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This technical data may be controiled 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.

LIFE SUPPORT POLICY

Toshiba products described in this databook are not authorized for use as critical
componernts 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 supfport system whose failure to
perform may cause a malfunction or failure of the life support system, or may affect its
safety or effectiveness.

The information in this databook 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 databook 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.

No part of this manual may be transferred or reproduced without prior permission of

Toshiba Corporation.
© 1989 TOSHIBA CORPORATION
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1. CMOS 4M DYNAMIC RAM

ORGANIZATION| RAS cas POWER DISSIPATION PACKAGE WIDTH
CAPACITY| PART NUMBER OPERATING |ACCESS TIME| ACCESSTIME|  max (mW) PIN PACKAGE | (P,J,54,FT)
MODE MAX(NS) | MAX(NS) | ACTIVE | STANDBY | COUNT | P J SJZ |ORHEIGHT () (inch)
TC514100J/2-80 80 20 550 ss m m
TC5141004/Z-10 100 25 468 "= m
TC514100JL/2L-80 " om
i, 8 2 s 22
TC514100JL/2L-10 FAST 100 25 468 " om
TC514100AP/AJ/ASJI/AZ-60 m 55 EERERN
60 660
TCS14100APL/AJL/ASIL/AZL-60 1.1 'TNE]
TCS514100AP/AYASJ/AZ-70 55 EEEN
70 20 550
TC514100APL/AJL/ASIL/AZL-70 1.1 EEEm
TC514100AP/AJ/ASJ/AZ-80 68 55 18F) | mEmm 0.300 (P)
. TC514100APL/AJUASJL/AZL-80 80 1.1 EmEN
TCS514100AP/AJASJ/AZ-10 55 26200) | mmmm 0.350 (J)
43
TC514100APL/AJL/ASIL/AZL-10 100 p EREN
TC5141014/2-80 80 578 B20E), g m 0.300 ()
TC514101J/2-10 aMXx1, 100 25 495 " m
NIBBLE
TC514101AP/AJ/ASJ/AZ-60 MODE 60 660 29 ammm 0.400 @)
TC514101AP/AJ/ASJ/AZ-70 70 20 550 EREN
TC514101AP/AJ/ASI/AZ-80 80 468 ERER
TC514101AP/AJ/ASIAZ-10 100 2 413 EE N
55
TC514102J/2-80 80 20 550 B =
TC5141024/2-10 100 2 468 " =
TC514102AP/AY/ASYAZ-60 Pl & 660 EEmN
TC514102AP/AJ/ASJ/AZ-70 COLUMN 70 550 EEER
MODE 2
TC514102AP/AJ/ASJ/AZ-80 80 468 ERER
TC514102AP/AJ/ASI/AZ-10 100 25 413 EEmm




ORGANIZATION

RAS CAS POWER DISSIPATION PACKAGE WIDTH
CAPACITY| PART NUMBER OPERATING |ACCESS TIME | ACCESS TIME max (mW) PIN PACKAGE | (P,J,SJ,FT)
MODE MAX (NS} MAX(NS) | ACTIVE | STANDBY | COUNT | P J SJZ |ORHEIGHT (@) (inch)
TC5144004/Z-80 80 20 578 55 B =
TC5144004/2-10 100 25 495 [
TC514400JL/71-80 s, 80 20 578 22 o
TC514400JL/2L-10 FAST 100 25 495 =
TC14400AP/AJ/ASJ/AZ-60 :«%Goi © 60 55 mEER
TCS14400APL/AJL/ASIL/AZL-60 1.1 BEE®D
TC514400AP/AJASJ/AZ-TO 7 2 50 55 EBER
TC514400APL/ANJASIL/AZL-T0 1.1 BEmN
TCS14400AP/ANASIAZ-80 . " - 55 20F mnwm 0.300 (P}
M TC514400APL/AJL/ASIL/AZL-80 11 ERER
TCS14400AP/AYASI/AZ-10 100 3 55 6/00) mmmm 0.350 (J)
TC514400APL/AJL/ASIL/AZL-10 11 ERER
TC5144024/2-80 80 20 578 26/20(SV) E ® 0.300 (SJ)
TC514402J/2-10 x;'c 100 25 495 =
TC514402AP/AJ/ASJ/AZ-60 COLUMN 60 660 200 B@mEx 0.400 (2
TC514402AP/AJ/ASYAZ-70 MODE 70 20 550 REE®
TC514402AP/AJ/ASI/AZ-80 80 468 BEEE
TC514402AP/AJ/ASJ/AZ-10 100 25 413 55 EEER
TC5144104/2-80 80 20 578 B =
TC5144104/2-10 100 25 495 [
TC514410AP/AJ/ASI/AZ-60 mg 60 660 o WERE
TCS14410AP/AJASI/AZ-70 ;%"b:" 70 20 550 EEEE
TC514410AP/AJ/ASI/AZ-80 80 468 EERE
TC514410AP/AJ/ASI/AZ-10 100 25 413 BEER

P = PLASTIC DIP, J = PLASTIC SOJ, SJ = PLASTIC SKINNY SOJ, Z = PLASTIC ZIP




MODULES

RAS CAS POWER DISSIPATION MODULE
CAPACITY|  PARTNUMBER | ORGANIZATION | ACCESS TIME | ACCESS TIME MAX (mW) PIN | PACKAGE | HEIGHT
MAX (ns) MAX (ns) [ acTIVE TSTANDBY] COUNT| S SG L| (n)
THMB4000S/L-80 80 20 4400 ™ m| 095(5)
AMxa 44 30
THM84000S/L-10 X 100 25 3740 m m|1035()
aam BIT | THM321000S/SG-80 80 20 4620 [ |
THM321000S/SG-10 a2 100 25 3960 “ 72 |® = 10
THM321020S/SG-80 80 20 4620 " n
THM321020S/SG-10 100 25 3960 " nm
THM94000S/L-80 80 20 4950 n m| 095(S)
THM94000S/L-10 M 100 25 4212 495 0 | m = | 1.035 (1)
36MBIT
THM361020S/SG-80 80 20 6160 .
THM361020S/SG-10 1Mx36 100 25 5280 66 2 e m 10
THM401020SG-80 80 20 5775 n
4OMBIT | 111M401020SG-10 Mxa0 100 25 4950 55 72 ™ 10
THM322020S/SG-80 80 20 4708 o
BAMBIT | 11 1M3220208/53-10 2Mx32 100 25 4048 88 2 |um 10
THM362020S/SG-80 . 80 20 6292 " n
T2MBIT | 5 1M3620208/SG-10 2M36 100 25 5412 132 2 |u a 1.169
THM402020SG-80 80 20 5885 n
BOMBIT | 1M4020205G-10 2Mx40 100 25 5060 R n 10
NOTE:

S = SOLDER (TIN/LEAD) PLATED CONTACTS, SOCKET TYPE MODULE
SG = GOLD PLATED CONTACTS, SOCKET TYPE MODULE
L = SOLDER PLATED LEADS, THROUGH-HOLE TYPE MODULE



CMOS

4MBit

TOSHIBA 1ST GENERATION 4M DYNAMIC RAM

i

80ns 100ns

aMx TC514100J/2-80 TC514100J/Z-10
TC514100JL/ZL-80 TC514100JL/ZL-10
TC5141014/2-80 TC514101J/Z-10
TC514102./2-80 TC514102J/Z-10

1Mx4 TC514400J/Z-80 TC5144004/2-10
TC514400JL/ZL-80 - TC514400JL/ZL-10
TC514402J/2-80 TC514402J/2-10
TC5144104/Z-80 TC5144104/Z-10

:Fast Page Mode

:Fast Page Mode/
Low Power Version

:Nibble Mode

:Static Column Mode

:Fast Page Mode

:Fast Page Mode/

Low Power Version

:Static Column Mode

:Fast Page Mode/
Write Per Bit



TOSHIBA 2ND GENERATION 4M DYNAMIC RAM

60ns 70ns 80ns 100ns

4Mx) || TCS14100AP/AS | | TC514100AP/AJ | | TCS14100AP/AJ | | TCS14100AP/AJ
IASIIAZ-60 IASJIAZ-70 JASJ/AZ-80 JASJ/AZ-10

| TC514100APL/AJL | _| TC514100APL/AJL |___| TC514100APL/AJL |___| TC514100APL/AJL
JASJLIAZL-60 JASJLAZL-70 JASJLIAZL-80 IASJUUAZL-10

|| TC514101AP/AJ | | TC514101AP/AJ || TC514101AP/AJ || TC514101AP/AJ
IASY/AZ-60 JASJ/AZ-70 JASJ/AZ. JASJ/AZ-10

|_| TC514102AP/AS ' TC514102AP/AJ |__| TC514102APIAS | __| TC514102AP/AY
JASJ/AZ60 || IASJIAZ-70 JASJ/AZ-80 JASJ/AZ-10

TC514400AP/AJ TC514400AP/AJ TC514400AP/AJ TC514400AP/AJ

Mx4 IASJAZ-60 JASJIAZ-70 [— JASJAZ-80 | IASJIAZ-10
| | TC514400APL/AJL | | TC514400APL/AJL | | TC514400APL/AIL | | TC514400APL/AJL
JASJL/AZL-60 JASJL/AZL-70 JASJL/AZL-80 JASIL/AZL-10
TC514402AP/AJ | | TC514402AP/AJ || TC514402AP/AJ || TCS514402AP/A

B JASJ/AZ-60 IASJ/IAZ-70 JASJ/AZ-80 JASJ/AZ-10

{1 TC514410AP/AJ || TC514410AP/AJ || TCS514410AP/AJ || TC514410AP/AJ
IASJ/AZ-60 JASJ/AZ-70 /ASJ/AZ-80 JASJIAZ-10

:Fast Page Mode

:Fast Page Mode/

Low Power Version

:Nibble Mode

:Static Colum Mode

:Fast Page Mode

:Fast Page Mode/

Low Power Version

:Static Column Mode

:Fast Page Mode/
Write Per Bit



4M DRAM
MODULE

TOSHIBA 1ST GENERATION 4M DRAM MODULES

80ns 100ns
—{ 32M Bit aMx8 [—— THMB4000S/L-80 [——— THMB4000S/L-10 |
1Mx32 THM321000S/SG-80 [——— THM321000S/SG-10|

THM321020S/SG-80 |——— THM321 ozoS/SG-1ﬂ

[ y
{ 36M Bit 4Mx9 ——— THM94000S/L-80 ]————-L THM94000S/L-10 |

1Mx36 |——— THM3610205/SG-80 |——| THM36102OS/SG-10]
| 40M Bit |————{ 1Mx40 |——— THM401020SG-80 | THM401020SG-10 |
| 64M Bit |-——{ 2Mx32J——-| THM322020S/SG-80 }——LTHmazzozoS/SG-w]

| 72m Bit || 2Mx36 || THM3620205/5G-80 | THM362020S/SG-10|

L 80M Bit |———{ 2Mx40 }--—{ THM402020SG-80 [———{ THM402020SG-10 [










1. 4M X1 DYNAMIC RAM

FUNCTION FAST PAGE NIBBLE STATIC COLUMN
TOSHIBA TC514100AP/AJ/ASJ/AZ | TC514101AP/AJ/ASY/AZ | TC514102AP/AJ/ASI/AZ
HITACHI HM514100AJ/AS/AZ HM514100AJ/AS/AZ HM514102AJ/AS/AZ
NEC MPD424100 MPD424101 _MPD424102
MITSUBISHI M5M44100J/L M5M44101J/L M5M44102J/Z

OKI MSM514100RS/JS/ZS MSM514101RSMS/ZS | MSM514102RS/JS/ZS
FUJITSU MB814100

PANASONIC MN41C4000SJ/L MN41C4000SJ/L
SAMSUNG KM41C4000 KM41C4001 ' KM41C4002

MICRON MT4C1004

m TMS44100

MOSAIC MDM14000

MOTOROLA MCM514100

SIEMENS HYB514100

VITELIC V53C400




2. 1M X 4 DYNAMIC RAM

FUNCTION FAST PAGE STATIC COLUMN s TPsE
TOSHIBA TC514400AP/AJ/ASJ/AZ | TC514402AP/AJ/ASI/AZ | TC514410AP/AJ/ASJ/AZ
HITACHI HMS514400AJ/AS/AZ HM514402A/AS/AZ HM514410AJ/AS/AZ
NEC MPD424400 MPD424402 MPD424410
MITSUBISHI M5M44400J/L M5M44402J/L M5M44410J/L
oKl MSMS14400RS/JS/ZS | MSM514402RS/JS/ZS

FUJITSU MB814400

PANASONIC MN41C41000SJ/L MN41C41002SJ/L
SAMSUNG KM44C1000

MICRON MT4C4001

T TMS44400

MOSAIC MDM41000

MOTOROLA MCM514400

SIEMENS HYB514400

VITELIC V53C404




3. DRAM MODULE

ORGANIZATION 4Mx8 1Mx32 4Mx9 1Mx36 1Mx40 2Mx32 2Mx36 2Mx40
TOSHIBA THM84000 |THM321000 | THM94000 | THM361020 | THM401020 | THM322020 | THM362020 | THM402020
HITACHI HB56A48 HB56D132 HB56A49 HB56D136 HB56D232 | HBS56D236
MITSUBISHI MH4MO08 MH4MO09 MH1M36
OKl MSC2341 MSC2340 MSC2350













PREFIX
TC51

4M DRAM PART NUMBER GUIDE

4100, A SJ, L, - 60,

T—i SPEED: -60 = 60ns

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

POWER: L = LOW POWER

= STANDARD

PACKAGE: P = 300 MIL DIP
J = 350 MIL SOJ
SJ = 300 MIL SOJ
Z = 400 MIL ZIP

DIE REVISION

CONFIGURATION

4100 = 4Mx1, FAST PAGE MODE

4101 = 4Mx1, NIBBLE MODE

4102 = 4Mx1, STATIC COLUMN MODE
4400 = 1Mx4, FAST PAGE MODE

4402 = 1Mx4, STATIC COLUMN MODE
4410 = 1Mx4, WRITE PER BIT MODE



4M DRAM MODULES PART NUMBER GUIDE

i [[e][@0] o) o] (A 8] - [7] [0] mxameie
| ! | 60: 60 ns
T—————ACCESSTIME: 70: 70 ns

80: 80ns
10:100ns

PINTYPE: S : SOCKET TYPE (TIN-LEAD TAB)
SG: SOCKET TYPE (GOLD  TAB)
L :SIP TYPE
Z :ZIP  TYPE

— INSTALLING DEVICE TYPE: A : A-VERSION DEVICE (INSTALLING 300mil SOJ)
AW : A-VERSION DEVICE (INSTALLING 350mil SOJ)

FUNCTION:

0 : STANDARD
2 : STATIC COLUMN OFD
3 :WRITE PERBIT

ASSEMBLY METHOD: ODD (INCLUDE *0% : SINGLE SIDE
ASSEMBLY
EVEN : DOUBLE SIDE
ASSEMBLY

WORD: 40:4M WORD
20:2M WORD
10:1M WORD
51 : 512K WORD
25 : 256K WORD

BIT: 40:40BIT
36:36BIT
32:328BIT
9: 98T

8 : 88BIT

11









300 MIL WIDTH DIP OUTLINE DRAWING

Unit inmm
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Note: Package width and length do not include mold protrusion, allowable mold protrusion is 0.15mm.
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350 MIL WIDTH SOJ PACKAGE OUTLINE DRAWING

17.15%0.12 Unit in mm
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Note: Package width and length do not include mold protrustion, allowable mold protrusion is 0.15mm.
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300 MIL WIDTH SOJ PACKAGE OUTLINE DRAWING

17.15%0.12 Unit in mm
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Note: Package width and length do not include mold protrusion, allowable mold protrusion is 0.15mm.
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400 MIL HEIGHT ZIP OUTLINE DRAWING

. Unit in mm
258202 3.05MAX

A W

10.16MAX

.5+0.3

3

0.835TYP

|

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

DESCRIPTION

The TC514100J/Z is the new generation dynamic RAM organized 4,194,304 words by 1
bit. The TC514100J/Z utilizes TOSHIBA's CMOS Silicon gate process technology as well
as advanced circuit techniques to provide wide operating margins, both internally and
to the system user. Multiplexed address inputs permit the TC514100J/Z to be packaged
in a standard 26/20 pin plastic SOJ and 20.pin plastic ZIP. The package size pro-
vides high system bit densities and is compatible with widely available automated
testing and insertion equipment. System oriented features include single power supply
of 5V+10% tolerance, direct interfacing capability with high performance logic families
such as Schottky TTL.

FEATURES

* 4,194,304 word. by 1 bit organization * Low Power
« Fast access time and cycle time 550aW Operating (TC51410CJ/Z--80)
TC514100J/2-80/-10 §6§mg_ l?12;1:agingdéTCSMlOOJ/Z~-10)
LRAC|RAS Access Time| = 80ms 100ns - om - Standby
N Column Address + Output unlatched at cycle end allows two-
AA | Access Time 40ns 50ns dimensional chip selection
tcac| CAS Access Time 20ns 25ns + Common I/0 capability using "EARLY WRITE"
trc |Cycle Time 150ns 180ns operation .
t Fast Page Mode « Read-Modify-Write, CAS before RAS refresh,
rC Cycle T%me S0ns 60ns RAS-only refresh, Hidden refresh, Fast
+ Single power supply of 5V+10% with a Page Mode and Test Mode capability
built-in Vpp generator * All inputs and output TTL compatible
BB
+ 1024 refresh cycles/léms
PIN COMNECTION (TOP VIEW) + Package Plastic S0J: TC514100J
... P tic ZIP: TC514100Z
stic 50J . Plastic ZIP lastic c51410
Vss AT
. k-2 {2|CAS
D Dy R
XS oaals [ilvss _ BLOCK DIAGRAM
NC. [ ST g

A9 N.C.

- CHEO— d O DIN
A8 ol 6.2 CLOC
A7 L GENERATOR
A8 Voo |l Bé?%EQUT
A5 A5 [T’
A4 A7
s Y oo
PIN NAMES aro—| TLEURFERSAV| || =1y
A20— rermeen - | A SENSE AMP.
A0~ A10 | Address Inputs :ig:: CONTROLLER 1/0 GATE
RAS Row Address Strobe A5 o] ETRESE --- 4096---
DN Data In A6 0— COUNTER(0)
DouT | Data Out A0 &
480— a MEMORY
CAS Column Address Strobe A9O—] Row =S
e ADDRESS ARRAY
WRITE | Read/Write Input 4200 11 X pyrpmrel) o
Vee Power (+5V) T
v Cround S No.l CLOCE .
S8 RAS O~ GENERATOR SUBSTRATE BIAS |=—o VcC
N.C. No Comnection GENERATOR Vss




TC514100J4/Z—80
TC514100J/Z-10

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING [ UNITS NOTE
Input Voltage VIN -1~ 7 \ 1
Output Voltage Vour =17 v 1
Power Supply Voltage Vee -1~ 7 v 1
Operating Temperature ToPR 0~ 70 °C 1
Storage Temperature TsTG -554,150 °c 1
Soldering Temperature « Time TSoLDER 260« 10 °C-sec 1
Power Dissipation Pp 600 mW 1
Short Circuit Output Current Iout 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=0+70°C)
SYMBOL PARAMETER MIN. TYP. | - MAX. UNIT | NOTE
Vee Supply Voltage 4,5 5.0 5.5 \ 2
VIH Input High Voltage 2.4 - 6.5 v 2
VIL Input Low Voltage -1.0 - 0.8 v 2
DC ELECTRICAL CHARACTERISTICS (Vpc=5V+10%, Ta=0~ 70°C)
SYMBOL PARAMETER MIN. [MAX.| UNITS|NOTES
OPERATING CURRENT - -
Iccy |Average Power Supply Operating Current 1051410077280 109 mA |3,4,5
(RAS, CAS, Address Cycling: 'RC=tRC MIN.) TC5141003/2-10 | - | 85
STANDBY CURRENT
Icco |Power Supply Standby Current - 2| mA
(RAS=6—§"VIH)
——g ONLY REFRHSH CURRENT TCS51 IOOJ/Z—SO - 1
Iccy |Average Power Supply Current, RAS Only Mode ‘ 00 mA |3,5
(RAS Cycling, CAS=Vy: trc=trc MIN.) TC5141003/2-10 | = 85
FAST PAGE MODE CURRENT - -
Icc, |Average Power Supply Current, Fast Page Mode 105141007/2-80 60 mA [3,4,5
(RAS=V1;, CAS, Address Cycling: tpc=tpc MIN.)| TC514l003/2-10 | - | 50
STANDBY CURRENT
Iccs |Power Supply Standby Current - 1| mA
(RAS=CAS=Vcc-0.2V)
C-A—S- BEFORE m REFRESH CURRENT___‘ TC514100J7/2—-80 - 100
Icce |Average Power Supply Current, CAS Before - mA |3
RAS Mode (RAS, TAS Cycling: tRC=tRC MIN.) | 7051¢1003/2710 |- |85
INPUT LEAKAGE CURRENT
I1(L) |Input Leakage Current, any input (OV VIN. 6.5V, All Other =10} 10 | uA
Pins Not Under Test=0V)
OUTPUT LEAKAGE CURRENT
To(L) | (Doyy is disabled, OVS Vgyrs 5.5V) -10) 10 | wA
OUTPUT LEVEL
\ -
OH Output "H" Level Voltage (IQUT=-5mA) 2.4 v
OUTPUT LEVEL
VoL Output "L'" Level Voltage (Igur=4.2mA) e L




TC514100J/Z—80
TC514100J4/Z—10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Vee=5V£10%, Ta=0~ 70°C) (Notes 6, 7, 8)

TC514100J/2-80 | TC514100J3/2-10
SYMBOL PARAMETER UNIT |NOTES
MIN. MAX. MIN. MAX,
tRrRC Random Read or Write Cycle Time 150 - 180 - ns
tRMW |Read-Modify-Write Cycle Time 175 - 210 - ns
tpc Fast Page Mode Cycle Time 50 - 60 - ns
— g;iiePgigeMode Read-Modify-Write 75 _ 90 _ ns
tRAC |Access Time from RAS - 80 - 100 ns [9.14,15
tCAC |Access Time from CAS - 20 - 25 ns | 9,14
taA Access Time from Column Address - 40 - 50 ns 9,15
tCPA |Access Time from CAS Precharge - 45 - 55 ns |9
tcLz |CAS to Output in Low-Z - 0 - ns |9
tOFF |Output Buffer Turn-off Delay 0 20 0 20 ns | 10
tT Transition Time (Rise and Fall) 3 50 3 50 ns |8
trp RAS Precharge Time 60 - 70 - - ns
tRras RAS Pulse Width 80 10,000 100 10,000 ns
tRASP [RAS Pulse Width (Fast Page Mode) 80 | 200,000 100 200,000 ns
tRSH |RAS Hold Time 20 - 25 - ns
tcsH  |CAS Hold Time 80 - 100 - ns
CRHCP |CAS Precharge to RAS-Hold Time 45 - 55 - ns
tcas |CAS Pulse Width 20 10,000 25 10,000 ns
tRCD |RAS to CAS Delay Time 20 60 25 75 ns |14
tRAD |RAS to Column Address Delay Time 15 40 20 50 ns |15
tcRP |CAS to RAS Precharge Time 5 - 10 - ns
tcp CAS Precharge Time 10 - 10 - ns
tASR Row Address Set-Up Time 0 - 0 - ns
tRAH Row Address Hold Time 10 - 15 - ns
tASC |Column Address Set-Up Time 0 - 0 - ns
tcag [Column Address Hold Time 15 - 20 - ns
tAR Eglﬁ%g Address Hold Time referenced 60 _ 75 _ ns
tRAL Column Address to RAS Lead Time 40 - 50 - ns
trcs |Read Command Set-Up Time 0 - 0 - ns
tRCH |Read Command Hold Time 0 - 0 - ns |11
tRRH isa%zgommand Hold Time referenced 0 _ 0 _ ns | 11
YWCH |Write Command Hold Time 15 - 20 - ns

A-3




TC5141004/Z-80
TC514100J/Z-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

TC514100J/Z2 | TC5141003/2
SYMBOL PARAMETER -80 -10 UNITS[NOTES
MIN. MAX, MIN, MAX,
tycr |Write Command Hold’Time referenced to 60 - 75 - ns
RAS

twp Write Command Pulse Width 15 - 20 - ns
tRWL |[Write Command to RAS Lead Time 20 - 25 - ns

CCWL |Write Command to CAS Lead Time 20. - 25 - ns

tps Data Set-Up Time 0 - 0 - ns |12
tDH Data Hold Time 15 - 20 - ns |12
tDHR |Data Hold Time referenced to RAS 60 - 75 - ns

tRer |Refresh Period - 16 - 16 ms

tycs |Write Command Set-Up Time 0 - 0 - ns |i3
tcwd |CAS to WRITE Delay Time 20 - 25 - ns |13
trwD |RAS to WRITE Delay Time 80 - 100 - ns |13
tAwD |[Column Address to WRITE Delay Time 40 - 50 - ns |13
e (g?iir;:;zrﬁzd:; WRITE Delay Time 45 _ 55 _ ns |13
tCSR  |CAS Set-Up Time (CAS before RAS Cycle) 5 - 5 - ns
tCHR |CAS Hold Time (CAS before RAS Cycle) 15 - 20 - ns
tppc  |RAS to CAS Precharge Time 0 - 0 - ns
et i%szégizg%KTs}giunter Test Cycle) 40 - 30 B ns
tyrs |Write Command Set-Up Time(Test Mode In) | 10 - 10 - ns
tWwIH |Write Command Hold Time (Test Mode In) 10 - 10 - ns
e |(CRS botore TAS Grosy o ] - | 0 - s
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TC514100J4/Z—-80
TC514100J4/Z2—10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE

(Vee=5V£10%, Ta=0~70°C) (Notes 6, 7, 8)

TC5141003/2 TC5141003/2
SYMBOL PARAMETER -80 -10 UNIT |NOTES
MIN. MaX. MIN. MAX,

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

tpe Fast Page Mode Cycle Time 55 - 65 - ns

tRAC Access RAS - 85 - 105 ns [9,14,15
teac Access CAS - 25 - 30 ns | 9,14
tan Access Column Address - 45 T- 55 ns 9,15
topa Access CAS Precharge - 50 - 60 ns 9
ERAS RAS Pulse Width 85 | 10,000 | 105 | 10,006| ns

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

trsu RAS Hold Time 25 - 30 - ns

tosy CAS Hold Time 85 - 105 - ns

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

tcas CAS Pulse Width 25 | 10,000 30 | 10,000} mns

tRAL Column Address to RAS Lead Time 45 - 55 - ns
CAPACITANCE (Vge=5V+10%, f=IMHz, Ta=0~70°C)

SYMBOL PARAMETER MIN. MAX, UNIT
C11 Input Capacitance (A0~Al0, Dry) - 5 pF
C12 Input Capacitance (RAS, CAS, WRITE) - 7 pF

Co Output Capacitance (Dgyr) - 7 pF




TC514100J4/Z—80
TC514100J4/Z-10

‘NOTES:

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

2. All voltages are referenced to Vgs.

3. Iccis Icc3s Iccss Icce depend on cycle rate.

4. Igcls Iccs depend on output loading. Specified values are obtained with the
output open.

5. Column address can be changed once or less while RAS=Vyp, and CAS=V1y.

6., An initial pause of 200us 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 tq=3ns.

