input 

OE Output Enable 

IIOl-II016 Data Input/Output 

Vee Power (+5V) 

Vss Ground 

N.C. No Connection 

PIN CONNECTION (TOP VIEW) 

prastic SOJ Plastic TSOP 

vee vss vee Vss 
VOl V016 Val 1/016 
V02 V01S V02 V015 

V03 11014 
V03 11014 V04 11013 
1104 11013 V'i v8 
Vee Vss va v 12 
1105 11012 1106 11011 
1106 11011 1107 tlOl0 

1108 V09 
1107 11010 Ne Ne 
1101 1109 

NC Ne 
Ne 1Dl Ne NC WIOT( uro Ne p m M wm AllR A9R 

Al0R A8R Al1R A9R 
AO A7 A1UR AIR 

AO A7 Al A6 Al A6 
A2 AS A2 AS 
A3 A4 A3 A4 

Vee Vss Vee Vss 

A-450 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5116160AJ/P.U!f-60/70/80 

BLOCK DIAGRAM 

COLUMN 
8 DECODER 

SENSE AMP 
VOGATE 

MEMORY 

ARRAY 

4096x256x 16 

SUBSTRATE BIAS Vee 
GENERATOR Vss 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNIT NOTE 

Input Voltage VIN - 0.5-Vee+0.5 V 1 

Output Voltage VOUT - 0.5-V ee+O.5 V 1 

Power Supply Voltage Vee -0.5-7 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 900 mW 1 

Short Circuit Output Current I 50 rnA 1 OUT 

TOSHIBA AMf!RICA f!Lf!CTRONIC COMPONf!NTS. INC. A-451 



TC51161610AJ/AU!f-60/70/80 

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

SYMBOL PARAMETER 

Vcc Supply Voltage 

V IH Input High Voltage 

V IL Input LowVoltage 

*V cc+2.OV at pulse width s20ns (pulse width measured at Vee). 
**·2.0V at pulse width ~Ons (pulse width measured at Vee). 

MIN. 

4.5 

2.4 

-0.5** 

TYP MAX UNIT 

5.0 5.5 V 

- Vcc+O·5* V 

- 0.8 V 

NOTE 

2 

2 

2 

D.C. ELECTRICAL CHARACTERISTICS (Vee = SV ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX UNIT 

OPERATING CURRENT TC511610AJI AZl AFrAFfR-60 95 
I Average Power Supply Operating Current TC511610AJIAZlAFfAFfR-70 80 rnA CCI -

(RAS,"'CAS', Address Cycling: tRC=tRC MIN) TC511610AJIAZl AFrAFfR-80 - 70 

STANDBY CURRENT 
I Power Supply Standby Current 2 rnA CC2 

(RA'S'=CAS=v IH) 

RAS ONLY REFRESH CURRENT TC51 16IOAJIAZlAFrAFfR-60 95 
I Average Power Supply Current, RAS Only Mode TC511610AJIAZlAFrAFfR-70 80 rnA CC3 

(RAS Cycling,"'CAS'=VIH: tRC=tRC MIN.) TC511610AJIAZlAFrAFfR-80 - 70 

FAST PAGE MODE CURRENT TC511610AJIAZlAFrAFfR-60 - 75 
I Average Power Supply Current, Fast Page Mode TC5I 1610AJI AZlAFrAFfR-70 65 rnA CC4 -

(RAS =VIL,"'CAS', Address Cycling: tpc=tpc MIN.) TC5I 16IOAJIAZlAFrAFfR-80 55 

STANDBY CURRENT 
rnA I Power Supply Standby Current I CC5 

(RAS=CAS=V Cc-0.2V) 

CAS BEFORE'RAS REFRESH CURRENT TC511610AJI AZlAFrAFfR-60 95 
I Average Power Supply Current, CAS Before RA'S' TC511610AJI AZlAFrAFfR-70 - 80 rnA CC6 

Mode (RA'S', CAS, Cycling: tRC=tRC MIN.) TC5116IOAJIAZlAFrAFfR-80 - 70 

INPUT LEAKAGE CURRENT 
I Input Leakage Current, any input -10 10 IlA I(L) 

(OVSVIN~0.5V, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-10 10 IlA O(L) (DOUT is disabled, (OV~VOUT~5.5V), 

VOH 
OUTPUT LEVEL 

2.4 V 
Output "H" Level Voltage (lOUT=-5rnA) -

VOL 
OUTPUT LEVEL 

0.4 V 
Output "L" Level Voltage (IOUT=4.2rnA) 

-

A-452 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

NOTE 

3,4 
5 

3,5 

3,4 
5 
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TC5116160AJ/AU!f-60/70/80 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (Vee = 5V ± 10%, Ta = 0-70°C)(Notes 6,7,8) 

TC511610AJI AZI AFrAFfR 

SYMBOL PARAMETER -60 -70 -80 UNIT NOTE 

MIN MAX. MIN MAX MIN MAX 

tRC Random Read or Write Cycle Time 110 - 130 - 150 - ns 

tRMW Read-Modify-Write Cycle 135 - 155 - 175 - ns 

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

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

ns 

Access Time from RAS - 60 - 70 - 80 9,14, 
tRAc ns 

15 

teAC Access Time from CAS - 15 - 20 - 20 ns 9,14 

tAA Access Time from Column Address - 30 - 35 - 40 ns 9,15 

tePA Access Time from CAS Precharge - 35 - 40 - 45 - 9 

teLZ CAS to Output in Low-Z 0 - 0 - 0 - ns 9 

toFF Output Buffer Tum-off Delay 0 15 0 15 0 15 ns 10 

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

tRP RAS Presharge Time 40 - 50 - 60 - ns 

tRAs RAS Pulse Width 60 10,000 70 10,000 80 10,000 ns 

tRASP RAS Pulse Width (Fast Page Mode) 60 200,000 70 200,000 80 200,000 ns 

tRSH RAS Hold Time 15 - 20 - 20 - ns 

RAS Hold Time From""CAS" 35 - 40 - 45 -
tRHCP Precharge (Fast Page Mode) 

ns 

teSH CAS Hold Time 60 - 70 - 80 - ns 

teAS CAS Pulse Width 15 10,000 20 10,000 20 10,000 ns 

tRCD RAS to CAS Delay Time 20 40 20 50 20 60 ns 14 

RAS to Column Address Delay 15 30 15 35 15 40 15 tRAD Time 
ns 

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

tep CAS Precharge Time 10 - 10 - 10 - ns 

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

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

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

teAH Column Address Hold Time 10 - 15 - 15 - ns 

Column Address To RAS Lead 30 - 35 - 40 
tRAL Time 

ns 

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

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

Read Command Hold Time refer- 0 - 0 - 0 -
11 tRRH enced toRAS 

ns 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-453 



TC51161610AJ/P.U!r-60/70/80 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 

TC511610AJIAZJ AFfAFfR 

SYMBOL PARAMETER -60 -70 -80 UNIT NOTE 

MIN MAX. MIN MAX MIN MAX 

tWCH Write Command Hold Time 10 - 15 - 15 - ns 

twp Write Command Pulse Width 10 - 15 - 15 - ns 

tRWL Write Command to RAS' Lead Time 15 - 20 - 20 - ns 

tcWL Write Command to CAS' Lead Time 15 - 20 - 20 - ns 

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

tOH Data Hold Time 10 - 15 - 15 - ns 12 

tREF Refresh Period - 64 - 64 - 64 ms 

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

tcwo CAS' to WRITE Delay Time 40 - 45 - 45 - ns 13 

tRWD RAS'to WRITE Delay Time 85 - 95 - 105 - ns 13 

tAWD 
Column Address to WRITE Delay 

55 - 60 65 - ns 13 
Time 

tcPWD 
CAS' Precharge to WRI I E Delay 

60 - 65 - 70 - ns 13 
Time 

tcSR 
CAS' Set-up Time 

5 - 5 - 5 - ns 
(CAS" before RAS' Cycle) 

tcHR 
CAS' Hold Time 
(CAS' before RAS' Cycle) 

10 - 15 - 15 - ns 

tRPC RAS' to CAS' Precharge Time 5 - 5 - 5 - ns 

CAS' Precharge Time 

tcPT (CAS' before RAS' Counter Test 20 - 30 - 30 - ns 
Cycle 

tROH RAS Hold Time referenced to OE 10 - 10 - 10 - ns 

toEA OE Access Time - 15 - 20 - 20 ns 

toED OE to Data Delay 15 - 15 - 15 - ns 

toEZ 
Output buffer turn off Delay Time 

0 15 0 15 0 15 ns 10 
fromOE 

toEH Output Hold Time 15 - 15 - 15 ns 

toos Output Disable Set-up Time 0 - 0 - 0 ns 

CAPACITANCE (Vce = 5V ± 10%, f= IMHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN MAX UNIT 

CIl Input Capacitance (AO-All) - 5 

CI2 Input Capacitance (RAS', UCAS, I:CAS;WRITE, OE) - 7 pF 

Co Input Capacitance (I101-I1016) - 7 

A-454 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5116160AJ/ AF'T-60/70/80 

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. ICC}' ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=VIL• In case of ICC4' it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200J.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~5ns. 

8. Vm (min.) and V1L (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between Vm and VIL. 

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 for a read cycle. 

12. These parameters are referenced to UCAS' or:r:cAS leading edge in early write cycles and to WRITE 
leading edge in Read-Modify-Write cycles. 

13. twcs, tRWD, tcWD' tA WD and tcPWD are not restictive 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 output will remain open circuit (high impedance) through the entire cycle; If tRWD~tRWD (min.), 
tcWD~tcwD (min.), tAWD~tAWD (min.) and tcpwp~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 condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC 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!cAc· 

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• 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-455 



llC51161610AJ/AU!f-60/70/80 

TIMING WAVEFORMS 

READ CYCLE 

VIH-----~ 

m 
Vll-

VIH 
AO-A7 

ASR- VIH 

AllR VIL 

m VIH 

Vll --;,-____ ~----~...;;t'----+--"'" 

1101 VOH-____ OPEN ____ --+-_...( 
-11016 VOL -

Note: DIN = OPEN 

DATA-OUT 

A-456 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5116160AJ/AU!f-60/70/80 

UPPER BYTE READ CYCLE 

VIH ~-----:i. 
m 

VIL -

m- VIH-

V IL --;....-----,.--------,.-4I---+-"""'" 

VOH-1101 
----OPEN I------+---+--i~-+---------V08 VOL -

V09 VOH-_____ OPEN _____ +_~ 
-V016 VOL -

Note: DIN (1/01-1108) = Don't Care 

DIN (1/09-V016) = OPEN 

DATA· OUT 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-457 



1lC51161610AJ/~-60/70/80 

LOWER BYTE READ CYCLE 

VIH ~------:i. 
m 

VIL -

m VIH 
VIL --: _____ ....,. _____ .,..-...:p._-+...I:ii 

1101 VOH-_____ OPEN _____ +_~ 

-1108 VOL-
DATA· OUT 

1109 VOH- ____________________ _ ____ OPEN 

-11016 VOL-

A-458 

Note: DIN (1/01-1108) = OPEN 

DIN(1I09-1I016) = Don't care 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



UPPER BYTE WRITE CYCLE (EARLY WRITE) 

VIH -.-!----~ 
m 

VIL-

V09 VIH 

-V016 VIL 

Note: OIN (1101 -VOS) • Oon't Care 

DOUT = OPEN 

llC5116160AJ/P.U!r-60/70/80 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-459 



TC51161610AJ/P.U!r-60/70/80 

LOWER BYTE WRITE CYCLE (EARLY WRITE) 

UtAS, 
~ VIL-__ _ 

VIH 
AO-A7 

VIL 

AIR VIH 

-A11R VIL 

VIH m 
VIL 

1101 VIH 

-11016 VIL 

A-460 

Note: DOUT" OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5116160AJ/AU!r-60/70/80 

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 

~VIH-

Note: DIN (V01-VOS) = Don't Care 

Dour = OPEN 

~: "W or "L-

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A • .4A1 



1LC51161610AJ/~-60/70/80 

LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 

WImt VIH

VIL -

1101 
-1108 VIL 

A-462 

Note: DIN (1/09-1/016). Don't Care 

DOUT. OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5116160AJ/AU!r-60/70/80 

READ-MODIFY-WRITE CYCLE 

VIH-m 
VIL-

om. VIH-

llAJ VIL 

VIH 
AO-A7 

VIL 

AIR VIH 

-A11R VIL 

VIH 
Wlm 

VIL 

'Ol 
VIH-

VIL-

VIH - _____ OPEN --~~--+--4--~~ 
VIL -

1101 
-V016 

VOH-_____ OPEN ___ ~ 

VOL -

TOSHIBA AM!;RICA !;L!;CTRONIC CnM.,nNI=N~ INC 



TC51161610AJ/~-60/70/80 

UPPER BYTE READ-MODIFY-WRITE CYCLE 

W 

~ 

1/09 

-1/016 

A-4R4 

VIH~---"!Il 

VIL -

VIH ~----'------~ 

VIL -:----.,.------..,.......::1L-+_' 

VIH - _____ OPEN ----+---+---+-~mc1 
VIL -

VOH-_____ OPEN ___ ~ 

VOL-

Note: D1N(II01-1I08). Don't care 
DOUT (1/01 -1108) • OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



LOWER BYTE READ-MODIFY-WRITE CYCLE 

VIH~----i.. 
m 

VIL -

VIH 
AO-A7 

Vil 

AIR VIH 

-A11R Vil 

WRm 

m 

V01 
-V08 

VIH 

Vil 

VIH-

Vll-

VIH-
----- OPEN 

Vll-

VOH-
----- OPEN ---~ 

VOL-

Note: DIN (1/09-1/016) = Don't Care 

DouT (l/09-1I016) =OPEN 

TC5116160Aj/ AFT-60/70/80 

1/01 

-VO· 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-465 



TC51161610AJ/AU!f-60/70/80 

FAST PAGE MODE READ CYCLE 

1101 VOH - ______ --< 
-11016 VOL-

Note: DIN" OPEN 

A-466 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5116160AJ/AU!f-60/70/80 

FAST PAGE MODE BYTE READ CYCLE 

AO-A7 

V01 VOH-

----~------~--~~------~ -V08 VOL-

V09 VOH------------< -V016 VOL-

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-467 



TC51161610AJ/AU!r-60/70/80 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

Note: Dour. OPEN ~: -W or -L-

A-468 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5116160AJ/~-60/70/80 

FAST PAGE MODE BYTE WRITE CYCLE (EARLY WRITE) 

AO-A7 

A8R VIH 

-A11R VIL 

V01 VIH 
-V08 

VOg VIH 
-V016 

VIL 

Note: DouT = OPEN ~: -W or -L-

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-469 



TC51161610AJ/~-60/70/80 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

···vOj···· 

. AI,,··· ···vi .. ·· 
-A11R VIL. ---.. ... L......-2"" 

1101 
-';';1101 

- VOH-~----~~OVTl-------~~olrr~------~~OUT~--------
VOL -

A-470 TOSHIBA· AMERICA ELECTRONIC COMPONENTS, INC. 



TC5116160AJ/P.U!f-60/70/80 

FAST PAGE MODE BYTE READ-MODIFY-WRITE CYCLE 

AIR VIII ---I...Jj~, 

-A11R VIL 

-V 1101 i~:~ -
VOH-______ +--H __ -H ______ ~DoUT~----~--_H--_+~-------
VOL -

1109 
-V016 

VOH-______ ~~~l~~----____ ------------_1~()UT~----------
VOL -

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-471 



TC51161610AJ/~-60/70/80 

RAS ONLY REFRESH CYCLE 

Note: WKm, m - -H- or -l

OIN - Don't eare 
DOUT-OPEN 

CAS BEFORE RAS REFRESH CYCLE 

D3' 
VIL 

~, 

rro 

1/01- VO~ 

> 1/016 VOL-
~---------------------------------OPEN-----------~-------------

Note: WIUn, m, AO-A7,A8R-AHR_"W or -l-
DIN. Don't eare 
m before D3' refresh is performed when either lR73' or rro meets this timing. 

A-472 TOSHIBA AMERICA ELECTRONI.C COMPONENTS, INC. 



TC5116160AJ/AU!f-60/70/80 

HIDDEN REFRESH CYCLE (READ) 

VIH -----....---""" 
M 

VIL --;.---..,.----r-~-+-------&-' 

V01 VOH-

-V016 VOL _---1------4 DATA-OUT 

Note: DIN. OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-473 



1lC51161610AJ/AU!f-60/70/80 

HIDDEN REFRESH CYCLE (WRITE) 

Note: DOUT. OPEN 

06 • .47.4 TOSHIAA AMI!;RICA I!;LI!;CTRONIC COMPONI!;NTS. INC. 



TC5116160AJ/AU!r-60/70/80 

CAS BEFORE HAS REFRESH COUNTER TEST READ CYCLE 

VIH 

m 
VIL 

um. VIH 

rro VIL 

AO-A7 
VIH 

VIL 

WJmt 
VIH 

VIL 

'0( 
VIH 

VIL 

U01 VOH - ___ _ 

-11016 VOL _ 

Note: A8R-A11R. -W or -L
OIN-OPEN 



TC51161610AJ/AJ!r-60/70/80 

CAS BEFORE RAS REFRESH COUNTER TEST WRITE CYCLE 

VIH ---~ 104----------.,;:;=--------t ..r--:toL 

VIL 

AO-A7 

1101 V1H"-

-11016 VIL 

A-476 

Note: A8R-A11R. "H- or"L
DOUT=OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5116160AJ/AU!f-60/70/80 

CAS BEFORE HAS REFRESH COUNTER TEST READ-MODIFY-WRITE CYCLE 

VIN 

m 
VIL 

~. 
VIN 

rro VIL 

VIH 
AO-A7 

VIL 

wmr VIH 

VIL 

~ 
VIH 

VIL 

V IH 

VIL 
1101 

-1101 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-477 





TOSHIBA 
TC511818 OAT/ AFr-70/80 I 

1,048,576 WORD X 18 BIT DYNAMIC RAM 

DESCRIPTION 

The TC5118180AJIFf is the new generation dynamic RAM organized 1,048,576 word by 18 bit. The 
TC5118180AJ/AFT 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 TC5118180AJ/AFT to be packaged in a standard 40 pin plastic SOJ, and 50/44 pin plastic TSOP. 
The package size provides high system bit densities and is compatible with widely available automated testing 
and insertion equipment. System oriented features include single power supply of 5V± 10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL, 

FEATURES 

1,048,576 word by 4 bit organization 
• Fast access time and cycle time 
• Single power supply of 5V± 10% with a built

in V BB generator 
Low Power 

825mW MAX .Operating 
(TC5118180AJ/AFT-70) 
715mW Max. Operating 
TC5118180AJI AFT -80 
5.5mW Max. Standby 

• Outputs unlatched at cycle end allows two-di
mensional chip selection 

• Read-Modify-Write, cxg before RAS' refresh, 
RAS'-only refresh, Hidden refresh, Fast Page 
Moode capability 

• All inputs and outputs TTL compatible 
1024 refresh cyclesl16ms 

• Package TC5118180AJ : SOJ42-P-400 
TC5118180AFT: TSOP50-P-400 

KEY PARAMETERS 

ITEM 

tRAC RAS' Access Time 

tAA Column Address 

Access Time 

tcAC cxg Access Time 

tRc Cycle Time 

tpc Fast Page Mode 

Cycle Time 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 

TC5118180AJ/AFT 

-70 -80 

70ns 80ns 

35ns 40ns 

20ns 20ns 

130ns 150ns 

45ns 50ns 

A-47Q 



TC5118180AJ/ AFT-70/80 

PIN NAME 

AO-A9 Row Address Strobe 

RAS Row Address Strobe 

UCAS" Upper Byte Control 

LCAS Lower Byte Control 

WRITE Read/Write Input 

'DE Output Enable 

1/01-1/018 Data Input/Output 

Vee Power (+ 5V) 

Vss Ground 

N.C. No Connection 

PIN CONNECTION (TOP VIEW) 
Plastic SOJ Plastic TSOP 

vee vss vee Vss 
1/01 11018 1101 11018 

1/02 11017 1102 1/017 1/03 1/016 
1/03 1/016 1104 11015 
1/04 1/015 Ve~ Vss 
Vee 1/0 11014 
1/05 1/06 11013 

1/07 11012 1/06 1108 1/011 
1107 1/09 11010 
1/08 
1109 

NC NC NC W{ NC Iro m WJUn om 
NC m M 
NC NC A9 
AO NC A8 

AO A7 
Al Al A6 
A2 A2 AS 
A3 A3 A4 

Vee Vss Vee Vss 

A-480 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



BLOCK DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL 

Input Voltage VIN 

Output Voltage VOUT 

Power Supply Voltage Vee 

Operating Temperature TOPR 

Storage Temperature TSTG 

Soldering Temperature - Time TSOLDER 

Power Dissipation Po 

Short Circuit Output Current I 
OUT 

COLUMN 
10 DECODER 

ARRAY 

1024x 1024x 16 

SUBSTRATE BIAS 
GENERATOR 

RATING 

-0.5-Vee + 0.5 

-0.5-Vee + 0.5 

-0.5-7 

0-70 

-55-150 

260 -10 

900 

50 

TC5118180AJ/AU!f-70/80 

Vee 

Vss 

UNIT 

V 

V 

V 

°C 

°C 

°C - sec 

mW 

rnA 

NOTE 

1 

1 

1 

1 

1 

1 

1 

1 



TC5118180AJ/ AFT-70/80 

RECOMMENDED D.C. OPERATING CONDITION (Ta = 0-70°C) 

SYMBOL PARAMETER 

Vcc Supply Voltage 

VIH High Level Input Voltage 

VIL Low Level Input Voltage 

* v cc + 2.0V at pulse width ~ 2Ons. (pulse width is measured at V cd 
** -2.0V atpulse width S20rts. (pulse width is measured at OV) 

MIN. TYP MAX 

4.5 5.0 5.5 

2.4 - Vcc+O·5* 

-0.5** - 0.8 

UNIT NOTE 

V 2 

V 2 

V 2 

D.C. OPERATING CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT NOTE 

OPERATING CURRENT I TC5118180AJ/AFf·70 - 150 
3,4 I Average Power SUJl>ly Operating O.mmt I TC5118180AJ/AFf-80 130 rnA CCI -
5 

(RAS,1JCAS, 'l:Ci\S Addrs. Cycling: ~c=tRc MIN) 

STANBY CURRENT 
I Power Supply Standby Current 2 rnA CC2 

(Rj\S=UCAS='l:Ci\S= V IH) 

RAS ONLY REFRESH CURRENT I TCS 118180AJ/AFf-70 - 150 
I Average PowerSupply O.mmt (RAS Only Mode I TC5118180AJ/AFf-SO - 130 rnA 3,5 CC3 

(RAS:Cycling, UOO,=r:cAS\TIH: ~c=tRc MIN) 

FAST PAGE MODE CURRENT I TC5118180AJ/AFf-70 - 85 
I Average Power Supply Om:ent, R&Page Mode I TC5118180AJ/AFf-SO - 75 rnA 3,4,5 CC4 

(RAS= VIL, 1JCAS, IrASMIrs.Cycling: ~ MIN) 

STANDBY CURRENT 

Iccs Power Supply Standby Current, 1 rnA 
(Rj\S=UCAS='l:Ci\S= V Cc-0.2V) 

CAS BEFORE RAS REFRESH CURRENT I TC5118180AJ/AFf-70 150 
I Average Power Supply Current, CAS Before I TC5118180AJ/AFf-80 - 130 rnA 3,5 CC6 

RAS Mode <RAS, UCAS:r:rAS,Cycling: tRc=tRC 

mpUTLEAKAGECURRENT 
I Input Leakage Current, any input -10 10 ~ 

f---
I(L) 

(OV~ VINS V CC, All Other Pins Not Under Test=OV f---

IO(L) OUTPUT LEAKAGE CURRENT 
-10 10 ~ (DOUT is disabled, ~ OV ~ VOUT ~ V CC 

VOH OUTPUT LEVEL 
2.4 V 

(Output "H" Level Voltage (lOUT = 5mA) -
VOL OUTPUT LEVEL 

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

CAPACITANCE *(TCC= 5V± 10%, f= IMHz, Ta = 0-70°c) 

SYMBOL PARAMETER MIN MAX UNIT 

Cn Input Capacitance (AO -A9) - 5 pF 

CI2 Input Capacitance (RAS, UCAS, :r:cAS, WRITE, OE) - 7 pF 

Co Input/Output Capacitance (1101-11018) - 7 pF 

A-482 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5118180AJ/ AFr-70/80 

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

TC5118180AJIAFT 

SYMBOL PARAMETER -70 -80 UNIT NOTES 

MIN MAX. MIN MAX 

tRc Random Read or Write Cycle Time 130 - 150 - ns 

tRMW Read-Modify-Write Cycle 185 - 205 - ns 

tpc Fast Page Mode Cycle Time 45 - 50 - ns 

tpRMW Fast Page Mode Read-Modify-Write Cycle Time 100 - 105 - ns 

tRAC Access Time from RAS - 70 - 80 ns 9,14,15 

tcAC Access Time from CAS" - 20 - 20 ns 9,14 

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

tePA Access Time from CAS" Precharge - 40 - 45 - 9 

tcLZ CAS" to Output in Low-Z 0 - 0 - ns 9 

!oFF Output Buffer Tum-off Delay 0 15 0 15 ns 10 

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

tRP RAS Presharge Time 50 - 60 - ns 

tRAS RAS Pulse Width 70 10,000 80 10,000 ns 

tRAsp RAS Pulse Width (Fast Page Mode) 70 100,000 80 100,000 ns 

tRSH RAS Hold Time 20 - 20 - ns 

tRHCP 
RAS Hold Time From""CAS 40 - 45 -
Precharge (Fast Page Mode) 

ns 

teSH CAS" Hold Time 70 - 80 - ns 

teAS CAS" Pulse Width 20 10,000 20 10,000 ns 

tRCD RAS to CAS" Delay Time 20 50 20 60 ns 14 

tRAD RAS to Column Address Delay Time 15 35 15 40 ns 15 

teRP CAS" to RAS Precharge Time 5 - 5 ns 

tcp CAS" Precbarge Time 10 - 10 - ns 

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

tRAH Row Address Hold Time 10 - 10 - ns 

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

teAH Column Address Hold Time 10 - 15 - ns 

tRAL Column Address To RAS Lead Time 35 - 40 - 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 - 15 - ns 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-483 



TC5118180AJ/~-70/80 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 

TC5118180AJ/AFT 

SYMBOL PARAMETER -70 -80 UNIT NOTES 

MIN MAX MIN MAX 

twp Write Command Pulse Width 15 - 15 - ns 

tRWL Write Command to RAS' Lead Time 20 - 20 - ns 

tcWL Write Command to CAS Lead Time 20 - 20 - ns 

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

tOH Data Hold Time 15 - 15 - ns 12 

tREF Refresh Period - 8 - 8 ns 

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

tcWD CAS to WRITE Delay Time 50 - 50 - ns 13 

tRWD RAS to WRITE Delay Time 100 - 110 - ns 13 

tAWD Column Address to WE Delay Time 65 - 70 - ns 13 

tcPWD CAS Precharge to WRIIE Delay Time 70 - 75 - ns 13 

tcSR CAS Set-Up Time ~ before RAS' Cycle) 5 - 5 - ns 

tcHR CAS Hold Time (CAS before RAS' Cycle) 15 - 15 - ns 

tRPC RAS' to CAS Precharge Time 5 - 5 - ns 

tcPT 
CAS Precharge Time (CAS before RAS' 

30 - 30 - ns 
Counter Test Cycle 

tROH RAS' Hold Time referenced to OE 10 - 10 ns 

toEA OE Access TIme - 20 0 20 ns 9 

toED OE to Data Delay 20 - 20 - ns 

toEZ Output buffer turn off Delay Time from OE 0 20 0 20 ns 10 

toEH OE Command Hold Time 20 - 20 - ns 

toos Output Disable Set-Up Time 0 - 0 - ns 

A-484 TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



TC5118180AJ/ AFT-70/80 

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' ICC6 depend on cycle rate. 

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

5. Address can be changed one or less while RAS"=VIL. In case of ICC4' it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200~s 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 VIH and VIL. 

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 for a read cycle. 

12. These parameters are referenced to UCAS" or LCASleading edge in early write cycles and to WRITE 
leading edge in Read-Modify-Write cycles. 

13. twcs, tRWD, tcWD' tAWD and tcPWD are not restictive 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 output will remain open circuit (high impedance) through the entire cycle; If tRWD~tRWD (min.), 
tcWD~tcWD (min.), tAWD~AWD (min.) and tcPWP~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 condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC 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-

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-485 



TC5118180AJ/AU!f-70/80 

READ CYCLE 

VIH ---!-----L 
m 

VIL -

'M 
VIH ~-----...... ------'"' 

VIL -. _____ ~-_--_,.. _____ -+--

IIOt VOH-

---- OPEN ------t-~ -VOtS VOL-
DATA-OUT 

Note: DIN. OPEN 

A-486 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5118180AJ/ AFT-70/80 

UPPER BYTE READ CYCLE 

VIH~----~ 

m 
VIL-

VIH 
AO-A9 

VIL 

WJl1T[ 
VIH 

VIL 

M VIH-

VIL -';..... _____ .,..-____ ...,......;::j5.. _ _+_~ 

VOH-1101 ____ OPEN 1-____ ~---+__1---+---------
-1109 VOL-

11010 VOH-
----- OPEN -----+----c 

-11018 VOL-

Note: DIN (1101-1/09) = Don't care 
DIN(II010-1/018) =OPEN 

DATA-OUT 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-487 



TC5118180J\J/ AFT-70/80 

LOWER BYTE READ CYCLE 

VIH ----::-----'3l. 
m 

VIL -

m VIH 

VIL --;~----~------r---jl--+-", 

1101 VOH-
----- OPEN -----_+_~ 

-1109 VOL-
DATA-OUT 

11010 VOH-____ OPEN _____________________ _ 

-11018 VOL-

Note: DIN (1/01-1/09) = OPEN 

DIN (11010-1/018) = Don't Care 

A-488 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5118180AJ/ AFT-70/80 

WRITE CYCLE (EARLY WRITE) 

VIH 
AO-A9 

VIL 

VIH 
WRi'n 

VIL 

M 
VIH 

VIL 

1101 VIH 

-11018 VIL 

~: "Wor"L" 

Note: DOUT. OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-489 



TC5118180AJ/~-70/80 

UPPER BYTE WRITE CYCLE (EARLY WRITE) 

VIH _~----:!l 
m 

VIL -

VIH 
AO-A9 

VIL 

VIH wmr 
VIL 

V010 VIH 

-V01S VIL 

A-490 

Note: DIN(1I01-V09)-Don't Care 

DOUT. OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



LOWER BYTE WRITE CYCLE (EARLY WRITE) 

m 
VIH-~---~ 

VIL -

Note: D1N(lJ010-V018)-Don'tCare 

DOUT - OPEN 

TC5118180AJ/ AFT-70/80 
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TC5118180AJ/ AFr-70/80 

WRITE CYCLE (OE CONTROLLED WRITE) 

Note: Dour = OPEN ~: "H- or "L-

A-492 TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



TC5118180AJ/ AFT-70/80 

UPPER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 

WImt VIH

VIL -

11010 VIH 

-11018 VIL 

Note: DIN (1101-1109) .. Don't Care 

DOUT" OPEN 

Tn~"'IRA AM!;RICA !;L!;CTRONIC COMPONENTS. INC. A-493 



TC5118180AJ/ AFT-70/80 

LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 

m VIH
-

VIL -

rro VIH-

VIL-__ _ 

AO-A9 VIH 

VIL 

M VIH 

VIL 

1101 VIH 

-1109 VIL 

Note: DIN (11010-11018) .. Don't Care 

DOUT" OPEN 

A·494 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC51181801\J/ AF'T-70/80 

READ-MODIFY-WRITE CYCLE 

VIH _------i.. 
m 

VIL -

VIH 
AO-A9 

VIL 

VIH 
W'lU'n 

VIL 

VIH-
m 

VIL -

V 1H -
----- OPEN ----i--+--+-~~ 

VIL -
V01 
-0018 

VOH-
----- OPEN ----"I 

VOL-

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-495 



TC5118180AJ/~-70/80 

UPPER BYTE READ-MODIFY-WRITE CYCLE 

AO-A9 

wmr 

l)! 

1101 
-1109 

A-496 

VIM 

VIL 

VIH 

VIL 

VIM 

VIL 

Note: DIN(1I010-I/018) = Don't Care 

DouT (11010-11018) = OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



TC5118180AJ/AU!f-70/80 

LOWER BYTE READ-MODIFY-WRITE CYCLE 

AO-A9 

WJm'E' 

m 

VOl 
-VOg 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

Note: DIN(I/010-V018) .. Don't Care 

DouT (V010-I/018) = OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-497 



TC5118180AJ/ AFT-70/80 

FAST PAGE MODE READ CYCLE 

VIH

'Or VIL -~-""'---"""':~-+~---r~-r-+rr.:::--rt.:'::~ 

V01 VOH-
-1/018 VOL-------~ 

Note: DIN. OPEN 

A-498 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5118180AJ / AFT-70/80 

FAST PAGE MODE BYTE READ CYCLE 

VIH 
Ao-A9 

VIL 

V1H 
WIUTr 

V1L 

1101 VOH-

-----~------~--~~------~ -1109 VOL-

11010 VOH-
----------~ -11018 VOL-

Note: DIN = OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-499 



TC5118180AJ/~-70/80 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

Note: DOUT. OPEN 

A-SOO TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5118180AJ/ AFT-70/80 

FAST PAGE MODE BYTE WRITE CYCLE (EARLY WRITE) 

Note: DOUT = OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-501 



TC5118180AJ/~-70/80 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

1101 
-1101 

A-502 

VOH -----f.i~OIUT11>-----f!OO:loUT~>_---~(p0U1rtt_---
VOL -

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



TC51181801\J / AFT-70/80 

FAST PAGE MODE BYTE READ-MODIFY-WRITE CYCLE 

VOH --~------~rc:.~----------------------~~O'~--::~------VOL -- ~: -W or -L-



TC5118180AJ/AU!r-70/80 

IUS ONLY REFRESH CYCLE 

Note: ~, M."H" or "L" 
DIN" Don't Care 

OOUT-OPEN 

CAS BEFORE IUS ONLY REFRESH CYCLE 

L'01- VOH ~ __ ~)~-----------------------OPEN----------------------
L'018 VOL 

Note: WIUTt, M, AO-A9 = HW or HL· 

DIN = Don't Care 
m before '!til refresh is performed when either ~ or rm meets this timing. 

