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1.

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

LIFE SUPPORT POLICY

Toshiba products described in this databook are not authorized for use as critical
components in life support systermns 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 suﬂaon system whose failure to
perform may cause a maifunction or failure of the lite 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 responsibillity for the use of any license under
the patent rights of Toshiba or any third parties.
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1. CMOS DYNAMIC RAM

ORGANIZATION, RAS cas POWERDISSIPATION | PN PACKAGE WIDTH
OPERATING ACCESS TIME | ACCESS TWME MAX (mW) COUNT PACKAGE PJF)
CAPACITY PART NUMBER MODE MAX (ns) MAX (ns) ACTVE | STANDBY P J Z FT| ORHEIGHT (2) (nch)
TC511000AP/AJ/AZ-70 70 2 440 . s
TC511000AP/AJ/AZ-80 80 385 58 . s
TC511000AP/AJ/AZ-10 Mx1, 100 25 330 . as
TC511000APLAJL/AZL-70 FAST 76 I 440 ..
TC511000APL/AJL/AZL-80 PAGE 80 385 11 s
TC51O00APL/AIL/AZL10 MODE 100 % 330 BF) | = = =
TC511000BP/BJ/BZ/BFT160 55 .
TC511000BPL/BJL/BZL/BFTL-60 & 20 498 11 26200) | » = s =
TC511001AP/AJ/AZ-70 70 240 " =
TC511001AP/AJIAZ-80 N o 385 00 | = = .
TC511001AP/AJ/AZ-10 MODE 100 25 330 . o 0.300 (°)
TC511001BP/BJ/BZ/BFT-60 80 495 2467) [ » = u »
TC511002AP/AJ/AZ-T0 1MMxt, 70 20 440 = = 0.300 (J)
TC511002AP/AJ/AZ-80 STATIC ) 385 55 « a0
TC511002AP/AJ/AZ-10 COLUMN 100 25 330 " = 0» 0.400 @
TC5110028P/B./BZ/BFT-60 MODE 60 495 ..
1M | TC514256AP/AYAZ-70 70 20 440 « = 0.616 FT)
TC514256AP/AJ/AZ-80 80 385 .- .
TC514256AP/AJ/AZ10 256K x 4, 100 25 3% " e
TC514256APUAJL/AZL-70 FAST 70 440 = = »
TC514256APL/AJL/AZL-80 PAGE 80 » 385 11 207 A
TC514256APUAJUAZLAO MODE 100 % 330 -
TC5142568P/BJ/BZ/BFT-60 55 |26/20@) | » » = =
TC514256BPL/BJIL/BZL/BFTL60 & 20 4% 11 " = oa.
TC514256AP/ANIAZ-70 256K x4, 70 240 00 [ % w o=
TC514258AP/AY/AZ-80 STATIC 80 385 . s
TC514258AP/AJ/AZ-10 COLUMN 100 25 330 246T) |« » =
TC5142588P/BY/BZ/BFT-60 MODE 60 495 55 " » s
TC514266AP/AJ/AZ-70 7 20 240 . w0
TC514266AP/AJ/AZ-80 256K x4, ) 385 . x.
TC514266AP/AYAZ-10 V:RE": 100 25 330 P
TC5142666P/BJ/BZ/BFT-60 BT ) 20 495 " s

P = PLASTIC DIP, J = PLASTIC SOJ, Z = PLASTIC ZIP,FT = PLASTIC TYPE | TSOP




2. MODULES

ACCESS TIME | NO. OF DIMENSIONS (mm
CAPACITY TYPE NO. ORGANIZATION|  tRAC PINS | HEIGHT | LENGTH |WIDTH| COMMENTS
. [THM82500AS/ASG-70/80/10 D56 70,80,100ns
THM82500BS/BSG- :

oMBIT | IMB2500BS/BSG-60 o 80ns 30 | 179 889 5.08 |USING 1M DRAM
THMO2500AS/ASG-70/80/10 256K 70,80,100ns
THM92500BS/BSG-60 B0ns

g 70,80,100ns »
THMB1000AS/AL-70/80/10 20.45/22.60 | 88.9/79.75| 5.08
THM&1000BS/BL-60 e 60ns
THM81020AL-70/80/10 70.80,100ns | ag ‘

SMBIT . ) 89 |LOW PROF!
THM81020BL-60 60ns 1264 6214 1889 OFILE
THM81070AS/AL-60/70/80/10 60,70,80,100ns 15.24 88.9 508 |USING 4M DRAM
HM322500AS/ASG-70/80110 | 55632 70801000 | 25 | 254 10795 |5.08 |SINGLE-SIDED
THM322500BS/BSG-60 60ns s
THMS1000AS/ASG/AL-70/80/10 70,80,100ns 204512260 | s8.9re214 | 508
ITHM91000BS/BSG/BL-60 Mxg 60ns a0 ’ ’ - :

y .
- ,1 |

ey [FMOT020ALTORO/T0 70,80,100ns 1208 w00 oo |lLOW PROFILE
THM91020AL-60 B0ns '
THM1070AS/AL-60/70/80/10 60,70,80,100ns 1524 889 508 |USING 4M DRAM
THMI6Z500ASASG70B0/10 | CECCO I w705 |08 lonaLes
THM36250088/BSG-60 B0ns : : : LE-SIDED

N 1 .

JomBT [IM402500ASG-70/80/10 256Kx40 70801000 | 2, | 254 10795 ' | 508 |SINGLE-SIDED
THM402500BSG-60 60ns

remBIT [IMI25120ASIASG 7058010 | 5 51¢xp 708010008 | 7 | 254 107.95 ' | 889 |DOUBLE-SIDED
THM325120BS/BSG-60 : 60ns -
THM365120AS/ASG-70/80/10 70,80,100ns

18MBIT 512Kx36 72 | 254 10795 |8.89 |DOUBLE-SIDED
THM365120BS/BSG-60 v 60ns ‘
THMA405120ASG-70/80710 512Kx40 70.80.100s 72 254 107.95 8.89 [DOUBLE-SIDED

20MBIT [ 1205120B5G-60 x*0. 60ns - : | "
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60ns

1M DRAM COMPONENTS

70ns 80ns

100ns

—-l TC511000BP/BI/BZ/BFT-60 H TC511000AP/A/AZ/BFT-T0

1]
}_’ TC511000AP/AVAZ/BFT-80 I—LTCSHWIN/AZ/BFI‘ -10 —I

~[ TCS11000BPL/BIL/BZL/BFTL-60 H TCS11000APL/AJL/AZLIBFTL-70 H TCS11000APL/AN/AZL/BFTL-80 H TCS11000APUAIL/AZL/BFTL-10 I

Jl TC511001BP/BY/BZ/BFT-60

s
H TCS11001AP/AVAZ/BFT-T0 H TC511001AP/AVAZ/BFT-80 ‘H TCS11001AP/AVAZ/BFT-10

‘l TC5110028P/BYBZ/BFT-60

H TCS11002AP/AYAZ/BET-T0 H TCS11002AP/AV/AZ/BFT-80 H TCS1100AP/AVAZ/BFT-10
! i

-{ TC514256BP/BYBZ/BFT-60

=
H TC514256AP/AVAZ/BFT-T0 J—'! FC514256AP/ANAZ/BFT-80 H TC514256AP/AY/AZ/BFT-10

-—{ TC514256BPL/BIL/BZL/BFTL-60 H TC514256APL/AILAZI /BFTL-TO H TC514256APL/AIL/AZL/BFTL-80 I—-—| TC5142SEAPL/AIL/AZL/BFTL-10

‘I TC514258BP/BJ/BZ/BFT-60

H TCS514258AP/AAZ/BFT-70 &—‘i TC514258AP/AVAZ/BFT-80

T
H TCS14258AP/AJAZ/BFT-10

|
|
]
|

—‘i TC5142668P/BYBZ/BFT-60

‘—{ TC514266AP/AYAZ/BFT-T0 H TC514266AP/AVAZ/BFT-80 H TC514266AP/AVAZ/BFT-10
]

‘ISQKHG[

IJ' TC5116644/2-80 H TCS116844/2-10
i—‘L TCS1166441/20-80 H TCS11664L/2L-10
i_i TC511665.)/Z-80 H TC5116650/2-10

L
l" TCSHE658/ZL-80 H TCS11665JL/ZL-10

FAST PAGE MOOE

“FAST PAGE MODE/
LOW POWER VERSION

"NIBBLE MOOE
STATIC COLUMN MODE

“FAST PAGE MOOE

FAST PAGE YODE!
LOW POWEH ¥Z2S0H

STATIC COLUMN MOOE
{FAST PAGE MODE/
'WRITE PER BIT

:FAST PAGE MODE/
BYTE WRIE

:FAST PAGE MGDE/

BYTEWANE,

FAST PAGE wODES
WRITE PEK BT

FAST PRCE MOTHY




1M DRAM MODULES

tM DRAM
MODULE 6ONS 70NS 8ONS 100NS
-[2M Bit Hgssm l—hnwsmeslaseso l—l‘mmezsooasmsmo ]—[mmszsomsmseao H;HMBZSOOASIASG-W I
W]—tmmzsooasms&eo Hr+imszs00asiasa70 HstesooAsAseso HTHmsnoAS/Ass-m |
oM it |1-[1an HMB1000BS/BL-60 Hrmer000asaL-70 HrHvs1000AsiAL 80 HTHMB!OOOAS/AL-ID |
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-{QM Bit I--IlMxQ M31000BS/BSG/BL-60 H'r 70 Hr: -80 |—i'er1oooAsmsG/AL4o l
THMO1020BL-60 HmmmzoAL-m Hﬁmwzmuso ‘ }-Fumwmu.-w I
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-[mM Bit stsmo I—-i'mmozsooase-so }-tmmozsrmsmo Hmmozsomse-eo HTHM402500ASG~10

-“lSM Bit

e Hsmsmens

HTHNBZSi 20AS/ASG-70
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-I18M Bit
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-|20M Bit

H 512Kx40 HTHM4051208$G-60

HTHMd05120ASG-70
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I—FHWOSIMASG-IO







‘1. 1M x 1'DYNAMIC RAM

FUNCTION FAST PAGE NIBBLE STATIC COLUMN
TOSHIBA TC511000BP/BJ/BZ/BFT * TC511001BP/BJ/BZ/BFT TC511002BP/BJ/BZ/BFT
HITACHI HM511000AP/AJP/AZP HM51 1001APIAJP/AZP HMS511002AP/AJP/AZP
NEC uPD421000C/LANV uPD421001C/LAV uPD421002C/LANV. -
MITSUBISHI M5M41000AP/AJ/AL " M5M41001AP/AJ/AL MS5M41002AP/AJ/AL
OKi MSMS511000RS/JS/ZS MSM511001RS/JS/ZS - - MSM511002RS/JS/ZS
FUJITSU MBB1. C1000P/PJ/PSZ MB81C1 061 P/RIIPSZ MB81 Ci 002P/P'J/PSZ_
MICRON MT4C1024PD/DJA/ZB MT4C1025PD/DJA/ZB MT4AC1026PD/DJA/ZB
T TMS4C1024N/DJ TMS4C1025N/DJ - TMS4C1026N/DJ :
SIEMENS HYB511000 HYB511002
VITELIC V53C100 V53C102




2. 256K x 4 DYNAMIC RAM

FAST PAGE
FUNCTION FAST PAGE STATIC COLUMN WRITE PER BIT
TOSHIBA TC514256BP/BJ/BZ/BFT TC514258BP/BJ/BZ/BFT TC514266BP/BJ/BZ/BFT
HITACHI HM514256AP/AJP/AZP HM514258AP/AJP/AZP HM514266AP/AJP/AZP
NEC uPD424256C/LAV uPD424258C/LAV uPD424266C/LA/V
MITSUBISHI | M5M442568P/BJ/BL/BVP/BRV | M5M44258/BP/BJ/BL/BVP/BRV | M5M44266BP/BJ/BL/BVP/BRV
OKl MSM514256RS/JS/ZS MSM514258RS/JS/ZS
FUJITSU MB81C4256P/PJ/PSZ MBB81C4258P/PJ/PSZ
MICRON MT4C4256PD/DJA/ZB MT4C4258PD/DJA/ZB
Tl TMS44C256N/DJ
VITELIC V53Ci04 V53C106 V53C105




3. DRAM MODULE

ORGANIZATION 256Kx8 256Kx9 1Mx8 ZSGKXB? 1Mx9 256Kx36 256Kx4? 512Kx32 512Kx36 512Kx40
TOSHIBA THM82500 THM92500 | THM81000 { THM322500 | THM91000 THM362500 THM402500 | THM325120 THM3§51 20 THM405120
FUJITSU MB85240 MB85230 MB85235 MB85236 MB85254
HITACHI HBS561008 HBS61003 . | HB56A18. HB56A19 HB56025636 HB56D51236

MITSUBISHI MH25608 MH25609 MH1MOBAOJ MH1MO9AOJ | MH25636AJ MHS1236AJ

NEC - MC157 MC41256A9 | MC42100A8 MC421000A9 | MC424256A36 MC424512A36

OKI MSC2328 MsSC2331 MSC2313 MSc2327 MSC2312 MSC2320 MSC2333 MSsc2321

NMB MM1M100J8 MM1M100J9

T TM4256GU8 | TM42566U9 | TMO24GAD8 TMO24EADS

MICRON MT8C8256 MT8C9256 | MTBC8024 MT8C9024 MT8C36256 MT8C36512







PREFIX

TC51 !

11000, B,

1M DRAM PART NUMBER GUIDE

eI

Ly -

60
L——-— SPEED: -60 = 60ns
-70 = 70ns
-80 = 80ns
-10 = 100ns

POWER: L = LOWPOWER
= STANDARD

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

DIE REVISION

10

CONFIGURATION

1000 = 1Mx1, FAST PAGE MODE
1001 = 1Mx1, NIBBLE MODE

1002 = 1Mx1, STATIC COLUMN MODE
4256 = 256Kx4, FAST PAGE MODE
4258 = 256Kx4, STATIC COLUMN MODE
4266 = 256Kx4, WRITE PER BIT MODE
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300 MIL WIDTH DIP OUTLINE DRAWING
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300 MIL WIDTH SOJ OUTLINE DRAWING
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400 MIL HEIGHT ZIP OUTLINE DRAWING
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TSOP TYPE-| OUTLINE DRAWING
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400 MIL WIDTH SOJ OUTLINE DRAWING FOR
64Kx16 DRAM'S AND 128Kx8 VRAM'S
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Weight : 1.54g (TYP.)
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475 MIL HEIGHT ZIP-OUTLINE DRAWING
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400 MIL WIDTH SOJ OUTLINE DRAWING FOR 256Kx4 VRAM'S
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400 MIL HEIGHT ZIP OUTLINE DRAWING FOR 256Kx4 VRAM'S
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1,048,576 WORD x 1 BIT DYNAMIC RAM PRELIMINARY

DESCRIPTION

The TC511000BP/BJ/BZ/BFT is the new generation dynamic RAM organized 1,048,576 words by 1
bit. The TC511000BP/BJ/BZ/BFT 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 TC511000BP/BJ/BZ/BFT to be packaged in a standard 18 pin
plastic DIP, 26/20 pin plastic SOJ, 20/19 pin plastic ZIP, 24/20 pin plastic TSOP. The package size
provides high system bit densities ard is compatible with widely available automated testing and
insertion equipment. System oriented features include single power supply of 5V 10% tolerance, direct
interfacing capability with high performance logic families such as Schottky TTL.

FEATURES
® 1,048,576 word by 1 bit organization ¢ Low Power
e Fast access time and cycle time 495mW MAX. Operating
TC5110008P/BI/BZBFT-60 | 5.5mW MAX, Standby
- ¢ Qutput unlatched at cycle end allows two-
taac RAS Access Time 60ns dimensional chip selection
taa Column Address 30ns ¢ Common /O capability using “EARLY
Access Time WRITE"” operation
teac CAS Access Time 20ns ® Read-Modify-Write, CAS before RAS refresh,
tac Cycle Time 110ns RAS-only refresh, Hidden refresh, Fast Page
tpc Fast Page Mode 0 Mode and Test capability
Cycle Time ns e All inputs and output TTL compatible

512 refresh cycles/8ms
Package  TC511000BP : DIP18-P-300C
TC511000BJ : S0OJ26-P-300
- TC511000BZ : ZIP20-P-400

e Single power supply of 5V+10%
with a built-in Vgp generator

PIN CONNECTION TC511000BFT : TSOP24-P-0616
Plastic DIP Plastic SO/ Plastic ZIP
of 3 PIN NAMES
A9 > Se——————
Doyt Doyr[3. 3 ::::m /AO~A9|Address Inputs
eAyT Dourid.. 773y :
Owfs.? 273 ks RAS [Row Address Strobe
m:i} ::8:: * Diy |Data In
N.C.-::‘ hh Doyt |Data Out
117 e CAS |Column Address Strobe
AOLL) 2| A1
a2133 £33 WRITE |Read/Write Input
EXS 114] A3
Veeps! =23 Ve [Power(+5V)
h73 U=G= Ad Vss |Ground
ASUZE %] a6
A7 -l.-9-' =o3 TF  |Test Function
- 0] A8 -
bl N.C. |No Connection
A9 | 1 Plasti¢ TSOP 24 A8
CAS| 2 23] A7
Doyr! 3 1 {0 22| A6
NC 4|3 El21] As
Vss{ 5 |4 E120] A4
NG| 8 | P17 vee
Din| 9 16 A3
WRITE | 10 151 A2
RAS | 11 14 Al
TF{12 131 A0




TC511000BP/BJ/BZ/BFT-60

BLOCK DIAGRAM

WTEO_—_E}
TAS O0—

DATA IN <0 Din
- BUFFER
NO.2 CLOCK
GENERATOR i > "DATA OUT o Dour
* o 4 BUFFER
COLUMN - :
10 | ADDRESS : oy COLuMN
A0 O BUFFER (10) J 1 %|  DECODER
Al O~ SENSE AMP
REFRESH ;
A2 O CONTROLLER | /0 GATING [
A3 O ) -~ 2048 -
A4 O REFRESH
A5 Ol {_COUNTER (9)
-4
A6.O> 3 S MEMORY
A7 O 9|52 ARRAY
A8 O | — ROW : wl |
ADDRES! ol
A9 O'm BUFFER (9) ] .
T
| O Vcc
NO.1 Clock SUBSTRATE BIAS
RASO—| GENERATOR  |— GENERATOR |0 v
ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL RATING UNITS NOTES
input Voltage Vi -1=~7 v 1
Test Function Input Voltage Vin(TR) . =1~10.5 v 1
Output Voltage Vour L -1~7 v 1
Power Supply Voltage Vee -1=~7 " 1
Operating Temperature Torr 0~70 °C 1
Storage Temperature Tsre -~ 55~150 *C 1
Soldering Temperaturé - Time TsoLDer 260- 10 °C-sec t
Power Dissipation Po 600 mw 1
Short Circuit Output Current loutr 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
Vin Input High Voltage 24 - 6.5 \ 2
Vi, input Low Voltage ~1.0 - 0.8 v 2
ViH(TF) Test Enable Input High Voltage Vee+4.5 - 10.5 v 2
Vi e Test Disable Input Low Voltage -1.0 - Vec+1.0 v 2




TC511000BP/BJ/BZ/BFT-60

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

SYMBOL ‘ PARAMETER MIN. | MAX. | UNITS | NOTES

OPERATING CURRENT TCS110008P/8) 3,4

Icc Average’Power Supply Operating Current - 90 mA

X BZ/BFT-60 S

(RAS, TAS, Address Cycling: tpc=tpc MIN. )
STANDBY CURRENT

lccz Power Supply Standby Current - 2 mA
(RAS = CAT = Vi)
RAS ONLY REFRESH CURRENT 1CS110008P/8)

lcca Average Power Supply Current, RAS Only Mode BZ/BFT-60 - 90 mA 3,5
(RAS Cycling, TAS=Vu: tac=tac MIN. ) :

verage Power Sy, urrent, Fast Page Mode - m
cca g Pply g BZBFT-60 s

(RAS = v, TAS, Address Cycling: tpc=tpc MIN. )

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

TAS BEFORE RAS REFRESH CURRENT 7CS110008P/BY _
lecs Average Power Supply Current, CAS Before RAS BZBFT-60 - 90 mA 3
Mode (RAS, CAS Cycling: tpc=tac MIN. ) )

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

INPUT LEAKAGE CURRENT (only TF)

-10 10
(OVS Vi (1r) S Ve +0.5V, All Other Pins Not Under Test = 0V) pA

e

) OUTPUT LEAKAGE CURRENT 10 10
O | (Dour is disabled, OVS VourS 5.5V) - bA

\ TEST FUNCTION INPUT CURRENT . A
T | (Ve + 4.5VEViy riy S 10.5V) - "

OUTPUT LEVEL
Vou e 2.4 - v
Output “H" Level Voltage (loyr = -~ 5mA)

v OUTPUT LEVEL . 0.4 v
ot Output “L” Level Voltage (loyr=4.2mA) . - )




TC511000BP/BJ/BZ/BFT-60

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

TCS110008P/BJ/BZ/BFTL-60

SYMBOL PARAMETER UNIT | NOTES

‘ MIN. MAX,
tre Random Read or Write Cycle Time 110 - ns
tamw | Read-Modify-Write Cycle Time ' 135 - ns
tec Fast Page Mode Cycle Time 40 - ns
tprRMW Fast Page Mode Read-Modify-Write Cycle Time 65 - ns
tRAC Access Time from RAS - 60 ns | 9,14
teac Access Time from TAS - 20 ns | 9,14
taa Access Time from Column Address - 30 ns | 9,15
tcpa Access Time from CAS Precharge v - 35 ns |9
toz TAS to Output in Low-Z ' 0 - ns |9
torr 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
tRASP RAS Pulse Width (Fast Page Mode) 60 100,000 ns
task RAS Hold Time 20 - ns
tRHCP RAT Hold Time From TAS Precharge (Fast Page Mode) 35 - ns
tesH CAS Hold Time ' 60 - ns
tcas CAS Pulse Width 20 10,000 ns
tRep RAS to TAS Delay Time 20 40 ns | 14
trAD RAS to Column Address Delay Time 15 30 ns |15
cre CAS 1o RAS Precharge Time 5 - ns
tep TAS Precharge Time 10 - ns
tasr Row Address Set-Up Time [} - ns
tRAH Row Address Hold Time 10 - ns
tasc Column Address Set-Up Time V] - ﬁs
tcan Célumn Address Hold Time R 15 - ns
tar Column>Address Hold Time referenced to RAS 50 - ns
taal Column Address to RAS Lead Time 30 - ns
trcs Read Command Set-Up Time 0 - ns
tRCH Read Command Hold Time 0 - ns |11
[ Read Command Hold Time referenced to RAS 0 - ns |11
twen Write Command Hold Time 10 - ns




TC511000BP/BJ/BZ/BFT-60

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS |
(Continued)

TC5110008P/BJ/BZ/BFT-60

SYMBOL PARAMETER UNITS| NOTES
MIN. MAX.
twer Write Command Hold Time referenced to RAS 45 - ns |
twp Write Command Pulse Width 10 - ns
trwt Write Command to RAS Lead Time 20 - ns
tewl Write Command to CAS Lead Time 20 - ns
tos Data Set-Up Time [ - ns 12
tom Data Hold Time 15 - ns |12
toHR Data Hold Time referenced to RAS 50 - ns
tReF Refresh Period - 8 ms
twes Write Command Set-UP Time 0 - ns |13
tewo TAT to WRITE Delay Time 20 - ns |13
tRWD RAS to WRITE Delay Time 60 - ns |13
tAWD Column Address to WRITE Delay Time 30 - ns |13
tepwo TAS Precharge to WRITE Delay Time 35 - ns |13
‘s TAS set-Up Time s - ns ‘\
(CAS before RAS Cycle)
ronn TAS Hold Time s _ ns
(CAS before RAS Cycle)
trpe RAS to CAS Precharge Time 0 - ns
. CAS Precharge Time (CAS before RAS Counter Test 30 _ ns
Cycle)
tres Test Mode Enable Set-Up Time referenced to RAS 0 - ns
tTEMHR Test Mode Enable Hold Time referenced to RAS [} - ns
treEHC Test Mode Enable Hold Time referenced to CAS [} - ns
CAPACITANCE (Vcc =5V £ 10%, f = 1MHz, Ta =0~70°C)
SYMBOL PARAMETER MIN, MAX. UNIT
Cnh Input Capacitance (AO~AS9, D) - 5
[ Input Capacitance (RAS, TAS, WRITE, TF) - 7 pF
Co Qutput Capacitance (Doyr) - 7




TC511000BP/BJ/BZ/BFT-60

NOTES:

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

2. All voltages are referenced to Vss.

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

4. Icci Icca dependion output loading. Specified values are obtained with the output open.

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

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

7. AC measurements assume tT=25ns.

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

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

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

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

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

13. twcs, tRWD, tCWD, tAwD and 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 trwpZ tRwD (min.), tcwp=tcwp (min.), tawD=tawp (min.) and tcpwpE 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 trep (max.) limit insures that trac (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.

15. Operation within the trap (max.) limit insures that tRac (max.)cen be met.

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



TC511000BP/BJ/BZ/BFT-60

TIMING WAVEFORMS
READ CYCLE

tre

tap
Vih — ’\ taas / 3
Vik — *
tere o t,
_t‘ trcD > RSH ISP,
Vi == tc r
Vi —= 3
tar . I
4D LR {
tas| ‘RA-L tasc tcan }

o - Y = 3O |

—_— . -\
Bour OPEN %@ DATA-OUT _S'———""

: “H" or "L

NOTE: “TF” pin should be connected to Vi (TF) level or open, if “Test Mode” is not used.
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TC511000BP/BJ/BZ/BFT-60

WRITE CYCLE (EARLY WRITE)
S S A NI
A | N
T
AAAAA B =
e ;= |
A— "

. = @

% ¢ "H" or "L”
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TC511000BP/BJ/BZ/BFT-60

FAST PAGE MODE READ CYCLE

tre
Vin —=" 3 trasP P d ‘
s \_
Vu' m—— \-k /
tesH tpc TRSH
teae treo teas [ tep e tauce
ViH ==""F 4 teas | A teas
nw_ / NCN \
tar I trAL
tasr trar;  tasc tcan tasc, tean tasc tcan
||
Vm L o + X r d  d
A0~A9 % ROW coL.1 coL.2 COLN
A\ R x * X
) | trRH
tres | treh || |jtres trew || || trcs e
1 1
Vin —
WRITE
Vi teac teac teac
taa |tAA taa
trac C teea tcpa
Von— by q a Y
D, ’ D 1 D, 2 D N
our VoL — out ’?—' out ’}— our >——
terz l torr toz | torr toz | torr
! | | i 1 |
% : "H" or “L"

NOTE: “TF" pin should be connected to Vi, (TF) level or open, if “Test Mode” is not used.




‘TC511000BP/BJ/BZ/BFT-60

READ-MODIFY-WRITE CYCLE

Vin
RAS
Vi

Vin
TAS
Vi

O
Ve

r

RwW

4

4
<SS
/|

g

tasp 1 1=y, tasc tean

tawp

tWD_

l7‘

oK

Y,

" Vin
viL et EQ

7
7

o X

D
i.fil
}—

out

A-10

% T "H" or "L



TC511000BP/BJ/BZ/BFT-60

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

R

Vig —"" X trasp +#

vip — .
tec tRsH
tere tRCD teas tep tep

g
t\T
7
N
Z
§
=
§

Vi A
tar tral
Lasr traH)  tasc tcan tasc tean tasc tean
Vi # e i’ <+
A0~A9 ROW coL.t coL.2 COLN
Vi N K *
traD

twel twes twen

twes

WCS twen twe twp

Vi | >
WRITE twep

Vi 3

tos tou tos
Vi
ViL -

| toHR

toH tos toH

Von—

Dour OPEN
VoL—

% : "H" or "L

NOTE: *“TF” pin should be connected to Vi (TF)level or open, if “Test Mode” is not used.




TC511000BP/BJ/BZ/BFT-60

FAST PAGE MODE READ-MODIFY.WRITE CYCLE

trp
. ——>
Vi —" taase
739 N
Vi — X
tesu teamwy tRsH
tere trRCD tep cp
Vi F teas | 4 % teas £ x| teas
s N /
V||_ — . / hr 4 \.‘
traL
tasr) | [tram; tasc tcan tasc | | tcan tasc| [tean
i | sty |
Vi X v - ’s
AO~A9 _%g ROW }@{ coL.1 }@( coL2 D@Z CoLN @W
Vi — . -3 R
tRAD L tewp tewn, CWD,
AWD kvwol"’" tepwo[ ], ] [fom
tres | AWD tawD trw]
Vin tow cowi,
o ;S| 1T 0|
A Z b .
tawo twe twp twe
tos |y tow tos ol tos ton
Viu // J
Dy D, D
" /////////‘@’//// "’m “"@W
taz tenz (*]
teag [ teac Iteac
tan taa tan
tRaC tcea tcra
Vou—— SN £ N i L
D, 1
ouT o { Dour 1 Dour 2  our N,?——-—
I torr | tore | tore
| |

: “H" or "L

NOTE: “TF” pin should be connected to Vi, (TF)level or open, if “Test Mode” is not used.
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TC511000BP/BJ/BZ/BFT-60

RAS ONLY REFRESH CYCLE

Vi X trAs Y
Vi — N
terp

[
ViH ——
i —

t, traH
Vin

ZR “H® or “L" F

NOTE: WRITE= “H" or “L"” A9="H" or “L"
“TF” pin should be connected to Vy (TF) level or open, if “Test Mode” is not used.

CAS BEFORE RAS REFRESH CYCLE

tae
tre |
Viy b d tras
1214 , N }I A\
Vit = trec 1

w = N

|
T

% t “H" or “L”

NOTE: WRITE= “H" or “L" A9="H" or “L"
“TF" pin should be connected to Vi, (TF)level or open, if “Test Mode" is not used.

A-13



TC511000BP/BJ/BZ/BFT-60

HIDDEN REFRESH CYCLE (READ

w WD e /&\ "

w

o R |

ol
“ A v or -

A-14



|
TC511000BP/BJ/BZ/BFT-60

HIDDEN REFRESH CYCLE (WRITE

lJJP_.
Vin — b —tras tras
RAS x
VL K 4 L
treo h7e
N

h

‘I
K

EED -

: “H" or "L”

NOTE: “TF” pin should be connected to Vi (TF) level or open, if “Test Mode” is not used.

A-15 l



TC511000BP/BJ/BZ/BFT-60

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

1

. :;::_‘Iv — /N
R I
o+ R o
o N
- iw 1]
e @ l
U S T
Chte o N

Ko A

: "H" or "L*

Note: “TF" pin should be connected to Vi, (TF) level or open, if “Test Mode” is not used.
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TC511000BP/BJ/BZ/BFT-60

TEST MODE

The TC511000BP/BJ/BZ/BFT is the RAM organized 1,048,576 words by 1 bit, it is internally
organized 262,144 words by 4 bits. In “Test Mode”, data is written into a number of sectors (4 sectors)
in parallel and retrieved the same way. If, upon reading, all bits are equal (all “H” or“L"), the data
output pin indicates a same data as all bits. In this case, the data output pin indicates an expected
data for good parts, the data output pin indicates a complementary data for bad parts, And also, if
any of the bits differed, the data output pin would indicate a high impedance state for bad parts. Fig.
1 shows the block diagram of TC511000BP/BJ/BZ/BFT including its truth table when “Test Mode” is
used.

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

Block Diagram in Test Mode

An, Am
—————0
A o
An, Am [ "75ex o NORMAL ?
BLOCK —0
A e
TF

— An, &7 75k | s [en
) - 7] sLock
8 An, Am
) —=
| ~ __AA, Am ————O\Q"lo

c
pre o ORMAL
L. BLOCK —°

T -
TF
—_— D Nch
An, Am [ 256K
BLOCK
[¥)

TF Pin = Super voltage; Test Mode
TF Pin=V;_ (TF) level or High-Z; Normal

Truth Table in Test Mode Function

A 8 C o] Dour
0 0 Q 0 0
1 1 1 1 1
Otherwise Hi-Z
Fig. 1

A-17 |



TC511000BP/BJ/BZ/BFT-60

“Test Mode” function is performed on any of the timing cycles including Fast Page Mode when “TF”
pin is held on “super voltage (Vcc+4.5V (Voc=56V110%), max. voltage=10.5V)" for the specified
period (tTES, tTEHR and tTEHC; see Fig. 2). The address input of A9 is ignored in the “Test Mode”.

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

The “Test Mode” function reduces test times (1/4 in case of usxng N test pattern)

) Vi ~— ‘\ .
RA3 /
viL —
Viy —= \ ﬁ
Vb — L1EHC (Ons)
ltras (Ons) 17eHR (Ons)

Vingrsy ™ A \
Vit — -

Fig. 2 Test Mode Cycle
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PRELIMINARY

DESCRIPTION

The TC511000BPL/BJL/BZL/BFTL is the new generation dynamic RAM organized 1,048,576 words by
1 bit. The TC511000BPL/BJL/BZL/BFTL 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 TC511000BPL/BJL/BZL/BFTL to be packaged in a
standard 18 pin plastic DIP, 26/20 pin plastic SOJ, 20/19 pin plastic ZIP, 24/20 pin plastic TSOP. The
package size provides high system bit densities and is compatible with widely available automated
testing and insertion equipment. System oriented features include single power supply of 5V+10%
tolerance, direct interfacing capability with high performance logic families such as Schottky TTL.

FEATURES
¢ 1,048,576 word by 1bit organization e Low Power
e TFast access time and cycle time 495mW MAX. Operating
1.1mW MAX. Standby
TC5110008P BZUBFTL - 60
- C5110008P LB ® Output unlatched at cycle end allows two-
taac RAS Access Time 60ns dimensional chip selection
taa Column Address . 30ns ¢ Common VO capability using “EARLY
Access Time WRITE"” operation
teac TAS Access Time 20ns ¢ Read-Modify-Write, CAS before RAS refresh,
tac  Cycle Time 110ns RAS.only refresh, Hidden refresh, Fast Page
tpc Fast Page Mode Mode and Test capability
Cycle Time 40ns ¢ All inputs and output TTL compatible

o Single power supply of 5V+10% ® 512 refresh cycles/64ms

; iltin V. ® Package  TCS511000BPL : DIP18-P-300C
with a built-in Vpp generator TC511000BJL : SOJ26-P-300
TC511000BZL : ZIP20-P-400
TC511000BFTL: TSOP24-P-0616
PIN CONNECTION
Plastic DIP Plastic SOJ Plastic ZiP
PIN NAMES
! Vss ?
g Doyr 7] A0~A9 |Address Inputs
4 A9 N.TCF.g .C. . % RAS |Row Address Strobe
g :; a0ls O  |Data In
7 AS Al10 o Doyr |Data Out
8 AS 2% :; b2 012 TAS |Column Address Strobe
9 Ad vecl13 3 y WRITE |Read/Write Input
3 Vee |Power (+5V)
Vss | Ground

TE | Test Function
N.C. |No Connection

A9 t Plastic TSOP 2] as
LT? 2 23| A7
Doyr| 3 (s} 22} A6
NE |4 B2 As
Vss} S EZO A4
NG| 8 P71 Vee
om| 9 16] A3
WRITE | 10 1s| A2
RAS| 1 14 Al
TF|12 13| A0
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TC511000BPL/BJL/BZL/BFTL-60

BLOCK DIAGRAM

WRITE
m%

|

DATA IN
BUFFER

<O Diy

NO.2 CLOCK. |
GENERATOR
T © '

I,__,"‘l DATA OUT Oour
BUFFER

e
.
COLUMN COLUMN
—{ | ADDRESS Jﬂ>

A0 O= BUFFERS (10) } %] DECODER
N SENSE AM?P.
A2 O REFRESH 1O GATING
A3 O CONTROLLER .
As o> REFRESH " 2048 -
AS O COUNTER (9)
o] v i MEMORY
AT L s12 | ARRay
A8 o= ASoRESS i
A9 °"—_:'3i> BUFFERS (10)

1

NO.1 CLOCK

FASO—>| GENERATOR

ABSOLUTE MAXIMUM RATINGS

SUBSTRATE BIAS |0 Vec
GENERATOR __[=-0 vgg

ITEM SYMBOL RATING UNITS NOTES

Input Voltage Vin -1~7 v 1

Test Function Input Voitage Vin (R -1~10.5 v 1

Qutput Voltage Vour -1=~7 v 1

Power Supply Voltage Vee -1~7 \ 1

Operating Temperature Toer 0~70 °C 1

Storage Temperature Ts16 -55~150 °C 1

Soldering Temperature « Time Tsouper 26010 °C-sec 1

Power Dissipation Po 600 mw 1

Short Circuit Output Current lour 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 v 2
ViL input Low Vé!tage -1.0 - 0.8 v 2
Viu(rey | Test Enable Input High Voitage Vec+4.5 - 10.5 \' 2
ViLas Test Disable input Low Voltage -1.0 - Vecx 1.0 v 2
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TC511000BPL/BJL/BZL/BFTL-60

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

TC51 lOdOBPL/BJUBZUBFTL-GO
SYMBOL PARAMETER UNIT | NOTES
MiIN. MAX.
tae Random Read or Write Cycle Time 10 - ns
trmw Read-Modify-Write Cycle Time 135 - ns
te Fast Page Mode Cycle Time 40 -~ ns
TpPRMW Fast Page Mode Read-Modify-Write Cycle Time 65 - ns
tRAC Access Time from RAS - 60 ns | 10,15
teac Access Time from TAS - 20 ns | 10,15
taa Access Time from Column Address - 30 ns | 10,16
tcpa Access Time from TAS Precharge ' - 35 ns |10
tewz TAS to Output in Low-Z 0 - ns {10
torF Outpu: Buffer Turn-off Delay [} 20 ns "
ty Transition Time (Rise and Fall) 3 50 ns |9
trp RAS Precharge Time 40 - ns
tras | RAS Puise Width 60 10,000 ns
trasp RAY pulse Width (Fast Page Mode) 60 100,000 ns
tasn RAS Hold Time 0 - ns
tanep RAS Hold Time From TAS Precharge (Fast Page Mode) 35 - ns
tesu TAT Hold Time 60 - ns
teas TAT Pulse Width 20 10,000 ns
tReD RAS to TAS Delay Time 20 40 ns | 15
tRAD RAS to Column Address Delay Time 15 30 ns | 16
tcrp TAT to RAS Precharge Time H - 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
tcAH Column Address Hold Time 15 - ns
tar Column Address Hold Time referenced to RAS 50 - ns
tRaL Column Address to RAS Lead Time 30 - ns
tRes Read Command Set-Up Time 0 - ns
tReH Read Command Hold Time 0 - ns |12
tRRN Read Command Hold Time referenced to RAS 0 - ns | 12
twew | Write Command Hold Time 10 - s
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DC ELECTRICAL CHARACTERISTICS (Vcc=5V £ 10%, Ta=0~70%)

SYMBOL

PARAMETER

MIN.