8. Vig(min.) and Vyp(max.) are reference levels for measuring timing of input
signals. Also, transition times are measured between Viy and Viyp,.

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

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

11. Either tgcy or tygy 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. tycs, tRWD» tcwps tAwp and tcopwp are not restrictive operating parameters. They
are included in the data sheet at electrical characteristics only. If tyesZtwcs
(min.), the cycle is an early write cycle and data out pin will remain open cir-
cuit (high impedance) through the entire cycle; If tgyp2 tryp (win.),
tewp 2 towp (min.), taup 2 tayp (min.) and tCPWg 2 tepyp (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 tpcp(max.) limit insures that tp,c(max.) can be met.
tpep(max.) is specified as a reference point only: %% trep 1s greater than the
specified tpep(max.) limit, then access time is controlled by tgac.

15. Operation within the tgpp(max.) limit insures that tpac(max.) can be met.

tpap(max.) is specified as a reference point only: If tpap 1s greater than the
specified tpap(max.) limit, then access time is controlled by taa.
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TC514100J/Z—80
TC514100J4/Z2—10

TIMING WAVEFORMS

READ CYCLE
tRe
CRP
VI e ey t i
v IR \ RAS [
Vi — - | W
tcsH
== cCRPI *=+ TReCD ‘RsH tCRP
L -
Vig —— t
T IH K \\ CAS / /
Viy, — \ .
TAR
TRAD TRAL
tAsSR CRAH tasC tcaH
Vig — y
AO~A10 m ROW }@{ ' COLUMN X222222222222222222222222222222;//
Viy —
*RCH
._|*Rcyg tRRH
Vig — ;
WRITE /; / f ({éé’é VZZ
Vip — - tcac
taa
toLz
tRAC tOFF

D VOH —
oUT e O PEN __—___-g VALID DATA }__
Vor, =

) : "y oor "L"

A7



TC514100J/Z—80
TC5141004/Z—10

WRITE CYCLE (EARLY WRITE)

A0~AlO0

DIn

tRe
tRP ‘
Vig ._--_-_—_—1§5 tRag ' 4:::::::::::::::§
Vi, —
tRCD tRSH
%o tosE *CRP
Vig — \ toas [ /,_
Vi — \\ 3 -
TAR
YRAD tRAL
TASR CRAH tasc tcar )
Vig —
ROW COLUMN /
Vip —
towL
wes twer ;
t
Vi, — y 4
TRWL
twcR
' tps toy
Vig —
Vi, —
TDER
Vou — OPEN
Voo T

Doyt

A-8
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TC514100J/Z-80
TC514100J4/Z-10

READ-MODIFY-WRITE CYCLE

= s S
o 1 N
S/ G 1 W
v = 77T | Lo NI /
S R

m : "H" or "L"
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TC514100J/Z—80
TC514100J/Z-10

FAST PAGE MODE READ CYCLE

AO~ALO

WRITE

Doyt

ne

Vig ___-——————\ tRASP
Vi —
RHCP
tcsH tpc
tRSH
tCRP tRCD teas| , top tcp
Vig — \\ / \ tcas / \ tcas
vif, ——/ 1 \3=
tAR | o TRAL
Bl I
CASR tRaH| tasc tcan | tasc| |tcaH tage |tcam
Vig — p : - L
m ROW §@< coL 1 W coL 2 @Z coL N )(2222222222222222222;/
Vip —
TRAD tRCH CRRH
“RCS eS| Imor | TS tRCH
I
N/ % N,
ViL — toag toac toac
taa tas taa
trac topa tcpa
Vo — 7VALID AVaLT VALID
v DATA 1 - DATA 2 DATA N
oL —
tcLz topﬂ : tcLz|toFF teLz | torr

A

A-10

"H" or "L"



TC514100J/12-80
TC5141004/2-10

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

tRP
oS Vig — 7 tRASP
B \ \_
ViL —
tre " tmsH
t t
tomp RCD CAS tep top
) . tcas toas
. Vi — = -
TAS _j \ |
Vi — E B
tRAL
taR tasc tasc
TASR TRAH, tasc toaH toaH toAR
Vig — i
AO~A10 ROW CcoL 1 coL 2 coL N
Vi — N
: tRrRAD :
twcR
twes TWCH  twes twen
twes twcH
€ typ twp .
Vig — WP
T e — LD " i I
Vip — ! £
tps tpH | 'Ds tpH = D tpy
Rk i S
VIR — - 1 i
D1y ///////////// VALID DATA 1 VALID DATA 2 VALID DATA "x “ZZZZQZZZZ
Vip — i ‘ |
tDHR
Vi —
DouT oH OPEN
Vo, —

l
: "y or "L }
{

A-11



TC514100J/Z—80
TC514100J/Z-10

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

*rP
— Vg — tRASP ‘
RAS \ / N

Vi, —
tesH *PRMW
t
tcrP tRcD tep top RSH
™~ .
— Vig — tcas v tcas tcas V
= ) o’/ / /
Vi —
L CRAL
|
tASR tRaH tasc toaH tasc| | tcaH tasc] |tcaH
Vig —
N/ (b 1/ Gl ) o e
Vip — r
: |
T WD
RAD haeed [‘cwp . tewrd | towL
t ot
LReS . .._M__‘ CEW 1
AWD | . t AwD)| TAWD CRWL|

— Vi — S, toWL i
Vi —
TRWD

o o | | | || el b
Vig — : L
N/, S U D s
tcLz torz tonz
teag B toap ] tcac
taa taa taa
tRAC tcpa tepa
o D ——

VOL ——
' ey Corp TopF

m : "§" or "LV
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1C5141004/2-80

TC5141004/Z-10
= T - -
e -
w7 T = XY

’ m : "H" or "L"

NOTE: WRITE="H" or "L", Al10="H" or "L"
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TC514100J/Z2—80
TC514100J4/Z-10

CAS BEFORE RAS REFRESH CYCLE

tRo

Vig — L
ws y
VIL —

tRPC

tRAS

tRp

-

tep

toeR temm
\[. /L

= = T N
NOTE: A0 Al10="H" or "L" VI/‘ : "H" or "L"
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TC514100J/Z—80
TC514100J/Z-10

HIDDEN REFRESH CYCLE (READ)

AO~AlQ

DouTt

N — — [

N/ R 1) R
||| e | e

S/ O/

- @ waits oame —

s "g" or "L"
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TC514100J/Z-80
TC514100J/Z-10

HIDDEN REFRESH CYCLE (WRITE)

BT T e

A | I S—

somsto " TN sor JIN coum

w = N VT
! o | oom | |

D1y Vi: _“W VALID DATA x;;;;Z;ZZ;;;;;;Z;ZZ;;;;;;Z;%;/

: "H" or "L
4
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TC514100J/Z-80
TC5141004/2-10

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

tRas TRP
tePpT
s Y .——-\EER_ TCHR tcas Z
T l tasc tcaH .
s ~ IR, ST
ST a teac
R;:AD CYCLE — “RAL torp
Doyr :Zl: : OFPEN - VALID DATA }——
vt —7 t[m .ELRH_l tRes ’ t;
= N e\,
WRITE CYCLE ' '
g Doyt :zz : OPEN
LRWL
TCWL
. tf-@z —tLRH-i twes tWeH
W | s //7/7/7/7/7/7/7/7| I 7,
tps toH I
e v s NI
R;AD-MODIFY—WRITE CYCLE teac I .
c FF
Doyt :Zj : OPEN —;%( tz:zm DATA }———
T_@ LwRH tawD TRWL
v —
a7/ U 25 N/,
towp twp
VIE —
s e &7

N tDs' I‘DH
: "H" or "L"

A-17



TC514100J/Z—80
TC514100J/Z-10

WRITE, CAS BEFORE RAS REFRESH CYCLE

tRC

tRP

R T s .. \__
SO I e/
o T ==

Doyt } OPEN

[7 o tpn } "y n
NOTE: Dyy, AO~A10: "H" or "L" ' ' or L
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TC514100J/Z—80

TC5141004/Z2—10

READ CYCLE IN THE TEST MODE

tRC
trp

— VIH —T tRAS ]
RS / \

Vi, —

tesu
tCRp, tRCD tRsH tcrp

— Vi — tcas g 7
/ A\ /]

vIL T e

tAR
t RAD tRAL
tASR tRAH tasc tcaH
Vig —
AO~A10 ROW COLUMN v
Vi —
tRCH .
I___tncs tRrH
v .
Vi, — tcac
taa
tcLz
traC tOFF,
Vo — '
Doyt OPEN ———————< VALID DATA }————
Voo —

: "Hll or IILII
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TC514100J/Z-80
TC514100J4/Z-10

WRITE CYCLE (EARLY WRITE) IN THE TEST MODE

s i
e
e / :H :@g RTH X
. I = /[T

Vig — 7
DIN
Vi, —

tDHR

Voy —

VALID DATA

XTI,

Dout
Voo —

OPEN

: "H" or "L"
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TC514100J/2—-80
TC5141004/Z2—10

FAST PAGE MODE READ CYCLE IN THE TEST MODE 1

tRP
S Vig — "'""*-\ tRASP / X
ViL —
. t RHCP
CSH tpC
. tRSH
tCRP, tRCD tcas|  tcp tcp
Vig — tCAS tcas
= i/ N NS N
Vi —
tAR s 1 tRAL
1 [
tas tRAH, *ASC loa | tasCl  llca tasc| (tcan
Vi —
AO~AL10D // ROW coy 1 coL 2 >@< CoL N W///////A
ViL —
tRAD tRCH tRRH
RCS, tRCS| 'RCH!, [!RCS t RCH
Vig —7 v 1 f I 1
VIL — tCAC tcac tCAC
tad tAA tAA
N ¥
trAC tcpa tCPA
Vou — A 7 VALID VALID VALID
Dout VoL — \ DATA 1 }"‘ DATA 2>— DATA N}“"‘“"""‘""
toLz tOFF t CLZ |t OFF 1CLZ l‘oyr
T L}

: WY o MLM



TC514100J4/Z2—80
TC514100J4/Z-10

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

tRP
. Vg — T LRASP
s R\ ,
Vi —
‘ tpC tRSH
tcRP L RCD SCAS. iop tcp
t t
_ Vig — CAS CAS
cas \\ \ A\ :
Vi, T
tRAL
tAR taASC tasc
tASR tRAH | tASC tCAH tCAH © [tean,
Vig —
AO~A10 ROW coL 1 coL 2 COL N
Vi — T
tRAD
tWCR
twes tWCH twCs tWCH
twes twCH
twp twe|
N/ e e/ AR/ T
WRITE
vy — /
tps tDH | tDS, tpH, tps tpH
Vig I
i e ), e T e
ViL — !
tDHR
v ——
Doyt oH OPEN
VoL —

: an or "L"
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TC514100J/2-80
TC514100J/Z-10

TEST MODE

The TC514100J/Z is the RAM organized 4,194,304 words by 1 bit, it is internally
organized 524,288 words by 8 bits. 1In "Test Mode", data are written into 8 secotrs
in parallel and retrieved the same way. Ajgr, Ajgc and Agg are not used. If, upon
reading, all bits are equal (all "1"s or "0"s), the data output pin indicates a ne,
If any of the bits differed, the data output pin would indicate a "0". Fig. 1 show.
the block diagram of TC514100J/Z. In '"Test Mode", the 4M DRAM can be tested as if
it were a 512K DRAM. .

"WRITE, CAS Before RAS Refresh Cycle" puts the device intoé "Test Mode".

And "CAS Before RAS Refresh Cycel" or "RAS Only Refresh Cycle" puts it back into
"Normal Mode". In the Test Mode, "WRITE, CAS Before RAS Refresh Cycle" performs
the refresh operation with the internal refresh address counter. The "Test Mode"

function reduces test times (1/8 in case of N test pattern)..
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TC514100J/Z-80
TC514100J/Z—10

BLOCK DIAGRAM IN THE TEST IMODE

A10R A
10R, A10C, 40C

A10R, 4100, 00
——0~C

512K block

>

A10R, A10C, 40¢
OO

512K block

Test

A10R, A10¢,%0C
0.9

512K block

i | | ol

a.

Din

o
Normal

A]0R, A10C,40C
+—0 9

512K block

ZE10R, A10¢, 30C
| o

512K block

agjjoal

Vee
[«]

Normal

P |

O O]

512K block

A10R, 3100, 40C

512K block

o) ie

[~]

Z10R, 310C, %0C
—0O

512K block

i Q)

]

Fig. 1

A-24

Test

Normal

Dout

~




4,194,304 WORD x 1 BIT DYNAMIC RAM * This is advanced information and specifications

are subject to change without notice.

DESCRIPTICN

The TC514100JL/ZL is the new generation dynamic RAM organized 4,194,304 words by 1 bit.
The TC514100JL/ZL utilizes TOSHIBA's CMOS Silicon gate process technology as well as
advanced circuit techniques to provide wide operating margins, both internally and to the
system user. Multiplexed address inputs permit the TC514100JL/ZL to be packaged in a
standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size provides high
system bit densities and is compatible with widely available automated testing and inser-
tion equipment. System oriented features include single power supply of 5V 10% tolerance,
direct interfacing capability with high performance logic families such as Schottky TTL.

FEATURES

« 4,194,304 word by 1 bit organization *’Low Power

« Fast access time and cycle time

+ Single power supply of 5Vil0% with a
built-in Vpp generator

550mW Operating (TC514100JL/ZL-80)

TC514100JL/ZL-80/-10) 468mW Operating (TC514100JL/ZL~10)
“RAC gAS Access Time 80ns 100ms . 03;323 zﬁﬁétzﬁzgdzz cycle end allows
tAA Agi:@g %ggzess 40ns 50ns two-dimensional chip selection
CCAC| CAS Access Time 20ns 25ns . C;%?gg"lége§:§;2ility using "EARLY
“RC }Ciycle TimeM ) 150ns 180ns + Read-Modify-Write, CAS before RAS refresh,
tpe C;cs:;:.eP%%;e ode 50ns 60ns R&S-only refresh, Hidden refresh, Fast

Page Mode and Test Mode capability
All inputs and outputs TTL compatible
1024 refresh cycles/128ms

+ Package Plastic SOJ: TC514100JL
PIM CONMECTION (TOP VIEW) Plastic ZIP: TC514100ZL
astic S0J Plastic ZIP
T 2sh Vss ATy o BLOCK DIAGRAM
250DoUT  pour [3]
cas DIN [5 Er
z3p N.C. ms[] = WRITE o
220 A9 F51 L e 3 DATA IN
NC- 133 58 ne CAS 0— BUFFER
18] A8 AO L o léot% ECID‘I%(R
iy g T >
16)) A6 vee E 5 BUFFER
15 AS AS 1T} & (s
=3 08 COLUMN A
14D A4 A7 [I8 E: 11 ) ADDRESS 11 )| COLUMN
& Ao BUFFERS(11) 3| PECODER
PIN MNAMES A20— W
A0~ Al0|Address Inputs :i:
RAS Row Address Strobe A50— L-. 4096 ---
DIN Data In A60— ‘
5 A70— I |
JOUT _|Data Out A80— = al:' | MEMORY :
CAS  |[Column Address Strobe A9 LA apomess T = 8[19%4  ,pRray
WRITE |Read/Write Input BUFFERS(11), 10 poal .,
Vee Power (+5V) 1}
—— No. 1 CLOCK
Vss Ground BAS 0= GENERATOR SUBSTRATE BIAS | Vcc |
NC No Connection GENERATOR o Vgg




TC514100JL/ZL-80

TC514100JL/ZL—-10
ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL RATING UNITS NOTES
Input Voltage VIN -1n7 \4 1
Output Voltage VouT -1n7 v 1
Power Supply Voltage , Vee -1n7 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 Pp 600 - oW 1
Short Circuit Output Current Ioyt 50 mA 1
RECOMMENDED DC OPERATING CONWDITIONS (Ta=0~ 70°C) B
SYMBOL PARAMETER MIN, TYP. MAX., UNIT | NOTE
Vee Supply Voltage 4.5 5.0 5.5 A 2
Vin Input High Voltage 2.4 - 6.5 \' 2
Vi1, Input Low Voltage -1.0 - 0.8 \ 2
DC ELECTRICAL CHARACTERISTICS (V¢g=5V+10%, Ta=0~ 70°C)
SYBOL PARAMETER MIN,|MAX.[UNITS INOTES
Operating Current TC514100JL/2L-80 | = 100 '
Iccy |Average Power Supply Operating Current 4 |3,4,5
(RAS, CAS, Address Cycling: tpc=tgc MIN.) TC5141005L/2L-10| = | 85
Standby Current K 2| ma
Icc2 Power Supply Standby Current
(RAS=CAS=V1y) '
RAS Only Refresh Current TC514100JL/ZL-80| = |100 |
ICC3 Average Power Supply Current, RAS Only Mode mA | 3,5
(RAS Cycling, nngH' tRC=tRC MIN. ) TC514100JL/2L-10| - 85
Fast Page Mode Current - -
Iccs Average'gPower Supply Current, Fast Page Mode TeSII00IL 2L - 80 50 mA |3,4,5
(RAS=Vyy, CAS, Address Cycling: tpc=tpc MIN,) |TC514100JL/ZL-10]| - 50
Standby Current
Iccs |Power Supply Standby Current - |400 | ¥®A
(RAS=CAS=Vcc-0.2V)
CAS Before RAS Refresh Current _gol -
Icce |Average Power Supply Current, CAS Before TC5141007L72L- 80 100 mA |3
RAS Mode (RAS, TAS Cycling: tgc=tpc MIN.) TC514100JL/ZL-10| - | 85 |
Battery Eack Up Current
Average Power Supply Current, Battery Back Up Mode :
Iccy |(CAS=CAS Before RAS Cycling or 0.2V, WRITE=Vcc-0.2V - [500 | ua |3,6
A~ 10=V¢c-0.2V or 0.2V, Dyy=Vec-0.2V, 0.2V or OPEN:
tRc=125us tRAS=tRAS HIN. ~ 1lus)
Input Leakage Current
I1(L) |Input Leakage Current, any input (OVg Viyns 6.5V, All Other -10| 10| pA
Pins Not Under Test=(QV)
Output Leakage Current
To(r) (DogT is disgbled 0V £ VoyT £ 5.5V) =10} 10| wA
Output Level
Vo Oucgu: "H" Level Voltage (Igyr=-5mA) 2.4 - v
Output ‘Level
VoL Outguc "L" Level Voltage (Igyr=4.2mA) A
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TC514100JL/ZL—80
TC514100JL/ZL-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Vge=5V£10%, Ta=0~70°C) (Notes 7, 8, 9)

SYMBOL PARAMETER TC514100JL/ZL-80 [TC514100JL/ZL~10 uRTT |NOTES
MIN. MAX, MIN, MAX,

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

tpRMW | Read-Modify-Write Cycle Time 175 - 210 - ns

tpc Fast Page Mode Cycle Time 50 - 60 - ns

tPRMW g;i;eriiseMOde Read-Modify-Write 75 _ 90 _ ns

tRAC |Access Time from RAS - 80 - 100 ns [10.15,16

tCAC |[Access Time from CAS - 20 - 25 ns |10,16

taAA Access Time from Column Address - 40 - 50 ns (10,16

tCPA |Access Time from CAS Precharge - 45 - 55 ns |10

tcLz | CAS to Output in Low-Z 0 - ] - ns |10

tOFF |Output Buffer Turn-off Delay 0 20 0 20 ns |11

tr Transition Time (Rise and Fall) 3 50 3 50 ns |9

tRP RAS Precharge Time 60 - 70 - ns

tRAS |RAS Pulse Width 80 10,000 | 100 10,000 ns

tRASP |RAS Pulse Width (Fast Page Mod;) 80 200,000 |100 200,000 ns

tRSH |RAS Hold Time 20 - 25 - ns

tCSH | CAS Hold Time 80 - 100 - ns

ERHCP | CAS Precharge to RAS Hold Time 45 - 55 - ns

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

trep |RAS to CAS Delay Time 20 60 25 75 ns |15

tRAD |RAS to Column Address Delay Time 15 40 20 50 ns |16

tcrp | CAS to RAS Precharge Time 5 - 10 - ns

tcp CAS Precharge Time 10 - 10 - ns

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

tRAH |Row Address Hold Time 10 - 15 - ns

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

tCAH |Column Address Hold Time 15 - 20 - ns

tAR gzl§§% Address Hold Time referenced 60 - 75 . ns

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

trcs {Read Command Set-Up Time - - ns

tRCH [Read Command Hold Time - - ns |12

tRRH fza%xgpmmand Hold Time referenced 0 _ 0 | _ ns |12

tyCcH |Write Command Hold Time 15 - 20 - ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued)

TC514100JL/ TC514100JL/
SYMBOL PARAMETER 2L-80 __Z-10 UNITS |NOTES
MIN. MAX. MIN. MAX.
Write Command Hold Time referenced to :
tWCR |RAS 60 - 75 - ns |
tWP  |Write Command Pulse Width 15 - 20 - ns
tRWL |Write Command to RAS Lead Time 20 - ‘25 - ns
tCWL |Write Command to CAS Lead Time 20 - 25 - ns
tps Data Set-Up Time 0 - 0 - ns |13
tDH  |Data Hold Time _ 15 - 20 - ns |13
tDHR |Data Hold Time referenced to RAS 60 - 75 - ns
tREF |Refresh Period - 128 - 128 | ms
twcs |Write Command Set-Up Time 0 - 0 - ns |14
teyup |CAS to WRITE Delay Time 20 - 25 - ns |14
tRWD |RAS to WRIIE Delay Time 80 - 100 - ns |14
tAWD |Column Address to WRITE Delay Time 40 - 50 - |ns |14
CAS Precharge to WRIIE Delay Time
tCPHD (Fast Page Mode) 45 55 ns |14
tcsR |CAS Set-Up Time (CAS before RAS Cycle) 5 - ] - ns
tCHR |CAS Hold Time (CAS before RAS Cycle) 15 - 20 - ns
trpc |RAS to CAS Precharge Time 0 - 0 - ns
CAS Precharge Time - -
tepT (CAS before RAS Counter Test Cycle) 40 50 ?s
tWTs |Write Command Set-Up Time(Test Mode In)| 10 - 10 - ns
tWTH |Write Command Hold Time (Test Mode In) 10 - 10 - ns
WRITE to RAS Precharge Time
t > T - -
W,RP (CAS before RAS Cycle) 10 10 ns
t WRITE to RAS Hold Time _ _
WRH (CAS before RAS Cycle) 10 10 ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN TEST MODE

(vcc=5Vt10‘Z, Ta=0~70°C) (Notes 7, 8, 9)

TC514100JL/ TC514100JL/
SYMBOL PARAMETER ZL-80 ZL-10 UNIT [NOTES
MIN. | MAX. ©|MIN. | MAX,

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

tpC Fast Page Mode Cycle Time 55 - © 65 - ns

tRac |Access Time from RAS - 85 - 105 ns 10,15,16f
tecac [Access Time from CAS - 25 - 30 ns (10,15
tAA Access Time from Column Address - 45 - 55 ns |10,16
tepa |Access Time from CAS Precharge - 50 - 60 ns | 10
tras |RAS Pulse Width 85 | 10,000 105 10,000 | ns

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

tRSH RAS Hold Time 25 - 30 - ns

tcsH |CAS Hold Time \ 85 - 105 - ns

trucp |CAS Precharge to RAS Hold Time 50 - 60 - ns

tecas |CAS Pulse Width . 25 10,000 30 10,000 ns
trar |Column Address to RAS Lead Time 45 - 55 - ns
CAPACITANCE (Vgg=5V+10%, f=1MHz, Ta=0~70°C)

SYMBOL PARAMETER MIN. MAX. UNIT
C11 Input Capacitance (A0~Al0, D1N) - 5 pF
C12 Input Capacitance (RAS, CAS, WRITE) - 7 pF
) Output Capacitance (DOUT) - 7 pF
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NOTES:

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

2. All voltages are referenced to Vgsg.

3. Iccys ICC3’ Icch» ICC6’ ICC7 depend on cycle rate.

4. Ige1s Iggy depend on output loading. Specified values are obtained with the output
open.

5. Column address can be changed once or less while RAS=Vyj, and CAS=Vyy.

6. tras(max.)=lus is only applied to refresh of battery-back up. tgag(max.)=10us is
applied to functional operating.