A-504 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5118180AJ/ AFT-70/80 

HIDDEN REFRESH CYCLE (READ) 

VIH --!'--~---""" 
'Ol 

VIL -. ___ ---...,..+--+------~ 

V01 VOH ----1-----.-< 
-VOta VOL _ 

DATA· OUT 

Note: DIN = OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-50S 



TC5118180AJ/AU!r-70/80 

HIDDEN REFRESH CYCLE (WRITE) 

wmTl 
VIH 

VIL 

m 
VIH 

VIL 

Note: DOUT = OPEN 

A-506 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5118180J\J/ AFr-70/80 

CAS BEFORE HAS REFRESH COUNTER TEST READ CYCLE 

VIH 
WAS 

VIL 

om, VIH 

tm VIL 

VIH 
AO-A9 

VIL 

W'IOTr 
VIH 

VIL 

"Of 
VIH 

VIL 

1101 VOH-

-11018 VOL _----

Note: DIN. OPEN 



TC51181BOAJ/ AFT-70/BO 

CAS BEFORE RAS REFRESH COUNTER TEST WRITE CYCLE 

Note: DOUT = OPEN 

A-50B TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



TC5118180AJ/ AFT-70/80 

CAS BEFORE RAS REFRESH COUNTER TEST READ-MODIFY-WRITE CYCLE 

VIH 

m 
VIL 

om, VIH 

~VIL 

AG-A9 

WIUTE' 

M 

1101 
-V01 

VIH 

V 1L 

VIH 

V 1L 

V1H 

V 1L 

VOH -

VOL -
-----

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-S09 





TOSHIBA 

1,048,576 WORD X 18 BIT DYNAMIC RAM 

DESCRIPTION 
The TC5116180AJ/AFr is the new generation dynamic RAM organized 1,048,576 word by 18 bit. The 

TC5116180AJ/AFr 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 TC5116180AJ/AFr to be packaged in a standard 42 pin plastic SOJ, and 50/44 pin plastic TSOP. 
The package size provides high system bit densities and is compatible with widely available automated testing 
and insertion equipment. System oriented features include single power supply of 5V± 10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 

FEATURES 

1,048,576 word by 4 bit organization 
• Fast access time and cycle time 
• Single power supply of 5V± 10% wi~ a built

in V ss generator 
Low Power 
578mW MAX .Operating 
(TC5116180AJIAVAFr/ATR-60) 
495mW Max. Operating 
(TC5116180AJIAVAFr/ATR-70 
440mW Max. Operating 
(TC5116180AJIAVAFr/ATR-80 
5.5mW Max. Standby 

• Outputs unlatched at cycle end allows two-di
mensional chip selection 

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

• All inputs and outputs TTL compatible 
• 4096 refresh cycles/16ms 
• Package TC5116180AJ : SOJ42-P-400 

TC5116180AFr :TSOP50-P-400 

KEY PARAMETERS 

ITEM 

tRAc RAS' Access Time 

tAA Column Address 

Access Tune 

tcAC CAS' Access Time 

tRC Cycle Tune 

tpc Fast Page Mode 

Cycle Tune 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 

TC5116180AJ/AFr 

-60 -70 

60ns 70ns 

30ns 40ns 

15ns 20ns 

110ns 1500s 

400s 50ns 

A-S11 

-80 

80ns 

40ns 

20ns 

1500s 

50ns 



TC5116180AJ/AU!r-60/70/80 

PIN NAME 

AO-All Address Inputs 

RAS Row Address Strobe 

UCAS Upper Byte Control 

LCAS Lower Byte Control 

WRITE Read/Write Input 

UE Output Enable 

1/01-1/018 Data Input/Output 

Vee Power (+ 5V) 

Vss Ground 

N.C. No Connection 

PIN CONNECTION (TOP VIEW) 
Plastic SOJ 

Vee 
V01 
V02 
1/03 
V04 
Vee 
V05 
V06 
V07 
V08 
V09 

NC 
W1m'! 

m 
A11R 
A10R 

AO 
Al 
A2 
A3 

Vee 
---....-----'~ 

VSS 
V018 
V017 
11016 
V015 

Vee 
VOl 
V02 
1/03 
V04 
Vee 
V05 
1106 
V07 
V08 
V09 

NC 
NC wm 

AllR 
Al0R 

AO 
A1 
A2 
A3 

Vee 

Plastic TSOP 

A-512 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

ViS 
V018 
V017 
V016 
V015 
ViS 
V014 
V013 
V012 
1/011 
V010 

NC 

SF 
A9R 
A8R 
A7 
A6 
AS 
A4 
VSS 



TC5116180AJ/~-60/70/80 

BLOCK DIAGRAM 

COLUMN 
8 DECODER 

SENSE AMP 
VOGATE 

MEMORY 

ARRAY 

4096)( 256)( 16 

SUBSTRATE BIAS Vee 
GENERATOR Vss 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNIT NOTE 

Input Voltage VIN - 0.5-V ee + 0.5 V 1 

Output Voltage VOUT - 0.5-Vee + 0.5 V 1 

Power Supply Voltage Vee -0.5-7 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 900 mW 1 

Short Circuit Output Current I 50 rnA 1 OUT 



TC5116180AJ/~-60/70/80 

RECOMMENDED D.C. OPERATING CONDITION (Ta = 0-70°C) 

SYMBOL PARAMETER 

Vee Supply Voltage 

VIH High Level Input Voltage 

VIL Low Level Input Voltage 

*v cc+2.OV at pulse width S20ns (measured at V cd 
**-2.0V at pulse width S20ns (measured at V cc) 

MIN. TYP MAX 

4.5 5.0 5.5 

2.4 - Vee+O·5* 

-0.5** - 0.8 

UNIT NOTE 

V 2 

V 2 

V 2 

D.C. OPERATING CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT NOTE 

OPERATING CURRENT TCSl161S0AJ/AFr-60 105 
3,4 I Average Power SuwJy 0penlIing Ommt TCSl16180AJ/AFr-70 90 rnA eel - 5 

(RAS, UCAS, r:rAS' AddIs. Cycling: ~c=tRe MIN) TCSI16IS0AJ/AFr-SO 80 

STANBY CURRENT 
I Power Supply Standby Current - 2 rnA CC2 

(RAS"=~=r:rAS'= V IH) 

RAS" ONLY REFRESH CURRENT TCS 1161SOAJ/AFr-60 - 105 
I Average Power SuppIy Ommt(RAS Only MxIe TCS 1161S0AJ/AFr-70 - 90 rnA 3,5 CC3 

(RAS:Cycling, UCAS,=r:cAS"VIH: ~c=tRc MIN) TCS 1161S0AJ/AFr-SO 80 

FAST PAGE MODE CURRENT TCSl161S0AJ/AFr-60 - 80 
I Average PowerSuwJyOment. FINPageMxle TCS1161S0AJ/AFr-70 - 70 rnA 3,4,5 CC4 

(RAS= VIL, "UCAS, t::n\SMb.Cycling: ~ MIN) TCS 1161S0AJ/AFr-SO - 60 

STANDBY CURRENT 
I Power Supply Standby Current, 1 rnA CC5 

(RAS"=~=r:rAS'= Vee-0.2V) 

CAS BEFORE RAS" REFRESH CURRENT TCSl161SOAJ/AFI'-60 - 105 
I Average Power Supply Current, CAS Before TCS 1161S0AJ/AFr-70 - 90 rnA 3,5 CC6 

RAS" Mode (RAS, UCAS, ~,Cycling: tRc:tR.e TCSl16180AJ/AFf-SO 80 
INPUT LEAKAGE CURRENT 

I Input Leakage Current, any input -10 10 JLA I--
I(L) 

(OV:S; VIN:S; Vec, All Other Pins Not Under Test=OV) r--

IO(L) OUTPUT LEAKAGE CURRENT 
-10 10 JLA (DOUT is disabled, :s; OV:S; VOUT:S; V CC 

VOH OUTPUT LEVEL 
2.4 V 

(Output "H" Level Voltage (lOUT = 5mA) -

VOL OUTPUT LEVEL 
0.4 V 

(Output "L" Level Voltage (lOUT = 4.2mA) -

A-S14 TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



TC5116180AJ/AU!r-60/70/80 

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

TC5116180AJ/AFf 

SYMBOL PARAMETER -60 -70 -80 UNIT NOTE 

MIN MAX. MIN MAX MIN MAX 

tRC Random Read or Write Cycle Time 110 - 130 - 150 - ns 

tRMw Read-Modify-Write Cycle 155 - 180 - 200 - ns 

tpc Fast Page Mode Cycle Time 40 - 45 - 50 - ns 

tpRMW Fast Page Mode Read-Modify-Write Cycle Time 85 - 90 - 100 - ns 

tRAC Access Time from ~ 
60 70 80 

9,14, - - - ns 
15 

teAC Access Time from CAS - 15 - 20 - 20 ns 9,14 

tAA Access Time from Column Address - 30 - 35 - 40 ns 9,15 

tePA Access Time from CAS Precbarge - 35 - 40 - 45 - 9 

tcLz CAS to Output in Low-ZData Hold Time 0 - 0 - 0 - ns 9 

toFF Output Buffer Tum-off Delay 0 15 0 15 0 15 ns 10 

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

tRP ~ Presbarge Time 40 - 50 - 60 - ns 

tRAS ~ Pulse Width 60 10,000 70 10,000 80 10,000 ns 

tRASP ~ Pulse Width (Fast Page Mode) 60 100,000 70 100,000 80 100,000 ns 

tRSH ~HoldTime 15 - 20 - 20 - ns 

tRHCP ~ Hold Time From"'CAS' Precbarge 
35 - 40 - 45 - ns 

(Fast Page Mode) 

teSH CAS Hold Time 60 - 70 - 80 - ns 

teAS CAS Pulse Width 15 10,000 20 10,000 20 10,000 ns 

tRCD ~ to CAS Delay Time 20 45 20 50 20 60 ns 14 

tRAD ~ to Column Address Delay Time 15 30 15 35 15 40 ns 15 

teRP CAS to ~ Precbarge Time 5 - 5 5 ns 

tcP CAS Presbarge Time 10 - 10 - 10 - ns 

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

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

tASH Column Address Set-up Time 0 - 0 - 0 - ns 

teAH Column Address Hold Time 10 - 15 - 15 - ns 

tRAL Column Address To RAS Lead Time 30 - 35 - 40 - ns 

tRCS Read Command Set-up Time 0 - 0 - 0 - ns 

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

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

tWCH Write Command Hold Time 10 - 15 - 15 - ns 



TC5116180AJ/~-60/70/80 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING 
CONDITIONS (CONT) 

TC5116180AJI AFf 

SYMBOL PARAMETER -60 -70 -80 UNIT NOTE 

MIN MAX. MIN MAX MIN MAX 

twp Write Command Pulse Width 10 - 15 - 15 - os ... 

tRWL Write Command to IV3 Lead Time 15 - 20 - 20 - os 

tcWL Write Command to CAS Lead Time 15 - 20 - 20 - os 

tos Data Set-up Time 0 - 0 - 0 - os 12 

tOH Data Hold Time 15 - 15 - 15 - os 12 

tREF Refresh Period - 64 - 64 . - 64 os 

twcs Write Command Set-up Time 0 - 0 - 0 - os 13 

tcWD CAS to WRITE Delay Time 40 - 45 - 45 - os 13 

tRWD IV3 to WRl IE Delay Time 85 - 95 - 105 - os 13 

tAWD Column Address to WRITE Delay Time 55 - 60 - 65 - os 13 

tcPWD CAS Precharge to WRl I'E Delay Time 60 - 65 - 70 - os 13 

tcSR CAS Set-up Time 
5 - 5 - 5 - os 

~ before IV3 Cycle) 

tcHR CAS Hold Time 
10 15 15 

(CAS" before IV3 Cycle) - - - os 

tRPC IV3 to CAS Precharge Time 5 - 5 - 5 - os 

tcPT CAS Precharge Time 
20 - 30 - 30 - os 

(CAS" before IV3 Couoter Test 

tROH IV3 Hold Time refereoced to OE 10 - 10 - 10 - os 

toEA OE Access Time - 15 - 20 - 20 os 

toED OE to Data Delay 15 - 15 - .15 - os 

toEZ Output buffer turn off Delay Time 
0 15 0 15 0 15 os 10 

fromOE 

toEH OE Command Hold Time 15 - 15 - 15 - os 

toos Output Disable Set-up Time 0 - 0 - 0 - os 

CAPACITANCE *(TcC= 5V± 10%, f= IMHz, Ta = 0-70°c) 

SYMBOL PARAMETER MIN MAX UNIT 

Cil Input Capacitance (AO -A9) - 5 pF 

CI2 Input Capacitance (lV3, UCAS', r:cAS', WRITE, OE) - 7 pF 

Co Input/Output Capacitance (1101-1/018) - 7 pF 

A-516 TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



TC5116180AJ/~-60/70/80 

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. ICClo ICC3 ' Icc4, ICC6 depend on cycle rate. 

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

5. Address can be changed one or less while RAS=VIL. In case of ICC4' it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200IlS 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. V1H (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 l00pF. 

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 UCAS or lAS leading edge in early write cycles and to WRITE 
leading edge in Read-Modify-Write cycles. 

13. twcs, tRWD' tcWD' tAWD and tcPWD are not restictive 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 output will remain open circuit (high impedance) through the entire cycle; If tRWD>tRWD (min.), 

tcWD>tcWD (min.), tAWD>tAWD (min.) and tcPWP>tcPWDD (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 condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAc 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 lcAC' 

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" 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-517 



1lC5116180AJ/}U!f-60/70/80 

READ CYCLE 

VIH~----~ 
m 

VIL -

~, VIH-

~VIL-

AlR- VIH 

A11R VIL 

'Of VIH 

VIL ':"'". - _______ po-----.,.-....::II.-..... ...-.:; 

V01 VOH-
----OPEN ----~t__~W&i:XI DATA-OUT 

-V018 VOL - l'------~ 

Note: DIN = OPEN 

A-518 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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UPPER BYTE READ CYCLE 

VIH-----~ 
m 

V1L -

m V1H -~----..... -----~ 

VIL -'-----.....,-----..,...-,;;p ...... --i~ 

1/01 VOH-
----OPEN 1------I----,....-4--~~-------

-1109 VOL -

11010 VOH-
----- OPEN -----+_~ 

-11018 VOL -

Note: DIN(1/01-1I09) • Don't care 

DIN(U010-1I018) .OPEN 

DATA-OUT 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-519 



TC5116180AJ/AU!r-60/70/80 

LOWER BYTE READ CYCLE 

VIH _~-----!il 
m 

VIL -

m 
VIH ~ _____ -I... ____ --L.,",,\ 

VIL --: _____ ...,.. _____ ,--...:jL_-+....Ioj 

1101 VOH-_____ 

OPEN 

_____ _+_~ 

-V09 VOL-
DATA· OUT 

11010 VOH-____ 

OPEN 

____________________ _ 

-11018 VOL-

A-520 

Note: DIN(V01-V09) = OPEN 
DIN(l/010-1/018) • Don't Care 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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WRITE CYCLE (EARLY WRITE) 

uro, 
1ZAS VIL 

VIH 
AO-A7 

VIL 

AIR VIH 

-A11R VIL 

VIH 
WJUn 

VIL 

VIH 
"Or 

VIL 

Note: DOUT = OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-S21 
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UPPER BYTE WRITE CYCLE (EARLY WRITE) 

m 

A-522 

VIH-----~ 

VIL -

Note: DIN (1101-1/09). Don't Care 

DOUT. OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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LOWER BYTE WRITE CYCLE (EARLY WRITE) 

V,H 
AO-A7 

V,L 

AIR V,H 

-AllR V,L 

V,H 
wmt 

V,L 

V,H 
m 

V,L 

VOl V,H 

-V09 V,L 

Note: D,N (V010-V011). Don't Care 

DOUT. OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-523 



1lC5116180AJ/AU!f-60/70/80 

WRITE CYCLE (OE CONTROLLED WRITE) 

Note: DOUT. OPEN ~:·W or "L· 

A-524 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TC5116180AJ/AU!f-60/70/80 

UPPER BYTE WRITE CYCLE (OR CONTROLLED WRITE) 

Note: DIN (1/01-1/09) '" Don't Car. 

DOUT'" OPEN 



TC5116180AJ/~-60/70/80 

LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 

Note: DIN (1/010-1/018). Don't Care 

DOUT. OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 

ftJJj: "W or "L" 
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READ-MODIFY-WRITE CYCLE 

VIH-
m 

VIL-

~. VIH-

~ VIL 

VIH 
AO-A7 

VIL 

AIR VIH 

-A11R VIL 

VIH wmr 
VIL 

VIH m 
VIL 

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

VIL -
V01 
-V01a 

VOH-
----- OPEN ---~ 

VOL -



1rC5116180AJ/AU!r-60/70/80 

FAST PAGE MODE READ CYCLE 

V'M m 
V'L-

AO-A7 
V'L 

AIR V'M 

-A11R V'L 

1101 VOM-
------~ -11018 VOL-

Note: DIN" OPEN 

A-528 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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FAST PAGE MODE BYTE READ CYCLE 

AO-A7 

AIR VIH 
-AllR 

VOl VOH-

-----+------~--~-#------~ -VOg VOL-

V010 VOH- _________ "'" 

-V01a VOL-

Note: DIN = OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. A-52Q 
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UPPER BYTE READ-MODIFY-WRITE CYCLE 

m 

m 

11010 

-11018 

A-S30 

VIH~---'!II... 

VIL -

VIH --.-!----'------....... 
VIL --;; ____ ,..;.-____ -,-~_+-' 

VIH - _____ OPEN ----+---.....~ ...... _@OO 

VIL - "41'"-1\--.....31'" 

VOH-_____ OPEN ------4 
VOL-

Note: DIN(II01-1I09) -Don't care 

DOUT(II01-1/09) .. OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTs, INC. 



LOWER BYTE READ-MODIFY-WRITE CYCLE 

VIH -..!'---~ 
m 

VIL -

AIR VIH 

-A11R VIL 

M 

1101 
-1109 

VIH ~----~----~ 

VIL ---;----.,...----~--=;s-~ 

VIH - _____ OPEN 

VIL -

VOH-_____ OPEN 

VOL-

Note: DIN(V010-1I018) = Don't Care 

DOUT(II010-1/018) • OPEN 

TC5116180AJ/}U!f-60/70/80 

1/01 
-1/01 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. A-531 
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FAST PAGE MODE BYTE WRITE CYCLE (EARLY WRITE) 

Note: Dour. OPEN 

A-532 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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FAST PAGE MODE BYTE WRITE CYCLE (EARLY WRITE) 

ASR 
-AllR VIL 

Note: DOUT = OPEN ~: -W or -L-

TOSHIBA AMERICA ELECTRONIC coupnN~NT~ INr. A_J:::'l'l 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

AIR VIH :lU __ •. AJ 

-A11R VIL _"'1"------'"'" 

U01 
-1101 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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FAST PAGE MODE BYTE READ-MODIFY-WRITE CYCLE 

UR VIH 
-A11R VIL --Y-iL:....~, 

1101 l~:: --110 

VOH-~----~-+~-4+-----~~OUT~~-----r--~r--1~---------VOL -

1/010 
-11018 

VOH - _____ --,~ b:::\---------------------~~O~JTt"-=:_--
VOL - ~: "W or "L" 

TOSHIBA AMERICA ELECTRONIC COMPON!;NTS_ INC_ 
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RAS ONLY REFRESH CYCLE 

Note: WIfIT'E', m - -H- or -L· 
DIN. Don't Care 

DOUT-OPEN 

CAS BEFORE RAS REFRESH CYCLE 

1101- VOH ) 
"'--_--' ~------------ OPEN ---'"'--------

V018 VOL-_ , 

DIN = Don't Care 
m before m refresh is performed when either ~ or ~ meets this timing. 

A-536 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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HIDDEN REFRESH CYCLE (READ) 

m VIH ----------'" 

VIL - ___ ...,.. ___ -r-~-I_-----.....GIIi 

1101 VOH-
---+----~ -11018 VOL _ 

DATA-OUT 

Note: DIN. OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 
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HIDDEN REFRESH CYCLE (WRITE) 

AlR- VIH 

A11R V\L 

Note: DOUT. OPEN 

A-538 TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 
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CAS BEFORE HAS REFRESH COUNTER TEST READ CYCLE 

VIM _---L 1-0------.--.;=---------1 
VIL -

AO-A7 

001 VOM-

-11018 VOL _----

Note: AlR-A11R. -H- or -L
OIN-OPEN 

CAS BEFORE HAS REFRESH COUNTER TEST WRITE CYCLE 

AG-A7 

Note: A8R-A11R_-Wor-L
DOUT-OPEN 

TnClLlIDA AUI:DI~A 1:1 I:~TDnt.ll~ ~nUDnt.ll:t.lT!:l It.I~ 



1lC5116180AJ/P.U!r-60/70/80 

CAS BEFORE HAS REFRESH COUNTER TEST READ-MODIFY-WRITE CYCLE 

AO-A7 

1101 
-1101 

A-540 

Note: AIR-A1 1R. -H- or -L-

TOSHIBA AMERICA ELECTRONIC COMPONENTS.·INC. 
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OUTLINE DRAWINGS (ZIP20 - P - 400A) 

o 

[ 

O.8351YP Ii 0.5 ± 0.11E1lI."O.25~1 

26.3 MAX 

, 2S.S±0.2 I 

~ 
1 2 20 
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00 
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Unit in mm 
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Mechanical Dimensions 

OUTLINE DRAWINGS (ZIP24 - P - 475) 

Unit in mm 

3.05MAX -
C\f ~ 
~ ::I 

'" '" C! C "I ... ... 
~~ 

~ 
-+I -

O.835TYP .11.O.5±O.1 ! E!! !11JO.25@ 

C! ... 
O.25~:A5 

.... 

1 2 24 

8-2 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



Mechanical Dimensions 

OUTLINE DRAWINGS (ZIP28 - P - 400) 

Unitin mm 

l5 _ .... 
N I ci 
+1 ID 00 ... 

o 00 52 
~~ 

O.9SSm II 0,5 + 0"1$1"'0,25 eJ 
-~tJ 

025+ 0.1 
. -0.05 

I--

36.7MAX 

1 2 28 

Weight : 2.04g(TYP.) 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 8-3 



Mechanical Dimensions 

OUTLINE DRAWINGS (SOJ26 - P - 300A) 

Unit in mm 

22 18 14 

D. N D. 

~ 
NO ~ ,..... ?~ CD 

,...: "d' cO 
cO 

o 
5 9 13 If) 

_0 

~1' 
17.S7MAX 

N 
0 

17.1S±O.12 

071 +0.1 . -0.05 

..... 
~ 
(0 

M 

j 043+0·07 
.. ' -o.021$lo.18@ 

8-4 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



Mechanical Dimensions 

OUTLINE DRAWINGS (SOJ28 - P - 400A) 

Unit in mm 

28 23 20 15 

~ 
N ..-

CD ~ ..- ." 
0 ~ ..- ..-

..-

0 

6 9 14 

18.84MAX 

18.42±O.12 

0.71 ~:~5 

.11. O.43~~ 1!Illo.18@ 

Tn~"'IR4 4UFRIC4 ~L~CTRONIC COUPON~NTS_ INC_ R-~ 



Mechanical Dimensions 

OUTLINE DRAWINGS (SOJ28 - P - 400) 

Unitinmm 

15 

14 

18.84MAX 

18.42±O.12 

O.71±O.1 

mz
'" ::I • 

~ ~ o It) 

C'i 

.I1,O.43±O·1IiIO.,81W 

Weight: 1.12g(TYP.) 

8-6 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



Mechanical Dimensions 

OUTLINE DRAWINGS (SOJ40 - P - 400) 

Unit in mm 

40 21 

26.46MAX 

26.04±0.12 

0.71±0.1 

.II,O.43±O.11E1110.18@ 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. B-7 



Mechanical Dimensions 

OUTLINE DRAWINGS (SOJ42 - P - 400) 
Unit in mm 

42 22 

~ ~ 

~ ~ ~ 
CD II) 

~ ~ ot 
..-

21 ;~ 
CIf 

27.73MAX 
0 

27.31±O.12 

0.71 ·0.1 

8-8 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



Mechanical Dimensions 

OUTLINE DRAWINGS (TSOP26 - P - 300) 

Unit in mm 

26 22 18 14 
-----r 

O.9STYP 
5 

9 II 13 
" O.4±O.1 '-"'9-'-' O-.2-1 ...... @..,., 

17.S4MAX 
04 

17.14±O.1 ci ~ 

II I 
+1 ::t 
q C\! _ or-

cEQ::i)~ iiiiiiiiii2 
~ If) 

0 
0 
+1 
0r-

o O.S±O.1 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 8-9 



Mechanical Dimensions 

OUTLINE DRAWINGS (TSOP26 . P . 300A) 

8-10 

1 
R g R 

t:j 0 __ _____ 

18 II 14 

,1,O.4±O.110Io.21 @ 

17.S4MAX 

17.14±O.1 

II I 
~ g Q g:g g:g ji 

LO 
o 

~I 
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Mechanical Dimensions 

Unit in mm 
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Mechanical Dimensions 

OUTLINE DRAWINGS (TSOP28 - P - 400) 

o 

O.95TVP 

18.81MAX 

18.41:tO.1 

Lm-

Weight: O.49g(TYP.) 

... N 
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~ 
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II) 
0 

~ ... 
d 
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Mechanical Dimensions 

OUTLINE DRAWINGS (TSOP44 - P - 400B) 

Unit in mm 

- N 
;i ~ 
~ ~ d _ 

""" 

o 

O.805TYP .I1,0.3±O.0~1 0.13 (iiJ 

18.81 MAX 

i 
)( 

18.41tO.1 < 
2 
"! - -

LI 1 II -I ~ ~ ~ 

~ U) 
0 

~ -d O.StO.1 
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Mechanical Dimensions 

OUTLINE DRAWINGS (TSOPSO - P - 400) 
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rOSHIBA 
1lIM321000AS/ ASG -00/70/00 ! 

1,048,576 WORD X 32 BIT DYNAMIC RAM MODULE 

DESCRIPTION 
The THM321000A is a 1,048,576 word by 32 bit dynamic RAM module which is assembled with eight 

TC514400ASJ devices on the printed circuit board. This module can be used as well as 2,097,152 word by 16 
bit by means of connecting DQO and DQ16, DQl and DQ17, DQ2 and DQ18, ....... , DQ15 and DQ31, 
respectively. This module is optimized for applications which require high density and large capacity such as 
main memory, image memory systems, and others which require compact size. 

FEATURES 

• 1,048,576 word by 32 bit organization 
• Fast access time and cycle time 
• Single power supply of 5V± 10% 
• Low power 

5,280mW MAX. Operating (THMxxxxxx-60) 
4,4009mW MAX. Operating (THMxxxxxx-70) 
3,744mW MAX. Operating (THMxxxxxx-80) 
44mW MAX. Standby 

• CAS" before RAS refresh, RAS only refresh, 
Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 
• 1,024 Refresh cycles/16ms 
• Package 

KEY PARAMETERS 

tRAc RAS Access Time 

tAA Column Address 
Access Time 

tcAC ~ Access Time 

tRC Cycle Time 

tpc Fast Page Mode 
Cycle Time 

72pin SIMM Tin-Lead Contact: THM321000AS-60,70,80 
72pin SIMM Gold Contact: THM321000ASG-60,70,80 

PIN NAMES 

AO-A9 Address Inputs -60 

DQO-DQ31 Data Input/Outputs PD~ Vss 

CASU-CAS3" Column Address Strobe PD1 Vss 

~,RAS2 Row Address Strobe PD2 NC 

W ReadlWrite Input PD3 NC 

Vcc Power (+5V) 

Vss Ground 

PD Presence Detect Pin 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

-60 -70 -80 

60ns 70ns 80ns 

300s 35ns 400s 

200s 20ns 20ns 

l10ns 130ns 1500s 

45ns 45ns 50ns 

-70 -80 

Vss Vss 

Vss Vss 

Vss NC 

NC Vss 

C-1 



1lH~321000l\S/l\SG-60/70/80 II 

PIN CONNECTION (TOP VIEW) 

10 
IlrTTlllrmllll'TT'llIrmllll'mllll'mllll'mlllrTnlllrTnlllrTnlll'TMIII'T'n11i °1 '" 1111111111111111111111111111111111111 . 

1 36 37 72 

1 Vss 13 Al 25 DQ22 37 NC 49 DQ8 61 DQ13 

2 DQO 14 A2 26 DQ7 38 NC 50 DQ24 62 DQ30 

3 DQ16 15 A3 27 DQ23 39 Vss 51 DQ9 63 DQ14 

4 DQ1 16 A4 28 A7 40 CASU 52 DQ25 64 DQ31 

5 DQ17 17 A5 29 NC 41 CAS2 53 DQlO 65 DQ15 

6 DQ2 18 A6 30 Vee 42 'CAS'3 54 DQ26 66 NC 

7 DQ18 19 NC 31 A8 43 CAST 55 DQ11 67 PDO 

8 DQ3 20 DQ4 32 A9 44 RASU 56 DQ27 68 PD1 

9 DQ19 21 DQ20 33 NC 45 NC 57 DQ12 69 PD2 

10 Vee 22 DQ5 34 R'AS2 46 NC 58 DQ28 70 PD3 

11 NC 23 DQ21 35 NC 47 W 59 Vee 71 NC 

12 AO 24 DQ6 36 NC 48 NC 60 DQ29 72 Vss 

C-2 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



BLOCK DIAGRAM 

ru 00---..--<1 1----0 000 
m OO---r-"---<I 1----0 8g! 

1.--~r--_.:..:.:.r::......;..;J----o 003 

~g ~I---- 004 
V03 8g~ 

I.--~Wr--__ AO.,....9~VO,-,4 DO 7 
Ml 

rul 008 
M2 009 

0010 
0011 

VOl 0012 
M3 V02 0813 V03 o 14 

W AO·9 V04 0015 

ru 20-----~_<I f-----O DO 16 
WA7 20---...,.....,..--_<1 DO 17 
Ml 1-----0 DO 18 

L....---fj;.-_~~j-----o DO 19 

VO 1 1-----0 0820 

M5 ~g~ 80~~ 
L....---fjW;.-_.;..;;AO;.-;.9_V;..;;,O ..... 4 DO 23 

1-----0 DO 24 
1-----0 DO 25 
1--_ ___0 0026 

~--r;:""---:;;':''''';;';;'~ DO 27 

VO 1 1-----0 DO 28 
V02 DQ29 
V03 0030 

I-----TjW __ .;..;;AO;.-;.9_V;..;;,O ..... 4 DO 31 
M7 

W 0-------1 
AO.A9 0---------..... 

Vee oo--------lt-----' MO·7 

I CO·7 
Vss 0 -. MO·7 

1lf.[~3210001\S/l\S~60/70/80 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. C-3 



THM321000AS/ ASG -60/70/80 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT NOTE 

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 5.6 W 1 

Short Circuit Output Current lOUT 50 rnA 1 

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

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT NOTE 

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 

C-4 TOSHIBA AMERICA ELECTRONIC· COMPONENTS, INC. 



1lH~321000AS/AS~60/70/80 

D.C. ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 6-70°C) 

SYMBOL PARAMETER MIN. MAX 
OPERATING CURRENT THMxxxxxx-60 - 960 

I Average Power Supply Operating Current THMxxxxxx-70 800 CCI -
(RAS. CAS. Address Cycling: tRC=tRC MIN.) THMxxxxxx-80 680 
STANDBY CURRENT 

I Power Supply Standby Current 16 CC2 
(RAS=CAS'=VIH) 

RAS ONLY REFRESH CURRENT Average THMxxxxxx-60 - 960 

Icc3 Power Supply Current, RAS Only Mode THMxxxxxx-70 - 800 
(RAS Cycling, CAS=VIH: tRC=tRC MIN.) THMxxxxxx-80 680 
FAST PAGE MODE CURRENT THMxxxxxx-60 - 560 

I Average Power Supply Current. Fast Page Mode THMxxxxxx-70 - 560 CC4 
(RAS =VIL:CAS,Address Cycling:tpc=tpc MIN.) THMxxxxxx-80 480 
STANDBY CURRENT 

I Power Supply Standby Current 8 CC5 
(RAS=CAS=V CC-0.2V) 

CAS BEFORE"RAS' REFRESH CURRENT THMxxxxxx-60 - 960 
I Average Power Supply Current, CAS Before RAS" THMxxxxxx-70 - 800 CC6 

Mode (RAS. CAS. Cycling: tRC=tRC MIN.) THMxxxxxx-80 680 
ThWUTLEAKAGECURRENT 

I Input Leakage Current, any input -80 80 I(L) 
(OV:SVIN:S6.SV, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-10 10 O(L) (DOUT is disabled, OV :SVoUT:SS.5V) 

VOH 
OUTPUT LEVEL 

2.4 
Output "H" Level Voltage (lour=: -SmA) 

-

VOL 
OUTPUT LEVEL 

0.4 
Output "L" Level Voltage (lour=4.2mA) -

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 

UNIT 

rnA 

rnA 

rnA 

rnA 

rnA 

rnA 

JlA 

JlA 

V 

V 

Please refer to the DRAM Module A.C. Conditions No.8. Notes which are 
referenced in this section are also located in the A.C. Conditions. 

CAPACITANCE (Vee = 5V ± 10%, f= IMHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN MAX UNIT 

CIl Input Capacitance (AO-A9) - 60 pI< 

CI2 Input Capacitance (VI) - 45 pI< 

CI3 Input Capacitance (RASU , RAS'2) - 35 pI< 

CI4 Input Capacitance (CASU , CAS3) - 30 pI< 

CDQl 110 Capacitance (DQO-31) - 17 pI< 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 

NOTE 

3,4 
5 

3,5 

3,4 
5 

3.5 
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THM321000AS/ ASG -60/70/80 

OUTLINE DRAWINGS 
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rOSHIBA 
1HM3210BOAS/ ASG -70/00 I 

1,048,576 WORD X 32 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM321OBOA is a 1,048,576 word by 32 bit dynamic RAM module which is assembled with two 
TC5118160AJ devices on the printed circuit board. This module can be as well used as 2,097,152 word by 16 
bit by means of connecting DQO and DQI6, DQl and DQI7, DQ2 and DQI8, ....... , DQ15 and DQ31, 
respectively. This module is optimized for applications which require high density and large capacity such as 
main memory, image memory systems, and others which require compact size. 

FEATURES 

• 1,048,576 word by 32 bit organization 
• Fast access time and cycle time 
• Single power supply of 5V± 10% 
• Low power 

1,540mW MAX. Operating (THMxxxxxx-70) 
1,320mW MAX. Operating (THMxxxxxx-80) 
l1mW MAX. Standby 

• CAS before RAS refresh, RAS only refresh, 
Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 
• 1,024 Refresh cyc1es/16ms 
• Package 

72pin SIMM Tin-Lead Contact: THM3210BOAS-xx 
72pin SIMM Gold Contact: THM3210BOASG-xx 

PIN NAMES 

AO-A9 Address Inputs 

DQO-DQ31 Data Input/Outputs 

'CASU-CAS3 Column Address Strobe 

RASU,R:i\S2 Row Address Strobe 

W Read/Write Input 

Vcc Power (+5V) 

Vss Ground 

PD Presence Detect Pin 

KEY PARAMETERS 

tRAc RAS' Access Time 

tAA Column Address 
Access Time 

!cAC CAS Access Time 

tRC Cycle Time 

tpc Fast Page Mode 
Cycle Time 

-70 -80 

PDO Vss Vss 

PD1 Vss Vss 

PD2 Vss NC 

PD3 NC Vss 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 

-70 -80 

70ns 80ns 

35ns 40ns 

20ns 20ns 

130ns 150ns 

45ns 50ns 

C-7 



THM3210BOAS/ ASG -70/80 

PIN CONNECTION (TOP VIEW) 

10 
I mlllmmrmlllmllmlllmlllmmrmllimllmmmmmmrn1111 

01 
" 1111111111111111111111 111111111111111 . 

1 36 37 72 

1 Vss 13 Al 25 DQ22 37 NC 49 DQ8 61 DQ13 

2 DQO 14 A2 26 DQ7 38 NC 50 DQ24 62 DQ30 

3 DQ16 15 A3 27 DQ23 39 Vss 51 DQ9 63 DQ14 

4 DQ1 16 A4 28 A7 40 CASU 52 DQ25 64 DQ31 

5 DQ17 17 AS 29 NC 41 CAS'2 53 DQ10 65 DQ15 

6 DQ2 18 A6 30 Vee 42 CAS3 54 DQ26 66 NC 

7 DQ18 19 NC 31 A8 43 CAST 55 DQll 67 PDO 

8 DQ3 20 DQ4 32 A9 44 RASU 56 DQ27 68 PD1 

9 DQ19 21 DQ20 33 NC 45 NC 57 DQ12 69 PD2 

10 Vee 22 DQ5 34 RAS'2 46 NC 58 DQ28 70 PD3 

11 NC 23 DQ21 35 NC 47 W 59 Vee 71 NC 

12 AO 24 DQ6 36 NC 48 NC 60 DQ29 72 Vss 

C-8 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



THM33210BOAS/ ASG -70/80 

BLOCK DIAGRAM 
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THM3210BOAS/ ASG -70/80 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT NOTE 

Input Voltage VIN -0.5-Vee +0.5 V 1 

Output Voltage VOUT -0.5-Vee +0.5 V 1 

Power Supply Voltage Vee -0.5-7.0 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 1.8 W 1 
! 

Short Circuit Output Current loUT 50 rnA 1 

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

SYMBOL CHARACTERISTIC MIN. 

Vee Supply Voltage 4.5 

V1H Input High Voltage 2.4 

VB.. Input Low Voltage -0.5** 

*V cc + 2.0V at pulse width s; 20 ns (pulse width measured at Vee) 
**-2.0V at pulse width s; 20 ns (pulse width measured at OV) 

TYP. MAX. UNIT 

5.0 5.5 V 

- Vee +0.5* V 

- 0.8 V 

C-10 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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THM33210BOAS/ ASG -70/80 

D.C. ELECTRICAL CHARACTERISTICS (Vee = sv ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX 

OPERATING CURRENT THMxxxxxx-70 - 280 
I Average Power Supply Operating Current THMxxxxxx-80 240 CCl -

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

STANDBY CURRENT 
I Power Supply Standby Current 4 CC2 

(RAS=CAS=V rn) 

RAS' ONLY REFRESH CURRENT Average THMxxxxxx-70 - 280 

Icc3 Power Supply Current, RAS Only Mode THMxxxxxx-80 - 240 
(RAS Cycling, CAS=Vrn: tRC=tRC MIN.) 

FAST PAGE MODE CURRENT THMxxxxxx-70 - 150 
I Average Power Supply Current, Fast Page Mode THMxxxxxx-80 130 CC4 

(RAS =VIL:crS,Address Cycling:tpc=tpc MIN.) 

STANDBY CURRENT 
I Power Supply Standby Current 2 CC5 

(RAS=CAS=V Cc-0.2V) 

CAS BEFORE"RAS' REFRESH CURRENT THMxxxxxx-70 - 280 
I Average Power Supply Current, CAS Before RAs- THMxxxxxx-80 - 240 CC6 

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

INPUT LEAKAGE CURRENT 
I Input Leakage Current, any input -20 20 I(L) 

(OV'5.V IN'5.6.5V, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-10 10 O(L) (DOUT is disabled, OV '5.V OUT'5.5.5V) 

VOH 
OUTPUT LEVEL 

2.4 
Output "H" Level Voltage (Iour= -5mA) -

VOL 
OUTPUT LEVEL 

0.4 
Output "L" Level Voltage (l0ur=4.2mA) -

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 

UNIT 

rnA 

rnA 

rnA 

rnA 

rnA 

rnA 

IlA 

IlA 

V 

V 

Please refer to the DRAM Module A.C. Conditions No. 20. Notes which are 
referenced in this section are also located in the A.C. Conditions. 

CAPACITANCE (Vee = sv ± 10%, f= IMHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN MAX UNIT 

CIl Input Capacitance (AO-A9) - 15 pF 

CI2 Input Capacitance CW) - 19 pF 

CI3 Input Capacitance (RAS'OC RAS'!) - 12 pF 

CI4 Input Capacitance (CASrr" -Ci\S3) - 12 pF 

CDQ I/O Capacitance (DQO-31) - 12 pF 

NOTES 

3,4 
5 

3,5 

3,4 
5 

3,5 



THM3210BOAS/ ASG -70/80 

OUTLINE DRAWINGS 
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rOSHIBA 
THM322020AS/ ASG -00/70/80 

2,097, 152 WORD X 32 BIT DYNAMIC RAM MODULE 

DESCRIPTION 
The THM322020A is a 2,097,152 word by 32 bit dynamic RAM module which is assembled with 16 

TC514400ASJ devices on the printed circuit board. This module can be used as well as 4,194,304 word by 16 
bit by means of connecting DQO and DQ 16, DQ 1 and DQ 17, ....... , DQ 15 and DQ31, respectively. This module 
is optimized for applications which require high density and large capacity such as main memory, image 
memory systems, and others which require compact size. 

FEATURES 
KEY PARAMETERS 

• 2,097,152 word by 32 bit organization 
• Fast access time and cycle time 
• Single power supply of 5V± 10% 
• Low power 

5,368mW MAX. Operating (THMxxxxxx-60) 
4,488mW MAX. Operating (THMxxxxxx-70) 
3,832mW MAX. Operating (THMxxxxxx-80) 
88mW MAX. Standby 

• CAS before RAS refresh, RAS only refresh, 
Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 
• 1,024 Refresh cyclesl16ms 
• Package 

tRAc RAS" Access Time 

tAA Column Address 
Access Time 

tcAC CAS" Access Time 

tRC Cycle Time 

tpc Fast Page Mode 
Cycle Time 

72pin SIMM Tin-Lead Contact: THM322020AS-60,70,80 
72pin SIMM Gold Contact: THM322020ASG-60,70,80 

PIN NAMES 

AO-A9 Address Inputs -60 

DQO-DQ31 Data Input/Outputs PDO NC 

CASU-CAS3 Column Address Strobe PD1 NC 

RASU-RAS3 Row Address Strobe PD2 NC 

W Read/Write Input PD3 NC 

Vcc Power (+5V) 

Vss Ground 

NC No Connection 

-60 

60ns 

30ns 

20ns 

110ns 

45ns 

-70 

NC 

NC 

Vss 

NC 

-70 -80 

70ns 80ns 

35ns 40ns 

20ns 20ns 

130ns 150ns 

45ns 50ns 

-80 

NC 

NC 

NC 

Vss 



1l1I~322020l\S/l\S(i-60/70/80 

PIN CONNECTION (TOP VIEW) 

10 01 
11111111111111111111111111111111111111 .., 11111111111111111111111 11111111111111 . 

- 1 36 37 72 

1 Vss 13 A1 25 DQ22 37 NC 49 DQ8 61 DQ13 

2 DQO 14 A2 26 DQ7 38 NC 50 DQ24 62 DQ30 

3 DQ16 15 A3 27 DQ23 39 Vss 51 DQ9 63 DQ14 

4 DQ1 16 A4 28 A7 40 'CASU 52 DQ25 64 DQ31 

5 DQ17 17 AS 29 NC 41 CAS'2 53 DQ10 65 DQ15 

6 DQ2 18 A6 30 Vee 42 CAS3 54 DQ26 66 NC 

7 DQ18 19 NC 31 A8 43 CAST 55 DQ11 67 PDO 

8 DQ3 20 DQ4 32 A9 44 RASU 56 DQ27 68 PD1 

9 DQ19 21 DQ20 33 RAS3 45 RASI 57 DQ12 69 PD2 

10 Vee 22 DQ5 34 RAS2 46 NC 58 DQ28 70 PD3 

11 NC 23 DQ21 35 NC 47 W 59 Vee 71 NC 

12 AO 24 DQ6 36 NC 48 NC 60 DQ29 72 Vss 

TOSHI8A AUI!RICA I!LI!CTRONIC COUPONI!NTS. INC. 