MAX,

UNITS

lecr

OPERATING CURRENT
Average Power Supply Operating Current
(RAS, TAS, Address Cycling: tac=tac MIN. )

TC511000BPUBIY
BZUBFTL-60

90

mA

leca

STANDBY CURRENT
Power Supply Standby Current
(RAS=TAS = V)

mA

leas

" Average Power Supply Current, RAS Only Mode

RAZ ONLY REFRESH CURRENT TCS11000BPUBIY

. TL-
(RAT Cycling, TAS = V)2 tac=tre MIN. ) BZUBFTL-60

90

mA

leca

FAST PAGE MODE CURRENT
Average Power Supply Current, Fast Page Mode
(RAS = v, TAS, Address Cycling: tpc=tpc MIN. )

TC5110008PL/BIV
BZUBFTL-60

60

mA

lecs

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

200

lecs

CAS BEFORE RAS REFRESH CURRENT
Average Power Supply Current, TAS Before RAS
Mode (RAS, TAS Cycling: tae=tre MIN. )

TC5110008PL/BIV
BZUBFTL-60

90

mA

leer

BATTERY BACK UP CURRENT

Average Power Supply Current, BATTERY BACK UP MODE
(CAT = TAS Before RAS Cycling or 0.2V, WRITE = V¢ - 0.2V or 0.2V,
AO~9 =Vcc-0.2V or 0.2V, Dy = Ve - 0.2V or OPEN :

tac = 125ps, tras=trag MIN. ~1ps)

300

3,6

hiv)

INPUT LEAKAGE CURRENT (any input except TF)
input Leakage Current, any input
(OVSViyS 6.5V, All Other Pins Not Under Test=0V)

-10

hire (L)

INPUT LEAKAGE CURRENT (only TF)
(OVS Vi (TF) S Ve + 0.5V, All Other Pins Not Under Test = 0V)

-10

lo (L)

OUTPUT LEAKAGE CURRENT
(Dour is disabled, OVS VourS5.5V)

Ite

TEST FUNCTION INPUT CURRENT
(Ve +4.5VS Vi (TF) $10.5V)

mA

Vou

OUTPUT LEVEL
Qutput “H" Level Voltage (ioyr= - SmA)

2.4

Vou

OUTPUT LEVEL
Output “L” Level Voltage (Igyr = 4.2mA)

04
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TC511000BPL/BJL/BZL/BFTL-60

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Continued)

TC5110008PL/BIL/BZUBFTL-60
SYMBOL PARAMETER UNITS| NOTES
MIN. MAX,

twer Write Command Hold Time referenced to RAS 45 - ns
twe Write Command Pulse Width 10 - ns
TRWiL Write Command to RAS Lead Time 20 - ns
tewt Write Command to TAS Lead Time 20 - ns
tos Data Set-Up Time 0 - ns 13
ton Data Hold Time 15 - ns {13
ioun Data Hold Time referenced to RAS 50 - ns
taer Refresh Period - 64 ms
twes Write Command Set-Up Time 0 - ns | 14
tewp CAT to WRITE Delay Time 20 t- ns | 14
tawp RAY to WRITE Delay Time 60 - ns | 14
tawp Column Address to WRITE Delay Time 30 - ns |14
tepwp | CAS Precharge to WRITE Delay Time 35 - ns | 14
s TAT Set-Up Time s _ s

(CAS before RAS Cycle)
tonn TAS Hold Time 15 _ ns

(TAS before RAS Cycle)
trec RA3 to TAS Pre(ha}ge Time 0 - ns
ot TAS Precharge Time (CAS before RAS Counter Test 0 - s

Cycle)
tres Test Mode Enable Set-Up Time referenced to RAS 0 - ns
trenR ‘I;est Mode Enable Hold Time referenced to RAS 0 - ns
trene Test Mo;:le Enable Hold Time referenced to CAS 0 - ns

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

SYMBOL PARAMETER MIN. MAX, UNIT
Ch input Capacitance (A0~A9, D) - S

[« Input Capacitance (RAS, TAS, WRITE, TF) - 7 pF
Co Qutput Capacitance (Dgyr) - 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 Iccs, Iccs, Iccs depend on cycle rate.

4. Icci, Iccq depend on output loading. Specified values are obtained with the output open.

5. Column address can be changed once or less While RAS=Vjy, and CAS=Viy.

6. tras(max.)=1yps 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 cycles before proper device
operation is achieved. In case of using internal refresh counter, a minimum of 8 TAS before RAS
initialization cycles instead of 8 RAS cycles are required.

8. AC measurements assume tT=5ns.

9. Viy (min.) and Vi (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. torF (max.) defines the time at which the output achieves the open circuit condition and is not
referenced to output voltage levels, )

12. Either trcy or trrH must be satisfied for a read cycle.

13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading
edge in Read-Modify-Write cycles.

14. twes, tRwD, tcwD, tawD and tcpwp are not restrictive operating parameters. They are included
in the data sheet as electrical characteristiqs only. -If twcss:twcs (min.), the cycle is an early -
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle;
If tRwDZ trwpD (min.), tcwD2 tcwD (min.), tAWD= tawD (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.

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

16. Operation within the tRap (max.) limit insures that tpac (max.) can be met.

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

READ CYCLE
tre
PR | I
Ve —"— 3 y i
mo \- Seas /] \
* tesh
‘c&'—r— taco tasH < KB,
Viy — t d
o / N /]
Vg — .
tar I
tRaD taal
tasp

o R T G

I ! B

. LS | tort |
Vor™
Oour OPEN @4 DATA-OUT

oL

: “H® or "L*

NOTE: “TF” pin should be connected to Vi (TF)level or open, if “Test Mode” is not used.
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WRITE CYCLE (EARLY WRITE

R . —

= 17 N 7

. X =" e

o b m—
| e ton I '

s =
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READ-MODIFY.-WRITE CYCLE

== % — M
= :J Ny — -
e ‘ia Erm.
. letowo
L A

% : "H" or "L”

NOTE: *“TF” pin should be connected to Vi (TF)level or open, if “Test Mode” is not used.
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FAST PAGE MODE READ CYCLE

A0~A9

Dour

trp
Vin —__‘\ trase <
Vip — k /
tesu toc tRSH
ere taco teas tep e tancr
ViH — g \ /‘ \ teas | \ teas
Vi —, k \.L__qv \:L__y
tar I trRaL
tasg traH  tasc tean tascy tcamn tasc tean
Vi -+ -« - d
ROW cotL.1 coL.2 COLN
V|L — S . * .
tRAD , L. tarm
tres | tacn || |tres treH || |]_tres treH
L}
Vi teac teac teac
taa “M | taa
tRac " tepa ' tepa
VoH=——— V)
Dour ! Dour 2 5’" Dour N >——'
Vo —— 3 >
taz [ tors taz | tore tz | torr
1 ! | | | |

: “H® or "L*

NOTE: “TF” pin should be connected to Vi (TF)level or open, if “Test Mode” is not used.
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

tp
O —— trase
RAS N
Vi = B
e asH
tere trco teas 1| e tep
Vpy ey 4 ——
W \ }“_‘"\ teas % teas
ViL = X - <
tar tral
task| taan)  tasc tean tasc, tcan tasc tcan
o | et |
Vin Py " Py i’
AQ~AZ ROW coL. coL.2 COLN
Vi — X * * X
trap
twer twes twen twes tweH
etpeeipon|
wCs twee twp twe,
Viy | e
WRITE twp
Vie
tos ton tos ton tos tou
Vin
Din O 1 Ow 2 O N
Ve A1
' tonr .
|
|V
Dour OPEN
Vo, —-

'////, :“H® or "L”

NOTE: “TF” pin should be connected to Vy (TF) level or open, if “Test Mode™ is not used.
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE

A0~A9

Dy

tap
Vin —-—-"“""—"-\\ trasp H-
Vi — 2
tesu termw tasu
tere taco tep tce
Vi e -y P aamme
H /ﬁ \\ ‘(AS' / teas I / \ tcas -(/
Vip = . by SO
traL
tasry | [tramy  tasc tean tasc | | tcan l:A_sE toan
Vi - -t i’ Y - o
ROW }@ coL coL2 COLN
Vi = X x o -1 -
trap D towo, lewo,
— |~ l‘cm
Raw: toowp | tepwo[ ™1,
tres | tawp Tawo taw|
= RS
Vi 3 b
ki Lud bd i
& )
tos It t'ou tos &~ o ton
Vin /// 4 N 14
Dw? (o]
. @@ @ & :
e taz faz
teaq teac teac
taa taa taa
trac tcpa tepa
Vou— 3 - P - 'S
Dour 1 Dour 2 Dour N
= emE om -

| hlid
I

: “H® or "L°

NOTE: “TF" pin should be connected to Vi (TF)level or open, if “Test Mode” is not used.
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RAS ONLY REFRESH CYCLE

the
ViR =" tras +
Vi —— K
ltcnv tree
w 7 N4
ViL -
tasHl trAH

AAAAA DR~

: "H® or “L*

NOTE: WRITE= “H” or “L” A9="“H" or “L"
“TF” pin should be connected to Vi (TF) level or open, if “Test Mode” is not used.

CAS BEFORE RAS REFRESH CYCLE

RP
e e ]

B ™
3

: "H® or "L

NOTE: WRITE= “H" or “L" A9="H" or “L"
“TF” pin should be connected to Vi (TF)level or open, if “Test Mode” is not used.
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HIDDEN REFRESH CYCLE (READ

iR
e
Vig ey taa t
as RAS | /
RAS V"_ w— Xt 5-/ \-t
y l“c_i: tacp . 1CHR
H o= | —RSH )
= _/ N
I\ ==
trAL
tean

tan

e aras @@

| taac torr
\

Vol —— | e
( oaTA-OUT R
out Voo = N
toz

: “H" or “L*

NOTE: “TF” pin should be connected to Vi, (TF) level or open, if “Test Mode” is not used.
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HIDDEN REFRESH CYCLE (WRITE

g T A

= 127 N S

e DlEmN.

e S=r
=

e ‘==

OPEN

7//, ¢ "H or "L

NOTE: “TF" pin should be connected to Vi (TF)level or open, if “Test Mode” is not used.
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CAS BEFORE RAS REFRESH COUNTER TEST CYCL

trsH
AH .

EEEEEEEE

Note: “TF" pin shou connecte

traL

t
e -
DATA - OUT
terz

4
£ 5
§I |

OPEN

! s

)

%
| !
-

2

I

DATA-OUT
towm |

o
B
o

N

F_

.

t !
|otoss] |<tox, . - or L
d to Vi, (TF)level or open, if “Test Mode” is not used.




TC511000BPL/BJL./BZL/BFTL-60

TEST MODE

The TC511000BPL/BJL/BZL/BFTL is the RAM organized 1,048,576 words by 1 bit, it is internally
organized 262,144 words by 4 bits. In “Test Mode”, data is written into a number of sectors(4 sectors)
in parallel and retrieved the same way. If, upon reading, all bits are equal (all “H"or*L"), the data
output pin indicates a same data as all bits. In this case, the data output pin indicates an expected
data for good parts, the data output pin indicates a complementary data for bad parts. And also, if
any of the bits differed, the data output pin would indicate a high impedance state for bad parts. Fig.
1 shows the block diagram of TC511000BPL/BJL/BZL/BFTL including its truth table when “Test Mode”
is used.

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

Block Diagram in Test Mode

An, Am
———)
A
An, Am | 256K Te) NORMAL o
BLOCK —°
A .-
T
e an, &R [Jeex P—H Coen
| P | sLock
B An, Am
o] —
An, Am Q) J
| prvm c o\o-—li(z(MAL
BLOCK —o
T e
TF
D Nch
An, Am [ 756K
BLOCK ?___._____F

TF Pin = Super voltage; Test Mode
TF Pin=V,_ (TF) level or High-Z; Normal

Truth Table in Test Mode Function

A 8 [ o} Dour
0 0 0 0 0
1 1 1 1 1
Otherwise Hi-2
Fig. 1
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“Test Mode” function is performed on any of the timing cycles including Fast Page Mode when “TF"
pin is held on “super voltage (Vcc+4.5V (Vcc=5V110%), max. voltage=10.5V)" for the specified
period (tTES, tTEHR and tTEHC; see Fig. 2). The address input of A9 is ignored in the “Test Mode™.

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

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

ronimn N /

- \ /
Vip =—
I‘Tss (ons) TEHR (On)
Vin =
TF -
ViL(rs) -

Fig. 2 Test Mode Cycle

1IEHC (0ne)
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TENTATIVE DATA
1,048,576 WORD x 1 BIT DYNAMIC RAM

DESCRIPTION

The TC511000AP/AJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 1 bit.
The TC511000AP/AJ/AZ utilizes TOSHIBA's CMOS Silicon gate process technology as well as advanced
circuit techniques to provide wide operating margins, both internally and to the system user.
Multiplexed address inputs permit the TC511000AP/AJ/AZ to be packaged in a standard 18 pin plastic
DIP, 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. The package size provides high system bit
densities and is compatible with widely available automated testing and insertion equipment. System
oriented features include single power supply of 5V£10% tolerance, direct interfacing capability with
high performance logic families such as Schottky TTL.

FEATURES
® 1,048,576 word by 1bit organization Low Power
® Fast access time and cycle time 440mW MAX. Operating
TC511000APIALAZ - /80110 (TC511000AP/AJ/AZ —70)
— - 385mW MAX. Operating
toac RAS Access Time 70ns 80ns 100ns (TC511000AP/AJ/AZ ~80)
tas Coiumn Address 330mW MAX, Operating
- 35 40 50
Access Time o~ " ~ (TC511000AP/AJ/AZ —10)
tcac CAS Access Time 20ns 20ns 25ns 5.0mW MAX. Standby
tac Cycle Time 130ns 150ns 180ns | ® Output unlatched at cycle end allows two-
e Fast Page Mode ] dimensional chip selection
Cycle Time 0ns 43ns 5508 | o Common VO capability using “EARLY
e Single pow ly of 5V 10% WRITE” operation
witg Z %‘l\iﬁzsu@gg generator ’ ® Read-Modify-Write, CAS before RAS refresh,
RAS-only refresh, Hidden refresh, Fast Page
Mode and Test Mode capability
PIN NAMES ® All inputs and output TTL compatible
A0~A9]Address inputs WRITE | Read/Write Input . I5312krefresh <,:I>"éles/8msAP
RE5 1A ; A ® Package 511000 :  DIP18-P-300C
A IDow Alkcdress Strobe Vee ower ( + 5V) TC511000AJ : SOJ26-P-300
Ou_[Data In Vss |Ground TC511000AZ : ZIP20-P-400
Dnyr |Data Out TF |Test Function
CAS |Column Address Strobe | N.C. |No Connection

PIN CONNECTION

Plastic DIP Plastic SOJ Plastic ZIP
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TC51 1000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80

TC511000AP/AJ/AZ-10

BLOCK DIAGRAM

WRITE

DATA IN <O Dy
- BUFFER
NO.2 CLOCK
L___“NERA.I___O” I | pata out Dour
TE Ol 4 BUFFER
COLUMN
—5 ADORESS 10> COLUMN
AD O BUFFER (10) J | = DECODER
Al O REFRESH ‘ SENSE AMP.
A2 O+ CONTROLLER | /0 GATING
A3 O ! -==- 2048 --
A4 O+ REFRESH
A5 O COUNTER (9)
«
A6 O 9L z i MEMORY
A7 O C Ol s1n2 ARRAY
A8 O | —™| ROW wl
ADDRESS (] U
A3 O 1 BUFFER (9) '
A
- <O Ve
NO.1 CLOCK SUBSTRATE BIAS
RAS O——>| C:NERATOR  —o GENERATOR  |=~O v
MAXIMUM RATINGS:
CHARACTERISTIC SYMBOL RATING UNIT NOTE
Input Voltage Vin -1~7 " 1
Test Function Input Voltage Vin (TR -1~10.5 v 1
Output Voltage Vour -1~7 \ 1
Power Supply Voltage Vce -1~7 " 1
Operating Temperature Torr 0~70 °C 1
Storage Temperature Tsrg -55~150 oc’ 1
Soldering Temperature + Time TsOLDER 26010 °C-sec 1
Power Dissipation Po 600 mw 1
Short Circuit Output Current lout 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=0~70°C)
SYMBOL ‘CHARACTERISTIC MIN. TYP. MAX, UNIT NOTE
Vee Supply Voitage 45 5.0 5.5 v 2
Vin input High Voltage 2.4 - 6.5 v 2
Vi Input Low Voltage -1.0 - 0.8 v 2
Vin (1) Test Enable input High Voltage Vee+4.5 - 10.5 v 2
Vi (rry Test Disable Input Low Volitage -1.0 - Vee+ 1.0 v 2
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DC ELECTRICAL CHARACTERISTICS (Ve =5V £10%, Ta=0~70°)

SYMBOL CHARACTERISTIC MIN. | MAX. | UNIT | NOTE
OPERATING CURRENT TCS511000AP/ANAZ-70 - 80

leer Average Power Supply Operating Current TCS11000AP/AIAZ-80 - 70 mA 3,45
- (RAS, CAS, Address Cycling: tge = taec MIN. ) TCS11000AP/ANAZ-10 - 60

STANDBY CURRENT
lcca | Power Supply Standby Current - 2 mA
(RAS =CAS = Vj)

RAS ONLY REFRESH CURRENT TC511000aP/ANAZ-70 | - 80
lcea Average Power Supply Current, RAS Only Mode TCS11000AP/AIAZ-80 - 70 mA 3,5
(RAS Cycling, CAS = V! tac=tac MIN. ) Tes11000aa0A2-10 | - 60
FAST PAGE MODE CURRENT TC511000AP/AVAZ:T0 - 60
lcca Average Power Supply Current, Fast Page Mode TCS11000AP/AJ/AZ-80 - 50 mA 3,45
(RAS = v, CAS, Address Cycling: toc = tpc MIN. ) 7C5 1 1000APALAZ10 ~ 20

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

CTAS BEFORE RAS REFRESH CURRENT TC511000APIAJAZ-70 - 80
Iccs Average Power Supply Current, CAS Before RAS TCS11000AP/AIAZ-80 - 70 mA 3
Mode (RAS, TAS Cycling: tac = tae MIN. ) TCS11000A7/AAZ-10 | = 60

INPUT LEAKAGE CURRENT (any input except TF)
hw Input Leakage Current, any input ' 1 -10 10 HA
(OV S V)y S 6.5V, All Other Pins Not Under Test = 0V)

INPUT LEAKAGE CURRENT (only TF)

! -10 | 10
TR (0V S Vin (e S Ve + 0.5V, All Other Pins Not Under Test = 0V) A

QUTPUT LEAKAGE CURRENT

1 -10 | 10
OM | (Doyr is disabled, OV E Vour S 5.5V) pA

TEST FUNCTION INPUT CURRENT
Ite - 1 mA
(Vee+ 8.5V E Viy (1) S 10.5V)

v QUTPUT LEVEL : 24 v
or Output “H" Level Voltage (lgyr = ~ 5mA) : -

OUTPUT LEVEL '
Vou e - | oa | v
Output "L" Level Voltage (lgyr =4.2mA) )
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TC511000AP/AJ/AZ-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

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

TC511000AP/ TC511000AP/ TC511000AP/

SYMBOL CHARACTERISTIC AIAZ'T0 ANIAZ-80 ANAZI0  |ynit| NoOTE

: MIN. MAX. MIN, MAX. MiIN. MAX.
tac 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 40 - 45 - 55 - ns
_— g’?lep??r:eMOde Read-Modify-Write 65 _ 70' _ 85 _ ns
trac Access Time from RAS - 0| - 80| - 100| ns | 9,14
teac Access Time from CAS - 20| - 20| =~ 25 ns | 9,14
taa Access Time from Column Address - 35 - 40 - 50! ns | 9,15
tcpa Access Time from CAS Precharge - 35( - a| - SOv ns |9
terz CAS to Output in Low-Z. 0 - 0 - 0 - ns |9
toFf Output Buffer Turn-off Delay 0 20 0 20 0 20| ns | 10
tr Transition Time (Rise and Fall) 3 150 3 © 50 3 50| ns | 8
tap RAS Precharge Time 50 - 60 - 70 - ns
tras E’&_S Pulse Widl‘h 70 10,000 80 10,000 100 10,000 | ns
trasp RAS Pulse Width (Fast Page Mode) 70 100,000 80 100,000 100 100,000 | ns
task RAS Hold Time . 20 - 20 - L2 - ns
tacr ?;lztr-:l:;’nvr‘noed:)rom TAS Precharge 35 _ 40 _ 50 _ s
tesm CAS Hold Time 70 - 80 - 100 - ns
teas TAS pulse Width 20 10000 20| 10000 25| 10000} ns
trco RAS to CAS Delay Time 20 50 20 60 25 75) ns | 14
tRAD RAS 10 Column Address Delay Time 15 35 15 40 20: S0| ns | 15
terp CAS to RAS Precharge Time 5 - 5 - S - ns
tep TAS precharge Time 10 - 10 - 10 - ns
tasr 1 Row Address Set-Up Time 0 - 0 - [} - ns
tRAH Row Address Hold Time 10 - 10 - 15 - ‘ ns
tasc Column Address Set-Up Time 0 - 4] - 0 - ns
tean Column Address Hoid Timé 15 - 15 - 20 - ns
tar f:l%n Address Hold Time réferenced ’ 55 _ 60| _v 75 _ ‘ns :
traL Column Address to RAS Lead Time 35 - 40 - 50 - ns
tacs Read Commar'\d‘ Sét-Up Time 0 - o - 0 - ns
tacn Read Command Hold Time 0 - 0 - 0 - ns | 1
than :lqea%éommand Holfi Time referenced 0 _ 0 _ 0 _ ns | 11
twen Write Command Hold Time 15 - 15 - 20 - ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Continued)

TC511000AP/ TC511000AP/ TC511000AP/
SYMBOL CHARACTERISTIC ANIAZ-70 AliAZ-80 AVAZ-10 uniT| NoTE
MIN. MAX. MIN. MAX. MIN. MAX.
twuca Write Command Hold Time referenced 55 _ 0 - 75 _ ns
to RAS
twe Write Command Pulse Width 1 15 - 15 - | 20 - ns
tawt Write Command to RAS Lead Time 20 - 20 - 25 - ns
towe Write Command to TAS Lead Time 20 - 20 - 5| - ns
tos Data Set-Up Time ol - ol - of - ns | 12
o Data Hold Time 15 - 15 - 20 - ns | 12
toHR Data Hold Time referenced to RAS 55 - 60 - 75 - ns
trer Refresh Period - 8 - 8 - 8| ms
twes Write Command Set-UP Time 0 - 0 - 0 - ns | 13
tewp CAS to WRITE Delay Time 20 - 20 - 25 - ns | 13
tawp - | RAS to WRITE Delay Time 70 - 80 - 100 - ns {13
tawd Column Address to WRITE Delay Time 35 - 40 - 50 - ns | 13
tepwD TAS Precharge to WRITE Delay Time 35 - 40 - 50 - ns | 13
tesa (%9 Set-Up Time s _ s - s . ns
(CAS before RAS Cycle)
tw | o Hold Time 15 - 15| - 0| - ns
(CAS before RAS Cycie)
treC RAS to CAS Precharge Time 0 - 0 - 0 - s
CAS Precharge Time (CAS before RAS
teer Counter TestQCycle) ( 40 - 40 - 50 - ns
‘r‘ss Test Mode Enable Set-Up Time o _ 0 _ 0 _ ns
referenced to RAS
tremn Test Mode Enable Hold Time 0 _ o _ ol - ns
referenced to RAS :
trenc Test Mode Enable Hold Time 0 - o _ o _ ns
referenced to TAS

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

SYMBOL CHARACTERISTIC MIN. MAX. UNIT
Ci Input Capacitance (A0~A9, Diy) - S

Ci2 Input Capacitance (RAS, CAS, WRITE, TF) - 7 pF
Co Output Capacitance (Doyr) - 7
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NOTES:

1. Stresses greater than those lxsted under “Maximum Ratmgs may cause permanent damage to the
device.

"2, Al voltages are referenced to Vss.

3. Icca, Iccsl.‘Ic(‘;.;, Iccs depend on cycle rate.

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

5. Column address can be changed once or lessWhlle RAS=Vj, and C S= VIH.

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

‘ 7. AC measurements assume tp=>5ns.

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

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

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

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

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

13, twcs, tRWD, tCWD, tAwWD and tcpwp are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only. If twcsZtwcs (min.), the cycle is an early
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle;
If tpwpZ tRwD (min.), tcwpZtcwp (min.), tAWDZ tawp (min.) and tcpwpZ tcpwD (min.) (Fast Page
Mode), the cycle is a read-modify-write cycle and the data out will contain data read from the
selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out(at
access time) is indeterminate.

14, Operation within the trcp (max.) limit insures that trac (max.) can be met.

' trep (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, O;;eraiien within the tnAD(xﬁhx ) limit insures that‘tRAc(xfxéx Yean be met.

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

READ CYCLE
) tre
tgp
o S—— Jp———
ws o N 2 / \
Vi — N b
* v tesn 1
CR—Pt’ treo tRsH <JL>
e VY h teas pd
S /
VH. — . =% - Z
AR
teap taa. l
tase , tRaH | LA_SL team

:
: | toac ) | tors
-/ 4
. " 2
Dout OPEN N DATA - OUT
Voo™

Vo=
: “H" or "L"

NOTE: *“TF” pin should be connected to Vi (TF) level or open, if “Test Mode” is not used.
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WRITE CYCLE (EARLY WRITE

o N e A N
o R — t - et
w T N
AO~A9 ::: j%////;><:'r ;zow COLUMN X//////I/////TV//////////////;Z/;//Q/Q
| e, - !
I \osi ton ) V
I tour

% T “H" or “L”

NOTE: “TF" pin should be connected to Vi (TF}level or open, if “Test Mode” is not used.
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READ-MODIFY-WRITE CYCLE

TrRvw

w TN YA
= T 1]
Dour :::‘: l OPEN ‘ /// - DATA - OUT *}-————'

: “H" or “L"

NOTE: “TF" pin should be connected to Vi (TF) level or open, if “Test Mode” is not used.
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FAST PAGE MODE READ CYCLE

P

Vi e = Thasp
RAS N
Vi -— .
tesu tec RsH
1,
tcre : treD tcas cP tcp tauce
_ Vi — ¢ teas | tcas
TAS \\, /] \‘—‘" \““"
Vip —. s =
tar T tRAL
tasr tran;  tasc tcam tasc tcan tasc tcam
|
" X £ +# o -
; ' ‘ 7 //// ////
A0~A9 7 . . COL.N
2 ‘ coLt ‘ coL.2 @4 oL ><///// / //é
traD I tRRH
res trer || tres tren | |]_tres ReH
| 1 [l
Vi = x s
WRITE j // ////// / 7 " &%
Vi //////// 7 teac teac teac
taa “AA’ I taa
tRacC T tepa 7 tepa
Von— ¥ 2 e
Dout # K| Pour 1 \% Dour 2 4% Doyr N >———
) VoL — &, X P4
taz | toFr taz | toFr laz | Relid
] | 1 ! I | T
P "H" or “L”
NOTE: “TF" pin sheuld be connected to Vi (TF)level or open, if “Test Mode” is not used.
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trp ‘
o Vi =TTy trasp }_‘
- A N—& tpc tRsH \—
tcre treD leas tcp tep
= ) N A N
tar | traL
tasgy . tran;  tasc . tcan tasq tcan tasc tean
AO~A9 : X /%// " cout cou COLN }%////////////////4
‘ ‘ ) :rc: I twes twek twes twer
Ve =S :W—Ci twen twp twp
WRITE Vi —////////////«/////////-y e ///"t y%u £ /// //
toH tos ton ton

tos
D 1 :7/// D 2 OwN ] //%

Dour OPEN

: “H" or “L"

NOTE: “TF” pin should be connected to Vi (TF)level or open, if “Test Mode” is not used.
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE

trp

o Vig trasp o
5 N
Vi — 3 \
tesk tormw tRsH
teap tRed tep tcp )
s Vi — 7 \\ tcas /—»"'"-\\ teas /—‘ ""‘\ tcas /
Vi -—__/ X b T -\__.z_/
traL
taspy | [twaw  tasc tean tasc | | tean tasc| |tean
o | i | = | oo |
J i J I .
NS LONA L Z 2
o X coL.1 @4 cor2 X77X  coun 7 ]
tRAD tewp) tewp, CWD,
rawo tePwD tepwo |, [lewe
tRes ~ fawp tawp tRw
1 tewt N
cwL
WRTTE \-q-— / \1—.- \
twe twp twe
| g | | i |
fo os Ilon
I .
Vit e o S
0 X%
w W — // ) %
ez
tcac
taa
tcra
Vor—— Y |
Dour Dour 2 ) 4%» D TN>—'——
o= oo

tore

NOTE: “TF" pin shéuld be connected to Vi (TF) level or open, if “Test Mode” is not used.
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RAS ONLY REFRESH CYCLE

tre

tre

o Vi ey tras v .
RAS \ \
trPC

: “H" or “L”

NOTE: WRITE= “H" or “L” A9=“H" or “L”
*“TF" pin should be connected to Vji (TF)level or open, if “Test Mode" is not used.

CAS BEFORE RAS REFRESH CYCLE

O/ I — .
= TN

v

Dour OPEN

% : "H* or *L*

NOQTE: WRITE= “H" or “L" A9="H" or “L"
“TF" pin should be connected to Vy (TF) level or open, if “Test Mode” is not used.
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—

HIDDEN REFRESH CYCLE (READ)

Y

tag
trp
v —] taas - taas
AS v /
L — e
IE tRCD 1¢cHR
Vig — tas
s _/ \
Vie —,
tRAD 134
ta
tas taa) taslc tc

B

DATA-OUT

}___._

: "H" or “L”

NOTE: “TF” pin should be connected to Vi (TF)level or open, if “Test Mode” is not used.
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HIDDEN REFRESH CYCLE (WRITE)
m P

| tos tom .
! lonr ‘

: “H" or “L”

NOTE: “TF" pin should be connected to Vj, (TF)leve!l or open, if “Test Mode” is not used.
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

t,

,__,\_«1‘;»
P4

Bour : : : OPEN DATA-OUT lt}———
e ) j we N,
o " TN (i
o V "0 oo X7 ///////W
Dour :Zr: OPEN 7///: DATA- OUT i———
ol

" .| N _ L

ow /Z//@< °“"“|"“ )
lote: “TF" pin should be connected 1o Vi, (TF) level or open, :f “'relszlm(:::' is not used. Zia
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TEST MODE

The TC511000AP/AJ/AZ is the RAM organized 1,048,576 words by 1 bit, it is internally organized
262,144 words by 4 bits. In “Test Mode”, data is written into a number of sectors (4 sectors)in
parallel and retrieved the same way. If, upon reading, all bits are equal (all “H” or"L"), the data
output pin indicates a same data as all bits. In this case, the data output pin indicates an expected
data for good parts, the data output pin indicates a complementary data for bad parts. And also, if
any of the bits differed, the data output pin would indicate a high.impedance state for bad parts. Fig.
1 shows the block diagram of TC511000AP/AJ/AZ including its truth table when “Test Mode” is used.

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

Block Diagram in Test Mode

An, Am
O
A ’ NORMAL
An Am | 256k 0 °
BLOCK |- | o0
‘ : ‘ s
‘ T
“an, B ek | J [rer
y BLOCK |
| 8 A ‘
n, Am
Dy 0 Dour
| 5 am , — |
,’_—/—1_, 256K lc —0 NORMAL '
L BLOCK ‘ —o°
-
I |- ; TF
: [Ilch

Ao, AT [osex P
BLOCK |—
. s

TF Pin = Super voltage; Test Mode
TF Pin=V_ (TF) level or High-Z; Normal

Truth Table in Test Mode Function

A 8 ¢ | D Dour
0 0 0 0 0
1 1 i 1 1
" Otherwise Hi=2
Fig. 1
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“Test Mode” function is performed on any of the timing cycles including Fast Page Mode when “TF”
pin is held on “super voltage (Voc+4.5V (Veo=5V£10%), max. voltage=10.5V)” for the specified
period (tTES, tTEHR and tTeHC; see Fig. 2). The address input of A9 is ignored in the “Test Mode”.

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

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

T

w N\ /
= \ /

11€s | (ons) 1TEHR (Ons)
Vit ™ A \
Viegre) T -

Fig. 2 Test Mode Cycle

LIEHC (Ons)
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TENTATIVE DATA
1,048,576 WORD x 1 BIT DYNAMIC RAM

DESCRIPTION .

The TC511000APL/AJL/AZL is the new generation dynamic RAM organized 1,048,576 words by 1
bit. The TC511000APL/AJL/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 TC511000APL/AJL/AZL to be packaged in a standard 18 pin
plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. The package size provides high system
bit densities and is compatible with widely available automated testing and insertion equipment.
System oriented features include single power supply of 5V+10% tolerance, direct interfacing capability
with high performance logic families such as Schottky TTL.

FEATURES
® 1,048,576 word by 1 bit organization ¢ Low Power
® Fast access time and cycle time 440mW MAX. Operating
7C511000APUAIUAZL - 76/80/10 (TC511000APL/AJL/AZL -170)
— 385mW MAX. Operating
taac RAS Access Time 70ns 80ns 100ns (TC511000APL/AJL/AZL —80)
Tan Caiumn Address 330mW MAX. Operatin
" 35 401 50 p g
Access Time " o o (TC511000APL/AJL/AZL ~10)
teac CAS Access Time 20ns 20ns 25ns 1.1mW MAX. Standby
tac  Cycle Time 130ns 150ns 180ns | ® Output unlatched at cycle end allows two-
e Fast Page Mode N a5 o dimensional chip selection
Cycle Time Ons ns " | @ Common UQ capability using “EARLY

WRITE"” operation

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

PIN NAMES ¢ All inputs and output TTL compatible

e Single power supply of 5V+10%
with a built-in Vg generator

A0~AQ| Address Inputs WRITE |Read/Write Input . glzkrefresh ?éley64mzp DIP c
AT R ¢ Package 511000APL : 18-P-300
RAS ;cw Address Strobe Vee |Power (+5V) TC511000 . SOJ26-P-300
Oy _[Data In Vss_|Ground TC511000AZL : ZIP20-P-400
Doyt |Data Out TF  |Test Function .