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

8. AC measurements assume tp=5ns.

9, Viy(min.) and Vyy(max.) are reference levels for measuring timing of input signals.
Also, transition times are measured between Viy and VL.

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

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

12. Either tgcy or trry 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, twess tRWD» tcwp; tawp and tcpyp are not restrictive operating parameters. They
are included in the data sheet as electrical characteristics only. If tycs2 twcs
(min.), the cycle is an early write cycle and data out pin will remain open circuit
(high impedance) through the entire cycle; If tgrwp2 trRwp(min.), tcwp 2 tcwp(min.)
tAWD > tawp(min.) and topyp 2 tcpwp(min.) (Fast Page Mode), the cycle is a read-modify-
write cycle and data out will contain data read from the selected cell: ."If neither
of the above sets of conditions is satisfied, the condition of the data out (at
access time) is indeterminate.

15. Operation within the tggp(max.) limit insures that tgpac(max.) can be met.
trcp(max.) is specified as a reference point only: If trep is greater than the
specified tRrcp(max.) limit, then access time is controlled by tgac.

16.

Operation within the tpap(max.) limit insures that trac(max.) can be met.
tpap(max.) is specified as a reference point only: If tgap is greater than the
specified tpap(max.) limit, then access time is controlled by tpa.
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TIMING WAVEFORMS

READ CYCLE
tRCc
tRP
VIH — tRAS ]
RAS
Vi — =
tCSH
tCRP trCD tRSH tepp
—_— v —_— t
CAS IH \\ CAS /
Vi, —
tAR
tRAD tRAL
tASR tRAH tasc t CAH
Vi —
A0 ~A10 W ROW @{ COLUMN xZZ,ZZZZZZ/ZZZZZZZZZZZZZZZZZZZZZZ;
ViL — ,
tRCH
tRCS t RRH
N4
— YiH —
WRITE /ZZZQZZZQZZZQ// K“QZZ
Vip — tCAC
tAA
tcLz
t
tRAC OFF
Voy — J
Dout o opEn _— VALID DATA >——-
Voo —

. llHll or IIL"
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WRITE CYCLE (EARLY WRITE)

K 1
~i@;1_ tesH — torp
w__/ \_\ / 7
/) oo W,

S/

twes

. 'WCR

tps

//l//////////////////////A

T

XL,

{DHR

VoL —
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READ-MODIFY-WRITE CYCLE

A0~Al10

WRITE

DIN

Dout

ViL —

Vig —

Vig —

Vi —

VIH —

ViL —

VoH —

VoL —

L RMW
| » —Re |
L |
'RSH
tcRP tRep 'RWL tCRP
_/ N e —4 /
tCsH
‘AR tewL
t t
tASR ‘RAHRA]ZASC R‘ACI;H
@{ ROW W COLUMN
tAWD
tRWD
tCWD
i/ N T,
tDS tDH
TR = == W,
tcAC
tAA tOFF
tRAC
OPEN ___@ VALID DATA
tcLz

V//4: "B" or "L"
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FAST PAGE MODE READ CYCLE

tRP
= VI —"T) tRASP :
TS IH /
Vi —
: . t RHCP
tcsH tpc e
tRSH
tCRP tRCD tcas| tcp top
— Vg — — t “foas
Cas IH \\ / \\_ CAS \\—
ViL —
t
#— R
tASR tRAH, tASC tCAH | tasc tcaH | tasc t CAH
ViL —
tRAD tReH [ tRRH
tRCS trcy 'RCH tRrCS tRCH
v 1= - L ==
w7 7 <7 i
ViL — teac teaC tCAC
tAA tAA tAA]
tRAC tCPA tcPA
Y, —
D oH VALID VALI VALI
0T v — ///ADATA 1 DATA 2 DATA N
< tcLz tOFF CLz ['OFF tCcLz |'OFF
\\ 1 ¥

e "H" Or' llL"
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

tRP

— Vig—"3 tRASP
RAS v \
IL—
tpc tRSH
t t .
tcrp RCD CAS  top top
— tcas tcas
— ViH— 3 -
o N\ NN
ViL — <
tRAL
‘AR tascC tasc
ASR, | |'RaH, tasg tCAH tCaH tcaH
Vig — L
AO~A10 ROW CcOL 1 coL 2 coL N K
ViL — .
tRAD
tWCR
twes WCH twes WCH
twes twcH :
twp WP
Vm-' twp
VT Y
IL—
tps ‘DH, 'DS tpH  tps *DH
Vg — J
b H 7 VALID VALID VALID
IN v DATA 1 | DATA 2 DATA N '/
IL—
{DHR
pour  OHTT OPEN

777« "H" ox "L |
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE

tRp
Vig —— tRASP J::
s \ ; : \
Vip —
tesH ‘ tPRMW -
tRSH
tCRP tRCD tcp tcp
Vg — tcas tcas x| tcas
o N\ \
Vi, — . i
tRAL
L
T
tASR tRAH tasC tCAH t‘ﬁ?. tcaH tasc| {tcaH
Vg —
IH
AO~A10 ROW COLUMN 1 COLUMN 2 COLUMN N ,//////////////////
ViL — '
tRAD Itcwp tcwp t cWD tc|wx.
tres to t CPWD 1
LA t WD t AWD tRWI,
t t
Vg — = CWL| - ' CWL Ry
WRITE / QZZ:/‘Z,/ / / \
T o = :
L RWD
tDH
t . t t
tps|, | 1L.PH | tps o ah 2
Vg —7 /| YALID VALID | VALID
Din Vi, — DATA 1 DATA 2 DATA N; /
toLz tCLZ teLz
tcac tcac teac
h tAA tAA tAA
tRaC tCPA tCPA
Vi —
D OH _ W vaLio VALID VALID
ovr \ DATA 1 DATA 2 DATA N
oL — .
l'on‘ tOFF tOFF

. "H" or "L"
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|

&

S ONLY REFRESH CYCLE

AQ~A9

Doyt

tRC

tRP

Vig— " tRAS

‘| treC

VXH‘— =
ViL— ./

tRAH

w— LA XILQmmii

Vg —
oH OPEN

VoL—

m . "H" or llL"

NOTE: WRITE="H" or "L", A10="H" or "L"
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CAS BEFORE RAS REFRESH CYCLE

tRC
tRP
t e
- Vi — RAS .
s . ___/ \_._
Ve — e
IL tRPC
t tesr
CP tCHR
Vip — 1 A
twrp | |'WRH
v — c
WRITE B // /ZQ? - \éééégéééﬂzzéééé222222222222222222222222222
Vi, — 4
LOFF
— e —
You N OPEN
Doyt v
oL — E
NOTE: AQ~ A10="H" or "L" /]« "H" or "L"
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HIDDEN REFRESH CYCLE (READ)

tRC
tRP
ViH —— tRAS tRAS
RAS \
Vi, —
tcRP t RCD tRSH .
CAS j . N /
Vi — -
tRAD tRAL
tAR
tASR tRAH AsC tCAH

AO~A10 ROW 5@{ COLUMN
ViL — -

B AR a0
o ' ? -

m : "H" or "Lll
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HIDDEN REFRESH CYCLE (WRITE)

A0~A10

WRITE

Doyt

Vi —

Vi, —

tRC

tRP

tRAS _ \ tRAS F
- L]

! CRP, tRCD tRSH
vIL Epe— 1
tAR
tRAD {RAL
tASR tRAH  tASC tCAH ’
VI —
H, / ROW COLUMN ><22222222222222222222222222222222222222227/
Vi, — i/
tWCR
tRWL
twes| | twel 'WRP, 'WRH

e TS —=—] T,
Vi, — 2 //

e T

: YHY or "L
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

1RP
= wms | =
t
o Vi— tcsR “_—j/t&\ fcas
YL — o ' tASC tCAH
s 2 TN, <o N
tcac -
READ CYCLE fAh . OFF
- pot :OH —_—- OPEN %m VALID DATA
oL twre| |tWRH | tcLz ‘cLz ‘——‘m—-
| AT ‘v,‘“ _//ﬁ/[?' ‘QZ_/[[_/AZ/r e\
I
WRITE CYCLE
- YoH - EN
Doyt Vor — ‘ °oF
RWL
toWL
. q;gm» WRH twes tweH
s U= —=—T T
. t t
D Vin — st.u. - RZ;;;;;;;l;l;;;/;;;;;;;;;;;
o o ID DATA /)
tcac 1
READ-MODIFY-WRITE CYCLE tcLz - ' tOFF
/Dom' :01—! : OPEN g VALID DATA
oL tAA tCwWL |
'WEP, tWRH | tAWD tRWL
S— Vin __/ T ~ 5
e s I
tcwh twp
5 Vig — VALID DATA
L IN oy —

: "H" or "‘L"
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WRITE, CAS BEFORE RAS REFRESH CYCLE

G
= N
e o T ==/
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READ CYCLE IN THE TEST MODE

£l

A0~Al0

Vou
VoL

—_ - \__
s v =

__/ N /

:m ROW COLUMN XZ?/;Z22222222222;22222225/2;2222
T teac UL

tRAC

T~ OPEN: _——_<
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TC514100JL/ZL-80

TC514100JL/ZL-10
S - “" /F—m;\_
o H_—_“’*“ ‘“ﬂm\\ » / /“’”
o e = /I
w ™ I e

S
. tDHR

S

L

VoH —
Dout
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FAST PAGE MODE READ CYCLE IN THE TEST MODE

- ‘RP__
— Vi — 7% tRASP ’ /F—L
RAS \
Vin, — -
: tRHCP
tesn trc .
o RSH
tcrp trcp tcas tep CP
t t
VIH _ CAS CAS
CAS
Vip —
tAR _ — tRAL
L |
tASR | [tran, ‘tasc tcag | tasc tcan | tasc tcan
VIH — Y /
A0~A10 / . ROW coL 1 coL 2 COL N /////47/////////
Vi, —
tRAD treH ’ t RRY
tRCS, ! |tres | tmrem|, [tmes tRCH
v = | B s
I IH —7
/4 \a \% N
ViL — tcac teac teag
taa taa tan
trac tcpa tcra
Vou — VALID VALID VALID
Doyt DATA 1 DATA 2 DATAN >"‘“" —
VoL — 4
t t tcLz toFF tcLz | tOFF
crz Ul OFF | |
m . "H" or lan
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) IN TEH TEST MODE

A0~AlOQ

DiN

Dour

e
sl -2 /
8/ 2l o e o[ T

w :77/7//7/7//7/72:?ms = :’C"/Zx - T
/1, uw 7 mm Mﬂ L,

: "H" or "L"
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TEST MODE

The TC514100J/Z is the RAM organized 4,194,304 words by 1 bit, it is internally
organized 524,288 words by 8 bits. In '"'Test Mode", data are written into 8 sectors in
parallel and retrieved the same way. AlOR, Al0C and AOC are not used. If, upon read-
ing, all bits are equal (all "1"s or "0"s), the data output pin indicates a "1".

If any of the bits differed, the data output pin would indicate a "0". Fig. 1 shows
the block diagram of TC514100J/Z. 1In "Test Mode'", the 4M DRAM can be tested as if it
were a 512K DRAM.

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

A10R,AL0C, AOC

A10R,A10C,A0C
0

mm——
512K block [ F
{ B

ﬁ

512K block

A10R,A10C,AQC
e O]

o ol [0

Aj0r,A10C,A0C
| S——-g

Test 512K block

ol

Wi RI]

Normal AmR'AIw,A(X: !
——-O\O—-| 512K block r.__

A10R,A10C,A0C

A10R, A1 0c,A0C
. 512K blockl
F

512K block

4

A10R,A10C,A0C

512K block

;

o |m ol o

A10R,A10,400

N

Fig. 1
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4,194,304 WORD x 1 BIT DYNAMIC RAM * This is advanced information and specifica-
tions are subject to change without notice.

DESCRIPTION

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

Mujtiplexed address inputs permit the TC514'00AP/AJ/ASJ/AZ to be packaged in a standard 18 pin
plastic DIP, 26/20 pin plastic SOJ (300/850mil) and 20 pin plastic ZIP. The package size provides high
system bit densities and is compatible with widely available automated testing and insertion
equipment. System oriented features include single power supply of 5V110% tolerance, direct
interfacing capability with high performance logic families such as Schottky TTL.

FEATURES

® 4,194,304 word by 1bit organization
¢ TFast access time and cycle time

TC514100AP/AJIASIIAZ - 60

trac RAS Access Time 60ns
taa Column Address

Access Time 30ns
tcac CAS Access Time 20ns
tre  Cycle Time 110ns
tpc Fast Page Mode

Cycle Time 45ns

o Low Power
660mW MAX. Operating
(TC514100AP/AJ/ASJI/AZ —60)
5.5mW MAX. Standby
e OQutputs unlatched at cycle end allows two-
dimensional chip selection
e Common I/O capability using “EARLY
WRITE" operation
¢ Read-Modify-Write, CAS before RAS refresh,
RAS-only refresh, Hidden refresh, Fast Page

Mode and Test Mode capability
e All inputs and outputs TTL compatible
® 1024 refresh cycles/16ms
¢ Package TC514100AP : DIP18-P-300E

& Single power supply of 5V110%
with a built-in Vi3 generator

PIN NAMES _ TC514100AJ  : SOJ26-P-350
IAO~A10{ Address Inputs WRITE |Read/Write Input TC514100ASJ : SOJ26-P-300A
RAS |Row Address Strobe Vee  |Power (+5V) TC514100AZ : ZIP20-P-400A
Dy |Data In Vss  |Ground
Doyr |Data Out N.C. |No Connection
CAS | Column Address Strobe

PIN_CONNECTION (TOP VIEW) BLOCK DIAGRAM

WRITE
Plastic DIP Plastic 50) Plastic 2IP % D,
TAS o— | DATA IN <0 Div
IN

BUFFER
NO.2 CLOCK
2, JTAs GENERATOR L_. SATA Ut o Dour
Hgvss BUFFER
%, | write t— l
= COLUMN
;T8 gAl0 A0 O] ADDRESS ”"> COLUMN
=2 0| N.C Al O BUFFERS (11) J 1% DECODER
5 bla A2 O REFRESH SENSE AMP.
<3 U41A3 A3 O CONTROLLER V0 GATING
23 1i5] A4 A4 O 4096 -
N o (b | IR
AT Tl as A6 O R(10) —
o z 38 MEMORY
A8 O S ARRAY
A9 O ROW =y
ADDRESS w
A10 O BUFFERS (11)
S o NO.1 CLOCK

GENERATOR
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TC514100AP/AJ/ASJ/AZ-60

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES
Input Voltage Vin -1~7 \Y 1
Output Voltage Vourt ;1~7 v 1
Power Supply Voltage Vee -1~7 \ 1
Operating Temperature Torr 0~70 °C 1
Storage Temperature Ts16 -55~150 °C 1
Soldering Temperature - Time TsoLoeR 260- 10 °C-sec 1
Power Dissipation Po 700 mwW 1
Short Circuit Output Current lout 50 mA 1

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES
Vee Supply Voltage 45 5.0 5.5 \ 2
Viy Input High Voltage 2.4 - 6.5 \" 2
ViL Input Low Voltage -1.0 - 0.8 \ 2
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TC514100AP/AJ/ASJ/AZ-60

DC ELECTRICAL CHARACTERISTICS (Véc =5V 10%, Ta=0~70°)

SYMBOL PARAMETER MIN. | MAX. | UNITS | NOTES
\ :’PERAT":G CURSRENT’ Onerating € TC514100AP/A) 120 A 3.4
cc1 verage Power Supply Operating Current - m

(RAS, TAS, Address Cycling: tre = tre MIN. ) ASIIAZ-60 5

STANDBY CURRENT
lccz Power Supply Standby Current - 2 mA
(RAS=CAS = V)

RAS ONLY REFRESH CURRENT

J— TC514100AP/AJ/
lees Average Power Supply Current, RAS Only Mode ASYAZ-60 - 120 mA 3,5
(RAS Cycling, TAS = Viy: tre =tre MIN. ) )
\ ZAST PA‘:;E MOZE C‘IJR'::ENT fast Page Mod TC514100AP/A/ 6 X 3.4
verage Power Su urrent, Fast Page ode - m
cca 9 pply 9 ASIAZ-60 s

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

STANDBY CURRENT
lces Power Supply Standby Current - 1 mA
(RAS = CAS = Ve -0.2V)

CAS BEFORE RAS REFRESH CURR-EE o TC514100AP/AY
lcce Average Power Supply Current, CAS Before RAS ASJAZ-60 - 120 mA 3,5
Mode (RAS, CTAS Cycling: tre=trc MIN. ) :

INPUT LEAKAGE CURRENT (any input except TF)
() Input Leakage Current, any input -10 10 HA
(OVSV|NS6.5V, All Other Pins Not Under Test=0V)

OUTPUT LEAKAGE CURRENT
lo() s -10 10 pA
(Dour is disabled, OV Voyr=5.5V)

OUTPUT LEVEL -
VoH . 2.4 - v
Output “H" Level Voltage (lpyr= - 5mA)

OUTPUT LEVEL
Vou e - 0.4 \Y
Output “L” Level Voltage (loyt =4.2mA)
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TC514100AP/AJ/ASJ/AZ-60

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Vce =5V £ 10%, Ta=0~70°c)(Notes 6, 7, 8)

TC514100AP/AJ/ASIIAZ-60

SYMBOL PARAMETER UNIT | NOTES
MIN. MAX.

tre Random Read or Write Cycle Time . 110 - ns

tRMwW Réad-Modify-Write Cycle Time 135 - ns

tpc Fast Page Mode Cycle Time a5 - ns

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

tRAC Access Time‘from RAS ‘ - 60 ns ?'SM

teac Access Time from CAS - 20 ns | 9,14

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

tepa Access Time from CAS Precharge - 40 ns |9

tewz CAS to Output in Low-Z 0 - ns |9

Lore Qutput Buffer Turn-off Delay 0 20 ns | 10

ty Transition Time (Rise and Fall) 3 - 50 ns 8

trp RAS Precharge Time 40 - ns

tras RAS Pulse Width 60 10,000 ns

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

trep RAS Hold Time 20 - ns

Ricp 40 - ns

tesu 60 - ns

teas CAS Pulse Width 20 10,000 ns

ReD RAS to CAS Delay Time 20 40 ns | 14

tRab RAS 10 Column Address Delay Time 15 30 ns | 15

terp CAS to RAS Precharge Time 5 - ns

tep CAS Precharge Time 10 - ns

Lask Row Address Set-Up Time 0 - ns

trAH Row Address Hold Time ‘ 10 - ns

tasc Column Address Set-Up Time 0 - ns

tean - Column Address Hold Time 15 - ns

LRAL Column Address to RAS Lead Time 30 - ns

tres Read Command Set-Up Time 0 - ns

treH Read Command Hold Time 0 - ns | 11

LRt Read Command Hold Time referenced to RAS 0 - ns | 11

twi i Write Command Hold Time 10 - ns
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TC514100AP/AJ/ASJ/AZ-60

ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Continued)

TC514100AP/AJ/ASIIAZ-60

SYMBOL PARAMETER UNITS| NOTES
MIN. MAX.

twp Write Command Pulse Width 10 - ns
tawL Write Command to RAS Lead Time 20 - ns
tewt Write Command to CAS Lead Time 20 - ns
tos Data Set-Up Time 0 - ns | 12
toH Data Hold Time 15 - ns 12
tRer Refresh Period - 16 ms i
twes Write Command Set-UP Time 0 - ns | 13 3
tewp CAS to WRITE Delay Time 20 - ns | 13
trwo RAS to WRITE Delay Time 60 - ns | 13
tawp, Column Address to WRITE Delay Time 30 - ns | 13
tcpwo' TAS Precharge to WRITE Delay Time 40 - ns |13
tesr CAS set-up Tile 5 - ns

(CAS before RAS Cycle)
teum TAS Hold Time s - ns

(CAS before RAS Cycle)
trec RAS to TAS Precharge Time 0 - ns
\or S;Sl:)’recharge Time (CAS before RAS Counter Test 30 _ ns

Write Command Set-Up Time
twrs 10 -
(Test Mode In)

Write Command Hold Time
twrH 10 -
(Test Mode In)

WRITE to RAS Precharge Time
twrp . 10 -
(CAS before RAS Cycle) |

WRITE to RAS Hold Time

t 10 -
WRH (CAS before RAS Cycle)




TC514100AP/AJ/ASJ/AZ-60

ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN

THE TEST MODE

(Vee =5V £ 10%, Ta=0~70°C) (Notes 6, 7, 8)

TC514100AP/AJASIIAZ-60
SYMBOL PARAMETER UNIT| NOTES
MIN. MAX.
tRe Random Read or Write Cycle Time 115 - | ns
tpc Fast Page Mode Cycle Time 50 - ns
tRAC Access Time from RAS - 65 ns ?'514
teac Access Time from CAS - v 25 ns | 9,14
tAn Access Time from ColumnvAddress - 35 n§ 9,15
tepa Access Time from CAS Precha}ge - 45 ns |9
tras RAS Pulse Width 65 10,000 ns
tanse | RAS Pulse Width (Fast Page Mode) 65 200,000 ns
tRsH RAS Hold Time ‘ 25 - ns
tRuce RAS Hold Time From TAS Precharge (Fast Page Mode) 45 - ns
s CAS Hold Time 65 - ns
teas CAS Pulse Width 25 10,000 ns
1RAL Column Address to RAS Lead Time 35 - ns
CAPACITANCE (Vcc =5V £ 10%, f= 1MHz, Ta = 0~70°C)
SYMBOL PARAMETER MIN. MAX. UNIT
Cn Input Capacitance (AO~A10, Dyy) - 5
Ci Input Capacitance (RAS, CAS, WRITE) - 7 pF
Co Output Capacitance {Doyr) - 7
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TC514100AP/AJ/ASJ/AZ-60

NOTES:

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent
damage to the device.

All voltages are referenced to Vss.

Icel, Iccs, Iccs, Icce depend on cycle rate.

Icci, Icc4 depend on output loading. Specified values are obtained with the output open.
Column address can be changed once or less While RAS=Vy, and CAS=Vyy.

o ooa @

An initial pause. of 200us 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 tp=5ns.

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

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

10. topr (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. twces, tRwD, tcwp, tAwp and tcpwp are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only. If twcs=twcs (min.), the cycle is an early
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle;
If tRWD= tRwWD ('min.), tcwD= tcwb (min.), tAwp= tawp (min.) and tcpwp= tcpwp (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 sels of conditions is satisfied, the condition of the data out(at
access time) is indeterminate.