THM322020AS/ ASG -60/70/80 

BLOCK DIAGRAM 

~O~~--------______________________________________ ~ 

m 0 0--'-+---<1 

w 
= 

DQO-3 

V01 
M3 V02~--~--~ 

AO_9 V03 
V04 

W~--------------~--------~--------------------~r-----~ 
A~A90------------------~--------------------~ 

Vee oc----------------------------I~------------. M~15 

I 
C~15 

Vss 00-------------------------------4-----------_. M~15 

-_ ..... II..... .. •• __ ._ ................... _ ........ __ •• __ ............ ft .... _ 



1lH~322020l\S/~G-60/70/80 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT NOTE 

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 11.2 W 1 

Short Circuit Output Current loUT 50 rnA 1 

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

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT NOTE 

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 

TOSHIBA AMI;RICA I;L.I;CTRONIC COMPONI;NTS_ INC_ 



THM322020AS/ ASG -60/70/80 

D.C. ELECTRICAL CHARACTERISTICS (Vee = sv ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX 

OPERATING CURRENT THMxxxxxx-60 976 
I Average Power Supply Operating Current THMxxxxxx-70 816 CCI 

(RAS", CAS, Address Cycling: tRC=tRC MIN.) THMxxxxxx-80 696 

STANDBY CURRENT 
I Power Supply Standby Current 32 CC2 

(RAS"=CAS=V IH) 

RAS ONLY REFRESH CURRENT Average THMxxxxxx-60 976 

Icc3 Power Supply Current, RAS Only Mode THMxxxxxx-70 816 
(RAS" Cycling, CAS=VIH: tRC=tRC MIN.) THMxxxxxx-80 696 

FAST PAGE MODE CURRENT THMxxxxxx-60 576 
I Average Power Supply Current, Fast Page Mode THMxxxxxx-70 576 CC4 

(RAS" =VIv"'CAS',Address Cycling:tpc=tpc MIN.) THMxxxxxx-80 - 496 

STANDBY CURRENT 
I Power Supply Standby Current 16 CC5 

(RAS"=CAS=V CC-O.2V) 

CAS BEFORE"RAS REFRESH CURRENT THMxxxxxx-60 - 976 
I Average Power Supply Current, CAS Before RAS'" THMxxxxxx-70 - 816 CC6 

Mode (RAS", CAS, Cycling: tRC=tRC MIN.) THMxxxxxx-80 696 

INPUT LEAKAGE CURRENT 
I Input Leakage Current, any input -160 160 I(L) 

(OV~V IN~6.5V, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-20 20 O(L) (DOUT is disabled, OV ~V OUT~5.5V) 

VOH 
OUTPUT LEVEL 

2.4 
Output "H" Level Voltage (lo~ -5mA) 

-

VOL 
OUTPUT LEVEL 

0.4 
Output "L" Level Voltage (Iour=4.2mA) 

-

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 

UNIT 

rnA 

rnA 

rnA 

rnA 

rnA 

rnA 

IlA 

IlA 

v 

V 

Please refer to the DRAM Module A.C. Conditions No.8. Notes which are 
referenced in this section are also located in the A.C. Conditions. 

CAPACITANCE (Vee = sv ± 10%, f= IMHz, Ta=0-70°C) 

SYMBOL PARAMETER MIN MAX UNIT 

CIl Input Capacitance (AO-A9) - 100 pF 

CI2 Input Capacitance (W) - 80 pF 

CI3 Input Capacitance (RASU-RAS3) - 40 pF 

CI4 Input Capacitance (CASU-CASJ) - 35 pF 

CDQl 110 Capacitance (DQO-31) - 25 pF 

NOTE 

3,4 
5 

3,5 

3,4 

5 

3,5 



THM322020AS/ ASG -60/70/80 

OUTLINE DRA WINGS 
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TOSHIBA 
1lIM322OCOAS/ ASG -70/80 

2,097,152 WORD X 32 BIT DYNAMIC RAM MODULE 

DESCRIPTION 
The THM322OCOA is a 2.097.152 word by 32 bit dynamic RAM module which is assembled with 4 

TC5118160AJ device on the printed circuit board. This module can be as well used as 4.194.304 word by 16 bit 
by means of connecting DQO and DQ16. DQ1 and DQ17. DQ2 and DQ18 •.......• DQ15 and DQ31. respectively. 
THM322OCOA is optimized for applications which require high density and large capacity such as main 
memory. image memory systems. and others which require compact size. 

FEATURES 
• 2,097,152 word by 32 bit organization 
• Fast access time and cycle time 
• Single power supply of 5V± 10% 
• Low power 

1,562m W MAX. Operating (THMxxxxxx-70) 
1,342mW MAX. Operating (THMxxxxxx-80) 
22m W MAX. Standby 

• CAS before RAS refresh, RA5 only refresh, 
Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 
• 1,024 Refresh cycles/16ms 
• Package 

Tin-Lead Contact: THM3220COAS-xx 
Gold Contact: THM3220COASG-xx 

PIN NAMES 

AO-A9 Address Inputs 

DQO-DQ31 Data Input/Outputs 

CASU-CAS3" Column Address Strobe 

RASU-RAS3 Row Address Strobe 

W Read/Write Input 

Vcc Power (+5V) 

Vss Ground 

PD Presence Detect Pin 

KEY PARAMETERS 

tRAC RAS Access Time 

tAA Column Address 
Access Time 

!cAC CAS" Access Time 

tRc Cycle Time 

tpc Fast Page Mode 
Cycle Time 

-70 -80 

PDO NC NC 

POI NC NC 

PD2 Vss NC 

PD3 NC Vss 

TnC!uu:tA AUCDI,..A CI C,..TDnUI,.. ,..nUDnUCUTC! lUI" 

-70 -80 

70ns 80ns 

35ns 40ns 

20ns 20ns 

1300s 1500s 

45ns 50ns 

,.. 04n 



THM3220COAS/ ASG -70,/80 

PIN CONNECTION (TOP VIEW) 

~ °1 I 1111111111111 III!! I!! I!! II 1111 I!! 1111 '" III!! I!! III 11111111111111111111111111 . 
36 37 72 

1 Vss 13 Al 25 DQ22 37 NC 49 DQ8 61 DQ13 

2 DQO 14 A2 26 DQ7 38 NC 50 DQ24 62 DQ30 

3 DQ16 15 A3 27 DQ23 39 Vss 51 DQ9 63 DQ14 

4 DQ1 16 A4 28 A7 40 CASU 52 DQ25 64 DQ31 

5 DQ17 17 A5 29 NC 41 CAS2 53 DQIO 65 DQ15 

6 DQ2 18 A6 30 Vee 42 CAS1 54 DQ26 66 NC 

7 DQ18 19 NC 31 A8 43 CAST 55 DQ11 67 PDO 

8 DQ3 20 DQ4 32 A9 44 RASU 56 DQ27 68 PD1 

9 DQ19 21 DQ20 33 RASJ 45 RASI 57 DQ12 69 PD2 

10 Vee 22 DQ5 34 ~ 46 NC 58 DQ28 70 PD3 

11 NC 23 DQ21 35 NC 47 W 59 Vee 71 NC 

12 AO 24 DQ6 36 NC 48 NC 60 DQ29 72 Vss 

C-20 TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



BLOCK DIAGRAM 
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THM3220COAS/ ASG -70,/80 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT NOTE 

Input Voltage VIN -0.5-Vcc +0.5 V 1 

Output Voltage VOUT -0.5-Vee +0.5 V 1 

Power Supply Voltage Vee -0.5-7.0 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 PD 3.6 W 1 

Short Circuit Output Current loUT 50 rnA 1 

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

SYMBOL CHARACTERISTIC MIN. 

Vee Supply Voltage 4.5 

VIH Input High Voltage 2.4 

VIL Input Low Voltage -0.5** 

*v cc + 2.0V at pulse width S 20 ns (pulse width measured at V cc) 
**·2.0V at pulse width S 20 ns (pulse width measured at OV) 

TYP. MAX. UNIT 

5.0 5.5 V 

- Vee +0.5* V 

- 0.8 V 

C-22 TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 
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THM3220COAS/ ASG -70/-80 

D.C. ELECTRICAL CHARACTERISTICS (V cc = sv ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX 

OPERATING CURRENT THMxxxxxx-70 - 284 
ICC I Average Power Supply Operating Current THMxxxxxx-80 - 244 

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

STANDBY CURRENT 
ICC2 Power Supply Standby Current 8 

(RAS=CAS=VIH) 

RAS ONLY REFRESH CURRENT Average THMxxxxxx-70 - 284 

Icc3 Power Supply Current, HAS Only Mode THMxxxxxx-80 - 244 
(RAS Cycling, CAS=VIH: tRC=tRC MIN.) 

FAST PAGE MODE CURRENT THMxxxxxx-70 - 154 
ICC4 Average Power Supply Current, Fast Page Mode THMxxxxxx-80 - 134 

(RAS =VIL."'CAS.Address Cycling:tpc=tpc MIN.) 

STANDBY CURRENT 
I Power Supply Standby Current 4 ccs 

(RAS=CAS=V Cc-O.2V) 

CAS BEFORE"'RAS REFRESH CURRENT THMxxxxxx-70 - 284 
ICC6 Average Power Supply Current, CAS Before RAS'" THMxxxxxx-80 - 244 

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

INPUT LEAKAGE CURRENT 
I Input Leakage Current, any input -40 40 I(L) 

(OVSV INS6.5V, All Other Pins Not Under Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

-20 20 
(DOUT is disabled, OV SV OUTS5.5V) 

VOH 
OUTPUT LEVEL 

2.4 
Output "8" Level Voltage (Iour= -5mA) -

VOL 
OUTPUT LEVEL 

0.4 
Output "L" Level Voltage <Iour=4.2mA) 

-

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 

UNIT 

rnA 

rnA 

rnA 

rnA 

rnA 

rnA 

J.1A 

J.1A 

v 

V 

Please refer to the DRAM Module A.C. Conditions No. 20. Notes which are 
referenced in this section are also located in the A.C. Conditions. 

CAPACITANCE (V cc = sv ± 10%, f= IMHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN MAX UNIT 

CIl Input Capacitance (AO-A9) - 25 pF 

CI2 Input Capacitance (VI) - 33 pF 

CI3 Input Capacitance (RASU-RAS3) - 12 pF 

CI4 Input Capacitance (CASU'" -CAS'3) - 19 pF 

CDQ 110 Capacitance (DQO-31) - 19 pF 

NOTES 

3,4 

3.5 

3,4 
5 

3.5 



THM3220COAS/ ASG -70,/80 

OUTLINE DRAWINGS 
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rOSHIBA 
1lIM324<XX>S/SG -00/70 I 

4,194,304 WORD X 32 BIT DYNAMIC RAM MODULE 

DESCRIPTION 
The THM324000S/SG is a 4,194,304 word by 32 bit dynamic RAM module which is assembled with 8 

TC5117400J devices on the printed circuit board. The THM324000 can be used as well as 8,388,608 word by 
16 bit by means of connecting DQO and DQI6, DQl and DQI7, DQ2 and DQI8, ....... , DQl5 and DQ31, 
respectively. THM324000 is optimized for applications which require high density and large capacity such as 
main memory, image memory systems, and others which require compact size. 

FEATURES 
• 4,194,304 word by 32 bit organization 
• Fast access time and cycle time 
• Single power supply of 5V± 10% 
• Low power 

5,nOmW MAX. Operating (THMxxxxxx-60) 
4,840mW MAX. Operating (THMxxxxxx-70) 
4, I 80mW MAX. Operating (THMxxxxxx-80) 
44mW MAX. Standby 

• CAS before RAS refresh, RAS only refresh, 
Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 
• 2,048 Refresh cyc1es/16ms 
• Package 

Tin-Lead Contact: THM324000S-60,70 
Gold Contact: THM324000SG-60,70 

PIN NAMES 

AO-AIO Address Inputs 

DQO-DQ31 Data Input/Outputs 

CASU-CAS'3 Column Address Strobe 

RASU,RAS'2 Row Address Strobe 

W ReadlWrite Input 

Vcc Power (+5V) 

Vss Ground 

PD Presence Detect Pin 

KEY PARAMETERS 

tRAC Rj\g Access Time 

tAA Column Address 
Access Time 

tcAC 'CAS' Access Time 

tRC Cycle Time 

tpc Fast Page Mode 
Cycle Time 

-60 -70 

PD~ Vss Vss 

PDI NC NC 

PD2 NC Vss 

PD3 NC NC 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 

-60 -70 

60ns 70ns 

30ns 35ns 

15ns 20ns 

lIOns 130ns 

60ns 70ns 
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THM324000S/SG -60/70 

PIN CONNECTION (TOP VIEW) 

1 Vss 

2 DQO 

3 DQ16 

4 DQ1 

5 DQ17 

6 DQ2 

7 DQ18 

8 DQ3 

9 DQ19 

10 Vee 

11 NC 

12 AO 

10 
I mmTnIllrn"mmllmmmmrmmltTmmllmmmmrmllllTT1l11 

36 

13 Al 25 DQ22 

14 A2 26 DQ7 

15 A3 27 DQ23 

16 A4 28 A7 

17 A5 29 NC 

18 A6 30 Vee 

19 AlO 31 A8 

20 DQ4 32 A9 

21 DQ20 33 NC 

22 DQ5 34 RAS"2 

23 DQ21 35 NC 

24 DQ6 36 NC 

o I 
"llIIlIlIlIlIlIlIlImllllllllllllllll _ 

37 72 

37 NC 49 DQ8 

38 NC 50 DQ24 

39 Vss 51 DQ9 

40 CASU 52 DQ25 

41 CAS2 53 DQlO 

42 C'AS'3 54 DQ26 

43 CAST 55 DQ11 

44 RASU 56 DQ27 

45 NC 57 DQ12 

46 NC 58 DQ28 

47 W 59 Vee 

48 NC 60 DQ29 
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61 DQ13 

62 DQ30 

63 DQ14 

64 DQ31 

65 DQ15 

66 NC 

67 PDO 

68 PD1 

69 PD2 

70 PD3 

71 NC 

72 Vss 



THM324000S/SG -60/70 

BLOCK DIAGRAM 
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TH~324000S/SG-60/70 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT NOTE 

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 PD 5.6 W 1 

Short Circuit Output Current loUT 50 rnA 1 

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

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT NOTE 

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 

*-2.0V at pulse width :s; 20 ns 
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THM324000S/SG -60/70 

D.C. ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX 

OPERATING CURRENT THMxxxxxx-60 - 1040 
I Average Power Supply Operating Current THMxxxxxx-70 - 880 CCI 

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

STANDBY CURRENT 
I Power Supply Standby Current 16 CC2 

(RAS=CA'S=VIH) 

RAS ONLY REFRESH CURRENT Average THMxxxxxx-60 1040 

Icc3 Power Supply Current, RAS Only Mode THMxxxxxx-70 - 880 
(RAS Cycling, CAS=VIH: tRC=tRC MIN.) 

FAST PAGE MODE CURRENT THMxxxxxx-60 560 
I Average Power Supply Current, Fast Page Mode THMxxxxxx-70 480 CC4 

(RAS =VIL:CAS,Address Cycling:tpc=tpc MIN.) 

STANDBY CURRENT 
I Power Supply Standby Current 8 CC5 

(RAS=CA'S=V cc-0.2V) 

CAS BEFORE"RAS' REFRESH CURRENT THMxxxxxx-60 - 1040 
I Average Power Supply Current, CAS Before RAS"" THMxxxxxx-70 880 CC6 

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

INPUT LEAKAGE CURRENT 
I Input Leakage Current, any input -80 80 I(L) 

(OV~V IN~6.5V, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-10 10 O(L) (DOUT is disabled, OV ~ oUT~5.5V) 

VOH 
OUTPUT LEVEL 

2.4 
Output "H" Level Voltage (I0UT= -5mA) -

VOL 
OUTPUT LEVEL 

0.4 
Output "L" Level Voltage (lour=4.2mA) -

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 

UNIT 

rnA 

rnA 

rnA 

rnA 

rnA 

rnA 

JlA 

JlA 

V 

V 

Please refer to the DRAM Module A.C. Conditions No. 16. Notes which are 
referenced in this section are also located in the A.C. Conditions. 

CAPACITANCE (Vee = 5V ± 10%, f= IMHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN MAX UNIT 

CIl Input Capacitance (AO-AI0) - 88 pF 

CI2 Input Capacitance (W) - 84 pF 

CI3 Input Capacitance (RASU: RAS2") - 42 pF 

CI4 Input Capacitance (CASU" -CASj) - 36 pF 

CDQ I/O Capacitance (DQO-31) - 17 pF 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

NOTES 

3,4 

3 

3,4 

3 
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TH~324000S/SG-60/70 

OUTLINE DRAWINGS 
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TOSHIBA 
1HM328020S/SG .fiJ/70 I 

8,388,608 WORD X 32 BIT DYNAMIC RAM MODULE 

DESCRIPTION 
The THM328020 is a 8,388,608 word by 32 bit dynamic RAM module which is assembled with 16 

TC5117400J devices on the printed circuit board. The THM328020 can be used as well as 16,777,216 word by 
16 bit by means of connecting DQO and DQI6, DQ1 and DQ17, 'DQ2 and DQ18;·····, DQ15 and DQ3l, 
respectively. THM328020 is optimized for applications which require high density and large capacity such as 
main memory, image memory systems, and others which require compact size. 

FEATURES 
• 8,388,608 word by 32 bit organization 
• Fast access time and cycle time 
• Single power supply of 5V± 10% 
• Low power 

5,808mW MAX. Operating (THMxxxxxx-60) 
4,928mW MAX. Operating (THMxxxxxx-70) 
88m W MAX. Standby 

• CAS before RA5 refresh, RA5 only refresh, 
Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 
• 2,048 Refresh cycles/32ms 
• Package 

Tin-Lead Contact: THM328020S-60,70 
Gold Contact: THM328020SG-60,70 

PIN NAMES 

AO-A1O Address Inputs 

DQO-DQ31 Data Input/Outputs 

CASU-CAS3 Column Address Strobe 

~-RASj Row Address Strobe 

W Read/Write Input 

Vcc Power (+5V) 

Vss Ground 

PD Presence Detect Pin 

KEY PARAMETERS 

tRAC RAS Access Time 

tAA Column Address 
Access Time 

tcAC CAS Access Time 

tRC Cycle Time 

tpc Fast Page Mode 
Cycle Time 

-60 -70 

PD~ NC NC 

PD1 Vss Vss 

PD2 NC Vss 

PD3 NC NC 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

-60 -70 

60ns 70ns 

30ns 35ns 

15ns 20ns 

lIOns 130ns 

40ns 45ns 
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TH~328020S/SG-60/70 

PIN CONNECTION (TOP VIEW) 

10 01 I mlllmlll~lIImllmlllmlll~i!I~lIImllmlllml!i~III~1II A~~lwlll~III~lIwlll~III~lIwlll~III~lIwlll~III~III~II~I~. 
36 37 72 

1 Vss 13 Al 25 DQ22 37 NC 49 DQ8 61 DQ13 

2 DQO 14 A2 26 DQ7 38 NC 50 DQ24 62 DQ30 

3 DQ16 15 A3 27 DQ23 39 Vss 51 DQ9 63 DQ14 

4 DQ1 16 A4 28 A7 40 CASU 52 DQ25 64 DQ31 

5 DQ17 17 AS 29 NC 41 ~ 53 DQ10 65 DQ15 

6 DQ2 18 A6 30 Vee 42 CAS3 54 DQ26 66 NC 

7 DQ18 19 AIO 31 A8 43 CAST 55 DQ11 67 PDO 

8 DQ3 20 DQ4 32 A9 44 RASU 56 DQ27 68 PD1 

9 DQ19 21 DQ20 33 RAS3 45 RAST 57 DQ12 69 PD2 

10 Vee 22 DQ5 34 RAS2 46 NC 58 DQ28 70 PD3 

11 NC 23 DQ21 35 NC 47 W 59 Vee 71 NC 

12 AO 24 DQ6 36 NC 48 NC 60 DQ29 72 Vss 
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TH~328020S/SG-60/70 

BLOCK DIAGRAM 

~o~~~~--------~m 
J(lJo~~-q 

W 
AO~10~-------------------------+---------------~ 

Vee 0-0 ---------------------------~1P-----------------------------. M 1 -16 

I Cl-16 
Vss 0 - • M1 -16 
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TH~328020S/SG-60/70 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT NOTE 

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 11.2 W 1 

Short Circuit Output Current loUT 50 rnA 1 

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

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT NOTE 

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 

*-2.0V at pulse width ~ 20 os 
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THM328020S/SG -60/70 

D.C. ELECTRICAL CHARACTERISTICS (Vee = sv ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX 

OPERATING CURRENT THMxxxxxx-60 - 1056 
I Average Power Supply Operating Current THMxxxxxx-70 - 896 CCI 

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

STANDBY CURRENT 
I Power Supply Standby Current 32 CC2 

(RAS='CAS=V IH) 

RAS ONLY REFRESH CURRENT Average THMxxxxxx-60 - 1056 

Icc3 Power Supply Current, 1V3 Only Mode THMxxxxxx-70 - 896 
(RAS Cycling, 'CAS=VIH: tRC=tRC MIN.) 

FAST PAGE MODE CURRENT THMxxxxxx-60 - 576 
I Average Power Supply Current, Fast Page Mode THMxxxxxx-70 - 496 CC4 

(RAS =Vn..:"CAS,Address Cycling:tpc=tpc MIN.) 

STANDBY CURRENT 
I Power Supply Standby Current 16 CC5 

(RAS='CAS=V cc-O.2V) 

'CAS BEFORE"RAS REFRESH CURRENT THMxxxxxx-60 - 1056 
I Average Power Supply Current, 'CAS Before RAs- THMxxxxxx-70 - 896 CC6 

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

ThWUTLEAKAGECURRENT 
I Input Leakage Current, any input -160 160 I(L) 

(OV ~V IN~6.5V, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-20 20 O(L) (DoUT is disabled, OV ~ OUT~5.5V) 

VOH 
OUTPUT LEVEL 

2.4 
Output "H" Level Voltage (Iou-r= -5mA) 

-

VOL 
OUTPUT LEVEL 

0.4 
Output "L" Level Voltage (Iou-r=4.2mA) -

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 

UNIT 

rnA 

rnA 

rnA 

rnA 

rnA 

rnA 

~A 

~ 

V 

V 

Please refer to the DRAM Module A.C. Conditions No. 16. Notes which are 
referenced in this section are also located in the A.C. Conditions. 

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

SYMBOL PARAMETER MIN MAX UNIT 

CIl Input Capacitance (AO-AlO) - 100 pF 

CI2 Input Capacitance (W) - 80 pF 

CI3 Input Capacitance (RASU:~) - 40 pF 

CI4 Input Capacitance (CASrr" -CAS'3) - 35 pF 

CDQ1 110 Capacitance (DQO-31) - 25 pF 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

NOTE 

3,4 

3 

3,4 
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TH~328020S/SG-60/70 

OUTLINE DRAWINGS 
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rOSHIBA 
1lIM361020AS/ ASG.ffJ/70/00 I 

1,048,576 WORD X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 
The THM361020A is a 1,048,576 word by 36 bit dynamic RAM module which is assembled with 8 

TC514400ASJ devices and 4 TC511 OOOAJIBJ devices on the printed circuit board. This module can be used as 
well as 2,097,152 word by 18 bit by means of connecting DQO and DQI8, DQl and DQI9, DQ2 and DQ20, 
....... , DQ17 and DQ35, respectively. This module is optimized for applications which require high density and 
large capacity such as main memory, image memory systems, and others which require compact size. 

FEATURES 
KEY PARAMETERS 

• 1,048,576 word by 36 bit organization 
• Fast access time and cycle time 
• Single power supply of 5V± 10% 
• Low power 

7 ,260m W MAX. Operating (THMxxxxxx-60) 
6, 160mW MAX. Operating (THMxxxxxx-70) 
5,2844mW MAX. Operating (THMxxxxxx-80) 
66m W MAX. Standby 

• CAS before RA5 refresh, RA5 only refresh, 
Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 
1,024 Refresh cycles/8ms (Burst Refresh) 

• 1,024 Refresh cycles/16ms (Distributed Refresh) 
• Package 

tRAC IV3 Access Time 

tAA Column Address 
Access Time 

tcAC CAS Access Time 

tRc Cycle Time 

tpc Fast Page Mode 
Cycle Time 

72pin SIMM Tin-Lead Contact: THM361020AS-60,70,80 
72pin SIMM Gold Contact: THM361 020ASG-60, 70,80 

PIN NAMES 

AO-A9 Address Inputs -60 

DQO-DQ35 Data Input/Outputs PDO Vss 

CAS'O-CAS3 Column Address Strobe PDl Vss 

RAsu,RAS2 Row Address Strobe PD2 NC 

W Read/Write Input PD3 NC 

Vcc Power (+5V) 

Vss Ground 

PD Presence Detect Pin 

NC No Connection 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 

-60 

60ns 

30ns 

20ns 

lIOns 

45ns 

-70 

Vss 

Vss 

Vss 

NC 

-70 -80 

70ns 80ns 

35ns 40ns 

20ns 20ns 

130ns l50ns 

45ns 50ns 

-80 

Vss 

Vss 

NC 

Vss 
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1l1I~361020l\S/l\SG-60/70/80 

PIN CONNECTION (TOP VIEW) 

~ 01 I mlllrmlllmllmmrn"lImlllmmmnmlllmmmnmllll'ftmmll A'-..I'UllllloI.LlllwIlUllIIl&Iilllwll,wllllUjlllwll,wllllUjlllwll,wIllIl.,'~. 
36 37 72 

1 Vss 13 Al 25 DQ24 37 DQ17 49 DQ9 61 DQ14 

2 DQO 14 A2 26 DQ7 38 DQ35 50 DQ27 62 DQ33 

3 DQ18 15 A3 27 DQ25 39 Vss 51 DQI0 63 DQ15 

4 DQl 16 A4 28 A7 40 CASU 52 DQ28 64 DQ34 

5 DQ19 17 AS 29 NC 41 rAS7 53 DQll 65 DQ16 

6 DQ2 18 A6 30 Vee 42 'CAS'3 54 DQ29 66 NC 

7 DQ20 19 NC 31 A8 43 CAST 55 DQ12 67 PDQ 

8 DQ3 20 DQ4 32 A9 44 RASU 56 DQ30 68 PDl 

9 DQ21 21 DQ22 33 NC 45 NC 57 DQ13 69 PD2 

10 Vee 22 DQ5 34 RAS2 46 NC 58 DQ3l 70 PD3 

11 NC 23 DQ23 35 DQ26 47 W 59 Vee 71 NC 

12 AO 24 DQ6 36 DQ8 48 NC 60 DQ32 72 Vss 
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THM361020AS/ ASG -60/70/80 

BLOCK DIAGRAM 
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1L1I~361020~S/~SG-60/70/80 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT NOTE 

Input Voltage VIN -1.0-7.0 V I 

Output Voltage VOUT -1.0-7.0 V I 

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 PD 8.0 W 1 

Short Circuit Output Current loUT 50 rnA 1 

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

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT NOTE 

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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THM361020AS/ ASG -60/70/80 

D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX 

OPERATING CURRENT THMxxxxxx-60 1320 
I Average Power Supply Operating Current THMxxxxxx-7t) 1120 CCI 

(RAS, ~, Address Cycling: tRC=tRC MIN.) THMxxxxxx-80 960 

STANDBY CURRENT 
I Power Supply Standby Current 24 CC2 

(RAS=CAS"=V IH) 

RAS ONLY REFRESH CURRENT Average THMxxxxxx-60 1320 

Icc3 Power Supply Current, RAS Only Mode THMxxxxxx-70 - 1120 
(RAS Cycling, ~=VIH: tRC=tRC MIN.) THMxxxxxx-80 - 960 

FAST PAGE MODE CURRENT THMxxxxxx-60 - 800 
ICC4 Average Power Supply Current, Fast Page Mode THMxxxxxx-70 - 800 

(RAS =VIv"CAS,Address Cycling:tpc=tpc MIN.) THMxxxxxx-80 - 680 
STANDBY CURRENT 

I Power Supply Standby Current 12 CC5 
(RAS=CAS"=V CC-0.2V) 

~ BEFORE"'RAS REFRESH CURRENT THMxxxxxx-60 1320 
ICC6 Average Power Supply Current, ~ Before RAS"" THMxxxxxx-70 1120 

Mode (RAS, ~, Cycling: tRC=tRC MIN.) THMxxxxxx-80 960 

INPUT LEAKAGE CURRENT 
I Input Leakage Current, any input -120 120 I(L) 

(OVS;VINS;6.5V, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-10 10 O(L) (DOUT is disabled, OV S;V oUTS;5.5V) 

VOH 
OUTPUT LEVEL 

2.4 
Output "H" Level Voltage (lom= -5mA) 

-

VOL 
OUTPUT LEVEL 

0.4 
Output "L" Level Voltage (Iom=4.2mA) -

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 

UNIT 

rnA 

rnA 

rnA 

rnA 

rnA 

rnA 

~A 

~ 

V 

V 

Please refer to the DRAM Module A.C. Conditions No.4. Notes which are 
referenced in this section are also located in the A.C. Conditions. 

CAPACITANCE (Vee = 5V ± 10%, f= IMHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN MAX UNIT 

Cll Input Capacitance (AO-A9) - 88 pF 

Cl2 Input Capacitance (W) - 84 pF 

CI3 Input Capacitance (RASU , RAS2) - 42 pF 

Cl4 Input Capacitance (CASU -~ - 36 pF 

CDQ1 I/O Capacitance (DQO-7, 9-16,18-25,27-34) - 17 pF 

CDQ2 I/O Capacitance (DQ8, 17, 26, 35) - 22 pF 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 
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11f~361020l\S/l\SG-60/70/80 

OUTLINE DRAWINGS 
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rOSHIBA 
1HM3610BOAS/ ASG -70/00 I 

1,048,576 WORD X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 
The THM361OBOAS/ASG is a 1,048,576 word by 36 bit dynamic RAM module which is assembled with 

2 TC5118180AJ devices on the printed circuit board. This module can be as well used as 2,097,152 word by 16 
bit by means of connecting DQO and DQ18, DQ1 and DQ19, DQ2 and DQ20, ....... , DQ17 and DQ35, 
respectively. This module is optimized for applications which require high density and large capacity such as 
main memory, image memory systems, and others which require compact size. 

FEATURES 
• 1,048,576 word by 36 bit organization 
• Fast access time and cycle time 
• Single power supply of 5V± 10% 
• Low power 

1,650mW MAX. Operating (THMxxxxxx-70) 
1,430mW MAX. Operating (THMxxxxxx-80) 
IlmW MAX. Standby 

• CAS" before RAS refresh, RAS only refresh, 
Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TIL compatible 
• 1,024 Refresh cycles/16ms 
• Package 

Tin-Lead Contact: THM36IOBOAS-xx 
Gold Contact: THM361OBOASG-xx 

PIN NAMES 

AO-A9 Address Inputs 

DQO-DQ35 Data Input/Outputs 

CASU-~ Column Address Strobe 

RASU,RAS2 Row Address Strobe 

W ReadlWrite Input 

Vcc Power (+5V) 

Vss Ground 

PD Presence Detect Pin 

NC No Connection 

KEY PARAMETERS 

tRAC RAS Access Time 

tAA Column Address 
Access Time 

!cAC CAS" Access Time 

tRC Cycle Time 

tpc Fast Page Mode 
Cycle Time 

-70 -80 

PDO Vss Vss 

PD1 Vss Vss 

PD2 Vss NC 

PD3 NC Vss 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 
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THM3610BOAS/ ASG -70/80 

PIN CONNECTION (TOP VIEW) 

~ 011111111111111 I 111111 II 11111111111111,.. 1111111111111111111111111111111111111

0 

I 
36 37 72 

1 Vss 13 Al 25 DQ24 37 DQ17 49 DQ9 61 DQ14 

2 DQO 14 A2 26 DQ7 38 DQ35 50 DQ27 62 DQ33 

3 DQ18 15 A3 27 DQ25 39 Vss 51 DQ10 63 DQ15 

4 DQ1 16 A4 28 A7 40 CASU 52 DQ28 64 DQ34 

5 DQ19 17 A5 29 NC 41 'CAS'2 53 DQ11 65 DQ16 

6 DQ2 18 A6 30 Vee 42 CAS'3' 54 DQ29 66 NC 

7 DQ20 19 NC 31 A8 43 'CAST 55 DQ12 67 PDO 

8 DQ3 20 DQ4 32 A9 44 RASU 56 DQ30 68 POI 

9 DQ21 21 DQ22 33 NC 45 NC 57 DQ13 69 PD2 

10 Vee 22 DQ5 34 RAS'2 46 NC 58 DQ31 70 PD3 

11 NC 23 DQ23 35 DQ26 47 W 59 Vee 71 NC 

12 AO 24 DQ6 36 DQ8 48 NC 60 DQ32 72 Vss 
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THM3610BOAS/ ASG -70/80 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT NOTE 

Input Voltage VIN - 0.5-V ee + 0.5 V 1 

Output Voltage VOUT -0.5-Vee + 0.5 V 1 

Power Supply Voltage Vee -0.5-7.0 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 1.8 W 1 

Short Circuit Output Current loUT 50 rnA 1 

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

SYMBOL CHARACTERISTIC MIN. 

Vee Supply Voltage 4.5 

VIH Input High Voltage 2.4 

VIL Input Low Voltage -0.5** 

*V cc + 2.0V at pulse width ~ 20 ns (pulse width measured at V cc) 
**-2.0V at pulse width ~ 20 ns (pulse width measured at OV) 

TYP. MAX. UNIT 

5.0 5.5 V 

- Vee +0.5* V 

- 0.8 V 
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THM3610BOAS/ ASG -70/80 

D.C. ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX 

OPERATING CURRENT THMxxxxxx-70 - 300 

ICC I Average Power Supply Operating Current THMxxxxxx-80 - 260 
(RAS, CAS, Address Cycling: tRC=tRC MIN.) 

STANDBY CURRENT 
ICC2 Power Supply Standby Current 4 

(RAS=CAS=V IH) 

RAS" ONLY REFRESH CURRENT Average THMxxxxxx-70 - 300 

Icc3 Power Supply Current, IV3 Only Mode THMxxxxxx-80 - 260 
(RAS Cycling, CAS=VIH: tRC=tRC MIN.) 

FAST PAGE MODE CURRENT THMxxxxxx-70 - 170 
ICC4 Average Power Supply Current, Fast Page Mode THMxxxxxx-80 150 

(RAS =V IL,"'CAS,Address Cycling:tpc=tpc MIN.) 

STANDBY CURRENT 
ICCS Power Supply Standby Current 2 

(RAS=CAS=V CC-0.2V) 

CAS" BEFORE"RAS REFRESH CURRENT THMxxxxxx-70 - 300 

ICC6 Average Power Supply Current, CAS Before ~ THMxxxxxx-80 - 260 
Mode (RAS, CAS, Cycling: tRC=tRC MIN.) 

INPUT LEAKAGE CURRENT 
I Input Leakage Current, any input -20 20 I(L) 

(OV:SVIN:S6.5V, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-10 10 O(L) (DoUT is disabled, OV :SV OUT:S5.5V) 

VOH 
OUTPUT LEVEL 

2.4 
Output "H" Level Voltage (Iom= -5mA) 

-

VOL 
OUTPUT LEVEL 

0.4 
Output "L" Level Voltage (lom=4.2mA) 

-

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 

UNIT 

rnA 

rnA 

rnA 

rnA 

rnA 

rnA 

~A 

~A 

V 

V 

Please refer to the DRAM Module A.C. Conditions No. 20. Notes which are 
referenced in this section are also located in the A.C. Conditions. 

CAPACITANCE (Vee = 5V ± 10%, f= IMHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN MAX UNIT 

CIl Input Capacitance (AO-A9) - 15 pF 

CI2 Input Capacitance (W) - 19 pF 

CI3 Input Capacitance (RAS{r, RAS"!) - 12 pF 

CI4 Input Capacitance (CASU" -CASJ) - 12 pF 

CDQ 110 Capacitance (DQO-35) - 12 pF 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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THM3610BOAS/ ASG -70/80 

OUTLINE DRAWINGS 
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TOSHIBA 
1HM361070AS/ ASG -00/70/80 

1,048,576 WORD X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM361070ASIASG is a 1,048,576 word by 36 bit dynamic RAM module which is assembled with 
8 TC514400SJ devices on the printed circuit board. This module is optimized for applications which require 
high density and large capacity such as main memory, image memory systems, and others which require 
compact size. 