CAS |Column Address Strobe | N.C. |No Connection

PIN CONNECTION

Plastic DIP Plastic $QJ Plastic ZIP
DUt 18[Vss [
WRITEd2 170Dyt Fe3 2 TR
RASO3 16[JTAS —E F :__ Vss
1r0sa  150A9 .C. =
Aols MBAB < 9 73 Hed WRITE
Atlls  130a7 ’ c3 8 |TF

A2007 12046
A3(is  11]JAS
Veelo  10DA4
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BLOCK DIAGRAM

WRITE
fo:13 :::5}

DATA IN <O Dy
BUFFER
NO.2 CLOCK
GENERATOR | > baTA OUT Dour
T O ? BUFFER
|
COLUMN l
—0" M| ADDRESS 1o> COLUMN
2(‘) : BUFFER (10) J ey DECODER
REFRESH SENSE ‘T‘IM"-
A2 O CONTROLLER _|= /O GATING
A3 O . --- 2048 -*
A4 O REFRESH
‘A5 O |_counTER (9)
-4
A O~ 3 ol MEMORY
A7 O 8| sz ARRAY
A8 O | —™| ROW wl |
ADDRESS [o) S
A9 O’_j> BUFFERS (10)
[}
[ I SUBSTRATE BIAS |+O Vcc
NO.1 CLOCK —
RASO—>| GENERATOR |—— GENERATOR <0 v
MAXIMUM RATINGS
CHARACTER(ST(C SYMBOL RATING UNIT NOTE
Input Voltage Vin -1~7 v 1
Test Function Input Voltage Vin (th) - 1~10.5 v 1
Output Voltage Vour -1~7 \" 1
Power Supply Voltage Vee -1~7 v 1
Operating Temperature Torr 0~70 *C 1
Storage Temperature TstG ~55~150 °C 1
Soldering Temperature * Time TsoLDER 26010 °C:sec 1
Power Dissipation Po 600 mw 1
Short Circuit Qutput Current lout S0 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=0~70°C)
SYMBOL CHARACTERISTIC MIN, TYP. MAX, UNIT NOTE
Vee Supply Voitage 4.5 5.0 5.5 2
Vi input High Voltage 2.4 - 6.5 v 2
Vi Input Low Voitage =-1.0 - 0.8 \ 2
Viu (T8) Test Enable Input High Voltage Vee+4.5 - 10.5 \ 2
Vi ity Test Disable Input Low Voltage =10 - Vee+ 1.0 v 2
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DC ELECTRICAL CHARACTERISTICS (Vec=5V+10%, Ta=0~70%)

SYMBOL CHARACTERISTIC MIN. MAX. UNIT NOTE

OPERATING CURRENT TCS11000APUAI/AZL-TO - 80

lecr Average Power Supply Operating Current TC511000APUAJUAZL-80 - 70 MmA 3,45
(RAS, TAS, Address Cycling: tac =trc MIN. ) TCS11000APUAIUAZLI0| = 60
STANDBY CURRENT

lecz Power Supply Standby Current - 2 mA
(RAS = TAS = Vin)
RAS ONLY REFRESH CURRENT TC511000APUAIUAZL-70 - 80

leca Average Power Supply Current, RAS Only Mode  |rcsii000apuaivazi-gol = 70 mA 3,5
(RAS Cycling, TAS = Vin: tac=tac MIN. ) TCS11000APLAJUAZLAI0) = 60
FAST PAGE MODE CURRENT ‘ TCS11000APLAJUAZL-TO) = 60

leca Average Power Supply Current, Fast Page Mode TC511000APLAJUAZL-80 - 50 mA | 3,4,5
(RAS =V, TAS, Address Cycling: tpc=tpc MIN. ) TCS11000APUAIUAZL-10] = 40

STANDBY CURRENT
lecs Power Supply Standby Current - 200 BA
(RAS = TAS = V¢c = 0.2V)

CAS BEFORE RAS REFRESH CURRENT TCS11000APUAIUAZLTO| = 80
lcce Average Power Supply Current, CTAS Before RAS TCS11000APLAIL/AZLB0| - 70 mA 3
Mode (RAS, TAS Cycling: tac=tac MIN. ) 1C511000APUAILAZL10] = 60

BATTERY BACK UP CURRENT

Average Power Supply Current, BATTERY BACK UP MODE
94 (CAS = TAS Before RAS Cycling or 0.2V, WRITE = Ve - 0.2V or 0.2V, - 300 pA 3,6
A0~9=Vcc~ 0.2V or 0.2V, Diy=Vcc~0.2V or OPEN :
tre = 125us, tras=tras MIN. ~1ps)

INPUT LEAKAGE CURRENT (any input except TF)
(L) Input Leakage Current, any input -10 10 BA
(0V S ViyS 6.5V, All Other Pins Not Under Test= 0V}

INPUT LEAKAGE CURRENT (only TF) -
lire (L) : -10- 10 pPA
(OVSV )\ (TF) SVcc+0.5V, All Other Pins Not Under Test = 0V)

OUTPUT LEAKAGE CURRENT
lo(L) . -10 | - 10 pA
(Dour is disabled, OVS Vgoyr35.5V)

| TEST FUNCTION INPUT CURRENT , R
T | (Vee +4.5VS Viy (TF) S10.5V) R m

OUTPUT LEVEL .
Vou . 2.4 - v
Output “H” Level Voltage (loyt = - 5mA) ’

v QUTPUT LEVEL IR
o Output “L* Level Voltage (loyr = 4.2mA) :
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Ve = 5V +10%, Ta=0~70°)(Notes 7, 8, 9)

TC511000APY TC511000APY TC511000APY
SYMBOL CHARACTERISTIC AJUAZL-T0 AJUAZL-80 AJUAZLT0 - fyniT | NoTe
MIN. MAX. MIM. MAX. M‘IN. MAX.

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

tamw | Read-Modify-Write Cycle Time 15s| - 17s| - 210 - ns

toc Fast Page Mode Cycie Time 40 - 45 - 55 - ns

thamw ggep;?:‘eMcde Read-Modify-Write 65 - 70 - 8s _ ns

trac Access Time from'RAS - 70| - 80| -~ 100| ns | 10,15
teac Access Time from CAS - 20| - ', 20 - 25( 'ns | 10,15
taa Access Time from Column Address - 35 - 40 - 50| ns | 10,16
tepa Access Time from CAS Precharge - 35| - 40| - 50| ns { 10
tewz TAS to Outpﬁt in Low-Z 0 - 0 - 0 - ns | 10
toss Output Buffer Turn-off Delay 0 0 o 20 20| ns |11

tr Transition Time (Rise and Fall) 3 50 3 S0 3 50| ns |9

tap RAS Precharge Time so| - of - | 7| - ns

tras RAS Pulse Width 70 10,000 80 10,000 100 10,000} ns

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

tRsH RAS Hold Time 20 - 20 - 25 - ns

tRHCP ?ztizge%";z:)mm TAS Precharge 35 - 40 - S0 - ns

tesH TAS 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
tRao RAS to Column Address Delay Time 15 35 15 a| 20 50| ns | 16
terp TAS to RAS Precharge Time 5 - 5 - s - 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 - 0 - ns

tcan Column Add’ress Hold Time 115 - 15 - 20 - ns

tan ;tc:l%n Address Hold Time referenced ss - 60| . 75 _ ns

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

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

tReH Read Command Hoid Time 0 - 0 - 0 - ns | 12
tamn :l:a;xgommand Hold Time referenced 0 . 0 - 0 _ ns | 12
twen | Write Command Hold Time 15 - 15 - 20 - ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Continued)

TC511000APY TCS11000APY TC511000APY
SYMBOL CHARACTERISTIC AJUAZL70 AJUAZL-80 AUAZLI0 | ynir| NoOTE
MIN. MAX. MIN. MAX. MIN. MAX.
e zr:_;_gCommand Hold Time referenced 55 _ 69 . 75 - ns
twe Write Command Pulse’ Width 15 - 15 - 20 - ns
tRwt Write Command to RAS Lead Time 20 - 20 - 25 - ns
tewt Write Command to CAS Lead Time 20 - 20 - 25 - ns
tps Data Set-Up Time 0 - 0 - V] - ns | 13
ton Data Hold Time 15 - 15 - 20 - ns 13
torR Data Hold Time referenced to RAS 55 - 60 - 75 - ns
trer Refresh Period - 64 - 64 - 64| ms
twes Write Command Set-Up Time 0 - 0 - 0 - ns | 14
tewo TAS to WRITE Delay Time 20 - 20 - 25 - ns | 14
trwO RAS to WRITE Delay Time 70 - 80 - 100 - ns | 14
tawd Column Address to WRITE Delay Time 35 - 40 - 50 - ns | 14
teowo | CAS Precharge to WRITE Delay Time 35 - 40 - 50 - ns | 14
tesr CAS set-Up ‘Iir_n_e S - 5 - 5 - ns
(CAS before RAS Cycle)
[ tcur CAS Hold Time 15 - 15 - 20 - ns
(CAS before RAS Cycle)
trpC RAS to CAS Precharge Time 0 - 0 - 0] - ns
tepr CAS Precharge Time (CAS before RAS " _ 20 - 50 _ ns
Counter Test Cycle)
tres Test Mode Ena_bl_e Set-Up Time 0 _ 0 - o - ns
referenced to RAS
trenn Test Mode Enable Hold Time 0 _ o - 0 - ns
referenced to RAS
trenc Test Mode Enabi Hold Time 0 _ o _ 0 . ns
referenced to CAS

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

SYMBOL CHARACTERISTIC MIN. MAX. - UNIT
Ci Input Capacitance (AO~AS, D) ’ - H

a2 Input Capacitance (RAS, CAS, WRITE, TF) - 7 pF
Co Output Capacitance (Doyr) - 7
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NOTES:

1.

L

Stresses greater than those listed under “ Maximum Ratings” may cause permanent damage to the
device, ' '

All voltages\are referenced to Vss.

Icci, Ices, Icc4s iccs depend on cycle rate.

Icc1, Iccs depend on output loadihg. Spécified values are obtained with the output open.
Column address can be changed:once or less While RAS =V, and CAS=Viy.

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

An initial pause of 200us is reéquired after power-up followed by 8 RAS cycles before proper device
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS
i_n‘itializatiyon cycles instead of 8RA§ cycles are required.

8. AC measurements assume tT=>5ns.

10.
11.

14.

16.

. Viy (min.) and ViL (max.) are reference levels for measuring timing of input signals.  Also,

transition times are measured between ViH and VL.
Measured with a load equivalent to 2 TTL loads and 100pF.

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

. Either trci or tRRH mu§t 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.

twes, tRwD, tcwp, tAwp and tCPwD are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only. If twcs=twcs (min.), the cycle is an early
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle;
If tRwp= tRwp (min.), tcwp= tcwp (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 sets of conditions is satisfied, the condition of the data out(at
access time)is indeterminate.

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

trReD (max.) is specified as a reference point only: If trcp is greater than the specified fRCD (max.)
limit, then access time is controlled by tcac.

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 traDp (max.)
limit, then access time is controlled by taa.
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TC511000APL/AJL/AZL-70, TC511000APL/AJL/AZL-80
TC511000APL/AJL/AZL-10

TIMING WAVEFORMS
READ CYCLE

re
1.1
[ S———Y J—
RAS Vi \ 1ras / \
Vi — e - "
csH
crp * tcre
C_T‘ trco tRSH PRI
Vin — E tcas i
CAS /
ViL = . .
AR
trap tral !
traH | tasc tcan

. W

’T"L& tm*ic“_.
_ l trac - A 4‘9_1]
Oouyr :Z:_ OPEN @ﬂ DATA-OUT }—

: “H" or “L*

NOTE: “TF” pin should be connected to Vy|, (TF)level or open, if “Test Mode” is not used.
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TC511000APL/AJL/AZL-70, TC511000APL/AJL/AZL-80
TC511000APL/AJL/AZL-10

WRITE CYCLE (EARLY WRITE

AQ~A9

WRI

Doyt

NOTE: “TF” pin shéuld be connec

T e /N
e, —r - e

" TN

::: ::%/////>< ROW ‘ coLur:AN %7/%// //

::’““M////////l/////%i =

ted to Vi (TF)level or

: “H" or “L*

open, if “Test Mode” is not used.
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TC511000APL/AJL/AZL-70, TC511000APL/AJL/AZL-80 |
TC511000APL/AJL/AZL-10

READ-MODIFY.-WRITE CYCLE

= TN SR\
tcg_f_. taco s T ter
= ./ N/
e . | N4 |///Z‘//// )

| o3 |atox,

l | tcac

tosr
|

Vok—
Dout OPEN DATA-QUT }—
VoL 4

% : “H" or “L"

NOTE: “TF” pin should be connected to Vi (TF)level or open, il “Test Mode" is not used.
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TC511000APL/AJL/AZL-70, TC511000APL/AJL/AZL-80
TC511000APL/AJL/AZL-10

FAST PAGE MODE READ CYCLE

trp
) Vi = . trasP ) d
i Vi, — \"* - e . / \_
esm- tre TRSH
terp 7 tcas e tep tauce
_— Vih ——"F - I teas | 2 teas
A \\r / \<-__. asts,
ViL — X = <.
trAL
tar 1
tasky trany ; tasc | |.. | tcan tasc tcan tasc tcan
7 g il i
W ViH —= o N ¥ 2
’ SV - e : N Lz Z
tRAD . . l tRRH
tacs | treH I|tres tRCH |} trcs RCH
A . T Al H g
Vin —7 > F
e
ViL _____/ tcac / teac tcac %
taa ' taa | taa
tRAC T tera A tepa
- — —
Vor— . /
Dour v - /| Dour 1 = 4% Dour 2 4% Dour N
oL = .
tez | | torF ez | toFF tez | torr
1 | I | { 1 1 | |

: “H” or “L”

NOTE: "“TF” pin should be connected to Vi (TF) level or open, if “Test Mode” is not used.



TC511000APL/AJL/AZL-70, TC511000APL/AJL/AZL-80
TC511000APL/AJL/AZL-10

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

trp
Razsaemee 1
trase }' _{\

: “H" or "L™

NOTE: “TF" pin should be connected to Vi, (TF) level or open, if “Test Mode” is not used.
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‘TC511000APL/AJL/AZL-70, TC511000APL/AJL/AZL-80
TC511000APL/AJL/AZL-10

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

trp
e
o ViH e Ty tRasp
RAS v N
= -~ -
tesH tormw tRsH
tere | treo tep tee
I )
. Vip — A teas | 7 teas ¥ teas
s ViL — | \\-k / i( 7/ \-h /1/
tRaL
tas tran  tasc tean . | | tasc tcan . [tasc ic_:u
! i | 1 e
Vis — 7 b d OMN T - >
~ 2 %
AO~A3 " _%//x: ROW | cout ’ { cou2 _k COLN ///
tRaD _ tewp) lewo cwo l‘(
tawo tepwp tepwo[ ™ wi
tacs | Tawo tawp "tawy
v "7 4 R ‘
) trwo twe twp twe
t I
& tos ton
Vi — L o S -
VL7 ////// 72 i 7 P
teez fcuz
tcac tcac
taa
tcpa
Vor— IO P 3 N i X
Dout - 72X Doyt 1 @q Dour 2 Dout N
VoL — YN Pour | / our 2 ) | Dour 1_>——
| tore | tore ] toFF
| |

NOTE: “TF” pin should be connected to Vi (TF)level or open, if “Test Mode” is not used.

A-66



TC511000APL/AJL/AZL-70, TC511000APL/AJL/AZL-80
TC511000APL/AJL/AZL-10

RAS ONLY REFRESH CYCLE

tre
trp
s Vipy ey tRAS i
= \ 7 N
Vi — X
teap trPC
IH
Vin — 3
b \_/
ViL — :
tasa| tRaK

|
Vin —77 7 3
AO~AB _////’X ow
Vi /////// h h

Vor——
Dour OPEN
Voo —

: “H" or “L*

NOTE: WRITE= “H" or “L” A9=“H" or "L”
“TF" pin should be connected to Vi (TF) level or open, if “Test Mode” is not used.

CAS BEFORE RAS REFRESH CYCLE

s T /L__ N \_
= AN
Dour \\jo“j——__s} oren

: “H" or "L*

NOTE: WRITE= “H” or “L" A9="H" or “L"
“TF" pin should be connected to Vi (TF) level or open, if “Test Mode” is not used.
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TC511000APL/AJL/AZL-70, TC511000APL/AJL/AZL-80
TC511000APL/AJL/AZL-10

HIDDEN REFRESH CYCLE (READ

tre
trp
ViR ™Y - tras ‘- 3 tras - |
RA&S . -
Vi * 7 A
terp trep tCHR
|
VIH s X Lgsi
& N
’ trAD tray
tar

A0~A9

tRAH

s @

A,
- B
H > A\ 7
Oout v — : 74 DATA - OUT

: “H" or “L*

NOTE: “TF" pin should be connected to V) (TF) level or open, if “Test Mode” is not used.
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TC511000APL/AJL/AZL-70, TC511000APL/AJL/AZL-80
TC511000APL/AJL/AZL-10

HIDDEN REFRESH CYCLE (WRITE)

tre
trp

H —————5\ tras \ tras | /

N 5 .
tere| treo tR$H teHR .
: N

R

RAL

s

2
(%

< < < <
F oz S

w1 ://// i W//////‘/W//////

NOTE: “TF” pin should be connected to Vi (TF)level or open, if “Test Mode” is not used.
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TC511000APL/AJL/AZL-70, TC511000APL/AJL/AZL-80

TC511000APL/AJL/AZL-10

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

1,

*'—Rg—ﬁ H
trsH :
. 1

tcas

/'

Vig — taa
RAS ViL —
tesr tCuR <P
w N\ N
Vie = J ™

o " T o~

L

READ CYCLE taa tors
V, — ' y N
o o OPEN @a DATA-OUT —
Vo — Y X P4
t
| trcs witd | 1RRH
Vin ™7 )
we w
" Z Z
WRITE CYCLE
Vow—
OPEN
Dout v — :ZWL
Wi
twes twel
twp

)

L

o X

VALID DATA

». @

READ-MODIFY-WRITE CYCLE LY torr
Von— - N
Dour OPEN % DATA-OUT —
VoL — x A
taa

tawp

towe 1 |

S

\_w

-

oA|u|.w ]
05, |t VZ]: "H" or "L

Note:  “TF" pin should be connected to Vi (TF)level or open, if “Test Mode” is not used.
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TC511000APL/AJL/AZL-70, TC511000APL/AJL/AZL-80
TC511000APL/AJL/AZL-10

TEST MODE

The TC511000APL/AJL/AZL is the RAM organized 1,048,576 words by 1 bit, it is internally
organized 262,144 words by 4 bits. In “Test Mode”, data is written into a number of sectors (4 sectors)
in parallel and retrieved the same way. If, upon reading, all bits are equal (all “H"or“L"), the data
output pin indicates a same data as all bits., In this case, the data output pin indicates an expected
data for good parts, the data output pin indicates a complementary data for bad parts. And also, if
any of the bits differed, the data output pin would indicate a high impedance state for bad parts. Fig.
1 shows the block diagram of TC511000APL/AJL/AZL including its truth table when “Test Mode” is
used.

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

Block Diagram in Test Mode

An, Am
——————O
A
An, Am [ Jce o NORMAL o
| BLOCK | —0
A -
TE

— 1 B Nch
S An, B [Jsex 1 E
p BLOCK |
& An, Am f
D ) 0 t— Dour
An, Am ———0 |
——_/_—L_, ek —5 \jl%znaAL

L BLOCK =
< -
TF
AR, Am D ET‘"

256K

| 8LOCK o |
b

TF Pin=Super voltage; Test Mode
TF Pin=V,_ (TF) level or High-Z; Normal

Truth Table in Test. Mode Function

A B C o} Dour
0 0 0 0 0
1 1 1 1 1
Otherwise Hi-2Z
Fig. 1
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TC511000APL/AJL/AZL-70, TC511000APL/AJL/AZL-80
TC511000APL/AJL/AZL-10

" “Test Mode” function is performed on any of the timing cycles including Fast Page Mode when “TF”
pin is held on “super voltage (Voo+4.5V (Voe=5VE10%), max. voltage=10.5V)" for the specified
period (tTES, tTEHR and tTEHC; see Fig. 2). The address input of A§ is ignored in the “Test Mode”.

On the other hand, normal operation requires the “TF” pin be connected to ViL (TF) level, or left
unconnected on the printed wiring board. ) k
The “Test Mode” function reduces test times(1/4; in case of using N test pattem).

 Vm __.__._.__ﬁ\
Vi = - o
Vi ==
CAS v /
w
tres oms) LTEHR (Ons)
Vin ey ™ ' :
TF —
ViL(re) k

Fig..2 Test Mode Cycle

b
(%

Lrgnc (ons)
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1,048,576 WORD x 1 BIT DYNAMIC RAM PRELIMINARY

DESCRIPTION

The TC51100iBP/BJ/BZ/BFT is the new generation dynamic RAM organized 1,048,576 words by 1
bit. The TC511001BP/BJ/BZ/BFT 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 TC511001BP/BJ/BZ/BFT to be packaged in a standard 18 pin
plastic DIP, 26/20 pin plastic SOJ, 20/19 pin plastic ZIP, 24/20 pin plastic TSOP. The package size
provides high system bit densities and is compatible with widely available automated testing and
insertion equipmeni. 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 TC511001BP/BJ/BZ/BFT isnibble mode, allowing the user to serially access 4 bits of data at
a high data rate.

FEATURES
e 1,048,576 word by 1bit organization e Low Power
¢ Fast access time and cycle time 495mW MAX. Operating
TC5110018P/BI/BUBFT - 60 5.5mW MAX. Standby
- e OQutput unlatched at cycle end allows two-
trac__RAS Access Time 60ns dimensional chip selection
taa ~ Column Address 30ns o Common VO capability using “EARLY
Access Time WRITE” operation
teac  CAS Access Time 20ns ® Read-Modify-Write, CAS before RAS refresh,
tae  Cycle Time 110ns RAS-only refresh, Hidden refresh, Nibble
incac  Nibble Mode Mode and Test Mode capability
Access Time 20ns e All inputs and output TTL compatible
ine  Nibble Mode aons ¢ 512 refresh cycles/8ms
Cycle Time e Package TC511001BP : DIP18-P-300C
¢ Single power supply of 5V+10% TC511001BJ : SO0J26-P-300
with a built-in Vgp generator TC511001BZ : ZIP20-P-400
TCS511001BFT : TSOP24-P-0616
PIN CONNECTION
Plastic DIP Plastic SOJ Plastic ZIP PIN NAMES
AR 7] A0~A3 [ Address Inputs
D°UT.::| 4 ] vss TAS |Column Address Strobe
&; 2 6 | WRITE D |Data In
Fz2 [a::‘1 TF Dour_|Data Out
N.C .:‘.: KAS |Row Address Strobe
A0 :'9:I n2] a1 WRITE | Read/Write Input
A2 :‘.}:I ::1:4: A3 Vee  [Power (+5V)
Vee :1:5:: 116 Ad Vss [Ground
AS :‘:7;‘. E1:8: AB TF Test Function
ATHS. 20] A8 N.C. |No Connection
A9| 1 | PlasticTSOP 24| A8
CAS| 2 23| A7
Doyr| 3 | {0 22| A6
NC.| 4 El21] AS
Vs | S Bi20 A4
ND.C. 8 :2 Vcsc
9 A
Waitt [ 10 151 A2
RAS| 11 141 A1
TF|12 13} AD
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TC511001BP/BJ/BZ/BFT-60

'BLOCK DIAGRAM

O Dour
Vee Vss i T

T T . DATA IN DATA OUT
i BUFFER . BUFFER
WRITE ; ) I'T r
TAS 0— 1 A9C, A9R
NG.2 CLOCK 3¢, A9 j
GENERATOR I NIBBLE
T © ] I SELECTOR
A0O > COLUMSr; 10 COLUMN
10 ADDRE!
A} O BUFFER (10) V DECODER
. SENSE AMP
A2 O REFRESH VO GATEING
A3 O CONTROLLER Y
Ad O] 2048 °
REFRESH
A5 O+ COUNTER (9) L
AB O b
ROW o MEMORY
A7 O ADDRESS TTNE 8 s17 ARRAY
r A8 O+ BUFFER (10) « Y
— °
NO.1 CLOCK "
O 1
b GENERATOR SUBSTRATE BIAS
GENERATOR |
ABSOLUTE MAXIMUM RATINGS '
ITEM SYMBOL RATING UNITS NOTES
Input Voltage Vin -1~7 v 1
Test Mode Input Voltage Vin () -1~10.5 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 Ts16 ~55~150 . °C 1
Soldering Temperature - Time TsoLDER 26010 - *C-sec 1
Power Dissipation Po 600 . mw 1
Short Circuit Output Current oyt - S0 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta =0~70°C)
SYMBOL bARAMETER Mlﬁ. TYP. MAX. UNIT NOTES
Vee Supply Voltage 45 5.0 .58 2
Vin Input High Voltage 24 - 6.5 " 2
Vi Input Low Voltage -1.0 .- 08 v 2
Vi e Test Enable Input High Voltage Vec+ 4.5 s 10.5 v 2
ViLin Test Disable Input Low Voltage -1.0 - Vec+ 1.0 v 2
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TC511001BP/BJ/BZ/BFT-60

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

SYMBOL PARAMETER MIN. MAX. | UNITS | NOTES
' :’EM"':G CUR:ENT' omerating ¢ TC5110018P/BY o NS
[<q} verage Power Supply Operating Current - m.

BZ/BFT-
(RAS, TAS, Address Cycling: tac = tac MIN. ) UBFT-60 5
STANDBY CURRENT
lcca Power Supply Standby Current - 2 mA
(RAS = TAS = Vi)
RAS ONLY REFRESH CURRENT TCS11001BPIBY
leca Average Power Supply Current, RAS Only Mode - 90 mA 35
. BZBFT-60
(RAS Cycling, TAS = Viiy: tre=tac MIN. )
NIBBLE MODE CURRENT . TCS110018P/BY
leca Average Power Supply Current, Nibble Mode BZBFT-60 - 40 mA 3,4
(RAS = vy, TAS, Cycling: tng=tne MIN. )

STANDBY CURRENT

lecs Power Supply ‘Standby Current - 1 mA
(RAS = TAS = V¢ - 0.2V)
TAT BEFORE WAS REFRESH CURRENT T€5110018P/BY
lecs Average Power Supply Current, TAS Before RAS BZRFT-60 - 90 mA 3

Mode (RAS, TAS Cycling: tae = tre MIN. )

INPUT LEAKAGE CURRENT (any input except TF)
hy Input Leakage Current, any input -10 10 PA
(OVE VNS 6.5V, All Other Pins Not Under Test=0V)

INPUT LEAKAGE CURRENT (only TF)

i -10 | 10
] (VS Viy ;) S Ve + 0.5V, All Other Pins Not Under Test = 0V) A
| OUTPUT LEAKAGE CURRENT P A
@ | (Doyr is disabled, OVS Vour S 5.5V)
TEST FUNCTION INPUT CURRENT

Irr - 1 mA
(Ve +4.5V3 Vi on $10.5v)
OUTPUT LEVEL

Vow e 24 - v
Output “H” Level Voltage (loyr = - SmA) ’

UTPUT LEVEL
VoL 0 t - 0.4 v

Output “L° Level Voltage (lgyr = 4.2mA)
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TC511001BP/BJ/BZ/BFT-60

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS :
(v;c=sv *10%, Ta=0~70%)(Notes 6, 7, 8)

. TC51001BP/BJ/BL/BFT-60 .

SYMBOL | - PARAMETER UNIT| NOTES
MIN. MAX.

e Random Read or Write Cycle Time ) 110 - ns
tawe Read-Modify-Write Cycle Time : 135 - ns
e Nibble Mode Cycle Time 40 - ns |
TNRMW Nibble Mode Read-Modify-Write Cycle Time 65 - ns
trac Access Time from RAS - 60 ns | 9,14
teac Access Time from TAS - 20 ns | 9,14
taa Access Time from Column Address - 30 ns | 9,15
tNCAC Nibble Mode Access Time - 20 ns |9
teuz TAS 10 Output in Low-2 0 . - ns |9
tore Output Buffer Turn-off Delay 0 © 20 ns | 10
tr Transition Time (Rise and Fall) 3 50 ns |8
tap RAS Precharge Time ) 40 - ns
tras RAS Pulse Width 60 10,000 ns
task RAS Hold Time ' 20 - ns
tesH TAS Hold Time 60 - ns
teas TAS Pulse Width . ’ 20 "~ 10,000 ns
tred RAT to TAT Delay Time 20 40 ns |14
tRAD RAS to Column Address Delay Time 15 30 ns |15
terp TAY to RAS Precharge Time 5 - ns
tep TAS Precharge Time . 10 - ns
TasR Row Address Set-Up Time 0 - ns
than Row Address Hold Time ' I 10 - ns
tasc Column Address Set-Up Time 0 - ns
tean Column Address Hold Time 15 - | onse
tan Column' Address Hold Time referenced to RAS 50 - ‘ns
traL Column Address to RAS Lead Time ) . 30 - ns .
thes Read Command Set-Up Time 0 - ns
tack Read Command Hold Time referenced to CAS 0 - ns | 11
RN Read Command Hold Time referenced to RAS 0 - 1 ns {11
TWCH Write Command Hold Time 10 - ns
twer Write Commarid Hold Time referenced to RAS LH - ns
twe Write Command Pulse Width : 10 - ns
tawt Write Command to RAS Lead Time 20 - ns
tewt Write Command to CAS Lead Time 20 - ns
t§5 Data-in Set-Uﬁ Time 0 - ny | 12
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TC511001BP/BJ/BZ/BFT-60

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Continued)

Tc§1 10018P/BJ/BZ/BFT-60
| srmsoL PARAMETER UNITS] NOTES
MIN. MAX.
oM Data-in Hold Time 15 - ns 12
tour Data-ln Ho!d Time referenced to RAS 50 - ns
trer Refresh Period - 8 ms
twes Write Command Set-UP Time 0 - ns |13
| tewo TAS to WRITE Delay Time 20 - ns | 13
tawD RAS to WRITE Delay Time 60 - ns |13
tawo Column Address to WRITE Delay Time 30 - ns |13
tesn TAS Set-Up Time s _ ns
) (CAS before RAS )
. TAS Hold Time
“iHR (AT before RAS ) 13 - ns
tapc RAY Precharge to TAS Active Time ] - ns
tept CAS Precharge Time (TAS before KAS Counter Test ) 30 - ns
tNCAS Nibble Mode Pulse Width 20 - ns
e Nibble Mode TAS Precharge Time 10 - ns
tNRSH Nibble Mode RAS Hold Time 20 - “ns
tNewo Nibble Mcde TAS to WRITE Delay Time 20 - ns
INRWL Nibble Mode WRITE Command to RAS Lead Time 20 - ns
tnewL Nibble Mode WRITE Command to TAS Lead Time 20 - ns
tres Test Mode Enable Set-Up Time referenced to KAS 0 - ns
trenR Test Mode Enable Hold Time re‘erenced to RAS 0 - “ns
trene Test Mode Enable Hold Time referenced to TAS 0 - ns
CAPACITANCE (\(cc =5V+10%, f=1MHz, Ta=0~70°C)
SYMBOL ) PARAMETER ’ MIN, ’ MAX, UNIT
Cn . | Input Capacitance (AO~AS, D) = 5
C Input Capacitance (RAS, TAS, WRITE, TF) - 7 pF
Co Output Capacitance (Ogyr) - 7
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TC511001BP/BJ/BZ/BFT-60

NOTES:

1,

@ ¢ oW

10.

11.
12

13.

14,

15.

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

All voltages are referenced to Vss.

Icct, Iceas Iccs, Icce 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=Vjy, and CAS=Viy.

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

AC measurements assume tT=>5ns.

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

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

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

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

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

twcs, tRwWD. tcwp, and tAwp 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
tRWD= tRwD (min.), tcwp= tcwp (min.), and tawp=tAwp (min.), the cycle is a read-modify-write
cycle and the data out will contain data read from the selected cell: If neither of the above sets
of conditions is satisfied, the condition of the data out (at access time)is indeterminate.

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

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.
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TC511001BP/BJ/BZ/BFT-60

TIMING WAVEFORMS

READ CYCLE
tRC
———tBp
- Vin ——_—"'\ tras /‘
Vi, — x \
tosy
'cnr‘ taco TasH cap
Vin — A
w N /]
AYV |
trAD tRa, |
tasg taan | LA_SEJ tean

. laow fp@{ cowmn '
s :::W » W

I
. v —— b
Pour " OPEN %@ DATA- OUT —

: “H® or "L

Note: “TF” pin should be connected to Vi, (rp) level or open, if “Test Mode” is not used.

A-79



TC511001BP/BJ/BZ/BFT-60

WRITE CYCLE (EARLY WRITE

- . T
e ]
A R N\
o RN
| mltos tou l

% ¢ "H® or "L*

Note: *“TF" pin should be connected to Vi (Tr;level or open, if “Test Mode” is not used.
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TC511001BP/BJ/BZ/BFT-60

R

EAD-MODIFY-WRITE CYCLE

TR . _ /;_"__,
e N~
trap i tRAL m
L S DY TG
o T~ YO o N
s ::::Wf w
. —
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TC511001BP/BJ/BZ/BFT-60

NIBBLE MODE READ CYCLE

Vin
Vi

Vin
Vi

Vin

A0~A9

Vou

Dour  vg,

tras
a ——
N\ tap
> 1 1

£ e trcD fon o teas —»f
— z‘ tgan N
- taan Jt

tasel |} &1.{-‘.% in tnee | [tucas
~ e

I ‘ L - o c — J C
- DATA DATA DATA DATA
OPEN -ouT -ouT -

Vin
/[T p——

Vin
Vi

Vin
Viu

Vi
ViL

Vin
VL

Vin
Vi

Vou

Oour  vq,

t,

Lty :
(u% -OuT
. tn *

NIBBLE MODE WRITE CYCLE(EARLY WRITE)

“‘L% %

tRas
— T——
\ tan
t“co‘nu [7 1,
|" bt
— z" tzan tCas } &
— t tagd A
Tagg) | ¥ ] tucg | [tncss
ROW % coL.
1 t 1 |
=% - NRWL
' .
DATA DATA DATA
-IN - IN -IN
105] |ofto.

S

OPEN

Note: “TF” pin should be connected to Vip (TF)level or open.
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TC511001BP/BJ/BZ/BFT-60

NIBBLE MODE READ - MODIFY - WRITE

mo T N

S == W .‘H—_
= @@e;%
v =N E!l; \/

= m.ag e
oaur yor & / oot e (B —

: “H* or "L

Note: “TF” pin should be connected to Vi (rp)level or open.
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TC511001BP/BJ/BZ/BFT-60

RAS ONLY REFRESH CYCLE

tre
Vi eei—— tRas 1
x4 ’\_
Vi — \" /
tere tRpC

|—
Vi ==
Vi — :

tasql tRAH

e« = =@ —O

: “H" or “L*

Note: WRITE= “H" or “L", A9=“H" or “L"
“TF” pin should be connected to V;i, (tplevel or open, if “Test Mode” is not used.

CAS BEFORF RAS REFRESH CYCLE

tre
tre
e o , }——‘_—'—’—.
RAS Vi — / l tarc ‘ \k ) V.
tesr

="~ SN

% : "H% or "L

Note: WRITE= “H" or “L", A9="H" or “L"
“TF” pin should be connected to Vi (rr)level or open, if “Test Mcde” is not used.
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HIDDEN REFRESH CYCLE (READ

tre
tap

W VIH _-——-—_\\ / \ (BAL y————-

V||_ —— - ..

e toun

Vig — 1Rs|

a3 Vie —j \
RA trat
As RAH "‘A.Sf Ll ;
3

we D |

e
| tRAC F
Vo — | lr - %%?@
Dour DATA-OUT s———— %@ﬁ;&
VoL = N, a %@ff‘f
. =
(]
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HIDDEN REFRESH CYCLE (WRITE

tap
VR
" N tRas \ tras
Vi - § o -
taco trsH
R

]
&
\'Té’
i

e o
7

=
: =

OPEN

=
o RN

: “H® or "L*

Note: “TF” pin should be connected to Vi (rp)level or open, if “Test Mode” is not used.
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BEFORE RAS REFRESH COUNTER TEST CYCLE

tre
Vi == ras 3 ;k
RAY rsH .
ViL — 7
et
tesr
Vi — 0| etoHR \ teas -

o ¢4
e e

Vo —= d h
Dout OPEN DATA-OUT 5——
VoL — K F
1 tres ¢ R
T ¢

TRwWL
tow,

- e W

tac
READ-MODIFY-WRITE CYCLE ‘ torr |
Von— } K N
Dour . OPEN { DATA-OUT }——-—-
ot .
AA

ta
Vin
o - G ]| )
w | e |
twp

ww DR

&I Iq—m‘—-h- ) : “H" or “L°

Note: “TF" pin should be connected to Vj (1r)level or open, if “Test Mode" is not used.
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APPLICATION INFORMATION
ADDRESSING

The 20 address bits required to decode 1 of the 1,048,576 cell locations within the TC511001BP/BJ/BZ/BFT
are multiplexed onto the 10 address inputs and latched into the on-chip address latches by externally applying
two negative going TTL-level clocks.

The first clock, the Row Address Strobe (RAS), latches the 10 row address bits into the chip. The second
clock, the Column Address Strobe (CAS), subsequently latches the 10 column address bits into the chip. Each
of these signals, 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 TAS clock
sequence are inhibited until the occurrence of a delayed signal derived from the RAS clock chain. The “gated
TAS” feature allows the CAS clock to be externally activated as soon as the Row Address Hold Time
specification (tRAH) has been satisfied and the address inputs have been changed from Row address to Column
address information.

DATA INPUT/OUTPUT

Data to be written into a selected cell is latched into an on-chip register by a combmahon of WRITE and
TAS While RAS is active. The later of the signals (WRITE or CAS) to make its negative transition is the
strobe for the Data In (D) register. This pérmits several options in the write cycle timing. In a write cycle,
if the WRITE input is brought low (active) prior to CAS, the DIN is strobed by TAS 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-modify-write cycle, the WRITE signal will be delayed until after TAS 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 Dy referenced to
CAS).

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

DATA OUTPUT CONTROL

The normal condition of the Data Output (Dou'r) of the TC511001BP/BJ/BZ/BFT is the high impedance
(open circuit) state. This is to say, anytime TAS 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 TAS 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 manaer with read data coming out at tcac time. By keeping RAS low, TAS can be cycled up and then
down, to read or write the next three pages at high data rate (fastar than tcac). Row and column addresses
need only be supplied for the first access of the cycles. From then on, the falling edge of TAS will activate the
next bit, ARer four bits have been accessed, the next bit will be the same as the first bit accessed (wrap-
.around method) .
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r (0,0) (0,1) (‘.o)—>(t.t)—J‘

Address A9 determines the starting point of the circular 4 bits nibble, Row A9 and column A9 provide the two
binary bits needed to select one of four bits.
From then on, Successive bits come out in a binary fashion; 00—01—10—11 with A9 row being the least
significant address.

A nibble cycle can be a read, write, or delayed write cycle, Any conbinations of reads and writes or Iabe
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 perfonmng a memory cycle at each of the 512 row
address (AO~A8) within each 8 millisecond time interval,
Although any normal memory cycle will perform the refresh operahon, this funchon is most easily
accomplished with “RAS-only” cycles.