14. Operation within the trep (max.) limit insures that trac (max.) can be met.
trep (max.) is specified as a reference point only: If tpcp is greater than the specified tpep (max.)
. limit, then access time is controlled by tcac.

trAD (max.) is specified as a reference point only: If trap is greater than the specified tpay (max.)

|
i
15. Operation within the trap (max.) limit insures that trac (max.) can be met. ]
limit, then access time is controlled by tAa. |

|

{
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TIMING WAVEFORMS
READ CYCLE

- e

w TN / - N
S| I N ——
s T WO

1RCH
i tres tRRH
. Vin »
WRITE Z teac
Vie taa
Ll

towz
trac tore

b

Doyt e OPEN %{ DATA - OUT )""—"“——‘

: "H" or "L"
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WRITE CYCLE (EARLY WRITE)

tre
PR /. T B
v tras
H— R
RAS
Vi — \-k .4 \
trep tRsH
tere tesy <1CRP
teas |
Vi — f 3
v ___/ \
[ =
- trap
R RAH tAsg

twen

Y

o W

% : "H" or “L"

A-57



TC514100AP/AJ/ASJ/AZ-60

READ-MODIFY-WRITE CYCLE

gp
Vin —
"y N\ N
terey trwi tcre
— b ey
M
tasp tRan RA

l/

ton
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TC514100AP/AJ/ASJ/AZ-60

FAST PAGE MODE READ CYCLE

trp
trasp
Vi — \ toc /—.ﬂ
Vi — E A
teon tep tRsH
tcre TRCO tcp . tRnce
teas cAs 1,
m V",‘ —— e’ 4 \ 7, \ 7y X \q_gAs.,
-y N NN
tRAL
tasg, t tasc tean tasc tean X Tean
Vik K P o
AO0~A10 v ROW coL.1 CcOoL.2 COL.N 7
L N -~ X A N
RAD trRH
t_RQS 1 tren L itRCS treH . cs treH
‘ ViL teac tcac teac
tan tan tan
trac " tcpa  tcea
Vou— )
Dour v Doyr 1 Dour N
oL — ‘
taz ore |t ]t Yz | _tore,

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

tre
trasp I
Vi — b
V;L — -~
. tpc tRsH
e trep Jee | PRI
7| teas tcas tcas |
Viy — p -
AS / \ . \ \ :
Viu -, 7 . 7 N
) tRaL
tasr tray  tasc tcaH ‘f\sc | tcan tase | tcan
Vin —77 # "
AO0~A10 ROW COL.1 COoL.2 COL.N
VIL N . A

. twes twen twes twen
twes twey twe twe

w0 | N

tos ToH toH tps toH

tos
- Vin —~ s i
Din Diy 1 Din 2 Din N
ViL — - i

Dout - OPEN

: “H" or “L"
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE

trp
trase I
Vi — 3y
S N
- B 7
tosy tpRMW tpsh
tere tr¢D ter tee | |
teas > tcas i teas
Vig =4 . "o N/, N [
s / N N 17 N y
Vi — Y 4 X 4 _‘_‘____z 4
RAL
tasg, tran  tasc tcan tasc tean tascl [t
Vin N o +# Ps
A0~A10 v ROW coL.1 CcoL.2 COL.N
W N X X
trap tcwp tewi tewt
. <] -3 L
2res, tewol | . _cowp . tepwn tRwi
Vi | towt S
RIT A tAwD / N3 \
Vie RWD )
o8 twe tawp ton | | tawp twe
t tos] t tps foH
Vig ! Je—\ 4 7
DlN Vv N D'N 1 DlN 2 DiN N A
|L o X. b K,-,—j"
tez iz taz
loag teac, teag,
Vou—— I\ A L i’ 3L 4 J—
Dout v £_°UT 1 Doyt 2 >—€ Dour N
oL — 3 4 ) W 4 X
taa T taa T A lore
tRAC " Ttcea ) tepa
Yorr P

: "H” or "L"




TC514100AP/AJ/ASJ/AZ-60

RAS ONLY REFRESIH CYCLE

e
tras
_ ViH 4
s N Y \
Vig = -~
t,

T 7
e

% : "H” or "L"
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CAS BEFORE RAS REFRESH CYCLE

el S —
wrm Yy @
—

N
4

% : "H" or “L"
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TC514100AP/AJ/ASJ/AZ-60

HIDDEN REFRESH CYCLE (READ)

wr T NP N’

tasH ‘ &L}V

so-nio R vow MK o > .. .. 6 .. .
""’l't_Rm twere [tWRH

FF

<A
traC <>
Vou — -
Dour . 4 DATA-OUT
loz
or “L"

2
s 5
I
f\’.
-
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HIDDEN REFRESH CYCLE (WRITE)

iy
oy M )
s DD YO, e Y
o - BN G

OH
Dout - - OPEN

: “H" or “L"
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

Vin By
RAS
Vi — \

A

K

tray

EEEEEEEEE

e e

torr

T

tan, -
VOH —— > d
Dout OPEN DATA-OUT
Vou = fcuz T
v tway N L B DT
Vin

tnaﬂ
’?&d%

RWL
WL
/),

torr

e | T
R Ve

READ-MODIFY-WRITE CYCLE | e Lz
VOH — -#
Dour OPEN
VoL — -~
taa

|

t g D
i»f_v) WRH | tawo - tRw,
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WRITE, CAS BEFORE RAS REFRESH CYCLE

Sl pa — N

w= N |

o B Yy £ @@
A0~ _—
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TEST MODE

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

“WRITE, CAS Before RAS Refresh Cycle” puts the device into “Test Mode”. 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(1/8 in case of N test pattern).
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BLOCK DIAGRAM IN THE TEST MODE

Aior, Atoc, Aoc

° Normal

Asor Arocr

o 008 512K block ' C
Avor Arge Age [ Test
._2"_.&10___"‘“ 512K block F

]

o >i[ >

ool

2

Avor Aoc,

phum e e [0k block |
Ajon. Ajoc: Agc

—0\0—1 512K bl?_ck_‘.___l

Ongt

Normal Aror Arac: A

orme -4"'—0“&»——1“ 512K block II.__
Bron Aroc: Aoc

T T P block [-—

ol jo Nl

Test
a Ot

i | mi} im

Test

512!(‘ block ’._.._. \_I[

Normal

| Aion Ao Agc

Avon Asoc: Aoc

——— 512K block

Il I ol o

|

A1or, Aroc Aoc

A\ ,

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

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

DESCRIPTION

The TC514100APL/AJL/ASJL/AZL is the new generation dynamic RAM organized 4,194,304 words by
1 bit. The TC514100APL/AJL/ASJL/AZL 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 TC514100APL/AJL/ASJL/AZL to be packaged in a
standard 18 pin plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package
size provides high system bit densities and is compatible with widely available automated testing and
insertion equipment. System oriented features include single power supply of 5V+10% tolerance, direct

interfacing capability with high performance logic families such as Schottky TTL.

FEATURES
® 4,194,304 word by 1bit organization e Low Power
® Iast access time and cycle time 660mW MAX. Operating
(TC514100APL/AJL/ASJII/AZL —60)
TC514100APUAJUASIUAZL ~ 60 1.1mW MAX. Standby
taac RAS Access Time 60ns ® Outputs unlatched at cycle end allows two-
tan Column Address 308 dimensional chip selection
Access Time @ Common /O capability using “EARLY
tcac CAS Access Time 20ns WRITE” operation
tae Cycle Time 110ns ® Read-Modify-Write, CAS before RAS refresh,
tpc  Fast Page Mode . RAS-only refresh, Hidden refresh, Fast Page
Cycle Time sns Mode and Test Mode capability
® Single power supply of 5V110% ¢ All inputs and outputs TTL compatible
with a built-in Vg generator ® 1024 refresh cycles/128ms
e Package TC514100APL : DIP18-P-300E
PIN NAMES TC514100AJL : SOJ26-P-350
INO~A10| Address Inputs WRITE |Read/Write Input %ggiﬁggﬁ%]} gﬁ:']zz(f}f :130%0:
RAS |Row Address Strobe Vee  |Power (+5V)
Dy |Data In Vss | Ground BLOCK DIAGRAM
Doyt |Data Out N.C. [No Connection

CAS |Column Address Strobe WHTTE
s % Li DATA IN

PIN CONNECTION (TOP VIEW) NO.2 CLOCK BUFFER

<0 Div

SENERATOR_ 1= L__, DATA OUT o Dour
i i BUFFER
Plastic DIP Plastic $O) Plastic ZIP — l
COLUMN
COLUMN
A0 o——'j]:> ADDRESS 11
DECODER
At O BUFFERS (11) J ne
A2 0 REFRESH SVEc;wlsGEA?mg.
A3 O— | CONTROLLER
A4 O -=-4096 -~
o— REFRESH
A COUNTER (9)
A6 O ~
Nea 3 8 MEMORY
A8 o] s ARRAY
oba :g‘gnsss - °
At0 O—-\:[ID BUFFERS (11)
' <0 Vee
RAS GENERATOR GENERATOR |0 vy
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TC514100APL/AJL/ASJL/AZL-60

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES
Input Voltage Vin -1~7 v 1
Qutput Voltage Vour -1~7 \ ‘1
Power Supply Voltage ' Véc . -1~7 \" 1
0peratin§ Temperature Topr 0~70 °C 1
Storage Temperature Tstg ~55~150 °C 1
Soldering Temperature * Time TSOLDER 26010 °C-sec 1
Power Diss}pation Po 700 mw 1
Short Circuit Output Current lout 50 mA 1

RECOMMENDED DC OPERATING CONDITIONS (Ta§0~70°C)

SYMBOL PARAMETER MIN. v | Max. uNIT NOTES
Vee Supply Voltage 45 5.0 55 v 2
Vi Input High Voltage 24 - 6.5 v 2
ViL input Low Voltage -1.0 - 0.8 \ 2
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TC514100APL/AJL/ASJL/AZL-60

DC ELECTRICAL CHARACTERISTICS (Vcc =5V +10%, Ta=0~70%)

SYMBOL PARAMETER MIN. MAX. | UNITS | NOTES
OPERATING CURRENT 34
[<<] Average Power Supply Operating Current TC514100APL/AJLASILIAZL-60] - 120 mA
(RAS, TAS, Address Cycling: tpc = tae MIN. ) 5
STANDBY CURRENT
Icca Power Supply Standby Current - 2 mA
(RAS = TAS = V)

RAS ONLY REFRESH CURRENT
lecs Average Power Supply Current, RAS Only Mode [TC514100APLAILASILAZL6O] 120 mA 35
(RAS Cycling, TAS = Viu: trc=trc MIN. )

FAST PAGE MODE CURRENT 34
lcca Average Power Supply Current, Fast Page Mode |TC514,2uAPL/AJLASILIAZL-60) - 60 mA
(RAS =V, TAS, Address Cycling: tec = toc MIN. ) 5

STANDBY CURRENT
lees Power Supply Standby Current - 200 pA
(RAS =TAS = V- 0.2V)

TAS BEFORE RAS REFRESH CURRENT
lcce | Average Power Supply Current, TAS Before RAS [TC514100APUAILASIUAZL-60]  — 120 mA 3,5
Mode (RAS, TAS Cycling: tpc=tac MIN. ) )

Battery Back Up Current
Average power Supply Current, Battery Back Up Mode
lcc7 | (CAS =TAS Before RAS Cycling or 0.2V, WRITE = V¢ - 0.2V - 400 pA 3,6 i
A0~10=Vcc~0.2V or 0.2V, Dyy=Vcc-0.2V, 0.2V or OPEN:
tre = 125ps, tras = 300Nns ~1us)

Battery Back Up Current

Average power Supply Current, Battery Back Up Mode
lcc7 | (CAS=TAS Before RAS Cycling or 0.2V, WRITE = Ve - 0.2V - 300 7y 3,6
A0~10=V¢e=0.2V or 0.2V, Diy= Ve - 0.2V, 0.2V or OPEN:
tre = 1250, tras = tras MIN. ~300ns)

INPUT LEAKAGE CURRENT
[T) Input Leakage Current, any input -10 10 pA
(OVS V|y=6.5V, All Other Pins Not Under Test=0V)

OUTPUT LEAKAGE CURRENT
low g -10 10 pA
(Doyr is disabled, OVS Voyurs5.5V)

|

|

OUTPUT LEVEL |

VoH wyyn 2.4 - Cv \
Output “H" Level Voltage (loyr = - S5mA)

i

OUTPUT LEVEL
Vou - 0.4 V.
Output “L" Level Voltage (loyr = 4.2mA)




TC514100APL/AJL/ASJL/AZL-60

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Vee=5V+10%, Ta=0~70°)(Notes 7, 8, 9)

TC514100APL/AJUASILUAZL-60
SYMBOL PARAMETER - UNIT | NOTES
MIN. MAX.

tre Random Read or Write Cycle Time 110 - ns

tRMW Read-Modify-Write Cycle Time 135 - ns

tec Fast Page Mode Cycle Time 45 - ns

toamw zast Page Mode Read-Modify-Write | 70 _ ns

ycle Time

tRAC Access Time from RAS - 60 ns 101,615

tcac Access Time from CAS - 20 ns | 10,15

taA Access Time from Collumn Address - 36 v ns 10,16

tcpa Access Time from CAS Precharge - 40 ns v Allo

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

torr Output Buffer Turn-off Delay 0 20 ns 11

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

tep RAS Precharge Tihe 40 - ns

tRAS RAS Pulse Width 60 10,000 ns

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

trsn RAS Hold Time 20 - ns

e ?;53 Hold Time From CAS Precharge k‘ 40 _ ns.

ast Page Mode)

tcsH CAS Hold Time 60 - ns

teas CAS Pulse Width 20 10,000 ns

trRcD RAS to CAS Delay Time 20 40 ns 15

trAD RAS to Column Address Delay Time 15 30 ns. 16
. terp CAS to RAS Precharge Time s - 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 - ns

teaH Column Address Hold Time 15 . - ns

tRAL Column Address to RAS Lead Time 30 - ns

tres Read Command Set-Up Time 0 - ns

trCH Read Command Hold Time 0 - ns 12

than ?:q:_ﬂ_sc_ommand Hold Time referenced 0 _ ns 12

twcH Write Command Hold Time 10 - ns
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TC514100APL/AJL/ASJL/AZL-60

ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS |
(Continued) i

TC514100APUAJL/ASIVAZL-60

SYMBOL PARAMETER UNITS|{ NOTES
MIN. MAX.
twe Write Command Pulse Width 10 | - ns
tRwiL | Write Command to RAS Lead Time 20 - ns
tewl Write Command to CAS Lead Time 20 - ns i
tps Data Set-Up Time 0 - ns 13
toH Data Hold Time 15 - ns 13
tRer Refresh Perio - 128 ms
twes Write Command Set-UP Time 0 - ns 14 i
towp TAS to WRITE Delay Time 20 - ns 14
tRwWD RAS to WRITE Delay Time 60 - ns 14
tawp Column Address to WRITE Delay Time 30 - ns 14
tepwp | CAS Precharge to WRITE Delay Time 40 - ns 14

CAS Set-Up Time

t 5 - ns

SR (CAS before RAS Cycle)

. TAS Hold Time 15 ns

CHR (CAS before RAS Cycle)

trpC RAS to CTAS Precharge Time 0 - ns
TAS Precharge Time

ter kK 30 - ns

(CAS before RAS Counter Test Cycle)

N Write Command Set-Up Time 10 ns
WIS ) (Test Mode In) ]

4 Write Command Hold Time 10 ns
WTH (Test Mode In)

. WRITE to RAS Precharge Time 1 ns
WRP (CAS before RAS Cycle)

R WRITE to RAS Hold Time 10 ns
WRH (CAS before RAS Cycle)




TC514100APL/AJL/ASJL/AZL-60

ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN

THE TEST MODE (Ve =5V £ 10%, Ta=0~70°C) (Notes 7, 8,9)
) TC514100APLAIL/ASIUAZL-60
SYMBOL PARAMETER - UNITS| NOTES
. MIN. MAX.

trc Random Read Write Cycle Time ) 115 - ns

tpc Fast Page Mode Cycle Time 50 - ns

tRAC Access Time from RAS - 65 ns 101' 61 5

teac Access Time from TAS - v 25 ns | 10,15

taa Access Time from Column Address - 35 Vnsv 10,16

QPA Access Time from CAS Precharge - 45 ns 10

tRas RAS Pulse Width 65 10,000 ns

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

tRsH RAS Hold Time 25 - ns

tesH TAS Hold Time 65 - ns

tRHCP CAS Prechrge to RAS Hold Time 45 - ns

tcas TAS Pulse Width 25 10,000 ns

traL Column Address to RAS Lead Time 35 - n£

CAPACITANCE (Vcc=5V£10%, f=1MHz, Ta=0~70°C)

SYMBOL PARAMETER MIN. MAX. UNIT
Ch Iinput Capacitance (AO~A10, D) - : 5
Ca Input Capacitance (RAS, TAS, WRITE) - 7 pF
Co Output Capacitance (Doyr) - 7
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TC514100APL/AJL/ASJIL/AZL-60

NOTES: ;

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent
damage to the device.

All voltages are referenced to Vgs.

Icc1, Ices, Iccd, Icce, Ice7 depend on cycle rate.

Icc1, Iccs depend on output loading, Specified values are obtained with the output open.
Column address can be changed once or less While RAS=Vy, and CAS=Vyy.

A o

trAs (max.)=1ps is only applied to refresh of battery-back up. tras(max.)=10ps is applied to
functional operating,.

7. An initial pause of 200us 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 tp=>5ns.

9. Vix (min.) and ViL (max.) are reference levels for measuring timing of input signals. Also,
transition times are measured between Viy and ViL.

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

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

12. Either tpcy or tpry 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-write cycles,

14. twes, tRwD, tcwb, tAwD and tcpwp are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only. If twcs=twcs (min.), the cycle is an early
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle;
If tRwD= tRwp (min.), tcwp= tcwp (min.), tAwWD= tAwp (min.) and tcpwp= tcpwp (min.) (Fast Page
Mode), the cycle is a read-write cycle and the data out will contain data read from the selected
cell: If neither of the above sets of conditions' is satisfied, the condition of the data out (at access
time) is indeterminate.

15. Operation within the trcp (max.) limit insures that tpac (max.) can be met.
trep (max.) is specified as a reference point only: If trcp is greater than the specified trep (max.)
limit, then access time is controlled by tcac.

16. Operation within the tprap (max.)limit insures that tgrac (max.) can be met.
tRAD (max.) is specified as a reference point only: If trap is greater than the specified tRap (max.)
limit, then access time is controlled by taa.
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TIMING WAVEFORMS
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TC514100APL/AJL/ASJL/AZL-60

WRITE CYCLE (EARLY WRITE)

«———tBe |
Vi — ) v
RAS \_—
Vy — \’k
RSH
tere tesH >~ terp
v b teas I
H = 2
@S / \\ / /
[ — X
trap
tasg | [ ran Gasg.

e iBoEmsT

AL
1

w
WCS - tweH

v

o N

% : "H" or "L"
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TC514100APL/AJL/ASJL/AZL-60

READ-MODIFY-WRITE CYCLE

. tep

trmw
tras
Vi — 3 Vi R
7S N /
ViL — -~ -
tRsH
t trep T

<lcBe

o " :__/ BRI\ / /
o T - % :_UMW W . . . .. ...

CWD.
| | ton

E;
=
= =
m
< < < <
I -~ I
§\:;
2
S
i3
/|

Din
Vi 7
teac
tan v tore
Von— 4
Dour OPEN DATA - OUT
oL K.
tRAC
tcz

% t"H" or “L"
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TC514100APL/AJL/ASJL/AZL-60

FAST PAGE MODE READ CYCLE

A0~A10

WRITE

Rour

tre
trasp
Vi — \ o /_;
ik — X \_
tesH tep tRsH
terp TRCD tep trugp
teas teas tcal
Vi — P \ N, \ P s 3 \"Lj"
V"_ Y 4 \ 1V \-k / \
traL
. t
tasg, | It tasc, tean | | tasg CAH tasq | | tean
V;H 7 D o “+ R -+ B
ROW coL.1 coL.2 COL.N
ViL 7 N 7 . -~ 7
RAD tRRH
t treH tres treH t
RCS "4_ 1 | Cs RCH
VIH ‘ | %
VL teac teac teac
tan tan taa
¥
trac tepa tepa
VoH— a a
v Dour 1 Dour 2 Dout N
oL —
t
Lz Jorr | 1 1 daz torr | i Lok

: "H" or “L"




TC514100APL/AJL/ASJL/AZL-60

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

A0~A10

Din

trp

trasp < >
WO N
Vi — “N \ 2
. tpc trsH
tenp trcp e | tep
tcas teas [T teas |
Vi = N NN
ViL ""_/ \1 A \ . \:
traL
tasr jw tasc tcan  tasc tcan Féss . tcaH
V;H -+ -+
Do WX 0O o Yo N
L I 7 7 ] -~ #
traD
= > twes tweH twcs tweH
twcs tweH twp m
. m - % % W
Vi
: v :
tos toH tps tou tos toH
Viy —— - s N
Dy 1 @4 Dy 2 Din N
Vu_ Z . n
Von—
OPEN
VoL —
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TC514100APL/AJL/ASJL/AZL-60

iIFAST PAGE MODE READ-MODIFY-WRITE CYCLE

trp
) trasp R
Vi —=
FAS N
Vik — -~ A
tesy tpRMW tRsH
tere tRCD tcp tcp
tcas tcas > teas
X ViH ——F \ +# 5 \ /
w—/ N N N
traL
tasr, traH,  tasc tcan tasc tean Tasc| [tean
VIH —+ B <+
AO~A10 ROW @@( coL.1 coL.2 }@( CcoLN
V||_ — X A N A
traD tcwp, tew tewt
> | 2| L
2res, tewo pwol tcpwp) trw
hanp o S
Vi CWL T N
WRITE lawp, / \ l/ \
H ltwe
toH
/ .
teiz teuz taz ‘
teag teac, teac, |
|
VoH— W\ 4 ' s .\ J—
Dour v ‘Eour 1 Doyt 2 Dour N
oL— 7 —|-.1 '\'_-l—.f' 7
taa tan tan lore |
tRAC "tcea ’ tcpa !
Yore Yorr

D o v
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RAS ONLY REFRESH CYCLE

C .
ViH — g R,
ke V:: - \'* / \—_
!

RPC |

Lere
o3 Vi — b d " \—/
ViL ——/

s TDX - X

% R
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CAS BEFORE RAS REFRESH CYCLE

tre
— '
tras

Vih — P
RAS \

Vi — X

_tRPC
tcp 1 Lesr

=~ N\

,_twre twRH
4

s a4

torr

l

Vor—e A

Note: A0~A10= “H”" or “L”

% : "H" or "L
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HIDDEN REFRESH CYCLE (READ)

g
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HIDDEN REFRESH CYCLE (WRITE)

- N M,./ NV
B
= ‘a0

% : "H" or “L”
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TC514100APL/AJL/ASJL/AZL-60

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

Vin N
RAS
iL — \

I

tep
t I
CSR tour |
e Vi — "\
AS Vig = - T

t.é&

/

Al

EEEEEEEEE

P

y,

tore

DATA - OUT

—

e
-~
tcz
=2
tres teac

1RRH |

OPEN

R

tawL

tow

tore

Ve

DATA - QUT

}__.___

towt |
1]

tRwy

¢

Is

o 4
¢ taa
I
‘R_P’ WRH tawp
. Vig =
WRITE v —l
* tRCs
| i |

tewp
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WRITE, CAS BEFORE RAS REFRESH CYCLE

Sl s C— N
el
o " EEEE Yy @

% OPEN

Note: Din, A0O~A10= “H" or “L”

: "H" or "L"
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TC514100APL/AJL/ASJL/AZL-60

TEST MODE

The TC514100APL/AJL/ASJL/AZL 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. Ajgr, and Agc are not used. If, upon reading, all bits equal (all “1”s or “0"s),
the data output pin indicates a “1”. If any of the bits differed, the data output pin would indicate a “0".
Fig.1 shows the block diagram of TC514100APL/AJL/ASJL/AZL. In “Test Mode”, the 4M DRAM can be
tested as if it were a 512K DRAM.

“WRITE, CAS Before RAS Refresh Cycle” puts the device into “Test Mode”. And “CAS Before RAS
Refresh Cycle” or “RAS Only Refresh Cycle” puts it back into “Normal Mode”. In the Test Mode,
“WRITE, CAS Before RAS Refresh Cycle” Performs the refresh operation with the internal refresh
address counter. The “Test Mode” function reduces test times(1/8 in case of N test pattern).
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BLOCK DIAGRAM IN THE TEST MODE

Ator, Atoc, Aoc
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i} jo il >
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Forom Arocs Aoe |
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il [ omij m

-
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4,194,304 WORD x 1 BIT DYNAMIC RAM

DESCRIPTION

PRELIMINARY

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

Multiplexed address inputs permit the TC514100AP/AJ/ASJ/AZ to be packaged in a standard 18 pin
plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package size provides high
system bit densities and is compatible with widely available automated testing and insertion
equipment. System oriented features include single power supply of 5V10% tolerance, direct
interfacing capability with high performance logic families such as Schottky TTL.