FEATURES KEY PARAMETERS 

• 1,048,576 word by 36 bit organization 
• Fast access time and cycle time 
• Single power supply of 5V± 10% 
• Low power 

5,940mW MAX. Operating (THMxxxxxx-60) 
4,950mW MAX. Operating (THMxxxxxx-70) 
4,208mW MAX. Operating (THMxxxxxx-80) 
49.5mW MAX. Standby 

• CAS before RAS" refresh, RAS" only refresh, 
Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 
• 1,024 Refresh cycles/16ms 
• Package 

tRAc RAS" Access Time 

tAA Column Address 
Access Time 

!cAC CAS" Access Time 

tRc Cycle Time 

tpc Fast Page Mode 
Cycle Time 

72 pin SIMM Tin-Lead Contact: THM361070AS-60,70,80 
72 pin SIMM Gold Contact: THM361 070ASG-60, 70,80 

PIN NAMES 

AO-A9 Address Inputs -60 

DQO-DQ35 Data Input/Outputs PDO Vss 

CAS" Column Address Strobe PDI Vss 

RAS" Row Address Strobe PD2 NC 

W Read/Write Input PD3 NC 

Vcc Power (+5V) PD4 NC 

Vss Ground 

PD Presence Detect Pin 

NC No Connection 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 
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1LH~361070l\S/l\SG-60/70/80 II~ 

PIN CONNECTION (TOP VIEW) 

~ 0111111111111111) 111111111111111 III III " 111111) 111111111111111111111111111111 

0 

I 
1 36 37 72 

I Vss 13 Al 25 DQ13 37 DQl9 49 DQ22 61 DQ33 

2 DQO 14 A2 26 DQ14 38 DQ20 50 DQ23 62 DQ34 

3 DQ1 15 A3 27 DQ15 39 Vss 51 DQ24 63 DQ35 

4 DQ2 16 A4 28 A7 40 CAS 52 DQ25 64 NC 

5 DQ3 17 A5 29 DQ16 41 NC 53 DQ26 65 NC 

6 DQ4 18 A6 30 Vee 42 NC 54 DQ27 66 NC 

7 DQ5 19 DE 31 A8 43 NC 55 DQ28 67 PDO 

8 DQ6 20 DQ8 32 A9 44 RAS 56 DQ29 68 PD1 

9 DQ7 21 DQ9 33 NC 45 NC 57 DQ30 69 PD2 

10 Vee 22 DQ10 34 NC 46 DQ21 58 DQ31 70 PD3 

11 PD4 23 DQ11 35 DQ17 47 W 59 Vee 71 NC 

12 AO 24 DQ12 36 DQ18 48 Vss 60 DQ32 72 Vss 
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TH~361070AS/ASG-60/70/80 

BLOCK DIAGRAM 
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THM361070AS/ ASG -60/70/80 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT NOTE 

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 DC-sec 1 

Power Dissipation Po 6.3 W 1 

Short Circuit Output Current loUT 50 rnA 1 

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

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT NOTE 

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 

C-S2 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



THM361070AS/ ASG -60/70/80 

D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX 

OPERATING CURRENT THMxxxxxx-60 1080 
I Average Power Supply Operating Current THMxxxxxx-70 900 CCI 

(RAS, CAS', Address Cycling: tRC=tRC MIN.) THMxxxxxx-80 - 765 
STANDBY CURRENT 

I Power Supply Standby Current 18 CC2 
(RAS=CAS'=V IH) 

RAS' ONLY REFRESH CURRENT Average THMxxxxxx-60 1080 

Icc3 Power Supply Current, RAS' Only Mode THMxxxxxx-70 900 
(RAS Cycling, CAS'=VIH: tRC=tRC MIN.) THMxxxxxx-80 765 
FAST PAGE MODE CURRENT THMxxxxxx-60 630 

I Average Power Supply Current, Fast Page Mode THMxxxxxx-70 630 CC4 
(RAS =VIv"CAS',Address Cycling:tpc=tpc MIN.) THMxxxxxx-80 540 
STANDBY CURRENT 

I Power Supply Standby Current 9 CC5 
(RAS=CAS'=V cc-0.2V) 

CAS' BEFORE"RAS' REFRESH CURRENT THMxxxxxx-60 1080 
I Average Power Supply Current, CAS' Before RAS" THMxxxxxx-70 - 900 CC6 

Mode (RAS, CAS, Cycling: tRC=tRC MIN.) THMxxxxxx-80 - 765 
INPUT LEAKAGE CURRENT 

I Input Leakage Current, any input -90 90 I(L) 
(OV~VIN~6.5V, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-10 10 O(L) (DOUT is disabled, OV ~VoUT~5.5V) 

VOH 
OUTPUT LEVEL 

2.4 
Output "H" Level Voltage (10m: -5mA) -

VOL 
OUTPUT LEVEL 

0.4 
Output "L" Level Voltage (loUT=4.2mA) 

-

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 

UNIT 

rnA 

rnA 

rnA 

rnA 

rnA 

rnA 

JlA 

JlA 

V 

V 

Please refer to the DRAM Module A.C. Conditions No. 11. Notes which are 
referenced in this section are also located in the A.C. Conditions. 

CAPACITANCE (V CC = 5V ± 10%, f= lMHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN MAX UNIT 

CIl Input Capacitance (AO-A9) - 80 pF 

CI2 Input Capacitance (VI, OE) - 70 pF 

CI3 Input Capacitance (RAS,) - 60 pF 

CI4 Input Capacitance (CAS,) - 50 pF 

CDQ 110 Capacitance (DQO-35) - 15 pF 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 
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THM361070AS/ ASG -60/70/80 

OUTLINE DRAWINGS 
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rOSHIBA 
1lIM362020AS/ASG-60/70/-80 I 

2,097,152 WORD X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM362020A is a 2,097,152 word by 36 bit dynamic RAM module which is assembled with 16 
TC514400ASJ devices and 8 TC511 OOOBJI AJ devices on the printed circuit board. This module can be used as 
well as 4,194,304 word by 18 bit by means of connecting DQO and DQ18, DQ1 and DQ19, DQ2 and DQ20, 
....... , DQ17 and DQ35, respectively. This module is optimized for applications which require high density and 
large capacity such as main memory, image memory systems, and others which require compact size. 

FEATURES 
KEY PARAMETERS 

• 2,097,152 word by 36 bit organization 
• Fast access time and cycle time 
• Single power supply of 5V± 10% 
• Low power 

7 ,392m W MAX. Operating (THMxxxxxx-60) 
6,292mW MAX. Operating (THMxxxxxx-70) 
5,416mW MAX. Operating (THMxxxxxx-80) 
132mW MAX. Standby 

• CAS before RAS refresh, RAS only refresh, 
Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 
• 1,024 Refresh cycles/8ms (Burst Refresh) 

1,024 Refresh cyclesl16ms (Distributed Refresh) 
• Package 

tRAc RAS" Access Time 

tAA Column Address 
Access Time 

tcAC CAS" Access Time 

tRc Cycle Time 

tpc Fast Page Mode 
Cycle Time 

72 pin SIMM Tin-Lead Contact: THM362020AS-60,70,80 
72 pin SIMM Gold Contact: THM362020ASG-60,70,80 

PIN NAMES 

AO-A9 Address Inputs -60 

DQO-DQ35 Data Input/Outputs PD~ NC 

CASU-CASJ Column Address Strobe PD1 NC 

RASU-RASj Row Address Strobe PD2 NC 

W ReadlWrite Input PD3 NC 

Vcc Power (+5V) 

Vss Ground 

NC No Connection 

-60 

60ns 

30ns 

20ns 

lIOns 

45ns 

-70 

NC 

NC 

Vss 

NC 

-70 -80 

70ns 80ns 

35ns 40ns 

20ns 20ns 

130ns 150ns 

45ns 50ns 

-80 

NC 

NC 

NC 

Vss 



THM362020AS/ ASG -60/70/80 

PIN CONNECTION (TOP VIEW) 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

10 
I mlllTrllllrmlllrrrll mmmlllTT'!lIIrmlllrrrll mmmllirmlllrmm 

36 

Vss 13 Al 25 

DQO 14 A2 26 

DQ18 15 A3 27 

DQl 16 A4 28 

DQ19 17 A5 29 

DQ2 18 A6 30 

DQ20 19 NC 31 

DQ3 20 DQ4 32 

DQ21 21 DQ22 33 

Vee 22 DQ5 34 

NC 23 DQ23 35 

AO 24 DQ6 36 

°1 ,... 1111111/1 " 1111111111111111 " 1/1" 11/ . 
31 12 

DQ24 37 DQ17 49 DQ9 

DQ7 38 DQ35 50 DQ27 

DQ25 39 Vss 51 DQI0 

A7 40 CASU 52 DQ28 

NC 41 CAS2 53 DQ11 

Vee 42 CAS1 54 DQ29 

A8 43 CAST 55 DQ12 

A9 44 RASU 56 DQ30 

RAS3" 45 RAST 57 DQ13 

RAS2 46 NC 58 DQ31 

DQ26 47 W 59 Vee 

DQ8 48 NC 60 DQ32 

C-56 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

61 DQ14 

62 DQ33 

63 DQ15 

64 DQ34 

65 DQ16 

66 NC 

67 PDO 

68 PDl 

69 PD2 

70 PD3 

71 NC 

72 Vss 
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BLOCK DIAGRAM 
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1lH~362020l\S/l\SG-60/70/80 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT NOTE 

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 PD 16.0 W 1 

Short Circuit Output Current loUT 50 rnA 1 

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

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT NOTE 

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 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



THM362020AS/ ASG -60/70/80 

D.C. ELECTRICAL CHARACTERISTICS (Vee = sv ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX 

OPERATING CURRENT THMxxxxxx-60 1344 
I Average Power Supply Operating Current THMxxxxxx-70 1144 CCl 

(RAS, CAS, Address Cycling: tRC=tRC MIN.) THMxxxxxx-80 984 
STANDBY CURRENT 

I Power Supply Standby Current 48 CC2 
(RAS=CAS=VIH) 

RAS ONLY REFRESH CURRENT Average THMxxxxxx-60 1344 

Icc3 Power Supply Current, RAS' Only Mode THMxxxxxx-70 - 1144 
(RAS Cycling, CAS=VIH: tRC=tRC MIN.) THMxxxxxx-80 - 984 
FAST PAGE MODE CURRENT THMxxxxxx-60 824 

I Average Power Supply Current, Fast Page Mode THMxxxxxx-70 824 CC4 
(RAS =VIL,"CAS,Address Cycling:tpc=tpc MIN.) THMxxxxxx-80 704 

STANDBY CURRENT 
I Power Supply Standby Current 24 CC5 

(RAS=CAS=V cc-0.2V) 

CAS BEFORE"RAS REFRESH CURRENT THMxxxxxx-60 1344 
I Average Power Supply Current, CAS Before RAS" THMxxxxxx-70 - 1144 CC6 

Mode (RAS, CAS, Cycling: tRC=tRC MIN.) THMxxxxxx-80 - 984 
INPUT LEAKAGE CURRENT 

I Input Leakage Current, any input -240 240 I(L) 
(OVSVINS6.5V, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-20 20 O(L) (DOUT is disabled, OV SV ouTS5.5V) 

VOH 
OUTPUT LEVEL 

2.4 
Output "H" Level Voltage (IOUT= -5mA) 

-

VOL 
OUTPUT LEVEL 

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

-

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 

UNIT 

rnA 

rnA 

rnA 

rnA 

rnA 

rnA 

IlA 

IlA 

V 

V 

NOTE 

3,4 
5 

3,5 

3,4 
5 

3,5 

Please refer to the DRAM Module A.C. Conditions No. 4.Notes which are referenced 
in this section are also located in the A.C. Conditions. 

CAPACITANCE (Vee = sv ± 10%, f= IMHz, Ta= 0-70°C) 

SYMBOL PARAMETER MIN MAX UNIT 

CIl Input Capacitance (AO-A9) - 161 pF 

CI2 Input Capacitance (W) - 168 pF 

CI3 Input Capacitance (RASU-RAS'2) - 42 pF 

CI4 Input Capacitance (CASU-CASJ) - 42 pF 

CDQl I/O Capacitance (DQO-7, 9-16,18-25,27-34) - 29 pF 

CDQ2 I/O Capacitance (DQ8, 17,26,35) - 39 pF 

TOSHiBA AMERICA ELECTRONIC COMPONENTS, INC. C-59 



1lH~362020~S/~SG-60/70/80 

OUTLINE DRAWINGS 
THM362020ASlASG 
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~~V ~ t~ 
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3.38:t 0.13 101.19:t0.13 

BACK SIDE 
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TOSHIBA 
1HM362040AS/ ASG-OO/70/80 I 

2,097,152 WORD X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM362040A is a 2.097.152 word by 36 bit dynamic RAM module which is assembled with IS 
TC514400ASJ devices and S TC511000BFf devices on the printed circuit board. This module can be used as 
well as 2.097.152 words by IS bits dynamic RAM module. by means of connecting DQO and DQlS. DQ1 and 
DQI9. DQ2 and DQ20 ......... DQ17 and DQ35. respectively. This module is optimized for applications which 
require high density and large capacity such as main memory. image memory systems. and others which require 
compact size. 

FEATURES KEY PARAMETERS 

• 2,097,152 word by 36 bit organization 
• Fast access time and cycle time 
• Single power supply of 5V± 10% 
• Low power 

7,392m W MAX. Operating (THMxxxxxx-60) 
6,292m W MAX. Operating (THMxxxxxx-70) 
5,416mW MAX. Operating (THMxxxxxx-80) 
132m W MAX. Standby 

• CAS before RAS refresh. RAS only refresh, 
Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 
• 1,024 Refresh cycles/Sms (Burst Refresh) 
• 1,024 Refresh cycles/16ms (Distributed Refresh) 
• Package 

tRAc RAS' Access Time 

tAA Column Address 
Access Time 

tcAC CAS Access Time 

tRC Cycle Time 

tpc Fast Page Mode 
Cycle Time 

72 pin SIMM Tin-Lead Contact: THM362040AS-60,70,80 
72 pin SIMM Gold Contact: THM362040ASG-60,70,SO 

PIN NAMES 

AO-A9 Address Inputs -60 

DQO-DQ35 Data Input/Outputs PDO NC 

CASU-CAS3 Column Address Strobe PD1 NC 

RASU-RAS1 Row Address Strobe PD2 NC 

W Read/Write Input PD3 NC 

VCC Power (+5V) 

Vss Ground 

NC No Connection 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

-60 

60ns 

30ns 

20ns 

110ns 

45ns 

-70 

NC 

NC 

Vss 

NC 

-70 -SO 

70ns SOns 

35ns 40ns 

20ns 20ns 

130ns 150ns 

45ns 50ns 

-SO 

NC 

NC 

NC 

Vss 

C-61 



1lf.[~3620401\S/1\S~60/70/80 

PIN CONNECTION (TOP VIEW) 

I 0 

I mmmllirTTllIII'TI'lilmllmlllmllirTTllIIl'TI'li mlllmllirTTllllrmlil 

o I 

'" ill 111111 1111 II! 11111 1111111111111111 . 

36 37 72 

1 Vss 13 Al 25 DQ24 37 DQ17 49 DQ9 61 DQ14 

2 DQO 14 A2 26 DQ7 38 DQ35 50 DQ27 62 DQ33 

3 DQ18 15 A3 27 DQ25 39 Vss 51 DQ10 63 DQ15 

4 DQ1 16 A4 28 A7 40 CASU 52 DQ28 64 DQ34 

5 DQ19 17 A5 29 NC 41 ~ 53 DQ11 65 DQ16 

6 DQ2 18 A6 30 Vee 42 CAS1 54 DQ29 66 NC 

7 DQ20 19 NC 31 A8 43 CAST 55 DQ12 67 PDO 

8 DQ3 20 DQ4 32 A9 44 RASI 56 DQ30 68 PD1 

9 DQ21 21 DQ22 33 RAS'3 45 NC 57 DQ13 69 PD2 

10 Vee 22 DQ5 34 RAS2 46 NC 58 DQ31 70 PD3 

11 NC 23 DQ23 35 DQ26 47 W 59 Vee 71 NC 

12 AO 24 DQ6 36 DQ8 48 NC 60 DQ32 72 Vss 

C-62 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



llH~362040AS/AS~60/70/80 

BLOCK DIAGRAM 

mo 

,mo 

rot 

W 
Ao-A9 

-
-
~ ro 

m 
+M 

~~ 
~~ 

f---< ro 
f---< m 
-rM 

r--c ro 
f---c m 
+M' 

~~ 
f---< ro 

m 
.pM 
~ ro 
f---< m 
-rM 
~~ 
--< ro 
f--< m 
.pM 
~ ro 
f--< m 
:r<M 

~~ 

MO 
W 

Y 

Ml 
W 

Y 
M2 

W 

M3 
W 
y 

M4 
W 

Y 
MS 

W 

M6 
W 
Y 

M7 
w 
Y 

M8 
W 

M9 
W 

Y 

Ml0 
W 

't 
Mll 

W 
Y 

DQO-3 
1/01 1101 
1/02 1102 M12 1/03 1103 A0-9 AO-91/04 1/04 W 

I DQ4-7 I Y 
I/O f r 1 1101 
1/02 J 1 1102 M13 

AO_g1/03 I 1 1103 A0-9 W 1/04 1/04 
r DQ8 I 't 

Dintw 
AO-gDout 

W Din M14 
Dout A0-9 W 

1101 
DQ9-12 

1/01 
1102 1102 M1S 
1103 1/03 W AO-91/04 1/04A0-9 

1 DQ 13-16 I Y 
1/01 1101 
1/02 1102 M16 

AO_g1/03 1I03·AO_9 W 
1/04 1/04 

-T DQ 17 I '( 

Din:W 
AO·gDout 

W Din M17 
Dout AO-9 W 

1/01 
DQ 111-21 

1/01 
1/02 1102 M18 

AO_g 1/03 1/03 AO-9 iN 
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1lf.[~362040l\S/l\S~60/70/80 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT NOTE 

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 16.0 W 1 

Short Circuit Output Current loUT 50 rnA 1 

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

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT NOTE 

Vee Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 - 6.5 V 2 

Va Input Low Voltage -1.0 - 0.8 V 2 

C-64 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TH~362040AS/AS~60/70/80 

D.C. ELECTRICAL CHARACTERISTICS (Vee = sv ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX 

OPERATING CURRENT THMxxxxxx-60 - 1344 
I Average Power Supply Operating Current THMxxxxxx-70 1144 CCI -

(RAS, ~, Address Cycling: tRC=tRC MIN.) THMxxxxxx-80 - 984 
STANDBY CURRENT 

ICC2 Power Supply Standby Current 48 
(RAS~=VIH) 

RAS ONLY REFRESH CURRENT Average THMxxxxxx-60 - 1344 

Icc3 Power Supply Current, RAS' Only Mode THMxxxxxx-70 - 1144 
(RAS Cycling, ~=VIH: tRC=tRC MIN.) THMxxxxxx-80 - 984 
FAST PAGE MODE CURRENT THMxxxxxx-60 - 824 

I Average Power Supply Current, Fast Page Mode THMxxxxxx-70 - 824 CC4 
(RAS =VIL,"CAS,Address Cycling:tpc=tpc MIN.) THMxxxxxx-80 - 704 

STANDBY CURRENT 
I Power Supply Standby Current 24 CC5 

(RAS~=V CC-O.2V) 

~ BEFORE"RAS REFRESH CURRENT THMxxxxxx-60 - 1344 
ICC6 Average Power Supply Current, ~ Before RAs- THMxxxxxx-70 - 1144 

Mode (RAS, ~, Cycling: tRC=tRC MIN.) THMxxxxxx-80 - 984 
ThWUT LEAKAGE CURRENT 

I Input Leakage Current, any input -240 240 I(L) 
(OV~VIN~6.5V, All Other Pins Not Und~r Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

-20 20 
(DOUT is disabled, OV ~ OUT~.5V) 

VOH 
OUTPUT LEVEL 

2.4 
Output "H" Level Voltage (Iour= -SmA) 

-

VOL 
OUTPUT LEVEL 

0.4 
Output "L" Level Voltage (lour=4.2mA) 

-

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 

UNIT 

rnA 

rnA 

'rnA 

rnA 

rnA 

rnA 

JlA 

JlA 

V 

V 

Please refer to the DRAM Module A.C. Conditions No. 12. Notes which are 
. referenced in this section are also located in the A.C. Conditions. 

CAPACITANCE (Vee = sv ± 10%, f= lMHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN MAX UNIT 

CIl Input Capacitance (AO-A9) - 161 pF 

CI2 Input Capacitance (W) - 168 pF 

CI3 Input Capacitance (RA'SU-RAS'3) - 42 pF 

CI4 Input Capacitance <CASU-CAS3) - 42 pF 

CDQl I/O Capacitance (DQO-7, 9-16, 18-25,27-34) - 29 pF 

CDQ2 I/O Capacitance (DQ8,17, 26, 35) - 39 pF 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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5 
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OUTLINE DRAWINGS 

C-66 
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rOSHIBA 
1HM362OCOAS/ASG-70/80 I 

2,097,152 WORD X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM362OCOA is a 2,097,152 words by 36 bit dynamic RAM module which is assembled with 4 
TC5118180AJ devices on the printed circuit board. This module can be as well used as 4,193,304 word by 18 
bit by means of connecting DQO and DQI8, DQl and DQI9, DQ2 and DQ20, ....... , DQ17 and DQ35, 
respectively. This module is optimized for applications which require high density and large capacity such as 
main memory, image memory systems, and others which require compact size. 

FEATURES 

• 2,097,152 word by 36 bit organization 
• Fast access time and cycle time 
• Single power supply of 5V± 10% 
• Low power 

1,672m W MAX. Operating (THMxxxxxx-70) 
1,452mW MAX. Operating (THMxxxxxx-80) 
22m W MAX. Standby 

• CAS before RAS refresh, RAS only refresh, 
Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 
• 1,024 Refresh cycles/16ms 
• Package 

72 pin SIMM Tin-Lead Contact: THM3620COAS-xx 
72 pin SIMM Gold Contact: THM3620COASG-xx 

PIN NAMES 

AO-A9 Address Inputs 

DQO-DQ31 Data Input/Outputs 

CASU-CAS1 Column Address Strobe 

RASU-RAS1 Row Address Strobe 

W Read/Write Input 

Vcc Power (+5V) 

Vss Ground 

PD Presence Detect Pin 

NC No Connection 

KEY PARAMETERS 

-70 -80 

tRAC RAS" Access Time 70ns 80ns 

tAA Column Address 
35ns 40ns 

Access Time 

1cAC CAS" Access Time 20ns 20ns 

tRC Cycle Time 130ns 150ns 

tpc Fast Page Mode 
45ns 50ns 

Cycle Time 

-70 -80 

PDO NC NC 

PD1 NC NC 

PD2 Vss NC 

PD3 NC Vss 



THM3620COAS/ ASG -70/80 

PIN CONNECTION (TOP VIEW) 

~ 0 

n 11111111111111111111111111111111111 r- 11111111111 11 111111111111111111111111

0 

I 
36 37 72 

1 Vss 13 Al 25 DQ24 37 DQ17 49 DQ9 61 DQ14 

2 DQO 14 A2 26 DQ7 38 DQ35 50 DQ27 62 DQ33 

3 DQ18 15 A3 27 DQ25 39 Vss 51 DQlO 63 DQ15 

4 DQ1 16 A4 28 A7 40 CASU 52 DQ28 64 DQ34 

5 DQ19 17 A5 29 NC 41 CAS2 53 DQ11 65 DQ16 

6 DQ2 18 A6 30 Vee 42 CASj 54 DQ29 66 NC 

7 DQ20 19 NC 31 A8 43 CAST 55 DQ12 67 PDO 

8 DQ3 20 DQ4 32 A9 44 RASU 56 DQ30 68 PD1 

9 DQ21 21 DQ22 33 RAS3 45 RASI 57 DQ13 69 PD2 

10 Vee 22 DQ5 34 ~ 46 NC 58 DQ31 70 PD3 

11 NC 23 DQ23 35 DQ26 47 W 59 Vee 71 NC 

12 AO 24 DQ6 36 DQ8 48 NC 60 DQ32 72 Vss 
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THM3620COAS/ ASG -70/80 

BLOCK DIAGRAM 
OQO-17 

1/01 1/01 
1/02 1/02 
1103 1/03 

mo 
1104 1/04 m 1105 1105 
1106 1106 
1107 1/07 mo 1DJ 1/08 1108 

M1 1109 1109 M3 11010 11010 
~ 1/011 11011 

1/012 11012 
11013 11013 

~ M 1/014 11014 
11015 1/015 
1/016 1/016 
1/017 11017 

W AO-9 1/018 11018 AO-9 W 

OQ18-35 

1/01 1101 
1102 1102 
1/03 1103 
1/04 1104 

m 1/05 1/05 
1/06 1106 
1/07 1107 rm 1108 1/08 

M2 1/09 1/09 M4 11010 1/010 om 11011 11011 
1/012 1/012 
1/013 1/013 

r DE 1/014 1/014 
1/015 1/015 
1/016 1/016 
1/017 11017 

W AO-9 1/018 1/018 AO-9 W 

W 

AO-A9 

Vee o-o---------~!P---------I MI-4 
C 

Vss 0 T • MI-4 
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THM3620COAS/ ASG -70/80 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT NOTE 

Input Voltage VIN - 0.5-V ee + 0.5 V 1 

Output Voltage VOUT - 0.5-V ee + 0.5 V 1 

Power Supply Voltage Vee -0.5-7.0 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 3.6 W 1 

Short Circuit Output Current loUT 50 rnA 1 

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

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT NOTE 

Vee Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 - Vee +0.5 V 2 

VIL Input Low Voltage -0.5 - 0.8 V 2 

C-70 TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



THM3620COAS/ ASG -70/80 

D.C. ELECTRICAL CHARACTERISTICS (V cc = 5V ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX 

OPERATING CURRENT THMxxxxxx-70 304 

ICC! Average Power Supply Operating Current THMxxxxxx-80 264 
(RAS', CAS, Address Cycling: tRC=tRC MIN.) 

STANDBY CURRENT 
I Power Supply Standby Current 8 CC2 

(RAS'=CAS"=V IH) 

RAS" ONLY REFRESH CURRENT Average THMxxxxxx-70 304 

Icc3 Power Supply Current, RAS Only Mode THMxxxxxx-80 264 
(RAS' Cycling, CAS=VIH: tRC=tRC MIN.) 

FAST PAGE MODE CURRENT THMxxxxxx-70 - 174 
I Average Power Supply Current, Fast Page Mode THMxxxxxx-80 - 154 CC4 

(RAS' =VIL,~,Address Cycling:tpc=tpc MIN.) 

STANDBY CURRENT 
I Power Supply Standby Current 4 CC5 

(RAS'=CAS=V Cc-O.2V) 

CAS BEFORE"RAS REFRESH CURRENT THMxxxxxx-70 - 304 
I Average Power Supply Current, CAS Before RAS'" THMxxxxxx-80 - 264 CC6 

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

ThWUTLEAKAGECURRENT 
I Input Leakage Current, any input -40 40 I(L) 

(OV:5:VIN:5:6.5V, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-20 20 O(L) (DOUT is disabled, OV :5:V OUT:5:5.5V) 

VOH 
OUTPUT LEVEL 

2.4 
Output "H" Level Voltage (Iour= -5mA) 

-

VOL 
OUTPUT LEVEL 

0.4 
Output "L" Level Voltage (Iour=4.2mA) 

-

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 

UNIT 

rnA 

rnA 

rnA 

rnA 

rnA 

rnA 

IlA 

IlA 

V 

V 

Please refer to the DRAM Module A.C. Conditions No. 20. Notes which are 
referenced in this section are also located in the A.C. Conditions. 

CAPACITANCE (Vee = 5V ± 10%, f= IMHz, Ta= 0-70°C) 

SYMBOL PARAMETER MIN MAX UNIT 

CIl Input Capacitance (AO-A9) - 25 pF 

CI2 Input Capacitance (W) - 33 pF 

CI3 Input Capacitance (RASU-RAS"3) - 12 pF 

CI4 Input Capacitance (CASU" -CASJ) - 19 pF 

CDQ 110 Capacitance (DQO-35) - 19 pF 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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THM3620COAS/ ASG -70/80 

OUTLINE DRA WINGS 

THM3620COAS/ASG 

FRONT SIDE 

ttl ttl - - ,.. •• III 

~ ~ ~ 
GO III 

"': ""! 
,.. ID 

2.03±0.13 

6.35±0.13 

3.3S±0.13 

SACK SIDE 

107.95 ± 0.13 

101.19±0.13 

r olllllll'ES"""'V"""'[:=:::~:j""""o I 

DETAIL OF CONTACTS • THM3620COASI ASG 

'I 1·1.04±0.OS · ooo-~ 
i I~ 
N 

c:i Contacts: Tin-Lead I Gold 

C-72 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

Unit: mm 

~J 
II !0.10 

~S 



rOSHIBA 
1HM36206OAS/ AS(; -00/70/00 I 

2,097,152 WORD X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM362060A is a 2,097,152 word by 36 bit dynamic RAM module which is assembled with 18 
TC514400ASJ devices on the printed circuit board. This module is optimized for applications which require 
high density and large capacity such as main memory, image memory systems, and others which require 
compact size. 

FEATURES KEY PARAMETERS 

• 2,097,152 word by 36 bit organization 
• Fast access time and cycle time 
• Single power supply of 5V± 10% 
• Low power 

6,039m W MAX. Operating (THMxxxxxx-60) 
5,049mW MAX. Operating (THMxxxxxx-70) 
4,307mW MAX. Operating (THMxxxxxx-80) 
99m W MAX. Standby 

• CAS' before RAS refresh, RAS only refresh, 
Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 
• 1,024 Refresh cycles/16ms 
• Package 

tRAC RAS' Access Time 

tAA Column Address 
Access Time 

!cAC CAS Access Time 

tRC Cycle Time 

tpc Fast Page Mode 
Cycle Time 

72 pin SIMM Tin-Lead Contact: THM362060AS-60,70,80 
72 pin SIMM Gold Contact: THM362060ASG-60,70,80 

PIN NAMES 

AO-A9 Address Inputs -60 

DQO-DQ35 Data Input/Outputs PD~ NC 

CASU,CAST Column Address Strobe PD1 NC 

RASU,RAST Row Address Strobe PD2 NC 

W ReadlWrite Input PD3 NC 

OE Output Enable PD4 NC 

Vcc Power (+5V) 

Vss Ground 

PD Presence Detect Pin 

NC No Connection 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

-60 

60ns 

30ns 

20ns 

115ns 

45ns 

-70 

NC 

NC 

Vss 

NC 

NC 

-70 -80 

70ns 80ns 

35ns 40ns 

20ns 20ns 

130ns 150ns 

45ns 50ns 

-80 

NC 

NC 

NC 

Vss 

NC 
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1lf.l~3620601\S/1\S(}-60/70/80 

PIN CONNECTION (TOP VIEW) 

~ 0 

II I III I!! III I! I! I!! I! I! I!! I!! I! 1111 I! '"' II!! I! I! I! II!! 1l1li I! III 11111111 I! m

o

l 
36 37 72 

1 Vss 13 Al 25 DQ13 37 DQ19 49 DQ22 61 DQ33 

2 DQO 14 A2 26 DQ14 38 DQ20 50 DQ23 62 DQ34 

3 DQ1 15 A3 27 DQ15 39 Vss 51 DQ24 63 DQ35 

4 DQ2 16 A4 28 A7 40 CASU 52 DQ25 64 NC 

5 DQ3 17 A5 29 DQ16 41 NC 53 DQ26 65 NC 

6 DQ4 18 A6 30 Vee 42 NC 54 DQ27 66 NC 

7 DQ5 19 UE 31 A8 43 CAST 55 DQ28 67 PDO 

8 DQ6 20 DQ8 32 A9 44 RASU 56 DQ29 68 PD1 

9 DQ7 21 DQ9 33 NC 45 RAST 57 DQ30 69 PD2 

10 Vee 22 DQ10 34 NC 46 DQ21 58 DQ31 70 PD3 

11 PD4 23 DQ11 35 DQ17 47 W 59 Vee 71 NC 

12 AO 24 DQ12 36 DQ18 48 Vss 60 DQ32 72 Vss 
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TH~362060AS/ASG-60/70/80 

BLOCK DIAGRAM 

mo 
Wo 

M 

W 
AO-A9 

1101 OQ -3 1101 
M1 1/02 1102 M10 1103 1103 

1/04 1104 

1101 OQ4-7 1101 
1/02 V02 
V03 1103 
1104 V04 

OQ -11 

I/O 1 OQ 24-27 1101 
V02 1/02 
1103 1103 

~ ___ ~ ________ ~~1_10_4_ ~1I_0~4 __ M-~ ___ ~~ __ _ 

Vee ~o------------------------~!----------------~. MI-18 
C 

Vss ~o --------------------------+T----------------~. M 1-18 
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1lf[~362060~S/~SG-60/70/80 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT NOTE 

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 12.6 W 1 

Short Circuit Output Current loUT 50 rnA 1 

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

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT NOTE 

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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TH~362060AS/ASG-60/70/80 

D.C. ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX 
OPERATING CURRENT THMxxxxxx-60 1098 

ICC! Average Power Supply Operating Current THMxxxxxx-70 918 
(RAS, CAS, Address Cycling: tRC=tRC MIN.) THMxxxxxx-SO - 783 
STANDBY CURRENT 

ICC2 Power Supply Standby Current 36 
(RAS=CAS=V IH) 

RAS" ONLY REFRESH CURRENT Average THMxxxxxx-60 - lO98 
ICC3 Power Supply Current, RAS' Only Mode THMxxxxxx-70 - 918 

(RAS Cycling, CAS=VIH: tRC=tRC MIN.) THMxxxxxx-SO - 783 
FAST PAGE MODE CURRENT THMxxxxxx-60 - 648 

ICC4 Average Power Supply Current, Fast Page Mode THMxxxxxx-70 - 648 
(RAS =VIL:"CAS",Address Cycling:tpc=tpc MIN.) THMxxxxxx-SO - 558 
STANDBY CURRENT 

I Power Supply Standby Current 18 CC5 
(RAS=CAS=V cc-O.2V) 

CAS BEFORE"RAS REFRESH CURRENT THMxxxxxx-60 - lO98 
ICC6 Average Power Supply Current, CAS Before RAS'" THMxxxxxx-70 - 918 

Mode (RAS, CAS, Cycling: tRC=tRC MIN.) THMxxxxxx-SO 783 
INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any input -ISO ISO 
(OV::;;VIN::;;6.5V, All Other Pins Not Under Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

-20 20 
(DOUT is disabled, OV ::;;VoUT::;;5.5V) 

OUTPUT LEVEL 
2.4 VOH Output "R" Level Voltage (Iom= -5mA) -

OUTPUT LEVEL 
0.4 VOL Output "L" Level Voltage (lom=4.2mA) -

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERA TING CONDITIONS 

UNIT 

rnA 

rnA 

rnA 

rnA 

rnA 

rnA 

IlA 

IlA 

V 

V 

Please refer to the DRAM Module A.C. Conditions No. 11. Notes which are 
referenced in this section are also located in the A.C. Conditions. 

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

SYMBOL PARAMETER MIN MAX UNIT 

Cll Input Capacitance (AO-A9) - 130 pF 

CI2 Input Capacitance CW, 00) - 130 pF 

CI3 Input Capacitance (RASU, RAST) - 70 pF 

CI4 Input Capacitance (CASU, ~) - 70 pF 

CDQ 110 Capacitance (DQO-35) - 35 pF 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 

NOTE 
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1lFl~362060l\S/l\S(}-60/70/80 

OUTLINE DRAWINGS 
THM362060AS/ASG Unit: mm 

FRONT SIDE 2-21318:f:OOS 

!Er--'~~-=-. D-,;-D-"o-"o-o-O-7~-·D-'. -0-. O-o-",O-o-j---'ii~ ~i! 
2.03:1:0.13 I ,11. 1.27 R1.57:1:0.10 :P.:.16.35:1:o.08 I '";;i ~ ? +0.10 

.::6.=::3S:.:,:!::::.,0.1:.:..3 -+-f-tooI_------..:::9S=.2:::..:S :I:=-=0~.08=____ _______ 1 ut 1.27 -0.08 

3.38:1:0.13 101.19±0.13 

BACK SIDE 

DETAIL OF CONTACTS • THM362060ASI ASG 

'I 11, .04
:1:0.05 

· DOO-~ 
i I~ 
N 

o ContacU: Tin-lead I Gold 

Weight: 24.5g·(Typ.} 
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rOSHIBA 
1HM364020S/SG -00/70 I 

4,194,304 WORD X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM364020 is a 4,194,304 word by 36 bit dynamic RAM module which is assembled with 8 
TC5117400J devices and 4 TC514100AJ devices on the printed circuit board. The THM364020S can be used 
as well as 16,777,216 word by 18 bit by means of connecting DQO and DQ18, DQ1 and DQ19, 'DQ2 and 
DQ20;·····, DQ17 and DQ35, respectively. THM364020 is optimized for applications which require high density 
and large capacity such as main memory, image memory systems, and others which require compact size. 

FEATURES 

• 4,194,304 word by 36 bit organization 
• Fast access time and cycle time 
• Single power supply of 5V± 10% 
• Low power 

8,360mW MAX. Operating (THMxxxxxx-60) 
7,040mW MAX. Operating (THMxxxxxx-70) 
66mW MAX. Standby 

• CAS before RAS refresh, RAS only refresh, 
Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 
• 2,048 Refresh cyclesl16ms (Burst Refresh) 
• 2,048 Refresh cycles/32ms (Distributed Refresh) 
• Package 

Tin-Lead Contact: THM364020S-60,70 
Gold Contact: THM364020SG-60,70 

PIN NAMES 

AO-A1O Address Inputs 

DQO-DQ35 Data Input/Outputs 

CASU-CAS"3 Column Address Strobe 

RASU,~ Row Address Strobe 

W Read/Write Input 

Vcc Power (+5V) 

Vss Ground 

PO Presence Detect Pin 

KEY PARAMETERS 

tRAC RAS Access Time 

tAA Column Address 
Access Time 

tcAC CAS Access Time 

tRc Cycle Time 

tpc Fast Page Mode 
Cycle Time 

-60 -70 

PD~ Vss Vss 

POI NC NC 

PD2 NC Vss 

PD3 NC NC 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 
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60ns 70ns 

30ns 35ns 

15ns 20ns 

110ns 130ns 

40ns 45ns 



TH~364020S/SG-60/70 

PIN CONNECTION (TOP VIEW) 

10 01 
'1 111111111111111111111111 II 11111111111 '" 1111111111111111111111111111111111111 . 

1 ~ n n 

1 Vss 13 Al 25 DQ24 37 DQ17 49 DQ9 61 DQ14 

2 DQO 14 A2 26 DQ7 38 DQ35 50 DQ27 62 DQ33 

3 DQ18 15 A3 27 DQ25 39 Vss 51 DQI0 63 DQ15 

4 DQl 16 A4 28 A7 40 CASU 52 DQ28 64 DQ34 

5 DQ19 17 A5 29 NC 41 'CAS2 53 DQ11 65 DQ16 

6 DQ2 18 A6 30 Vee 42 CAS'3" 54 DQ29 66 NC 

7 DQ20 19 AI0 31 A8 43 CAST 55 DQ12 67 PDO 

8 DQ3 20 DQ4 32 A9 44 RASU 56 DQ30 68 PD1 

9 DQ21 21 DQ22 33 NC 45 NC 57 DQ13 69 PD2 

10 Vee 22 DQ5 34 RAS'2 46 NC 58 DQ31 70 PD3 

11 NC 23 DQ23 35 DQ26 47 W 59 Vee 71 NC 

12 AO 24 DQ6 36 DQ8 48 NC 60 DQ32 72 Vss 
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THM364020S/SG -60/70 
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TH~364020S/SG-60/70 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT NOTE 

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 8.4 W 1 

Short Circuit Output Current lOUT 50 rnA 1 

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

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT NOTE 

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 

*-2.0V at pulse width ~ 20 ns 



TH~364020S/SG-60/70 

D.C. ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX 

OPERATING CURRENT THMxxxxxx-60 1520 
I Average Power Supply Operating Current THMxxxxxx-70 - 1280 CCI 

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

STANDBY CURRENT 
I Power Supply Standby Current 24 CC2 

(RAS"=CAS'=V IH) 

RAS ONLY REFRESH CURRENT Average THMxxxxxx-60 1520 

Icc3 Power Supply Current, RAS Only Mode THMxxxxxx-70 - 1280 
(RAS" Cycling, CAS'=VIH: tRC=tRC MIN.) 

FAST PAGE MODE CURRENT THMxxxxxx-60 800 
I Average Power Supply Current, Fast Page Mode THMxxxxxx-70 - 720 CC4 

(RAS" =VIL:'CAS',Address Cycling:tpc=tpc MIN.) 