TAS BEFORE RAS REFRESH

CAS before RAS refreshing available on the TC511001BP/BJ/BZ/BFT 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 TC$11001BP/BJ/BZ/BFT is that refresh ¢ycles 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

TAT —_—\ ‘ 4 j
-—ng — )

This feature allows a refresh cyclevto be “hidden" among data cycles without affecting the data avilability.
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TAS BEFORE RAS REFRESH COUNTER TEST
The internal refresh operation of TC511001BP/BJ/BZ/BFT can be tested by CTAS 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 RAT 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 TAS
BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE). Repeat this operation 512 times.
@ Check “1" out of 512 bits at normal read mode, which was writtenat® .
@® Using the same column as @, read “1” out and write “0” in each cell performing CAS BEFORE RAS
REFRESH COUNTER TEST. Repeat this operation 512 times.-
® Check “0” out of 512 bits at normal read mode, which was writtenat@® .
® Perform the above @ to ® to the complement data.
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TEST MODE

The TC511001BP/BJ/BZ/BFT is the RAM organized 1,048,576 words by 1 bit, it is internally
organized 262,144 words by 4 bits. In “Test Mode”, data is written into a number of sectors (4 sectors)
in parallel and retrieved the same way. If, upon reading, all bits are equal (all “H” or“L"), the data
output pin indicates a same data as all bits. In this case, the data output pin indicates an expected
data for good parts, the data output pin indicates a complementary data for bad parts, And also, if
any of the bits differed, the data output pin would indicate a high impedance state for bad parts. Fig.
1 shows the block diagram of TC511001BP/BJ/BZ/BFT including its truth table when “Test Mode” is
used. '

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

Block Diagram in Test Mode

An, Am
 ——)
O
7o) NORMAL o
—0
-
TF
[hen
An, Am

——————° Dour
c ——0 ]
_—L_. —5 NORMAL
——O0
< -
TF
&n, Am D I:rch
ik Rl 1
o]

TF Pin= Super voltage; Test Mode
TF Pin=V,_ (TF) level or High-Z; Normal

Truth Table in Test Mode Function

A 8 C ] Dour
0 0 0 0 ]
1 1 1 1 1
Otherwise Ri-2
Fig. 1
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“Test Mode” function is performed on any of the timing cycles except Nibble Mode when “TF” pin is
held on “super voltage (Voc+4.5V (Voe=5V110%), max. voltage =10.5V)” for the specified period (tTES,
tTEHR and tTEHC; see Fig. 2). The address input of A9 is ignored in the “Test Mode".

On the other hand, normal operation requires the “TF” pin be connected to Vi (TF) level, or left
unconnected on the pnnted wiring board. .

The “Test Mode” function reduces test tunes(l/4 in case of usmg N test pattern)

.Vm - e U
: Vi — ’ -
Vi = \ /
Vi —=
I tres | ons) ) ArenR (Ons)
Vis = A N
Vivan ™+ . . -

Fig. 2 Test Mode Cycle

LIEWC (Ons)
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TENTATIVE DATA
1,048,576 WORD x 1 BIT DYNAMIC RAM

DESCRIPTION

The TC511001AP/AJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 1 bit.
The TC511001AP/AJ/AZ utilizes TOSHIBA’s CMOS. Silicon gate process technology as well as advanced
circuit techniques to provide wide operating margins, both internally and to the system  user.
Multiplexed address inputs permit the TC511001AP/AJ/AZ to be packaged in a standard 18 pin plastic
DIP, 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. The package size provides high system bit

densities and is compatible with widely available automated testing and insertion equipment.

System

oriented features include single power supply of 5V£10% tolerance, direct interfacing capability with
high performance logic families such as Schottky TTL. The special feature of TC511001AP/AJ/AZ is
nibble mode, allowing the user to serially access 4 bits of data at a high data rate,

FEATURES
e 1,048,576 word by 1bit organization ® Low Power
e Fast access time and cycle time 440mW MAX. Operating
TC511001AP/AJ/AZ - 70/ - 80/ - 10 (TC511001AP/AJ/AZ —70)
— 385mW MAX. Operating
trac  RAS Access Time 70ns 80ns 100ns (TC511001AP/AJ/AZ —80)
taa  Column Address 330mW MAX. Operating
" 35 40 501
Access Time o m ™ (TC511001AP/AJ/AZ ~10)
tcac  CAS Access Time 20ns 20ns 25ns 5.5mW MAX, Standby
tac  Cycle Time 130ns 150ns 180ns | ® Output unlatched at cycle end allows two-
tncac  Nibole Mode 20 20 20 dimensional chip selection
Access Time ns ns ™| o Common VO capability using “EARLY
tne  Nibbie Mode WRITE" operation
Cucle Time 40ns 40ns 4ns) o Read-Modify-Write, CAS before RAS refresh,
e Single power supply of 5V+10% RAS-only refresh, Hidden refresh, Nibble
with a built-in Vg generator Modg and Test Mode capability .
e All mputshand output TTL compatible
® 512 refresh cycles/8ms
PIN NAMES e Package TC511001AP : DIP18-P-300C
AO~A9|Address Inputs WRITE | Read/Write Input TC511001AJ : SOJ26-P-300
CAS {Column Address Strobe | Vcc | Power(+5V) TC511001AZ : ZIP20-P-400
Dy {Data In Vss | Ground
Doyr {Data Out TF |Test Function
RAS {Row Address Strobe N.C. [No Connection
PIN CONNECTION (TOP VIEW)
Plastic DIP Plastic SOJ Plastic 2IP
2]
@ vss
6 | WRITE
e
fz] a1
0] a3
6] A4
aJae
20| A8
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BLOCK DIAGRAM

Vee

i
N

DTN

qur

Vss
DATA IN DATA OUT
BUFFER BUFFER
A [} T

A9C, AR
NO.2 CLOCK 3 1
GENERATOR NIBBLE
i
T O ! SELECTOR
’ l
o COLUMN o column 4
Al 10? ADDRESS
o Sl e i)
A2 0 : REFRESH = YO GATEING
A3 0> |__CONTROLLER |~
AL O~ REFRESH 2048
A5 O . COUNTER (9)
A O =
ROW P~ MEMORY
A7 O~ ADDRESS 88 s12|  ARRaY
AB O BUFFER (10) e
o
NO.1 CLOCK
GENERATOR SUBSTRATE BIAS
GENERATOR
MAXIMUM RATINGS
CHARACTERISTIC SYMBOL RATING - UNIT NOTE
input Voltage Vin -1~7 v 1
Test Mode Input Voltage ‘ Vin (TR -1~10.5 \ 1
Output Voltage Vour -1=~7 v 1
Power Supply Volitage Vee -1=~7 \J 1
Operating Temperature Torr 0~70 °c 1
Storage Temperature TstG «55~150 °C 1
Soldering Temperature - Time TsoLper 260-10 °C-sec 1
Power Dissipation Pp. 600 mw 1
Short Circuit Output Current lout S0 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=0~70°C)
SYMBOL ‘CHARACTERISTIC MIN. TYP. MAX. UNIT NOTE
Vee Supply Voltage 4.5 5.0 5.5 2
Viy Input High Voltage 24 - 6.5 v 2
Vi input Low Voltage -1.0 - 0.8 \ 2
Vin(Te) Test Enable Input High Voltage Vec+4.5 - 10.5 \) 2
Vi e Test Disable Input Low Voltage -1.0 - Vee+ 1.0 \ 2
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DC ELECTRICAL CHARACTERISTICS (Vcc =5V *10%, Ta=0~70°)

SYmMBOL CHARACTERISTIC MIN. MAX. UNIT NOTE

OPERATING CURRENT TCS11001AP/ANAZ-T0 - 80

lect Average Power Supply Operating Current TC511001AP/AJAZ-80 - 70 mA 3,45
(RAS, TAS, Address Cycling: tac=trc MIN. ) TCS11001AP/ANAZ-10 |  — 60
STANDBY CURRENT

lec2 Power Supply Standby Current - 2 mA
(RAS = CAS = Vi)
RAS ONLY REFRESH CURRENT TCS11001AP/AJ/AZ-70 - 80

lecs Average Power Supply Current, RAS Only Mode TCS11001AP/AIIAZ-80 - 70 mA 3,5
(RAS Cycling, CAS = Viu: tre = tac MIN. ) TCS11001AP/ANAZ-10 - 60
NIBBLE MODE CURRENT TCS511001AP/ANAZ-70 - 40

lcca Average Power Supply Current, Nibble Mode TC511001AP/AJ/AZ-80 - 40 mA 3,4,5
(RAS =V, TAS, Cycling: tnc=tne MIN. ) TCS11001AP/AVAZ-10 | = 40

STANDBY CURRENT
lees Power Supply Standby Current - 1 mA
(RAS = TAS = V¢c - 0.2V)

TAS BEFORE RAS REFRESH CURRENT TCS11001AP/ANAZ-70 | = 80
lecs Average Power Supply Current, CAS Before RAS TC511001 AP/AJAZ-80 - 70 mA 3
Made (RAS, TAS Cycling: tac=tac MIN. ) YC511001AP/AVAZ-10 - 60

INPUT LEAKAGE CURRENT (any input except TF)
hew Input Leakage Current, any input - 10 10 PA
(OVS VinS6.5V, All Other Pins Not Under Test=0V)

INPUT LEAKAGE CURRENT (only TF)

. -10 10
(OVE VN (1F) SV + 0.5V, All Other Pins Not Under Test = 0V) A

lire (1)

OUTPUT LEAKAGE CURRENT

! | -
O | (Doyr is disabled, OVS Vour S 5.5V) 10110 A

TEST FUNCTION INPUT ‘CURRENT
143 - 1 mA
(Vec+4.5VE Vi (rpy S10.5V) .

v QUTPUT LEVEL 24 v
OH Output “H” Level Voltage (loyr= = SmA) : -

OUTPUT LEVEL
Vou . - 0.4 v
Output “L” Level Voltage (igyr = 4.2mA)
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

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

TCS51001AP/ TCS1001AP/ TC5100iAP/
SYMBOL CHARACTERISTIC AIAZ-70 AlIAZ-80 ANAZ-10 UNIT| NOTE
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
tne Nibble Mode Cycle Time 40 - 40 - 40 - ns
N .r;liirl‘)‘lzle Mode Read-Modify-Write Cycle 65 N 65 _ 65 _ | s ‘
trRaC Access Time from RAS - 70| - 80| - 100 ns | 9,14
teac Access Time from CAS - 20| - 20| - 25| ns | 9,14
taa Access Time from Column Address - 35 - 40 - 50| ns | 9,15
theac Nibble Mode Access Time - 20| - 20| - 20{ ns |9
taz TAS to Output in Low-2 0 - 0 - 0 - ns |9
tore Output Buffer Turn-off Delay 0 20 0 20 0 20| ns | 10
tr Transition Time (Rise and Fall) 3 50 3 50 3 S0| ns | 8
trp RAS Precharge Time 50 - 60 - 70 - ns
trAS RAZ Pulse Width 70 10,000 80 10,000 100 10,000 ns
tRSH RAS Hold Time 20 - 20 - 25 - ns
tesH CAS Hold Time 70 - 80 - 100 - ns
tcas TAS Pulse Width 20 10,000 20 10,000 25 10,000} ns
trco RAS to CAS Delay Time 20 50 20 60 25 75| ns | 14
tRAD RAS to Column Address Delay Time 15 35 15 40 20 S0 ns | 15
tere TAS to RAS Precharge Time 5 - 5 - 5 - ns
tep CAS Precharge Time 10 - 10 - 10 - ns
tasr Row Address Set-Up Time 0 - 0 - 0 - ns
tRAH Row Address Hold Time 10 - 10 - 15 - ns
tasc Column Address Set-Up Time 0 - 0 - 0 - ns
tcaH Column Address Hold Time 15 - 15 - 20 - ns
taa tc:lgsf\ Address Hold Time referenced 55 _ 60 _ 75 _ ns
traL Column Address to RAS Lead Time 35 - 40 - 50 - ns
tres Read Command Set-Up Time 0 - 0 - ] - ns
tack Read Command Hold Time referenced o ~ 0 _ 0 _ s | 11

to CAS

Read Command Hold Time referenced
tRRH to RAS 0 - 0 - 0 - ns | 11
twen Write Command Hold Time 15 - 15 - 20 - ns
twe Write Command Hold Time referenced 55 . 60 - 75| _ ns

to RAS
twe Write Command Pulse Width 15 - 15 - 20 - ns
tRwWL Write Command to RAS Lead Time 20 - 20 - 25 - ng
tewt Write Command to TAS Lead Time 20 - 201 - 25 - ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Continued)

TCS51001AP/ TC51001AP/ TC51001AP/
SYMBOL CHARACTERISTIC ANAZ 70 ANIAZ-80 AVAZ-10 UNIT| NOTE
) MIN. MAX. MIN. MAX. MIN, MAX.
tos Data-in Set-Up Time 0 - 0 - 0 - ns 12
toH Data-In Hoid Time 15 - 15 - 20 - ns 12
1OKR Data-in Hold Time referenced to RAS 55 - 60| - 75 - ns
tRer Refresh Period - 8 - 8 - 8| ms
twes Write Command Set-UP Time 0 - 0 - 0 - ns |13
tewo TAS to WRITE Delay Time 20 - 20 - 25 - ns | 13
trRwD RAS to WRITE Delay Time 70 - 80 - 100 - ns {13
“tawd Column Address to WRITE Delay Time 35 - 40 - 50 - ns | 13
CAS Set-Up Time
1SR (GRS belo:)e ”AS ) 5 - 5 - 5 - ns
TAS Hold Time
tCHR (TAS vefore RES ) 15 - 15 - 20 - ns
trec RAS Precharge to TAS Active Time 0 - 0 - -0 - ns
teor ﬁ:nz:c:;rtg: Time (CAS before RAS 2 - 2 _ 50 _ ns
tncas | Nibbie Mode Pulse Width 20 - 20 - 20 - ns
tnep Nibble Mode TAS Precharge Time 10 - 10 - 10 - ns
RS Nibble Mode RAS Hold Time 20 - 20| - 20 - ns
tnewo .N'ibbie Mode TAS to WRITE Delay 20 _ 2 - 2 _ ns
Time .
_— Nibble'Mode WRITE Command to RAS 2 _ 20 _ 2'0 _ ns
Lead Time
towt Nibble.Mode WRITE Command to TAS 2 - 2 _ ; 20 _ ns
Lead Time .
tres Test Mode Enable Set-Up Time 0 _ o - 0 _ ns
referenced to RAS
tren Test Mode Ena_bl_e Hold Time o - 0 _ o _ ns
referenced to RAS
trenc Test Mode Enable Hold Time 0 _ 0 _ 0 _ ns
referenced to CA&S
CAPACITANCE (Vcc =5V £ 10%, f = 1MHz, Ta=0~70°C)
SYMBOL CHARACTERISTIC MIN. MAX. ‘ UNIT
Ch Input Capacitance (AO~A9, Dy) - S
[ Input Capacitance (RAS, TAS, WRITE, TF) - 7 pF
Co Output Capacitance (Doyr) - 7
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NOTES:

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

2. All voltages are referenced to Vss.

3. Iccr, Iccs, Iccs, Iccs depend on cycle rate.

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

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

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

7. AC measurements assume tT=5ns.

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

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 tpcy 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, trRwD, tcwDp, and tAwp 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
tRWD= tRwD (min.), tcwp=tewp (min.), and tAwDp=Ztawp (min.), the cycle is a read-modify-write
cycle and the data out will contain data read from the selected cell: If neither of the above sets
of conditions is satisfied, the condition of the data out(at access time)is indeterminate.

14. Operation within the tRcp (max.) limit insures that trac (max.) can be met.
trcp (max.) is specified as a reference point only: If tRcD 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 tRaD is greater than the specified trap (max.)
limit, then access time is controlled by taa.
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TIMING WAVEFORMS

T %
=t N —/
AO~AZ ::: :%{ iaow i}@( COLUMN : /////////
e " j///////f_/////////" — .
‘taAc ‘E"L’l torr |
Dour :Z:: OPEN DATA - OUT ::}——-—

: “H" or “L*

Note: “TF” pin should be connected to Vi (tr)level or open, if “Test Mode” is not used.
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TC511001AP/AJ/AZ-10

WRITE CYCLE (EARLY WRITE)

\

T e/
o tcgt_. 2R [ ‘{&H ' IJ&»
o V::— \\-‘ cas / /
‘Ao.,Ag ::: :%X ROW ‘ COLUMN b ////l//é//////////

twes
| |

|
“ 'ZW////I//////// %

WRITE twp
trwy

twer :
osy ton

Vow—

|

\\:i»: :%%;/////////;?////////7//% DATA- IN
I 1oHR
f

OPEN

o |
e
X777

Dour
Vor—

: “H" or “L”

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

READ-MODIFY-WRITE CYCLE

trmw
w TR -
Vg tcﬁT‘ treD t — tawL ‘:—‘5-"2—»
oS Vit = e/ }S\-‘ - / /
trap = trat, A
e towp

WRITE :'H B

trCs

l/.l

to
03 ton

lcag

torr

VX

 ——
DATA-OUT

: “H” or “L"

Note: *“TF” pin should be connected to Vi, (Tr)level or open, if “Test Mode” is not used.
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NIBBLE MODE READ CYCLE

RAS Vi
Vi

Vin
[:X9 Vi

A0~A9 v:f

Vou
Dour v,

W v ]

tras tre
— ]
\ tar
t
% TRep oo
— Z" traD. &
tran g_shc_ Bewom
/Z//% ROW ﬁ@g . _ 2
taac  {bdwitorz | T
DATA DATA DATA DATA
— opeN @g DATA B—L{ OATA H )...( >___
taa tRRH
tres | tacw | 1, oy | tacs

NIBBLE MODE WRITE CYCLE(EARLY WRITE)

tras

trp

7%

/

RAS 3"" R tar
* ACSH
‘L'i"' [« trco T
CAS xm A 1zAD &
it tran ftasq| ]
lasgy 1) — 1 lca
Vi 7
no-as W 77X row

ot @W/? ) (W/H////

CH ////

%N

O vy

Vou
Pour v

"Note: “TF” pin should be connecf

Tos

o o

OPEN

e /L

ER7.E65 )@( A

__

ted to Vi, (Tr) level or open.
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NIBBLE MODE READ - MODIFY - WRITE

tras trp
v S =
i -
" tere R L] — INRMW TR
o8 Vi, - tran | ¢ S
Tasa) | <24 Tasc tean tnee | [tncas
a~ns TN ow WX o MO 2277 7
towp fetran o QO] LSCWLET 40y Newt how %
T = AN = AV W/
s, 1

o I e YO O X

taa| llcacl tore thcac '
— 1 L
Vou RaC DATA DATA DATA DATA
D
OUT oy e -0uY -OUT -0uT -OUT
ot teuz !

Note: “TF" pin should be connected to VL (rF)level or open.
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RAS ONLY REFRESH CYCLE

s TN 1 N
Itcm» tRPC

o | | \

S e ) - or v

“I'F" pin should be connected to Vi (r)level or open, if “Test Mode” is not used.

CAS BEFORE RAS REFRESH CYCLE

tre

) N\

..

Vin — tras
RAS N
Vi, = RPC X
tcp 1 lcsr .
oV — Julm— CHR
? Vi '—__../ i 2
torr
Vo = —_—&(
Dour Voo — ¥
Note: WRITE= “H" or “L", A9="H" or "L"

OPEN

% : "HY or "L*

“I'T” pin should be connected to Vg, (rr)level or open, if “Test Mode” is not used.
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T N Ny
SN AT N
tasz tran B t;Asfc tean
s 7N |W o
o T |
o — — i
Dour V:: - : DATA - OUT *}————

: "H" or “L”

Note: “TF” pin should be connected to Vi (rF)level or open, if “Test Mode” is not used.
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HIDDEN REFRESH CYCLE (WRITE

D Nt e

=7} M
tasr :: ‘_A,slc IR;AH -

e '_‘////7//% 0

% : "H" or “L”

Note: “T'F” pin should be connected to Vi, (Tr,level or open, if “Test Mode” is not used.
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

e B2 J
Viy —= tras ;
RAS tRsH
Vi — - . o
fas
tesr 1, |
Vin — R HE tcas Vi
-~

Ne  ©—=».
Bout :Z*L‘: OPEN t tc‘:/// i DATA-OUT '(:‘b———
w7 R

o "I e ,

READ-MODIFY-WRITE CYCLE tcrz . l
— X
OPEN g DATA - OUT
Pout o — *

T
o " T v

o P o

. tos ton ¢ -
! I D % P H" or ¥
Note: “TF” pin should be connected to Vi, (7 level or open, if “Test Mode” is not used.

l/
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APPLICATION INFORMATION
ADDRESSING

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

The first clock, the Row Address Strobe (RAS), latches the 10 row address bits into the chip. The second
clock, the Column Address Strobe (CAS), subsequently latches the 10 column address bits into the chip. Each
of these signals, 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 eritical 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
TAS” feature allows the CAS clock to be externally activated as soon as the Row Address Hold Time
specification (tRAH) has been satisfied and the address inputs have been changed from Row address to Column
address information.

DATA 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 (D]N) register. This permits several options in the write cycle timing. In a write cycle,
if the WRITE input is brought low (active) prior to CAS, the DIN is strobed by CAS and the set-up and hold
times 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-modify-write cycle, the WRITE signal will be delayed until after CAS has made its negative transition.
In this “delayed write cycle”the data input set-up and hold times are referenced to the negative edge of WRITE
rather than CAS. (To illustrate this feature, 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 specified access time.

DATA OUTPUT CONTROL .

The normal condition of the Data Output (Dour) of the TC511001AP/AJ/AZ is the high impedance (open
circuit) state. Thisisto say, anytime CASis at a high level, the Doyr 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 toac 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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[“_'(0,0)"‘—'(0,1) (1,0) (1,1) J }

Address A9 determines the starting point of the circular 4 bits nibbie. Row A9 and column A9 provide the two |
binary bits needed to select one of four bits.
From then on, successive bits come out in a binary fashion; 00—01—10—11 with A9 row being the least
significant address.

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

RAS ONLY REFRESH
Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 512 row
address (AO~AS8) within each 8 millisecond time interval.
Although any normal memory cycle will perform the refresh operation, this function is most easily |
accomplished with “RAS-only” cycles.

CAS BEFORE RAS REFRESH

CAS before RAS refreshing available on the TC511001AP/AJ/AZ offers an alternate refresh method. IfCAS
is held on low for the specified period (tcsRr) before RAS goes to low, on chip refresh control clock generators
and the refresh address counter are enabled, and an internal refresh operation takes place. After the refresh
operation is performed, the refresh address counter is automatically incremented in preparation for the next
CAS before RAS refresh operation.

HIDDEN REFRESH

An optional feature of the TC511001AP/AJ/AZ is that refresh cycles may be performed while maintaining
valid data at the output pin. This referred to as Hidden Refresh. Hidden Refresh is performed by holding CAS
at Vi1, and taking RAS high and after a specified precharge period (trp), executing a CAS before RAS refresh
cycle. (see Figure below)

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE

o e e W
=T\ _

— OPlEN _‘< /\

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

0
w

Dour
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TAS BEFORE RAS REFRESH COUNTER TEST
The internal refresh operation of TC511001AP/AJ/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 CTAS 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 512 times.,
® Check “1” out of 512 bits at normal read mode, which was writtenat ® .
® Using the same column as @, read “1” out and write “0” in each cell performing CAS BEFORE RAS
REFRESH COUNTER TEST. Repeat this operation 512 times.
® Check “0” out of 512 bits at normal read mode, which was written at@ .
® Perform the above @ to & to the complement data.
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TEST MODE

The TC511001AP/AJ/AZ is the RAM organized 1,048,576 words by 1 bit, it is internally organized
262,144 words by 4 bits. In “Test Mode”, data is written into a number of sectors (4 sectors)in
parallel and retrieved the same way. If, upon reading, all bits are equal (all “H” or“L"”), the data
output pin indicates a same data as all bits. In this case, the data output pin indicates an expected
data for good parts, the data output pin indicates a complementary data for bad parts. And also, if
any of the bits differed, the data output pin would indicate a high impedance state for bad parts. Fig.
1 shows the block diagram of TC511001AP/AJ/AZ including its truth table when “Test Mode” is used.

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

Block Diagram in Test Mode

An, Am
(——————0
A ©
An, Am 256K 0 NORMAL fe)
BLOCK |— —c
A -
TF
~ — B Nch
- An, Am 256K | ;
) - J BLOCK
An, Am
An ) AE
An, Am L
L | aLock —°
b C i,
TF
AR, Am ﬁ“‘“

D
256K
BLOCK
)

TF Pin=Super voltage; Test Mode
TF Pin=V, (TF) level or High-Z; Normal

Truth Table in Test Mode Function

A B C 0 Dout
0 0 0 0 0
1 1 1 i 1
Otherwise Hi-2
Fig. 1
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“Test Mode" function is performed on any of the timing cycles excéept Nibble Mode when “TF” pin is
held on “super voltage (Voo +4.5V (Voo =5V 110%), max, voltage=10.5V)” for the specified period (tTES,
tTEHR and tTEHC; see Fig. 2). The address input of A9 is ignored in the “Test Mode".

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

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

Vi ___—""—A\ . 7
RAS
Vi = /
Vig =
(V1 \ /
Vip — - LTEHC (Ons)
765 | (0ns) LTEHR (Ons)
Vinan ™ d
TF —-—
ViLre

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

DESCRIPTION

The TC511002BP/BJ/BZ/BFT is the new generation dynamic RAM organized 1,048,576 words by 1
bit. The TC511002BP/BJ/BZ/BFT 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 TC511002BP/BJ/BZ/BFT to be packaged in a standard 18 pin
plastic DIP, 26/20 pin plastic SOJ, 20/19 pin plastic ZIP, 24/20 pin plastic TSOP. The package size
provides high system bit densities and is compatible with widely available automated testing and
insertion equipment. System oriented features include single power supply of 5V+10% tolerance,
direct interfacing capability with high performance logic families such as Schottky TTL.

FEATURES
e 1,048,576 word by 1bit organization o Low Power
® Fast access time and cycle time 495mW MAX. Operating
TC5110028P/BBUBFT - 60 5.5mW MAX. Standby
- e Qutput unlatched at cycle end allows two-
trac RAS Access Time 60ns dimensional chip selection
taa Column Address 30ns ¢ Common VO capabilit,

Access Time ¢ Read-Modify-Write, gg before RAS refresh,
teac C5 Access Time 20ns RAS-only refresh, Hidden refresh, Static
tre  Cycle Time 110ns Column Mode and Test Mode capability
¢ Static Column e All inputs and output TTL compatible

Mode Cycle Time 35ns . ngkrefresh 'I%'cles/&;; p DIP16.P-300C
¢ Single power supply of 5V£10% ¢ FPackage 51100 : 18-P-300

witkgx a llamilt-in 523 generator TC511002BJ  : S0J26-P-300
TC511002BZ : ZIP20-P-400

TC511002BFT : TSOP24-P-0616

PIN CONNECTION

Plastic DIP Plastic SOJ Plastic ZIP PIN NAMES
13 e -
s s A9 F::' 3 < A0~AJ [Address Inputs
<3 %‘" F=3 4 Jvss RAS _|Row Address Strobe
o e {6 | WRITE D Data In
RAS[Z3 =5 =
neo 8 |TF Dour D_ata Out
Ao '1:1:- TS |Chip Select Input
a2 :‘:;: El:; Al WRITE |Read/Write Input
v :1.}:' 03] A3 Ve |Power (+5V)
sl 015] A4 Vss | Ground
AS(17! ~= T
arhias U:B: A6 TF__ |Test Function
o= 120}A8 N.C._{No Connection
%2 1 | PlasticTSOP 24| A8
2 23| A7
Oour| 3 | fO 221 A6
NC | 4|3 211 AS
Vss| S |4 B120]| A4
N.C. g 12 Vee
Dy 16| A
WRITE | 10 15| A2
RAS |11 14 Al
TF|12 13] A0
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| BLOCK DIAGRAM

WRITE
o
[<1 :.___5: DATA IN <0 Dy
- 5 BUFFER
NO.2 CLOCK
GENERATOR l 1 oata our Dour
TF Ok 3 , BUFFER
L : l '
COLUMN
IO )| ADDRESS 10 COLUMN
A0 O MLL| BUFFERS (10) J — . DECODER
Al O
SENSE AMP.
a2 o R x| 0 cATng
A3 O == 2048 -
A4 O» REFRESH |
A5 O= COUNTER (9)
(-3
[l
A6 O 3 al i MEMORY
A7 O 0 9 s ARRAY
A8 O > ROW ss ‘wl o}
ADDR| ol
A9 °-:.f> BUFFERS (10)
[}
‘ SUBSTRATE BIAS Vee
NO.2 CLOCK | —J
50—~ eonkravon GENERATOR |0 Vs
ABSOLUTE MAXIMUM RATINGS
ITEM ' SYMBOL RATING UNITS NOTES
Input Voltage Vin -1~7 v 1
Test Function Input Voltage Vin(TR) -1~10.5 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 Ts16 - 55~150 °C 1
Soldering Temperature - Time TSOLDER - 260-10 *C-sec 1
Power Dissipation Po 600 mw 1
Short Circuit Output Current lour 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta =0~70°C)
SYMBOL PARAMETER MiN. TYP. MAX. UNIT NOTES
Vee Supply Voltage 4.5 S.0 5.5 \ 2
Vi Input High Voltage 24 - 6.5 2
ViL Input Low Voltage . -1.0 - 0.8 v 2
Viu (1F) Test Enable Input High Voltage Ve +4.5 - 10.5 v 2
ViL(re) Test Disable Input Low Voltage -10 Vee+ 1.0 \Y 2
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DC ELECTRICAL CHARACTERISTICS (VCC=5V £ 10%, Ta=0~70%)

SYMBOL PARAMETER MIN, MAX. | UNITS | NOTES
OPERATING CURRENT ) TC5110028P/BY ) 3,4
leer Average Power Supply Operating Current - 90 mA
. BZ/BFT-60 5
(RAS, T3, Address Cycling: tac = tae MIN.)
STANDBY CURRENT
lcca Power Supply Standby Current - 2 mA
(RAS =TT =Vyy)
RATZ ONLY REFRESH CURRENT TCS11002BP/8Y
lecs Average Power Supply Current, RAS Only Mode - 90 mA 3,5
" BZ/BFT-60
(RAT Cyciing, TS = Viy: tre=tac MIN.)
STATIC COLUMN MODE CURRENT ' TC5110028P/8Y
lcca Average Power Supply Current, Static Column - 70 mA 3,4
. BZ/BFT-60
Mode (RAS = TS = vy, Address Cycling: tsc = tsc MIN.)

STANDBY CURRENT
lces Power Supply Standby Current - 1 mA
(RAS =TS8 = Ve - 0.2V)

TS BEFORE RAS REFRESH CURRENT TC5110028RIB
lccs | Average Power Supply Current, T3 Before RAS BBFT-60 - 90 mA 3
Mode (RAS, TS Cycling: tac=tac MIN.) .

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

INPUT LEAKAGE CURRENT (only TF)

!
TP ] (OVS Viy 7y S Ve + 0.5V, All Other Pins Not Under Test=0V)

-10 | 10 pA

) OUTPUT LEAKAGE CURRENT 10 10
OWU ) (Doyr is disabled, OVS VourS +5.5V) WA

| TEST FUNCTION INPUT CURRENT . A
T (Vec+4.5VSvyy () S10.5V) -

v OUTPUT LEVEL 24 v
" | Output "H* Level Voltage (loyr = - SmA) : -

QUTPUT LEVEL
Vou . - 0.4 v
Qutput “L° Level Voltage (loyr=4.2mA)
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

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

TC5110028P/8J/BZ/BFT-60
SYMBOL PARAMETER - UNIT | NOTES
MIN. MAX.
tac Random Read or Write Cycle Time 110 - ns
tamw Read-Modify-Write Cycle Time 135 - ns
ts¢ Static Column Mode Cycle Time 35 - ns
tsRMwW Static Column Mode Read-Modify -Write Cycle Time 60 - ns
tRaC Access Time from RAS - 60 ns 19,14
teac Access Time from T3 - 20 ns 19,14
taa Access Time from Column Address - 30 ns | 9,15
taLw Access Time from Last Write - 55 ns | 9,16
tewz T3 to Output in Low-Z 0 - ns |9
toFF Output Buffer Turn-Off Delay [ 20 ns |10
tAOH‘ Output Data Hold Time from Column Address H - ns
tow Output Data Enable Time from WRITE - 20 ns
twoH Output Data Hold Time from WRITE 0 - ns
tr Transition Time (Rise and Fall) 3 50 ns |8
tap RAS Precharge Time 40 - ns
tRas RAS Pulse Width 60 10,000 ns
trasc RAS Pulse Width (Static Column Mode) 60 100,000 ns
tasH €S to RAS Hold Time 20 - ns
tesk RAS to T3 Hold Time 60 - ns
tes 3 Pulse Width 20 . 10,000 ns
tesc 3 Puise Width (Static Column Mode) 20 100,000 ns
taco RAS 1o T3 Delay Time 20 40 ns | 14
traD RAS to Column Address Delay Time 15 30 ns | 15
terp T3 to RAS Precharge Time 5 - ns
tep T3 Precharge Time 10 - ns
tasr Row Address Set-Up Time 0 - ns
traH Row Addrass Hold Time 10 - ns
tasc Column Address Set-Up Time 0 - ns
teaH Column Address Hold Time 15 - ns
tawn Column Address Hold Time referenced to RAS (WRITE so _ ns
CYCLE)
Column Address Hold Time referenced to RAS (READ
tar CYCLE) 70 - ns
traL Column Address to RAS Lead Time 30 - ns
tan Column Address Hold Time referenced to RAS Rise H - ng 17
tewt Write Command to T3 Lead Time 20 - ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Continued)

TC5110028P/B1/8Z/BFT-60
SYMBOL PARAMETER UNITS| NOTES
MIN. MAX.
WWAD Last Write to Column Address Delay Time 20 25 ns 16
tAHLW Last Write to Column Address Hold Time 55 - ns
tres Read Command Set-up Time referenced to C3 0 - ns
tRCH Read Command Hold Time referenced to T3 0 - ns "
tRRH Read Command Hold Time referenced to RAS 0 - ns 1"
twen Write Command Hold Time 10 - ns
twer Write Command Hold Time referenced to RAS as - ns
twe Write Command Puise Width 10 - ns
twi Write Command Inactive Time 10 - ns
tawL Write Command to RAS Lead Time 20 - ns
tos Data-in Set-Up Time ' [ - ns 12
toR Data-In Hold Time 15 - ns 12
toHR Data-In Hold Time referenced to RAS 50 - ns
tRer Refresh Period - 8 ms
twes Write Command Set-UP Time 0 - ns ‘ 13
tewo T3 to WRITE Delay Time 20 - ns 13
tRwo RAS to WRITE Delay Time 60 - ns 13
tawo Column Address to WRITE Delay Time 30 - ns 13
tesr T3 Set-Up Time (TS before RAS) 5 - ns
tenn T3 Hold Time (T3 before RAS) 15 - ns
A RAS Precharge to T3 Active Time 0 - ns
tepr TS Precharge Time (T3 before RAS Counter Test) 30 - ns
tres Test Mode Enable Set-Up Time referenced to RAS Ob - ns
tTERR Test Mode Enable Hold Time referenced to RAS 1] - ns
tremc Test Mode Enable Hold Time referenced to TS 0 - ns
CAPACITANCE (VCC =5V + 10%, f = IMHz, Ta=0~70°C)
SYMBOL PARAMETER MIN, MAX, UNIT
Ch Input Capacitance (AQ~A9, D) - H
Ca Input Capacitance (RAS, T35, WRITE, TF) - 7 pf
Co Output Capacitance (Doyr) - 7
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NOTES:

1.

?}U‘:‘lul\?

10.

11,
12.

13.

14.
15.
16.

17.

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

All voltages are referenced to Vgs.

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

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

Column address can be changed once or less Whilg RAS=VyL.

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

AC measurements assume tT=5ns.

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

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

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

Either trcy or trrH must be satisfied for a read cycle.

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

twcs, tRWD, tcwp, and tawp are not restrictive operating parameters. They are included in the
data sheet as electrical characteristics only. If twcss twes (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.), and tawp=tawp (min.), the cycle is a read-modify-write
cycle and the data out will contain data read from the selected cell: If neither of the above sets
of conditions is satisfied, the condition of the data out(at access time)is indeterminate.

Operation within the trep (min.) limit insures that tgac (max.) can be met.

treDp (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.