FEATURES

® 4,194,304 word by 1bit organization
e TFast access time and cycle time

TC514100AP/AJ/ASI/AZ - 70/80/10
trac RAS Access Time 70ns 80ns 100ns
taa Column Address

Access Time 35ns 40ns 50ns
tcac CAS Access Time 20ns 20ns . 25ns
tec  Cycle Time 130ns 150ns 180ns
tpc Fast Page Mode

Cycle Time 45ns SO0ns 60ns

® Single power supply of 5V£10%
with a built-in Vpg generator

PIN_NAMES

I\0~A 10| Address Inputs WRITE |Read/Write Input
RAS |Row Address Strobe Vee |[Power (+5V)
Dy |Data In Vss  |Ground
Doyr |Data Out N.C. |No Connection
CAS |Column Address Strobe

PIN CONNECTION (TOP VIEW)

Plastic DIP Plastic SOJ Plastic 2IP

1
i

'
1
S

STATRTS
WS

"
i
£

1z

A10

)

H
3

ll':l
>
4

1z

HaHh
>
s

¢ Low Power
550mW MAX. Operating
(TC514100AP/AJ/ASI/AZ ~-170)
468mW MAX. Operating
(TC514100AP/AJ/ASJ/AZ —-80)
413mW MAX. Operating
(TC514100AP/AJ/ASJ/AZ —10)
5.5mW MAX. Standby
® Outputs unlatched at cycle end allows two-
dimensional chip selection
¢ Common VO capability using “EARLY
WRITE” operation
e Read-Modify-Write, CAS before RAS refresh,
RAS-only refresh, Hidden refresh, Fast Page
Mode and Test Mode capability
o All inputs and outputs TTL compatible
1024 refresh cycles/16ms
® Package  TC514100AP : DIP18-P-300E
TC514100AJ : SOJ26-P-350
TC514100ASJ : SOJ26-P-300A
TC514100AZ : ZIP20-P-400A

BLOCK DIAGRAM

WRITE
o % l DATA IN <o Ow

BUFFER
NO.2 CLOCK
SENERATOR 1= I.__, DATA OUT o Doyr
BUFFER
wr
COLUMN |
A0 O ADDRESS u> ;EO:;&:
Al O BUFFERS (11) J ;
A2 O+ REFRESH SENSE AMP,
A3 O] CONTROLLER 1/Q_GATING
A4 O ---4096 -~
A5 O REFRESH
NTER (1
AG O COUNTER (10) -
Ao ¥ 3 a MEMORY
A8 O] S ARRAY
A9 O ROW FIera = o
A10 O> ADDRESS 3
BUFFERS (11)
SUBSTRATE BIAS <O Ve
RAS 0—> GENERATOR [0 v




TC514100AP/AJ/ASJ/AZ—70, TC514100AP/AJ/ASJ/AZ—80
TC514100AP/AJ/ASJ/AZ-10

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES
Input Voltage Vin ~-1~7 v 1
Output Voltage Vout -1~7 \ 1
Power Supply Voltage Vee -1~7 \ 1
Operating Temperature Torr 0~70 °C 1
Storage Temperature Tste ~55~150 °C 1
Soldering Temperature - Time TsoLDER 260-10 °C-sec 1
Power Dissipation Po 700 mwW 1
Short Circuit Output Current lout 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta =0~70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES
Vee Supply Voltage 4.5 5.0 5.5 \ 2
Vi Input High Voltage 2.4 - 6.5 v 2
Vi Input Low Voltage -1.0 - 0.8 2

A-94




TC514100AP/AJ/ASJ/AZ-70, TC514100AP/AJ/ASJ/AZ—80
TC514100AP/AJ/ASJ/AZ-10

DC ELECTRICAL CHARACTERISTICS (Vcc =5V +10%, Ta=0~70%)

SYMBOL PARAMETER MIN. MAX. | UNITS | NOTES

OPERATING CURRENT TC514100AP/AJ/ASJIAZ-70 - 100 34

[<4] Average Power Supply Operating Current TC514100AP/AJ/ASI/AZ-80 - 85 mA
(RAS, TAS, Address Cycling: trc=tac MIN. ) TCS18100AP/AJIASIAZ-10 | - 75 5
STANDBY CURRENT

lcc2 Power Supply Standby Current - 2 mA
(RAS = CAS = Vi)
RAS ONLY REFRESH CURRENT TC514100AP/AJASAZ-70 - 100

lecs Average Power Supply Current, RAS Only Mode | TCs14100aP/ANASIAZ.80 - 85 mA 3,5
(RAS Cycling, CAS=Viy: tac=trc MIN. ) TCS14100APIANASIAZA0 | = 75
FAST PAGE MODE CURRENT TC514100AP/AJ/AS)AZ-70 - 60 34

lcca Average Power Supply Current, Fast Page Mode | TC514100AP/AJAS)/AZ-80 - 50 mA
(RAS = vy, TAS, Address Cycling: tpc=tpc MIN. ) | ycs1at00apianasyaz-10 - 45 3
STANDBY CURRENT

lees Power Supply Standby Current - 1 mA
(RAS =TAS = Ve - 0.2V)
TAS BEFORE RAS REFRESH CURRENT TCS14100AP/AJASIIAZ-70 - 100

lcce Average Power Supply Current, CTAS Before RAS | TC514100AP/A/ASIAZ-80 - 85 mA 35
Mode (RAS, TAS Cycling: tre =trc MIN. ) TC514100AP/ANASIIAZ-10 - 75
INPUT LEAKAGE CURRENT

[IY0) Input Leakage Current, any input -10 10 pA
(OVSV|y=6.5V, All Other Pins Not Under Test=0QV)
QUTPUT LEAKAGE CURRENT

low . -10 10 pA
(Douyr is disabled, OVS Voyr=5.5V)
OUTPUT LEVEL

Vou e 2.4 - v
Output “H” ‘Level Voltage (loyr = -~ 5mA)

v OUTPUT LEVEL 04 v

Ot | Output “L" Level Voltage (Iour = 4.2mA) - ’
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TC514100AP/AJ/ASJ/AZ—70, TC514100AP/AJ/ASJ/AZ-80

- TC514100AP/AJ/ASJ/AZ—10

ELEC'!;R|CAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Vcc =5V £ 10%, Ta=0~70°c)(Notes 6, 7, 8)

TC514100AP/ TC514100AP/ v TC514100AP/
SYMBOL PARAMETER AJIASIIAZ-70 AJIASI/IAZ-80 AJIASIAZ-10 uNIT | NOTES
MIN. MAX. MIN, MAX. MIN. MAX.

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

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

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

toaw Zz;s(tleP;g:eMode Read-Modify-Write 70 _ 75 _ 90 _ s

tRAC Access Time from RAS - 70| - 80| - 100{ ns 9'15“
teac Access Time from CAS - 20| - 20| - 25| ns | 9, 14
taAa Access Time from Column Address - 35 - 40 - S0| ns 9, 15
tcea Access Time from CAS Precharge - 40 - 45 - 55| ns 9
tewz TAS to Output in Low-Z 0 - 0 - 0 - ns 9
torr Output Buffer Turn-off Delay 0 20 0 20 0 20 ns 10
ty Transition Time (Rise and Fall) 3 50 3 S0 3 50} ns 8
trp RAS Precharge Time 50 - 60 - 70 - ns

trAS RAS Pulse Width 70 10,000 80 10,000 100 10,000 ns

trRASP RAS Pulse Width (Fast Page Mode) 70| 200,000 80| 200,000| 100| 200,000} ns

trsH RAS Hold Time 20 - 20 - 25 - ns

tancp ??:tl-:’zlgd;mz eF)rom CAS Precharge 40 _ 45 _ 55 . ns

tesH CTAS Hold Time 70 - 80 - 100 - ns

tcas TAS Pulse Width 20 10,000 20 10,000 25 10,000 | ns

trep RAS to CAS Delay Time 20 50 20 60 25 75| ns 14
traD RAS to Column Address Delay Time 15 35 15 40 20 50| ns 15
tcrp TAS to RAS Precharge Time 5 - [ - 10 - ns

tep CAS Precharge Time 10 - 10 - 10 - ns

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

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

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

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

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

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

treH Read Command Hold Time [} - 0 - 0 - ns 11
tann ?:akgixgommand Hold Time referenced 0 - 0 _ 0 - ns "
twen Write Command Hold Time 15 - 15 - 20 - ns
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TC514100AP/AJ/ASJ/AZ—70, TC514100AP/AJ/ASJ/AZ—80
TC514100AP/AJ/ASJ/AZ—10

ELECTRICAL CHARACTGERISTICS AND RECOMMENDED_AC OPERATING CONDITIONS
(Continued)

TC514100AP/ TCS14100AP/ v TC514100AP/ .
SYMBOL PARAMETER AJASIAZ-T0 AJASIIAZ-80 AUASIAZ-10 |yl noTes
» MIN. MAX. MIN. MAX. MIN. MAX.
twe Write Command Pulse Width 15 - 15 - 20 - ns
tRWL Write Command to RAS Lead Time 20 - 20 - 25 - ns
tewt Write Command to TAS Lead Time 20 - 20 - 25 - ns
tos Data Set-Up Time . 0 - 0 - 0 C - ns 12
toM Data Hold Time 15 - 15 - 20 - ns 12
trer Refresh Period - 16 - 16 - 16| ms
twes Write Command Set-UP Time 0 - 0 - 0 - ns 13
tewo TAS to WRITE Delay Time 20 - 20 - .25 - ns 13
tRWO RAS to WRITE Delay Time 70 - 80 - 100 - ns 13
tawD Column Address to WRITE Delay Time 35 - 40 - 50 - ns 13
tepwo TAS Precharge to WRITE Delay Time 40 - a5 - 55 - ns 13
tesn TAS Set-Up Time s _ s _ s _ ns
(CAS before RAS Cycle)
teHR TS Hold Time 15 - 15 - 20 - ns
(CAS before RAS Cycle)
treC RAZ to TAS Precharge Time 0 - 0 - 0 - ns ‘
oot TAS Precharge Time 0 _ o _ 50 _ ns ;
(CAS before RAS Counter Test Cycle) i
tars Write Command Set-Up Time 10 _ 10 _ 10 _ s
(Test Mode In) i
twm Write Command Hold Time 10. _ 10 - 10 _ ns
(Test Mode In)
twap WRITE to RAS Precharge Time 10 _ 10 _ 10 - ns
(CAS before RAS Cycle)
e WRITE to RAS Hold Time 10 _ 10 _ 10 _ ns
(CAS before RAS Cycle)
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TC514100AP/AJ/ASJ/AZ—70, TC514100AP/AJ/ASJ/AZ—80

TC514100AP/AJ/ASJ/AZ-10

ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN

THE TEST MODE

(Vce =5V +10%, Ta=0~70°C) (Notes 6, 7, 8)

TCS514100AP/ TC514100AP/ TC514100AP/
SYMBOL PARAMETER AJIASIIAZ-T0 AJIASIIAZ-80 AJIASIAZ-10 uUNIT| NOTES
MIN. MAX. MIN. MAX. MIN. MAX.
tre Random Read Write Cycle Time 135 - 155 - 185 - ns
tamw Read-Modify-Write Cycle Time 160 - 180 - 215 -
tee Fast Page Mode Cycle Time 50 - 55 - 65 - ns
tomay ;::,te:-?,iee Mode Read-Modify-Write 75 _ 80 _ 95 _ ns 13
tRAC Access Time from RAS - 75| - 85| - 105 ns 9";4'
teac Access Time from TAS - 25| - 25| - 30 ns | 9,14
taa Access Time from Column Address - 40 - 45 - 551 ns 9,15
tcpa Access Time from CAS Precharge - 45| - 50| - 60| ns 9
trAS RAS Pulse Width " 75 10,000 85 10,000 105 10,000( ns
trasP RAS Pulse Width (Fast Page Mode) 75 200,000 85 200,000 105 200,000 | ns
tRsH RAS Hold Time 25 - 25 - 30 - ns
tesH CAS Hold Time 75 - 85 - 105 - ns
tRHCP TAS Prechrge to RAS Hold Time 45 - 50 - 60 - ns
teas CAS Pulse Width 25 10,000 25 10,000 30 10,000{ ns
tRAL Column Address to RAS Lead Time 40 - 45 - 55 - ns
tewo TAS to WRITE Delay Time 25 - 25 - 30 - ns 13
tRWD RAS to WRITE Delay Time 75 - 85 - 105 - ns 13
tAwD Column Address to WRITE Delay Time 40 - 45 - 55 - ns 13
tepwo TAS Precharge to WRITE Delay Time 45 - 50 - 60 - ns 13
CAPACITANCE (Vcc =5V £ 10%, f = 1MHz, Ta =0~70°C)

SYMBOL PARAMETER MIN. MAX. UNIT

Cy Input Capacitance (AO~A10, Din) - S

[« Input Capacitance (RAS, TAS, WRITE) - 7 pF

Co Output Capacitance (Doyr) - 7
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TC514100AP/AJ/ASJ/AZ—70, TC514100AP/AJ/ASJ/AZ—80
TC514100AP/AJ/ASJ/AZ-10

NOTES:

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent
damage to the device.

All voltages are referenced to Vgs.

Icct, Iecs, Iccd, Icce depend on cycle rate.

Icci, Icc4 depend on output loading. Specified values are obtained with the output open.
Column address can be changed once or less While RAS=Vjy, and CAS=Vyj.

IS o

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

7. AC measurements assume t17=>5ns.

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

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

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

11. Either trcy or trRrH 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 tcpwp are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only. If twcs2 twcs (min.), the cycle is an early
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle;
If tRwD= trwp (min.), tcwpZ tcwp (min.), tAwWD= tawp (min.) and tcpwp= tcpwp (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 trcp (max.) limit insures that tRac (max.) can be met.
trcp (max.) is specified as a reference point only: If trcp is greater than the specified trcp (max.)
limit, then access time is controlled by tcac.

15. Operation within the tRap (max.) limit insures that tRac (max.)can be met.
tRAD (max.) is specified as a reference point only: If tRap is greater than the specified trap (max.)
limit, then access time is controlled by taA.




TC514100AP/AJ/ASJ/AZ—-70, TC514100AP/AJ/ASJ/AZ—80

TC514100AP/AJ/ASJ/AZ-10

TIMING WAVEFORMS
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TC514100AP/AJ/ASJ/AZ—70, TC514100AP/AJ/ASJ/AZ—80
TC514100AP/AJ/ASJ/AZ-10

WRITE CYCLE (EARLY WRITE)

| N
zcip_t’ < tesn ‘c:ﬂ* I&L..

- N L

o N o

% : "H" or "L”
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TC514100AP/AJ/ASJ/AZ—70, TC514100AP/AJ/ASJ/AZ—80
TC514100AP/AJ/ASJ/AZ—10

READ-MODIFY-WRITE CYCLE

_ N
Bl el e
R | e
e o
e aa

b tap
l

4 A
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Tyl

% ¢ "H" or "L"
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TC514100AP/AJ/ASJ/AZ-T70, TC514100AP/AJ/ASJ/AZ—80
TC514100AP/AJ/ASJ/AZ-10

FAST PAGE MODE READ CYCLE

trp ‘
trasp | |
ViH —— 1 V4
RAS N = //
V||_ — *x
tesH . tcp ) tRsH
terp TRCD tcp tRHCP
tcas i teas t
Vi — P e, - CAS
TAS / % \ \
ViL — X 3
trRAL
t t,
tasg, | itBap  tasc lean ] | tasg tean, fasq | 1 Tean
Vin y 3 Vd v 3
A0~A10 ROW coL.t coL.2 COLN
Vi ~ N B
RAD tRRH
tRes | tred |, JftResf teed | Hftacs | trch |
Vi
WRI
Vie tcac tcac teac
tan | tan tan
trac _tepa _ tepa
VoH— L '3 .4.
Dour v Dour 1 Dour 2 >— Dout N)———
oL 1 I B
taz Jore | 1|t | Jore | | |toz I Lork,

: “H" or "L"
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TC514100AP/AJ/ASJ/AZ—70, TC514100AP/AJ/ASJ/AZ—80
TC514100AP/AJ/ASJ/AZ—10

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trp
trasp |<—-—->|
Vi —
RS /
V||_ — \'k \_
tpc _trsH
gnpl tReo teas | teas e ) tens
Vi —
ViL — X, X A N b
traL
task tran  tasc tean  tasc tean, Casc fcan
Vin P4 P d B +#
AO~ATO _/ ROW coL.1 coL.2 | CoLN
[ -~ I~ T
I trap
-~ twes twen twes tweH
v Itwcs twcml “twe | twe |
o+ G 7\
It
tos ton ' tos toH tos tou
Vin —2
Diy Din 1 Dy 2 Dy N
Vi -
Vou—
Dour OPEN
VoL—

: “H" or "L
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TC514100AP/AJ/ASJ/AZ—70, TC514100AP/AJ/ASJ/AZ—80
TC514100AP/AJ/ASJ/AZ-10

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

tep
trasP ]
Vi —t -
=N \
tesH termw tRsH :
tere trep tep tep
Vi ] teas L__a' teas tcas
ViL — X A N 3
tRAL
tasr, tran,  tasc tcan tasc tcan Tasc| [tcar
Viu p L —Ll
A0~A10 / ROW >@§ coL.1 coL.2 COL.N
V|L — N -~
trao ) ftewo, tewi tewe
_!R_csi tewo cPwol tom tcpwp SRwil |
tewe
ViH —
o G TN T
Vie trwo oA
Tos [ [twe tawp ton | | tawp fwe
toH 1p 1 1o, DH
Vig / —\ 4
Din m /// Din 2 DN
Va D // N NN )
toz ez touz
...rL
teag ItCAr_ ItCAc_
Vo— ¥ N £ L e
Dour Vo— Dour 1 \ Dour 2 § { Pour N :
tan ! - taa ! . tad F :
tRAC CPA PA ‘
Yore Yorr |

: “H" or “L”
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TC514100AP/AJ/ASJ/AZ-70, TC514100AP/AJ/ASJ/AZ—80
TC514100AP/AJ/ASJ/AZ—-10

RAS ONLY REFRESH CYCLE

re
tap
Vg — 4
w N /! \_
W — 1 .
lﬁS’l’L <X |

=/ N/
s K Y

OPEN

% t "H" or "L"

Note: WRITE, A10="H" or "L"
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TC514100AP/AJ/ASJ/AZ—70, TC514100AP/AJ/ASJ/AZ—80
TC514100AP/AJ/ASJ/AZ—-10

|

CAS BEFORE RAS REFRESH CYCLE

_tRe

R
tras . |

wt AN AL
o= N\
— =

Vor— K
4

Vot A

OPEN

% ¢ "H" or "L




TC514100AP/AJ/ASJ/AZ—70, TC514100AP/AJ/ASJ/AZ—80
TC514100AP/AJ/ASJ/AZ—-10

HIDDEN REFRESH CYCLE (READ

=" NV
i s I %
o B | |
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TC514100AP/AJ/ASJ/AZ—70, TC514100AP/AJ/ASJ/AZ-80
TC514100AP/AJ/ASJ/AZ-10

HIDDEN REFRESH CYCLE (WRITE

tre
JIRP
tras tRAs
TN \
RAS
ViL X P4 A

_ i /
" L T
o DN o W

o 0K > X

% t "H" or "L"



TC514100AP/AJ/ASJ/AZ—-70, TC514100AP/AJ/ASJ/AZ—80
TC514100AP/AJ/ASJ/AZ-10

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

R

1
Vig — oy Al trsH
o N /]
T,
— licii L ton ] fous 1
H \ /
o Vi — T
ﬁg_sg tcan )

Vin P
Vi X
READ CYCLE ‘ tan
Vou— P N
Dour OPEN DATA.- OUT >———-—'
VoL — T 7
, 2
twre tr teac LI
Vin

trwi

trﬁi M ~ o towy
- an =

tcac 4
READ-MODIFY WRITE CYCLE X 25
’ Von— £ N
Dour OPEN DATA-OUT >-————
VoL — X
taa Tewt | |
t wid tawp trRwi :

L}
Vin —
WRITE v \_
it tRes
| |
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TC514100AP/AJ/ASJ/AZ—-T70, TC514100AP/AJ/ASJ/AZ—80

TC514100AP/AJ/ASJ/AZ—10

WRITE, CAS BEFORE RAS REFRESH CYCLE

e
2T N

Note: Dy, AO~A10= "H" or “L”

: "H" or “L*
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TC514100AP/AJ/ASJ/AZ—70, TC514100AP/AJ/ASJ/AZ—80
TC514100AP/AJ/ASJ/AZ—10

TEST MODE

The TC514100AP/AJ/ASJ/AZ is the RAM organized 4,194,304 words by 1 bits, it is internally
organized 524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and
retrieved the same way. Aj1oR, A10c and Agc are not used. If, upon reading, all bits equal (all “1”s or
“0"s), the data output pin indicates a“l”. If any of the bits differed, the data output pin would indicate

a“0". Fig.1 shows the block diagram of TC514100AP/AJ/ASJ/AZ. In “Test Mode”, the 4M DRAM can be
tested as if it were a 512K DRAM.

“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(1/8 in case of N test pattern).
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TC514100AP/AJ/ASJ/AZ—-70, TC514100AP/AJ/ASJ/AZ—80
TC514100AP/AJ/ASJ/AZ—10

BLOCK DiAGRAM IN THE TEST MODE

Vocc
Aior, Aroc, Aoc

—
P —
P ——
——
————
—— |
Normal
Aqgr. Arge. A A
20X 0% 512K block [ ‘
A

e L
[ Apoe e[k block Iji

Aror. Aroc: Aoc

Dout

Asgr. Arac Aoc
Test —-O\O-——I 512K block i___
ot

Normal T‘.A L A

-—1'—<>'°‘\¢>——-l°° 512K block [
Aron Aroc Age
Lonfgne Bo 512K block

e m gl jo Al N

Test

Rrom Avoc,
R Bpoe foc [0k block [F'" o IC

Avon Avoc. Aac_ Normal
S12K block A1ors Aroc, Aoc ‘
e,
\ \
/4

Il T o] &

Fig. 1
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4,194,304 WORD x 1 BIT DYNAMIC RAM PREL'MINARY

DESCRIPTION

The TC514100APL/AJL/ASJL/AZL is the new generation dynamic RAM organized 4,194,304 words by
1 bit. The TC514100APL/AJL/ASJL/AZL 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 TC514100APL/AJL/ASJL/AZL to be packaged in a
standard 18 pin plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20°'pin plastic ZIP. The package
size provides high system bit densities and is compatible with widely available automated testing and
insertion equipment, System oriented features include single power supply of 5V110% tolerance, direct
interfacing capability with high performance logic families such as Schottky TTL.

FEATURES
® 4,194,304 word by 1bit organization ® Low Power
@ Fast access time and cycle time 550mW MAX. Operating
TC514100APUAJUASIUAZL - (TC514100APIL/AJL/ASJL/AZL —-70)
70/80/10 468mW MAX. Operating
trac RAS Access Time 70ns 80ns 100ns (TC514100APL/AJL/ASJL/AZL ~80)
taa Column Address 35ns pren sons 413mW MAX. Operating
Access Time (TC514100APL/AJL/ASJL/AZL —-10)
teac CAS Access Time 20ns 20ns 25ns 1.1mW MAX. Standby
tac Cycle Time 130ns 150ns 180ns |® Outputs unlatched- at cycle end allows two-
toc  Fast Page Mode P <o 60 dimensional chip selection )
Cycle Time ns ns " | Common U/O capability using “EARLY
¢ Single power supply of §V+10% ‘WRITE" operation
with a built-in Vg generator ® Read-Modify-Write, CAS before RAS refresh,
RAS-only refresh, Hidden refresh, Fast Page
PIN NAMES Mode and Test Mode capability
=2 - . A .
A0~A 10| Address Inputs WRITE |Read/Write Input ° 11%12 inxi‘fl‘xt':s;ngy:;?rzg L compatible
RAS |Row Address Strobe Ve [Power (+5V) e Package TC514100APL : DIP18-P-300E
Dy _|Data in Vss |Ground TC514100AJL : SOJ26-P-350
Doyt |Data Out N.C. |No Connection TC514100ASJL: SOJ26-P-300A
TAS [Column Address Strobe TC514400AZL : ZIP20-P-400A
PIN_CONNECTION (TOP_VIEW) BLOCK DIAGRAM

wm;:-_j;C L"wT[«ODw

I BUFFER
Plastic DIP Plastic SO Plastic 2IP NO.2 CLOCK 4
GENERATOR  |~— I___.

DATA OUT O Dour
BUFFER
v
COLUMN |
A0 O ADDRESS Ty COLUmN
Al Ol BUFFERS (11) _J 1%| pecooer
A2 O— ["erresn SENSE AMP.
A3 0— CONTROLLER VO GATING
A4 O— .=v4096 -~
e
a6 o) COUNTER (9) -
:; g: o MEMORY
o ARRAY
A9 O— ROW v
o] ADDRESS
At BUFFERS (11) e
SUBSTRATE BIAS =0 Vcc
RAS O—| GENERATOR __|=-O vy,
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TC514100APL/AJL/ASJL/AZL-70, TC514100APL/AJL/ASJL/AZL—80
TC514100APL/AJL/ASJL/AZL-10

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES
Input Voltage Vin -1~7 v 1
Output Voltage Vour - 1~7 v 1
Power Supply Voltage Vee . -1~7 \ 1
Operating Temperature Torr . 0~76‘ °C 1
Storage Temperature TstG - 55~150 °C 1
Soldering Temperature - Time TsoLoer 260-10 °C-sec 1
Power Dis;ipation Po 700 mwW 1
Short Circuit Output Current lout 50 < mA 1

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES
Vee Supply Voltage 4.5 5.0 5.5 \ 2
ViH Input High Voltage 24 - 6.5 v 2
Vi Input Low Voltage -1.0 - 0.8 \Y 2

A-116



TC514100APL/AJL/ASJL/AZL-70, TC514100APL/AJL/ASJL/AZL-80
TC514100APL/AJL/ASJL/AZL-10

DC ELECTRICAL CHARACTERISTICS (Vcc =5Vt 10%, Ta=0~70%) 1

SYMBOL PARAMETER MIN. MAX. | UNITS | NOTES
OPERATING CURRENT TCS 14100APUAJUASIUAZL-T0) - 100 3,4
leey Average Power Supply Operating Current TC514100APUAJUASIUAZL-80]  — 85 mA
(RAS, TAS, Address Cycling: trc=tgc MIN. ) TCS14100APLAIUASIVAZL10] = 75 5
STANDBY CURRENT
lec2 Power Supply Standby Current - 2 mA
(RAS =TAS = Vi)
RAS ONLY REFRESH CURRENT TCS14100APUAILASIUAZLTOl = 100
Icca Average Power Supply Current, RAS Only Mode [rc514100APUAILUASIUAZL80] - 85 mA 35
(RAS Cycling, TAS=Viu: tac=tac MIN. ) TC514100APUAIUASIUAZL10[ =~ 75
FAST PAGE MODE CURRENT TC514100APLUAIUASIUAZL-TO| = 70 3,4
lcca | Average Power Supply Current, Fast Page Mode |TC514100APUAILASIUAZL-B0] = 60 mA
(RAS =V, TAS, Address Cycling: toc=tpc MIN. ) |rcsiarooarumiasivazito] - 55 5

STANDBY CURRENT
lecs Power Supply Standby Current - 200 pA
(RAS = TAS = Ve - 0.2V)

TAS BEFORE RAS REFRESH CURRENT TCS14100APUAIUASIUAZLTOl  ~ 100
lccs | Average Power Supply Current, TAS Before RAS [rcs14100aPUAIUASIUAZL-80]  — 85 mA, 35
Mode (RAS, TAS Cycling: tac=tac MIN. ) resiarooaruaasiuazLI0] 75

Battery Back Up Current

Average power Supply Current, Battery Back Up Mode |

lccy | (CAS=TAS Before RAS Cycling or 0.2V, WRITE = V¢c- 0.2V - 400 pA 3,6 i
A0~10=Vec-0.2V or 0.2V, Diy=Vcc-0.2V, 0.2V or OPEN: ‘

tre = 1251, tras =300ns ~ 1ps)

Battery Back Up Current

Average power Supply Current, Battery Back Up Mode
lecr (CAS = TAS Before RAS Cycling or 0.2V, WRITE = V¢ - 0.2V - 300 pA 3,6
A0~10=Vcc~0.2V or 0.2V, Dy =Vec-0.2V, 0.2V or OPEN;
tre = 1255, tras = trag MIN ~300ns)

INPUT LEAKAGE CURRENT
hw Input Leakage Current, any input -10 10 pA
(OVS VNS 6.5V, All Other Pins Not Under Test=0V)

OUTPUT LEAKAGE CURRENT

! -
OW 1 (Dour is disabled, OVS Vour S 5.5V) 104 10 A
v OUTPUT LEVEL ‘
O 1 Output “H* Level Voltage (loyr = - 5SmA) 24 - v |
|
OUTPUT LEVEL
VoL

Output “L" Level Voltage (loyr = 4.2mA) - 0.4 v
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TC514100APL/AJL/ASJL/AZL-70, TC514100APL/AJ L/ASJ L/AZL-80
TC514100APL/AJL/ASJL/AZL-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Vec=5V+10%, Ta=0~70%)(Notes 7, 8, 9)

TC514100APY TCS14100APL TC514100APY
SYMBOL PARAMETER AJUASIUAZL-T0 | AJUASIUAZL-80 | AJUASIUAZL-10 | ynit | NOTES
MIN. MAX. MIN. MAX. MIN. MAX.