STANDBY CURRENT 
I Power Supply Standby Current 12 CC5 

(RAS"=CAS'=V cc-0.2V) 

CAS' BEFORE"RAS REFRESH CURRENT THMxxxxxx-60 1520 
I Average Power Supply Current, CAS' Before RAS" THMxxxxxx-70 - 1280 CC6 

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

ThWUTLEAKAGECURRENT 
I Input Leakage Current, any input -120 120 I(L) 

(OV~V 1N~6.5V, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-10 10 O(L) (DOUT is disabled, OV ~V OUT~5.5V) 

VOH 
OUTPUT LEVEL 

2.4 
Output "H" Level Voltage (Iom= -5mA) 

-

VOL 
OUTPUT LEVEL 

0.4 
Output "L" Level Voltage (Iour=4.2mA) -

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 

UNIT 

rnA 

rnA 

rnA 

rnA 

rnA 

rnA 

JlA 

JlA 

V 

V 

Please refer to the DRAM Module A.C. Conditions No. 15. Notes which are 
referenced in this section are also located in the A.C. Conditions. 

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

SYMBOL PARAMETER MIN MAX UNIT 

CIl Input Capacitance (AO-AlO) - 88 pF 

CI2 Input Capacitance (W) - 84 pF 

CI3 Input Capacitance (RASlr, RAS2) - 42 pF 

CI4 Input Capacitance (CASU'" -CASj) - 36 pF 

CDQ1 110 Capacitance (DQO-7, 9-16,18-25,27-34) - 17 pF 

CDQ2 110 Capacitance (DQ8, 17, 26, 35) - 22 pF 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 
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TH~364020S/SG-60/70 

OUTLINE DRAWINGS 
Unit in mm 
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TOSHIBA 
'IHM:36WAOS/SG -00/70 I 

4,194,304 WORD X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 
The THM3640AO is a 4,194,304 word by 36 bit dynamic RAM module which is assembled with 9 

TC5116400J devices on the printed circuit board. This module is optimized for applications which require high 
density and large capacity such as main memory, image memory systems, and others which require compact 
size. 

FEATURES KEY PARAMETERS 

• 4,194,304 word by 36 bit organization 
• Fast access time and cycle time 
• Single power supply of 5V± 10% 
• Low power 

4,455mW MAX. Operating (THMxxxxxx-60) 
3,960mW MAX. Operating (THMxxxxxx-70) 
49.5mW MAX. Standby 

• CAS' before RAS refresh, RAS only refresh, 
Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 
• 4,096 Refresh cycles/64ms 
• Package 

72pin SIMM Tin-Lead Contact: THM3640AOS-60,70 
72pin SIMM Gold Contact: THM3640AOSG-60,70 

PIN NAMES 

AO-A9 Address Inputs 
AlOR,AllR 

DQO-DQ35 Data Input/Outputs 

CAS Column Address Strobe 

RAS' Row Address Strobe 

W Read/Write Input 

OE Output Enable 

Vcc Power (+5V) 

Vss Ground 

NC No Connection 

PD Presence Detect Pin 

tRAC RAS' Access Time 

tAA Column Address 
Access Time 

tcAC CAS Access Time 

tRC Cycle Time 

tpc Fast Page Mode 
Cycle Time 

-60 -70 

PD~ Vss Vss 

PD1 NC NC 

PD2 NC Vss 

PD3 NC NC 

PD4 Vss* Vss* 

* Through the resistor (2.6Kn) to GND. 

-60 -70 

60ns 70ns 

30ns 35ns 

15ns 20ns 

lIOns 130ns 

40ns 45ns 



TH~3640AOS/SG-60/70 

PIN CONNECTION (TOP VIEW) 

o o 

36 37 72 

1 Vss 13 Al 25 DQ13 37 DQ19 49 DQ22 61 DQ33 

2 DQO 14 A2 26 DQ14 38 DQ20 50 DQ23 62 DQ34 

3 DQ1 15 A3 27 DQ15 39 Vss 51 DQ24 63 DQ35 

4 DQ2 16 A4 28 A7 40 CAS0 52 DQ25 64 NC 

5 DQ3 17 A5 29 DQ16 41 A10R 53 DQ26 65 NC 

6 DQ4 18 A6 30 Vee 42 A11R 54 DQ27 66 NC 

7 DQ5 19 UE 31 A8 43 NC 55 DQ28 67 PDO 

8 DQ6 20 DQ8 32 A9 44 'RAS 56 DQ29 68 PD1 

9 DQ7 21 DQ9 33 NC 45 NC 57 DQ30 69 PD2 

10 Vee 22 DQ10 34 NC 46 DQ21 58 DQ31 70 PD3 

11 PD4 23 DQ11 35 DQ17 47 W 59 Vee 71 NC 

12 AO 24 DQ12 36 DQ18 48 Vss 60 DQ32 72 Vss 

Tn~"'IR4 4M!;,RIC4 !;,L!;,CTRONIC COMPONENTS. INC. 



THM3640AOS/SG -60/70 

BLOCK DIAGRAM 
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Al0R, 1/03 
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J 
1101 

M2 AO-9, 1/02 
Al0R, 1/03 
AllR 1104 

I 
1/01 

M3 AO-9, 1/02 
Al0R, 1103 
AllR 1/04 
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1/01 

M4 AO-9, 1102 
Al0R, 1/03 
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I 
1/01 
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Vee C>o----------...1:-----~. Ml-9 
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Vss 0 T , Ml-9 
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TH~3640AOS/SG-60/70 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT NOTE 

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 6.3 W 1 

Short Circuit Output Current loUT 50 rnA 1 

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

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT NOTE 

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 

C-88 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



THM3640AOS/SG -60/70 

D.C. ELECTRICAL CHARACTERISTICS (V cc = sv ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX 

OPERATING CURRENT THMxxxxxx-60 - 810 

ICC I Average Power Supply Operating Current THMxxxxxx-70 - 720 
(RAS", CAS, Address Cycling: tRC=tRC MIN.) 

STANDBY CURRENT 
ICC2 Power Supply Standby Current 18 

(RAS"=CAS=V rn) 

RAS ONLY REFRESH CURRENT Average THMxxxxxx-60 810 

Icc3 Power Supply Current, RAS Only Mode THMxxxxxx-70 - 720 
(RAS" Cycling, CAS=VIH: tRC=tRC MIN.) 

FAST PAGE MODE CURRENT THMxxxxxx-60 630 
ICC4 Average Power Supply Current, Fast Page Mode THMxxxxxx-70 540 

(RAS" =VIL,"'CAS",Address Cycling:tpc=tpc MIN.) 

STANDBY CURRENT 
ICC5 Power Supply Standby Current 9 

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

CAS BEFORE'RAS REFRESH CURRENT THMxxxxxx-60 810 

ICC6 Average Power Supply Current, CAS Before RAs- THMxxxxxx-70 720 
Mode (RAS", CAS, Cycling: tRC=tRC MIN.) 

INPUT LEAKAGE CURRENT 
I Input Leakage Current, any input -90 90 I(L) 

(OVSVINS6.5V, All Other Pins Not Under Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

-10 10 
(DOUT is disabled, OV SV OUT:55.5V) 

VOH 
OUTPUT LEVEL 

2.4 
Output "H" Level Voltage (Iour= -5mA) -

VOL 
OUTPUT LEVEL 

0.4 
Output "L" Level Voltage (lour=4.2mA) -

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A. C. 
OPERATING CONDITIONS 

UNIT 

rnA 

rnA 

rnA 

rnA 

rnA 

rnA 

JlA 

JlA 

V 

V 

Please refer to the DRAM Module A.C Conditions No. 13. Notes which are 
referenced in this section are also located in the A.C. Conditions. 

CAPACITANCE (V CC = sv ± 10%, f= IMHz, Ta= 0-70°C) 

SYMBOL PARAMETER MIN MAX UNIT 

CIl Input Capacitance (AO-A9, AlOR, AllR) - 65 pF 

CI2 Input Capacitance CW, 'DE) - 60 pF 

CI3 Input Capacitance (RAS) - 55 pF 

CI4 Input Capacitance (CAS) - 55 pF 

CDQ I/O Capacitance (DQO-35) - 15 pF 

NOTE 

3,4,5 

3,5 

3,4,5 

3,5 



TH~3640AOS/SG-60/70 

OUTLINE DRAWINGS 
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TOSHIBA 
1lIM368020S/SG -00170 I 

8,388,608 WORD X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM368020 is a 8.388.608 word by 36 bit dynamic RAM module which is assembled with 16 
TC5117400J devices and 8 TC514100ASJ devices on the printed circuit board. The THM368020 can be used 
as well as 16.777.216 word by 18 bit by means of connecting DQO and DQI8. DQl and DQI9. 'DQ2 and 
DQ20 .. ·····• DQ17 and DQ35. respectively. THM368020 is optimized for applications which require high density 
and large capacity such as main memory. image memory systems. and others which require compact size. 

FEATURES 

• 8.388.608 word by 36 bit organization 
• Fast access time and cycle time 
• Single power supply of 5V± 10% 
• Low power 

8,492mW MAX. Operating (THMxxxxxx-60) 
7. 172mW MAX. Operating (THMxxxxxx-70) 
132mW MAX. Standby 

• CAS before RAS refresh. RA5 only refresh. 
Hidden refresh. and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 
• 2.048 Refresh cyclesl16ms (Burst Refresh) 
• 2.048 Refresh cycles/32ms (Distributed Refresh) 
• Package 

Tin-Lead Contact: THM368020S-60.70 
Gold Contact: THM368020SG-60.70 

PIN NAMES 

AO-AIO Address Inputs 

DQO-DQ35 Data Input/Outputs 

"CASU-CASJ Column Address Strobe 

'RAS0-'RAS3 Row Address Strobe 

W ReadiWrite Input 

Vcc Power (+5V) 

Vss Ground 

PD Presence Detect Pin 

KEY PARAMETERS 

tRAC RAS" Access Time 

tAA Column Address 
Access Time 

1cAC CAS Access Time 

tRC Cycle Time 

tpc Fast Page Mode 
Cycle Time 

-60 -70 

PDO NC NC 

PDl Vss Vss 

PD2 NC Vss 

PD3 NC NC 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

-60 -70 

60ns 70ns 

30ns 35ns 

15ns 20ns 

lIOns 130ns 

40ns 45ns 
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THM368020S/SG -60/70 

PIN CONNECTION (TOP VIEW) 

I~ III! mTnIll'mIllrrr'lIImIlTnIll'mlllrmlllrrr'1I mIllTnIll'mIllrn1111 

o I 
,.., 1111111111111111111111111111111111111 _ 

36 37 72 

1 Vss 13 Al 25 DQ24 37 DQ17 49 DQ9 61 DQ14 

2 DQO 14 A2 26 DQ7 38 DQ35 50 DQ27 62 DQ33 

3 DQ18 15 A3 27 DQ25 39 Vss 51 DQ10 63 DQ15 

4 DQ1 16 A4 28 A7 40 CASU 52 DQ28 64 DQ34 

5 DQ19 17 A5 29 NC 41 CAS'2 53 DQll 65 DQ16 

6 DQ2 18 A6 30 Vee 42 CAS'3 54 DQ29 66 NC 

7 DQ20 19 A10 31 A8 43 'CAST 55 DQ12 67 PDO 

8 DQ3 20 DQ4 32 A9 44 RASU 56 DQ30 68 PD1 

9 DQ21 21 DQ22 33 RAS"3 45 RAS"1 57 DQ13 69 PD2 

10 Vee 22 DQ5 34 RAS"2 46 NC 58 DQ31 70 PD3 

11 NC 23 DQ23 35 DQ26 47 W 59 Vee 71 NC 

12 AO 24 DQ6 36 DQ8 48 NC 60 DQ32 72 Vss 

C-92 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TH~368020S/SG-60/70 

BLOCK DIAGRAM 

m2 
DQ 18-21 1/01 

1UU2 1/02 
1/03 
1/04 

DQ22-25 
1/01 
1102 
1/03 
1/04 

w ~ __________ ~ ____ ~ ________________ ~ ____ ~ 
AO-A10~--------------------~----------------~ 

V« ~o----------------------------l~-----------------' VSS ~O ___________________________ T~C_O_-2_3 ____________ -. 
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TH~368020S/SG-60/70 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT NOTE 

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 I 

Storage Temperature TSTG - 55-125 °C 1 

Soldering Temperature - Time TSOLDER 260 -10 °C-sec 1 

Power Dissipation Po 14.4 W 1 

Short Circuit Output Current loUT 50 rnA 1 

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

SYMBOL CHARACTERISllC MIN. TYP. MAX. UNIT NOTE 

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* - 0.8 V 2 

*-2.0V at pulse width ~ 20 ns 

C-94 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



THM368020S/SG -60/70 

D.C. ELECTRICAL CHARACTERISTICS (V cc = sv ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX 

OPERATING CURRENT THMxxxxxx-60 1544 
I Average Power Supply Operating Current THMxxxxxx-70 1304 CCI 

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

STANDBY CURRENT 
I Power Supply Standby Current 48 CC2 

(RAS=CAS=V IH) 

RAS ONLY REFRESH CURRENT Average THMxxxxxx-60 1544 

IcC3 Power Supply Current, RAS Only Mode THMxxxxxx-70 1304 
(RAS Cycling, CAS=VIH: tRC=tRC MIN.) 

FAST PAGE MODE CURRENT THMxxxxxx-60 824 
I Average Power Supply Current, Fast Page Mode THMxxxxxx-70 744 CC4 

(RAS =V1V"'CAS,Address Cycling:tpc=tpc MIN.) 

STANDBY CURRENT 
I Power Supply Standby Current 24 CC5 

(RAS=CAS=V CC-O.2V) 

CAS BEFORE"RAS REFRESH CURRENT THMxxxxxx-60 - 1544 
I Average Power Supply Current, CAS Before RAS"" THMxxxxxx-70 - 1304 CC6 

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

INPUT LEAKAGE CURRENT 
I Input Leakage Current, any input -240 240 I(L) 

(OVS,V INS,6.5V, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-20 20 O(L) (DOUT is disabled, OV S,V OUTS,5.5V) 

VOH 
OUTPUT LEVEL 

2.4 
Output "H" Level Voltage (lour= -5mA) 

-

VOL 
OUTPUT LEVEL 

0.4 
Output "L" Level Voltage (lour=4.2mA) 

-

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 

UNIT 

rnA 

rnA 

rnA 

rnA 

rnA 

rnA 

J..lA 

J..lA 

V 

V 

Please refer to the DRAM Module A.C. Conditions No. 15. Notes which are 
referenced in this section are also located in the A.C. Conditions 

CAPACITANCE (V cc = SV ± 10%, f= IMHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN MAX UNIT 

CIl Input Capacitance (AO-AlO) - 88 pF 

CI2 Input Capacitance (W) - 84 pF 

CI3 Input Capacitance (RASU-RAS3) - 42 pF 

CI4 Input Capacitance (CASU" -CAS3) - 36 pF 

CDQl I/O Capacitance (DQO-7, 9-16,18-25,27-34) - 17 pF 

CDQ2 I/O Capacitance (DQ8, 17, 26, 35) - 22 pF 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

NOTE 

3,4 

3 

3,4 

3 
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rOSHIBA 
1lIM368OAOS/SG .ffJ/70 I 

8,388,608 WORD X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM3680AO is a 8,388,608 word by 36 bit dynamic RAM module which is assembled with 18 
TC5116400J devices on the printed circuit board. This module is optimized for applications which require high 
density and large capacity such as main memory, image memory systems, and others which require compact 
size. 

FEATURES 

• 8,388,608 word by 36 bit organization 
• Fast access time and cycle time 
• Single power supply of 5V± 10% 
• Low power 

4,555mW MAX. Operating (THMxxxxxx-60) 
4,059mW MAX. Operating (THMxxxxxx-70) 
99mW MAX. Standby 

• CAS before RAS'refresh, RAS' only refresh, 
Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 
• 4,096 Refresh cycles/64ms 

KEY PARAMETERS 

tRAc RAS" Access Time 

tAA Column Address 
Access Time 

tcAC CAS" Access Time 

tRc Cycle Time 

tpc Fast Page Mode 
Cycle Time 

• Package 
72pin SIMM Tin-Lead Contact: THM3680AOS-60,70 
72pin SIMM Gold Contact: THM3680AOSG-60,70 

PIN NAMES 

AO-A9 Address Inputs -60 -70 
AlOR,AIIR 

PDO NC NC 
DQO-DQ35 Data Input/Outputs 

CAm, CAST Column Address Strobe 
PDl Vss Vss 

Ri\S0,RASI Row Address Strobe 
PD2 NC Vss 

PD3 NC NC 
W ReadlWrite Input 

OE Output Enable 
PD4 Vss* Vss* 

Vcc Power (+5V) * Through the resistor (2.6Kn) to OND. 

Vss Ground 

NC No Connection 

PD Presence Detect Pin 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

-60 -70 

60ns 70ns 

30ns 35ns 

15ns 20ns 

lIOns 130ns 

40ns 45ns 
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TH~3680AOS/SG-60/70 

PIN CONNECTION (TOP VIEW) 

~ 0 

n 111111 II " 1111111111111111" 1111111 '" 111111111111111111 1111111111111111111

0 

I 
36 37 72 

1 Vss 13 Al 25 DQ13 37 DQ19 49 DQ22 61 DQ33 

2 DQO 14 A2 26 DQ14 38 DQ20 50 DQ23 62 DQ34 

3 DQ1 15 A3 27 DQ15 39 Vss 51 DQ24 63 DQ35 

4 DQ2 16 A4 28 A7 40 'CASU 52 DQ25 64 NC 

5 DQ3 17 A5 29 DQ16 41 A lOR 53 DQ26 65 NC 

6 DQ4 18 A6 30 Vee 42 A11R 54 DQ27 66 NC 

7 DQ5 19 'DE 31 A8 43 CAST 55 DQ28 67 PDO 

8 DQ6 20 DQ8 32 A9 44 RASU 56 DQ29 68 PD1 

9 DQ7 21 DQ9 33 NC 45 RAST 57 DQ30 69 PD2 

10 Vee 22 DQIO 34 NC 46 DQ21 58 DQ31 70 PD3 

11 PD4 23 DQ11 35 DQ17 47 W 59 Vee 71 NC 

12 AO 24 DQ12 36 DQ18 48 Vss 60 DQ32 72 Vss 

C-98 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



THM3680AOS/SG -60/70 

BLOCK DIAGRAM 
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TH~3680AOS/SG-60/70 

ABSOLUTE MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL RATING UNIT NOTE 

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 PD 12.6 W 1 

Short Circuit Output Current loUT 50 rnA 1 

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

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT NOTE 

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 

"'-_inn Tn~u.IIR.4 .4MIl!RIC.4 Il!LIl!CTRONIC COMPON~NTS. INC. 



THM3680AOS/SG -60/70 

D.C. ELECTRICAL CHARACTERISTICS (Vee = sv ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX 

OPERATING CURRENT THMxxxxxx-60 828 
ICC I Average Power Supply Operating Current THMxxxxxx-70 - 738 

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

STANDBY CURRENT 
ICC2 Power Supply Standby Current 36 

(RAS'=CAS=V IH) 

RAS" ONLY REFRESH CURRENT Average THMxxxxxx-60 - 828 

Icc3 Power Supply Current, Rj\g Only Mode THMxxxxxx-70 - 738 
(RAS' Cycling, CAS=VIH: tRC=tRC MIN.) 

FAST PAGE MODE CURRENT THMxxxxxx-60 - 648 
ICC4 Average Power Supply Current, Fast Page Mode THMxxxxxx-70 558 

(RAS' =VIL,""CAS",Address Cycling:tpc=tpc MIN.) 

STANDBY CURRENT 
ICCS Power Supply Standby Current 18 

(RAS'=CAS=V CC-O.2V) 

CAS BEFORE"RAS" REFRESH CURRENT THMxxxxxx-60 - 828 
ICC6 Average Power Supply Current, CAS Before RAS" THMxxxxxx-70 738 

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

ThWUT LEAKAGE CURRENT 
I Input Leakage Current, any input -180 180 I(L) 

(OV'5.V IN'5.6.5V, All Other Pins Not Under Test=OV) 

I OUTPUT LEAKAGE CURRENT 
-20 20 O(L) (OOUT is disabled, OV '5.V OUT'5.5.5V) 

VOH 
OUTPUT LEVEL 

2.4 
Output "H" Level Voltage (Iour= -5mA) 

-

VOL 
OUTPUT LEVEL 

0.4 
Output "L" Level Voltage (lour=4.2mA) 

-

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS 

UNIT 

rnA 

rnA 

rnA 

rnA 

rnA 

rnA 

J.lA 

J.lA 

V 

V 

Please refer to the DRAM Module A.C. Conditions No. 13. Notes which are 
referenced in this section are also located in the A.C. Conditions. 

CAPACITANCE (Vee = sv ± 10%, f= IMHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN MAX UNIT 

CIl Input Capacitance (AO-A9, AlOR, AllR) - 161 pF 

CI2 Input Capacitance (W, OR) - 168 pF 

CI3 Input Capacitance (RASU , RASl) - 42 pF 

CI4 Input Capacitance (CASU , CAST) - 42 pF 

COQ I/O Capacitance (000-35) - 29 pF 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

NOTE 

3,4 
5 

3,5 

3,4 

5 

3,5 
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TH~3680AOS/SG-60/70 

OUTLINE DRAWINGS 
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rOSHIBA DRAM Module AC. Conditions No.4 
IMx4/1Mxl-Based Modules 

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

1HMxxxxxx-60 1HMxxxxxx-70 1HMxxxxxx-80 
SYMBOL PARAMETER 

MIN MAX MIN MAX MIN MAX 

tRC Random Read or Write Cycle Time 110 - 130 - 150 -
tpc Fast Page Mode Cycle Time 45 - 45 - 50 -

tRAC Access Time from RAS - 60 - 70 - 80 

teAC Access Time from CP3 - 20 - 20 - 20 

tAA Access Time from Column Address - 30 - 35 - 40 

tePA Access Time from CP3 Precharge - 40 - 40 - 45 

teLZ CP3 to Output io Low-Z 0 - 0 - 0 -
toFF Output Buffer Turn-off Delay 0 20 0 20 0 20 

tT Transitioo Time (Rise and Fall) 3 50 3 50 3 50 

tRP RAS Presharge Time 40 - 50 - 60 -

tRAS RAS Pulse Width 60 10,000 70 10,000 80 10,000 

tRASP RAS Pulse Width (Fast Page Mode) 60 100,000 70 100,000 80 100,000 

tRSH RAS Hold Time 20 - 20 - 20 -

RAS Hold Time From""CAS 40 - 40 - 45 -
tRHCP Precharge (Fast Page Mode) 

teSH CP3 Hold Time 60 - 70 - 80 -

teAS CP3 Pulse Width 20 10,000 20 10,000 20 10,000 

tRCD RAS to CP3 Delay Time 20 40 20 50 20 60 

tRAD RAS to Column Address Delay Time 15 30 15 35 15 40 

teRP CP3 to RAS Precharge Time 5 5 5 

tep CP3 Precharge Time 10 - 10 - 10 -
tASR Row Address Set-Up Time 0 - 0 - 0 -
tRAH Row Address Hold Time 10 - 10 - 10 -
tAsc Column Address Set-Up Time 0 - 0 - 0 -
tcAH Column Address Hold Time 15 - 15 - 15 -

Column Address Hold Time 50 - 55 - 60 -
tAR refereoced to RAS 

tRAL Column Address To RAS Lead Time 30 - 35 - 40 -
tRCS Read Command Set-Up Time 0 - 0 - 0 -
tRCH Read Command Hold Time 0 - 0 - 0 -

Read Command Hold Time refer- 0 - 0 - 0 -
tRRH eoced toRAS 

tWCH Write Command Hold Time 10 - 15 - 15 -

Write Command Hold Time refer- 45 - 55 - 60 -
tWCR eoced toRAS 
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DRAM Module AC. Conditions No.4 
IMx4/1Mxl-Based Modules 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 

THMxxxxxx-60 THMxxxxxx-70 THMxxxxxx-80 
SYMBOL PARAMETER 

MIN MAX MIN MAX MIN MAX 

twp Write Command Pulse Width 10 - 15 - 15 -
tRWL Write Command to RAS Lead Time 20 - 20 - 20 -
tcWL Write Command to CAS" Lead Time 20 - 20 - 20 -
tos Data Set-Up Time 0 - 0 - 0 -
tOH Data Hold Time 15 - 15 - 15 -

tOHR Data Hold Time referenced to RAS 50 - 55 - 60 -
tREF Refresh Period - 16 - 16 - 16 

twcs Write Command Set-Up Time 0 - 0 - 0 -

tcSR 
CAS" Set-Up Time 

5 - 5 - 5 -'{CAS' before RAS Cycle) 

CAS" Hold Time 15 15 15 tcHR (CAS" before RAS Cycle) - - -

tRPC RAS to CAS" Precharge Time 5 - 5 - 5 -
CAS" Precharge Time 

tcPT (CAS" before RAS Counter Test 30 - 40 - 40 -
Cycle) 

tWRP 
WRITE to RAS Precharge Time 

10 - 10 - 10 -(CAS" before RAS Cycle) 

tWRH 
Wnte to'"RAS Hold Time 

10 10 10 
'{CAS' before RAS'"Cycle - -

UNIT NOTE 
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DRAM Module AC. Conditions No.4 
lMx4/1Mxl-Based Modules 

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. ICC}' Icc4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=VIL. In case of Icc4' it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 2()()~s 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 tr=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 l00pF. 

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. twcs is not a restictive operating parameter. It is included in the data sheet as electrical characteristic 
only. Iftwcs >twcs (min.), the cycle is an early write cycle and the data output will remain open circuit 
(high impedance) through the entire cycle. 

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

bY!cAC' 

14. 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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DRAM Module AC. Conditions No.4 
IMx4/1Mxl-Based Modules 

READ CYCLE 

VIH 
AO-A9 

VIL 

VIH 
WJmt 

VIL 

DOUT 

WRITE CYCLE (EARLY WRITE) 

VIH 
AO-A9 

VIL 

VIH wmr 
VIL 

VIH 
DIN 

VIL 
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FAST PAGE MODE READ CYCLE 

VIH 
AO-A9 

VIL 

VIH 
WR'm' 

VIL 

DOUT 

DRAM Module AC. Conditions No.4 
IMx4/1Mxl-Based Modules 

* VALID DATA OUT 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

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

VIL 

* VALID DATA IN 



DRAM Module AC. Conditions No.4 
IMx4/1Mxl-Based Modules 

HAS ONLY REFRESH CYCLE 

~-----;-~~--------------------------~--~----
VIL 

AO-A9 

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

VOL -

CAS BEFORE HAS REFRESH CYCLE 

VIL-__ _ 

VOH _-------:L 
DOUT VOL I~----------------

Note: AO-A9.-H- or NL-



HIDDEN REFRESH CYCLE (READ) 

HIDDEN REFRESH CYCLE (WRITE) 

DRAM Module AC. Conditions No.4 
lMx4/1Mxl-Based Modules 

TnQLlIDA AI.II:DII'A 1:1 1:I''Y'Dn .... I' I'nll.Dn ... ~ ... 'Y'~ .... " 



DRAM Module AC. Conditions No.4 
IMx4/1Mxl-Based Modules 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

READ CYCLE 

~ 
DOUT VOH-__ ~_ OPEN ---HoC 

VOL_ 

wrun VIH - ~=~::t:::=----~:!:::J;; 
VIL -

WRITE CYCLE 
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rOSHIBA 
DRAM ModuleAC. Conditions No.8 
IMx4-Based Modules 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (Vee = 5V ± 10%, Ta = 0-70°C)(Notes 6,7,8) 

THMxxxxxx-60 THMxxxxxx-70 THMxxxxxx-80 
SYMBOL PARAMETER 

MIN MAX MIN MAX MIN MAX 

tRC Random Read or Write Cycle Time 110 - 130 - 150 -

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

tRAC Access Time from RAS" - 60 - 70 - 80 

teAC Access Time from CAS" - 20 - 20 - 20 

tAA Access Time from Column Address - 30 - 35 - 40 

tePA Access Time from CAS" Precharge - 40 - 40 - 45 

teLZ CAS" to Output in Low-Z 0 - 0 - 0 -

toFF Output Buffer Tum-off Delay 0 20 0 20 0 20 

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

tRP RAS" Presharge Time 40 - 50 - 60 -
tRAS RAS" Pulse Width 60 10,000 70 10,000 80 10,000 

tRASP RAS" Pulse Width (Fast Page Mode) 60 200,000 70 200,000 80 200,000 

tRSH RAS" Hold Time 20 - 20 - 20 -

RAS" Hold Time From"'CA5 40 - 40 - 45 -
tRHCP Precharge (Fast Page Mode) 

teSH CAS" Hold Time 60 - 70 - 80 -

teAS CAS" Pulse Width 20 10,000 20 10,000 20 10,000 

tRCD RAS" to CAS" Delay Time 20 40 20 50 20 60 

tRAD RAS" to Column Address Delay Time 15 30 15 35 15 40 

teRP CAS" to RAS" Precharge Time 5 5 5 -
tep CAS" Precharge Time 10 - 10 - 10 -
tASR Row Address Set-Up Time 0 - 0 - 0 -

tRAH Row Address Hold Time 10 - 10 - 10 -

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

teAH Column Address Hold Time 15 - 15 - 15 -

tRAL Column Address To RAS" Lead Time 30 - 35 - 40 

tRCS Read Command Set-Up Time 0 - 0 - 0 -
tRCH Read Command Hold Time 0 - 0 - 0 -

Read Command Hold Time refer- 0 - 0 - 0 -
tRRH enced to RAS" 

tWCH Write Command Hold Time 10 - 15 - 15 -
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DRAM Module AC. Conditions No.8 
IMx4-Based Modules 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 

THMxxxxxx-60 THMxxxxxx-70 THMxxxxxx-80 
SYMBOL PARAMETER 

MIN MAX MIN MAX MIN MAX 

twp Write Command Pulse Width 10 - 15 - 15 -
tRWL Write Command to 'RAS Lead Time 20 - 20 - 20 -
tcWL Write Comrriand to CAS Lead Time 20 - 20 - 20 -
tDS Data Set-Up Time 0 - 0 - 0 -
tDH Data Hold Time 15 - 15 - 15 -
tREF Refresh Period - 16 - 16 - 16 

twcs Write Command Set-Up Time 0 - 0 - 0 -

tcSR 
CAS Set-Up Time 

5 - 5 - 5 -(CAS before 'RAS Cycle) 

CAS Hold Time 
15 tcHR (CAS before 'RAS Cycle) - 15 - 15 -

tRPC 'RAS to CAS Precharge Time 0 - 0 - 0 -
CAS Precharge Time 

tcPT (CAS before 'RAS Counter Test 30 - 40 - 40 -
Cycle) 

tWTS 
Write Command Set-Up Time 

10 - 10 - 10 
(Test Mode In) 

Write Command Hold Time 
10 10 10 tWTH (Test Mode In) 

- - -

tWRP 
WRITE to 'RAS Precharge Time 

10 - 10 - 10 -(CAS before 'RAS Cycle) 

Wnte to"RAS Hold Time 
10 10 10 tWRH (CAS before ~Cycle 

- -

0-10 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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DRAM Module AC. Conditions No.8 
IMx4-Based Modules 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS IN THE TEST MODE (Vee = 5V ± lO%,Ta = 
0-70°C) (Notes 6,7,8) 

THMxxxxxx-60 THMxxxxxx-70 THMxxxxxx-80 
SYMBOL PARAMETER 

MIN MAX MIN MAX MIN MAX 

tRC Random Read or Write Cycle Time 115 - 135 - 155 -
tpc Fast Page Mode Cycle Time 50 - 50 - 55 -

tRAC 
Access Time from RAS" - 65 - 75 - 85 

teAC Access Time from CAS" - 25 - 25 - 25 

tAA Access Time from Column Address - 35 - 40 - 45 

tePA Access Time from CAS" Precharge - 45 - 45 - 50 

tRAS RAS" Pulse Width 65 10,000 75 10,000 85 10,000 

tRASP RAS" Pulse Width (Fast Page Mode) 65 200,000 75 200,000 85 200,000 

tRSH RAS" Hold Time 25 - 25 - 25 -

tcSH CAS" Hold Time 65 - 75 - 85 -

tRHCP CAS" Precharge to RAS" Hold Time 45 - 45 - 50 -

teAS CAS" Pulse Width 25 10,000 25 10,000 25 10,000 

Column Address to RAS" Lead 35 - 40 - 45 -
tRAL Time 

TO~I-IIR4 4MFRIr.4 FI Fr.TAnNIr. r.nMDnNI:NT~ IN~ 
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DRAM Module AC. Conditions No.8 
IMx4-Based Modules 

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' Icc6 depend on cycle rate. 

4. Iccl' Icc4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS=VIL. In case of Icc4' it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200IlS 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 ~ 
before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume t-r=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 l00pF. 

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. twcs, tRWD. tcWD. tAWD and tcPWD are not restictive operating parameters. They are included in the data 
sheet as electrical characteristics only. Iftwcs >twcs (min.), the cycle is an early write cycle and the 
data output will remain open circuit (high impedance) through the entire cycle; If tRWD>tRWD (min.), 
tcWD>tcWD (min.), tAWD>tAWD (min.) and tcPWP>tcPWDD (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 condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

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

14. 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 t.'Ie specified tRAD (ma.x.) H!!Ijt, then access time is 
controlled by tAA-

n.1? TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



READ CYCLE 

VIH 
AO-A9 

V 1L 

VIH 
WJO'n' 

VIL 

DOUT 

DRAM Module A.C. Conditions No.8 
IMx4-Based Modules 

WRITE CYCLE (EARLY WRITE) 

VIH 
AO-A9 

VIL 

VIH 
WJOT( 

V1L 

VIH 
DIN 

VIL 
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DRAM Module AC. Conditions No.8 
IMx4-Based Modules 

FAST PAGE MODE READ CYCLE 

tAl 

VIH 
AO-A9 

VIL 

VIH 
WJm! 

VIL 

DoUT 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

m VIH 

VIL 

VIH 
AO-A9 

VIL 

VIH 
WRITE' 

VIL 

VIH 
DIN 

VIL 
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DRAM Module AC. Conditions No.8 
IMx4-Based Modules 

IUS ONLY REFRESH CYCLE 

V~~----~~ __________ ~~ __________ ~ 

VIH 
AO-A9 

VIL 

VOH-

DOUT 
VOL -

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

"CAS BEFORE IUS REFRESH CYCLE 

Note: AO-A9 =·W or ·L· 
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DRAM Module AC. Conditions No.8 
IMx4-Based Modules 

HIDDEN REFRESH CYCLE (READ) 

VIH_--oL as VIL _ \.~_--..;&l~ __ ".1 

VOH--------+C 
DoUT VOL-

VALID DATA-OUT 
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HIDDEN REFRESH CYCLE (WRITE) 

VIH _----:~I-+---.....,,(. 

m VIL 

VIH 

AO-A9 
VIL 

VIH 

wmr 
VIL 

VIH 
DIN 

Vil 

DRAM Module AC. Conditions No.8 
IMx4-Based Modules 
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DRAM Module AC. Conditions No.8 
IMx4-Based Modules 

CAS BEFORE HAS REFRESH COUNTER TEST CYCLE 

AO-A9 

DOUT 

VIH 
WI£iT'E 

VIL 

VIH 
DIN 

VIL 

WRITE, "CAS BEFORE HAS REFRESH CYCLE 

DOUT I)----------OPEN------
VOL -";...------.If 
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DRAM Module AC. Conditions No.8 
IMx4-Based Modules 

READ CYCLE IN THE TEST MODE 

m 
VIL 

VIH 
AO-A9 

VIL 

VIH 
WRiT[ 

VIL 

DoUT 

Note: DIN • OPEN 

WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

VIH------s.... 

m 

VIH 
AO-A9 

VIL 

VIH 
WRiT[ 

VIL 

DIN 

Note: DOUT" OPEN ~: ·W or -L-



DRAM Module AC. Conditions No.8 
IMx4-Based Modules 

FAST PAGE MODE READ CYCLE IN THE TEST MODE 

m 

VIH 
,o-A9 

Va 

VIH 
WIm 

VIL 

DoUT 

Note: DIN • OPEN 

FAST PAGE MODE WRITE CYCLE IN THE TEST MODE 

m 

VIH 
AO-A9 

Vi .. 