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

Operation within the tpwap(max.) limit insures that tapw(max.) can be met.
tLwaD(max.) is specified as a reference point only: If tywap is greater than the specified
tLwaD(max.) limit, then access time is controlled exclusively by taa.

tAH is the condition tolatch column address when RAS has risen up.
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TIMING WAVEFORMS

READ CYCLE
tre

tap

mvﬁf—-“ ﬁ___l___ = 't'"‘i \...___
:::‘ _ ROW ﬁ%{ _cotumw »W////

tcrp | fp——BAD ] WD 4 R tagn { & R
w Y — ts Y,
Vg — £ {treH

1o tRCS | tRRH]

v —
e v YT »
W~
tRAC tan tore

V, —
Dour " : OPEN DATA - OUT k————
oL T t 1

WRITE CYCLE (EARLY WRITE

tre

=Wk N
. ::: :JM RAD = tasc - w ‘;ﬂk terp J
o W ' o N

: “H® or “L*

Note: “TF” pin should be connected to Vi (rr)level or open, if “Test Mode” is not used.
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READ - MODIFY . WRITE CYCLE

t |
— . ~ ,;b
m L] & RAS — (‘KM \_—

- tasp| [ o BT
AO~A9 V::‘ :%F‘LJ a?w E@ cowmr:mL
g

3
<< << << << <
5
el
> - P
=]
2 B
|

Note: “TF” pin should be connec ted to VL (rr)level or open, if “Test Mode” is not used.
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STATIC COLUMN MODE READ CYCLE

P — ¢
w3 =
| S
tas t tsc s trat 1ty
Vi — < - E ] .
A0~A9 V'“ %{ ROW coL. 1 'X coL 2 )g COL. N
W — | L i
‘ T Ro—— 7S G T
Vi — X y 3
= o L P
" | —taco tesn 2 RCS.
vV, —
ware e | o [
[ t L
taac AA ~> A0l torr lteag | Lok
V, — ] c ~
Oour v:: _ Dour 1 Dour2 ) DourN
b ]t
ol ke

|

Note: “TF" pin should be connected to Vi, (1F)level or open, il “Test Mode” is not used.
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TC511002BP/BJ/BZ/BFT-60

STATI

C COLUMN MODE WRITE CYCLE (EARLY WRITE

AO0~A9

Oin

Dour

ViH
Vi

viL

Vi
Vi

Vin
Vi

Vin
Vi

Vou
Vou

tre
tRASC N
/ \
task tra C tean H tral
I
t,
I_‘_RAD AWR rsc cp | + im'. tep P RP
- =
treD &L._JI ‘Emhl \'
twes 5 H-twes L tRwi =
N\ te 4 PRLY.
tour___ ] oo
1 t ton

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)

RAS

AQ~A9

O

Dour

Vin
Vi

Vin
ViL

Vin
Vie

Viu
Vi

trp

ren’

’x tRasc
tasr| | | tray tean
ROW oL 1 % coL. 2 COL N
TRA tawr YasC 'SB‘L""
trep N f
twes twi "‘;C = SCT T Mtﬂm
\ tw, twp \ /
toHR k- - N \
Tt t toe ] | Ltom
|

: "H" or “L*

Note: “TF” pin should be connected to Vi (rr)level or open, if "Test Mode” is not used.
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STATIC COLUMN MODE READ - MODIFY - WRITE CYCLE

T :m — trASC ;:‘”:-L
T tasn| tra tean| | toag Mm_..-

AO~AZ :'" — 7 ROW oL 1 m
8 V::‘ : tres | "t . "{
| tawo | fawg | t, et ]
e oy T L

trep ‘D‘g"
o g ////////////////////// //////// N

Cacje—v] HROMMWONEEp fe—tan—s
tuc, _‘AA_I.:__._., [:,_t " | tow |

Von — g i
Dour " I Dour! Doyt N

Vo, — t

STATIC COLUMN MODE READ/WRITE MIXED CYCLE

s M
1

CcOoL. 2

aA0~Ag M
1

< < < < < < <
Flgl |
8iL71
2
S
1
2
5 £| 8
§_
P4

o
< << <=
~ I -~ I
P
51 O
Bl =

I

<
~
B
2
£

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

RAS ONLY REFRESH CYCLE

s N——"——] N
Vi e !‘“1’ ’Fu:
sw______/ N/
e = @@

% : “HY or "L*
Note: WRITE= “H” or “L", A9= “H"or“L"

CS BEFORE RAS REFRESH CYCLE

tras

we, |\ /

tcur ;

: “H® or "L°
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TC511002BP/BJ/BZ/BFT-60

HIDDEN REFRESH CYCLE (READ

tre tre

ViH ===y tras R trag |
s Vip —— \—t - ;/ \-L - j
tpe

I‘fﬂ treo tonr | P
ViH — \ tasH . O,
@ N
ViL e .
- RAD ray
tar
lasn tRAH Ak

s " Ao N

3
[ ] [
e, IW
: Vie tAa —<as,]

| trac t:i,‘fl

o | g )
DATA - OUT
Bour v — tew N

: “H" or "L*
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DEN REFRESH CYCLE (WRITE

tac
e, BALL
==
thsh_ I ) teur .__'C"L_}_

/

" /////////////////////////////////////////////////

t y =

7//4 : "H" or “L*
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CAS BEFORE FAS REFRESH COUNTER TEST CYCLE

Vi — s ? ‘
. ::l':fz\ =y k

g ‘o G
= R, T

o T || L[

ot 7 e

e o L

o ”“ ‘“”1
Y= Ew

AAAAA | ,

TCAC | taoH l 1

Vou—— . A K
Dour DATA-OUT o

Vo, — tags | teu v . r .

tawy

Vin tawp | t

we W \
. om twon

| B v o1

Note: “TF” pin should be connected to Vi (rr)level or open, if “Test Mode” is not used.

A-127



TC511002BP/BJ/BZ/BFT-60

TEST MODE

The TC511002BP/BJ/BZ/BFT is the RAM organized 1,048,576 words by 1 bit, it is internally

organized 262,144 words by 4 bits. In “Test Mode”, data is written into a number of sectors (4 sectors)

in parallel and retrieved the same way. If, upon reading, all bits are equal (all “H” or"L"), the data

output pin indicates a same data as all bits.

In this case, the data output pin indicates an expected
data for good parts, the data output pin indicates a complementary data for bad parts. And also, if
any of the bits differed, the data output pin would indicate a high impedance state for bad parts. Fig.

1 shows the block diagram of TC511002BF/BJ/BZ/BFT including its truth table when “Test Mode” is

used.

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

Block Diagram in Test Mode

N—Y
—-1

An, Am

——C
256K

An, Am

R —
™)

BLOCK
’ <

D
256K
BLOCK

[»)

TF Pin = Super voltage; Test Mode
TF Pin =V (1s) level or Hi-Z; Normal

Truth Table in Test Mode Function

A 8 C o] Oour
0 0 0 0 0
1 1 1 1 1
Otherwise Hi-2
Fig. 1
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TC511002BP/BJ/BZ/BFT-60

“Test Mode” function is performed on any of the timing cycles including Static Column Mode when
“TF" pin is held on “super voltage (Vcc+4.5V (Vee=5V £10%), max. voltage=10.5V)" for the specified
period (tTES, tTEHR and tTEHC; see Fig. 2). The address input of A9 is ignored in the “Test Mode”, ‘
On the other hand, normal operation requires the “TF” pin be connected to Vii, (TF) level, or left |
unconnected on the printed wiring board.
The “Test Mode” function reduces test times(1/4; in case of using N test pattern).

Vi e /

w N
s \ /

|lres {ons) | LTEHR (Ony)
Vinen ™ A N
Vi = -

Fig. 2 Test Mode Cycle

LrENC (0ns) |
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TENTATIVE DATA
1,048,576 WORD x 1 BIT DYNAMIC RAM

DESCRIPTION

The TC511002AP/AJ/AZ is the new generation dynamic RAM organized 1,048,576 words by 1 bit.
The TC511002AP/AJ/AZ utilizes TOSHIBA'’s CMOS Silicon gate process technology as well as advanced
circuit techniques to provide wide operating margins, both internally and to the system user.
Multiplexed address inputs permit the TC511002AP/AJ/AZ to be packaged in a standard 18 pin plastic
DIP, 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. The package size provides high system bit
densities and is compatible with widely available automated testing and insertion equipment. System
oriented features include single power supply of 5V+10% tolerance, direct interfacing capability with
high performance logic families such as Schottky TTL.

FEATURES
e 1,048,576 word by 1bit organization ¢ Low Power
o TFast access time and cycle time 440mW MAX. Operating
TC5T1002AP/AIAZ - 707 - 807~ 10 (TC511002AP/AJ/AZ—1T0)
— Co110020P/A) 385mW MAX. Operating
trac RAS Access Time 70ns 80ns 100ns (TC511002AP/AJ/AZ —80)
taa Column Address 330mW MAX. Operating
. 40 50
Access Time 3508 o o © (TC511002AP/AJ/AZ—10)
teac €S Access Time 20ns 20ns 25ns 5.5mW MAX. Standby
tac Cycle Time 130ns 150ns 180ns | ® Output unlatched at cycle end allows two-
tsc Static Column R dimensional chip selection
~ Mode Cycle Time 40ns Sns 55ns | o Common IO capabili(tjys
® Singl ly of 5V+10% ¢ Read-Modify-Write, before RAS refresh,
?;:;E Z i‘fﬁﬁ:u{'}‘;g geanator ° RAS-only refresh, Hidden refresh, Static
Column Mode and Test Mode capability
. ¢ All inputs and output TTL compatible
PIN NAMES _ ® 512 refresh cycles/8ms
A0~A9| Address Inputs WRITE | Read/Write Input ® Package $ggi igggﬁlj : gg}lzil;f;%%(?
RAS |Row Address Strobe Vee |Power (+5V) TC511002A7 ZIP20-P-400
D {Data In Vss | Ground R
Doyt {Data Out TF |Test Function
‘TS | Chip Select Input N.C. |No Connection

PIN_CONNECTION (TOP VIEW)

Plastic DiP Plastic SOJ Plastic z2IP

t -
WAl e o
i T b
aols i 6, | WRITE
A1l6 E= @ 1TF
= 5
veello i A
[} I..‘:: A3
71 oA
:1'3:. :;1-8: Ab
7 0] A8
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' TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80
TC511002AP/AJ/AZ-10

BLOCK DIAGRAM

“WRITE
Tao o

DATA IN «O Dy
BUFFER
NO.2 CLOCK
GENERATOR 1™ I___." DATA OUT =0 Dour
TF o1 A ' BUFFER
b N
b ] coLumn |
T ADDRESS Y cowmn
A0 O L1 BUFFERS (10) J | %]  DECODER
Al O
SENSE AMP,
A2 O CONTROLLER I 1/0 GATING
A3 o Y --- 2048 -
A4 O REFRESH .
AS O] COUNTER (9)
: —
pe i L zg| ! MEMORY
A7 O] 29| 52 ARRAY
A8 O —> ROW {“ ol
ADDRESS - N Bl
A9 °’—_J-‘> BUFFERS (10)

)

NO.2 CLOCK

RASO—* GEnERATOR

SUBSTRATE BIAS (<O Vcc

MAXIMUM RATINGS

GENERATOR __|=0O v

CHARACTERISTIC SYMBOL RATING UNIT NOTE

Input Voitage Vin -1=~7 Vv 1

Test Function Input Voltage Vin (Te) -1~10.5 \ 1

Output Voltage Vour -1=~7 \" 1

Power Supply Voltage Vce -1~7 \'; 1

Operating Temperature Torr 0~70 *C 1

Storage Temperature Ts16 =55~150 °C 1

Soldering Temperature * Time TsOLDER 26010 °C-sec 1

Power Dissipation Po 600 mwW 1

Short Circuit Output Current lout 50 mA 1

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

SYMBOL CHARACTERISTIC MIN. TYP. MAX, UNIT NOTE
Vce Supply Voltage 4.5 5.0 5.5 2
Vin input High Voltage 24 - 6.5 v 2
Vi Input Low Voltage -1.0 - 0.8 v 2
Viu (1) Test Enable Input High Voltage Vec+4.5 - 10.5 v 2
ViLrey Test Disable Input Low Voltage -1.0 Vee+ 1.0 v 2
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80

TC511002AP/AJ/AZ-10

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

SYMBOL CHARACTERISTIC MIN. MAX. UNIT NOTE
OPERATING CURRENT TC511002AP/AJIA2-70 - 80
lca Average Power Supply Operating Current TC511002AP/AJ/AZ-80 - 70 mA | 3,45
(RAS, TS, Address Cycling: tpc =tac MIN.) TCS11002AP/AJ/AZ-10 - 60
STANDBY CURRENT
leca Power Supply Standby Current - 2 mA
(RAS=T3=Vin)
RAS ONLY REFRESH CURRENT TCS110024P/ANAZ70 | - 80
lcca Average Power Supply Current, RAS Only Mode TC511002AP/A)/AZ-80 - 70 mA 35
(RAS Cycling, TS =Viu: trc=tre MIN.) TCS11002APIANAZ10 | = 60
STATIC COLUMN MODE CURRENT TC511002AP/AJIAZ-70 - 60
lcca Average Power Supply Current, Static Column TC511002AP/AJ/AZ-80 - 50 mA 3,4
Mode (RAS=T5=V,, Address Cycling: tsc=tsc MIN.) | vcs11002apasaz-10 - 40
STANDBY CURRENT
lees Power Supply Standby Current - 1 mA
(RAS =TS8 =Vcc-0.2V)
CS BEFORE RAS REFRESH CURRENT TC511002AP/AJAZ-70 - 80
Iccs Average Power Supply Current, CS Before RAS TCS11002APIANAZ-80 - 70 mA 3
Mode (RAS, TS Cycling: trc = tac MIN.) TCS11002AP/ANAZ-10 - 60
INPUT LEAKAGE CURRENT (any input except TF)
hw Input Leakage Current, any input -10 10 pA
(OVS V|4 S 6.5V, All Other. Pins Not Under Test =0V)
) INPUT LEAKAGE CURRENT (only TF)
hTe) . ~-10 10 A
) (OV= Vin (tr) SVcc + 0.5V, All Other Pins Not Under Test = 0V)
; OUTPUT LEAKAGE CURRENT 10 10
O | (Doyr is disabled, OVS VourS +5.5V) BA
) TEST FUNCTION INPUT CURRENT 1 A
T | (Ve +4.5VS Vi py S 10.5V) - m
v OUTPUT LEVEL 24 v
. oH Output “H” Level Voltage (lgyr = - SmA) : -
v QUTPUT LEVEL 0.4 v
ot Output “L” Level Voltage (loyr = 4.2mA) - :
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80
TC511002AP/AJ/AZ-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

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

TC511002AP/ TC511002AP/ TC511002AP/
SYMBOL CHARACTERISTIC ANIAZT0 AliAz-80 AIAZ0  lywir| NoTE
MIN. MAX. MIN. MAX. MIN. MAX.
the Random Read or \Write Cycle Time 130 - 150 - 180 - ns
trvw Read-Modify-Write Cycle Time 155 - 175 - 210 - ns
tsc Static Column Mode Cycle Time 40 - 45| - 55 - ns
temaw \Slca:.tt»: g(y:lc:)em% "l\‘/leode Read-Modify- 70 _ 80 _ 100 _ ns
trac Access Time from RAS - 70| - 80| - 100| ns ] 9,14
teac Access Time from T5 - 20 - 20| - 25| ns | 9,14
taa Access Time from Column Address - 35 - 40 - 50| ns | 9,15
talw Access Time from Last Write - 65 - 75 - 95| ns | 9,16
taz TS to Output in Low-Z 0 - 0 - 0 - ns |9
torF Output Buffer Turn-Off Delay 0 20 0 20 0 20| ns | 10
taom Output Data Hold Time from Column s _ s _ s _ ns
Address
tow Output Data Enable Time from WRITE - 20 - 20 - 25| ns
twoH Output Data Hold Time from WRITE 0 - 0 - 0 - ns
tr Transition Time (Rise and Fall) 3 50 3 50 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
trasc RAS Pulse Widih (Static Column Mode) 70 100,000 80 100,000 100 100,000 ns
trsH T3 to RAS Hold Time 20 - 20 - 25 - ns
tesH RAS to TS Hold Time 70 - 80 - 100 - ns
tcs TS Pulse Width 20 10,000 20° 10,000 25 10,000 | ns
tese TS Pulse Width (Static Column Mode) 20 100,000 20 100,000 25 100,000 | ns
trep RAS to €5 Delay Time 20 50 20 60 25 75| ns | 14
trAD RAS to Column Address Delay Time 15 35 15 40 20 so| ns | 15
tcre TS to RAS Precharge Time 5 - S - 5 - ns
tep TS Precharge Time 10 - 10 - 10 - ns
tasr Row Address Set-Up Time 0 - 0 - 0 - ns
traH Row Address Hold Time 10 - 10 - 15 - ns
tasc Column Address Set-Up Time 0 - 0 - 0 - ns
tcan | Column Address Hold Time 5] - 15| - 20| - ns
tawa Column Address Hold Time referenced 55 - 60 - 75 _ s
to RAS (WRITE CYCLE)
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80
TC511002AP/AJ/AZ-10 |

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Continued)
TCS11002AP/ TC511002AP/ TC511002AP/
SYMBOL CHARACTERISTIC ANIAZ-TO ANAZ-80 AVAZI0 | yniT | NOTE
MIN. MAX. MIN. MAX. MIN. MAX.
Column Address Hold Time referenced i
tar to RAS (READ SYCLE) 8o - o - ns| o - ns
tRaL Column Address to RAS Lead Time 35 - 40 - 50 - ns
Column Address Hold Time referenced
t 5 - S - 10 - ns |17
AH to RAS Rise
towt Write Command to C5 Lead Time 20 - 20 - 25 - ns
tast Write to Col Address Dela
twap | CorYvrme to Lolumn Address Delay 20 30| 20 35| 25 as| ns | 16
Time
t Write to  Col Add Hold
taniw Lés rite 1o Column ress 65 = 75 _ 95 _ ns
Time
Read Command Set-up Time
t 0 - 0 - 0 - ns
RCS referenced to C5
. Read Command Hold Time referenced 0 0 0 s |
- - - n:
RCH o T
Read d Hold Ti f d
taan __Somman old Time reference o ._ 0 _ 0 - ns |11
to RAS
tweH Write Command Hold Time 15 - 15 - 20 - ns 13
Write Command Hold Time referenced
1 55 - 0 - 7 - ns
WeR to RAS 6 5
twe Write Command Pulse Width 15 - 15 - 20 - ns
twi Write Command Inactive Time 10 - 10 - 10 - ns
tRwi Write Command to RAS Lead Time 20 - 20 - 25 - ns
tos Data-In Set-Up Time 0 - 0 - 0 - ns | 12
toH Data-in Hold Time 15 - 15 - 20 - ns 12
toHR Data-In Hold Time referenced to RAS 55 - 60 - 75 - ns
trer Refresh Period - 8 - 8 - 8| ms
twces Write Command Set-UP Time 0 - 0 - 0 - ns | 13
tewp T3 to WRITE Delay Time 20 - 20 - 25 - ns | 13
tawp RAS to WRITE Delay Time 70 - 80 - 100 - ns | 13
tawp Column Address to WRITE Delay Time 35 - 40 - 50 - ns 13
tesr T3 Set-Up Time (T3 before RA3) s - 5 - S - ns
tcHR TS Hold Time (TS before RAS) 15 - 15 - 20 - ns
tapc RAS Precharge to T35 Active Time 0 - 0 - 0 - ns
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TC511002AP/AJ/AZ-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Continued)
TC511002AP/ TC511002AP/ TC511002AP/
SYMBOL CHARACTERISTIC AJIAZ10 ANIAZ-80 ANIAZ-10 uNIT| NOTE
‘ MIN. MAX. MIN. MAX. ~MIN. MAX.
T3 Precharge Time ‘
40 - 4 - -
teet (TS before RAS Counter Test) 0 50 ns
¢ Test Mode Enable Set-Up Time 0 0 0 ns
TES referenced to RAS
¢ Test Mode Enable Hold Time 0 0 0 ns
TEHR referenced to RAS .
. Test Mode Enable Hold Time 0 0 0 "
TEHC referenced to TS *
CAPACITANCE (VCC =5V *10%, f = 1MHz, Ta=0~70°C)
SYMBOL CHARACTERISTIC MIN. MAX. UNIT
[T Input Capacitance (A0~A9, D) - 5
[« Input Capacitance (RAS, TS, WRITE, TF) - 7 pF
Co Output Capacitance (Doyr) s 7
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NOTES:

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

All voltages are referenced to Vss.

Iccr, Iccs, Iccs, Icce 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=Vjp.

I A

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

7. AC measurements assume tT=5ns.

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

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

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

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

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

13. twes, tRwD, tcwp, and tAwp 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
tRWD= tRwD (min.), tcwp= tcwp (min.), and tAwD=tawp (min.), the cycle is a read-modify-write
cycle and the data out will contain data read from the selected cell: If neither of the above sets
of conditions is satisfied, the condition of the data out(at access time)is indeterminate.

14

Operation within ‘the trep (min.) limit insures that tRac (max.) can be met.
trCD (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.
trRAD (max.) is specified as a reference point only: If tRaD is greater than the specified tRaD (max.)
limit, then access time is controlled exclusively by taa.

16. Operation within the tpwap(max.) limit insures that taALw(max.) can be met.
tLwaDp(max.) is specified as a reference point only: If tuwap is greater than the specified
tLwap(max.) limit, then access time is controlled exclusively by taa.

17. taq is the condition tolatch column address when RAS has risen up.
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TIMING WAVEFORMS

"READ CYCLE

tre
tre
RAS z:: : & - Z tesH | \-—
lasr tran tRAL L tan |
ot ZBE e WD o e
tere | e TRAD trep ol t I t "
s Z § — /|tac
B ‘ [ tres : ' rrH
WRITE z:: :7////// teac W
trac tan = - :-t-o—”-»
Dour ‘\jz:« - OPEN ,Lu_@ DATA-OUT —

WRITE CYCLE (EARLY WRITE)

Wl T ) — — Z‘: __
R w ¥ m 2 B

ke u==/
o i =T /R o

: “H* or "L"

Note: “TF” pin should be connected to Vi, (TF)level or open, if “Test Mode" is not used.
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80
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READ - MODIFY - WRITE CYCLE

tRvw

trp
RAS Vin —-_——-_3& tras ?;

T | T T [y v,
:::‘ :%ﬂks—.jmw @@g cowrs/u\:ML
= w7 ) Sy

w " ~ T | . = W
| [etos | LR [1 | i
O z:’: _ c DATA-IN tw‘

Vou =—— |
Dour " % DATA-OUT
Vo — ! r :
—

Note: “TF" pin should be connected to Vi, (F)level or open, if “Test Mode” is not used.

N
;
o
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80
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STATIC COLUMN MODE READ CYCLE

AD~A9

Note: “TF” pin should be connected to Vi (Tr)level or open, if “Test Mode” is not used.
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tre

Vi — trasc Z —
Vii — taga, M&L - e tsc Tsc TRAL ! tan
:": :% rRow 72X cou1 oz X coL. N W
" L«tm\o——t;;» tcp rsH ] " terp ]
- tres ) — ' e tRRH
ViL — tocn — t, | o 1

! 1
Vi — 7 ,
“ “T | | —= —

trac 1a0H torr A
:z: _ - ~& X Pour 1] Dour2 [ DourN e
ol laz taz ’

% : "H" or "L*
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STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)

trp
m = 7}
tasr tRAH tean tcam tRAL
e €3 o o o
taap! AR tasc L L tCP‘ tRsH | CRP
= Vm — _ Y X| 7 NS
T tF!":vtcs \:—-{é‘mﬂ (\-tm:s | 2w | cvg:wu_-
WRITE z::‘ _ o \Jr twp% %0m /
. _ tos ] tor tos toH .
o . U000k > YK = YK o X%
Dout zz: : OPEN
STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)
"AS Vin ———_—3& trasc |
Vi — - — [_SEA_H. "‘Z \_—-—
ross o TN vow XN o XK 2 YO > X%
Taan— AWR YAiC }ﬁ’ﬂ—"lp
= :m : . ,-"\ [
w thchs e lm'sc s—-——lch *Tm"ltnw.l.,
WRITE z:‘: _ o L | ltwe Lf—ﬁ N _twe ]? \ /
Dour ://2: - OPEN

% : "H" or "L

Note: “TF” pin should be connected to V| (TF)level or open, if “Test Mode” is not used.
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STATIC COLUMN MODE READ - MODIFY - WRITE CYCLE

AO~A9

WRITE

Din

Dour

Viy
Vi

Viy
Vi

Vin
Viu

Vin
Vi

Vin

ViL

Vou
Vou

— i trasc /
- Sasal | | than team [T —T—
- I =om xS
trap tsavw L teee )

- N [tewo LLwaD
— tres | ®

trRwD i —e &#&4...312]._—__4
— t :
277/ | |. T 2] \ /]

| trep lon

77

trac !

Dint

taz

Z,

tan chct: taoHtwoN—z]
tawd
vd

Dour!

STATIC COLUMN MODE READ/WRITE MIXED CYCLE

AO~A9

- g
E
3
i

Din

Dour

Vin
Vie

Vin
Vi

Vin
Vie

fetaar 1oy I to
¥ Dour N

\ task l I—-—lRAD* thHI

X row @ﬂ “cot. 1 W// //% coL. 2 WW
Tasc ~LAWR~—> tcp L4 tean
: treo \ e ,ILF&:E
twer taHLw ' tawop,

——~ a N- h
- ¢. - M / tiwap ‘ tos \ - f

! tos }fou : [ tou
"X X777 > X

- | 1DHR _._‘ tAAk—-——( A "L tas tlwon |
- BT oo
-ALW

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

!

RAS ONLY REFRESH CYCLE

1 trp

Vig —— tras
ks Ve — \‘ \__
tegp, o <t
- - -
Vip ——

tasy| tRAH

AO~AB ::: :%///////// Row ////////Wm

: "H" or "L"
Note: WRITE = “H" or “L" , A9= “H"or"“L"

CS BEFORE RAS REFRESH CYCLE

sr” N @

Von— Y

OPEN

Dour }
Voo A

: “H" or "L"

Note: WRITE = “H"” or “L”, A0~A9= “H"or “L"
“TF” pin should be connected to Vi, (Tr,level or open, if “Test Mode” is not used.
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80
TC511002AP/AJ/AZ-10

HIDDEN REFRESH CYCLE (READ

rp ' trp

Vin 1, tas !
RAS RAS
- N N
V||_ b\ 3 A -~
tcre treD tenr tcre
Y 1, e ]
H L RSH
V| A

|

|
|

o X O G S
S

. : "H" or "L"

-
3
L
N

N\
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80
TC511002AP/AJ/AZ-10

HIDDEN REFRESH CYCLE (WRITE

trc A
JRe trp
R \ RS, |
4 X .
RP
tRSH tcHR

/

I —

e

% : “H" or "L”
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80
TC511002AP/AJ/AZ-10

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

trp
Vi = _ tras - f
m v N RSH -
w " . -
¢
tepr CRP
tesr teur |- )
Vig — \ tes /
© Vi — g x P A

tan

o X Y

READ CYCLE

AA
leag
VoH — A a-\
D DATA-OUT %
ooooo — \ P4
taz
1

tcan

g

i LLE
B e

_: DATAIN D

READ-MODIFY-WRITE } I

AD~A9 ::: .-_7/////////////////////!////%‘ COLUMN

taa tore |
1¢ taoH ™t

AL v [
Vox— < N~
Dour DATA-OUT }——-————.—-—
VoL — tres B d
tewp towt |
|
t

.

""""

1
D \ twe |
oy

DATA-IN ,_

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

TEST MODE !

The TC511002AP/AJ/AZ is the RAM organized 1,048,576 words by 1 bit, it is internally organized |
262,144 words by 4 bits. In “Test Mode”, data is written into a number of sectors (4 sectors)in
parallel and retrieved the same way. If, upon reading, all bits are equal (all “H” or“L”), the data
output pin indicates a same data as all bits. In this case, the data output pin indicates an expected
data for good parts, the data output pin indicates a complementary data for bad parts. And also, if
any of the bits differed, the data output pin would indicate a high impedance state for bad parts, Fig.
1 shows the block diagram of TC511002AP/AJ/AZ including its truth table when “Test Mode” is used.
In test mode, IMDRAM can be tested as-if it were 256K DRAM by the following method.

Block Diagram in Test Mode

An, Am
e O
A
An, Am | 256K O NORMAL ) i
BLOCK |- ——o°
A - -
TF
- — B8 - E Nch
- An, Am | 256K —J
L~ T BLOCK |-
B An, Am
Din —————0 Dour
An, Am 0
_‘(—_“]_—» 256K ¢ Yo} NORMAL
LT | BLock ——
[« -
TF
[ D Nch
An, Am [ 256K
BLOCK oo |
D

TF Pin=Super voltage; Test Mode
TF Pin=V,_ (tr) level or Hi-Z; Normal

Truth Table in Test Mode Function

A B C D Dour
0 0 0 0 0
1 1 1 1 1
Otherwise Hi-2
Fig. 1
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80
TC511002AP/AJ/AZ-10

“Test: Mode” function is performed on any of the timing cycles including Static Column Mode when
“TF” pin is held on “super voltage (Vcc+4.5V (Voe=5V10%), max. voltage=10.5V)” for the specified
period (tTEs, tTEHR and tTEHC; see Fig. 2). The address input of A9 is ignored in the “Test Mode”.

On ‘the other hand, normal operation requires the “TF” pin be connected to Vi (TF) level, or left
unconnected on the printed wiring board. :

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

Vm — \' B /
RAS N\
ViL —
Vi — \ ‘-
(<4 /
Ve — LTEHC (Ons)
7Es | (Ons) TTEHR {Ons)
Vim(re) ™
TF
ViLas ™ -

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

DESCRIPTION

The TC514256BP/BJ/BZ/BFT is the new generation dynamic RAM organized 262,144 words by 4 bits.
The TC514256BP/BJ/BZ/BFT 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 TC514256BP/BJ/BZ/BFT to be packaged in a standard 20 pin
plastic DIP, 26/20 pin plastic SOJ, 20/19 pin plastic ZIP, 24/20 pin plastic TSOP. The package size
provides high system bit densities and is compatible with widely available automated testing and
insertion equipment. System oriented features include single power supply of 5V£10% tolerance direct
interfacing capability with high performance logic families such as Schottky TTL.

FEATURES
® 262,144 word by 4 bit organization ¢ Low Power
¢ Fast access time and cycle time 495mW MAX. Operating
TC514756BP/B/BL/BFT = 60 5.5mW MAX. Standby
- e Qutputs unlatched at cycle end allows two-
trac RAS Access Time 60ns dimensional chip selection
taa  Column Address 30ns ® Read-Modify-Write, CAS before RAS refresh,
Access Time RAS-only refresh, Hidden refresh, and Fast
tcacCAS Access Time 20ns Page Mode Capability
tac  Cycle Time 110ns e All inputs and outputs TTL Compatible
tpc  Fast Page Mode o e 512 refresh cycles/8ms
Cycle Time 40ns ® Package TC514256BP : DIP20-P-300B
¢ Single power supply of 5V+10% TC514256BJ : S0J26-P-300
with a built-in Vg generator TC514256BZ : ZIP20-P-400

TC514256BFT : TSOP24-P-0616

PIN CONNECTION

PIN NAMES

Plastic DIP Plastic SOJ Plastic ZIP AQ~AB |Address Inputs

RAS |Row Address Strobe
s TAS |Column Address Strobe
Vo1 WRITE |Read/Write Input
WRITE OF  |Output Enable
/01~1/04] Data Input/Output

10O LIRSS 1N

rara-ars

Al Vee |Power (+5V)
A3 Vss _|Ground

Ad (13 roun

A6 N.C. [No Connection

1
2
3
4
5
6
7
8
9
0

3 Plastic T SOP 24| A8
Vo3| 3 231 A7
HE HE
Vss| 8 ||| ™
vo1l 8
yo2| 9 }; Ve

19 15| a2
NG |12 }g A““)
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TC514256BP/BJ/BZ/BFT-60

BLOCK DIAGRAM

T

Vee Vss

=

[e]

01 vo2 103 o4
[+

P

i

S

DATA IN
BUFFER

DATA OUT

BUFFER

i 4

0 OF

O NO.2 CLOCK |agem
@S GENERATOR
[}
COLUMN COLUMN
AQ O ADDRESS V? DECODER
FFER :
A1O> SurFeR ) SENSE AMP 4
A20+ REFRESH | VO GATE
TR 6
A3 0+ CON *OLLER 512 -4
AdO> REFRESH x4
aso= [ COUNTER (3) P
A6 O~ ROW g 5" | memony
A7O> ADDRESS TS Q| s12|  ARmay
AB O BUFFER (9) w i 512x512x4
NO.1 CLOCK '
RASO—>| GENERATOR SUBSTRATE BIAS
GENERATOR
ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL RATING UNITS NOTES
Input Volitage 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 Tsrg ~55~150 *C 1
Soldering Temperature : Time TSOLDER 260- 10 *C-sec 1
Power Dissipation Po 600 mwW 1
Short Circuit Output Current loutr S0 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta =0~70%)
SYmMsoL PARAMETER MIN. TYP. MAX. UNIT NOTES
Vee Supply Voltage 4.5 5.0 5.5 v 2
Vi Input High Voltage 24 - 6.5 v 2
Vi Input Low Voltage -1.0 - 0.8 v 2
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TC514256BP/BJ/BZ/BFT-60

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

SYMBOL PARAMETER MIN. | MAX. | UNITS | NOTES

:PEMT":G C”":Em; e ¢ TC5142568P/BY % N
t - m
lecr verage Power Supply t:.)pera ing Curren BZBFT-60 5
(RAS, TAS, Address Cycling: tac=trc MIN.)
STANDBY CURRENT
lcca Power Supply Standby Current - 2 mA
(W= UG: Vm)
RAS ONLY REFRESH CURRENT TCS142568P/BI
lecs Average Power Supply Current, RAS Only Mode BBFT-60 - 90 mA 3,5
(RAS Cycling, TAS = Viu: tac = tac MIN.) )
FAST PAGE MODE CURRENT TC5142568P/BY 3,4
Icca Average Power Supply Current, Fast Page Mode - 60 mA
. BZ/BFT-60 5
(RAS = V), CAS, Address Cycling: tpc=tpc MIN.)

STANDBY CURRENT
Iees Power Supply Standby Current - 1 mA
(RAS = TAS = V¢ ~0.2V)

CAS BEFORE RAS REFRESH CURRENT 1C5142568P/BY
Iecs Average Power Supply Current, TAS Before RAS BLBFY-60 - 90 mA 3
Mode (RAS, TAS Cycling: tac = tpe MIN.) )

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

QUTPUT LEAKAGE CURRENT
low . -10 10 pA
(Dour is disabled, OVS Voyrs 5.5V)

QUTPUT LEVEL
VQN - 24 - \'
Output "H” Level Voltage (loyr = - SmA)

OUTPUT LEVEL
VoL . - 0.4 v
Output “L" Level! Voltage (loyr = 4.2mA)
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TC514256BP/BJ/BZ/BFT-60

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

. TC514256B8P/BJ/BUBFT-60
SYMBOL PARAMETER UNIT | NOTES
. MIN. MAX,

trac Random Read or Write Cycle Time 110 - ns
tRMW Read-Modify-Write Cycle Time 165 - ns
tec Fast Page Mode Cycle Time 40 - ns
torMw Fast Page Mode Read-Modify-Write Cycle Time 95 - ns
tRAC Access Time from RAS - 60 ns | 9,14
teac Access Time from TAS - 20 ns | 9,14
taa Access Time from Column Address - .30 ns 19,15
tepa Access Time from TAS Precharge - 35 ns |9
taz TAS 1o output in Low-Z 0 - ns |9
tors Output Buffer Turn-off Delay 0 20 ns | 10
tr Transition Time (Rise and Fall) 3 50 ns |8
trp RAS Frecharge Time 40 - ns
tRAS RAS Pulse Width 60 10,000 ns
tRasP RAT Pulse Width (Fast Page Mode) 60 100,000 ns
tRsH RAS Hold Time 20 - ns
truce RAS Hold Time From TAS Precharge (Fast Page Mode) 35 - ns
tesH TAS Hold Time 60 - ns

. tcas CAS Pulse Width 20 10,000 ns
treD RAS to TAS Delay Time 20 40 ns | 14
taaD RAS to Column Address Delay Time 15 30 ns | 1§
tere TAS to RAS Precharge Time 5 - 1 ns
tep TAS Precharge Time & 10 - ns
tasr Row Address Set-Up Time 0 - ns
than Row Address Hold Time 10 - ns
tasc Column Address Set-Up Time 0 - ns
tean Column Address Hold Time 15 ’ - ns
tar Column Address Hold Time referenced to RAS 50 - ns
traL Column Address to RAS Lead Time 30 - ns
tres Read Command Set-Up Time 0 - ns
{ReH Read Command Hold Time 0 . - ns | 11
LRRH Read Command Hold Time referenced to RAS 0 - ns | 11
tweH Write Command Hold Time 10 - ns
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TC514256BP/BJ/BZ/BFT-60

ELECTRICAL CHARACTGERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Continued) i

TC514256BP/8J/BZ/BFT-60
SYMBOL PARAMETER UNITS| NOTES
MIN. MAX.
twer Write Command Hold Time referenced to RAS 45 - ns
twp Write Command Pulse Width 10 - ns
tawi Write Command to RAS Lead Time 20 - ns
Tewt Write Command to TAS Lead Time 20 - ns
tos Data Set-Up Time 0 - ns | 12
ton Data Hold Time 15 - ns | 12
tour Data Hold Time referenced to RAS 50 - ns
LR Refresh Period - 8 ms
twes Write Command Set-UP Time 0 - ns | 13
tewp CAS to WRITE Delay Time 50 - ns | 13
tawo RAS to WRITE Delay Time 90 - ns |13
tawp Column Address to WRITE Delay Time 60 - ns |13
terwo TA3 Precharge to WRITE Delay Time 65 - ns |13
tesn TAS Set-Up Time s - ns
(CAT before RAS Cycle)
TAS Hold Time
tonm (TAS before FAS Cycle) 15 - ns
tapc RAS to TAT Precharge Time 0 - ns
o m Precharge Time (CAS before RAS Counter Test 0 - ns
Cycle)
trow RAS Hold Time referenced to OF 10 ‘ - ns
toea OF Access Time » - 20 ns
toep OF to Data Delay 20 - ns
toez Output‘buﬂer turn off Delay Time from OF 0 20 ns
oEH OF Command Hold Time 20 - ns
CAPACITANCE (Vcc =5V £ 10%, f=1MHz, Ta=0~70%)
SYMBOL PARAMETER MIN, MAX. U’Nl'f
Ch Input Capacitance (A0~AB8) - s pF
Ci2 Input Capacitance (RAS, TAS, WRITE, OF) - 7 pF
Co Input/Output Capacitance (1/01~1/04) - 7 pF
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TC514256BP/BJ/BZ/BFT-60

NOTES:

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

2. All voltages are referenced to Vss.

3. Iccn Iccs, Iccs, Iccs 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=V];, and CAS=V}x.

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

7. AC measurements assume tr=5ns.

8. ViH (min.) and Vi, (max.) are reference levels for measuring timing of mput 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.) and togz (max.) define the time at which the output achieves the open circuit condition
and are not referenced to output voltage levels.