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

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

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

toraw gg::ig;eMode Réad-Modify—Wri\e 70 _ 75 _ 90 - hs

trac Access Time from RAS - 70| - 80| - 100 ns 101, ; 5
teac Access Time from TAS - 20| - 20{ - 25{ ns | 10,15
taa Access Time from Column Address - 35 - 40 - 50| ns | 10,16
tepa Access Time from TAS Precharge - 4] - 45| - 55| ns 10
taz TAS to Output in Low-Z 0 - 0 - 0 - ns 10
torr Qutput Buffer Turn-off Delay 0 20 0 20 0 20| ns 1
ty Transition Time (Rise and Fall) 3 50 3 50 3 50| ns 9
trp RAS Precharge Time 50 - 60 - 70 - ns

tras RAT Puise Width 70 10,000 80 10,000 | 100 10,000 | ns

trasP RAS Pulse Width (Fast Page Mode) 70| 200,000 80| 200,000 100} 200,000| ns

tRsH RAT Hold Time 20 - 20 - 25 - ns

tancr .(Rgft":’:l::mz eF)rom TAS Precharge P _ o _ ss - s

tesH TAT Hold Time 70 - 80 - 100 - ns

tcas TAS Pulse Width 20 10,000 20 10,000 25 10,000 ns

treo RAS to TAS Delay Time 20 50 20 . 60 25 75| ns 15
tRAD RAS to Column Address Delay Time 15 35 15 40 20 50| ns 16
tcre TAS to RAS Precharge Time [ - 5 - 10 - ns

tcp TAS Precharge Time 10 - 10 - 10 - ns

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

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

tasc Column Address Set-Up Time [} - 0 - 0 - ns

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

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

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

theH Read Comrﬁand Hold Time 0 - 0 - - ns 12

Read Command Hold Time referenced

tRRH to RAS 0 - 0 - 0 - ns 12
tweH V;ri\e Command Hold Time 15 - 15 - 20 - ns
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TC514100APL/AJL/ASJL/AZL-70, TC514100APL/AJL/ASJL/AZL—80
TC514100APL/AJL/ASJL/AZL-10

ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Continued) ) 1
TCS14100APY TC514100APY TCS14100APY
SYMBOL PARAMETER AJUASIUAZL-T0 | AJUASIUAZL-80 | AJUASIUAZLI0 |yirs| NoTes
MIN. MAX. MiIN. MAX. MIN. MAX.
twe Write Command Pulse Width 15 - 15 - 20 - ns
trRwL Write Command to RAS Lead Time 20 - 20 - 25 - ns
tewl Write Command to TAS Lead Time 20 - 20 - 25 - ns
tos Data Set-Up Time 0 - ol - 0 - ns 13
toH Data Hold Time 15 - 15 - 20 - ns 13
trer Refresh Period - 128 - 128 - 1281 ms
twes Write Command Set-UP Time 0 - 0 - 0 - ns 14
towp TAS to WRITE Delay Time 20 - 20 - 25 - ns 14
tawo RAS to WRITE Delay Time 70 - 80 - 100 - ns 14
tawp Column Address to WRITE Delay Time 35 - 40 - 50 - " ns 14
tcpwp | CAS Precharge to WRITE Delay Time 40 - 45 - . 55 - ns 14
tesn TAS Set-Up Time s - s _ s i ns
(CAS before RAS Cycle)
TCHR CAS Hold Time \ 15 - 15 - 20 - ns
(TAS before RAS Cycle)
trpc RAS to CAS Precharge Time 0 - 0 - 0 - ns
- TAS Precharge Time " . @ _ 50 - ns
(CAT before RAS Counter Test Cycle)
torrs Write Command Set-Up Time 10 _ 10 _ 10 - s
(Test Mode In) ’
twmn Write Command Hold Time 10 _ ol .- 10 _ ns
(Test Mode In)
twrp WRITE to RA3 Precharge Time 10 _ 10 _ 10 _ ns
(CAS before RAS Cycle)
twan WRITE to RAS Hold Time 10 - 10 _ 10 _ ns
(CAS before RAS Cycle)
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TC514100APL/AJL/ASJL/AZL-70, TC514100APL/AJ L/ASJ L/AZL-80
TC514100APL/AJL/ASJL/AZL-10

ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN

THE TEST MODE (Ve =5V + 10%, Ta = 0~70°C) (Notes 7,8, 9)
TC514100APY TC514100APY TC514100APY
SYMBOL PARAMETER AJUASIUAZLT0 | AJUASIUAZL80 | AJUASIUAZL-10 | virsl noTes
MIN. MAX. MIN. MAX. MIN. MAX,
tre Random Read Write Cycle Time 135 - 155 - 185 - ns
tamw Read-Modify-Write Cycle Time 165 - 180 - 215 - ns
tpc Fast Page Mode Cycle Time S0 - S5 - 65 - ns
o Z;:::;g,:eMOde Read-Modify-Write 75 _ 2 _ o5 _ ns 14
trac Access Time from RAS - 75| - 8s| - 105 ns 101,61 5
teac Access Time from CAS - 25| - 25| - 30| ns | 10,15
taa Access Time from Column Address - 40 - 45 - 55| ns | 10,16
tepa Access Time from CAS Precharge - . 4a5) - 50| - 60| ns 10
tras RAS Pulse Width 75 10,000 85 10,000 105 10,000 | ns
trasp RAS Pulse Width (Fast Page Mode) 75 200,000 85 200,000 105 200,000| ns
trH KAS Hold Time 5| - 5| - 0| - ns
tesn TAS Hold Time .75 - 85 - 105 - ns
tRHCP TAS Prechrge to RAS Hold Time 40 - 50 - 60 - ns
tcas TAS Pulse Width , 25 10,000 25 10,000 30 10,000 | ns
traL Column Address to RAS Lead Time 40 - as - 55 - ns
tewp TAS to WRITE Delay Time 25 - 25 - 30 - ns 14
trwo RAS to WRITE Delay Time 75 - 85 - 105 - ns 14
tawp Column Address to WRITE Delay Time 40 - 45 - 55 - ns 14
tepwp TAS Prechrge to WRITE Delay Time . 45 - 50| . - 60| . - ns 14
CAPACITANCE (Vcc =5V * 10%, f = 1MHz, Ta = 0~70°C)

SYMBOL PARAMETER MIN. MAX. UNIT

Ci Input Capacitance (AO~A10, Dyy) - 5

Ca - Input Capacitance (RAS, TAS, WRITE) - 7 pF

Co Output Capacitance (Doyr) . -
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TC514100APL/AJL/ASJL/AZL—-70, TC514100APL/AJL/ASJL/AZL—80
TC514100APL/AJL/ASJL/AZL-10

NOTES: i

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent !
damage to the device.

All voltages are referenced to Vss.

Iccl, Iees, Icca, Iccs, Icc? depend on cycle rate.

Icci, Iccs depend on output loading. Specified values are obtained with the output open.
Column address can be changed once or less While RAS=VyL, and CAS=Vih.

IS

tRAs (max.)=1ps is only applied to refresh of battery-back up. tras (max.)=10ps is applied to
functional operating.

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

8. AC measurements assume tT=>5ns.

9. Vg (min.) and Vi, (max.) are reference levels for measuring timing of input signals. Also,
transition times are measured between Vi and VL.

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

11. torr (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-write cycles. !

14. twcs, tRwD, tcwp, taAwD and tcpwp are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only. If twcs=twcs (min.), the cycle is an early
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle;
If tRwD = tRwD (min.), tocwp=tcwp (min.), taAwp=tawp (min.) and tcpwp=tcpwp (min.) (Fast Page
Mode), the cycle is a read-write cycle and the data out will contain data read from the selected
cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at access
time) is indeterminate.

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

16

Operation within the tRap (max.) limit insures that trac (max.) can be met.
tRAD (max.) is specified as a reference point only: If tRap is greater than the specified .tRAD (max.)
limit, then access time is controlled by tsa.
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TC514100APL/AJL/ASJL/AZL-70, TC514100APL/AJL/ASJL/AZL-80
TC514100APL/AJL/ASJL/AZL-10

TIMING WAVEFORMS

READ CYCLE
tgp
tras
ms N / N\
terp tRep - TRsH tegp
' 1
—_—- Vin — \ a5 / E
Vu.' ""——/ \ = /
trap tral l
tasR 1 SASL tcan !

o e TN YN o
e = Jmﬂ%

torr

||
Vou ik o

Dour OPEN @{ DATA-OUT >———
Voo™ -

: “H" or "L*
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TC514100APL/AJL/ASJL/AZL—-70, TC514100APL/AJL/ASJL/AZL—-80
TC514100APL/AJL/ASJL/AZL-10

WRITE CYCLE (EARLY WRITE) |

tre

- — N
c&’. i tc:j“ |<‘4a"_.
o T N
e \amias
o :W% o Y

: "H" or “L"
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TC514100APL/AJL/ASJL/AZL~70, TC514100APL/AJL/ASJL/AZL—-80
TC514100APL/AJL/ASJL/AZL-10

READ-MODIFY-WRITE CYCLE

——]

el | TR

g —— N A

e o

mzzrmy%%/% W =

DL % o

= =
N ae LO_F;|

Dour \\::: OPEN - @{ DATA- OUT }———
i |

A-124



TC514100APL/AJL/ASJL/AZL-70, TC514100APL/AJL/ASJL/AZL-80
TC514100APL/AJL/ASJL/AZL-10

FAST PAGE MODE READ CYCLE !

trp
v trasP
H = -
RAS tee Y%
V|L — -~ ‘
tesH tcp tRsH
tere TRCO tep R tRHCP
tcas teas )
I § N\ i \ a \M’
ViL — \ J/ \-t / \:
. traL

tas taa) tasc tean | | tasc tcan,” | tasq tean
Vi P ¥ -~
Ao~aT0 '%/ ROW >@< coL.1 @@( coL2 }@( coLn
1% X “~. «
RAD 1RRH
tacs | tReH |, ||tres tren R
] ]
Vin
o G
Vie teac

taa taa

Jeac
trac
Von— c N
Dour VoL — Dour 1 Oour 2 _>_ Oour N"?———
taz . ey | ol [Lore | LY [Lore, |

: “H" or “L”
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TC514100APL/AJL/ASJL/AZL—70, TC514100APL/AJL/ASJL/AZL-80
TC514100APL/AJL/ASJL/AZL-10

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

) p
trasp
ViH == N
&S N
Vi, =— X )

RSH
tcpe trcp teas | | tep teas - e teas
1
ViH x
Vi, '—"_/ \! \ \-
. traL
tasr tnA? tasc | tcan  tasc tean tasc fean
/ -k -~
AO~A10 ROW coL.1 coL.2 COL.N /
Vi I * -
traD
I twes twer twes twen
ltwcs twer twe twe_
t
WRITE Smne
L T
tos toH tos ton tos 1
Vi
VoM =——-
Dour OPEN
VoL —
“H* or "L*
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TC514100APL/AJL/ASJL/AZL—-70, TC514100APL/AJL/ASJL/AZL—-80
TC514100APL/AJL/ASJL/AZL—-10

FAST PAGE MODE READ-MODIFY.-WRITE CYCLE

tre }
trasP || i
Vi —
Vy -~
tesH toRMW_ trsH
Yerr trep tep [
v | tcas teas | teas
H Jr— i
o8 ViL — %k / \-r / \-c //
traL
S o

t t t, t, !
ASR RAH ASC tean X CAH tasc| [tcay

ViH —7 A ’e
A0~A10 % ROW }@g coL.1

s ¥
G )
N . - -
trap "<WD el towr
——— .

ViL —% .
tacs towol | cowdl | Hsewe | taw
— Vin —// P towe / g \
Viu tRwo Tos 11| [twe tawp tou | | tawo twe
phl | tos] f tos ftoH

v D) 1L (& e

. _JL_ |tz taz
teag C tea
VOH—' o3 - ~ N
Dour v Dour 1 Dour 2 Dour N
oL— b\ b of X b ol -

taa .l taa | tan FE
trac " _{tcpa . tcpa
YoFe lofe

: “H" or “L"
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TC514100APL/AJL/ASJL/AZL-T70, TC514100APL/AJL/ASJL/AZL-80
TC514100APL/AJL/ASJL/AZL—10

RAS ONLY REFRESH CYCLE

tre .
trp |
tras
Vi =
w N \__
w - i\
C th |

e N
B

OPEN

; “H" or “L"

Note: WRITE, A10=“H" or “L"
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TC514100APL/AJL/ASJL/AZL—-70, TC514100APL/AJL/ASJL/AZL—-80
TC514100APL/AJL/ASJL/AZL-10

CAS BEFORE RAS REFRESH CYCLE

trp
l<————>‘

tag
tr
Vig — A - p
RES /
ViL — -
trec
tep tesk

wt= NN\

twre

— N = =

} OPEN

(o] By S

Note: A0~Al1l0= “H” or “L”

% : "HY or "L*
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TC514100APL/AJL/ASJL/AZL-70, TC514100APL/AJL/ASJL/AZL—80
TC514100APL/AJL/ASJL/AZL-10

HIDDEN REFRESH CYCLE (READ

e Y I S
v - o
ool DO e T —
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TC514100APL/AJL/ASJL/AZL—-70, TC514100APL/AJL/ASJL/AZL-80
TC514100APL/AJL/ASJL/AZL-10

HIDDEN REFRESH CYCLE (WRITE)

ras

m TN N
e ==y
o

e === @
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TC514100APL/AJL/ASJL/AZL—70, TC514100APL/AJL/ASJL/AZL—80
TC514100APL/AJL/ASJL/AZL-10

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

tre
v N tras N
H K RsH "L
RAS vy — \ N ,4-/

O i | e —
e e

tral

READ CYCLE taa tore :

Von—- #

Dour v OPEN DATA-OUT i___
oL" T
2|
trﬁi twRrH I.‘_zn_gs. teac ‘RRﬂ l
Vin —727 S

WRITE v e treH

L

CY

Vo
D, OPEN
ouT Vo

tRwi
RP
- J!l towt

G || T

PEN
‘iNRP Rwi
S 1—»[ \
Vi —7
e |
* tres
«-—m—v *—tm-_..

% ¢ "HY or "L”
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TC514100APL/AJL/ASJL/AZL—-70, TC514100APL/AJL/ASJ L/AZL-80
TC514100APL/AJL/ASJL/AZL-10

WRITE, CAS BEFORE RAS REFRESH CYCLE

trg

trp

Wi TN A
'~ N\
-\ =

Vou— — N‘@

Dour OPEN

Vor—o A

Note: DN, A0~A10= “H" or “L”

: “H" or "L"




TC514100APL/AJL/ASJL/AZL—70, TC514100APL/AJL/ASJL/AZL-80
TC514100APL/AJL/ASJL/AZL-10

TEST MODE

The TC514100APL/AJL/ASJL/AZL 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. AjoRr, and Agc are not used. If, upon reading, all bits equal (all “1"s or “0"s),
the data output pin indicates a“1”. If any of the bits differed, the data output pin would indicate a “0”.
Fig.1 shows the block diagram of TC514100APL/AJL/ASJL/AZL. In “Test Mode”, the 4M DRAM can be
tested as if it were a 512K DRAM.

“WWRITE, CTAS 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(1/8 in case of N test pattern).
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TC514100APL/AJL/ASJL/AZL—70, TC514100APL/AJL/ASJL/AZL—80
TC514100APL/AJL/ASJL/AZL-10

BLOCK DIAGRAM IN THE TEST MODE

Aqore A10c Aoc

Il

Normal
Avor. Aoc

Lo eegse_L<12K block I

@i jo Bi} >

Ason Argcs Aoe 1101111 SO
[ fon e foc | 512K block } £

Ao Argcs A

o Gee 8o 512K block |
Alcn.&ToAu_
rest L gx 512K block
o Ot
[o] ==
jorma

N

1

1 BAron Arger
mal | R Ao foe_[s1a¢ block [
Bom Aroc Aog
[ Ruon e foc T2k block =

wl|hmln ol

Aion, Aracs Aoc Test

‘——-O\O—m;‘ = )\-—“:

Auor. Avac. Aoc Normal
——— $12K block Asor, A, Aac
E————-1
R————
—-—————-——°\,______

U ——-

i T ol &

Fig. 1
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NOTES



4,194,304 WORD x 1 BIT DYNAMIC RAM * This is advanced information and specifications
are subject to change without notice.

DESCRIPTION

The TC514101J/Z is the new generation dynamic RAM organized 4,194,304 words by 1
bit., The TC514101J/Z utilizes TOSHIBA's CMOS Silicon gate process technology as well
as advanced circuit techniques to provide wide operating maxgins, both internally and
to the system user. Multiplexed address inputs permit the TC514101J/Z to be packaged
in a standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size pro-
vides high system bit densities and is compatible with widely available automated
testing and insertion equipment. System oriented features include single power sup-
ply of 5V:10% tolerance, direct interfacing capability with high performance logic
families such as Schottky TTL.

FEATURES
» 4,194,304 word by 1 bit organization s Low power
» Fast access time and cycle time 578mW Operating (TC514101J3/2-80)
TC514101.3/2-80/-10 495mW Operating (TC514101J/2-10)
tRAC | RAS Access Time 80ns 100ns OS.SmW MAT. S;a:dby . 4 a1
+ Output unlatched at cylce end allows
tAA [C\g:é:x;rsx ﬁ;‘nzess 40ns 50ns two-dimensional chip selection
tcac| CAS Access Time|  20ms 25ns * Common I/0 capability using "EARLY
tpC | Cycle Time 150ns 180ns WRITE" operation -
tyc | Nibble Mode * Read-Modify-Write, CAS before RAS re-
Cycle Time 40ns 45ns fresh, RAS-only refresh, Hidden
refresh, Nibble Mode and Test Mode

« Single power supply of 5V+107% with a
built-in Vpp generator

PIN COMNECTION (TOP VIEW)

capability
* All inputs and output TTL compatible
» 1024 refresh cycles/l6ms

* Package Plastic SOJ: TC514101J
Plastic SOJ Plastic ZIP Plastic ZIP: TC514101Z
BLOCK DIAGRAM
WRITE
CAS o DIN
DOUT
A0 0—17) SDbNESs 11_) COLUMN
Al o— BUFFERS(11) 1=>{ DECODER
PIN NAMES A2 O— i —
REFRESH _ SENSE AMP,
AQ v A10 | Address Inputs ﬁ g: CONTROLLER /0 _GATE °
| RAS Row Address Strobe A5 00— -+~ 4096---
DIN Data In :g o—f
D Data Out b
ot 22 % A8 0— MEMORY
CAS Column Address Strobe A9 0— ROW
WRITE | Read/Write Input Al0o— ﬁ%g§%§301) Y
vee Power (+5V) 1
Vss Ground TS No.1 CLOCK —y
SUBSTRATE BIAS cc
N.C. No Connection SENERATOR —o Vss
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TC514101
TC514101

J/Z-80
J/Z2—-10

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTE
Input Voltage i VIN -1v7 v 1
Output Voltage Vour -1nv7 v 1
Power Supply Voltage Vee -1~ 7 A 1
Operating Temperature ) 1 Topr 0~ 70 °C 1
Storage Temperature - TSTG -554, 150 °C 1
Soldering Temperature * Time TSOLDER 260 * 10 °Cesec 1
Power Dissipation Pp - 600 mW 1
Short Circuit Output Current Tout 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=0~ 70°C)
SYMBOL PARAMETER MIN, TYP, MAX. UNIT NOTE
Vee Supply Voltage 4.5 5.0 5.5 v 2
Viy Input High Voltage 4 - 6.5 \J 2
Vi, Input Low Voltage -1.0 - 0.8 v 2
DC ELECTRICAL CHARACTERISTICS (Vge=5V10%, Ta=0" 70°C)
SYHBOL PARAMETER MIN.| MAX .| UNITS [NOTES
OPERATING CURRENT TC514101J./2-80| - |105
Iccl1  |Average Power Supply Operating Current mA |3,4,5
(RAS, TUAS, Address Cycling: tgc=tgrc MIN.) TC5141010/2-10] -~ | 90
STANDBY CURRENT
Icee Power Supply Standby Current - 2 | mA
(RAS=CAS=V1y)
.|RAS ONLY REFRESH CURRENT -
Icc3  |Average Power Supply Current, RAS Only Mode TC514101972780 105 mA | 3,5
(RAS Cycling, CAS=Viy: tgrc=tgrc MIN.) TC5141013/2z-10] ~ | 90
NIBBLE MODE CURRENT -
Icct,  |Average Power Supply Current, Nibble Mode 7C5141013/2-80 60 mA |3,4,5
(RAS=Vyy, CAS, Address Cycling: tyc=tnc MIN.)|TC5141013/Z-10 - 50
STANDBY CURRENT
Ices Power Supply Standby Current - 1l mA
('RTS=6—AS-=VCC-0 .2V)
CAS BEFORE RAS REFRESH CURRENT TC5141013,/2—80] -
Igce |Average Power Supply Current, CAS Before RAS 105 wA | 3
Mode (RAS, CAS Cycling: tge=tpc MIN.) TC514101J/2-10| = 90
INPUT LEAKAGE CURRENT
I1(L) |Input Leakage Current, any input (OVSVyys$ 6.5V, All -10| 10| wmA
Other Pins not under Test=0V)
IO(L) OUTPUT LEAKAGE CURRENT
(Doyr is disabled, OV g Voyrs 5.5V) -101 10} uA
Vou OUTPUT LEVEL
Output "H" Level Voltage (Igyr=-5mA) 2.4 - v
v OUTPUT LEVEL
oL Output "L" Level Voltage (Igyr=4.2mA) - |04V
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TC514101J4/Z-80
TC514101J4/Z—-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS \
(Vee=5V10%, Ta=0~ 70°C) (Notes 6, 7, 8)

TC5141013/2 | TC514101J/Z
SYMBOL PARAMETER -80° -10 UNIT | NOTES
MIN. MAX. |MIN.| MAX,
trRC Random Read or Write Cycle Time 150 - 7 1180 - ns
tRMW |Read-Modify-Write Cycle Time 175 - 210 - ns
tNC Nibble Mode Cycle Time 40 - 45 - ns
tNRMW |Nibble Mode Read-Modify-Write Cycle Time | 65 - 75 - ns
traC |Access Time from RAS - 80 - 100 ns [9,14,15
tcac  |Access Time from CAS - 20 - 25 ns | 9,14
tAA Access Time from Column Address - 40 - 50 ns | 9,15
tNcACc |Nibble Mode Access Time - 20 - 25 | ns |9
tcLz |CAS to Output in Low-Z 0 - 0 - ns |9
toFF |Output Buffer Turn-off Delay 0 20 . 0 20 ns |10
tr Transition Time (Rise and Fall) 3 50 3 . 50 ns |8
trp RAS Precharge Time 60 - 70 - | mns
tras |RAS Pulse Width 80 |10,000 | 100| 10,000 | ns
trsy |RAS Hold Time ‘ 20 - 25 - ns
tcsy  |CAS Hold Time 80 - 100 - ns
tcas CAS Pulse Width 20 110,000 25( 10,000 ns
tpep |RAS to CAS Delay Time 20 60 25 75 ns | 14
trap [RAS to Column Address Delay Time 15 40 20 50 ns |15
tcrp [CAS to RAS Precharge Time 5 - 10 - ns
tcp CAS Precharge Time : 10 - 10 -. ns
tASR |Row Address Set-Up Time 0 - 0 - ns
tpay [Row Address Hold Time 10 - 15 - ns
tasc |Column Address Set-Up Time 0 - 0 - ns
tcaAH [Column Address Hold Time 15 - 20 - ns
tAR Column Address Hold Time referenced to RAS| 60 - 75 - ns
"|tRAL [Column Address to RAS Lead Time 40 - 50 - ns ‘
tpes |Read Command Set-Up Time 0 - of - ns ‘
tprcH [Read Command Hold Time 0 - 0 - ns |11 ‘
tRRH [Read Command Hold Time referenced to RAS 0 - 0 - ns 11 i
tWycH [Write Command Hold Time 15 - 20 - ns
tWCR |[Write Command Hold Time referenced to RAS| 60 - 75 - ns
typ Write Command Pulse Width 15 - 20 - ns
tRWL [Write Command to RAS Lead Time 20 - 25 - ns
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TC514101J/Z-80