VIH 
wm 

VIL 

VIH 

DIN 
VIL 

Note: DOUT = OPEN 
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TEST MODE 

DRAM Module AC. Conditions No.8 
IMx4-Based Modules 

The TC514400AJ 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 "1"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. 1 shows the block diagram of TC514400AJ. 
In "Test Mode", the IMX4 DRAM can be tested as if it were a 512K X 4 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, "WRITE, 
CAS Before RAS Refresh Cycle" performs the refresh operation with internal refresh address counter. The 
"Test Mode" function reduces test times (112 in case ofN test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 

Normal 

Normal 
r-______ ~ ______ ~~--4-~~~ 

~------~----~~---t--r-1~ 

Normal 

Figure 1 
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rOSHIBA 
DRAM ModuleAC. Conditions No.ll 
lMx4-Based Module, with Output Enable 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERA TING CONDITIONS (V cc = SV ± 10%, Ta = 0-70°C)(Notes 6,7,8) 

THMxxxxxx-60 THMxxxxxx-70 THMxxxxxx-80 
SYMBOL PARAMETER 

MIN MAX MIN MAX MIN MAX 

tRC Random Read or Write Cycle Time 110 - 130 - 150 -
tRMW Read-Modify-Write Cycle 165 - 185 - 205 -

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

Fast Page Mode Read-Modify-Write 100 - 100 - 105 -
tpRMw Cycle Time 

Access Time from RAS - 60 - 70 - 80 
tRAC 

teAC Access Time from 'CAS - 20 - 20 - 20 

tAA Access Time from Column Address - 30 - 35 - 40 

tePA Access Time from 'CAS Precharge - 40 - 40 - 45 

teLz 'CAS to Output in Low-Z 0 - 0 - 0 -
tOFF Output Buffer Turn-off Delay 0 20 0 20 0 20 

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

tRP RAS Presharge Time 40 - 50 - 60 -

tRAs RAS Pulse Width 60 10,000 70 10,000 80 10,000 

tRASP RAS Pulse Width (Fast Page Mode) 60 200,000 70 200,000 80 200,000 

tRSH RAS Hold Time 20 - 20 - 20 -

RAS Hold Time From ""CAS" 40 - 40 - 45 -
tRHCP Precharge (Fast Page Mode) 

teSH 'CAS Hold Time 60 - 70 - 80 -

teAS 'CAS Pulse Width 20 10,000 20 10,000 20 10,000 

tRCD RAS to 'CAS Delay Time 20 40 20 50 20 60 

tRAD RAS to Column Address Delay Time 15 30 15 35 15 40 

teRP 'CAS to RAS Precharge Time 5 5 5 -

tep 'CAS Precharge Time 10 - 10 - 10 -
tASR Row Address Set-Up Time 0 - 0 - 0 -

tRAH Row Address Hold Time 10 - 10 - 10 -

tAsc Column Address Set-Up Time 0 - 0 - 0 0 

teAH Column Address Hold Time 15 - 15 - 15 -
tRAL Column Address To RAS Lead Time 30 - 35 - 40 -

tRCS Read Command Set-Up Time 0 - 0 - 0 -
tRCH Read Command Hold Time 0 - 0 - 0 -

Read Command Hold Time refer- 0 - 0 - 0 -
tRRH enced to RAS 

tWCH Write Command Hold Time 10 - 15 - 15 -

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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DRAM Module AC. Conditions No.ll 
lMx4-Based Module, with OE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 

THMxxxxxx-60 THMxxxxxx-70 THMxxxxxx-80 
SYMBOL PARAMETER 

MIN MAX MIN MAX MIN MAX 

twp Write Command Pulse Width 10 - 15 - 15 -
tRWL Write Command to RP3 Lead Time 20 - 20 - 20 -
tc",i·· . Write Command to CAS' Lead Time 20 - 20 - 20 -
tos Data Set-Up Time 0 - 0 - 0 -
tOH Data Hold Time 15 - 15 - 15 -
tREF Refresh Period - 16 - 16 - 16 

twcs Write Command Set-Up Time 0 - 0 - 0 -

leW~ CAS to WRITE Delay Time 50 - 50 - 50 -
tRwo RP3 to WRITE Delay Time 90 - 100 - 110 -

tAWO 
Column Address to WRITE Delay 

60 - 65 - 70 -Time 

tcpwo 
CAS Precharge to WRITE'"Delay 

70 - 70 - 75 -Time 

tcSR 
CAS Set-Up Time 

5 - 5 - 5 -
'{CAS' before RP3 Cycle) 

CAS Hold Time 
15 15 15 tcHR (CAS before RP3 Cycle) - - -

tRPC RP3 to CAS Precharge Time 0 - 0 - 0 -

CAS Precharge Time 

tcPT (CAS before RP3 Counter Test 30 - 40 - 40 -
Cycle) 

tROH RP3 Hold Time referenced to 'DE 10 - 10 - 10 -
toEA 'DE to Access Time - 20 - 20 - 20 

toEO 'DE to Data Delay 20 - 20 - 20 -

toEZ 
Ouput buffer turn off Delay Time 

0 20 0 20 0 20 
from 'DE 

taEH 'DE Command Hold Time 20 - 20 - 20 -
toos Output Disable Set-Up Time 0 - 0 - 0 -

tWTS 
Write Command Set-Up Time 

10 - 10 - 10 
(Test Mode In) 

Write Command Hold Time 
10 10 10 tWTH (Test Mode In) - - -

tWRP 
WRITE to RP3 Precharge Time 

10 - 10 - 10 -(CAS before RP3 Cycle) 

tWRH 
Wnte to"RA.S Hold Time 
'{CAS' before RAS""Cycle 

10 - 10 - 10 
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DRAM Module AC. Conditions No.11 
1Mx4-Based Module, with OE 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERA TING CONDITIONS IN THE TEST MODE (Vee = 5V ± lO%,Ta = 
0-70°C) (Notes 6,7,8) 

THMxxxxxx-60 THMxxxxxx-70 THMxxxxxx-80 
SYMBOL PARAMETER 

MIN MAX MIN MAX MIN MAX 

tRC Random Read or Write Cycle Time 115 - 135 - 155 -
tpc Fast Page Mode Cycle Time 50 - 50 - 55 -

Access Time from RA5 - 65 - 75 - 85 
tRAC 

teAC Access Time from CAS' - 25 - 25 - 25 

tAA Access Time from Column Address - 35 - 40 - 45 

tePA Access Time from CAS' Precharge - 45 - 45 - 50 

tRAS RA5 Pulse Width 65 10,000 75 10,000 85 10,000 

tRASP RA5 Pulse Width (Fast Page Mode) 65 200,000 75 200,000 85 200,000 

tRSH RA5 Hold Time 25 - 25 - 25 -
teSH CAS' Hold Time 65 - 75 - 85 -

tRHCP CAS' Precharge to RA5 Hold Time 45 - 45 - 50 -
teAS CAS' Pulse Width 25 10,000 25 10,000 25 10,000 

Column Address to RA5 Lead 35 - 40 - 45 -
tRAL Time 
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DRAM Module AC. Conditions No.11 
1Mx4-Based Module, with OE 

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. ICC!' ICC4 depend on output loading. Specified values are obtained with the outputopen. 

5. Address can be changed one or less while RAS'=VIL• In case of ICC4' it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200Jls 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 ~ 

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

7. AC measurements assume t-r=5ns. 

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

9. Measured with a load equivalent to 2 TTL loads and l00pF. 

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 WRITE leading edge 
in Read-Modify-Write cycles. 

13. twcs, tRwD, leWD' tAWD and lePWD are not restictive 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 output will remain open circuit (high impedance) through the entire cycle; If tRWO>tRWO (min.), 
tcwo>tcwo (min.), tAWO>tAWO (min.) and tcPWP>tcPWOD (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 condifition is satisfied, the condition of the data out (at access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC 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 1:cAC' 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. tRAD (max.) is specified as 
a reference point only: If tRAD is greater than the specified tRAD (max.) limit, then access time is 
controlled by tAA' 
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DRAM Module AC. Conditions No.1l 
1Mx4-Based Module, with OE 

TIMING WA VEFORMS 

READ CYCLE 

VIH-m 
Vll-

m VIH-

Vil 

VIH 
AO-A9 

Vil 

WImt 
VIH 

Vil 

M 
VIH-

Vll-

VOH-
DOUT 

VOl-
OPEN 

~: "H" or "L" 
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DRAM Module AC. Conditions No.11 
1Mx4-Based Module, with OE 

WRITE CYCLE (EARLY WRITE) 

VIH-~---~ 
m 

VIL -

VIH 
~ 

VIL 

VIH 
m 

VIL 
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DRAM Module AC. Conditions No.ll 
IMx4-Based Module, with OE 

WRITE CYCLE (OE CONTROLLED WRITE) 
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DRAM Module AC. Conditions No.11 
1Mx4-Based Module, with OE 

READ-MODIFY-WRITE CYCLE 

VIH-
m 

VIL-

m VIH-

AO-A9 
VIL 

VIH ~ ___ ....J.. ____ ~ 

M 
VIL -------,-------,...-...;p..._f__I 

DIN VIIOH ----------+-<i 
DOUT VIIOL-
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DRAM Module AC. Conditions No.11 
1Mx4-Based Module, with OE 

FAST PAGE MODE READ CYCLE 

ro 

VIH 
AO-A9 

VIL 

VIH 
~ 

V1L 

M 

~: "H" or "L" 
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DRAM Module AC. Conditions No.11 
1Mx4-Based Module, with OE 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

tAS 
VIL 

VIH 
AO-A9 

VIL 

VIH 
wm 

VIL 

VIH 

m 
VIL 

VIH 
DIN 

VIL 
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DRAM Module AC. Conditions No.ll 
lMx4-Based Module, with OE 

FAST PAGE MODE READ·MODIFY·WRITE CYCLE 

*1 DOUT *2 DOUT *3 DOUT 
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DRAM Module AC. Conditions No.11 
1Mx4-Based Module, with OE 

HAS ONLY REFRESH CYCLE 

"CAS BEFORE HAS REFRESH CYCLE 

VIH

m VIL-

tRP 

VOH 
Dour 

VOL 
___ .J)>----------- OPEN ---------

Note: DIN.~. AO-A9 =·W or ·L· ~: ·W or -L-
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HIDDEN REFRESH CYCLE (READ) 

V'H-m 
V'L -

V,H-
m 

V,H 
AO-A9 

V'L 

V'H 
~ 

V'L 

V'H-
(5I 

V'L -

VOH
Dour ----+---~ 

VOL -

Note: D,N = OPEN 

DRAM Module AC. Conditions No.11 
1Mx4-Based Module, with OE 

VALID DATA-OUT 

~:"W or "L' 
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DRAM Module AC. Conditions No.11 
1Mx4-Based Module, with OE 

HIDDEN REFRESH CYCLE (WRITE) 

VIH -
m 

VIt,-

VIL 

0-36 

Note: DOUT. OPEN 
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DRAM Module AC. Conditions No.11 
1Mx4-Based Module, with OE 

CAS BEFORE HAS REFRESH COUNTER TEST CYCLE 

m VIH 

VIL-

AO-A9 
VIH 

VIL 

READ CYCLE 

VIH 
~ 

VIL 

m VIH-

VIL -

VOH-
DOUT 

VOL -

WRITE CYCLE 

~VIH 

VIL 

m" VIH 

VIL 

DIN 

~VIH 

VIL 

m VIH 

VIL 

DIN VIIOH-

1DOUT VIIOL-

OPEN 
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DRAM Module AC. Conditions No.11 
1Mx4-Based Module, with DE 

WRITE, CAS BEFORE RAS REFRESH CYCLE 

DOUT VOH - I).----------OPEN _______ _ 

VOL-~-~ 
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DRAM Module A.C. Conditions No.11 
1Mx4-Based Module, with OE 

READ CYCLE IN THE TEST MODE 

V1H-
m 

VIL -

tM 
V1H -

AO-A9 

1101 VOH-
----OPEN ----~-~ DATA-OUT 

-U04 VOL-

Note: C5E="L", DIN=OPEN 
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DRAM Module AC. Conditions No.11 
1Mx4-Based Module, with OE 

WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

m 

VIH 
AO-A9 

VIL 

VIH 
W1UT! 

VIL 

V IH 
~ 

VIL 

1101 VIH 

-1104 
VIL 

Note : DOUT. OPEN 
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DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with OE 

FAST PAGE MODE READ CYCLE IN THE TEST MODE 

m 

VIH 
AO-A9 

V1l 

V1H 
WJm'l 

Vil 

Note: M="L", D1N=OPEN 
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DRAM Module AC. Conditions No.11 
1Mx4-Based Module, with OE 

FAST PAGE MODE WRITE CYCLE IN THE TEST MODE 

Note : DOUT = OPEN 
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TEST MODE 

DRAM Module A.C. Conditions No.ll 
lMx4-Based Module, with DE 

The TC514400AJ/ASJ/AFf/ATR 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 (all "1"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 TC514400AJI 
ASJ/AFf/ATR. In "Test Mode", the IMX4 DRAM can be tested as if it were a 512K X 4 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, "WRITE, 
CAS" Before RAS Refresh Cycle" performs the refresh operation with internal refresh address counter. The 
"Test Mode" function reduces test times (1/2 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 
.--_____ --Q. Aoe Vee 

,...------<)!Normal 

r-______ -L ______ ~;~:::~~-+-4~ 
Normal 

Test 

~-----~-----~r.~---t_-r-1[:)~----__<)o~ 

Normal 

Aoe 
Figure l' 
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rOSHIBA 
DRAM Module AC. Conditions No.12 
lMx4/1Mxl1S0P-Based Modules 

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

THMxxxxxx-60 THMxxxxxx-70 THMxxxxxx-80 
SYMBOL PARAMETER 

MIN MAX MIN MAX MIN MAX 

tRC Random Read or Write Cycle Time 110 - 130 - 150 -

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

tRAC Access Time from RAS" - 60 - 70 - 80 

tcAC Access Time from 'CAS" - 20 - 20 - 20 

tAA Access Time from Column Address - 30 - 35 - 40 

tePA Access Time from 'CAS" Precharge - 40 - 40 - 45 

tcLZ 'CAS" to Output in Low-Z 0 - 0 - 0 -

toFF Output Buffer Turn-off Delay 0 20 0 20 0 20 

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

tRP RAS" Presharge Time 40 - 50 - 60 -

tRAS RAS" Pulse Width 60 10,000 70 10,000 80 10,000 

tRASP RAS" Pulse WidLh (Fast Page Mode) 60 100,000 70 100,000 80 100,000 

tRSH RAS" Hold Time 20 - 20 - 20 -
RAS" Hold Time From ""CAS 40 - 40 - 45 -

tRHCP Precharge (Fast Page Mode) 

tcSH 'CAS" Hold Time 60 - 70 - 80 -

teAS 'CAS" Pulse Width 20 10,000 20 10,000 20 10,000 

tRCD RAS" to 'CAS" Delay Time 20 40 20 50 20 60 

tRAD RAS" to Column Address Delay Time 15 30 15 35 15 40 

tcRP 'CAS" to RAS" Precharge Time 5 5 5 

tcp 'CAS" Precharge Time 10 - 10 - 10 -

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

tRAH Row Address Hold Time 10 - 10 - 10 -

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

tcAH Column Address Hold Time 15 - 15 - 15 -
Column Address Hold Time 50 - 55 - 60 -

tAR referenced to RAS" 

tRAL Column Address To RAS" Lead Time 30 - 35 - 40 -

tRCS Read Command Set-Up Time 0 - 0 - 0 -
tRCH Read Command Hold Time 0 - 0 - 0 -

Read Command Hold Time refer- 0 - 0 - 0 -
tRRH enced to RAS" 

tWCH Write Command Hold Time 10 - 15 - 15 -

Write Command Hold Time refer- 45 - 55 - 60 -
tWCR enced to RAS" 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

UNIT NOTE 

ns 

ns 

ns 9,13 

ns 9,13 

ns 9,14 

- 9 

ns 9 

ns 10 

ns 8 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 13 

ns 14 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 11 

ns 11 

ns 

ns 
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DRAM Module AC. Conditions No.12 
IMx4/1Mxl TSOP-Based Modules 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 

THMxxxxxx-60 THMxxxxxx-70 THMxxxxxx-80 
SYMBOL PARAMETER 

MIN MAX MIN MAX MIN MAX 

twp Write Command Pulse Width 10 - 15 - 15 -

tRWL Write Command to RA5 Lead Time 20 - 20 - 20 -
tcWL Write Command to CAS" Lead Time 20 - 20 - 20 -
tos Data Set-Up Time 0 - 0 - 0 -
tOH Data Hold Time 15 - 15 - 15 -

tOHR Data Hold Time referenced to RA5 50 - 55 - 60 -

tREF Refresh Period - 16 - 16 - 16 

twcs Write Command Set-Up Time 0 - 0 - 0 -

tcSR 
CAS" Set-Up Time 

5 - 5 - 5 -'{CAS" before RA5 Cycle) 

tcHR 
CAS" Hold Time 
(CAS" before RA5 Cycle) 

15 - 15 - 15 -

tRPC RA5 to CAS" Precharge Time 5 - 5 - 5 -
CAS" Precharge Time 

tcPT (CAS" before RA5 Counter Test 30 - 40 - 40 -
Cycle) 

tWRP 
WRITE to RA5 Precharge Time 

10 - 10 - 10 -(CAS" before RA5 Cycle) 

tWRH 
Wnte to"RAS Hold Time 

10 10 10 
'{CAS" before ~Cycle - -
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DRAM Module A.C. Conditions No.12 
IMx4/1Mxl TSOP-Based Modules 

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' ICC6 depend on cycle rate. 

4. ICC!' ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS"=VIL. In case of ICC4' it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200Jls 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-r=5ns. 

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

9. Measured with a load equivalent to 2 TTL loads and l00pF. 

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. twcs is not a restictive operating parameter. It is included in the data sheet as electrical characteristic 
only. Iftwcs >twcs (min.), the cycle is an early write cycle and the data output will remain open circuit 
(high impedance) through the entire cycle. 

13. Operation within the tRCD (max.) limit insures that tRAC 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!cAC' 

14. 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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DRAM Module AC. Conditions No.12 
IMx4/1Mxl TSOP-BasedModules 

READ CYCLE 

VIH 
AO-A9 

V 1L 

VIH 
WJ{[fE 

VIL 

DOUT 

0-48 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

~;"H" or "L" 



DRAM Module AC. Conditions No.12 
IMx4/1Mxl TSOP-Based Modules 

WRITE CYCLE (EARLY WRITE) 

VIH 
AO-A9 

VIL 

VIH 
WKITl 

VIL 

VIH 
DIN 

VIL 

~: "H" or"L" 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 0-49 



DRAM Module AC. Conditions No.12 
IMx4/1Mxl TSOP-Based Modules 

FAST PAGE MODE READ CYCLE 

m VIH 

VIL 

VIH 
AO-A9 

VIL 

VIH 
wmE" 

VIL 

DOUT 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

~ 
VIH 

Vil 

VIH 
AO-A9 

Vil 

VIH 
WlUff 

Vil 

VIH 

DIN 
Vil 

* VALID DATA OUT 

* VALID DATA IN 

~: -W or "L-
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DRAM Module AC. Conditions No.12 
IMx4/1Mxl TSOP-Based l\1odules 

RAS ONLY REFRESH CYCLE 

VIH ~--:fr--f-+-------------------:lr---r--

VIL 

AO-A9 

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

VOL -

CAS BEFORE RAS REFRESH CYCLE 

WlU'fr VIH -
VIL -

VOH 

DOUT 
VOL 

Note: AO-A9 .. "W or "L" ~: "W or "L" 
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DRAM: Module A.C. Conditions No.12 
IMx4/1Mxl TSOP-Based Modules 

HIDDEN REFRESH CYCLE (READ) 

VOH
Dour Vo

L
- -----.;...---~W~ 

-~--------~ 

HIDDEN REFRESH CYCLE (WRITE) 

0-52 

VIH
AO-A9 VIL_ 
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DRAM Module A.C. Conditions No.12 
IMx4/1Mxl TSOP-Based Modules 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