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

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

13. twcs, trRwD, 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 the data out pin will remain open circuit (high impedance) through the entire cycle;

If thwp2trwp (min.), tcwp=tlcwp (min), tAwDZtAwp (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 trep (max.) limit insures that trac (max.) can be met.
trcp (max.) is specified as a reference point only: If trcp is greater than the specxﬁed 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 tprap (max.)
limit, then access time is controlled by taa.
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TC514256BP/BJ/BZ/BFT-60

T e
= Zf s R m / /

e D 4
o - | o m
» A —

VoH—— v %}
1/01~1/04 OPEN DATA-OUT }—
VoL — . X

7//4 : "H" or "L*
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TC514256BP/BJ/BZ/BFT-60

WRITE CYCLE (EARLY WRITE)

thas — B

N — / N\

st
|| S
tosn
,4311. tacp - RsH | YR .|

& ::::___/ o tean \\‘ m""’/ j
tasr 1,

tean,

- m‘“ = ‘—'

m T

: “H" or “L*
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TC514256BP/BJ/BZ/BFT-60

WRITE CYCLE (OE CONTROLLED WRITE)

tre
Ras B >
L tag . }——!
Vip — R“k \_—

trcp tagh
Vi ————
" / o tRAD \\‘ s / /
Vi — \
t
RAH >
Sniar

“ D KR Y

|

T, ||
T G N

tosn .

|tcBE .|

taaL

| lcar, | |

1

toeu

¢ "H" or "L”
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TC514256BP/BJ/BZ/BFT-60

READ-MODIFY-WRITE CYCLE

o N }
w 'ﬁ ) K = BZ'; /—Jf"i——l :
so-na "R v W o
e — -
" :“ - \ige, .

Vion — g [y torz | [tog] |don
—vos VoL — t&%(mwuw}—éi oooooo @W
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TC514256BP/BJ/BZ/BFT-60

FAST PAGE MODE READ CYCLE

taaw g
Vi —
t
T N an
(8 N P4
tp¢ RSH . |tcre
r,s_‘_‘;‘ tRep tcp tRucp
Vi = N —
w /  toap \\ tas! /] \.'_cei_... N*}_m_.
V)L —/ tRan *‘cs A
H RAL [}
tcay
Vm TN 3 N
AO~AB ROW coL.1 cot. COL.N
i 7 -
I & I tacH ] II tres , II JtBcs L tac
Vin
WRTE R 1L
L
I L7V | tas | taa
1 ' tepa |
Vi — ‘
e \ toea \\ toea \ |toga
Vi — X X
1, tor, 1 F t
l taac CAC I I cac flore. CAC  Jore
| 0 st logz toz
¥o1 VoM tauz | <L 3
~104 VoL —— Oayr 1 Oour 2 " Oour N 5—
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‘TC514256BP/BJ/BZ/BFT-60

FAST PAGE MODE WRITE CYCLE

tRase Buid
o re—— .
&S _ \-. '
. —tasH | |terr
r_cgi RCD P il
Viy =— k
v —/ tRan ok A A
TesH TRAL
AL | tage 1 [ tcan LA_S.(..' tcan tasg| [ficad

Vin N P N " N
AAAAA v %ROW @. coL.1 }%{ coL.2 }%@ coLN
8 3 by =
tow towt : [
i | “twes . i twes _m_t;ml l :
Vin it twen TMH- Wi
WRITE v S ‘w’__, WPI WP
w Z I v ‘

o

o Ty ey bttt
o1 Vi L
r "L
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TC514256BP/BJ/BZ/BFT-60

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

trasp
TS zlu ——_—“& RATP. Z tae "N\
oo sy
) | <JRCO pmwy tcp RsH R
s Vi — D ..\ cas Z & teas teas
Vg — 1tRAH 7 tasc T k T
v tascll 4—‘”—»’ AS|
AD~AB v::. __Mro coL.1 coL.2 COLN
[T ]] "Woicwp - Trwp—2 - [ CPWO ]
Wﬂﬂ;":‘“ _' A T tawp &'{/ tawp K
o — AA |
£A toea twe H, toea il
Vi —
o / \[ \}
Vip —— taac 1250 (cptA foen tcpa lggg
topzl | . AA taa
t “Ros t tos
! e CAC ]
J’st toezl 1 | ton toer ! | ton
teac O e . Le>]
101~ Vion — - -
[T Y RV Dy 1 E"'_" O 2 @— DN 5——-—————
voL tez Ltagz t
Dour! Dour? Dout N
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TC514256BP/BJ/BZ/BFT-60

RAS ONLY REFRESH CYCLE

Vin—""" tras |
RAS \
Vi, — \‘" - J/ treg )
Vi — 7 A -
oS Vi ""____/ - \—/
tasr

= T ‘e

: “H" or “L*

Note: WRITE, OE=“H" or “L"

CAS BEFORE RAS REFRESH CYCLE

Il rpy VIR R A
= N e—

: “H® or “L*
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TC514256BP/BJ/BZ/BFT-60

HIDDEN REFRESH CYCLE (READ)

RC
tras I |<lae e,

ViH ey t t
- AR RAS
RAS NI \'k \-k \_
tcre D t ton v | X
" e |—taa ASH__, A e
X

/

o O

RRH

facs || o l
W;;;*W - \ ...

| : i

| 1 tcac | tors
a
taac
VoH — o s
o1 DATA-OUT ;—
Vou k 4

% : "H" or “L*
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TC514256BP/BJ/BZ/BFT-60

HIDDEN REFRESH CYCLE (WRITE

tre

. tac
tras trp tap
Vin tar tRas
RAS Vi \-k 7 \"

‘ﬂ:’ tgg; tBﬁH t(}m I RP

= 0/ e=aN

RA|
asc

|

"

T
M
-
a)

teal

moemlo

o
@
< <
T
@n
a
=

| twes, twe
1

AQ~A!
Vin t
WRITE e
SV l .

. = =000

| tos

e v — N onsn X  J  d

b

% : "H® or "L
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TC514256BP/BJ/BZ/BFT-60

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

BB
Vig — _lmas
RAS Vg — A4
te | teet tasH
s Vi — A - l

1
agc| tean traL |

o (LR ]

we e\

= iif

tos| | ton
L} U
7

4

OPEN { )
w a
| tawp cw!
EEEEEEEEEEEEEEEEEEEEEE tres | ] towd g!ﬂm_.
L
Vin \4‘”—';-
WRITE A
Viu l ™
|
Vih — toea
Ot v \~r / toen
[ =
T L T\ oz |98 oy
|
VOH = N by
@( )—-%g LY N e ————
VoL p S h *
DATA - QUT -
VA
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262,144 WORD x4 BIT DYNAMIC RAM

DESCRIPTION

PRELIMINARY

The TC514256BPL/BJL/BZL/BFTL is the new generation dynamic RAM organized 262,144 words by
4 bits. The TC514256BPL/BJI/BZL/BFTL 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 TC514256BPL/BJL/BZL/BFTL to be packaged in a standard 20
pin plastic DIP, 26/20 pin plastic SOJ, 20/19 pin plastic ZIP, 24/20 pin plastic TSOP. The package size
provides high system bit densities and is compatible with widely available automated testing and
insertion equipment. System oriented features include single power supply of 5V 10% tolerance direct
interfacing capability with high performance logic families such as Schottky TTL.

FEATURES

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

TC5142568PL/BIU/BZL/BFTL - 60

Cycle Time

trac RAS Access Time 60ns
taa Column Address

Access Time 30ns
tcac CAS Access Time 20ns
tre  Cycle Time 110ns
1, Fast P Mo
PC age Mode 40ns

® Single power supply of 5V10%
with a built-in Vgp generator

PIN CONNECTION

Plastic DiP
o1

g
4 o =
>>zznﬂﬂs
Moo omoor

w N
CWVWRNOUV BWN

<
[a)
n

ﬂ

DI < =g

< o= <
AEARS 5938
NooWYE nbawNn -

Plastic SOJ

Plastic TSOP

o

& Low Power
495mW MAX. Operating
1.1mW MAX. Standby
o Outputs unlatched at cycle end allows two-
dimensional chip selection
¢ Read-Modify-Write, CAS before RAS refresh,
RAS-only refresh, Hidden refresh, and Fast
Page Mode Capability
¢ All inputs and outputs TTL Compatible
® 512 refresh cycles/64ms
¢ Package  TC514256BPL : DIP20-P-300B
TC514256BJL : S0J26-P-300
TC514256BZL : ZIP20-P-400
TC514256BFTL: TSOP24-P-0616
Plastic ZIP PIN NAMES
r3y zag AD~AB | Address Inputs
E% Vo4 RAS |Row Address Strobe
L8] voi TAS | Column Address Strobe
L8] WRITE WRITE |Read/Write Input
il a1 OF |Output Enable
E‘L :3 /01~1/04| Data InputOutput
{fﬁ A4 Vee  |Power(+5V)
:‘; A6 Vss {Ground
20} A8 N.C. |No Connection

24| A8
23 A7
22| A6
21} AS
20 A4
174 Vcc
161 A3

15 A2

141 Al

13| AD
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TC514256BPL/BJL/BZL/BFTL-60

BLOCK DIAGRAM

S
~N
03
w
03
»

B A O
Vfc_vis {4}_,———'—@

DATA IN DATA OUT |« TF
BUFFER BUFFER
WRITEo—— ), L3 Y I 3} R4
TASO—| NO.2 CLOCK [
GENERATOR
i
AQ O ADDRESS ] > DECODER
BUFFER(9
A10> L] J SENSE AMP 4
A3 O+ CONTROLLER p—
A4 0> REFRESH x4
A5 O+ COUNTER (9) - »
AG O Row 3 |y MEMORY
A70~] Avoress [T NS S| s12 [ Armay
A8 O BUFFER (9) Wil 512x512x4
NO.1 CLOCK )
RASO—>| (GengRATOR SUBSTRATE BIAS
GENERATOR
ABSOLUTE MAXIMUM RATINGS
ITEM 'SYMBOL RATING UNITS NOTES
tnput Voltage - Vin -1~7 v 1
Output Voltage Vout —1=~7 v 1
Power Supply Voltage Vee ) -1~7 ) 1
Operating Temperature Torr 0~70 C 1
Storage Temperature Tsre - ~55~150 ‘c 1
Soldering Temperature - Time TSOLDER 260-10 °C-sec 1.
Power Dissipation Po 600 mw 1
Short Circuit Output Current lour 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta =0~70%)

SYMBOL PARAMETER MIN. TYP. MAX, uNIT NOTES
Vee Supply Voltage © 45 5.0 5.5 v 2
Vin Input High Voltage C24 - 6.5 v 2
Vi Input Low Voltage =10 - 0.8 v 2
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'TC514256BPL/BJL/BZL/BFTL-60 |

|
|

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

SYMBOL PARAMETER MIN. MAX. | UNITS | NOTES
| 2”5“\7":6 CUR:ENTI operating ¢ TCS142568PLBIY % A 3,4
cch verage Power Supply Operating Current - m,

. 8ZL/BFTL-

{RAS, TAS, Address Cycling: tac=tac MIN.) 60 5
STANDBY CURRENT

leea Power Supply Standby Current - 2 mA
(RAS=TAS=V)y)
RAS ONLY REFRESH CURRENT TC5142568PUBIL

lccs | Average Power Supply Current, RAS Only Mode B2UBFTL60 - 90 mA 3,5
(RAS Cycling, TAS = Vjy: tac=tgc MIN) )
FAST PAGE MODE CURRENT TC5142568PUBIY 34
Average Power Supply Current, Fast Page Mode BZUBFTL60 - ' 60 mA

leca (RAS =V, TAS, Address Cycling: tpc = tpc MIN.) ) 5
STANDBY CURRENT

lees Power Supply Standby Current - 200 pA
(RAS = CAS = Ve~ 0.2V)
_CAS BEFORE RAS REFRESH CURRENT TC514256BPLAIL

lccs Average Power Supply Current, CAS Before RAS BZUBFTLE0 - 90 mA 3
Mode (RAS, TAT Cycling: trc = tac MIN.) )
BATTERY BACK UP CURRENT
Avarage Power Supply Current, BATTERY BACK UP MODE

Iecy (CAS = TAS Before RAS Cycling or 0.2V, OF = V¢~ 0.2V, WRITE = Ve - - 300 pA 3,6
0.2V or 0.2V, A0~8=Vcc-0.2V or 0.2V, VO1~4 = Ve -0.2V,
0.2V or OPEN: tgc = 125ps, tras = tras MIN. ~1pus)
INPUT LEAKAGE CURRENT

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

| QUTPUT LEAKAGE CURRENT 10 10

O W | (Doyr is disabled, OVS VourS +5.5V) A
OUTPUT LEVEL

Vou wpye 24 - v
Output "H" Level Voitage (lgyr = = SmA)
OUTPUT LEVEL

VoL P - 0.4 \"
Output “L° Level Voltage (loyr = 4.2mA)
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TC514256BPL/BJL/BZL/BFTL-60

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Vcc=5V 2 10%, Ta=0~70%)(Notes 7, 8, 9)

TC5142565PUBJUBZUBFfL-60
SYMBOL PARAMETER UNIT | NOTES
MiN. MAX.

the Random Read or Write Cycle Time 110 - ns

trMw Read-Modify-Write Cycle Time 165 - ns

1% Fast Page Mode Cycle Time 40 ) - ns

toRMW Fast Page Mode Read-Modify-Write Cycle Time 95 - ns

trac Access Time from RAS - 60 ns | 10,15
teac - Access Time from TAS - 20 ns | 10,15
taa Access Time from Column Address - 30 ns | 10,16
tepa Access Time from TAS Precharge - 35 ns | 10,16
tez TAS to output in Low-Z 0 - | s |10
toss Output Buffer Turn-off Delay Q 20 ns |11

tr Transition Time (Rise and Fall) ' 3 50 |ns |9
trp RAS Precharge Time 40 - ns

tras RAS Pulse Width 60 10,000 ns

tRasP RAS Pulse Width (Fast Page Mode) 60 100,000 ns

task "RAS Hold Time 20 - ns

tancp RAS Hold Time From TAS Precharge (Fast Page Mode) 35 - ns

tesH TAS Hold Time i 60 - ns

teas TAS Pulse Width 20 10,000 ns

theo RAT 10 TAS Delay Time 20 40 ns |15
trap RAS to Column Address Delay Time 15 30 ns | 16
terp TAS 1o RAS Precharge Time [ - ns

tep TAS Precharge Time 10 - ns

tass | Row Address Set-Up Time 0 - ns

tran Row Address Hold Time 10 | - ns

tasc Column Address Set-Up Time 0 - ns

tean Column Address Hold Time 15 - ns

tar | Column Address Hold Time referenced to RAS 50 - ns

tRaL Column Address to KAS Lead Time 30 - ns

tres Read Command Set-Up fime ' 0 - ns

tRCH Read Command Hold Time 0 - ns |12
tRRH Read Command Hold Time referenced to RAS 0 - ns | 12
twen Write Command Hold Time 10 - ns

twer Write Command Hold Time referenced to RAS 45 - ns
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TC514256BPL/BJL/BZL/BFTL-60

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Continued)

TC514256BPUBJL/BZL/BFTL-60 |

SYMBOL PARAMETER UNITS| NOTES |
MiN. MAX. |

twe 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 | 13

tom Data Hold Time 15 - ns 13

tOHR Data Hold Time referenced to RAS S0 - ns

trer Refresh Period - 64 ms

twes Write Command Set-UP Time 0 - ns | 14

towo TAS to WRITE Delay Time S0 - ns | 14

trwo RAS to WRITE Delay Time ‘ 90 - ns |14

tawd Column Address to WRITE Delay Time 60 - ns | 14

tepwo CAS Precharge to WRITE Delay Time 65 - ns |14

TAS Set-Up Time

tesw (CAS before RAS Cycle) 5 - ns
tom { TAS Hold Time s _ ns
(CAS before RAS Cycle)
trpc RAS to CAS Precharge Time 0 - ns
teor TAS Precharge Time (CAS before RAS Counter Test 30 - ns
Cycle)
troH RAS Hold Time referenced to OF 10 - ns
toea OF Access Time - 20 ns
toeo OF to Data Delay 20 - ns
toez Output buffer turn off Delay Time from OF 0 20 ns
10EH DE Command Hold Time ' 20 - ns
CAPACITANCE (Vce =5V £ 10%, f=1MHz, Ta=0~70%)
SYMBOL PARAMETER MIN. MAX. UNIT
Ci Input Capacitance (A0~A8) ' - 5 pF
C2 Input Capacitan{e (RAS, TAS, WRITE, OF) - 7 pF
Co Input/Qutput Capacitance (1/01~1/04) - 7 pF
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TC514256BPL/BJL/BZL/BFTL-60

NOTES:

1.

S

10.
11.

12.
13.

14.

15.

16.

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

All voltages are referenced to Vss.

Iccl, Icca, Iccs, Iccs depend on cycle rate.

Icc1, Iccs4 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=Vy.

trAs (max.)=1ps is only applied to refresh of battery-back up.

tRAS (max.)=10ps is applied to functional operating.

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

AC measurements assume tp=>5ns.

Vi (min.) and Vi, (max.) are reference levels for measuring timing of input signals. ~ Also,
transition times are measured between Viy and Vir. ‘

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

toFF (max.) and ‘togz (max.) define the time at which the output achieves the open circuit condition
and are not referenced to output voltage levels. )

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

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

twcs, tRWD, tCwDp, tAwD and tCcpwpD are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only. If twcs=twcs (min.), the cycle is an early
write cycle and the data out pin will remain open circuit (high impedance) through the-entire cycle;

If ‘tRwDp=trRwD (min.), tcwp2tcwp (min.), taAwp=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 indetermirate.

Operation within the trop (max.) limit insures that tpac (max.) can be met.
trRep (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.

Operation within the tRap (max.) limit insures that trac (max.) can be met.
tRAD (max.) is specified as a reference point only: If tRaD is greater than the specified trap (max.)
limit, then access time 'is controlled by taa.
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READ CYCLE

tap
Vi tan |
RAS \
Vip — R" T
™ -
tacp tRsH " tcre - >

= T | N 7

- W" . P
- E—
i - &@L___)-——

: "H" or "L*
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TC514256BPL/BJL/BZL/BFTL-60

WRITE CYCLE (EARLY WRITE

T L Nty 7
i =1
o D YD ;

. RC }
tae
VH — ta - i/,
Vip — \-t . / \__._

I IR trep 2RSH_ tcrp

s |
'w

“ _

| -l I«m—

!
Ve
g

% : *H" or “L"
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WRITE CYCLE (OFE CONTROLLED WRITE

Vie
DAL lacp trsh A%
Vig ——
AT tRAD \\ § AS .
ViL —'—j N X / '/

trat

task RAR
<5 Lo tasc | Lean | |

s T o VG o )
e =

-, ||
et T G e

: “H" or "L*
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TC514256BPL/BJL/BZL/BFTL-60

READ-MODIFY-WRITE CYCLE

RCa S N
e —F M —— \fIW
S — N e
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TC514256BPL/BJL/BZL/BFTL-60

FAST P DE READ CYCLE
(w trp
Viy — 3
= a8
Vi — \-! £
tog —RH ] [ tere
CRP treo tp
Vi —— — N tHep e
_— H tRap \ A \.}_CAJ__,I/ \4_3&_,': ;
pa— e { - r 3
Vi RAH = 1 = , oy |
tA_SL L ‘A_&C__‘_‘_ tean tasc A lAs;' H ! |
L] y R ¥ b
AO~AS %now S@g coL1 % coL2 }%{ COLN
it K. - -

K
. l R _L_ tRCH | ]' ! tres ! I tacs iy tRCH
Vin :
WRITE trry
Vi |

taa I taa I taa
| 1 tepa |
- Vig —= N.zo“ \l:@»x toea
ViL =
Yeac £ 1 F C | _1loe
' trac ,%; tag Al L%é tez loe7

1101 VOH v ! touz - >~ \
-~ Dour 1 2
vos vy - out Oour Oour N }——

: "H® or "L*
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TC514256BPL/BJL/BZL/BFTL-60

FAST PAGE MODE WRITE CYCLE

tesH
ot J tA-E—* tear
Vl)‘l -+ X
AQ~A8 ROW coL1
Vi ’-t » | tewt ) 1 towe
. . | JRAD !
l T 1 twes ' twes

: (o
rg_t: trep tcp |
o R\ s \
v, —/ tRan S £ .
C

g
|
7
3
Z 1441
;f}
@s

3 2 Y2
]
kA
g (
e,

twc 1, ret b
Vi e LWCH fﬂﬂ- WeH
WRITE twe | twe, | WP
Vi % : s -

~"z

t . .
|' t ‘ *‘ o ‘DS..l L_‘szu_. ‘0_5_,1 L_‘.ny_.
vo1r Vi i X ; \ N
~1/04 Vi 7 Oin Y y Oin 2 p Dy N

% i "HT or "L*

i
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TC514256BPL/BJL/BZL/BFTL-60

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

trage

Vi — ‘
RAS V::‘ - tcsu%‘ = o tcw \_
t e RP
S £ ) — ——=— ]
i tasr '{:: tascy| XA asc S—
AO~AB z:: o coL.1 Y coz b _ C?L.No )/////////////‘{'///////////
RCS oW Terwp W ———2 PWo—— gAY
we ZHH Y Y W
toea toen  twell 1} toea W
V —
o V:: - trac \E;E’E ‘;E;’Q_EE kpA\‘Ezlom
o) | :cM | ta ] i
A 0s teac os
teac t?s,o“ ctgg | to toezl | | !_o_;‘«
01~ Viou — — jgzs
V04 vy — - N % Eﬂj_———% Din2 E——ﬁ DinN E——-——-—-—-
= Dour 1 M Doyr 2 OoutrN

% s "H® or "L
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TC514256BPL/BJL/BZL/BFTL-60

RAS ONLY REFRESH CYCLE

Vig — 3 t d
e = Y NN
ip = te \ trec
. I RP l
. Viy — .
Vit ==

AAAAA - e @

: v o -

Note: WRITE, OE="“H" or “L”

CAS BEFORE RAS REFRESH CYCLE

trc
tap trp
Vig =— t \
RAS
RAS tapc \\ |
Vip —~ *

tCHR [

e y @

Nots: WRITE, OE=A0~A8=“H" or “L"
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|

HIDDEN REFRESH CYCLE (READ)

tre

trC
tras | l<ltge tgp
Vin tar 4 ] )’: g
tRag
RAS Vi —— \-u - \-k
1, 1,

g

Ype |

oS :'L _ _/ 840 N Y
tas¢

. [tran
tasr tean

l

-

fasl ] | e l
e ’ R
® T l N e
trac Iﬁ - 4-3-51—;,&&—
0 v:: : | ' }_______

:"H' or “L*
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HIDDEN REEFRESH CYCLE (WRITE
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|
to:
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VT e
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

trp
Viy — N tras
2 S /
18
terr ) tRsH

—\ f5] |teHr

Vi — | tcas
TAS Vi, — \ \. /
That |

o R e

AN I t
READ CYCLE ‘5‘;3 toag | tRCH
Vi | . tron
Vig toga
e T N
Vi
taz
wes t |
WRITE CYCLE A I

we | T W

« 2 ...

‘csL ! toH

Vig = Z‘ X

OPEN l ‘
voa o p
(8 1 ‘ﬂ"»l
RRRRRRRRRRRRRRRRRRRR tres| I tow !
Vin s
WHRITE tea \
Vi | taa 7
|
Vig — toea
- H \ / toeo
toez t0s | | tou
VOH—— N N
N N ———
Vio, = L
AAAAA our
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TENTATIVE DATA
262,144 WORD x4 BIT DYNAMIC RAM

DESCRIPTION

The TC514256AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by 4 bits.
The TC514256AP/AJ/AZ utilizes TOSHIBA's CMOS Silicon gate process technology as well as advanced
circuit techniques to provide wide operating margins, both internally and to the system user.
Multiplexed address inputs permit the TC514256AP/AJ/AZ to be packaged in a standard 20 pin plastic
DIP, 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. The package size provides high system bit

densities and is compatible with widely available automated testing and insertion equipment.

System

oriented features include single power supply of 5V+10% tolerance, direct interfacing capability with
high performance logic families such as Schottky TTL.

FEATURES

® 262,144 word by 4 bit organization ® Low Power
® Fast access time and cyele time 440mW MAX. Operating
TCSTa756APIAIIAL - 707 B0/ = 10 285 Wﬁ?%ﬁ?ﬁ?";ﬂ“-"m
- m . Operatin,
70ns 80ns 100ns (TC514256 AP/AJ/AZ —80)
35 40 50 330mW MAX. Operating
o o m (TC514256AP/AJ/AZ —10)
20ns 20ns 25ns 5.5mW MAX. Standby
tge  Cycle Time 130ns 150ns 180ns | ® Outputs unlatched at cycle end allows two-
thc  Fast Page e dimensional chip selection
Cycle time l 40ns 45ns 5505 | ¢ Read-Modify-Write, CAS before RAS refresh,
e Single power supply of 5V 10% gaAgge‘ol\r'}Io}:iereg:asg"ligidden refresh, and Fast
ith a built-in Vg t c i
wi uilt-in Vip generator e All inputs and outputs TTL compatible
® 512 refresh cycles/8ms ’
PIN NAMES e Package TC514256AP : DIP20-P-300E
AO~AB8| Address Inputs 1101~1/04 | Data Input/Output TC514256Ad S0J26-P-300
RAS [Row Address Strobe Vee Power ( + 5V) TC514256AZ ZIP20-P-400
CAS | Column Address Strobe Vss  |Ground
WRITE | Read/Write Input N.C.  |No Connection
OF |Output Enable
"PIN_CONNECTION {TOP VIEW)
Plastic DIP Plastic SOJ Plastic ZIP
OEL. oiems
1103 _}:_j F:: /04
lx;; .7::: % | won
i :i 8 | WRITE
A0 :1;13 n2l At
AZpI3 g:_ 121: A3
VeePSs nEtag
AS :1.]-‘: ‘: 1:8: AL
AT 9 ~:2:o: A8
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80
TC514256AP/AJ/AZ-10

BLOCK DIAGRAM

/01 102 1703 704
[e] [e] o o

Vee Vss {Ar—_"jtt}
T i DATA IN DATA OUT |«OBE
1 BUFFER BUFFER

W?o———ljD A_la 41ﬁ

Oo—s{ NO.2 CLOCK |mr
s GENERATOR
[}
COLUMN COLUMN
AD O ADDRESS k) > DECODER
BUFFER (9)
A10> J SENSE AMP 4
A2 O> REFRESH 11O GATE
CONTROLLER |
A3 0> 7 b= 512 -4
A4 O n 3 x4
EFRESH
AS O —| COUNTER(9) -
AG O ROW 3 ol MEMORY
A7 O, ADDRESS TS Q| s12 |  Array
A8 O-» BUFFER (9) w 1 512x512x4
J— NO.1 CLOCK
RAS O—> GENERATOR SUBSTRATE BIAS
GENERATOR
MAXIMUM RATINGS
CHARACTERISTIC SYMBOL RATING UNIT NOTE
input Voltage Vin -1~7 v 1
Output Voltage Vour -1~7 Vv 1
Power Supply Voltage Vce -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 600 mw 1
Short Circuit Output Current lout S0 mA ) 1

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

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT NOTE
Vee Supply Voltage 45 5.0 5.5 v 2
Vin Input High Voltage 24 - 6.5 v 2
Vi Input Low Voltage -1.0 - 0.8 \") 2
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80
TC514256AP/AJ/AZ-10

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

SYMBOL CHARACTERISTIC MIN. MAX. UNIT NOTE

OPERATING CURRENT TC514256AP/AIIAZ-70 - 80

[<d] Average Power Supply Operating Current TCS14256AP/AI/AZ-80 - 70 mA | 3,4,5
(RAS, TAS, Address Cycling: trc = tae MIN.) TC514256AP/AIAZ-10 - 60
STANDBY CURRENT

lecz Power Supply Standby Current - 2 mA
(RAS =CAS = Vin)
RAS ONLY REFRESH CURRENT TCS14256AP/ANAZT0 | - 80

lecs Average Power Supply Current, RAS Only Mode TC514256AP/AJIAZ-80 - 70 mA 3,5
(RAS Cycling, TAS =Viy: tac=trc MIN.) TC514256APIANAZ10 | 60
FAST PAGE MODE CURRENT TCS514256AP/AJAZ-70 - 60
Average Power Supply Current, Fast Page Mode TCS14256AP/ANAZ-80 - 50 mA 3,4,5

lcca | (RAS =V, TAS, Address Cycling: tpc = tpc MIN.) TC514256APANAZ10 | — 40

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

TAS BEFORE RAS REFRESH CURRENT TC514256AP/ANAZ-70 - 80
lecs Average Power Supply Current, CAS Before RAS TC514256AP/ANAZ-80 - 70 mA 3
Mode (RAS, TAS Cycling: tac = trc MIN.) 1C514256APIANAZ- 10| = 60

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

QUTPUT LEAKAGE CURRENT

!
O M | (Doyr is disabled, OVS VourS 5.5V)

OUTPUT LEVEL
Output “H" Level Voltage (loyr = = 5mA)

OUTPUT LEVEL
Output “L” Level Voltage (loyr = 4.2mA)
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80
TC514256AP/AJ/AZ-10

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

TC514256AP/ TC514256AP/ TC514256AP/
SYMBOL CHARACTERISTIC AVIAZ-70 AVIAZ-80 AJAZI0  |yniT| NOTE
MIN. MAX. MIN. MAX. MIN. MAX.

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

tRMw Read-Modify-Write Cycle Time 185 - 205 - 245 - ns

toc Fast Page Mode Cycle Time 40 - 45 - 55 - ns

toraw ani}eP:ig;eMode Read-Modify-Write 95 - 00| - 120 - ns

trac Access Time from RAS - 70 - 80| - 100| .ns | 9,14

teac Access Time from CAS - 20| - 20 - 25| ns | 9,14
»fCAA taAA Access Time from Column Address - 35 - 40 - 50{ ns | 9,15

tcpa Access Time from CAS Precharge - 35| - 40| - ©50f ns |9

tewz TAS to output in Low-Z 0 - 0 - 0 - ns |9

tore Output Buffer. Turn-off Delay’ 0 20 0 ' 20 0 200 ns | 10

tr Transition Time (Rise and Fali) 3 S0 3 50 3 50| ns | 8

tRp RAS Precharge Time 50 - 60 - 70 - ns’

trRAS RAS Pulse Width 70 10,000 80 10,000 100 10,000 [ ns

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

trsm RAS Hold Time 0| - 20| - | - ns

trcr ?i:ss’t'l?;e?vln::ed eF)rom TAS Precharge 35 ~ 20 _ 50 _ s

tesH CAS Hold Time 70 - 80 - 100 - ns

lcas CAS Pulse Width 20 10,000 20 10,000 25 10,000 [ ns

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

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

terp CAS to RAS Precharge Time 5 - 5 - 5 - ns

tep CAS Precharge Time 10 - 10 - 10 - ns

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

trRAH 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

tan tc:l%%n Address Hold Time referenced 55 _ 60 _ 75 _ s

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

tRCs Read éommand Set-Up Time (] - 0 - 0 - ns

tRCH Read Command Hold Time [¢] - 0 - 0 -l ns | 11

tRan Read Command Hold Time referenced 0 _ 0 _ 0 I W P

to RAS
twen Write Command Hold Time 15 - 15 - 20 ~| ns
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80
TC514256AP/AJ/AZ-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Continued)

TC514256AP/ TC514256AP/ TC514256AP/

SYMBOL CHARACTERISTIC ANIAZ70 AJIAZ-80 ANAZ10 uNiT| NOTE

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

Write Command Hold Time referenced

twer 10 RAS 55 - 60 - 75 - ns
twp Write Command Pulse Width 15 - 15 - 20 - ns
tawL Write Command to RAS Lead Time 20 - 20 - . 25 - ns
towe Write Command to TAS Lead Time 204, - 20 - 25 - ns
tos Data Set-Up Time 0 - 0 - 0 - ns | 12
oK Data Holtd Time 15 - 15 - 20 - ns 12
toHr Data Hold Time referenced to RAS S5 - 60 - 75 - ns
taer Refresh Period - 8 - 8 - 8| ms »
twes Write Command Set-UP Time 0 - 0 - 0 - ns |13
tcwo CTAS to WRITE Delay Time 50 - S0 - 60 - ns | 13
tRWO RAS to WRITE Delay Time 100 - 110 - 135 - ns | 13
tawp Column Address to WRITE Delay Time 65 - 70 - 85 - ns | 13 ‘ |
teowo | CAS Precharge to WRITE Delay Time 65 - 70 - 85 - ns {13 ‘
CAS Set-Up Time
tese (%S:::Zfe R-r:§ Cycle) > - 5 - s - ns ‘
CAS Hold Ti
tenm (C'CﬁAS—S}::?o;r?(;T Cycle) 5 - 15 - 0 - s
trec RAS to TAS Precharge Time 0 - 0 - 0 - ns
tepr TAS Precharge’ Time (TAS before RAS @ _ % _ 50 . s
Counter Test Cycle)
thoH RAS Hold Time referenced to OF 10 - 10 - 20 - ns
toea OE Access Time - 20| - 20 - 25| ns
toeD OE to Data Delay 20 - 20 - 25 - ns
toez Output buffer turn off Delay Time 0 20 0 20 NE 35 ' s | 10
.| from OF
toEH OE Command Hold Time 20 - 20 - 25 - ns

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

SYMBOL CHARACTERISTIC MIN. MAX. UNIT
Ci Input Capacitance (A0~A8) - S pF
Ciz Input Capacitance (RAS, TAS, WRITE, OF) - 7 pF
Co tnput/Output Capacitance {1/01~1/04) - 7 pF

A-189



TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80
TC514256AP/AJ/AZ-10

NOTES:

1. Stresses greater than those listed under “ Maximum Ratings” may cause permanent damage to the
device. 4

2. All voltages are referenced to Vss.

3. Iccl, Iccs, Iccs depend on cycle rate.

4. Icci, Iccd, Icce depend on output loading. Specified values are obtained with the output open.

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

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

7. AC measurements assume tT=5ns. )

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

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

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

11. Either trcH or trri 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 tCcpwp are not restrictive operat.ing parameters. They are included
in the data sheet as electrical characteristics only. If twcs=twces (min,), the cycle is an early
write cycle and the data out pin will remain open circuit (high impedance) through the entire cycle;

If tRwpZtrwD (min.), tcwpZtcwp (min.), tAwDZtawp (min.) and tcpwpZtcpwp (min.) (Fast
Fage 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.
trRcD (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 trRap (max.) limit insures that tRac (max.) can be met.

tRAD (max.) is specified as a reference point only: If tRaD is greater than the specified trap (max.)
limit, then access time is controlled by taa. ‘
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READ CYCLE

tre

raS | trp

Vi = T Yy tar
Vi, — X
tesu
| < YCRP. 1RCD LRSH tere

= I TR
wn " T 1{@@ |cochNM:
T —

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

tre
tras | tre

Vi =y tar
o Nu— AR N
Vi — .