TC514101J4/Z-10
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued)
TC514101J/Z | TC514101J/Z
SYMBOL PARAMETER . =80 -10 UNITS [NOTES
MIN. | “MAX. | MIN, MAX.

tCWL |Write Command to CAS Lead Time 20 - 25 - ns
tps Data Set-Up Time 0 - 0 - ns |12
tDH  |Data Hold Time 15 - 20 | - ns |12
tpHR |Data Hold Time referenced to RAS 60 - 75 - ns
tREF [Refresh Period - 16 - 16 ms
twcs |Write Command Set-Up Time 0 - 0 - ns |13
tcwp |CAS to WRITE Delay Time 20 - 25 - ns |13
tRWD |RAS to WRITE Delay Time 80 - 100 - ns |13
tAWp |[Column Address to WRITE Delay Time 40 - 50 - ns |13
tCSR |CAS Set-Up Time (CAS before RAS Cycle) 5 - 5 - ns
tcHR  |CAS Hold Time (CAS before RAS Cycle) 15 - 20 - ns
tRpC |RAS to CAS Precharge Time 0 - 0 - ns
tepr @Precharg_e_iime , 40 - 50 - ns

(CAS before RAS Counter Test Cycle)
UNCAS |Nibble Mode Pulse Width 20 - 25 - ns
tNcP [Nibble Mode CAS Precharge Time 10 - 10 - ns
tNRSH [Nibble Mode RAS Hold Time 20 - 25 - ns
ENCWD [Nibble Mode CAS to WRITE Delay Time 20 - 25 - ns

Nibble Mode WRITE Command to RAS Lead
ENRWL |Time 20 - 25 - ns
ENCWL gibble Mode WRITE Command to CAS Lead 20 _ 25 _ ns

me

tWTS |Write Command Set-Up Time (Test Mode In) 10 - 10 - ns
TWTH |[Write Command Hold Time (Test Mode In) 10 - 10 - ns
e [(T o TS Froceres T IEEEE
tWRH WRITE to RAS Hold Time 10 - 10 - ns

(CAS before RAS Cycle)
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TC514101J4/Z2-80
TC514101J4/Z2—-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE
(Ve=5V410%, Ta=0~70°C) (Note 6, 7, 8)

TC5141013/Z | TC514101J/Z
SYMBOL PARAMETER -80 -10 UNIT |NOTES
MIN. MAX. MIN.| MAX.
trRC Random Read or Write Cycle Time 155 - 185 - ns
trAC Access Time from RAS - 85 - 105 ns [9.14.15
teac Access Time from CAS - 25 - 30 ns |9,14
taa Access Time from Column Address - 45 - 55 ns |9,15
tRAS | RAS Pulse Width 85 [10,000| 105 |10,000| ns
trsy | RAS Hold Time 25 - 30 - ns
tesy | CAS Hold Time 85 - 105 | - ns
tcas | CAS Pulse Width 25 |10,000{ 30 |10,000| ns
tpar, | Column Address to RAS Lead Time 45 - 55 - " ns
CAPACITANCE (Vge=5V10%, £=1MHz, Ta=0~ 70°C)
SYMBOL PARAMETER MIN. MAX. UNIT
C11 Input Capacitance (A0 Al0, DIN) - 5 pF
C12 Input Capacitance (RAS, CAS, WRITE) - 7 pF
Co Output Capacitance (DoyT) - 7 pF




TC514101J4/Z-80
TC514101J4/Z-10

NOTES:

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

2. All voltages are referenced to Vgg.

3. Icci» Icess Iccus Icce depend on cycle rate.

4. Igc1s Iccy depend on output loading. Specified values are obtained with the
output open.

5. Column address can be changed once or less while RAS=VIL and CAS=VIH.

6. An initial pause of 200us 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. Viy(min.) and Vyj(max.) are reference levels for measuring timing of input
signals. Also, transition times are measured between Vyy and Vip,.

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

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

11. Either tpcy or tgpy 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. tycss tRWD» tcwD and tAWD are not restrictive operating parameters.. They are-
included in the data sheet as electrical characteristics only. If tycs2 tycs
(min.), the cycle is an early write cycle and data out pin will remain open
circuit (high impedance) through the entire cycle; If tpyp2 tryp(min.),
tewp 2 towp(min.) and tayp2 tayp(min.), the cycle is a read-modify-write cycle and
data out will contain data read from the selected cell: If neither of the
above sets of conditions is satisfied, the condition of the data out (at access
time) is indeterminate.

14, Operation within the tpcp(max.) limit insures that tgac(max.) can be met.

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

15.

Operation within the tpap(max.) limit insures that t C(max.) can be met.
trap(max.) is specified as a reference point only: R? trap is greater than the
specified tgpap(max.) limit, then access time is controlled by typ,.
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TC514101J4/Z-80
TC514101J4/Z—-10

TIMING WAVEFORMS

A-143

READ CYCLE tre
tras
™S Vig — — t
w Vi, — \ AR / tRp \
tcsH
LCRE, tRCD tRsH tcre
Vig — teas
TS IH A \\ /
ViL — tRAD tRAL
tASR| | tRAH tasq tc
Ve T ROW COLUMN
A0~AL0 ViL — ADDRESS ADDRESS
' | tRRH _
tRrCs tReH
1
V —
WRITE vm 2222222222222222’/ tcac taa QZZ/ZZ:/‘,
L t
b l ’:“‘C tOFF
Vou —
Doyt S OPEN { VALID DATA
oL
WRITE CYCLE (EARLY WRITE)
trc
tRAS
A\ ——— t
TAS IH N—A— txp
ViL —
tcsH
tr@__L tRCD tRsH i tcap
— Vi — tcas
TAS tRAD \\ / /
vViL — tRAL
tASR tran |tasc t caH
Vi — ROW COLUMN
A0~A10 Vip — ADDRESS ADDRESS
towp
v twes | tweH
H— t
WRITE j;;;;;;;z; %\ o /A
ViL — t
twcr m_—"l
tps ty
Vig —
DN Ver — VALID DATA %22%22222%22222222222_//‘2222222
VIL L tDHR
o —
Dout Vo — OPEN
OL m . an or npn




TC514101J4/Z-80
TC514101J4/Z-10

READ-MODIFY-WRITE CYCLE

W
tRAS '
Vg —— taR
RAS H / N\
ViL — : T [_tRP
RSH
tcsH
tcre tRCD tcas tcRP
-
— Vig — 3 \
CAS ViL — tB—-AD \
tascitcaH
tASR | [tRAH. tRAL
Nl 1) =R Y,
AOALO DRESS ADDRESS
t RWD
L towL |
tAWD
tRCS | tcwp L3:.\ A
1
Vg —
WRIT vm /422222942222271 tcac /22’/;27/22222222227/
L = taA F
t t
‘ teLz WP, OFF
Vou — OPEN
dour VALID DATA
oL tRAC

Vin

m < "H" or “L"
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TC514101J/Z-80
TC5141014/Z—-10

NIBBLE MODE READ CYCLE |

tRAS tRp ‘
v —— T /q\_ |
o tesu
SCRPy | | _tRCD i teys tNe ENRSH
o Vig — " \ F{w
Vi, — b RAH] ‘ ‘
2asR t tcaH [tNCP | [tncas
w~ao o 777X 8 WXL W1/
t
tpac tgﬁ torF : torr
Doyt :2}: : oPEN - J‘ VALID VALID %E\_t.m_.
. ‘RoHl JitRCS * RCH

Vi — .‘_EQL}. -
WL L N4 \ Y

NIBBLE MODE WRITE CYCLE (EARLY WRITE)

: "HY or LM

tRAS SRP
- Vig —— tAR
ViL — tesH
tCRP;_ _iliCD toas | tNe tNRS!
Vi —
cas ViL '——/ tR::A:E
tASR QL toan |t NCAS
/71 3.0 U,
twe, tWCH NG
twes . | [twey| [ twes SNEWL W
P v -
WRITE v: _ /% / @x /// / 3
- .
o
T R R Y R . |
Vi, — 1
tos || [t pg tDH
o ot L] |
- vg: - OPEN ;
|
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TC514101J4/Z-80
TC514101J4/Z-10

NIBBLE MODE READ-MODIFY-WRITE CYCLE

AO0~A10

Vin
ViL

ViH
ViL

ViH

Vin
ViL

VIH
ViL

VoH
VoL

tRAS trp

] e /[:::]\_
—— p

tcsH

tCRA tRCD _ UNRMW tNRSH
—— { te s
4 {RAH L
tASR tas t tNCAS
- ROW coL
— ADD ADD
tRAD | tcwp t@gl tNowL th L
tRwD
£ WD _twe |tucenl 1twr NRWL,
tps 'ti}} tps tpy
- VALIT) VALID VALID ALID
_ TA DATA ATA TA
' . teag

Ad YOFF | tncac

tRaC
- VALID VALID VALID ALE>—
_ DATA DATA DATA TA

. :

: "H" or llL"
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TC514101J/2-80
TC514101J/72-10

RAS ONLY REFRESH CYCLE

Vi — tRAS
Vi —

tFRP
ViH — T 3 7
Vi, —

£l

wes TR W,

: "H" or "L"

NOTE: WRITE="H" or "L" , A10="H" or "L"



TC514101J4/Z-80
TC514101J4/Z-10

CAS BEFORE RAS REFRESH CYCLE

Dour

tre

tRPC

Vi — 7
Vi —

tcp

tcsr

tRrAs

tRP

__

w= AT
-7 N
NOTE: A0~ A10="H" or "L" 77): *u L
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TC514101J4/Z-80
TC514101J/2-10

HIDDEN REFRESH CYCLE (READ) ‘

tRC
trp
ViR — X t tRaS
WS RAS / \ ol |
Vi — ¢ ‘
|
tCRY tRCD tRSH |
I I
ViH — tcuRr e ‘
Cas /
ViL —
tRAD tRAL
tAR
tasr }_11.«_1{ tasc tCcAH
Vin — X
AO~A10 / ROW >@< COLUMN %222222222;22222;2;2; ;Z;}Z;};Z}/
Vi, — -
tRes tRRH twrp | |twry
Vig — ; N
ViL 7 tcac ;
tAA 1
traC tOFF i
Vou —
Doyt VALID DATA
Voo —
tcrz

: "H" or "L"
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TC514101J/Z—80
TC514101J4/Z-10

HIDDEN REFRESH CYCLE (WRITE)

RAS

A0~A10

Doyr

ViH —

ViL — —

Vi —

ViL —

VIL
ViH

ViL

Voy —

VoL

trC
‘ trp
—\ s /‘:\ s W
L)
tCRP, tRCD tRSH
- == 1/——_
N
\ 1
tAR
tRAD tRAL
tASR t tasc tCaH
ROW ?@{ coLuMN %ZZZZZZMZZZ%QlffaQZZZ§ZZZZZZZZZZZZZZZZZ'
twcr
tRVL |
twes twel tWRP, twry
" /ﬁ:‘m
tps tpH
W//////M VALID DATA XZZZZZZT/ZV&ZZZZZZ222222222222222222222;
tDHR
OPEN
Vlﬂ "y o "LY
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TC5141014/2-80
TC514101J/2-10

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

tras tpp
w0 T \ - /tﬁ\‘
tcpr
o :?: :*\E.C_SL |, tou \ teas
tasc tcan _
e L cowan W/,
" tcac
READ CYCLE tRAL
- tAA torF
Dout You : OPEN VALID DATA }-——
VoL mz _t,wiH..l | ltres ter, lﬁm
N7/ N e K
WRITE CYCLE
r Vou —
Pour L — OPEN
t RWL
twre | |twra towL
Vg —7 [ ‘_—'I tweg - tweH
W || N w T,
t t
D Vin —7 DM o I | I
SRS/ R
Q
READ-MODIFY-WRITE CYCLE teac
— tcLz . tOFF
Dour :z: : OPEN _@{ VALID DATA }-————
A t WL l
Voo — tl;wﬂ :W_RH"I tAWD ¢ BWL
WRITE v: _W 1%222222222// tnes \ W/
tcwp twp
v —
S —7/////////////////////////////////////////ij sl
b tps{ | *pH

: "y or Al
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TC514101J/Z—80
TC514101J4/Z-10

WRITE, CAS BEFORE RAS REFRESH CYCLE

tre

tRP

=

g

tep

Vi — tCSR! tcHR -
CAS \ L"‘ ,/
Vip — y /

Vin — twrs
t
WRITE f;}/;;}éé;é?;??bi WIH //

ViL T T
tor
Voo — =)
Dout >¥ OPEN
VoL — —————md
NOTE: DIN' A0~ A10: "H" or "L" ,II‘ : "H" or "L"
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TC514101J4/Z-80
TC514101J4/Z2—10

READ CYCLE IN THE TEST MODE

tRC
tRAS
— Vig — R tAR \
RAS trp
Vi, — \ "
t CSH
= tRCD tRsH tcRe
@5 M 7 N tcas Yavi
— t
Vi ~-tean__ T
tAsg tRAH
tascl tcan
Vig —
ROW COLUMN
AALD L — ADDRESS, ADDRESS
tRRH
tE_QIS | tre
wArTE W T /QZZZ/ZZZZZZZZZZ? teac taa QZ%ZZ&Z
Vi, —
' *RAC torr
r [ tciz
Vo — ]
Doyt = OPEN : VALID DATA
VoL —
WRITE CYCLE (EARLY WRITE) IN THE TEST MODE
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APPLICATION INFORMATION

ADDRESSING

The 22 address bits required to decode 1 of the 4,194,304 cell locations within
the TC514101J/Z are multiplexed onto the 11 address inputs and latched into the on-
chip address latches by externally applying two negative going TTL-level clocks.

The first clock, the Row Address Strobe (RAS), latches the 11 row address bits
into the chip. The second clock, the Column Address Strobe (CAS), subsequently
latches the 11 column address bits into the chip. Each of these signals, RAS, and
CAS, triggers a sequence of events which are controlled by different delayed inter-
nal clocks.

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

have been changed from Row address to Column address information.

DATA INPUT/OUTPUT

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

Data is retrieved from the memory in a read cycle by maintaining WRITE in the
inactive or high state throughout the portion of the memory cycle in which CAS is
active (low). Data read from the selected cell will be available at the ouptut
within the specified access time.
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DATA OUTPUT CONTROL |
The normal condition of the Data Output (Dgyr) of the TC514101J/2 is the high

impedance (open circuit) state. This is to say, anytime CAS is at a high level, the

Doyt pin will be floating. The only time the output will turn on and contain either

a logic 0 or logic 1 is at access time during a read éycle. Dgyr will remain valid

from access time until CAS is taken back to the inactive (high level) condition.

NIBBLE MODE ;
Nibble mode operation allows faster successive data operation on &4 bits. The
first of 4 bits is accessed in the usual manner with read data coming out at tgac
time. By keeping RAS low, CAS can be cycled up and then down, to read or write the
next three pages at high data rate. Row and columnléddress need only be supplied
for the first access of the cycles. From then on, the falling edge of CAS will
activate the next bit., After four bits have been accessed, the next bit will be

the same as the first bit accessed (wrap-around method).

0, 0 (0, 1 (1, 0 1, 1
|—~ ) ) ) ( )—|

Address Al0 determines the starting point of the circular 4 bits nibble. Row AlO
and column Al0 provide the two binary bits needed to select one of four bits.
From then on, successive bits come out in a binary fashion; 00 + 01 + 10 -+ 11 with
Al0 row being the least significant address.

A nibble cycle can be a read, write, or delayed write cycle. Any combinations
of reads and writes or late writes will be allowed. In addition, the circular wrap-

around will continue for as long as RAS is kept low.

RAS ONLY REFRESH

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle
at each of the 1024 row address (A0~ A9) within each 16 millisecond time interval.
Although any normal memory cycle will perform the refresh operation, this function
is most easily accomplished with "RAS-only" cycles.

|
|
|
|
|
\
|
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CAS BEFORE RAS REFRESH

CAS before RAS refreshing available on the TC514101J/Z offers an alternate
refresh method. If CAS is held on low for the specified'period (tcgr) before RAS
goes to low, on chip refresh control clock generators and the refresh address counter
are enabled, and an internal refresh operation takes place. After the refresh op-
eration is performed, the refresh address counter is automatically incremented in

preparation for the next CAS before RAS refresh operationm.

HIDDEN REFRESH

An optional feature of the TC514101J/Z is that refresh cycles may be per-
formed while maintaining valid data at the output pin. This referred to as Hidden
Refersh. Hidden Refresh is performed by holding CAS at Vi and taking RAS high and
after a specified precharge period (tgp), executing a CAS before RAS refresh cycle.
(See Figure below)

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE

= W/ /S /|
= M\ ST
- Danm

7N\

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 TC514101J/Z can be tested by CAS BEFORE RAS
REFRESH COUNTER TEST. This cycle performs READ/WRITE opération taking the internal
counter address as row address and the input address as column address.

The test is performed after a minimum of 8 CAS before RAS cycles as initializa-
tion cycles. The test procedure is as follows.

@ write "0" into all the memory cells at normal write mode.

@ Select one certain column address and read "0" out and write "1" in each cell
by performing CAS BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE).
Repeat this operation 1024 times.

(®) Check "1" out of 1024 bits at normal read mode, which was written at ®.

(® Using the same column as @, read "1" out and write "0" in each cell per-
forming CAS BEFORE RAS REFRESH COUNTER TEST.
Repeat this operation 1024 times.

(® Check "0" out of 1024 bits at normal read mode, which was written at ().

® Perform the above @ to (5) the complement data.
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TEST MODE

The TC514101J/Z is the RAM organized 4,194,304 words by libit, it is intermally
organized 524,288 words by 8 bits. In "Test Mode", data are written into 8 sectors
in parallel and retrieved the same way. AlOR, A10C and AOC are not used. If, upon
reading, all bits are equal (all "1"s or "0"s), the data output pin indicates a "1".
If any of the bits differed,'the data output pin would indicate a "0". Fig. 1 shows
the block diagram of TC514101J/Z. 1In "Test Mode", the 4M DRAM can be tested as if
it were a 512K DRAM.

"WRITE, CAS Before RAS Reffesh Cycle" puts the device into "Test Mode". And
""CAS Before RAS Refresh.Cycle" or "RAS Only Refresh Cycle" puts it back into "Noimal
Mode". In the Test Mode, "WRITE, CAS Before RAS Refresh Cycle" performs the refresh
operation with the internal refresh address counter. The "Test Mode" function reduces

test times (1/8 in case of N test pattern).
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BLOCK DIAGRAM IN TEST MODE

Al0R, A10C,AOC
O~ O
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4,194,304 WORD x 1 BIT DYNAMIC RAM * This is advanced information and specifica-
tions are subject to change without notice.

DESCRIPTION

The TC514101AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 4,194,304 words by 1
bit. The TC514101AP/AJ/ASJI/AZ utilizes TOSHIBA’s CMOS Silicon gate process technology as well as
advanced circuit techniques to provide wide operating margins, both internally and to the system user.

Multiplexed address inputs permit the TC514101AP/AJ/ASJ/AZ to be packaged in a standard 18 pin
plastic DIP, 26/20 pin plastic SOJ(300/350mil) and 20 pin plastic ZIP. The package size provides high
system bit densities and is compatible with widely available automated testing and insertion
equipment. System oriented features include single power supply of 5V110% tolerance, direct
interfacing capability with high performance logic families such as Schottky TTL. The special feature
of TC514101AP/AJ/ASJ/AZ is nibble mode, allowing the user to serially access 4 bits of data at a high
data rate.

FEATURES
® 4,194,304 word by 1bit organization o Low Power
¢ TFast access time and cycle time 660mW MAX. Operating
TCS14101APIAVASIAZ — €0 (TC514101AP/AJ/ASI/AZ -- €0)
— : - 5.5mW MAX. Standby
trac_ RAS Access Time 60ns © Output unlatched at cycle end allows two-
tan  Column Address 30ns dimensional chip selection :
Access Time © Common I/O capability using “EARLY
tcac  CAS Access Time 20ns WRITE” operation
tae  Cycle Time 110ns ® Read-Modify-Write, CAS before RAS refresh,
tncac  Nibble Mode RAS-only refresh, Hidden refresh, Nibble
Access Time 20ns Mode and Test Mode capability
tne  Nibbie Mode 20ns e All inputs and output TTL compatible
Cycle Time ® 1024 refresh cycles/16ms
¢ Single power supply of 5V10% @ Package TC514101AP : DIP18-P-300E
with a built-in Vpp generator ' TC514101AJ : SO0J26-P-350
TC514101AS8J : S0J26-P-300A
PIN NAMES TC514101AZ : ZIP20-P-400A
AO~A10|Address Inputs WRITE |Read/Write Input BLOCK DIAGRAM
CAS |Column Address Strobe | Vcc |Power (+5V) o o
IN r9I.'l‘
Dy |Data In Vss | Ground Vee Vss T 1
Doyt |Data Out N.C. |No Connection | DATA IN DATA OUT
RAS |Row Address Strobe BUFFER l L BUFFER I

PIN _CONNECTION (TOP VIEW)

D : X

NO.2 CLOCK
GENERATOR

NIBBLE
SELECTOR

Plastic DIP Plastic SOJ Plastic ZIP

COLUMN 'y coumn
A0 0’:@ ADDRESS X
A1 BUFFER (11) J | DECO0ER
A2 SENSE AMP
A3 0 REFRESH 110 GATING
PPt CONTROLLER
"~ Z: REFR o
:
A7~ COUNTER (10) —
A8 O+ ROW p— z a MEMORY
A9 O ADDRESS [T o ARRAY
A10O BUFFER (11) “u
o

NO.1 CLOCK
RASO—>| GENERATOR




TC514101AP/AJ/ASJ/AZ-60

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES
Input Voltage ) Vin -1~7 % 1
Output Voltage Vour -1~7 \Y 1
Power Supply Voltage Vee -1~7 v 1
Operating Temperature Torr 0~70 °C 1
Storage Temperature Tste -55~150 °C 1
Soldering Temperature * Time TsoLper 260-10 °C-sec 1
Power Dissipation Po 700 mw 1
Short Circuit Output Current lout 50 mA 1

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES
Vee Supply Voltage 4.5 5.0 5.5 \ 2
Vi Input High Voltage 24 - 6.5 \ 2
Vi Input Low Voltage -1.0 - 0.8 ' 2
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DC ELECTRICAL CHARACTERISTICS (Vcc=5V £10%, Ta=0~70°) |

SYMBOL PARAMETER MIN. | MAX. | UNITS | NOTES
OPERATING CURRENT 3,4
lect Average Power Supply Operating Current TC514101AP/AJIASI/AZ-60 - 120 mA
(RAS, CAS, Address Cycling: tgc =tre MIN. ) 5

STANDBY CURRENT
lccz Power Supply Standby Current - 2 mA
(RAS=CAS = V)

RAS ONLY REFRESH CURRENT
lccs Average Power Supply Current, RAS Only Mode TC514101AP/AJASIIAZ-60 - 120 mA 3,5
(RAS Cycling, TAS =V}: tgc =trc MIN. ) I

NIBBLE MODE CURRENT 3,4
Icca Average Power Supply Current, Nibble Mode TC514101AP/AJASIIAZ-60 - 50 mA
(RAS =V, CAS, Cycling: tnc=tnc MIN. )

STANDBY CURRENT
lces Power Supply Standby Current - 1 mA
(RAS = CAS = V¢ - 0.2V)

CAS BEFORE RAS REFRESH CURRENT
Iccs Average Power Supply Current, CAS Before RAS  |TC514101AP/AJASIAZ-60] = 120 mA 3,5
Mode (RAS, CAS Cycling: trc=trc MIN. )

INPUT LEAKAGE CURRENT
hw Input Leakage Current, any input -10 10 HA ) |
(OV=V|y=6.5V, All Other Pins Not Under Test=0V)

OUTPUT LEAKAGE CURRENT

! -10 | 10
OW | (Dour is disabled, OV S VoyrS5.5V) A

v OUTPUT LEVEL 24 v
O" | Output “H” Level Voltage (loyt = - SmA) ' -

OUTPUT LEVEL
Output “L” Level Voltage (Ioyt = 4.2mA)
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
{(Vec =5V £ 10%, Ta=0~70°)(Notes 6, 7, 8)