READ CYCLE 

[

CaUl VOH-__ OPEN ---+-foe 
VOL_ 

~~~--~~ ww VIH 
VIL 

WRITE CYCLE 

[ 

VIH-
~ VIL-

D VIH
IN VIL_ 
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rOSHIBA 
DRAM ModuleA.C Conditions No.13 
4Mx4 4K Refresh-Based Modules 

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

THMxxxxxx-60 THMxxxxxx-70 
SYMBOL PARAMETER UNIT NOTE 

MIN MAX MIN MAX 

tRC Random Read or Write Cycle Time 110 - 130 - ns 

tRMw Read-Modify-Write Cycle 155 - 180 - ns 

tpc Fast Page Mode Cycle Time 40 - 45 - ns 

Fast Page Mode Read-Modify-Write 85 - 95 -
tpRMW Cycle Time 

ns 

Access Time from RA5 - 60 - 70 9,14, 
tRAC ns 

15 

teAC Access Time from CAS - 15 - 20 ns 9,14 

tAA Access Time from Column Address - 30 - 35 ns 9,15 

tePA Access Time from CAS Precbarge - 35 - 40 - 9 

teLZ CAS to Output in Low-Z 0 - 0 - ns 9 

tOFF Output Buffer Turn-off Delay 0 15 0 15 ns 10 

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

tRP RA5 Presbarge Time 40 - 50 - ns 

tRAS RA5 Pulse Width 60 10,000 70 10,000 ns 

tRASP RA5 Pulse Width (Fast Page Mode) 60 200,000 70 200,000 ns 

tRSH RA5 Hold Time 15 - 20 - ns 

RA5 Hold Time From"'CAS 35 - 40 -
tRHCP Precbarge (Fast Page Mode) 

ns 

teSH CAS Hold Time 60 - 70 - ns 

teAS CAS Pulse Width 15 10,000 20 10,000 ns 

tRCD RA5 to CAS Delay Time 20 45 20 50 ns 14 

tRAD RA5 to Column Address Delay Time 15 30 15 35 ns 15 

teRP CAS to RA5 Precbarge Time 5 5 ns 

tep CAS Precbarge Time 10 - 10 - ns 

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

tRAH Row Address Hold Time 10 - 10 - ns 

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

teAH Column Address Hold Time 10 - 15 - ns 

tRAL Column Address To RA5 Lead Time 30 - 35 - ns 

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

tRCH Read Command Hold Time 0 - 0 - ns 11 

Read Command Hold Time refer- 0 - 0 - 11 tRRH enced to RA5 
ns 

tWCH Write Command Hold Time 10 - 15 - ns 
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DRAM Module AC. Conditions No.13 
4Mx4 4K Refresh-Based Modules 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 

THMxxxxxx-60 THMxxxxxx-70 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX 

twp Write Command Pulse Width 10 - 15 - ns 

tRWL Write Command to 'RAS Lead Time 15 - 20 - ns 

tcWL Write Command to CAS Lead Time 15 - 20 - ns 

tos Data Set-Up Time 0 - 0 - ns 

tOH Data Hold Time 10 - 15 - ns 

tREF Refresh Period - 64 - 64 ms 

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

tcwo CAS to WRITE Delay Time 40 - 45 - ns 

tRwo 'RAS to WRITE Delay Time 85 - 95 - ns 

tAWO 
Column Address to WRITE Delay 

55 - 60 - ns 
Time 

tcpwo 
CAS Precharge to WRITE""Delay 

60 - 65 - ns 
Time 

tcSR 
CAS Set-Up Time 

5 - 5 - ns 
'{CAS before 'RAS Cycle) 

tcHR 
CAS Hold Time 

10 15 (CAS before RAS' Cycle) 
- - ns 

tRPC 'RAS to CAS Precharge Time 5 - 5 - ns 

CAS Precharge Time 

tePT (CAS before 'RAS Counter Test 20 - 30 - ns 
Cycle) 

tROH 'RAS Hold Time referenced to OE 10 - 10 - ns 

toEA OE to Access Time - 15 - 20 ns 

toEO OE to Data Delay 15 - 15 - ns 

toEZ 
Ouput buffer tum off Delay Time 

0 15 0 15 ns 
fromOE 

toEH OE Command Hold Time 15 - 15 - ns 

toos Output Disable Set-Up Time 0 - 0 - ns 

tWTS 
Write Command Set-Up Time I 10 - 10 ns 
(Test Mode In) 

-

tWTH 
Write Command Hold Time 

10 10 
(Test Mode In) - - ns 

tWRP 
WRITE to 'RAS Precharge Time 

10 - 10 - ns 
(CAS before 'RAS Cycle) 

Wnte to"RAS' Hold Time 
10 10 tWRH '{CAS before RAS'""Cycle - - ns 
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DRAM Module AC. Conditions No.13 
4Mx4 4K Refresh-Based Modules 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERA TING CONDITIONS IN THE TEST MODE (Vee = SV ± lO%,Ta = 
O .... 70°C)(Notes 6,7,8) 

THMxxxxxx-60 THMxxxxxx-70 
SYMBOL PARAMETER UNIT NOTE 

MIN MAX MIN MAX 

tRc Random Read or Write Cycle Time 115 - 135 - ns 

tpc Fast Page Mode Cycle Time 45 - 50 - ns 

Access Time from RAS - 65 - 75 9,14, 
tRAC ns 

15 

teAC Access Time from CAS" - 20 - 25 ns 9,14 

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

tePA Access Time from CAS" Precbarge - 40 - 45 ns 9 

tRAS RAS Pulse Width 65 10,000 75 10,000 ns 

tRASP RAS Pulse Width (Fast Page Mode) 65 200,000 75 200,000 ns 

tRSH RAS Hold Time 20 - 25 - ns 

teSH CAS" Hold Time 65 - 75 - ns 

tRHCP CAS" Precbarge to RAS Hold Time 40 - 45 - ns 

teAS CAS" Pulse Width 20 10,000 25 10,000 ns 

Column Address to RAS Lead 35 - 40 -
tRAL Time 

ns 
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DRAM Module AC. Conditions No.13 
4Mx4 4K Refresh-Based Modules 

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. ICC}' ICC4 depend on outputioading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS'=VIL. In case of ICC4' it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200IlS 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-r=5ns. 

8. VIH (min.) and VIL (max.) are reference levels for measuring timing of input signals. Also, transition 
times are measured between VIH and V1L. 

9. Measured with a load equivalent to 2 TIL loads and l00pF. 

10. !oFF (max.) and to E2 (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 WRITE leading edge 
in Read-Modify-Write cycles. 

13. twcs is not a restictive operating parameter. It is included in the data sheet as electrical characteristic 
only. Iftwcs >twcs (min.), the cycle is an early write cycle and the data output will remain open circuit 
(high impedance) through the entire cycle. 

14. Operation within the tRCD (max.) limit insures that tRAc 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!cAC' 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. tRAD (max.) is specified as 
a reference point only: If tRAD is greater than the specified tRAD (max.) limit, then access time is 
controlled by tAA' 
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DRAM Module AC. Conditions No.13 
4Mx4 4K Refresh-Based Modules 

TIMING WA VEFORMS 

READ CYCLE 

VIH-~---~ 
m 

Vll-

VIH 
~O-A9 

Vil 

VIH 
IO,AII 

V IL 

Vil ---------r------,.---.;;a;--t---

VOH-
DOUT ---- OPEN -----+----C! 

VOl-
DATA-OUT 

Note: DIN = OPEN 
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DRAM Module AC. Conditions No.13 
4Mx4 4K Refresh-Based Modules 

WRITE CYCLE (EARLY WRITE) 

VIH-~---~ 
m 

Vll-

Note: Dour = OPEN 
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DRAM Module AC. Conditions No.13 
4Mx4 4K Refresh-Based Modules 

WRITE CYCLE (UE CONTROLLED WRITE) 

WiUT'E VIH

VIL -

Note: DOUT = OPEN ~:"W or "L" 



DRAM Module AC. Conditions No.13 
4Mx4 4K Refresh~Based Modules 

READ-MODIFY-WRITE CYCLE 

VIH-.!'"'"'---"" 

JUi3 
VIL -

VIH 
AO-A9 

. Vil 

VIH 
Al0,All 

Vil 

VIH-
wm 

Vll-

VIH-
M 

Vll-

DIN I VI/OH-________ -4-4 

DOUl VVOL-

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



DRAM Module AC. Conditions No.13 
4Mx4 4K Refresh-Based Modules 

FAST PAGE MODE READ CYCLE 

VIH 
WJtm 

VIL 

VIH 
M 

V IL 

VOl 
-V04 

Note: DIN = OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. D-A3 



DRAM Module AC. Conditions No.13 
4Mx4 4K Refresh-Based Modules 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

VIH 
A10,A11 

0-64 

Note: DouT = OPEN 
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DRAM Module AC. Conditions No.13 
4Mx4 4K Refresh-Based Modules 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

*1 DOUll *2 DOUl2 *3 DOUlN 

~: "H" or "lO 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. D-R!; 



DRAM Module A.C. Conditions No.13 
4Mx4 4K Refresh-Based Modules 

HAS ONLY REFRESH CYCLE 

CAS BEFORE RAS REFRESH CYCLE 

tRP 

VOH 
DOUT 

VOL 
:..-_...I),...-----------OPEN ---------

Note: DIN.~. AO-A 11 = -H- or -L· ~: -W or -L-
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DRAM Module AC. Conditions No.13 
4Mx4 4K Refresh-Based Modules 

HIDDEN REFRESH CYCLE (READ) 

VIH 
AO-A9 

Vil 

VIH 
Al0,All 

Vil 

VIH 
W'Im! 

Vil 

VIH-
'O'E' 

Vll-

VOH-
DOUT 

VOl-

~:·W or "L-

Note: DIN = OPEN 
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DRAM Module AC. Conditions No.13 
4Mx4 4K Refresh-Based Modules 

HIDDEN REFRESH CYCLE (WRITE) 

VIH 
AO-A9 

VIL 

VIH 
A10,A11 

VIL 

Note: DOUT" OPEN 
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DRAM Module AC. Conditions No.13 
4Mx4 4K Refresh-Based Modules 

"CAS BEFORE HAS REFRESH COUNTER TEST CYCLE 

VIH 
AO-A9 

Vil 

READ CYCLE 

VIH 
wmt 

VIL 

M 
VIH-

VIL -

VOH-
DOUT OPEN 

VOL -

WRITE CYCLE 

~ 
VIH 

Vil 

M 
VIH 

Vil 

VIH 
DIN 

Vil 

~ 
VIH 

VIL 

M VIH 

VIL' 

DINI VUOH-

DOUT VUOL -

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. n.RQ 



DRAM Module AC. Conditions No.13 
4Mx4 4K Refresh-Based Modules 

WRITE, "CAS BEFORE RA"S REFRESH CYCLE 

VIH

m Vll-

Dour VOH - I)----------OPEN --------
VOl-";...--~ 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



DRAM Module A.C. Conditions No.13 
4Mx4 4K Refresh-Based Modules 

READ CYCLE IN THE TEST MODE 

VIH-
W 

V1L -

ro VIH-

VIL 

VIH 
AO-A9 

VIL 

101 VOH-

--------~----_4--~~ -1103 VOL-

VOH-

---- OPEN ------4-~ 
VOl-

DATA-OUT 

Note: N=-L" .• DIN=OPEN 
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DRAM Module AC. Conditions No.13 
4Mx4 4K Refresh-Based Modules 

WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

VIH-~---""'-
1tl(I 

Vn.-

VIH 
WIOTE' 

VI\. 

VIH 
or 

VIL 

VIH 
1101 

VIL 
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DRAM Module AC. Conditions No.13 
4Mx4 4K Refresh-Based Modules 

FAST PAGE MODE READ CYCLE IN THE TEST MODE 

ro 

VIH 
AO-A9 

VIL 

iA10,A11 
VIH 

VIL 

VIH 
WJOT( 

VII. 



DRAM Module AC. Conditions No.13 
4Mx4 4K Refresh-Based Modules 

FAST PAGE MODE WRITE CYCLE IN THE TEST MODE 

tiU 

VIH 
AO-A9 

VIL 

VIH 
Al0,All 

VIL 

VIH 
\VIm 

VIL 

VIH 

~ 
V 1L 

UOI 
VIH 

VIL 

Note: 1/02-1/04=·W or "lO , DOUT=OPEN 
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TEST MODE 

DRAM Module AC. Conditions No.13 
4Mx4 4K Refresh-Based Modules 

The TC5116400J is the RAM organized 4,194,304 words by 4 bits, it is internally organized 1,048,576 
words by 16 bits. In "Test Mode", data are written into 16 sectors in parallel by using only VOL Ale, Aoc are 
not used. If, upon reading, 16 bits are equal (all "1"s or "O"s), the V04 pin indicates a"1". 

If they were not equal, the V04 pin would indicate a "0". VO 1, V02 and V03 always indicate a "1" during 
test mode read cycle. Fig. 1 shows the block diagram of TC5116400J. In "Test Mode", the 4MX4 DRAM can 
be tested as ifit were a 1M X 16 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, "WRITE, 
CAS Before RAS Refresh Cycle" performs the refresh operation with internal refresh address counter. The 
"Test Mode" function reduces test times (114 in case ofN test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 

1-Normal ta 
1M block 

1M block 1----..----------0 

1 M block I---I-~H 

1M block 

1-Normal ta 
1-Normal ta 

ta 
FIGURE 1 
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rOSHIBA 
DRAM Module AC. Conditions No.15 
4Mx4/4MxI-Based Modules 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (V cc = SV ± 10%, Ta = 0-70°C)(Notes 6,7,8) 

THMxxxxxx-60 THMxxxxxx-70 
SYMBOL PARAMETER UNIT NOTE 

MIN MAX MIN MAX 

tRC Random Read or Write Cycle Time 110 - 130 - ns 

tpc Fast Page Mode Cycle Time 40 - 45 - ns 

Access Time from ~ - 60 - 70 9,14 
tRAc ns 

15 

teAC Access Time from CAS - 15 - 20 ns 9,14 

tAA Access Time from Column Address - 30 - 35 ns 9,15 

tePA Access Time from CAS Precharge - 35 - 40 - 9 

teLZ CAS to Output in Low-Z 0 - 0 - ns 9 

toFF Output Buffer Tum-off Delay 0 15 0 15 ns 10 

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

tRP ~ Presharge Time 40 - 50 - ns 

tRAS ~ Pulse Width 60 10,000 70 10,000 ns 

tRASP ~ Pulse Width (Fast Page Mode) 60 200,000 70 200,000 ns 

tRSH ~HoldTime 15 - 20 - ns 

~ Hold Time From"'CAS' 35 - 40 -tRHCP Precharge (Fast Page Mode) 
ns 

teSH CAS Hold Time 60 - 70 - ns 

teAS CAS Pulse Width 20 10,000 20 10,000 ns 

tRCD ~ to CAS Delay Time 20 40 20 50 ns 14 

tRAD ~ to Column Address Delay Time 15 30 15 35 ns 15 

teRP CAS to ~ Precharge Time 5 5 ns 

tep CAS Precharge Time 10 - 10 - ns 

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

tRAH Row Address Hold Time 10 - 10 - ns 

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

teAH Column Address Hold Time 10 - 15 - ns 

tRAL Column Address To ~ Lead Time 30 - 35 - ns 

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

tRCH Read Command Hold Time 0 - 0 - ns 11 

Tn~"'IR4 4Ur:RI~4 r:1 r:~TRnNI~ ~nUDnNr:NT~ IN~ 



DRAM Module AC. Conditions No.l5 
4Mx4/4Mxl-Based Modules 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 

THMxxxxxx-60 THMxxxxxx-70 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX 

Read Command Hold Time refer-
0 0 tRRH 

encedto~ 
- - ns 

tWCH Write Command Hold Time 10 - 15 - ns 

twp Write Command Pulse Width 10 - 15 - ns 

tRWL Write Command to ~ Lead Time 15 - 20 - ns 

tcWL Write Command to CAS' Lead Time 15 - 20 - ns 

tDS Data Set-Up Time 0 - 0 - ns 

tDH Data Hold Time 10 - 15 - ns 

tREF Refresh Period - 32 - 32 ms 

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

tcSR 
CAS' Set-Up Time 

5 - 5 - ns 
(CAS' before ~ Cycle) 

CAS' Hold Time 
10 15 tcHR (CAS' before ~ Cycle) - - ns 

tRPC ~ to CAS' Precharge Time 5 - 5 - ns 

CAS' Precharge Time 

tcPT (CAS' before ~ Counter Test 20 - 30 - ns 
Cycle 

tWRP 
WRITE to ~ Precharge Time 

10 - 10 - ns 
(CAS' before ~ Cycle) 

Wnte to""RAS' Hold Time 
10 10 tWRH (CAS' before ~Cycle 

- - ns 
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DRAM Module AC. Conditions No.l5 
4Mx4/4Mxl-Based Modules 

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. ICC}' Icc4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS"=VIL. In case of Icc4, it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200IlS 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~5ns. 

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

9. Measured with a load equivalent to 2 TIL loads and l00pF. 

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-Modify-Write cycles. 

13. twcs is not a restictive operating parameter. It is included in the data sheet as electrical characteristic 
only. If twcs >twcs (min.), the cycle is an early write cycle and the data output will remain open circuit 
(high impedance) through the entire cycle. 

14. Operation within the tRCD (max.) limit insures that tRAC 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-

TOSHIBA AMERICA ELECTRONIC COMPONENTS_ INC_ n_7Q 



DRAM Module AC. Conditions No.lS 
4Mx4/4Mxl-Based Modules 

READ CYCLE 

V~-:---2~~--------r- ~~--~ 
m 

VI&. 

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

VOl. -

WRITE CYCLE (EARLY WRITE) 

VO~ 
DOUT -----------OPEN ------------

VOL-

~: -W or -Lo 
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DRAM Module AC. Conditions No.l5 
4Mx4/4Mxl-Based Modules 

FAST PAGE MODE READ CYCLE 

VIC 
U-A10 

VOH-

~V~--------------

tRASP 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

VIH 
AO-A10 

Vel 

VOH-

DOUT --------------- OPEN -----------
VOL-
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'DRAM Module AC. '·Conditions No.lS 
4Mx4/4Mxl-Based Modules 

RAS ONLY REFRESH CYCLE 

VIH-~----,L ~ _____ -"X:W. ______ I ...u----'!!I... 
m 

VIL-

VOH-
DOUl ------------OPEN ------------

VOL -

"CAS BEFORE RAS REFRESH CYCLE 

VOH-~---~ 
DOUl I}-----------OPEN -------

VOL-~ ___ "" 
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HIDDEN REFRESH CYCLE (READ) 

DRAM Module AC. Conditions No.l5 
4Mx4/4Mxl-Based Modules 

VIH _:----:::IL. 1 .. --=----1 ~----~ ~~-I _---

1I7il VIL _ 

VIH _~~+-+----,L 1----"''''''''""-1 
m

VIL
_ 

VOH

DOUT VOL _--------H DATA-OUT 

HIDDEN REFRESH CYCLE (WRITE) 

VIH _----.!.. 1_--="'-----_1 ~--~ 1-~:lL-_1 ---

](AS VIL-

VIH --~~-+---~ 

ro VIL 

VIH 
DIN 

Vll 

Dour 
VOH-

---------OPEN -------------
VOL -
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DRAM Module AC. Conditions No.l5 
4Mx4/4Mxl-Based Modules 

CAS BEFORE HAS REFRESH COUNTER TEST CYCLE 

WJUTr 
VIH 

VIL 

WRITE CYCLE 

VOH-
OPEN 

DOUT VOL-

VIH 
WJUTr 

VIL 

VIH 
DIN 

VIL 
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rOSHIBA 
DRAM Module AC. Conditions No.16 
4Mx4 2KRefresh-Based Modules 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (Vcc = SV ± 10%, Ta = 0-70°C)(Notes 6,7,8) 

THMxxxxxx-60 THMxxxxxx-70 
SYMBOL PARAMETER UNIT NOTE 

MIN MAX MIN MAX 

tRC Random Read or Write Cycle Time 110 - 130 - os 

tpc Fast Page Mode Cycle Time 40 - 45 - ns 

Access Time from RAS - 60 - 70 9,13, 
tRAc os 

14 

teAC Access Time from CAS' - 15 - 20 os 9,13 

tAA Access Time from Column Address - 30 - 35 os 9,14 

tePA Access Time from CAS' Precharge - 35 - 40 - 9 

teLZ CAS' to Output io Low-Z 0 - 0 - os 9 

toFF Output Buffer Tum-off Delay 0 15 0 15 os 10 

tT Transition Time (Rise aod Fall) 3 50 3 50 os 8 

tRP RAS Presharge Time 40 - 50 - os 

tRAS RAS Pulse Width 60 10,000 70 10,000 os 

tRASP RAS Pulse Width (Fast Page Mode) 60 200,000 70 200,000 os 

tRSH RAS Hold Time 15 - 20 - os 

RAS Hold Time From '"Cj\g 35 - 40 -tRHCP Precharge (Fast Page Mode) os 

teSH CAS' Hold Time 60 - 70 - os 

teAS CAS' Pulse Width 20 10,000 20 10,000 os 

tRCD RAS to CAS' Delay Time 20 45 20 50 ns 13 

tRAD RAS to Column Address Delay Time 15 30 15 35 os 14 

teRP CAS' to RAS Precharge Time 5 5 os 

tcP CAS' Precharge Time 10 - 10 - os 

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

tRAH Row Address Hold Time 10 - 10 - os 

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

teAH Column Address Hold Time 10 - 15 - os 

tRAL Column Address To RAS Lead Time 30 - 35 - os 

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

tRcH Read Command Hold Time 0 - 0 - os 11 
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DRAM Module AC. Conditions No.l6 
4Mx4 2K Refresh-Based Modules 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 

THMxxxxxx-60 THMxxxxxx-70 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX 

Read Command Hold Time refer-
0 0 tRRH enced to RAS - - ns 

tWCH Write Command Hold Time 10 - 15 - ns 

twp Write Command Pulse Width 10 - 15 - ns 

tRWL Write Command to RAS Lead Time 15 - 20 - ns 

tcWL Write Command to CAS" Lead Time 15 - 20 - ns 

tDS Data Set-Up Time 0 - 0 - ns 

tDH Data Hold Time 10 - 15 - ns 

tREF Refresh Period - 32 - 32 ms 

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

tcSR 
CAS" Set-Up Time 

5 - 5 - ns 
(C.AS before RAS Cycle) 

CAS" Hold Time 
10 15 tcHR (CAS" before RAS Cycle) - - ns 

tRPC RAS to CAS" Precharge Time 5 - 5 - ns 

CAS" Precharge Time 

tcPT (CAS" before RAS Counter Test 20 - 30 - ns 
Cycle 

tWTS 
Write Command Set-Up Time 

10 - 10 - ns 
(Test Mode In) 

Write Command Hold Time 
10 10 tWTH (Test Mode In) - - ns 

tWRP 
WRITE to RAS Precharge Time 

10 - 10 - ns (CAS" before RAS Cycle) 

Wnte to"RAS Hold Time 
10 10 tWRH (C.AS before RAS'"Cycle - - ns 
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DRAM Module AC. Conditions No.16 
4Mx4 2K Refresh-Based Modules 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERA TING CONDITIONS IN THE TEST MODE 

THMxxxxxx-60 THMxxxxxx-70 
SYMBOL PARAMETER UNIT NOTE 

MIN MAX MIN MAX 

tRc Random Read or Write Cycle Time 115 - 135 - ns 

tpc Fast Page Mode Cycle Time 45 - 50 - ns 

Access Time from RAS" - 65 - 75 9,13, 
tRAC ns 

14 

teAC Access Time from CAS' - 20 - 25 ns 9,13 

tAA Access Time from Column Address - 35 - 40 ns 9,14 

tePA Access Time from CAS' Precharge - 40 - 45 ns 9 

tRAS RAS" Pulse Width 65 10,000 75 10,000 ns 

tRASP RAS" Pulse Width (Fast Page Mode) 65 200,000 75 200,000 ns 

tRSH RAS" Hold Time 20 - 25 - ns 

tcSH CAS' Hold Time 65 - 75 - ns 

tRHcp CAS' Precharge to RAS" Hold Time 40 - 45 - ns 

teAS CAS' Pulse Width 20 10,000 25 10,000 ns 

Column Address to RAS" Lead 35 - 40 -
tRAL Time 

ns 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 0-87 



DRAM Module AC. Conditions No.l6 
4Mx4 2K Refresh-Based Modules 

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' Icc6 depend on cycle rate. 

4. Iccl , Icc4 depend on output loading. Specified values are obtained with the output open. 

5. Address can be changed one or less while RAS'=Vn... In case of Icc4' it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200~s 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-r=5ns. 

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

9. Measured with a load equivalent to 2 TIL loads and l00pF. 

10. !oFF (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. twcs is not a restictive operating parameter. It is included in the data sheet as electrical characteristic 
only. If twcs >twcs (min.), the cycle is an early write cycle and the data output will remain open circuit 
(high impedance) through the entire cycle. 

13. Operation within the tRCD (max.) limit insures that tRAc 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!cAC' 

14. 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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DRAM Module AC. Conditions No.l6 
4Mx4 2K Refresh-Based Modules 

READ CYCLE 

VIM ---~ I------=~----t Jr----,l 
IAJ 

v .. -

VIH~-~~------~ ~~~~ ~~~r--------
m 

VIL 

VIH 
AO-A10 

v .. 

DOUT VOH- OPEN ____ ~ 

VOL-

WRITE CYCLE (EARLY WRITE) 

VIH ---~ J------=~----I ..It---...", 
IAJ 

VIH~--~~--------~~~~--I ~--~r--------
m 

Vil. 

VIH 
AO-A10 

VIL 

VO..-
DOUT ---------------- OPEN ------------------

Vol -
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DRAM Module AC. Conditions No.16 
4Mx4 2K Refresh-Based Modules 

FAST PAGE MODE READ CYCLE 

VOH-

DOUT -------
VOl-

tRASP 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

VIH 
AO-A10 

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

VOl-
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RAS ONLY REFRESH CYCLE 

AO-Al0 
Val 

VOH -

DRAM Module AC. Conditions No.16 
4Mx4 2K Refresh-Based Modules 

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

~: "W or "L" 

Note: WlUTl. "H" or "L" 

CAS BEFORE RAS REFRESH CYCLE 

VIH
](AS 

VIL-__ -J 

m V1H -
VIL - __ --oJ 

VOH-~---"Il 

DOUT I}--------~-- OPEN -------
VOL-~ ___ .3r" 

Note: AO-A10. "H" or "L" 
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DRAM Module AC. Conditions No.16 
4Mx4 2K Refresh-Based Modules 

HIDDEN REFRESH CYCLE (READ) 

Viti ~--- 1----=11...--_1 .r----~ 1-..=.&-1 ---

lIAS VIL _ 

VIM ~----!Ii~+---"II1.. ~-=~I 

ro VIL 

VIH 
AO ... A10 VIL 

VOH

DOUT VOL _-------K 

HIDDEN REFRESH CYCLE (WRITE) 

DATA· OUT 

VIM ---- 1-_--=11...-__ 1 i-----,L 1_---=:JI:4--_1 ---

lIAS VIL _ 

VIH --!"'---=!~-+---~ 

ro VIL 

VIH 

AO--A10 VIL 

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

VOL -

~: "W or "L" 
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DRAM Module AC. Conditions No.16 
4Mx4 2K Refresh-Based Modules 

CAS BEFORE HAS REFRESH COUNTER TEST CYCLE 

VIH 

M vlL -

m 

VIH 

AO-AtO VIL 

READ CYCLE 

DOIlT 

VIH 
WIUTl 

VIL 

WRITE CYCLE 

OPEN 

VIH 
WJmt 

VIL 

VIH 
DIN 

VIL 
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DRAM Module AC. Conditions No.16 
4Mx4 2K Refresh-Based Modules 

WRITE, "CAS BEFORE RAS REFRESH CYCLE 

VIH _--------1 I------.:.;~-----I Jt---'!L 

m VIL-

DOUT VOH 1)----_______ OPEN _______ _ 

VOL----~ 

READ CYCLE IN THE TEST MODE 

1101 VOH-____ -+-__ -+---+~ 
-1103 VOl-

VOH-
1104 ---- OPEN ----i---t 

VOl-

Note: DIN=OPEN 
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DRAM Module AC. Conditions No.16 
4Mx4 2K Refresh-Based Modules 

WRITE CYCLE (EARLY WRITE) IN THE TEST MODE 

m 
V1L 

VIH 
AO-A10 

VIL 

VIH 

Wlm 
VIL 

V1H 
1101 

VIL 

Note: V02-V04 .... H· or "L", DOUT=OPEN 

FAST PAGE MODE READ CYCLE IN THE TEST MODE 

m 
VIL 

VIH 
AO-A10 

VIL 

VIH 
wm 

V1L 

~: "W or "L· 
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DRAM Module AC. Conditions No.16 
4Mx4 2K Refresh-Based Modules 

FAST PAGE MODE WRITE CYCLE IN THE TEST MODE 

VIH 
~o-A'O 

VIL 

VIH 
WJmt 

VIL 

110' 
VIH 

VIL 

Note: 1/02-1I04."W or "L", Ooul",OPEN 

0-96 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TEST MODE 

DRAM Module AC. Conditions No.16 
4Mx4 2K Refresh-Based Modules 

The TC51174100JIFTrrR is the RAM organized 4,194,304 words by 4 bits, it is internally organized 
1,048,576 words by 16 bits. In "Test Mode", data are written into 16 sectors in parallel by using only 1101. Ale. 
Aoc are not used. If, upon reading, 16 bits are equal (all "1"s or "O"s), the 1104 pin indicates a "I". If they were 
not equal, the 1104 pin would indicate a "0". 1101, 1102 and 1103 always indicate a "I" during test mode read 
cycle. Fig. 1 shows the block diagram ofTC5117400JlFTrrR. In "Test Mode", the 4MX4 DRAM can be tested 
as if it were a IMX16 DRAM. 

"WRITE, CAS" Before RAS" Refresh Cycle" puts the device into "Test Mode". And "CAS' Before RAS" 
Refresh Cycle" or RA5 Only Refresh Cycle" puts it back into "Normal Mode". In the Test Mode, "WRITE, 
CAS" Before RAS Refresh Cycle" performs the refresh operation with internal refresh address counter. The 
"Test Mode" function reduces test times (114 in case of N test pattern). 

BLOCK DIAGRAM IN THE TEST MODE 

Figure 1 

Tn~I-IIRA Aus::alt'A CI ct'TDnl.lI'" "'n ......................... ... 





rOSHIBA 
DRAM ModuleAC. Conditions No.20 
IMx16 and IMxl8-Based Modules 

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

THMxxxxxx-70 THMxxxxxx-80 
SYMBOL PARAMETER UNIT NOTE 

MIN MAX MIN MAX 

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

tpc Fast Page Mode Cycle Time 45 - 50 - ns 

Access Time from IV3 - 70 - 80 9,13 
tRAC ns 

14 

teAC Access Time from CAS - 20 - 20 ns 9,13 

tAA Access Time from Column Address - 35 - 40 ns 9,14 

tePA Access Time from CAS Precharge - 40 - 45 - 9 

teLZ CAS to Output in Low-Z 0 - 0 - ns 9 

tOFF Output Buffer Turn-off Delay 0 15 0 15 ns 10 

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

tRP IV3 Presharge Time 50 - 60 - ns 

tRAS IV3 Pulse Width 70 10,000 80 10,000 ns 

tRAsP IV3 Pulse Width (Fast Page Mode) 70 200,000 80 200,000 ns 

tRSH IV3 Hold Time 20 - 20 - ns 

IV3 Hold Time From-cAS" 40 - 45 -
tRHCP Precharge (Fast Page Mode) 

ns 

teSH CAS Hold Time 70 - 80 - ns 

teAS CAS Pulse Width 20 10,000 20 10,000 ns 

tRCD RAS to CAS Delay Time 20 50 20 60 ns 13 

tRAD RAS to Column Address Delay Time 15 35 15 40 ns 14 

teRP CAS to IV3 Precharge Time 5 5 ns 

tep CAS Precharge Time 10 - 10 - ns 

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

tRAH Row Address Hold Time 10 - 10 - ns 

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

teAH Column Address Hold Time 15 - 15 - ns 

tRAL Column Address To IV3 Lead Time 35 - 40 - ns 

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

tRCH Read Command Hold Time 0 - 0 - ns 11 

Read Command Hold Time refer- 0 - 0 -
11 tRHH enced to IV3 

ns 

Tn~UIDA A ... ~n."a ~ .... ~~ ... """ ............. _ •• __ ... _ ... _- .... -



DRAM Module AC. Conditions No.20 
IMx16 and IMxl8-Based Modules 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. 
OPERATING CONDITIONS (CONT) 

THMxxxxxx-70 THMxxxxxx-80 
SYMBOL PARAMETER UNIT 

MIN MAX MIN MAX 

tWCH Write Command Hold Time 15 - 15 - ns 

twp Write Command Pulse Width 15 - 15 - ns 

tRWL Write Command to RAS Lead Time 20 - 20 - ns 

tcWL Write Command to CAS' Lead Time 20 - 20 - ns 

tDS Data Set-Up Time 0 - 0 - ns 

tDH Data Hold Time 15 - 15 - ns 

m Refresh Period - 16 - 16 ms 

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

teSR 
CAS' Set-Up Time 5 - 5 - ns 
{CAS' before RAS' Cycle) 

tcHR 
CAS' Hold Time 
(CAS before RAS Cycle) 

15 - 15 - ns 

tRPC RAS to CAS Precharge Time 5 - 5 - ns 

CAS' Precharge Time 

ten (CAS' before RAS Counter Test 30 - 30 - ns 
Cycle 

"'''C!!UIDA AUCDII'A CII:I'Tan~lIr. r.nUPONI!;NTS.INC. 
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NOTES: 

DRAM Module AC. Conditions No.20 
IMx16 and IMxl8-Based Modules 

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, ICC6 depend on cycle rate. 

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

5. Address can be changed one or less while RAS'=VIL• In case of ICC4' it can be changed once or less 
during a fast page mode cycle (tpc). 

6. An initial pause of 200~s 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 VIH and VIL• 

9. Measured with a load equivalent to 2 TTL loads and l00pF. 

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. twcs is not a restictive operating parameter. It is included in the data sheet as electrical characteristic 
only. If twcs >twcs (min.), the cycle is an early write cycle and the data output will remain open circuit 
(high impedance) through the entire cycle. 

13. Operation within the tRCD (max.) limit insures that tRAC 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!cAc, 

14. 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-

TnQUIDA A •• ~ft."A PI ............ #IIt. ....... -_ •• __ ... _ .... _- ----



DRAM Module AC. Conditions No.20 
IMx16 and IMxl8-Based Modules 

READ CYCLE 

VIH -!""'-----' 
m 

Vll-

VOH-
DOUT ---- OPEN -------+----e 

VOl-

Note: DiN = OPEN 

DATA-OUT 

~: "H" or "L" 



WRITE CYCLE (EARLY WRITE) 

ro 

VIH 
AO-A9 

Vil 

VIH 
wl(in 

Vil 

VIH 
DIN 

Vil 

Note: DOUT = OPEN 

DRAM Module A.C. Conditions No.20 
IMx16 and IMxl8-Based Modules 



DRAM Module AC. Conditions No.20 
IMx16 and IMxl8-Based Modules 

FAST PAGE MODE READ CYCLE 

VIM 
AO-A9 

VI. 

WIOTr 
VIM 

VIL 

DouT VOH-_____ -c 
VOL-

Note: DIN. OPEN 

---- •• _.. .. •• _ ......... P.· ~"' ...... A .... ",. ".ft •• ftft. ... ~~ .u" 



DRAM Module AC. Conditions No.20 
IMx16 and IMxl8-Based Modules 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

AO-A9 
VIL 

DIN 

Note: DOUT. OPEN 

TOSHIBA AMERICA ELECTRONIC COMpnNI=NT~ INr. 



DRAM Module AC. Conditions No.20 
IMx16 and IMxl8-Based Modules 

RAS ONLY REFRESH CYCLE 

Note: wmTt .. "H" or "L

DIN" Don't Care 
DOUT-OPEN 

CAS BEFORE RAS REFRESH CYCLE 

Vil - __ 

VOH ) DOUT ____ )------------OPEN ---------
VOl- . 

n.1nR 

Note: wmTt, AO-A9="W or "L
. DIN = Don't Care. 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



HIDDEN REFRESH CYCLE (READ) 

VOH-

DOOT ------------~ 
VOL -

Note: DIN = OPEN 

DRAM Module AC. Conditions No.20 
IMx16 and IMxl8-Based Modules 

TOSHIBA AMt;RICA t;Lt;CTRnNIC cnUDnNr:NT!:t IN~ 



DRAM Module AC. Conditions No.20 
IMx16 and IMxl8-Based Modules 

HIDDEN REFRESH CYCLE (WRITE) 

Note: DOUT. OPEN 

0·108 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



DRAM Module AC. Conditions No.20 
IMx16 and IMxl8-Based Modules 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

m VIH -

VIL -

READ CYCLE 

VOH -
Dour ---OPEN ----~--( 

VOL -
DATA·OUT 

Note: DIN. OPEN 

WRITE CYCLE 

DATA-IN 

Note: DOUT = OPEN 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. n.1no 





rOSHIBA 

TOSHIBA 3RD GENERATION 16M DRAM 

FEATURES 
• 0.5Jlm Device Technology 

• Single 5V/3.3V supply 
(Internal Voltage Down Converter) 

16M Word xl bit Organization 
4M Word x4 bit Organization 

• Access Time / Cycle Time 

• 5VootRAC = 50ns 

teAC = 12ns 

tAA = 25ns 

tePA = 30ns 
tRC = 90ns 

tpc = 35ns 

3.3VotRAC = 60ns 

teAC = 15ns 

tAA = 30ns 

tePA = 35ns 
tRC = lIOns 

tpc =40ns 

tHPC = 20ns tHPC = 25ns 

• Operating/Standby Current 
Operating Current (lcel) = 130mA (2K refresh) 
Operating Current (lcel) = 1300mA (4K refresh) 
Standby Current (Icc5) = lmA 

• Operation Mode 
Fast Page Mode 
Hyper Page Mode 
Write Per Bit Mode (5V only) 
4CAS" Function 

• Refresh 
RAS only Refresh 
CAS" before RAS Refresh 
Hidden Refresh 

• All Inputs and Outputs are TTL Compatible 

• 2048 Refresh Cycle/32ms 

• 4096 Refresh Cycle/64ms 

• Package 
BSJIBST: 26 pin 300 mil Plastic SOJITSOP 

1bird Generation 
16M DRAM 

BJIBFT: 28(24) pin 400 mil Plastic SOJITSOP (Compatible with First Generation) 
28 pin 300 mil Plastic SOJITSOP (4CAS) 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 1=.1 



Third Generation 
16MDRAM 

26 PIN 300MIL SOJffSOP PIN CONNECTION 

16Mxl DRAM 4M X4 DRAM (4K Refresh) 4Mx4 DRAM (2K Refresh) 

Vee Vss Vee Va Vee Va 
Din Dout VOl V04 VOl V04 
NC NC V02 V03 V02 V03 

WRIT! ~ WRITE CD WRITE CAS 
1tAS NC RAS tm It\S tm 
All A9 AllR NC 

AIO AS AIOR 8 AS AIO 8 

AO AO 9 AO 
Al Al Al 
A2 A2 A2 
A3 A3 A4 A3 

Vee Vee Va Vee 

28 PIN 300MIL SOJffSOP PIN CONNECTION (4CAS) 

4Mx4 DRAM (4K Refresh) 4Mx4 DRAM (2K Refresh) 

Vee Vss Vee Vss 
IJOI 2 IJ04 IJOI 2 27 IJ04 
IJ02 3 IJ03 IJ02 3 26 IJ03 

WRITE 4 CAS4 WRITE 4 25 CAS4 
RAS 5 24 r>E RAS 5 24 OR 

AllR 6 23 A9 NO 6 23 A9 
~ 7 22 ~ CAST 7 22 ~ 
~ 8 21 NO ~ 8 21 NO 
AIOR 9 20 A8 AIO 9 20 A8 

AO 10 19 A7 AO 10 19 A7 
Al 11 18 A6 Al 11 18 A6 
A2 12 17 A5 A2 12 17 A5 
A3 13 16 A4 A3· 13 16 A4 

Vee 14 15 Vss Vee 14 15 Vss 

E-2 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



FAST PAGE VS. HYPER PAGE MODE 

Easl Page Mode 

Add. 

l Oaul ------------------~~~------~ 
Hpr page Mode 

Add. 

Ooul 

Note: 

Third Generation 
16M DRAM 

Hyper page differs from Fast Page Mode in that rising CAS does not disable the outputs. This allows the 
fastest possible cycle time (tHPC) to be acheived. The above timing diagram does not reflect the case where data 
is continually valid, as it is posible to disable the I/O's with Hyper Page Mode. Please contact your local Toshiba 
Sales Office for detailed Hyper Page Mode timing parameters and diagrams. 

TOSHIBA AMERICA ELECTRONIC COMPONI!NT~_ INC 



Third Generation 
16MDRAM 

512Kx32 CMOS DYNAMIC RAM 

ORGANIZATION 

PART NO. 

PROCESS 

POWER SUPPLY 

REFRESH 

ROW ADDRESS 

COLUMN ADDRESS 

ACCESS TIME (ns) 

PACKAGE 

OPERATION MODE 

BYTE CONTROL 

512Kx32 DRAM 
(70pin 400mil SOJ I TSOP) 

512Kx32 

TC1l6320118320B 

0.51lm 

5.0V/3.3V (VOLTAGE DOWN CONVERTER) 

1024 CYCLES/16ms 
4096 CYCLES/ms 

AO-All (4K REFRESH)/AO-A9 (lK REFRESH) 

AO-A6 (4K REFRESH)/AO-A8 (lK REFRESH) 

60170/80 (5.0V) 70/80 (3.3V) 

400mil 70pin SO] (0.8mm PITCH) 
400mil 70pin TSOP (0.8mm PITCH) 

FAST PAGE MODEIHYPER PAGE MODE 

41CAS" 

E-4 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



Third Generation 
16M DRAM 

THIRD GENERATION 16M DRAM-BASED MODULES 

1st Gen. 16M DRAM used(400mil) 3rd Gen. 16M DRAM used(300mil) 

4Mx36 THM36402S/SG THM36400BS/BSG 
(36bit Parity) 

~on .1.1 J Jillol ~oDDDDQDDDDol 
(0000001 (0 01 

• TC5117400J x8 • TC5117400BSJ x8 
• TC514100ASJ x4 • Quad CAS(4Mx4)x1 
• 22.86mm Height • 25.40mm Height 

4Mx36 THM364060SG THM364070BSG 
(36bit ECC Module) 

\,llD1nnllll!ln 01 ~o~ ~ ~ ~ ~ ~I oU UULlLlUUU 

(o[ 01 (0 
v 

01 L L L I 

• TC5117400J x9 • TC51174BSJ x9 
• 17. 78mm Height • 25.40mm Height 

4Mx40 THM404020SG THM404000BSG 
(40bit ECC Module) 

~oDDooqDDDDDol ~oL L L L L ~I 
(o[ L L L L rl (0 01 

• TC5117400J xlO • TC5117400BSJ xlO 
• 17.78mm Height • 25.40mm Height 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 



Third Generation 
16MDRAM 

THIRD GENERATION 16M DRAM-BASED MODULES 

1st Gen. 16M DRAM used(400mil) 3rd Gen. 16M DRAM used(300mil) 

ilMx36 THM3648020S/SG THM368020BS/BSG 
(36bit Parity) 

(olTtrtnnol ~oDDDDQDDDDol 
toQ1fJ1QJJJI (°000000000°1 

• TC5117400J x16 • TC5117400BSJ x16 
• TC514100ASJ x8 • Quad CAS(4Mx4)x2 
• 34.00mm Height • 25.4Omm Height 

8Mx36 THM368060SG THM368060BSG 
(36bit ECC Module) 

Q t t t l ~I loDooonnnon . UUU LJ 01 

[1 f f f f FI (oooomoooo °1 
• TC5117400J x18 • TC51174BSJ x18 
• 29.21mm Height • 25.40mm Height 

8Mx40 THM408020SG THM408020BSG 
(40bit ECC Module) 

lJ t t ~ ~ II loDOornPOOOJol 
(1 f ~ ~ ~ tl (ooornJooomol 

• TC5117400J x20 • TC5117400BSJ x20 
• 29.21mm Height • 25.4Omm Height 

E-6 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



rOSHIBA 
3.3VDRAM I 

3.3VDRAM 

Type Package Target 
Voltage Access 

Organization Gen. SOJ TSOP Supply Time 

4M DRAM 
(256Kx16) 4th 0 3.3V±O.3V 70ns 

16M DRAM 
3rd 0 0 3.3Vi:O.3V (16Mx1, 4Mx4) 60ns 

16M DRAM 
2nd 0 0 3.3V±O.3V 70ns (2Mx8) 

16M DRAM 
0 0 (1 Mx16,x18) 2nd 3.3V±O.3V 70ns 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. E-7 



3.3VDRAM 

3.3V V cc, 110 Interface Target Spec. 

E-8 

Abs. Max. Rating 

Vee Operating 

VOL Max. (DC) 

V OH Min. (DC) 

VOL Max. (DC) 

V OH Max. (AC) 

VILMin. 

VILMax. 

VmMin. 

VmMax. 

- O.5-4.6V (Vee) 

- O.5-V cc + O.5VS (Input pin) 

3.3V ±O.3V 

O.4V (lOUT = 2mA) 

2.4V (loUT = -2mA) 

O.8V (lOUT = 2mA) 

2.0V (lOUT = -2mA) 

-O.3V 

O.8V 

2.0V 

Vcc+ O.3V 

TOSHIBA AMERICA ELECTRONIC COMPONENtS, INC. 
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rOSHIBA 
Small Outline SIl\1M 

TOSHIBA SMALL OUTLINE SIMM 
50ns 60ns 70ns 80ns 

Small Outline SIMM 

C:::::J : Underdevelopmert 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. E-9 



Small Outline SIMM 

TOSHIBA SMALL OUTLINE SIMM 

1. Outline 

Dimension 

Front side 

Back side 

Pin Count 
72pin (50mil pitch lrow I zig-zag read out) 

2. Data bus width 

x32/36 bit 

3. Maximum capacity 

256M byte maximum using 256M DRAM 

4. Pin function assignment 

Pin count 

Signals Function x32 x36 

AOto A13 Address input 14 14 
DQ Data-inlData-out 32 36 
/RAS Row address strobe 4 4 
ICAS Column address strobe 4 4 

/WE ReadIWrite enable 
Vcc Power supply 3 3 
Vss Ground 3 3 
PD Presence detect 7 7 
NC No connection 4 0 

(unit: mm) 

_.11. 1.016tO.10 

L= 59.6910.13 
H= 25.4010.13 

T= 3.810 MAX 

E-10 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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rOSHIBA 
8-ByteSIMM 

TOSHmA 8-BYTE SIMM 
50ns 60ns 70ns sOns 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. E-11 



8-ByteSIMM 

TOSHIBA 8-BYTE SIMM 

1. Outline 

Dimension 

Pin Count 
168pin (50mil pitch lrow I dual read out) 

2. Data bus width 

x64n2 - bit (Parity mode), x72/80 - bit (BCC mode) 

3. Maximum capacity 

512M byte maximum using 256M DRAM 

4. Pin function assignment 

Pin count ECCmocie 

Signals Function x32 x36 x72 xSO 
AOto A13, BO Address input 15 15 15 15 
DQ (, PQ*) Data-inlData-out 64 64 72 80 
/RAS Row address strobe 4 4 4 4 
ICAS Column address strobe 8 8 8 8 
/WE ReadIWrite enable 2 2 2 2 
IOE Output enable 2 2 2 2 
Vcc Power supply 16 16 16 16 
Vss Ground 16 16 16 16 
PD Presence detect 8 8 8 8 
ID IDbit 2 2 2 2 
/PDE PDenable 1 1 1 
Reserved Presence detect 16 8 12 4 
RFU Reserved for future use 14 14 14 14 

*PQ is used for x72 parity only. 

E-12 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



TOSHIBA 
Cross Reference 

DRAMIMODULE CROSS REFERENCE GUIDE 

DRAM (xl/x4) 

Organization 4Mxl (Fast Page) 16Mxl (Fast Page) IMx4 (Fast Page) 
4Mx4 (2K 4Mx4(4K 

Refresh Refresh 

TOSHIBA TC514000A TC5116100 TC514400A TC5117400 TC5116400 

Fujitsu MB814100 MB8116100 MB814400 MB8116400 

Hitachi HM514100 HM5116100 HM514400 HM5117400 HM5116400 

Micron MT4C 1 004 MT4C16MIAl MT4C4001 MT4C4M4Bl MT4C4M4Al 

Mitsubishi M5M44100 M5M44400 

Motorola MCM514100 MCM514400 

NEC uPD424100 uPD4216100 uPD424400 uPD4217400 uPD4216400 

Oki MSM514100 MSM514400 

Samsung KM41C4000 KM41C16000 KM44ClOOO KM44C41 00 KM44C4000 

Siemens HYB514100 HYB511610 HYB514400 HYB511640 

TI TMS44100 TMS44400 

DRAM (xS/x9) 

Organization 512Kx8 2Mx8 (2K Refresh) 512Kx9 

TOSHIBA TC514800A TC5117800 TC514900A 

Hitachi HM514800 HM514900 

Micron MT4C8512 MT4C2M8Bl 

Mitsubishi M5M44800 M5M44900 

NEC uPD424800A uPD4217800 uPD424900A 

DRAM (x16/xlS) 

Organization 256Kx16 (2 CAS) 256Kx16 (2 WE) IMx16 (lK, 2 CAS) IMx18 (lK, 2 CAS) 

TOSHIBA TC514260B TC514170B TC5118160A TC5118180A 

Hitachi HM514260 HM514170 

Micron MT4C16257 MT4C16256 MT4CIM16C3 

Mitsubishi M5M44260 M5M44170 

NEC uPD424260A uPD424170A uPD4218160 uPD4218180 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. F-1 



Cross Reference 

MODULE (x32) 

Organization IMx32 2Mx32 4Mx32 8Mx32 

TOSHIBA THM321000A THM362020A THM364020 THM368020 

Hitachi HB56D132 HB56D232 

Micron MT8D132 MT16D232 MT8D432 MT16D832 

NEC MC421000A32 MC422000A32 MC424000A32 MC428000A32 

Old MSC383 

MODULE (x36) 

Organization IMx36 2Mx36 4Mx36 8Mx36 

TOSHIBA THM361 020A THM362020A THM364020 THM368020 

Hitachi HB56D136 HB56D236 HB56D436 HB56D836 

Micron MT9D136 MT18D236 MT12D436 MT24D836 

Mitsubishi MHIM36 MH2M36 MH4M36 

NEC MC421 OOOA36 MC422000A36 MC424000A36 MC428000A36 

Old MSC2350 

Samsung KMM5361000 KM5362000 

F-2 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



rOSHIBA 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 
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16M DRAM Reliability Report 

CONTENTS 

I. 16M DRAM Family and Process Parameters G·2 

1) 16M DRAM (xllx4) Family G-2 

2) Key Process Parameters G-2 

3) 16M DRAM (x8, x9, x16, x18) Family G-3 

H. Major Reliability Study G·4 

1) Oxide Breakdown G-4 

2) Electromigration G-5 

3) Hot Electron Injection G-8 

4) Soft Error G-IO 

5) ESD Sensitivity G-12 

6) Latch-up G-16 

7) Temperature Cycling G-19 

8) Humidity Study G-21 

9) Package Reliability G-22 

HI. Quality and Reliability Assurance G·30 

IV. Reliability Test Results G-32 
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16M DRAM Reliability Report 

I. 16M DRAM Family and Process Parameters 

1) 16M DRAM (xllx4) 

Device 

TC5116100JIZJFT II'R -60 
-70 

TC511610lJlZJFTlI'R-70 

TC5116102JIZJFTII'R-70 

TC5116400JIZJFTII'R-60 
-70 

TC5116402JIZJFTII'R-70 

TC51164lOJIZJFTII'R-70 

TC5117400JIZJFTII'R-60 
-70 

TC5117402JIZJFTII'R-70 

TC511741OJIZJFTII'R-70 

J :SOJ package 
Z:ZIP package 
FT:Normal TSOP package 
TR:Reverse TSOP package 

2) Key Process Parameters 

1st Generation 16M DRAM 

Org. tRAC 

16Mxl 
60ns 
70ns 

16Mxl 70ns 

16Mxl 70ns 

4Mx4 
60ns 
70ns 

4Mx4 70ns 

4Mx4 70ns 

4Mx4 
60ns 
70ns 

4Mx4 70ns 

4Mx4 70ns 

Process 
Triple-well CMOS 
Double-PolyIWSi2IDouble-Metal 

Feature Size 0.6 JlID 

External Voltage 5V 

Internal Voltage 4V 

Transistor 0.7 JlID (n-ch) 
Lpoly 0.9 JlID (p-ch) 

tox 160A 

MeIDoryCell 
1.57 X 2.95 Jlm2 (4.63 Jlm2J 

Cell Size 
Trench 

Structure 
l00A (effective) 

tox (ONO) 

Bonding Options:xllx4 
Fast Page I Nibble I Static Column Mode 

tcAC 

15 ns 
20ns 

20ns 

20ns 

15 ns 
20ns 

20ns 

20ns 

15 ns 
20ns 

20ns 

20ns 

G-2 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

Special Function 

Fast Page 

Nibble 

Static Column 

FastPage4K 
Refresh 

Static Column 4K 
Refresh 

Fast Page Write-
per-bit 4K Refresh 

Fast Page 2K 
Refresh 

Static Column 2K 
Refresh 

Fast Page Write-
per-bit 2K Refresh 



16M DRAM Reliability Report 

3) 16M DRAM (x8, x9, x16, x18) 

Device Org. 

TC5116800ANJ/ANT/ANR-60 
2Mx8 

-70 

TC5117800ANJ/ANT/ANR-60 
2Mx8 

-70 

TC5116900AJ/AFT/ATR-60 
2Mx9 

-70 

TC5117900AJ/AFT/ATR-60 
2Mx9 

-70 

TC5116160AJ/AFT/ATR-60 
-70 

IMx16 

TC5118160AJ/AFT/ATR-70 
-80 

IMx16 

TC5116180AJ/AFT/ATR-60 
-70 

IMx18 

TC5118180AJ/AFT/ATR-70 
-80 

IMx18 

AJ:SOJ package (2Mx9:32 pin, IMx16/18:42 pin) 
ANJ:SOJ package (2Mx8:28 pin) 

tRAc 

60ns 
70ns 

60ns 
70ns 

60ns 
70ns 

60ns 
70ns 

60ns 
70ns 

70ns 
80ns 

60 ns 
70ns 

70ns 
80 ns 

AFT:TSOP package (2Mx9:32 pin, IMxI6/18:50/44 pin) 
ANT:TSOP package (2Mx8:28 pin) 
ATR:Reverse TSOP package (2Mx9:32 pin, IMxI6/18:50/44 pin) 
ANR:Reverse TSOP package (2Mx8:28 pin) 

tcAC 

15 ns 
20ns 

15 ns 
20ns 

15 ns 
20ns 

20ns 

15 ns 
20ns 

20ns 
20 ns 

15 ns 
20ns 

20ns 
20ns 
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Special Function 

Fast Page 
4K Refresh 

Fast Page 
2K Refresh 

Fast Page 
4K Refresh 

Fast Page 
2K Refresh 

Fast Page 
4K Refresh 
2 CAS, 1 WE 

Fast Page 