) csH
' terp 1R¢o tash ere

Vi —- X )
&3 " \\ teas / /
Vip —-, traH X

tRal

tasr tasc tean

o 2 T e KX o] ////%//////////////

tweR |
trwy

~ 7 /// /// /%//%/////////////////////

| towa
! Jdos ] |<ton, |

Vin A
1701~1/04 ! DATA IN @ OPEN
| S

: “H" or “L”
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WRITE CYCLE (OE CONTROLLED WRITE)

trAS <_£&P
Vi ey tag
RAS v \ \—.
- X
t esH
1

CRP trCD tRsH CRE
[V —
AT trap \\ tcas / /
ViL — =
tRAH traL

tean

ASR
S ot B 2y

AO~A8 ::::%//////Z ROW .: COLUMN Z /////

4.44__.[

) //////////////////////

1/01~V°4:r ::D—</%////////;Xf DATA-IN %////

: “H" or “L”
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READ-MODIFY-WRITE CYCLE

A0~A8

/01
~1/04

tRvw,
tras_
Vin -—_"—""_3\ tar
Vi, — -~
tesH
t_C_'ﬁ reo _trsy ltgnp
Vip s p - .
\\ teas
Vig =, =
'FE: tRaH  tasc tean I
|y S d
Vin _/ 7 b d N /
ROW COLUMN //////// ////
ViL ¢ // *x £ Z /
tawp | < tow
trap tewp l
lrwo trwy
) |
Vig —= ¢
\ we
Vig =—— 2
tan
Vig — \i‘gg /
Vi — e | «10E0,
4
tRAC — toez | [tosl | low
Vioy —— p
bAYA-OU'l DATA-IN
VoL —— J
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FAST PAGE MODE READ CYCLE

A0~A8

WRITE

1101
~1/04

trasP trp
!
|
Vipy s« |
IH \ AR }
Vi, — x p
toc trsH e
‘l‘cy}g tRcD tcp truce
Vi —— ~ | — e
H tRAD \\ teas / \ tcas \ teas
v —/ tran o - A p
T
tasr, | Tasc [? = tasc| | Tasc :AL |
—sb-r-ﬂ- Gk, | | Lécan
Vin —7 X- S X N
A\ ROW coL.1 cot.2 COL.N
VL 2 7 X A 3

| AtRQ&——L‘ tReK { i'l tRCS | tacs tRCH ‘
ViH —~ 2
" / // @ tRRH. %
Vi £ I

taa | taa | taa
! teon ]
Vi — Y
\ toea \ | toea \ toea
ViL = -
b toer ; X3
I thac CAC I‘QF R ac | QFE tcac } toFe
; T SLeiT A BT I ogg tauz logz
Voh —— CLZ y e o F - e
VoL — X / Dour 1 ‘% Oour 2 >___ Dour N _>_—

: "H* or “L"
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FAST PAGE MODE WRITE CYCLE

RAS

AQ~A8

1701
~1/04

|

trase
Vin — ’% tan
Vi — -
tpg
I‘_gg; treD |
Vig —— L
H \\ toas / \ teas / \ teas |
vy ./ tRan o A x A P4
tesH TRAL
tasr Ll tA_sST__‘_ TCAH ‘_A_s_c tcan Tasc t.“_,“ l
Viy = - - - - // ~ N -\
X ROW coL.1 OL.N
Va // £ S A coL th c /
| traD | tewt { CWL Towy |
l 1 ' taglT g T
Vis -——W 2 twves  twon -TYEH-
v /////// / twe WP,
w

g ottt ol ey o] ey
: “H" or “L
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J
1
FAST PAGE MODE READ-MODIFY-WRITE CYCLE ‘

— V —L trase
RAS M N tre
Vi C \

— sH
treo :"W,W te . — - TRsH tere
— - A P ———————
A Viy TRAD -\\ CAS Z:——a& CAS CAS ﬁ——
Vi = t 1tRAH i +
ASRT Tase Lgﬁ‘ tasc GCAH . tRAL
| AH
Vih —77 W
AO~A8 7 / ///
Vi, // @@ coL / coL2
tRWD t m
| Trcs _] tewop tcPwo !tg tewp CWr
waTE UM ///f tawo Tawo T s N T
Vi taa | ’
toeA toea twe toEA W
'
o VIh = v
ot Vi, — / toen } ;
L t It
taac -] tepa OED, tcpa QED)
ezl | laa tan
tog leag tos tcac tos
¢
teac toH oezl,) | |toH toez] | [toH
1701~ Viow — y / k - AL
1104 Vo, — . < ’XDIN‘ Y {7 '4& Din2 E— DinN S————
CLZ terz |t
Dour ! Oouyr2 Doutr N

: “H" or "L
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RAS ONLY REFRESH CYCLE

tre

trp

tras y‘—_—‘;

Vi — =
= S

tasr traH
| |

tapc

= e -

Note: WRITE, OE="“H" or “L” -

CAS BEFORE RAS REFRESH CYCLE

: "H" or “L*

tre

tre

trp
I —

tras | \

Vg — N

As : N
i —-_J R X
Vg —

teHRr |

| tep tesh
r i |
CAS
ViL —

Y

toFr
g |

——]
Von—

1/01~1/04 }
Vou ™ e #

Note: WRITE, OE=A0~A8="H" or “L"

OPEN

: “H® or "L*
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HIDDEN REFRESH CYCLE (READ)

w e N /] ‘_—’\ | H\__
tere taco tasH tCHR | terp

w 777 LN ‘

e Zlf_///////{ N

w \* Y.

| tcac I t
QFF
, IICLZ t ~
trac < o134
Von — | A A N
o1 OH v

0 % DATA-OUT ——

~l04 Vo — X A

% :"HY or "L
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HIDDEN REFRESH CYCLE (WRITE)

B N
-1155» il tasn | | tcnR | | tcre

=/ =N _

o | R T ‘

< o 7 ‘,/////// 0

e ‘| X X

% T "H” or “L"
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H
|

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

G—L'b
Vig — tras
RAS
Vi — A
[RIdis 1RsH
tesr

TAS Vi — -r ) / I
|

ASC tcan TraL

o N o

READ CYCLE o ::c |‘1"5;R::’
- to
L N\ P
| oz 1, |"'9'i’
z(:;oa ::? : OPEN - i/// | DATA-OUT j}__
trwi |
WRITE CYCLE l .

|

Zo:)o‘z :::: : OPEN §: DATA-IN E
~ READ-MODIFY-WRITE CYCLE oy i uv::wo t(“;v;t
WRITE ::: :%//////N//////////A///// ‘-//-//{'L tcac X‘W
| AA_
Ot ::? : \_:O“ / toep

feac toez tos ton
t )
CL2 i
1701 VioH = -
~I04 0 — K] DATA-IN

DATA -OUT
: “H" or “L”

A-201

!
y‘




NOTES



TENTATIVE DATA
262,144 WORD x4 BIT DYNAMIC RAM

DESCRIPTION

The TC514256APL/AJL/AZL is the new generation dynamic RAM organized 262,144 words by 4 bits.
The TC514256APL/AJL/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 TC514256 APL/AJL/AZL to be packaged in a standard 20 pin
plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. The package size provides high system
bit densities and is compatible with widely available automated testing and insertion equipment.
System oriented features include single power supply of 5V £10% tolerance direct interfacing capability
with high performance logic families such as Schottky TTL.

FEATURES

e 262,144 word by 4 bit organization o Low Power
¢ Fast access time and cycle time 440mW MAX. Operating
TC513256APUAIUAZL - 70/ - 80/ - 10 385mW \f&%lgzifﬁgAJUAZL-m)
tRAC E'ZF Acc;ssdTime 70ns 80ns 100ns w ‘(TC5'14§56APL$AJUAZL-80)
taa Column Address 330mW MAX. Operating
. S 40 50
Access Time 35ns " n (TC514256 APL/AJL/AZL —10)
tcac CAS Access Time 20ns 20ns 25ns 1.1mW MAX. Standby
tac  Cycle Time 130ns 150ns 180ns | @ dOut:put:s, unla}t‘ched at cycle end allows two-
tec  Fast Page Mode imensional chip selection
Cucle Time . 40ns 45ns 5505 | o Read-Modify-Write, CAS before RAS refresh,
. Si‘nlgle %owler.su\l;ply of 5V+10% ﬁpﬁ\gg;ol&lo)éer%f;:i};}ulgrxdden refresh, and Fast
t t- to
With @ bulll-in Vop generator ® All inputs and outputs TTL Compatible
¢ 512 refresh cycles/64ms
PIN NAMES e Package TC514256APL : DIP20-P-300B
AO0~AB| Address Inputs 1101~1/04 |Data input/Qutput TC514256AJL : S0J26-P-300
RAS |Row Address Strobe Vee Power ( + 5V) TC514256AZL : ZIP20-P-400
TAS |Column Address Strobe Vss  |Grouna
WRITE | Read/Write Input N.C. |No Connection
OF |Outout Enabie
PIN CONNECTION (TOP VIEW)
Plastic DIP Plastic SOJ Plastic ZIP
Fee
OELLY lems
-
IX)‘: ;i::: 6. ] vo1
2 8 | WRITE
RAS|9 ! ™™
Ao [ n2] A
a2l B
Vee 2 il ae
ASUZY 556
ATV Tb]as
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BLOCK DIAGRAM

T DATA IN DATA OUT |«OOBE
BUFFER BUFFER
A
WRITE 4 ) T A
O NO.2 CLOCK
&S GENERATOR | — |
[}
COLUMN COLUMN

AQ G+ ADDRESS ) > DECODER

BUFFER (9
A1 O+ @) J SENSE AMP 4
A2 O] REFRESH ' 1O GATE

CONTROLLER |~
A3 O ] - 512 -
AROH | REFRESH 1
A5 O+ 9 COUNTER (9) -

O
AGO_’ : AOW 38/ MEMORY
A7 ADDRESS 9> O 8isn ARRAY
A8 O BUFFER (9) wletol 512x512x8
t
NO.1 CLOCK .
mo————l GENERATOR | SUBSTRATE BIAS
GENERATOR ]

MAXIMUM RATINGS

CHARACTERISTIC SYMBOL RATING UNIT NOTE
input Voltage Vin B B v 1
Output Voltage Vour -1~7 v 1
Power Supply Voltage Vee ~-1~7 v 1
Operating Temperature Toer 0~70 *C 1
Storage Temperature . Tste -55~150 °c 1
Soldering Temperature - Time TsoLper . 260°10 °Csec 1
Power Dissipation Po, 600 mW‘ 1
Short Circuit Output Current lout S0 mA ]
RECOMMENDED DC OPERATING CONDITIONS (Ta=0~70%)

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT NOTE
Vee Supply Voltage . 45 S.0 5.5 \ 2
Vin Input Hig’h Voltage 24 - 6.5 v 2
Vi Input Low Voltage -1.0 - 0.8 v 2
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DC ELECTRICAL CHARACTERISTICS (Ve =5V £ 10%, Ta=0~70°) ‘

SYMBOL CHARACTERISTIC MIN, MAX. UNIT NOTE

OPERATING CURRENT TC514256APUAILAZL-T0 - 80 34

lcer Average Power Supply Operating Current TCS14256APUAIUAZL-80 - 70 mA
(RAS, TAS, Address Cycling: tac = tae MIN.) TC514256APUAILAZL-10] = 60 >
STANDBY CURRENT

leca Power Supply Standby Current - 2 mA
(W: TAS = Vi)
RAS ONLY REFRESH CURRENT TCS14256APUAIUAZLTO| = 80

lees Average Power Supply Current, RAS Only Mode TCS14256APUAJUAZL-80 - 70 mA 3,5
(RAS Cycling, TAS=Viu: tac=tac MIN.) TCS14256APUAJUAZL-10] = 60
FAST PAGE MODE CURRENT TC514256APUAIUAZL-70 - 60 34
Average Power Supply Current, Fast Page Mode TC514256APUAJUAZL-80 - 50 mA

lcce | (RS =vy, TAS, Address Cycling: toc =tpc MIN.) Tes1a2s6aPUAIUAZL10| - 40 5
STANDBY CURRENT

ices Power Supply Standby Current - 200 mA
(RAS = CAS = V¢ - 0.2V)
TAS BEFORE RAS REFRESH CURRENT TCS14256APUAIUAZL.T0| = 80

lecs Average Power Supply Current, CAS Before RAS TCS14256APUAIUAZL-80| - 70 mA 3
Mode (RAS, TAS Cycling: trc = tge MIN.) TCS14256APUAJUAZL-10| = 60
BATTERY BACK UP CURRENT
Avarage Power Supply Current, BATTERY BACK UP -MODE

Iecr (CAS = TAS Before RAS Cycling or 0.2V, OF = V¢ - 0.2V, WRITE = Ve - - 300 pA 3,6
0.2V or 0.2V, AO~8=Vcc=0.2V or 0.2V, VO1~4 = Vee - 0.2V,
0.2V or OPEN: tpc = 125p5, tras = taas MIN. ~1ps)
INPUT LEAKAGE CURRENT

W input Leakage Current, any input - 10 10 BA
(OV =V S 6.5V, All Other Pins Not Under Test = 0V)

. OUTPUT LEAKAGE CURRENT 10 10

O M| (Dour is disabled, OV S Vours +5.5V) A
OUTPUT LEVEL

VoH . 24 - "
Output "H" Level Voltage (lgyr = - SmA)
OUTPUT LEVEL

Voo . - 0.4 v
Output “L” Level Voltage (ioyr = 4.2mA)
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Mcc=5V£10%, Ta=0~70%) (Notes 7, 8, 9)

TC514256APY TC514256APY TC514256APL
sYmaoL CHARACTERISTIC AlUAZL70 AIUAZL-80 AUAZLI0 |yt | Nore
) MIN. MAX. MIN, MAX. MIN. MAX.
tac Random Read or Write Cycle Time 130 - 150 - 180 - ns
tomw | Read-Modify-Write Cycle Time 185 - 205 - 245 - ns
toc Fast Page Mode Cycle Time 40 - 45 - S5 - ns
toraw E;scz]epiigr:eMode Read-Modify-Write g5 _ 100 - 120 _ ns
taac Access Time from RAS - 70| - 80v - 100| ns [ 10,15
teac Access Time from CTAS - 20 - 20f =~ 25| ns | 10,15
taa Access Time from Column Address - 35 - 40 - . 50| ns | 10,16
tcpa Access Time from CAS Precharge - 35 =~ 40| - S0l ns { 10,16
terz AT to output in Low-Z 0 - 0 - 0 - ns |10
tofF Output Buffer Turn-otf Delay 0 20 0 20 0 20| ns | N
tr Transition Time (Rise and Fall) 3 S0 3 56 3 S0 ns {9
tap RAS Precharge Time 50 - 60 - 70 - ns
tras RAS Pulse Width 70 10,000 80 10,000 100 10,000 | ns
taase RAS Pulse Width (Fast Page Mode) 70 100,000 80 100.006 100 100,000} ns
TR H RAS Hoid Time 20 - 20 - 25 - ns
e | (rast Pace Mode) CAS Precharge | - w| - sof - ns
tesk CTAS Hold Time 70 - 80 - 100 - ns
teas CAS 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
tRa0 RAS to Column Address Delay Time 15 35 15 40 20 S0 ns | 16
terp CAS to RAS Precharge Time 5 - 5 - s - ns
e CAS Precharge Time 10 - 10 - 10 - ns
Tasr Row Address Set-Up Time 0 - 0 - 0 - ns
traH Row Address Hold Time 10 - 10 - 15 - ns
tasc Column Address Set-Up Time 0 - 0 - 0 - ns
tcan Column Address Hold Time 15 - 15 - 20 - ns
tan ‘C:I%E? Address Hoid Time referenced 55 _ 60 N 75 . s
traL Column Address to RAS Lead Time 35 - 40 - S0 - ns
tres Read Command Set-Up Time 0 - 0 - 0 -1 ns
TRCH Read Command Hold Time 0 - 0 - 0 -{ ns 12
tarn ?:aﬁd-‘éommand Hold Time referenced 0 - 0 - 0 ons |12
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Continued)

TC514256APL TC>514256APU TCS14256APY
SYMBOL CHARACTERISTIC AIUAZL-70 AIUAZL-80 AIUAZLI0 | yiT| NoTE |
MIN MAX. | MIN. | MAX. | MIN. | MAX. [

tWCH Write Commaﬁd Hold Time 15 - 15 - 20 - ns
e Xr;;_;ommand Hold Time referenced 55 _ 50 _ 75 - ns
twe Write Command Pulse Width 15 - 15 - 20 - ns
tavwe write Command to RAS Lead Time 20 - 20 - 25 - ns
towe Write Command to CAS Lead Time 20 - 20 - 25 - ns
tos Data Set-Up Time 0 - 0 - 0 - ns 13
tom Data Hold Time 15 - 15 - 20 - ns | 13
1OHR Data Hold Time referenced to RAS 55 - 60 - 75 - ns
tres Refresh Period - 64 - 64 - 64| ms
twes Write Command Set-UP Time 0 - 0 - 0 - ns | 14
tewo TAS to WRITE Delay Time 50 - 50 - 60 - ns | 14
trwp RAS to WRITE Dellay Time 100 - 110 - 135 - ns | 14
tawn Column Address to WRITE Delay Time 65 - 70 - 85 - ns 14
tepwd TAS Precharge to WRITE Deiay Time 65 - 70 - 85 - ns | 14
tesn CAY Set-Up Time s _ s _ s . ns

(TAS before RAS Cycle)

TAS Hold Time
fenR (CAS before RAS Cycle) 15 - 15 - 20 - ns
trec RAS to CAS Precharge Time 0 - 0 - 0 ~ ns
ot CAS Precharge Time (CAS before RAS 0 . " _ 50 _ ns

Counter Test Cycle)
troM RAS Hold Time referenced to OF 10 - 10 - 20 - ns
toea OF Access Time - 2| -~ 20 - 251 ns
LoD QF to Data Delay 20 - 20 - 25 - ns
;OEZ Output huffer turn off Delay Time 0 2 0 20 0 251 ns

from OF
togn OF Command Hold Time 20 - 20 - 25 - ns

CAPACITANCE (Vec =5V : 10%,‘f = 1MHz, Ta=0~70%)

SYMBOL CHARACTERISTIC MIN. MAX. UNIT

Ci tnput Capacitance (AO~A8) - S pF

Ci2 Input Capacitance (RAS, TAS, WRITE, OF) -~ 7 pF

Co klnpuUOutput Capacitance (1/01~1/04) - 7 pf
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NOTES:

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

2. All voltages are referenced to Vss.

3. Icci, Ices, Iccy depend on cycle rate.

4. Icci, Icca, Iccs depend on output loading. Specified values are obtained with the output open.

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

6. 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 cycles before proper device
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS .before RAS
initialization cycles instead of 8 RAS cycles are required.

8. AC measurements assume tr=>5ns.

9. ViH (min.) and V| (max.) are reference levels for measuring timing of input s1gnals Also,
transition times are measured between Viyg and ViL.

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

11. torF (max.) and togz (max.) define the time at which the output achieves the open circuit condition
and are not referenced to output voltage levels.

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

13. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading
edge in Read-Modify-Write cycles.

14. twcs, tRWD, tcwDp, tawp and tCpwp are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only. If twcs2twes (min.), the cycle is an early
write cycle and the data out pin will remain open circuit (high impedance) through the eatire cycle;

If tgwp=2trwp (min.), tcwpZtcwp (min.), taAwpZtawD (min.) and tcpwD= 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.

15. Operation within the tgrcp (max.) limit insures that trac (max.) can be met.
trRCD (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 traD is greater than the specifi ed trAD (max.)
limit, then access time is controlled by taa.
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READ CYCLE
= / \
s - lc;\i / lj'k
o || et
RA — (] 74 I..iQiL_.
1/Q1~1/04 :z:: omul &' DATA -QUT }————-———-
: K" or “L”
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WRITE CYCLE (EARLY WRITE)

Vin
RAS

Vi

Vin
CAS

Viy

I

AQ~AB

Vi,

Vi
WRI

A\

Vi
OE

Vie

Vin
1/01~1/04

\%

R\ "m'“‘ / - N
T -

trwi

JtonR|

|
‘v dos ] [te
p

DATA -iN
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TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80
TC514256APL/AJL/AZL-10

WRITE CYCLE (OE CONTROLLED WRITE)

tre

trag | tre
Vi ey tag
RAS N ) N
VT —
* - tosH
| < JCRP trep tRSH tcre
. Vig —
TAS trap R tcas / /
Vy — / X
tas| | 4K tasc lcam
| i | i
Vin — CNT
-~ 7 A &
ao-ap ] _%/////4/ ROW %/ | coum W/‘/W/ ///ZZ%/ )

= " ///////////‘ B ) .

! tou

: “H" or “L*
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" TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80
TC514256APL/AJL/AZL-10

READ-MODIFY-WRITE CYCLE

tamw
tras trp
o Vin _____.._..._.__.,\ tan
Vip - )\ N
Tesn [
<2 taco tagi |Leze
Vig =——
TAS teas / 7
Vip =
tasR  |tRaWm  tasc tcan l
it it et .
Vin — 2 o 0%
AO~AB X row % COLUMN W/// / //
VIL "_"”//,”/'///‘ . - I // i -
’ ‘ tawp oy l
trap towp
trRwD t“ﬂl
Vig —
WRTE N--tee, o
o 3 A
taa
=, N/
L ; - | tofo,
l¢ag
trac togz S dom
Vion ——
[1o}] ‘ ATA-OUT DATA-IN
~1/04 VoL = teud] {
B

74 : "H" or "L”
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TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80
TC514256APL/AJL/AZL-10

FAST PAGE MODE READ CYCLE

..‘ - {
trasp RE

Vig = ™
RAS v \‘ tar )
T 7 =
toc 1R§H terp
r&fi treD tcp T
Vi =— S
=3 " tRag \ teas lcas teas
vy ~—/ ran e - A —
a1 t tcan aLS !
tasr, Tasc tear ascf | tasg l fean
|
o DR B o KN ’ <
AO~AB 2 X row , COLN )// %
v. —2, 7 | coLt | coL2 //// | 7 )

I t"g—f——L— e ..+L_‘555 _,J_L__tscs trew |
e " /////Z//f ] * |

Vv s
oF " &‘OEA . N:OEA \ |toea
Viip —

‘ Reag [ tac '[‘2“ ) tcac 1| losr
| taag ez tew Toez ez tod
ez Le—om | < 08Z, |

D

01 VOH e g ' > ~\ ]
~1/04 VoL —— X7 Ogur 1 } é/ Oour 2 Dour N
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TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80
TC514256APL/AJL/AZL-10

FAST PAGE MODE WRITE CYCLE

w T Nk ey Ny
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TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80 “‘
TC514256APL/AJL/AZL-10

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

- X'H —_ trasp -
* _Toany It p tRsH terp
v bS tcas e tcas — teas e
&S V: \\r Z \ Z \.1 .‘f;
1can tasc AN tasc T tRAL
Vi 2
so~ae M 7% X% Y~ X777
v Wu—ci«]_——l———-—mlkwot L I(IWL fcowo — ‘E‘WL I towp Itqcy‘:IL |
[N — T
WRITE Vr _//////////f = tawp r—/ tawp ;__1/ tawp X
toe toea Jwe ! toea i
- Vg ——
IoT
: Vi — taac QZL?E‘ tcpa £2.‘3_‘E @ij‘o:o
toeat |, laa tan -_—]
tos teac kos tcaC tos
teac. Cton toezl 1 | tox toezl ] | ltox
1701~ Viow = P* 2 av \
V04 Vo — -_—__—t.(;— BF—?‘DW‘ ‘ . yi{& Ow2 b_—ﬁg ot
Douyr ! Dour 2 DoutN
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TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80

TC514256APL/AJL/AZL-10

RAS ONLY REFRESH CYCLE

A SO——
Viy ==

trec
|

tap

=, N\,
" tere
|

Vipg =

V

(S
tRAH
g |

N4

tasr
A0~A8 z:: *—’W ROW i

.

Note: WRITE, OE="H" or “L"

CAS BEFORE RAS REFRESH CYCLE

: “H" or "L*

trAs

tap
Vi == .
RAS 3 \
Vi — RPC X
tcp tesr
e B e
Vig =
i
Vii == )

torF
—

JES——
Von—

1/01~1/04 N
Vou —"..____’{

Note: WRITE, OE=A0~A8=“H" or “L"

OPEN
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TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80
TC514256APL/AJL/AZL-10 {

HIDDEN REFRESH CYCLE (READ

'
)

i
[PLLE

ViH o

ViL —

toez

Ty N
DATA-QUT }——_———
b

: “H" or "L*
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TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80
. TC514256APL/AJL/AZL-10

HIDDEN REEFRESH CYCLE (WRITE

RC .
tras [PRLL] tap
Vi S tag \ taa !
RA3
Vg = | 7 x
tgap tacp task tomn tcrp
tH i
RAD

S e X .

:"H or “L
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TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80 |
TC514256APL/AJL/AZL-10

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

1,

RP
Vig =X tras
RAS N
Vip = 7
. 1 tept trsH |

i e
s, — . \C '
|

wﬁ’%%%%%@wi%W%%%%%%
READ CYCLE (ags] teac ._f:—:r

Vig — \ toea
oe \ .

1

taz
101 Vou — .
04 OPEN DATA - OUT >—
Voo —

twes taw|

|
o |

WRITE CYCLE

tosf |
el
1101 Vi = N '
iy, OPEN DATA-IN )
| tawo towt
READ-MODIFY-WRITE CYCLE tacs| | tewp BTN
T

o ] | N
- N

ViL T
tew t0Ez tos | Jou
o1 Vwon— 'S !
DATA-IN 5—-——
~W04 vy e JTARS - r
DATA - OUT

: “H® or "L*
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262,144 WORD x4 BIT DYNAMIC RAM

DESCRIPTION

The TC514258BP/BJ/BZ/BFT is the new generation dynamic RAM organized 262,144 words oy 4 bits.
The TC514258BP/BJ/BZ/BFT 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 TC514258BP/BJ/BZ/BFT to be packaged in a standard 20 pin
plastic DIP, 26/20 pin plastic SOJ, 20/19 pin plastic ZIP, 24/20 pin plastic TSOP. The package size
provides high system bit densities and is compatible with widely available automated testing and
insertion equipment. System oriented features include single power supply of 5V+£10% tolerance, direct
interfacing capability with high performance logic families such as Schottky TTL.

FEATURES
¢ 262,144 word by 4 bit organization °
e TFast access time and cycle time -
TC514258BP/BJ/BZ/BFT ~ 60 "
taac  RAS Access Time 60ns
taA Column Address [}
Access Time 30ns
tecac G5 Access Time 20ns
tre Cycle Time 110ns .
tsc Static column .
Mode Cycle Time 35ns .
¢ Single power supply of 5V10%
with a built-in Vg generator
PIN CONNECTION
Plastic DIP Plastic ZIP
1 20p Vss vo1(Q O‘E:;‘} 3]s
2 190 V04 ¥020( 2 o3 Eé] IL';
3 18fvo3 vss[5) g
& T m vo2{ 73 Fy
5 16pOE NCgs Ra3[a} °
6 15[A8 Aofiy -
5 1
7 140A7 A 'Ffz :;
8 13046 Ve [& FEF ag
9 120lAs As (1 A6
0 11 A4 Veelj 13 A7 A8
OE| 1 Plastic TSOP 2] A8
)2 : 23] A7
3|31 45 22| A6
704 | 4 E 21| as
Vss| 5] 8
s E 20| A4
vo1( 8 3
y0z| 9 ol %
WRITE | 10 19| A2
sl H
s 13t A0

A-221

vos RAS  |Row Address Strobe
01 [+ Chip Select
WRITE WRITE [Read/Write Input

PRELIMINARY

Low Power

495mW MAX, Operating

5.5mW MAX. Standby
Outputs unlatched at cycle end allows two-
dimensional chip selection
Read-Modify-Write, CS before RAS refresh,
RAS-only refresh, Hidden refresh, and Static
Column Mode capability
All inputs and outputs TTL compatible
512 refresh cycles/8ms

Package  TC514258BP : DIP20-P-300B
TC514258BJ : S0J26-P-300
TC514258BZ : ZIP20-P-400
TC514258BFT : TSOP24-P-0616
PIN NAMES

A0~A8 |Address Inputs

OF  |Output Enable
1101~1/04| Data Input/Output

Vee Power (+5V)

Vss Ground

N.C. No Connection




TC514258BP/BJ/BZ/BFT-60

BLOCK DIAGRAM

01
l% Vi’)z '%)3 u?o‘
Vee Vss 4 4
T T paTA IN | | paTA ouT |<oBE
BUFFER BUFFER
WRITE s b} ﬂ
e NO.2 CLOCK [
GENERATOR
Y
COLUMN COLUMN
A0 O ADDRESS ] J} DECODER
BUFFER (9
A1 O L J SENSE AMP
A2 0> REFRESH VO GATE
A3 0> CONTROLLER | 512
AL O> REFRESH x4
Shed COUNTER (9) -
A§ O r{na MEMORY
A7 O> ROW g H
ADDRESS TS S} sn2 ARRAY
A8 O BUFFER (9) Wledml 512x512x4

NO.1 CLOCK
GENERATOR

ABSOLUTE MAXIMUM RATINGS

SUBSTRATE BIAS ‘
GENERATOR |

ITEM SYMBOL RATING UNITS NOTES
Input Voltage Vin -1~7 \' 1
Output Voltage Vour -1~7 " 1
Power Supply Voltage Vee -1=~7 v 1
Operating Temperature Toer 0~70 *C 1
Storage Temperature Tsre ~55~150 °C 1
Soldering Temperature - Time TsoLoer 260- 10 °C-sec 1
Power Dissipation Po 600 mw 1
Shart Circuit Qutput Current lour 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta =0~70%)

SYMBOL PARAMETER MIN. TYP. MAX, UNIT NOTES
Vee Supply Voltage 4.5 5.0 S.5 v 2
Vi Input High Voltage 24 - 6.5 \J 2
' Input Low Voltage -1.0 - 0.8 \4 2
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TC514258BP/BJ/BZ/BFT-60

DC ELECTRICAL CHARACTERISTICS (VCC =5V £ 10%, Ta=0~70%) \

SYMBOL PARAMETER MIN. | MAX. | UNITS | NOTES

: 2"“‘"’;‘3 CU“:ENTI Omerating Current TC5142588P/8)/ % N 3,4
1 verage Power Supply Operating Curren - m,
(RS, T3, Address Cycling: tac = tac MIN.) BZBFT-60 5

STANDBY CURRENT
lecz Power Supply Standby Current - 2 mA
(RAS=Tq= Vyy)

RAS ONLY REFRESH CURRENT Tes1425880mmY
lees Average Power Supply Current, RAS Only Mode BZBFT-60 - 90 mA 3,5
(RAS Cyding, T8 = Viu: tac=tac MIN.)

STATIC COLUMN MODE CURRENT TC5142588P/8Y 3,4

Icca Average Power Supply Current, STATIC COLUMN - 70 mA
. BZ/BFT-60 5

Mode (RAS = TS = V;,, Address Cycling: tsc = tsc MIN.)

STANDBY CURRENT

lees Power Supply Standby Current - 1 mA

(RAS=C3 = Vee-0.2V)

T3S BEFORE RAS REFRESH CURRENT TCS14258BP/BY
tece Average Power Supply Current, T3 Before RAS BZ/BFT-60 - 90 mA 3,5
Mode (RAS, T3 Cycling: tac = tac MIN.) )

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

' OUTPUT LEAKAGE CURRENT w | 1o
O M | (Doyr is disabled, OVS VourS 5.5V) A

TPUT LEV
Von OUTPUT LEVEL 24 _ v

Output "H” Level Voltage (loyr = - SmA)

QUTPUT LEVEL
Vou .. - 0.4 v
Output “L” Level Voltage (loyr = 4.2mA)
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‘TC514258BP/BJ/BZ/BFT-60

ELECTRICAL CHARACTERISTICS AND RECOMMENDED _AC OPERATING CONDITIONS -

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

TC5142588P/BJ/BL/BFT-60
SYMBOL PARAMETER UNIT | NOTES
MIN. MAX.
tre Random Read or Write Cycle Time 110 - ns
tRmw -Read-Modify-Write Cycle Time 165 - ns
ts¢ Static Column Mode Cycle Time 35 - ns
tsRMW Static Column Mode Read-Modify-Write Cycle Time 90 - ns
trac Access Time from RAS ' - A 60 ns | 9,14
teac, Access Time from T3 - ) 20 ns | 9,14
taa Access Time from Column Address - .30 ns | 915
taww Access Time from Last Write - ) S ns | 9,16
tez | T3 to output in Low-2 0 - ns |9
toFF Output Buffer Turn-off Delay 0 20 ns | 10
taoH Output Data Hold Time from Column Addres s - ns
tow Output Data Enable Time from WRITE - 20 ns
ty Transition Time (Rise and Fall) 3 S0 ns |8
trp RAS Precharge Time 40 - ns
tras RAS Pulse Width 60 10,000 ns
trRasC RAS Pulse Width (Static Column Mode) 60 100,000 ns
tRsH » T3 to RAS Hold Time ’ 20 - ns
tesn RAS to T3 Hold Time 60 ' - ns
tes C% Pulse Width 20 10,000 ns
tese T8 Pulse Width (Static Column Mode) 20 100,000 ns
e RAS to T3 Delay Time 20 40 ns |14
tRAD RAS to Column Address Delay Time '\5 30 ns 15
terp T8 to RAS Precharge Time 3 - ns
tep T3 Precharge Time 10 - ns
tasr Row Address Set-Up Time 0 - : ns
trRan Row Address Hold Time 10 - ns
*asc Column Address Set-Up Time 0 - ns
tcan Column Address Hold Time 1S - ns
taws Column Address Hold Time referenced to RAS (WRITE 50 - ns
CYCLE)
tan Column Address Hold Time referenced to RAS (READ 88 - s
CYCLE)
traL Column Address to RAS Lead Time 30 - ns
tan Column Address Hold Time referenced to RAS Rise S - ns |17
tiwap Last Write to Column Address Delay Time 20 25 ns | 16
tAHLW Last Write to Column Address Delay Time 55 - ns
tres Read Command Set-up Time referenced to T3 0 - ns
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TC514258BP/BJ/BZ/BFT-60

TC5142583P/B1/BZ/BFT-60

SYMBOL PARAMETER UNITS| NOTES
MIN, MAX.
tacH ) Read Command Hold Time referenced to 5 0 - ns 1
tRRH Read Command Hold Time referenced to RAS 0 v - ns 1
tych Writg Commanc? Hold Time 10 - ns
(Output Data Disable)

twer Write Command Hold Time referenced to RAS 45 - ns

twp Write Command Pulse Width 10 - ns

twi Write Command Inactive Time 10 - ns

tawt Write Command to RAS Lead Time 20 - ns

tewL Write Command to TS Lead Time 20 - ns

o Data-In Set-Up Time 0 - ns | 12
oM Data-in Hold Time 15 - ] ns | 12
toHR Data-in Hold Time referenced to RAS 50 - ns

tRer Refresh Period - . 8 ms

¢ Write Command Set-UP Time ° s |13
wes (Output Data Disabie)

TS to WRITE Delay Time °

50 - 1
towo (READ-MODIFY-WRITE CYCLE) S
RAS to WRITE Delay Time
t 90 - ns |13
WD (READ-MODIFY-WRITE Cycle)
tawo Column Address to WRITE Delay Time 60 - ns |13
tesh TZ Set-Up Time(TS before RAS) H - 1 ns
CHR T% Hold Time(ZS before RAS) 15 - ns
tapc RAS 1o T Precharge Time 0 - ns
tepr T3 Precharge Time (T3 before RAS Counter Test Cycle) 30 - ns
taoH RAT Hold Time referenced to OF 0 - - ns
toca OF Access Time - 20 ns
toeo OF to Data Delay 20 - ns
toez Output Buffer turn off Delay Time from OF 0 , 20 ns |10
toeH OF Command Hold Time 20 - ns
CAPACITANCE (VCC =5V £ 10%, f=1MHz, Ta=0~70%)

SYMSOL PARAMETER MIN. MAX. UNIT

Ciy Input Capacitance (A0~A8) - - pF

[ Input Capacitance (YAS, T3, WRITE, OF) - 7 pF

Co Input/Output Capacitance (VO1~1/Q4) - 7 pF
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TC514258BP/BJ/BZ/BFT-60

NOTES:

1.

2B O o

10.

1L
12

13.

14,

15.

16.

17.

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

All voltages are referenced to Vss.

Icc1, Iccs Iccs, Iccs 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=VyL,

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

AC measurements assume t1=5ns.
Vi (min.) and ViL (max.) are reference levels for measuring timing of input signals.
Measured with a load equivalent to 2 TTL loads and 100pF.

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

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

These parameters are referenced to CS leading edge in early write cycles and to WRITE leading
edge in Read-Modify-Write cycles.

twes, tRWD, tCwD and tpawp are not restrictive operating parameters. They are included in the
data sieet as electrical characteristics only. If twcs=twcs (min.), the cycle is an early write cycle
and the data out pin will remain open circuit (high impedance) through the entire cycle; If
tRWD= tRwD (min.), tcwp=tcwp (min.) and tawpZ tawD (min.) the cycle is a Read-Modify-Write
cycle and the data out will contain data read from the selected cell: If neither of the above sets of
conditions is satisfied, the condition of the data out(at access time)is indeterminate.

Operation within the trcp (max.) limit insures that tRac (inax.) 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.

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.

Operation within the tL,wap (max.) limit insures that tALw (max.)can be met.
tLwAD (max.) is specified as a reference point only: If tRap is greater than the specified t,wAD
(max.) limit, then access time is controlled by taa.

taH is the condition to latch column address when RAS has risen up.
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TC514258BP/BJ/BZ/BFT-60

— R T

ey S
fotcae tacn O Taen
R | I - NG
=L .f e et
AO~AB ::: : “;'W%c ‘j = . W
Vg — | " = m
" T |
WRITE CYCLE (FARLY WRITE) i
e )
o Y — = m:}'m ST 7
Sfe oCoareas
w o R

= =

G 1~1/04

1

DATA-IN

r

OPEN

: “H” or "L”
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- TC514258BP/BJ/BZ/BFT-60

WRITE CYCLE (OE CONTROLLED WRITE)

£ £ £«£ £ £ £«
& F F =z Fx F % F X

'”///////////////////////////////

A: -

trmw
Vi  =— o ﬁ_‘
RAZ v — tral :
R Loy t,
Vi = ] 8 -‘—‘m:n o }_—
T Vi ——J!As ‘:::n teg
tc
A~ M T2 ROW A% COLUMN lﬁﬁu
’ Vi — T own |
Vi — - : ‘[_ — =E|
WA o AWD S Jtwp
taa !
—_— to i
= il
UYL ] |:o_s_’ tou
ormion Y1 — G o N
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TC514258BP/BJ/BZ/BFT-60

STATIC COLUMN MODE READ CYCLE

3 Z:’L‘ _:__:E trasc 7 = R
e e e ]
A0~AB V::‘ _% ROW % co'::l gh coL2 ME| ;TN W
v A e/ B S '«"5"1%
“ = %-‘ —tno L, |
v R, || B Eaa
o], bl T
YO1~1/04 :z:‘ : ! 0@%’0&"1 qut DourN E.___.
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TC514258BP/BJ/BZ/BFT-60

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE

e,
w =T - R
Vi —
_tasn] ] [na tean fean that ‘
N =
a0~a8 M TR row oLt %ﬁ coL2 COLN 7
Vi — 1 tcp
TAS |
= Vi — 7‘
Vip — :
sc.
TweH w;
V, —
wrYE W 4
Vi — ¥ :
Vig ==
oF
ik —

Vin
1O 1~1/04
Vi

ASR RAH CAH AW .
" T 70 row % cout % coufm CoLN
: tawn | (Rl e
TrAD tasc i
trep I
twes tas twi ] tsC i—rm’l!d m
\ twp _‘J!L S twe . /
0 D ) .