SYMBOL PARAMETER TCS14101APIANASIAZ 60 UNIT | NOTES
MIN. MAX.
trc Random Read or Write Cycle Time 110 - ns
trmw Read-Modify-Write Cycle Time 135 - ns
tne Nibble Mode Cycle Time 40 - ns
-~ 1t:l_ibble Mode Read--Modify Write Cycle 65 _ ns
ime
trac Access Time from RAS - 60 ns ?'514
teac Access Time from CAS - 20 ns | 9,14
taa Access Time from Column Address - 30 ns | 9,15
tNCAC Nibble Mode Access Time - 20 ns |9
taz CAS to Output in Low-Z 0 - ns |9
torF Output Buffer Turn-off Delay 0 20 ns |10
tr Transition Time (Rise and Fall) '3 50 ns |8
trp RAS Precharge Time 40 - ns
tras RAS Pulse Width 60 10,000 ns
trsH RAS Hold Time 20 - ns
tcsH CAS Hold Time 60 - ns
teas TAS Pulse Width 20 10,000 ns
taco RAS to CAS Delay Time 20 40 ns | 14
trAD RAS to Column Address Delay Time 15 30 ns 15
terp CAS to RAS Precharge Time 5 - ns
tcp TAS Precharge Time 10 - ns
tasr Row Address Set-Up Time 0 - ns
tRaH Row Address Hold Time 10 - ns
tasc Column Address Set-Up Time 0 - ns
tcau Column Address Hold Time 15 - ns
tRAL Column Address to RAS Lead Time 30 - ns
tres Read Command Set-Up Time 0 - ns
tacs Read Command Hold Time referenced 0 _ s | 11
lo CAS
than fead___(_lommand Hold Time referenced 0 _ ns |11
o RAS
tweH Write Command Hold Time 10 - ns
twep Write Command Pulse Width 10 - ns
trwi Write Command to RAS Lead Time 20 - ns
tewt Write Command to CAS Lead Time 20 ' - ns
tps Data-In Set-Up Time 0 - ns | 12
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Continued)

TC514101AP/AJIASI/AZ-60

SYMBOL PARAMETER UNITS| NOTES |
MIN. MAX.
LoH Data-In  Hold Time 15 - ns | 12
tRer Refresh Period - 16| ms
twes Write Command Set-UP Time 0 - ns |13
tcwo CAS to WRITE Delay Time 20 - ns | 13
trwo RAS to WRITE Delay Time 60 - ns |13
tawp Column Address to WRITE Delay Time 30 - ns |13
. CAS set-Up Time 5 ns
CSR (CAS before RAS )
. CAS Hold Time 15 ns
ChR (CAS before RAS )
tapce RAS Precharge to CAS Active Time 0 - ns
CAS Precharge Time (CAS before RAS
teer 30 - ns
Counter Test )
tncas Nibble Mode Pulse Width 20 - ns
tnep Nibble Mode TAS Precharge Time 10 - ns
tRsk Nibble Mode RAS Hold Time 20 - ns
Nibble Mode CAS to WRITE Delay
tnewo . 20 - ns
Time
Nibble Mode WRITE Command to RAS.
tNRWL ! 20 - ns
Lead Time )
Nibble Mode WRITE Command to CAS
tnewt 20 - ns

Lead Time

Write Command Set-Up Time

[t 1 -
wis (Test Mode In) 0 ns

Write Command Hold Time

t 1 -
WH (Test Mode In) 0 m

WRITE to RAS Precharge Time

t J— — 1 -
WRP (CAS before RAS Cycle) 0 ns
WRITE to RAS Hold Time
twrH 10 - ns

(CAS before RAS Cycle)




TC514101AP/AJ/ASJ/AZ-60

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATION CONDITIONS IN THE

TEST MODE (Vecc=5V + 10%, Ta=0~70°C) (Note6, 7, 8)
SYMBOL PARAMETER TCS14101APIANIASIIAZ-60 UNITS| NOTES
MIN. MAX.
tre Random Read or Write Cycle Time 115 - ns
— 9,14,
trac Access Time from RAS - 65 ns 15
teac © | Access Time from CAS - 25 ns 9,14
taa Access Time from Column Address - 35 ns 9,15
tras RAS Pulse Width 65 10,000 ns
trsH RAS Hold Time 25 - ns
tesH | TAS Hold Time 65 - ns
tcas | CASPulse Width ' 25 10,000 ns
trAL Column Address to RAS Lead Time 35 - ns
CAPACITANCE (Vcc =5V £10%, f= 1MHz, Ta=0~70°C)
SYMBOL PARAMETER MIN. MAX. UNIT

Ciy Input Capacitance (A0O~A10, Dy) - S

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

Co Output Capacitance (Doyr) - 7

A-166



TC514101AP/AJ/ASJ/AZ-60

NOTES:

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent |
damage to the device.

All voltages are referenced to Vss.

Iccl, Ices, Iccs, Icce depend on cycle rate.

Icci, Iccs depend on output loading. Specified values are obtained with the output open.
Column address can be changed once or less While RAS=Vj, and CAS=Viy.

I T S

An initial pause of 200us 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 tp=>5ns.

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

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

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

11. Either tgcy or tRry must be satisfied for a read cycle.

12, These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading |
edge in read-write cycles.

13. twcs, tRwD, tcwD and taAwp are not restrictive operating parameters. They are included in the
data sheet as electrical characteristics only. If twcs=twes (min.), the cycle is an early write cycle
and data out pin will remain open circuit (high impedance) throughout the entire cycle; If
tRwWD= tRwpD (min.), tcwp= tcwp (min.) and tAwp= tawp (min.) the cycle is a read-write cycle and
the data out will contain data read from the selected cell: If neither of the above sets of
conditions is satisfied, the condition of the data out(at access time)is indeterminate.

14. Operation within the trcp (max.) limit insures that tRac (max.) can be met.
trRCD (max.) is specified as a reference point only: If trep is greater than the specified trep (max.)
limit, then access time is controlled by tcac.

15. Operation within the trap (max.)limit insures that trac (max.) can be met.
trAD (max.) is specified as a reference point only: If tRap is greater than the specified tgap (max.)
limit, then access time is controlled by taa.
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TIMING WAVEFORMS
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WRITE CYCLE (EARLY WRITE)
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READ-MODIFY-WRITE CYCLE
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NIBBLE MODE READ CYCLE
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NIBBLE MODE READ - MODIFY - WRITE

ms o TN }:;l\_
. ES&’_F_, <~ {CSH -~ tNRMW 42%
s z:f : / tran [t x ’Z ¢ vy
e v Db ]
ou N O N N
| torgli | _
oo 1o o8 y— o8l )———

: "H" or "L"

A-172



TC514101AP/AJ/ASJ/AZ-60

RAS ONLY REFRESH CYCLE
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CAS BEFORE RAS REFRESH CYCLE
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HIDDEN REFRESH CYCLE (READ)
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HIDDEN REFRESH CYCLE (WRITE)
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE
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WRITE, CAS BEFORE RAS REFRESH CYCLE
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APPLICATION INFORMATION
ADDRESSING ‘
The 22 address bits required to decode 1 of the 4,194,304 cell locations within the TC514101AP/AJ/ASJ/AZ
are multiplexed onto the 11 address inputs and latched into the on-chip address latches by externally applying
two negative going TTL-level clocks.
The first clock, the Row Address Strobe (RAS), latches the 11 row address bits into the chip, The second
clock, the Column Address Strobe (CAS), subsequently latches the 11 column address bits into the chip. Each f
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 (tral1) has been satisfied and the address inputs have been changed from Row address to Column
address information.

DATA INPUT/QUTPUT

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

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

DATA OUTPUT CONTROL

The normal condition of the Data Output (DoyT) of the TC514101AP/AJ/ASJ/AZ is the high impedance
(open circuit) state. This is to say, anytime CAS is at a high level, the DoyT pin will be floating. The only
time the output will turn on and contain either a logic 0 or logic 1 is at access time during a read cycle. Doyt
will remain valid from access time until CAS is taken back to the inactive (high level) condition.

NIBBLE MODE

Nibble mode operation allows faster successive data operation on 4 bits The first of 4 bits is accessed in the
usual manner with read data coming out at tcac time. By keeping RAS low, CAS can be cycled up and then
down, to read or write the next three pages at high data rate (faster than tcac). Row and column addresses
need only be supplied for the first access of the cycles. From then on, the falling edge of CAS will activate the
next bit. After four bits have been accessed, the next bit will be the same as the first bit accessed (wrap-
around method) .
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L (0,0) (0,1) (1,0) (1,1)——|

Address A10 determines the starting point of the circular 4 bits nibble. Row A10 and column A10 provide the
two binary bits needed to select one of four bits.
From then on, successive bits come out in a binary fashion; 00—01—10—11 with A10 row being the least
significant address.

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

RAS ONLY REFRESH

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 1024 row
address (A0~A9) within each 16 millisecond time interval.
Although any normal memory cycle will perform the refresh operation, this function is most easily
accomplished with “RAS-only” cycles.

CAS BEFORE RAS REFRESH

CAS before RAS refreshing available on the TC514101AP/AJ/ASJ/AZ offers an alternate refresh method. If
TAS is held on low for the specified period (tcsr) before RAS goes to low, on chip refresh control clock
generators and the refresh address counter are enabled, and an internal refresh operation takes place. After
‘the refresh operation is performed, the refresh address counter is automatically incremented in preparation
for the next CAS before RAS refresh operation.

HIDDEN REFRESH

An optional feature of the TC514101AP/AJ/ASJ/AZ is that refresh cycles may be performed while
maintaining valid data at the output pin. This referred to as Hidden Refresh. Hidden Refresh is performed by
holding CAS at Vi1, and taking RAS high and after a specified precharge period (tgp), executing a CAS before
RAS refresh cycle. (see Figure below)

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE

= Y/ /v /
s T\ /

Dour ~— OPlEN ( )

This feature allows a refresh cycle to be “hidden” among data cycles without affecting the data avilability.

=

0O
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CAS BEFORE RAS REFRESH COUNTER TEST |

The internal refresh operation of TC514101AP/AJ/ASJ/AZ can be tested by CAS BEFORE RAS REFRESH
COUNTER TEST. This cycle performs READ/WRITE operation taking the internal counter address as row
address and the input 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.

@ Write “0” into all the memory cells at normal write mode.

@ Select one certain column address and read “0” out and write “1” in each cell by performing CAS
BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE) . Repeat this operation 1024
times.

@ Check “1” out of 1024 bits at normal read mode, which was written at @ .

@® Using the same column as @), read “1” out and write “0” in each cell performing CAS BEFORE RAS
REFRESH COUNTER TEST. Repeat this operation 1024 times.

® Check “0” out of 1024 bits at normal read mode, which was written at @ .

® Perform the above D to ® to the complement data.
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TEST MODE
The TC514101AP/AJ/ASJ/AZ is the RAM organized 4,194,304words by 1 bit, it is internally organized
524,288 words by 8 bits. In “Test Mode”, data are written into 8 sectors in parallel and retrieved the same
way. A10R, A10C and AOC are not used. If, upon reading, all bits are equal (all “1”s or* 0”’s), the data output
pin indicates a “1”. If any of the bits differed, the data outputpin would indcate shows the block diagram of
TC514101AP/ASJ/AZ. In“Test Mode”, the 4M DRAM can be tested as if it were a 512K DRAM.
“WRITE , CAS Before RAS Refresh Cycle” puts the device “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” functiom reduces test times(1/8 in case of N test pattern)
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BLOCK DIAGRAM IN THE TEST MODE 5
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4,194,304 WORD x 1 BIT DYNAMIC RAM

DESCRIPTION

PRELIMINARY

The TC514101AP/AJ/ASJ/AZ is the new generation dynamic RAM organized 4,194,304 words by 1
bit. The TC514101AP/AJ/ASJI/AZ utilizes TOSHIBA’s CMOS Silicon gate process technology as well as
advanced circuit techniques to provide wide operating margins, both internally and to the system user.

Multiplexed address inputs permit the TC514101AP/AJ/ASJ/AZ to be packaged in a standard 18 pin
plastic DIP, 26/20 pin plastic SOJ (300/350mil) and 20 pin plastic ZIP. The package size provides high
system bit densities and is compatible with widely available automated testing and insertion

equipment.

System oriented features include single power supply of 5V+10% tolerance, direct

interfacing capability with high performance logic families such as Schottky TTL. The special feature
of TC511001AP/AJ/ASJI/AZ is nibble mode, allowing the user to serially access 4 bits of data at a high

data rate.

FEATURES

o 4,194,304 word by 1bit organization
e Tast access time and cycle time

TC514101AP/AJ/ASI/AZ - 70/80/10
trac  RAS Access Time 70ns 80ns 100ns
taa i:lc::;".r{::: ress 35ns 40ns 50ns
tcac  CAS Access Time 20ns 20ns 25ns
tRC Cycle Time 130ns 150ns 180ns
tncac 2‘( tc':’s : ??:1? 20ns 20ns 25ns
e g;?:il eT?:l:: € 40ns 40ns + 45ns

® Single power supply of §V£10%
with a built-in Vpp generator

PIN NAMES

A0~A10|Address Inputs WRITE |Read/Write Input
CAS |Column Address Strobe [ Vcc |Power (+5V)

L_D_.N( Data In Vss |Ground
Doyr |Data Out N.C. |No Connection
RAS |Row Address Strobe

PIN CONNECTION (TOP VIEW)

Plastic DIP Plastic ‘SOJ Plastic ZIP

)

&

NIRRT
e

A0

VAT T AT
CHGHH O
zrz2

A1 s
i,
M

B
z

Low Power
550mW MAX. Operating
(TC514101AP/AJ/ASJIIAZ —170)
468mW MAX. Operating
(TC514101AP/AJ/ASJ/IAZ —80)
413mW MAX. Operating
(TC514101AP/AJ/ASJI/AZ —~10)
5.5mW MAX. Standby .
Outputs unlatched. at cycle end allows two-
dimensional chip selection
Common J/O capability using “EARLY
‘WRITE” operation
Read-Modify-Write, CAS before RAS refresh,
RAS.only refresh, Hidden refresh, Fast Page
Mode and Test Mode capability
All inputs and outputs TTL compatible
1024 refresh cycles/16ms
Package  TC514101AP : DIP18-P-300E
TC514101AJ : SOJ26-P-350
TC514101ASJ : SOJ26-P-300A
TC514101AZ : ZIP20-P-400A

BLOCK DIAGRAM
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 TC514101 AP/AJ/ASJ/AZ-70, TC514101AP/AJ/ASJ/AZ—80
TC514101AP/AJ/ASJ/AZ-10

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES
Input Voltage Vin -1~7 v 1
Output Voltage Vour -1~7 v 1
Power Supply Voltage Vee -1~7 v 1
Operating Temperature Torr 0~70 °C 1
Storage Temperature Tst6 -55~150 °C 1
Soldering Temperature « Time TsoLoerR 260-10 °C-sec 1
Power Dissipation Po 700 mw 1
Short Circuit Output Current lout 50 mA 1

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES
Vee Supply Voltage 4.5 5.0 55 " 2
Vin Input High Voltage 24 - 6.5 v 2
Vi Input Low Voltage -1.0 - 0.8 \ 2
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DC ELECTRICAL CHARACTERISTICS (Vcc =5V *10%, Ta=0~70%)

SYMBOL PARAMETER MIN. MAX. | UNITS | NOTES
OPERATING CURRENT TCS14101AP/ANASIAZ-TO] - 100 34
lcar Average Power Supply Operating Current TCS14101AP/AJIASIAZ-80] - 85 mA
(RA3, TAS, Address Cycling: trc=trc MIN. ) 1CS14101APIAKASIAZ-10| = 75 5
STANDBY CURRENT
leca Power Supply Standby Current - 2 mA
(RAS =CAS = Vi)
RAS ONLY REFRESH CURRENT TC514101AP/AJASI/AZ-70| - 100
icca Average Power Supply Current, RAS Only Mode  [TC514101AP/AJASIAZ-80] = 85 mA 3,5
(RAS Cycling, TAS=Viu: tre=trc MIN. ) Tcs1a101aPANASIAZ10| - 75
NIBBLE MODE CURRENT TC514101APIANASIAZ-T0| =~ 70 34
lcca Average Power Supply Current, Nibble Mode TCS14101AP/AJASI/AZ-80] - 86 mA
(RAS =V, TAS, Cycling: tyc=tnc MIN. ) rcs1at101aranasaz-10] - S5 5
STANDBY CURRENT
lecs Power Supply Standby Current - 1 mA
(RAS =TAS =Vcc~0.2V)
'CAS BEFORE RAS REFRESH CURRENT TC514101APIAJASIAZ-T0| 100
lccs Average Power Supply Current, CAS Before RAS  [1c514101aP/ANASIAZ-80)  ~ 85 mA 35
Mode (RAS, TAS Cycling: tac=tac MIN. ) rcs1a101aPIANAS IAZ 0]  ~ 75

INPUT LEAKAGE CURRENT (any input except TF)
hw Input Leakage Current, any input -10 10 pA
(OVS V)yS 6.5V, All Other Pins Not Under Test=0V)

OUTPUT LEAKAGE CURRENT

! -10 | 10
O® | (Dour is disabled, OVS VoyrS 5.5V) pA

OUTPUT LEVEL
Vou ” 24 - \
Output “"H" Level Voltage (loyr= =~ 5mA)

OUTPUT LEVEL

v - 0.4 v
O | output "L" Level Voltage (lour = 4.2mA) |




TC5141 01 AP/AJ/ASJ/AZ-T70, TC514101AP/AJ/ASJ/AZ—80
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Vcc =5V +10%, Ta=0~70°%)(Notes 6, 7, 8)

TC514101AP/AJASI[TCS14101AP/AJASIITCS14101AP/ANAS)
SYMBOL PARAMETER 1A2-70 1AZ:80 /Az-10 UNIT | NOTES
MIN. MAX. MIN. MAX. MIN. MAX.
tre Random Read or Write Cycle Time 130 - 150 - 180 - ns
trRmw Read-Modify-Write Cycle Time 155 - 175 - 210 - ns
the Nibble Mode Cycle Time 40 - 40 - 45 - ns
N ;liir:lzle Mo.de Rfad--Modlfy Write Cycle 65 ~ 6| - 70 _ ns
9,14
tRAC Access Time from RAS - 70| - 80| - 100 | ns 15
teac Access Time from TAS - 20 - 201 - 25( ns | 9,14
taa Access Time from Column Address - 35 - 40 - 50| ns | 9,15
tneac Nibble Mode Access Time - 200 - 20| - 25| ns |9
tez TAS to Output in Low-Z 0 - 0 - - ns |9
torr Output Buffer Turn-off Delay 0 20 0 20 0 20| ns | 10
tr Transition Time (Rise and Fall) 3 50 3 50 3 S0l ns | 8
trp RAS Precharge Time 50 - 60 - 70| .- ns
tras RAS Pulse Width 70 10,000 80 10,000 100 10,000 | ns
tRsH RAS Hold Time 20 - 20 - 25 - ns
tesH TAS Hold Time 70 - 80 - 100 - ns
tcas TAS Pulse Width 20 10,000 20 10,000 25 10,000| ns
trco RAS to TAS Delay Time 20 50 20 60 25 75| ns | 14
traD RAS to Column Address Delay Time 15 35 15 40 20 S0| ns | 15
tcre TAS to RAS Precharge Time s - S - 10 - ns
tep TAS Precharge Time 10 - 10 - 10 - ns
tasr Row Address Set-Up Time 0 - 0 - 0 - ns
tRaH ‘| Row Address Hold Time 10 - 10 - 15 - ns
tasc Column Address Set-Up Time 0 - [ - 0 - ns
N teaH Column Address Hold Time 15 - 15 - 20 - ns
’ trAL Column Address to RAS Lead Time 35 - 40 - 50 - ns
tres Read Command Set-Up Time 0 - 0 - 0 - ns
tacw Read Command Hold Time referenced 0 - 0 - 0 - s |11
to CAS
trrm l::ad Command Hold Time referenced 0 N 0 _ 0 _ ns |11
tweH Write Command Hold Time 15 - 15 - 20 - ns
twe Write Command Pulse Width 15 - 15 - 20 - ns
trwL Write Command to RAS Lead Time 20 - 20 - 25 - ns
towt Write Command to CAS Lead Time 20 - 20 - 25 - ns
tos Data-In Set-Up Time 0 - 0 - 0 - ns | 12
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Continued)

TC514101AP/ TC514101AP/ TC514101AP/
SYMBOL PARAMETER AJIASIIAZ-70 AJIASIIAZ-80 AJASIIAZ-10 UNITS| NOTES
MIN, MAX. MIN. MAX. MIN. MAX.
tou Data-In Hold Time 15 - 15 - 20 - ns | 12
trer Refresh Period - 16 - 16 - 16| ms
twes Write Command Set-UP Time 0 - 0 - 0 - ns | 13
tewo TAS to WRITE Delay Time 20 - 20 - 25 - ns | 13
tawD RAS to WRITE Delay Time 70 - 80 - 100 - ns | 13
tawp Column Address to WRITE Delay Time 35 - 40 - 50 - ns 13
TAS Set-Up Time
tesr p 5 - 5 - 5 - ns
(CAS before RAS )
TAS Hold Time
1 15 - 15 - 20 -
CHR (CAS before RAS ) ns
tpc RAS Precharge to TAS Active Time 0 - 0 - 0 - ns
TAS Precharge Time (CAS before RAS
tepr 9 ( w| - w| - .| sof - ns
Counter Test )
tncas Nibbie Mode Pulse Width 20 - 20 - 25 - ns
tnep Nibble Mode TAS Precharge Time .10 - 10 - 10 - ‘ns
tNRSH Nibble Mode RAS Hold Time 20 - 20 - 25 - ns
Nibble Mode TAS to WRITE Delay
tNcwo X 20 - 20 - 25 - ns
Time
Nibble Mode WRITE Command to RAS »
TNRWL . 20 - 20 - 25 - ns
Lead Time
Nibble Mode WRITE Command to TAS
tnewe . 20 - 20 - 25 - ns
Lead Time

Write Command Set-Up Time
1 10 - 1 - 1 -
wrs (Test Mode In) 0 0 "

Write Command Hold Time

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

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

e WRITE to RAS Hold Time 10 _ 10 _ 10 _ ns
(CAS before RAS Cycle)
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATION CONDITIONS IN THE

TEST MODE (Vec=5V +10%, Ta=0~70°C) (Note6, 7, 8)
TC514101AP/ TC514101AP/ TCS14101AP/
SYMBOL PARAMETER AJIASIAZ-TO AJIASIIAZ-80 AJIASIAZ-0 . |y i7s| NOTES
MIN. MAX. MIN. MAX.:. | MIN. MAX.
tre Random Read or Write Cycle Time 135 - 155 - 185 - ns
thmw Read-Modify-Write Cycle Time 160 - 180 - 215 - ns
trac Access Time from RAS - 75 - 85 - 105 ns 9,14,15
teac Access Time from TAS - 25 - 25 - 30 ns 9,14
taa Access Time from Column Address To- 40 - 45 - 55 ns 9,15
trAS RAS Pulse Width 75 10,000 85 10,000 105 10,000 ns
trsH RAS Hold Time 25 - 25 - 30 - ns
tesu CAS Hold Time 75 - 85 - 105 - ns
teas TAS Pulse Width 25 10,000 25 10,000 30 10,000 | ns
tRAL Column Address to RAS Lead Time 40 - 45 - 55 - ns
towo CAS to WRITE delay Time 25 - 25 - 30 - ns
trwo RAS to WRITE Delay Time 75 - 85 - 105 - ns
tawp Column Address to WRITE Delay Time 40 - 45 - 55 - ns

CAPACITANCE (Vcc =5V £10%, f = 1MHz, Ta = 0~70°C)

SYmsoL PARAMETER MIN. MAX. UNIT
Cn Input Capacitance (AO~A10, Dyy) - 5

Ciz Input Capacitance (RAS, TAS, WRITE) - 7 pF
Co Output Capacitance (Doyr) - 7
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NOTES:

1. Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent
damage to the device.

2. All voltages are referenced to Vss.

3. Icci, Ices, Iccs, Icce depend on cycle rate.

4. Icci, Iccs depend on output loading. Specified values are obtained with the output open.
5. Column address can be changed once or less While RAS=VjL, and CAS=Vy.

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

7. AC measurements assume tr=>5ns.

8. Vid (min.) and ViL, (max.) are reference levels for measuring timing of input signals. Also,
transition times are measured between Vi and Vir.

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

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

11. Either trcH or tRrH must be satisfied for a read cycle.

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

13. twcs, trRwD, tcwp, tAwp and tcpwp are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only. If twcsZtwes (min.), the cycle is an early
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle;
If tRwDZ tRwp (min.), tcwDZ tcwp (min.), tAWDZ tAwp (min.) and tcpwp= tcpwp (min.) (Fast Page
Mode), the cycle is a read-write cycle and the data out will contain data read from the selected
cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at access
time) is indeterminate.

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

15. Operation within the tRap (max.) limit insures that tgac (max.) can be met.
tRAD (max.)is specified as a reference point only: If tRap is greater than the specified trap (max.)
limit, then access time is controlled by taa.
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TIMING WAVEFORMS
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WRITE CYCLE (EARLY WRITE)
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READ-MODIFY-WRITE CYCLE
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NIBBLE MODE READ CYCLE
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NIBBLE MODE READ - MODIFY - WRITE
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RAS ONLY REFRESH CYCLE i
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CAS BEFORE RAS REFRESH CYCLE
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HIDDEN REFRESH CYCLE (READ)
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HIDDEN REFRESH CYCLE (WRITE)
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE
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