lK Refresh 
2 CAS, 1 WE 

Fast Page 
4K Refresh 
2eAS, 1 WE 

Fast Page 
lK Refresh 
2eAS, 1 WE 
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II. Major reliability study 
The first generation 16M DRAM is a CMOS device based on 0.6 mm design rule. This section details the 

reliability of the Toshiba 16M DRAM technology. 

1) Oxide Breakdown 

Time Dependent Dielectric Breakdown (TDDB) of the 16M DRAM gate oxide is very critical because of 
the very thin oxide layer. (,I00A). The TDDB failure rate greatly depends on the process. 

Figure 11-1 shows theTDDB results for the 16M DRAM process. The reliability of this process exceeds 
10 years even with stress induced by a 5 MV/cm electric field. In order to reduce the electric field in the 16M 
DRAM memory cell capacitor, a 112 VINT cell plate is used. 

In order to estimate the field failure rate of actual devices, it is necessary to derive the acceleration factor. 
The relation between the time to failure (tF) and the stress condition is given by the following equationl). 

tF = A e[-bV + (EalkT)] (1) 
where 

A=constant 
Ea=activation energy (eV) 
k=Boltzmann's constant (1.38xlO-23 JIK) 
T=absolute temperature (K) 
V =stress voltage (V) 
~=voltage acceleration factor 

The numerical values for the Ea and ~ parameters were determined experimentally to be the following. 
Ea = 0.3 eV 
~=3 

Gale Integrity 

10' 

10' 

10' 

10' 

i 10' 

j 

~ 10' 

~ 
~ 

10' 

10' 

10' 

10' 
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\ 
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\ 
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Ta= 125'C 
Tox = 160A 

P=3,1 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ , 

\\ 

[MV I em] 

[V] 

Figure II-I. TDDB Results for the 16M DRAM 
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2) Electromigration 

It has been established that, when a high density current is applied to the Al metal, an open circuit can 
result in this metal. This phenomenon is known as electromigration and is one of the critical failure mechanisms 
relative to the narrow Al line width of the large scale devices. 

The mechanism of electromigration on a thin film is explained as follows. 
While current flows in the thin film, an electron wind force is applied on the metallic atoms. As a result, 

the Al atoms diffuse in the direction of the electron flow (from cathode to anode), forming a void on the cathode 
side, and a hillock or a whisker on the anode side. 

The open circuit failure on the thin film occurs when the mass movement in the metal becomes uneven. 
This unevenness is caused by variations in temperature, current density or transfer rate of Al ions. For example, 
(1) uneven Al grain size2), (2) generation of device3), and (3) metal in contact with other materials4). 

The electromigration life of the thin film is generally expressed as the mean life (MITF : Mean Time To 
Failure) as shown below5). 

MITF = Arn e(E a IkT) (2) 
where J is the current density, n is a constant in relation to current density, Ea is the activation energy, T 

is the absolute temperature, k is Boltzmann's constant, and A is a constant in relation to the material, structure, 
and size of the metal. From this expression, it is understood that the mean life increases with the decrease of 
current density or temperature. Also, the life distribution approximates the log normal distribution with small 
dispersion. 

Figure II-2a shows the test condition for the electromigration test. Figures II-2b and II-2c show the results 
of this test for the lines and vias, respectively. The stress conditions are J = 23106 and Ta = 200°C. 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 
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(Cross Section) 
_--- Passivation 

---~r----~:~~~~~ 
_________________ ...... ~::.----Metal 1 

____________________ ..... .._- Barrier Metal 

·.----------lnter-LeveIOxide 

-------------------------------..... 
Field Ox 

•• ---------Silicon Substrate 

Electromigration 

Tungsten Filled 
Structure 

Test Vehicles 

"/ /:AIII~- 2nd Metal 

1st Metal 

(Via) 

Figure U-2a. Test Conditions for the 16M DRAM Electromigration Test 

(Line) 

Conventional Non
Filled Structure 
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1000 

.e 100 

.!!!. 
u. .... 
:! 

Line 

o AI-Si-Cu (9000A) 
• AI-Si-Cu (4000A) I TIN (7ooA) I Ti (2ooA) 

Ta = 200 (0C) 
J = 2 x 1 ()6 (A/cm2) 

10 
Line Width [J.1m] 

Figure II-2b. 16M DRAM Electromigration Test Results for Lines 

0;:;' 
'2 
:::l 

.e 
~ 
u.. .-
~ 

1000 

100 

10 

Via 

ISTRESS = 1 x 10S Alcm2 

Tj = 200°C 

--e---e--
Tungsten Filled 

Conventional 
(Non-filled) .-.0--

0
_0 

0---

----
1~1~~ ____ ~~ __ ~~ __ ~ ____ __ 

o 1.0 1.2 1.4 1.6 1.8 

Via Hole Size [~m] 

Figure 1J.2c, 16M DRAM Electromigration Test Results for Vias 
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3) Hot electron injection6 

The N channel MOS transistor, while operating in the saturation region, generates a large electric field in 
the depletion region around the drain. Electrons, the carriers of the channel current, are accelerated and applied 
with high energy in this region (hot electron) and some of these electrons are scattered as photons and others 
may lose energy through the impact ionization. Some of the electrons scattered as photons and ionized by the 
impact are injected through the Si-Si02 interface to the interior of the gate oxide film. A few of the injected 
electrons are trapped in the gate oxide film, and the others move in the oxide film to be absorbed in the gate 
electrode. The electrons are trapped, primarily, at the pinch-off point around the drain and cause a shift in the 
threshold voltage (Vth) during operation over a long period of time. LDD (Lighted Doped Drain) transistors are 
used in the 16M DRAM to reduce the Vth shift during operation. 

Figures II-3a and II-3b show the hot carrier reliability duty ratio and hot carrier reliability DC stress for 
the 16M DRAM, respectively. 

5~--------------~--------------------~------~ 

4 Duty Ratio 
'sub.max· T RC 

JTRC , • dT o sub 

0.3% 

3 

2 

o~--------------------~----~--------------~----~ o 2 4 6 

"T;nsec) 

Figure 1I-3a. Hot Carrier Reliability Duty Ratio 
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109~ ________________________ .., 

Nch 10/0.7 
Vg = Vd/2. AT 

1()8 

~ 1 year 0 

Ii 
"t:l 

~ 107 

~ 
i 
!!1 
CI) 

E 
i= 

5 106 

105~~ __ ~ ____ ~ ________ ~ __ -J 

117 1/6 1/5 1/4 

Stress Drain Bias [V- 1) 

Figure II-3b. Hot Carrier Reliability DC Stress 
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4) Soft Error 

As memory density and circuit complexity increase, concern about the DRAM's susceptibility to soft 
errors also increases because the higher levels of integration have primarily been achieved through a reduction 
of the storage cell size. 

Soft Errors are random, non-recurring, single-bit errors which may be induced by alpha particles emitted 
by radioisotopes in the package material during decay. Electron-hole pairs are generated as the alpha particles 
lose energy after they penetrate the substrate. The electrons are drawn into the storage cells while the holes are 
drawn into the substrate. If the charges collectedin the cell exceed the critical charge, a cell mode soft error will 
result. A bit-line soft error can also occur if alpha particles hit a floating node while a bit line is open. As a result 
bit-line soft errors have a higher rate of occurrence with faster cycle times. 

Toshiba has implemented the following countermeasures which have been extremely effective in reducing 
the soft error rates (SER). 

i) Thin oxide films to increase the cell capacitance in order to maintain a high critical charge level. 
ii) A high grade resin to minimize alpha particle emissions from the packaging material. 
Figure 11-4 shows the SER test results of our 16M DRAM as compared to the 1M and 4M DRAMS. 
Note : 
Soft Error Rates can also be caused by excessive system noise levels and other operating conditions such 

as voltage supply level and timing conditions. A careful system design and an adequate board layout will help 
prevent the occurrence of this type of soft error. 

G-10 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 



Accelerated Test Results 

Soft Error Rate 
(Failures/H) 

16M DRAM Reliability Report 

Condition: 

Alpha Source: 

Ta = 25°C 

Vee = 5.0V 

Checker Board 

241 Am 

(6.3 x 105 niH cm2) 

0: 16M DRAM 

\1: 4M DRAM (A) 

0: 1 M DRAM (A) 

200 ns 500 ns 1 jJ..s 2 jJ..s 

System Test Results 

Test Device 

TC514100A 

TC5116100 

Test Conditions: V cc = 5V 
tRC = 1 J.ls 

Device Hour 

4.14x106 

2.24x106 

Test pattern: Checker board 

Figure II-4. 16M DRAM Soft Error Rate Test Results 

Number of fail Estimated Soft Error Rate (CL = 60%) 

2 748 Fit 

1 902 Fit 
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5) ESD sensitivity 

Concerns about Electro-Static Discharge (ESD) increased as thinner oxide gates and fine design rule were 
used in higher density devices. ESD damage results from stray discharge on the device input pins and can cause 
gate oxide failure. Static electricity may be encountered during all stages of the manufacturing process, during 
shipping and during handling by the customer. To protect the devices from damage caused by the high voltages 
generated from static electricity, all inputs are provided with an input protection circuit. 

The input protection circuit of the Toshiba 16M DRAM is shown in Figure II-Sa. The resistance (R1) 
attenuates fast rise time large positive voltage spikes, while the diode (01) acts to discharge the electricity to 

Vss· 
The input protection circuit is tested with the following models which simulate ESD-induced failure 

mechanisms: 

i) The human body model 
ii) The machine model 

Pad 

Input 

Figure II-Sa. 16M DRAM Input Protection Circuit 

Test Method 
Figure Sb 
Figure Sb 

Test Results 
Figure Sc 
Figure Sd 
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TC5116400/0210J ESD Protection TEST Circuit 

Plus 

Measure Pin 1'--+---11 

Other Pins OPEN 

Minus 

Measure Pin t---+--.--'\ 

Other Pins OPEN 

Figure II-5b. Human Body and Machine Model Test Methods 

Human Body Model: Ro = 1.5 Kll 

Co = 100 pF 

Machine Model: Ro = on 
Co = 200 pF 

Rx: 20 Mil 

Rx: 20 MH 
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TC5116400102/10J 

Internal Qualification Data for ESD 

Ro = 1500 [ill ® Lot A 

Co=100[pF] ~ Lot B 

0 LotC 

Plus Stress 

1000 1200 1400 1600 1800 2000 

[Measuring Limit] 

STRESS [V] 

Minus Stress 

-1000 -1200 -1400 -1600 -1800 -2000 

[Measuring Limit] 

STRESS [V] 

Figure II-5c. Human Body Model Test Results 
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TCC5116400/02/10J 
Internal Qualification Data for ESD 

Ro=O[n] @ LOT A 

Co = 200 [pF] ~ LOTS 

0 LOT C 

Plus Stress 

o 50 100 150 200 250 

[Measuring Limit] 

STRESS [V] 

Minus Stress 

o -50 -100 -150 -200 -250 
[Measuring Limit] 

STRESS [V] 

Figure II-5d. Machine Model Test Results 
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6) Latch-up 

eMOS devices have intrinsically parasitic thyristors which are composed of parasitic npn and pnp 
transistors, as shown in Figures II-6a and II-6b. 

Input 

P-well 

N-substrate 

Figure II-6a. Example of parasitic bipolar transistor of a CMOS device 

Vce 
(V,NT) 

R2 

Figure II-6b. Equivalent Circuit 

R1: N-well resistance 
R2: P-well resistance 

R1 

Latch-up is a phenomenon which occurs when these parasitic thyristors are turned on, resulting in a low 
impedance path from vee to ground (VSS) which usually exceeds the current handling capability of t.~e on
chip metallization. Latch-up can be triggered when sufficient current is induced by noise on the input, output or 
vee pins, resulting in the flow of excessive current from vee to VSS which continues to flow until vee is 
turned off. Latch-up initially causes functional device failure and finally causes thermal destruction. With 
increased circuit densities and finer design rules, latch-up sensitivity became more critical. Latch-up immunity 
for devices such as the 16M DRAM has been improved through the use of the following techniques: 

i) Input protection resistances are placed in input circuits. 
ii) The critical resistance of the N-well, P-well, and the N-substrate is greatly reduced with the use of a 

guard ring. 
Toshiba's latch-up test method is shown in Figure TI-6c. The test results, shown in Figure II-6d, indicate 

that our 16M DRAMs have a high resistance to latch-up. 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 
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16M DRAM Latch up TEST Circuit 

1. Vee 

2. Input Pin 

3. Output Pin 

5V 

Voltage Sequence 

Vee Trigger Voltage --

Vee = OV 

OV - +10V 

(Other Pin: Normal Write/Read Opeation) 

Trigger Voltage -

(Test Pin) 

Trigger 
Voltage = OV 

! ~e=OV 

-10V - +10V 
." Current Limit = :!: 1 00 mA 

Trigger Voltage --

(DoUI Pin) 

Trigger Voltage = OV 

H 
(I) 

(1): Latch up checked 
in this duration. 

H 
(I) 

-10V - +10V (I) 
Current Limit = :::: 1 00 mA 

Figure 11-6c. Latch-up Test Method 
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16M DRAM Latch up Test Result 

Measured Pin Spec. Sample Size Result 

vee +lOV 5 pes x 3 Lot 15/15 Pass 

+10V 
Input or 5 pes x 3 Lot 15/15 Pass 

±100mA 

+lOV 
Output or 5 pes x 3 Lot 15/15 Pass 

±100mA 

Figure 11-6d. Latch-up Test Results 
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7) Temperature cycling 

One of the most serious problems for a large die size is an increase in the package resin stress. Figure 11-
7 a shows a simulation of the shear stress distribution on the die using the finite element method. The shear stress 
is concentrated on the comer of the die. 

Known failure modes caused by the stress consist of package crack, top passivation crack and metal open 
due to deformation. A low stress resin and a polyimide coating are used for the 16M DRAM in order to prevent 
these failures. 

Figure 11-7a. Resin Stress Distribution Over a Die 
(Three-dimensional finite element method) 

z 

TOSHIBA AMERICA ELECTRONIC COMPONENTS_ INC_ 
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Figure II -7b shows the relation between number of cycles to 1 % failure rate and temperature differences 
(DT) of the Temperature Cycling Test (TCT), where devices with conventional resis and without die coating are 
used. 

300 cycles ofTCT (265°CI150°C) guarantee more than 10 years offield use (~= 75°C, 2 cycles/day). 
The low stress resin and polyimide coating further extend the life expectancy of Toshiba's 16M DRAM's. 

2 

103 

III 
CIl 
(3 
>-
0 
'0 
CD 5 
.0 
E 
::l Toshiba Standard z 

Condition 
3 

2 

102 

50 100 150 200 250 300 

Figure II-7b. Temperature Dependence ofTCT Failures 
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8) Humidity study 

Problems associated with humidity become more critical as the die size increases because of the shorter 
path between the outer lead frame and the die despite improvement of the packaging material. For devices with 
fine design rule, moisture penetration will also cause electrical parameter shifting due, in particular, to a voltage 
threshold Vth drift in the P-channel transistors. 

Figure II-8a shows the humidity test results using TEG devices and the temperature dependency (with 
relative humidity fixed at 85%) is given as 

Ea = 0.8 eV for Al corrosion and Ea = 1.0 eV for parameter shift (a e [-EalkTl). 

Ea = 0.8 eV indicates that 2000 hours of 85°C/85% or 120 hours of 130°C/85% guarantees 10 years of 
field use at 40°C/85%. 

2 

130 85 60 

Reciprocal Temperature 

Figure II-8a. Temperature Dependence of Humidity Failure 
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9) SOJ package reliability during the soldering process 

Plastic surface mount packages are susceptible to cracking induced by moisture absorption. Epoxy resin 
molded packages have a strong tendency to absorb moisture. The absorbed moisture vaporizes when the 
package is exposed to an abrupt and extreme transition in temperature during reflow soldering. The resulting 
pressure of the water vapor can cause the package to crack. 

Thermal Stress 

Water Vapor Cracks 

Figure II-9a. Mechanism of Package Crack 

Moisture absorption and desorption characteristics of the 16M DRAM SOJ and TSOP packages are shown 
in Figures II-9b, c, d and e, respectively. 

E 
a. 
.9: 
~ 
:J 
Vi 
'0 
:i: 
1J 
Q) 

-e 
0 
(/) 
.c « 

5000 

2000 

1000 

500 

CHARACTERISTICS OF MOISTURE ABSORPTION 

16M DRAM (SOJ-28 400 Mil) 0-0 85°C/85% 
.-. 85°C/60% 
:;'-6 85°C/50% 
.-. 30°C/60% 

Duration (hours) 

Figure 11-9b. Characteristics of Moisture Absorption 
16M DRAM (S01-28 400 Mil) 
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CHARACTERISTICS OF MOISTURE ABSORPTION 

16M DRAM (TSOP-28 400 Mil) 

Figure n-9c. Characteristics of Moisture Absorption 
16M DRAM (TSOP-28 400 Mil) 

Duration (hours) 

CHARACTERISTICS OF MOISTURE DESORPTION 

16M DRAM (SOJ-28 400 Mil) 

0-0 85"C/85% 
.... 85°C/60% 
t::..-t::,. 85°C/50% 
.-A 30UC/60% 

Ta = 125" 

e-o. 2000 S: 
~ 
::l 
'iii 
'0 
~ 
'C 

~ 
0 
til 
.&l « 

500 

0.5 

Figure I1-9d. Characteristics of Moisture Desorption 
16M DRAM (S01-28 400 Mil) 

2 5 10 

Duration (hours) 
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CHARACTERISTICS OF MOISTURE DESORPTION 

16M DRAM (TSOP-28 400 Mil) 

5000 

E 
Q. 

S 
!!! 
::J 
iii 
0 

:::! 
"C 1000 
Q) 

.D 
(5 
I/) 

.D 
c:( 

0.5 

Figure 11-ge. Characteristics of Moisture Desorption 
16M DRAM (TSOP-28 400 Mil) 

/'-----
more than 60 sec. 

o 

2 5 10 

Duration (hours) 

'. not more than 30 sec. '. . ' 
not more than 60 sec. 

20 

Time (sec.) 

Figure 11-9g. V.P.S.Reflow Curve 
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To prevent surface mount package cracks, pre-baking is necessary in order to exhaust the moisture content 
of the package prior to soldering. With the new Toshiba dry packing method the customers will be given the 
benefit of eliminating the pre-baking step in their process. 

Dry packing methods for both tube type and tape and reel tape surface mount packages are shown in Figure 
II-9f. 

Tube Type Tape & Reel Type 

Tube ----d 
IC~y , 
~ 

Aeel~ 

Tape 
--- Stopper 

Oessicant 
(include indicator) 

Oessicant 
(include indicator) 

10-A 

10-C 

10-C 
Moisture prOOf~8ag . 

10-8 . . .......... . 

: ~ Heat-seal 

10-A 

Moisture 
Proof 8ag 

Carton 

Reel 

10-A 

note * As the material of moisture proof bag, a laminated aluminum is used. 
*ID:Identification - A (ID-A) 
Part Number, Date Code, Quantity (by labelling or pricing) 
*ID:Identification - B (ID-B) 
Precaution after opening dry packing (by printing) 
*ID:Identification - C (ID-C) 
Precaution for strategic product control (by labelling or 
printing) - COCOM control product only. 

Figure II·9f. Dry Packing Methods 

Recommended Soldering Methods for Soldering SO] and TSOP: 
A. Vapor phase soldering process: 
l)Fluorinert FC-70* or equivalent should be used as heating media. 
(*3M's registered trade name) 
2)To be performed at ambient temperature of 215°C for not more than 
30 sec. and at 200°C for not more than 60 sec. 
3)Refer to the figure below as an example of the recommended temperature profile. 

TOSHIBA AMERICA ELECTRONIC COMPONENTS. INC. 
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B.IRreflow 
l)Middle/far IR and both side heaters should be used. (See Figure II-9h.) 

Reflow heater 

~F1\lm:~:i~~ IR heal .. x 2) 

\.'? ............. '\ .. Ij .......................................... 5?·· 

Pre heater 
(far IR healer) 

Figure 1I-9h. IR Reflow Equipment 

2)Refer to the figure below as an example of recommended temperature profile. 

not more than 30 sec. 

o 
4-- more than 60 sec. ---+ Time (sec.) 

Figure 1I-9i. IR Reflow Curve 
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Shipping Form for TSOP 

1) Outline of Packaging 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

1 empty 
cover tray 

+ 

5 filled trays 

+ 

Plastic Band 

+ 
1 bag silica gel 

and 
1 Indicator 
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Aluminum Laminate (Thickness; 120 !-1m) 

Label 
(Indicated PIN. Quantity and Shipping Weekly Code) 

Label 
(Indicated PIN. Quantity and Shipping Weekly Code) 

Label 
(Indicated PIN. Quantity and Shipping Weekly Code) 

2) Number of TSOP per Shipping Box 

No. of Pin 
No. of TSOP No. of Trays per No. of TSOPs No. of Inner Boxes 

per Tray Inner Box per Inner Box per Shipping Box 

24 
26 
28 60 pes 5+1 cover 300 pes 6 
32 
44 

G-28 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

1 
in Bag 

1 
in 

1 Inner Box 

1 
6 Inner Boxes 

Packed in 
1 Shipping Box 

No. of TSOPs 
per Shipping Box 

1800 
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III. Quality and Reliability Assurance 

1 )At the stage of new device development: 
Internal qualification tests are perfonned for the purpose of verifying the 
desired characteristics and reliability levels. TEG qualification for new 
technologies, prior to products qualification, are applied as shown in 
Figure III-a. Internal qualification results for products are shown in section IV. 

2)At the stage of mass production: 
In order to monitor the quality and reliability, lot quality assurance inspections 
and a periodical reliability test (long tenn life test) are perfonned on the 
finished products on a sampling basis, as shown in Figure III-b. If the 
acceptance criteria is not met during the lot assurance test, all the devices 
in the lot are tested or burned-in again or scraped, depending on the failure category. 

Packing 
Qualification 

Products 
Qualification 

Figure III-I. Qualification Procedure for New Technologies 

Wafer Process/Design 
Qualification 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. G-29 
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Elec. Characteristics 

Life 
Test 

Figure III-2. Quality Assurance System in Mass Production Process 

Classification of Inspection 

High Temp. Dynamic Life 

High Temp. Static life 

PCT + Static Bias 

Sampling Plan 

LTPD(%) C 

Catastrophic Defect 1.2 0 
External Major Defect 1.2 Visual 0 

Minor Defect 1.2 0 

Electrical Characteristics Inspection 1.2 0 

High Temp Dynamic life 20 0 

Life High Temp 20 0 
Test 

PCT + Static Bias 20 0 

Table III. MOS IC Product Lot Assurance Inspection Criteria 

) 

I 

~ 
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IV. Reliability test results 

RELIABILITY REPORT OF TOSHmA INTEGRATED CIRCUITS 

Type: CMOS Silicon Gate Dynamic RAM 

TC5116100J16M DRAM 
TC5116100JlZIFI'ffR 
TC51161OlJIZIFI'ffR 
TC51161 02J/ZIFT rrR 
TC5116400J/ZIFT ffR 
TC5116402JlZIFI'ffR 
TC51164lOJlZIFI'ffR 
TC5117400JIZIFI' ffR 
TC5117402JIZIFI' ffR 
TC511741OJIZIFI'ffR 

January 1993 

SEMICONDUCTOR QUALITY ASSURANCE DEPARTMENT 
RELIABILITY ENGINEERING SECTION II 
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1. Test Device 

Type Functions Package Leads 

TC5116100] 
TC511610lJ SO] 400 mil 28 (24) 
TC5116102] 

TC5116100Z 16,777,216 Words 
TC5116101Z x 1 bit ZIP 475 mil 24 
TC5116102Z Dynamic RAM 

TC5116100FTffR 
TC5116101FTffR TSOP 400 mil 28 (24) 
TC5116102FTffR 

TC5116400] 
TC5116402] SO] 400 mil 28 (24) 
TC5116410] 

TC5116400Z 
4,194,304 Words x 

TC5116402Z 
4 bit 

ZIP 475 mil 24 
TC5116410Z 

Dynamic RAM 
(4K Refresh) 

TC5116400FTffR 
TC5116402FTffR TSOP400mil 28 (24) 
TC5116410FTffR 

TC5117400] 
TC5117402J SO] 400 mil 28 (24) 
TC5117410J 

TC5117400Z 
4,194,304 Words x 

TC5117402Z 
4 bit 

ZIP 475 mil 24 
TC5117410Z 

Dynamic RAM 
(2K Refresh) 

TC5117400FTffR 
TC5117402FTffR TSOP400mii 28 (24) 
TC5117410FTff 

2. Failure Rate Estimation 

Sample Size Type 

Equivalent 
Component Hours 

Ta = 60°C, Vee = 5.0V, 
Ea = 0.3 eV, ~ = 3 

Number of Failures Failure Rate (Fit)* 

700 SO] 11.6X 107 3 36 
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3. Test Results 

3.1 Life Tests 

Test Item Condition 
Package 

Sample Size No. of Failuresrrest Time 
Type 

High Temper-
Ta=125°C 

ature Operat- SO] 
ing Vcc=7.OV 

Low Tempera- Ta=30°C SO] 
ture Operating Vcc=7.OV 

High Temper-
ature Operat- Ta=150°C SO] 

ing 

SO] 

Temperature Ta=85°C ZIP 
Humidity RH=85 ° 

Bias Vcc=5.5V TSOP (FT) 

TSOP (TR) 

* 1: Column failure, Single bit failure 
*2: Column failure 

3.2 Thermal Environmental Tests 

500 
200 

60 

300 

300 

200 

100 

100 

Test Item 
Package 

Sample Size 
Type 

SO] 22 

Soldering Heat ZIP 22 

TSOP 22 

SO] 300 
Temperature * 

ZIP 200 
Cycling 

TSOP 100 

SO] 22 

Thermal Shock ZIP 22 

TSOP 22 

SO] 22 

Moisture Resistance ZIP 22 

TSOP 22 

* With Pre-Conditioning 

168H 336H 500H 

0 *12 0 
0 0 0 

0 0 0 

0 0 0 

0 - 0 

0 - 0 

0 - 0 

Test Time Failures 

0 

- 0 

0 

0 

1000 cyc 0 

0 

0 

30cyc 0 

0 

0 

10 cyc 0 

0 

SO]ffSOP (FT):TCT 20 cyc~125°C 20HBake (SO])~ 85°C/60% 168H~ LR. 

1000H 

0 
0 

0 

0 

0 

0 

0 

6HBake (TSOP) (240°C max X 4 times) 
TSOP (TR):TCT 20 cyc~ 125°C 6H Bake' 30°C/60% 30H~ LR. (240°C max X 4 times) 

ZIP:TCT 20 cyc ~ 85°C/85% 168 H~ Solder dip (260°C 10 sec.) 

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 

1500H 

0 
-

-

0 

-

-
-
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2000H 

*2 1 

0 

0 

0 

0 

0 

0 
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3.3 Mechanical Tests 

Test Item 
Package 

Sample Size Failures 
Type 

SOJ 22 0 
Vibration (Variable 

ZIP 22 0 
Frequency) 

TSOP 22 0 

SOJ 22 0 

Mechanical Shock ZIP 22 0 

TSOP 22 0 

SOJ 22 0 

Constant Acceleration ZIP 22 0 

TSOP 22 0 

3.4 The Others 

Test Item 
Package 

Sample Size Test Time Failures 
Type 

SOJ 22 0 

Solderability ZIP 22 - 0 

TSOP 22 0 

SOJ 22 0 

Salt Atmosphere ZIP 22 24 hours 0 

TSOP 100 0 

SOJ 100 0 

Pressure Cooker· ZIP 100 300 Hours 0 

TSOP 100 0 

* With Pre-Conditioning 
SOJfTSOP (FT):TCT 20 cyc~125°C 20HBake (SOJ)~ 85°C/60% 168H~ I.R. 

G-34 

6HBake (TSOP) (240°C max X 4 times) 
TSOP (TR):TCT 20 cyc~ 125°C 6H Bake' 30°C!60% 30H~ 1,R, (240°C max X 4 times) 

ZIP:TCT 20 cyc ~ 85°C/85% 168 H~ Solder dip (260°C 10 sec.) 
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4. Test Conditions 

Group Tests Test Conditions 

High Temperature T a = Specified Temperature 
Operating Vee = Specified Voltage 

Life Tests 
High Temperature 

T a = Specified Temperature 
Storage 

Temperature * Ta = 85°C, RH = 85% 
Humidity Bias Vee = 5.5V, VIM = 5.5 V/GND 

260°C, 10 sec. 
Soldering Heat Dipped into meltingsolder to a depth 1.5±O.8 mm from 

the body 

Temperature * 150°C 

~ 
100 cycles 

Cycling -65°C 

Thermal 
Environmental 

100°C 
Tests Thermal Shock 

O°C ~ 
30 cycles 

65°C 24H 
Moisture Resistance 25°C 10 cycles 

-10°C ~ RH =90-98% 

Vibration 100-2000 Hz, 20 G, 4 min.!l sweep 
(Variable Frequency) 3 orientations, 4 times each 

Mechanical Tests MecharricalShock 
1500 G, 0.5 msec, 

4 orientations, 3 times each 

Constant Acceleration 20000 G, 6 orientations, 1 min. each 

230°C, 5 sec. at least 
Solderability SOJ 95% cov-

215°C, 10 sec. ered 
The Others 

Salt Atmoshere 5% salt atmoshere, 35%C, 24 Hours 

Pressure Cooker * 2.5 atm. (Ta = 127°C, RH = 100%) 

* With Pre:oGmditioning 
SOJrrSOp (FT):TCT 20 cyc~125°C 20HBake (SOJ)~ 85°C/60% 168H~ I.R. 

6HBake (TSOP) (240°C max X 4 times) 
TSOP (TR):TCT 20 cyc~ 125°C 6H Bake' 30°C/60% 30H~ I.R. (240°C max X 4 times) 

ZIP:TCT 20 cyc ~ 85°C/85% 168 H~ Solder dip (260°C 10 sec.) 

TO~"'IR4. 4.M!;RIC4. !;L!;CTRONIC COMpnN!;NT~~ INC 

Referred Standard 

MIL-STD-883 
Method 1005 

MIL-STD-883 
Method 1008 

-

MIL-STD-750 
Method 2031 

MIL-STD-883 
Method 1010 

MIL-STD-883 
Method 1011 

MIL-STD-883 
Method 1004 

MIL-STD-883 
Method 1008 

MIL-STD-883 
Method 2007 

MIL-STD-883 
Method 2002 

MIL-STD-883 
Method 2001 

MIL-STD-883 
Method 1009 

-
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rOSHIBA 
Application Note 

Symmetrical vs. Asymmetrical Dynamic RAM Addressing 

With the introduction of higher density and wide data path DRAM products, a new method of addressing, 
called asymmetrical addressing, has also been introduced. For example, Toshiba's 16M- bit DRAM product 
lineup includes the following: 

PRODUCT ADDRESSING MODE 

16Mxl 12 Rowl12 Column (Symmetrical) 

4Mx4 12 Row/lO Column (Asymmetrical) 
11 Row/II Column (Symmetrical) 

2Mx8 11 Row/lO Column (Asymmetrical) 

IMxI6 &IMxI8 12 Row/8 Column (Asymmetrical) 
10 Row/lO Column (Symmetrical) 

As the advantages and disadvantages of symmetrical and asymmetrical addressing are being discovered, 
the application base and their addressing preference has become segmented. The purpose of this Application 
Note, is to present the advantages and disadvantages of the different addressing modes and to provide foresight 
in matching the addressing mode to the application. 

COMPATIBILITY 

Since DRAM's with symmetrical addressing have the same number of row addresses as column addresses, 
they are backward compatible with the previous generation. This is critical for applications where the higher 
density device will be used to replace the lower density device without a re-design of the DRAM controller. For 
example, the 4Mx4 DRAM with 11 row and 11 column addresses has the same addressing as the 4Mxl DRAM. 

Another important application for symmetrical addressing is in modules. One of the industry's most 
popular module configurations is the IMx36. Current implementations of the IMx36 module use eight pieces 
of IMx4 and four pieces of IMxl DRAM. We can now replace this module with a fully compatible version 
using only 2 pieces of the IMx18 DRAM with 10 row and 10 column addresses. Besides the performance 
advantages, such as a lower module height profile, and less power consumption and loading, the use of the 
higher density DRAM product also provides lower cost (after price- per-bit crossover) and a solution with a 
longer life. 

DRAM's with asymmetrical addressing cannot be used as "drop-in" replacements for the previous 
generation products, without a redesign of the DRAM controller, due to the incompatibility of addresses. 

REFRESH 

The number of row addresses affects the refresh rate since all rows of the DRAM must be refreshed within 
a specified refresh period. For example, one of the devices previously listed is the 4Mx4 DRAM with 12 row 
addresses and 10 column addresses. Since this device has 12 row addresses, it has 4096 rows of memory cells. 
The industry has also adopted the terminology "4K refresh" to describe the asymmetrical address 4Mx4 device. 

The table below shows how the addressing method affects the refresh rate, using the IMx16 DRAM as an 
example, and offers some interesting insight for low-power applications . 

TOSHIBA AMERICA ELECTRONIC COMPONI!;NTS_ INC_ 



Application Note 

STANDARD REFRESH EXTENDED REFRESH 

DRAM TYPE BURST DISTRIBUTED BURST DISTRIBUTED 

IMx16 Asym 
4K cycles per 64ms 1 cycle per 15.6us 4K cycles per 128ms 1 cycle per 31 us 

12 Row/8 Col 

IMx16 Asym 
lK cycles per 16ms 1 cycle per 15.6us lK cycles per 128ms 1 cycle per 125us 

10 Row/lO Col 

Note: Extended Refresh calculations assume tREF = 128ms max. 

As shown above under the columns labeled "Standard Refresh", the addressing method has no effect on 
the refresh rate when using distributed refresh. The row refresh rate is 15.6 us. However, there are many 
applications which require low standby power consumption utilizing the extended refresh capability of the 
DRAM. The longer the refresh period is extended, the lower the standby power. 

As shown above, there is an advantage for the symmetrical device in applications which use extended 
distributed refresh. The symmetrical device's distributed rate can be extended by a factor of eight vs. only two 
for the asymmetrical device. 

One may wonder why the IMx16 asymmetrical device's burst refresh rate is not extended to 4K cycles 
every 512 ms, which would provide a distributed refresh rate of 125 us. The issue is that at 512 ms, some of the 
DRAM cells may lose their data. Although the exact point at which a DRAM cell can no longer retain data 
depends on the DRAM manufacturer's design and process technology, most would probably agree that a refresh 
period (tREF) of 512 ms is very difficult for all of the cells in the DRAM array to achieve. It is possible to screen 
the DRAM for longer data retention periods, however the yields may be very low and resulting price premiums 
unattractive. 

The data retention problem will become even more of an issue for higher density DRAM products and the 
advantage of using symmetrical addressing in extended refresh applications will become even more apparent. 

POWER CONSUMPTION 

The asymmetrical devices were designed to provide a lower power solution. With more rows than 
columns, there is less internal circuitry (sense amplifiers, etc.) per row, hence less power consumed when a row 
is accessed. 

DRAM specifications for average power supply operating current and refresh current clearly show an 
advantage for the asymmetrical device. An example, using Toshiba's 4Mx4 DRAM (a 70 ns device operated at 
minimum cycle time), is shown in the following table. 

SPECIFICA nON 4Mx4Asym. 4Mx4Sym. 

Operating Current 80mAmax. Il000max. 

RAS-only Refresh Current 80mAmax. Il000max. 

CAS-before-RAS Refresh Current 80mAmax. Il000max. 

While these specifications demonstrate a clear advantage for the asymmetrical devices, one must consider 
the application to determine the true power consumption. As mentioned in the previous section, standby current 
is lower for the symetrical device, therefore the percentage of the time the application's DRAM is active vs. 
inactive (duty-cycle) must be considered to determine overall power consumption. 

During any DRAM access, the peak power consumption occurs when a row is activated (RAS goes active), 
and the average power consumption is inversely proportional to cycle time. This means that applications which 
perform mostly random accesses at minimum cycle time will derive the most benefit from using asymmetrical 
addressing. As the cycle time increases, the power saving benefit of asymmetrical addressing decreases. 
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This last point is especially important for applications which utilize the DRAM's fast page mode 
capability. The longer the application stays in page mode, the smaller the difference in power consumption 
between asymmetrical and symmetrical devices. This is because of the long cycle time associated with fast page 
mode. Toshiba's 4Mx4 DRAM average power supply current specifications for fast page mode verify this, as 
this specification is the same regardless of the addressing mode of the device. 

Some other DRAM devices may show a power consumption advantage for the asymmetrical device in fast 
page mode. This is most likely due to the definition of fast page mode and not a reflection of a long cycle time. 
Most DRAM manufacturers define fast page mode as two or more consecutive column addresses in the same 
page. Obviously, a page length of two does not require a long cycle. 

PAGE LENGTH 

Applications which utilize fast page mode such that data is read from the entire page (or attempt to stay in 
the same page as long as possible) will benefit most from the symmetrical device since it has more column 
addresses and hence a longer page length. 

ACCESS TIME 

There appears to be an advantage emerging for wider (xI6/xI8) asymmetrical devices. Faster access and 
cycle times imply higher operating current. In addition, the operating current is even higher for devices with 
symmetrical addressing since more internal circuitry is activated during a random access (when RAS goes low). 
The reliability effects of this large amount of current are now under study for symmetrical addressing. The high 
operating current is only an issue for wider (xI6/xI8) devices because of the larger disparity between 
asymmetrical and symmetrical addressing (12 row addresses vs. 10 row addresses). At this time, Toshiba is 
offering 60 ns for our IMx16 and IMx18 DRAM's with asymmetrical addressing, but only 70 ns for 
symmetrical addressing, with 60 ns under study. 

SUMMARY/CONCLUSION 
A summary of the advantages and probable applications for both addressing modes is shown in the table 

below. New applications which will not realize any major advantage by using either of the two addressing 
modes would benefit most from a DRAM controller design which supports both addressing modes. This allows 
maximum product sourcing flexibility and upward compatibility with higher density products. 

Symmetrical Asymmetrical 

1. Backward compatible with older generations 
2. Replacement of older generation module solutions. 

1. Lower power consumption for random access or fast 
3. Longer extended distributed refresh period in low 

powerlbattery operated applications 
cycle time applications. 

4. Longer page length, with no difference in power 
2. Possibility of faster access times for wide 110 

consumption vs. asymmetrical device for long page 
devices. 

mode cycles. 
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DRAM Comparison: 5V IMx4 vs. 3.3V IMx16 
Due to the ever-increasing demand for portable computer products with long battery life, DRAM 

manufacturers have been pushed to supply 3.3V DRAMs. Currently, the supply for 3.3V DRAMs has not been 
able to keep pace with the demand. 

Fortunately, one can replace an existing product designed for 3.3V 4M DRAMs with a new one designed 
for 5V 16M DRAMs, and realize lower power along with several other advantages. An example is shown below 
for a system with 4M bytes of DRAM. 

COMPARISON 3.3V IMx4 80ns 5V IMx16 80ns 

Number of DRAMs for 4MB 8 2 

Board area - SO] package 1.9 (normalized) 1 (normalized) 

Board area - TSOP package 2.6 (normalized) 1 (normalized) 

Operating/Refresh Power 1.73Wmax. 1.32Wmax. 

Fast Page Mode Power 1.15Wmax. O.72Wmax 

Standby Power (TTL) 28.8mWmax. 22.0mWmax. 

Standby Power (CMOS) 7.2mWmax. llmWmax. 

Input Capacitance (Addr) 40pFmax. lOpFmax. 

Input Capacitance (Other) 56pFmax. 14pF max. 

Note 1: The IMx16 DRAM with symmetrical addressing (10 rowllO column) was used for this 
comparison since it is fully compatible with the IMx4 DRAM in terms of addressing and refresh. 

Note 2: The above power consumption comparison is based on maximum DC voltage and current 
specifications. 

As this example clearly shows, the IMx16 offers not only lower power consumption, but also consumes 
less board area and load capacitance. Similar comparsons could be made for other 16M DRAM products 
replacing 4M DRAMs and the results would be the same. 
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Module Conversion from 4M DRAM Based to 16M DRAM Based 
Toshiba offers several module configurations which have compatible 4M DRAM based and 16M DRAM 

based versions. These are listed below. 

CONFIGURATION 
IMx32 
2Mx32 
IMx36 
2Mx36 
4Mx36 

4M DRAM BASED 
THM321000A 
THM322020A 
THM361020A 
THM362020A 
THM364080A 

16M DRAM BASED 
THM321OBOA 
THM322OCOA 
THM3610BOA 
THM362OCOA 
THM364020 

The advantages of using 16M DRAM based modules to replace 4M DRAM based modules include 
technical advantages such as reduced height profile, power consumption, and input capacitance. An example is 
shown on the next page. At 4M116M DRAM price per-bit crossover, 16M DRAM based module also provides 
a lower cost solution. There are some additional advantages which may not be as obvious. 

16M DRAM based modules can provide a feasible solution for extending the life of the module. For 
example, one the most popular module configurations is the IMx36. A 4M DRAM based IMx36 is assembled 
with eight IMx4 DRAMs and four IMxl DRAMs. In comparison, the 16M DRAM based IMx36 uses only 
two IMx18 DRAMs. Long after the IMxl DRAM has been phased out of production (and hence the 4M DRAM 
based IMx36), the 16M DRAM based IMx36 module can still be produced. 

Reduced component count by converting from 4M to 16M DRAM based modules also means a reduction 
in soft error rates on a per bit basis. 

For specific details on the technical advantages of using 16M DRAM based modules, please refer to the 
specific data sheet for the module configuration of interest. 
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x36 MODULE COMPARISON 

Icc1[mA] 
2000 

1500 

1000 

500 

4M DRAM Based 
THM364080ASG 

33.02mm Height 

Icc1 • tRe 

10 

tRC[J.LSJ 

16M DRAM Based 
THM364020SG 

~ol .I J J :1 J .1 .1 .101 

rODDDDol 
22.86mm Height 

iiiL 
I 

!----.-..,.......,,..-,-...-{ 

~ j ... 
l ~ .. 

IIII l! .. 

100 1000 

CAPACITANCE (Vee = 5V ± 10%, f=IMHz, Ta = 0-70°C) 

SYMBOL PARAMETER 4M DRAM Based 16M DRAM Based 

CI Input Capacitance (AO - AlO) 190 88 

CI2 Input Capacitance (W) 190 84 

CI3 Input Capacitance (RASU, RAS2) 100 42 

CI4 Input Capacitance (CASU, C'AS'2) 60 36 

CDQl I/O Capacitance (DQO - 7,9 - 16, 18 - 25, 27 - 34) 35 17 

CDQ2 I/O Capacitance (DQ8, 17, 26, 35) 35 22 
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DRAM Module Applications 
The industry's most popular DRAM modules consist of various configurations of the 72-pin family. The 

different module configurations of the 72-pin family are optimized for specific applications. The information 
shown below summarizes the various 72-pin module configurations offered by Toshiba, their typical 
applications, and some characteristics which distinguish the different configurations. 

CONFIGURATION 

x32 
x36 (Parity) 
x36 (ECC) 
x40 

TYPICAL APPLICATIONS 

Low to medium range PCs, Printers 
Medium to high range PCs, Workstations, Servers 
High range PCs, Workstations, Servers 
Workstations, Servers 

The x32 modules are optimized for non-parity applications with 16 or 32-bit data bus widths. A single 
bank x32, such as the 1Mx32 or 4Mx32, has single RAS and CAS controls. A double bank x32, such the 2Mx32 
or 8Mx32, has double RAS and CAS controls. In either case, a 32-bit word is read or written in each cycle. 

The x36 parity modules are optimized for parity applications. In parity applications, a 9-bit word is read 
or written in each cycle. In the case of single bank x36 parity modules, such as the 1Mx36 or 4Mx36, there are 
four CAS controls, one for each 9- bit word. Additionally, there are two RAS controls to reduce active power 
consumption and simplify 16-bit data bus width designs. Double bank x36 parity modules, such the 2Mx36 or 
8Mx36, have the same number of CAS controls and twice as many RAS controls to act as bank enables. 

The x36 ECC modules are optimized for 8-byte ECC applications with 64 bits of data and eight ECC bits. 
In this case, a single 36-bit word is read or written in each cycle, and two modules are used to realize the full 
72-bit word. 

The x40 modules are optimized for 4-byte ECC applications with 32 bits of data and seven ECC bits. 
These applications actually need a x39 module, but the use of x4 DRAMs makes x40 easier. Additionally, the 
extra bit has been useful in some custom ECC applications. 

Hopefully this information combined with the data sheets will allow the proper module selection. For 
additional information, please contact your local Toshiba Sales Office. 
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