7 Cow KON o YOO o N0

£ £ =< << << <<
& I ~ I - I &/ X F FF

#O1~1/04
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TC514258BP/BJ/BZ/BFT-60

STATIC COLUMN MODE READ - MODIFY - WRITE CYCLE

trp
trasc jm
- / \_
traH
i &
AQ= coLa N
et B S 7

Vig — )

Lt

Vi —

tars

LT | lsamw  tean trat tcre
VIH = tiwap
1 \ tawL
ik — treo L = N
D el t
v TAWD e 1 AWD o |
waTE UM
VlL ——

=Sk
. }

Vi —
v "D ]
o= toeo
toga h——‘
tcac
[TAA to
Tasr 31
vo1~vos O* Bo
Vior e * gour
- -g !
oz

: "H" or “L*
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TC514258BP/BJ/BZ/BFT-60

STATIC COLUMN MODE READ/WRITE MIXED CYCLE

=T t /
Uy — hco esc I""Q"I o
T w - tasd ‘t_w_::isc ) -g:”“b k v - _
A0~A8 z"* :% ROW % coL.1 %Z cot.2 % oLN | 7
* o B RBATTS tawp || 1CAH
V — Kl twe.
WRITE V:: — ‘m:nx ¥ taw e !;uLw = toe‘r) = /
NI/ e /
tnug : o 4 ‘oiz
PP_S,_ bid lagu] | tos | | et
1VO1~1/04 zz:‘ :—-———@M;W Dout? VT own %
(WRITE) | (READ) | (READ) (WRITE)
T I T

: "H" or “L”
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TC514258BP/BJ/BZ/BFT-60

RAS ONLY REFRESH CYCLE

Vin tras | A
RAS \____
Yo = tme \‘ / trec I
Vig == i d
° ___/ \_/
Vi ==
tRAH

- =

: “H® or “L"

Note: WRITE, OE="H" or “L”

CS BEFORE RAS REFRESH CYCLE

tre
(& trp
Vig — N
S }
RAS t = \
Vip == s \-u_~ v

AT e—

Vou
VO1~1/04 } OPEN
V,

% : "H" or "L

Note: WRITE, OF, A0~A8="H" or “L"
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TC514258BP/BJ/BZ/BFT-60

EN REFRE YCLE

tras R <tJL.
Vij e taas
I N L
l‘cuv t tonn cnp
. ViH e tRsH /
Vi _-_/ trap X 7~
RA

o 2 Do ////////////////////////////////////

e ! | //////////////////////////////////
% = %///////////////////

| I‘cu . l
trac “" 2
~ Voi — | s § N
vo1 DATA-QUT S
W04 Vg =~ h o

% : "H® or "L*
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|

TC514258BP/BJ/BZ/BFT-60 :

tre tre J
taag };" /L._, pa— |
Vi e, |
RAS V:: — \—i - - A \( - \ ‘
tacp > !
. oy N /

RA
tasc
RAI

HIDDEN REFRESH CYCLE (WRITE

H
tasg cA

. ey
|
yN

| [tokr
! g

s, | fetow f
Vi —— .
vo1~ Vi i :(
- DATA-IN
V04 v, — % OPEN

% t "H® or "L*
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TC514258BP/BJ/BZ/BFT-60

CS BEFORE RAS REFRESH COUNTER TEST CYCLE

tae
Vig —= fRag
RS Vi — s/
) t
esr XCHR Z& B tepp
tan

4 v le .
™
s N cownn .
Ve — :
tacst oy Hm—b
Viu | taal ol tach
L}

a::: W

» €2
| woi~ Vou — ;
Vo4 OPEN % DATA - OUT }—-—
N Vo — tasc tean

WRITE CYCLE

/////////////// l‘l
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TENTATIVE DATA
262,144 WORD x4 8IT DYNAMIC RAM

DESCRIPTION
The TC514258AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by 4 bits,
The TC514258AP/AJ/AZ utilizes TOSHIBA's CMOS Silicon gate process technology as well as advanced

circuit techniques to provide wide operating margins, both internally and to the system user.
Multiplexed address inputs permit the TC514258AP/AJ/AZ to be packaged in a standard 20 pin plastic

DIP, 26/20 pin plastic SOJ and 20/19 pin plastic ZIP.
densities and is compatible with widely available automated testing and insertion equipment.

The package size provides high system bit
System

oriented features include single power supply of 5V+10% tolerance, direct interfacing capability with
high performance logic families such as Schottky TTL.

FEATURES

e 262,144 word by 4 bit organization e Low Power
¢ Fast access time and cycle time 440mW MAX. Operating
(TC514258AP/AJ/AZ —70)
TC514258AP/AAZ ~ 70/~ 80/ - 10
385mW MAX. O ti
tRAC ET\F Acc;s;dTime 70ns 80ns 100ns m (TCSI4§§;:&’7§JIAZ—80)
taa olumn Address 330mW MAX. Operating
" 40 50
Access Time 35ns s s (TC514258AP/AJ/AZ — 10)
teac €S Access Time 25ns 25ns 30ns 5.5mW MAX. Standby
tec  Cycle Time 130ns 150ns 180ns | @ g)iutput.;» ur;la}tlc.hed 1at; .cycle end allows two-
ts¢ Static column ) mensional chip selection
Mode Cycle Time 40ns 45ns 5505 | o Read-Modify-Write, CS before RAS refresh,
. Si'r:gle io"ylir- Suvsply of 5V10% gﬁgugilﬁigiir?gagii?n refresh, and Static
w. - : at
ith a built-in Vgp generator ¢ All inputs and outputs TTL compatible
@ 512 refresh cycles/8ms
PIN NAMES o Package TC514258AP : DIP20-P-300B
AO~A8|Address Inputs 1/01~1/04|Data Input/Output TC514258Ad : S0J26-P-300
RAS |Row Address Strobe Ve |Power (+5V) TC514258AZ : ZIP20-P-400
CS | Chip Select Vss Ground
WRITE {Read/Write Input N.C. |[No Connection
OE |Output Enable )
PIN_ CONNECTION (TOP VIEW)
Plastic DIP Plastic 50J Plastic 2IP
b-g:':;: T <1
vos3|3. =23 /04
Vssis ) Fe3 i
vo2lr ] f.:s== muo:
"R
A0l N2] A1
AZU3 HOY a3
Vsl Fl s
ASpI Fafs: A6
ATHSS 551 s
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80
TC514258AP/AJ/AZ-10

BLOCK DIAGRAM

1701 ¥o2 103 1704
|
Vee Vs Y 4
. DATA IN DATA OUT | <O BT
BUFFER BUFFER
. ) [}
WR'ITEO————E'_‘/\ a4 T A
L
TEO——| NO.2 CLOCK [
GENERATOR
¥
COLUMN COLUMN
AQ O ADDRESS 9 > DECODER
BUFFER (9)
A1O> { J SENSE AMP 4
A2 O REFRESH 110 GATE
CONTR ER [« ’
. A3 O 0 fLL d L 512 -
AL O> REFRESH x4
A5 O COUNTER (9) )
ason| [[2CN -
ROW g al " MEMORY
A7O> ADDRES$ T NS Q| si2 |  Aray
AB O BUFFER (9) w H 512x512x4
— NO.1 CLOCK .
RASO—>| GENERATOR SUBSTRATE BIAS
) GENERATOR
MAXIMUM RATINGS
CHARACTERISTIC SYMBOL RATING UNIT NOTE
input Voltage Vi -1~7 v 1
Output Voltage Vour -1~7 v 1
Power Supply Voltage Vee -1~7 \ 1
Operating Temperature Toer 0~70 °C 1
Storage Temperature Tste - 55~150 °C 1
Soldering Temperature * Time TsOLDER 26010 °C-sec 1
Power Dissipation Po 600 mw 1
Short Circuit Output Current lout 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta =0~70°)

SYMBOL CHARACTERISTIC MIN. TYP. MAX, UNIT NOTE
Vee Supply Voltage 45 5.0 5.5 v 2
Vi Input High Voltage 2.4 - 6.5 v 2
Vie Input Low Voltage -1.0 - 0.8 A 2
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80

TC514258AP/AJ/AZ-10

DC _ELECTRICAL CHARACTERISTICS (VCC=5V % 10%, Ta=0~70°)

SYmMmBoOL CHARACTERISTIC MIN. MAX. | UNIT | NOTE
OPERATING CURRENT TCS1425BAP/AJIAZ-70 - 80
lee Average Power Supply Operating Current TCS14258AP/ALAZ-80 - 70 mA 3,45
(RAS, TS, Address Cycling: tac=tac MIN.) TCS1425BAPIAIAZ-10 | = 60
STANDBY CURRENT
lec2 Power Supply Standby Current - 2 mA
(RAS = TS = Vi)
RAS ONLY REFRESH CURRENT TC514258APIAIAZ-70 | = 80
lecs Average Power Supply Current, RAS Only Mode TC514258AP/AJIAZ-80 - 70 mA 3,5
(RAS Cycling, T8=Vin: tac=tac MIN.) TCS5142S8APIANAZ-10 | = 60
STATIC COLUMN MODE CURRENT TC51425BAP/ANAZ-70 - 60
Average Power Supply Current, STATIC COLUMN TC514258AP/AIAZ-80 - S0 mA 3,4
leca Mode (RAS = TS =V, Address Cycling: tsc=tsc MIN.) | 1cs1a258apmasaz-10 - 40
STANDBY CURRENT
lces Power Supply Standby Current - 1 mA
(RAS=TS5= Vce-0.2V)
TS BEFORE RAS REFRESH CURRENT TCS14258AP/ANAZ-T0 - 80
lecs Average Power Supply Current, TS Before RAS TCS14258AP/AIIAZ-80 - 70 mA 3
Mode (RAS, T3 Cycling: tac=tac MIN.) TCS142SBAPIANAZ-10 | - 60
INPUT LEAKAGE CURRENT
I Input Leakage Current, any input -10 10 BA
(OVEV|y 6.5V, All Other Pins Not Under Test=0V)
i OUTPUT LEAKAGE CURRENT 10 10
QM (Dour is disabled, OVS VourS 5.5V) BA
OQUTPUT LEVEL !
Von oo 24 - v
Output "H" Level Voltage (loyt = ~ SmA}
OUTPUT LEVEL
Vou i - - 0.4 v
Output “L" Level Voltage (loyr=4.2mA)
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80
TC514258AP/AJ/AZ-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(VCC =5Vt 10%, Ta=0~70%) (Notes 6, 7, 8)

TC514258AP/ TC514258AP/ TC514258AP/
SYmBoL CHARACTERISTIC AlIAZ-70 AliAZ-80 ANIAZ10 UNIT | NOTE
MIN. MAX. MIN. MAX. MIN. MAX.
e Random Read or Write Cycle Time 130 - 150 - 180 - ns
tamw Read-Madify-Write Cycle Time 185 - 205 - 245 - ns
tsc Static Column Mode Cycle Time 40 - 45 - S5 - ns
tonnaw 2;7': ﬁ::mn Mode Read-Modify-Write 100 _ 110 R 135 _ ns
tRAC Access Time from RAS - 70( - 80 - 100| ns | 9,14
teac Access Time from T3 - 25| - 25| - 30| ns | 9,14
tan Access Time from Column Address - 35| - a0 - 50{ ns | 9,15
taw Access Time from Last Write - 65| - 75 - 95| ns [ 9,16
taz TS to output in Low-Z 0 - 0 - 0 - ns |9
torF OQutput Buffer Turn-off Delay 0 20 0 20 0 20| ns | 10
taom Output Data Hold Time from Column s _ s - s - ’ ns
Address
tow Output Data Enable Time from WRITE - 25| - 25| - 30| ns
tr Transition Time (Rise and Fall) 3 50 3 50 3 S0| ns |8
trp RAS Precharge Time S0 - 60 - 70 - ns
lras RAS Pulse Width 70 10,000 80 10,000 100 10,000 ns
TRASC RAS Puise width (Static Column Mode) 70 100,000 80 100,000 100 100,000 | ns
tasw TS to RAS Hold Time 25 - 25 - 30 - ns
tesH RAS to TS Hold Time 70 - 80 - 100 - ns
tcs T3 Pulse Width 25 10,000 25 10,000 30 10,000 | ns
tese T3 Pulse Width (Static Column Mode) 25 100,000 25 100,000 30 100,000 [ ns
thep "RAS to T Delay Time 20 45 20 55 25 70| ns | 14
tRAD RAS to Column Address Delay Time 15 35 15 40 20 50} ns |15
terp T3 to RAS Precharge Time S - 5 - 5 - ns
tep - TS Precharge Time 10 - 10 - 10 - ns
tasr Row Address Set-Up Time 0 - 0 - 0 - ns
tRAH Row Address Hold Time 10 - 10 - 15 - ns
tasc Column Address. Set-Up Time 0 - 0 - 0 - ns
teaH Column Address Kold Time 15 - 15 - 20 - ns
tawn ‘C:I;%nsp(cf;:;o;scsgﬁ)‘l‘lmc referenced 55 - 60 - 75 _ ns
Column Address Hold Time referenced
tar ‘: RAS (R:AD ) ) nd T o - e n
traL Column Address to RAS Lead Time 35 - 40 - 50 - ns
tau tc:;l:%\gn R?idress Hold Time referenced s . s - 1 " ns |17
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 -
TC514258AP/AJ/AZ-10

TC514258AP/ TC514258AP/ TC514258AP/

SYMBOL CHARACTERISTIC AJIAZ-70 AJAZ-80 AJIAZ-10 UNIT| NOTE

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

Last Write to Column Address Delay

tLwad Time 20 30 20 35 25 45| ns | 16
Last Write to Column Address Hold
tasw T?r:\e e v 65| - sl - 95| - ns
Read Command Set-up Time referenced
tres 0 & 0 - 0 - 0 - ns
Read Command Hold Time referenced
trew to & 0 - 0 - 0 - ns | 1
. Read Command Hold Time referenced 0 0 0 o | 11
Rin to RAS
‘Write Command Hold Time
twen e o , ! 15[ - 5| - 0{ - ns
(Output Data Disable)
Write Command Hold Time referenced
t 55 - 60 - 75 - ns
WR | o RAS
twp Write Command Pulse Width 15 - 15 - 20 - ns
twi Write Command Inactive Time 10 - 10 - 10 - ns
TRwi. Write Command to RAS Lead Time 20 - 20 | - 25 - ns
tewt Write Command to CS Lead Time 20 - 20 - 25 - ns
tps Data-In Set-Up Time 0 - 0 - 0 - ns 12
on Data-In Hold Time 15 - 15 - 20 - ns 12
oHR Data-In Hold Time referenced to RAS sS - 60 - 75 - ns
tree Refresh Period - 8 - 8 - 8| ms
Write Command Set-UP Time
twes 0 - 0 - 0 - ns |13

(Output Data Disable)

. TS to WRITE Delay Time ss 55 65 n 13
wo (READ-MODIFY-WRITE CYCLE) , s

RAS to WRITE Delay Time

WO | (READ-MODIFY-WRITE CYCLE) 100 B 1o ) 135 ) ns |13
tAWD Column Address to WRITE Delay Time 65 - 70 - 85 - ns |13
tesh 5 Set-Up Time(TS before RAS) [ - S - s - ns
tenr TS Hold Time(TS before RAS) 15 - 15 - 20 - ns
trpC RAS to TS Precharge Time 0 - 0 - 0 - ns

TS Precharge Time (CS before RAS

tept Counter Test Cycie) @ - “© - 50 - "
troH RA3 Hold Time referenced to OF 10 - 10 - 20 - ns
toEa OF Access Time - 25 - 25 - 30| ns
toep OF to Data Delay 20 - 20 - 25 - | ns
toez g\gtpu‘ Buffer turn off Delay Time from 0 20 0 20 o 2| ns |10
togn OF Command Hold Time 20 - 20 - 25 - ns
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80
TC514258AP/AJ/AZ-10

CAPACITANCE (VCC =5Vt 10%, f=1MHz, Ta=0~70%)

SYMBOL CHARACTERISTIC MIN. MAX. UNIT
n Input Capacitance (AO~A8) - - s pF
[ Input Capacitance (RAS, T3, WRITE, OF) . - 7 pF
Co Input/Output Capacitance (/O1~1/04) - 7 pF
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80
TC514258AP/AJ/AZ-10 |

NOTES:

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

All voltages are referenced to Vss.

Icer Ices, Iccs, Iccs depend on cycle rate.

Icci, Iccs depend on output loading. Specified values are obtained with the output open.
Columr} address can be changed once or less while RAS=V,.

I

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

7. AC measurements assume tT=5ns.
8. ViH (min.)and Vj, (max.) are reference levels for measuring timing of input signals.

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

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

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

12. These parameters are referenced to CS leading edge in early write cycles and to WRITE leading
edge in Read-Modify-Write cycles.

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

14. Operation within the 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 trep (max.)
limit, then access time is controlled by tcac.

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

16. Operation within the t,wap (max.)limit insures that toLw (max.) can be met.
tLWAD (max.) is specified as a reference point only: If tRap is greater than the specified tLwAD
(max.) limit, then access time is controlled by taa.

17. taH is the condition to latch column address when RAS has risen up.
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 TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80

TC514258AP/AJ/AZ-10
READ CYCLE
RAS ::': : ‘ S taas -a tere N
]...t_caL, i facy tesH Tacn
il | Ay g — 5
A0~AB \\2: :m ROW @l cowmant——, W
st~ 1A | ta ] | el e
.
o :7////////!// e ;:
‘L@ : "H" or “L*
WRITE CYCLE (EARLY WRITE)

AO~AB

1O 1~1/04

L
L
L

Vi
Vi
Vi
v
Vin
Vi
Vi
\Z
Vi
V|

L

Vin

Vi

F X

tac

T zF:i:ﬁ
e DY T s
:J L-'isl ta;:w tasC S tcAutCL Z

I
"7 %W:L/ )

e

twe.

Iwcr

by,

. DATA-IN

N

L

-

A-244 -

OPEN

: “H® or "L”



TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80
TC514258AP/AJ/AZ-10 |

WRITE CYCLE (OE CONTROLLED WRITE)

'jJ
|

tcre LCSH tcre
LRSH :

ice 7
s =

RAD e trwi —

P

£ X £ f£5 Fxr £rx
= % ) F F F 5 )

oy .
IW R
DD -+ o -
o — =
RAS 1sal \__
iy 3 :é ‘ zl;m'__
ey
éO~A8 :'L 20 C‘tt:’DMN /////////////////
mon U = R " N .
= " s
1O 1~1104 z::::‘ _ !CLZ—W owra-w W77

: “H" or "L*
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80
TC514258AP/AJ/AZ-10

STATIC COLUMN MODE READ CYCLE

A0~AB

WRITE

1/01~1/104

tre
Vi -
Vi — tasr -:% . tsc
n :%: ROW %}: coL.1
* RAD tan
Vi — N
o= tres I
vV, —_—
w — 2
w 0%
e
teac
toa lan tcac ~0EE_,
trac : ta g
o’z DX eor KT N oo —
et

taz
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80
TC514258AP/AJ/AZ-10

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)

sz Vi — B trasc 3
wEs Um & ZE ;§
ik —
H

tasr tran

Vi =— .
AQ~A8 ROW
Vi —

waE M T | ’Wﬁ\
w o —
O1~104 :::‘ ://////%////%//X‘MD—:: iﬂ% D2 ‘ DN //////////////////

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)

Vi — .____:,S trasc Z‘g
RAS ~
Vi — | V.
t RAH

| tcan

Ao~aB " “ TR row 7N cout cotz )
AWR (I

I3}
Q
< <
=
sz
i3 18
11
-
2
[a)
p-3
2
(a3
= _-

e e ‘i%i w [ /T
. D //

s = T o X i Y N
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80
TC514258AP/AJ/AZ-10

STATIC COLUMN MODE READ . MODIFY . WRITE CYCLE

tre
T — t
RS le N RASC
i tars TRan "
V ———
ao~ag " %ﬂ ow %7 coL.1 [@ﬂ COLN
no— = :
| Rao tsamw_ tcan trat Xcrp
= VIH — tiwao
cs . - trRwi
vy — treo o
TCWD i tawp towi

TAWD =31 [}

= C— /
T ]

Lo, toez

VIOH = 4=
woi~yoa \, 7 Moour
- -

toeo
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80
TC514258AP/AJ/AZ-10

STATIC COLUMN MODE READ/WRITE MIXED CYCLE

Vg ——
RAs " N
Vi, —

taco te tep |
Vi — SC. b
© Vi = 1 ln»;o S »gLWAD N 7
1 RAH ] LASC T
AO~AS z:“ :% ROW [@ coL.1 [%Z coL.2 [% COLN %
L LaWR e tAwD el tean
WRFE UM T tenc . ﬁtwv /
Vi — 4.-_—'&@\ ,.M talw < taHLW A toeo F
"
toug < toez
tan
Bty Bl taon tos fou
101~1/04 :::Z’: :———-@E D’ // . Dour? %U’H DN %
(WRITE) | (READ) | (READ) (WRITE)
7 1 T

% : "H" or “L"
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80
TC514258AP/AJ/AZ-10

RAS ONLY REFRESH CYCLE

tac

tgp
Vig = 3

A N
Vi — X J/ '
‘L tcrp trrcC :

Vm — d "
o ——_____/ \_/
Vi
tasr | [tRAH
[t |

e o

: “H" or "L*

Note: WRITE, OE="H" or wLr
"C3 BEFORE RAS REFRESH CYCLE

tre

trp

tre

— R
Vig — t
RAS
RAS /| trec \ |
Vi — B

N
T AN e

-t
OPEN

OH—™ 3
1101~1/04 &

VoL ™ e

: “H" or “L"

Note: WRITE, OFE, A0~A8="H" or “L"
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HIDDEN REFRESH CYCLE (READ)

1rg

tras <_1L tap
RAS
RAS \' \ “/ tar \"’ r \———-
\¢

CRP| | g R toay tenr tcRp

Z.L :m///////m ==

taz l" !
tRAC *"l toe
VoH —— | % o~ N
Vo1~
0 ., DATA- OUT N
04 Vo —— N A
% : "H
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80
TC514258AP/AJ/AZ-10

HIDDEN REFRESH CYCLE (WRITE

tRe tac
t2a$ tro tre
H— X x tawR / \ tras
— \ A b 3 A

[ :: : _/ ‘::c \.‘ | »L,
e el

: “H" or “L”
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80
TC514258AP/AJ/AZ-10

CS BEFORE RAS REFRESH COUNTER TEST CYCLE

RP
Vi — taas N
Sy 14 N
w
1rg
tesr teHR Lo 2 H terp
Vin = aat y \ . 1cg A

READ CYCLE RAL il

s ::: _% W//// // g COLUMN ] mg%
" .. %

o = £ T
1/?/;4 ve : OPEN 't““@( DATA-IOL‘JTl }—
o ///xﬁ o YT
we 7 ///////% ,/////

o “////

o
=
(o
S
z

I/?/:) Vi : OPEN { DATA-IN t } l
READ-MOD:FY.WWECYCLE / __ | ] lean, o
o 722727 2/%/////%4‘ ot )

ST

w:r—zzW'w/// Ty e

taa | Cac toez

101~ Vion— @g -
1104 v o) e X I/ A *
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262,144 WORD x 4 BIT DYNAMIC RAM

DESCRIPTION

The TC514266BP/BJ/BZ/BFT is the new generation dynamic RAM organized 262,144 words by 4 bits,
The TC514266BP/BJ/BZ/BFT 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 TC514266BP/BJ/BZ/BFT to be packaged in a standard 20 pin
plastic DIP, 26/20 pin plastic SOJ, 20/19 pin plastic ZIP, 24/20 pin plastic TSOP. The package size
provides high system bit densities and is compatible with widely available automated testing and
System oriented features include single power supply of 5V+10% tolerance,
direct interfacing capability with high performance logic families such as Schottky TTL.

insertion equipment.

FEATURES

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

TC514266BP/BJ/BL/BFT - 60

trac RAS Access Time 60ns
taa Column Address

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

Cycle Time 40ns

PRELIMINARY

¢ Single power supply of 5V10%

with a built-in Vgp generator

Low Power
495mW MAX. Operating
5.5mW MAX, Stand by

¢ Outputs unlatched at cycle end allows two-
dimensional chip selection

PIN CONNECTION
Plastic DIP Plastic SOJ
w101 [ 1 w011 26[ Vs
w102 [ 2 %él/!vc;g 2 25 w4104
WEWE [ 3 1E] 24 w3/103
RAS O 4 RA3( 4 230CAY
NC. O s NCs 2200
:? : Ao{l9 18] A8
atffio  170A7
AzQ 8 a2 160A6
A3l 9 A3 12 150AS
Vee 10 Ve 13 140 A4

¢ Read-Modify-Write, CAS before RAS refresh,
RAS-only refresh, Hidden refresh, Write per
Bit and Fast Page Mode capability
e All inputs and outputs TTL Compatible
® 512 refresh cycles/8ms
e Package TC514266BP : DIP20-P-300B
TC514266BJ : S0J26-P-300
TC514266BZ : ZIP20-P-400
TC514266BFT : TSOP24-P-0616
PIN_NAMES
A0~A8 Address Inputs
Plastic 2IP RAS Row Address Strobe
[<9 Chip Select
s PRy WB/WE Write Per Bit/Read/Write inpu
W3/IVOS3$ ‘r,:":‘ Wwa/104 OF Output Enable
W2/102 'ig ;vai%a_" W1/101~W4/104 |Write Select/Date Input/Outp
RAS Vee Power ( + 5V)
22 Al Vss Ground
v A3 N.C. No Connection
C; Al
A
S

Ot

1 Plastic TSOP
3| 2 %
w303 | 3 S 2
Wa/i04 | 4 23
Vss) § B 20
w101 | 8 Py
w021 9 16
WB/WE }g 1s
NG |12 3
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TC514266BP/BJ/BZ/BFT-60

BLOCK DIAGRAM
WI/I01 W2/102 W3/103 W4/104
[ o ©°

N N

Ve Vs {4 ;'———{4}
T DATA IN DATA OUT |0 OTF
BUFFER BUFFER
WEBWE 4 s 4 } A
TAS NO.2 CLOCK.  [wgmy
GENERATOR
COLUMN | COLUMN
AQO> ADDRESS v | oecooer
BUFFER (9,
A1 O 9 SENSE AMP 4
A2 O REFRESH VO GATE
A3 O+ CONTROLLER |- s12
A4 O REFRESH X
A5 O E COUNTER (9) p
A O ROW 3 ! MEMORY
A7 O ADDRESS 09| s12| ARRAY
A8 O BUFFER (9) w I 512x512x4
NO.1 CLOCK
GENERATOR SUBSTRATE BIAS
GENERATOR
ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL RATING UNITS NOTES
Input Voltage VV.N -1~7 1
Output Voltage Vour -1~7 1
Power Supply Voltage Vee - 17 1
Operating Temperature Topr 0~70. *C 1
Storage Temperature Tste ~55~150 *C 1
Soldering Temperature - Time TsoLoer 26010 °C-sec 1
Power Dissipation Po 600 mw 1
Short Circuit Output Current lour 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta =0~70%)

SYMBOL PARAMETER MiIN. TYP. MAX. UNIT NOTES
Vee Supply Voitage 45 5.0 5.5 \ 2
Vin Input High Voltage 24 - 6.5 \ 2
Vi Input Low Voltage -1.0 - 08 \' 2
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TC514266BP/BJ/BZ/BFT-60

|
|
!

DC ELECTRICAL CHARACTERISTICS (Vec =5V £10%, Ta=0~70%)

SYMBOL

PARAMETER

MIN.

MAX,

UNITS

lecy

OPERATING CURRENT
Average Power Supply Operating Current
(RAS, TAS, Address Cycling: tac = tac MIN.)

TC5142668P/B)/
BZBFT-60

90

mA

[d<]

STANDBY CURRENT
Power Supply Standby Current
(RAS =TAS = Vi)

mA

leca

RAS ONLY REFRESH CURRENT
Average Power Supply Current, RAS Only Mode
(RAS Cycling, TAS = Viu: tac =tac MIN.)

TC5142668P/BJ
BZ/BFT-60

90

mA

lcca

FAST PAGE MODE CURRENT
Average Power Supply Current, Fast Page Mode
(RAS = V), TAS, Address Cycling: tpc =tpc MIN.)

TC514266BP/BY
BZ/BFT-60

60

mA

lecs

STANDBY CURRENT
Power Supply Standby Current
(RAS = m:vcc -0.2v)

mA

lees

TAT BEFORE RAS REFRESH CURRENT
Average Power Supply Current, TAS Before RAS
Mode (RAS, TAT Cycling: tac = tac MIN.)

TC5142668P/B)
BZ/BFT-60

90

mA

i

INPUT LEAKAGE CURRENT
Input Leakage Current, any input
(OVE VNS 6.5V, All Other Pins not under Test=0V)

-10

lo W

OUTPUT LEAKAGE CURRENT
(Douyr is disabled, OVS VoyrS 5.5V)

-10

Vou

QUTPUT LEVEL
Output "H” Level Voltage {loyr= - SmA)

24

VoL

OUTPUT LEVEL
Output "L" Level Voltage (loyr = 4.2mA)

0.4
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TC514266BP/BJ/BZ/BFT-60

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

TCS514266BP/BJ/BLBFT-60
SYMBOL PARAMETER UNIT | NOTES
MIN, MAX,
tre Random Read or Write Cycle Time 110 - ns
Trmw Read-Modify-Write Cycle Time 165 - ns
toc Fast Page Mode Cycle Time X 40 - ns
toRMW Fast Page Mode Read-Modify-Write Cycle Time 95 ] - ns
trac Access Time from RAS - 60 ns | 9,14
teac Access Time from CAS - 20 ns | 9,14
taA Access Time from Column Address - 30 ns | 9,15
tepa Access Time from CTAS Precharge - 35 ns |9
teiz TAT to output in Low-Z .0 - ns |9
torr Output Buffer Turn-off Delay 0 20 ns |10
tr Trarsition Time (Rise and Fall) 3 50 ns |8
trp RES Precharge Time 40 - ns
tras RAZ Pulse Width 60 10,000 ns
tRASP RAT Pulse Width (Fast Page Mode) 60 100,000 ns
tRSH RAS Hold Time 20 - ns
[T RAS Hold Time From TAS Precharge (Fast Page Mode) 35 - ns
tesh TAS Hoid Time 60 e ns
teas TAT Pulse Width 20 10,000 ns
tacp RAT 10 TAS Delay Time 20 40 ns | 14
tRan RAY to Column Address Delay Time . 15 30 ns | 15
terp TAS 10 RAS Precharge Time 5 - ns
tep TAT Precharge Time (Fast Page Mode) 10 - ns
tasr Row Address Set-Up Time 0 - ns
tRAM Row Address Hold Time 10 - ns
tasc Column Address Set-Up Time 0 - ns
team Column Address Hold Time . 15 - ns
tan Colymn Address Hold Time referenced to RAS 50 - ns
taaL Column Address to RAS Lead Time 30 - ns
tres Read Command Set-Up Time 0 - ns
tReW Read Command Hold Time 0 - ns 1
tRRN ,Read Command Hold Time referenced to RAS 0 - ng |11
twen Write Command Hold Time 10 - ns
twer | Write Command Hold Time referenced to RAS 45 - ns
twp Write Command Pulse Width 10 - ns
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TC514266BP/BJ/BZ/BFT-60

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Continued)
TC5142668P/84/BZ/BFT-60
SYMBOL PARAMETER UNITS! NOTES ;
MIN. MAX.
WL Write Command to RAS Lead Time 20 - ns
towt Write Command to TAS Lead Time 20 - ns
tos Data Set-Up Time 0 - ns | 12
\L Data Hold Time 15 - ns | 12
tDHR Data Hold Time referenced to RAS 50 - ns
tRer Refresh Period - 8 ms
twes Write Command Set-UP Time 0 - ns |13
tewd TAS 10 WE Delay Time 50 - ns |13
w0 RAS to WE Delay Time 90 - ns | 13
tawo Column Address to WE Delay Time 60 - ns | 13
tepwn TAT precharge to WRITE Delay Time 65 - ns |13

TAS Set-Up Time

tese (TAT before RAS Cycle) 5 - ns
tonr TAT Hold Time . - ns
(TAS before RAS Cycle)
trec RAS to TAT Precharge Time 0 - ns
terr CAS Precharge Time 30 - o
{CAT before RAS Counter Test Cycle)
tROM RAS Hold Time referenced to OF 10 - ns
toea OF Access Time - 20 ns
toen OF to Data Delay 20 - ns
toez Output buffer turn off Delay Time from OF 0 20 ns
togn BE Command Hold Time 20 - ns
twas Write Per Bit Set-Up Time 0 - ns
tweK Write Per Bit Hold Time 10 - ns
twos Write Per Bit Selection Set-Up Time 0 - ng
twomr Write Per Bit Selection Hold Time 10 - ns
CAPACITANCE (Vce =5V £10%, f=1MHz, Ta=0~70°)
SYMBOL PARAMETER MIN. MAX. UNIT
Cn Input Capacitance (AQ~A8) - H pF
[ Input Capacitance (RAS, TAS, WB/WE, OF) - 7 pF
Co Input/Output Capacitance (W1/101~W4/108) - 7 pF
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TC514266BP/BJ/BZ/BFT-60

NOTES:

1.

IS T

10.

11.
12,

13.

14.

15.

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

All voltages are referenced to Vss.

Icci, Iccas 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=Vig.

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

AC measurements assume tT=5ns.

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

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

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

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

These parameters are referenced to CAS leading edge in early write cycles and to WB/WE leading
edge in Read-Modify-Write cycles. .

twes, tRWD, tcwD, tAwD and tcpwp are not restrictive cperating parameters. They are included
in the data sheet as electrical characteristics only. If twcs=twcs (min.), the cycle is an early
write cycle and the data out pin will remain open circuit (high impedance) throughout the entire
cycle; If tRwD=tRwD (min.), tcwp=tcwp (min.), tAwD=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.

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

Operation within the tgap (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.
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TC514266BP/BJ/BZ/BFT-60 H

READ CYCLE
R Sy e e R S
Bad tao hiid
= wa ] N
tase, (1B tase [T e 1™ '
o b CED e O o I
o :W Ny
P ——

% ¢ "H or L”

Note: Djn="“H" or “L”

WRITE CYCLE (EARLY WRITE)

tre
ras 1 tre
o= Vi e Ty ™ f——_1
Vip = i
tcre e =1 - Yre
Vig = Y = SH = 7
mv.—_""7 W\\‘_gﬁ /'l
tasr tasc, 1|
’ i
tRAD

g B O e :

Note: Doyr=OPEN : “H* or "L"
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TC514266BP/BJ/BZ/BFT-60

WRITE CYCLE (OE CONTROLLED WRITE

M
RAS
[

ws ™
{

AO~AB

= o

< < < < < < < < < < < <
z||3 - 3
z o
wr
= s
0o
o
—
[ =4
2
4

m o (N
e R ek R o W
Note: Doyr=OPEN :"H' or “L*

READ - MODIFY - WRITE CYCLE
Ry — o
' ‘Ig!: tre ks tas ’lﬁ'kl‘\:—
vy I N = = [ F
AC~A8 7 0ROT@:’COLUMT
- vy _,{__m' — towp »
e TBL [ N

X oara-out -
4

DATA-IN K%///////////////

W1101~W L
40104

A-262



TC514266BP/BJ/BZ/BFT-60

FAST PAGE MODE READ CYCLE

RAS

A3

A0~A8

WBWE

ot

W01~

Vin
Vi

Vin
ViL

Vig
Vi,

Vi
Vi

Vig
Ve

Vou

W4/104 Vou

trase.
me—
N\ tar
T
tlSEL tRCD = Icp
— f [ \\ teas 2
feapl (B T 0" ag]
:% ROW oLt ] %
tac __] trepl
I
—_ \ |og4 /
o tra Al !
= £

FAST PAGE MODE WRITE CYCLE

RAY

AQ~A8

WBANE

Ot

W01~

Vin
Ve

Vin
Viu

Vi
ViL

Vin
Vi

Vin
Vie

Vi

wa/108 Vi

Dour 1

trasp tap
e —
\ AR
Heeel | e T tce | =
- -/T \\ teag }{ (} teas 1/ l S4___‘Se§._,. /
- tasr tesu -
. tran  tagc] teau| S teay T
e pass) [t e 2 —
. ROW cotL. 1 COoL.2 COL.N
_taap tom, ' tow ' towy
twes | twes twes [T tawt
twes| |twen twe 1 twen !
_ t t L] twe
Itoen | toen 1tQEn.
—_ L
— bomr loed]
two [ tog] ton tog ton ;25_ ton
— d
T Y
! J
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TC514266BP/BJ/BZ/BFT-60

FAST PAGE MODE READ-MODIFY.-WRITE CYCLE

RAS
(431
A0~AB

WEBAVE

W01~
W4/104

Vor
Vo

Vin
Vi

_.._-—-.1% trasp 5
tacp CH thamw F%"LL‘ tas
- 1RaD 3 tas 7 teas { teas /}'F—'—"
— N
task, Tascll fican : asc | Jtean | tasg[TTan ‘RAL
e N - N o
tw tres tawo=—31 towt, [ ;..FWD ‘Tlc"'(v -—M
-_ taa twel el Kt twe
l ] £A ! toea I - loga !
— ‘c} j.O o "“;” LA} . '-(PIEALJﬂlg o
c [ C T
) toez | Ttaa} | 1o, “M—' L | ftogz
trac| ‘ Jtos | tos > [tos
L,'Sm toy ....Fm
—_— °‘§"“§ %n;
- lwon —
‘&ﬁ E'A Ll |, oour2 tag DourN
=X D e o
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RAS ONLY REFRESH CYCLE

e S———— rs
- tere © :y_c_i
Vi = 4
o ./ A4
ViL ==

e = @@

: “H or “L*

Note: WRITE, OE="“H" or “L"

CAS BEFORE REFRESH CYCLE

RC
tep l trp
Vig =
RS ViL — tare \-t . ;V \

w s SN
o

: “H® or "L

Note: WRITE, OE=A0~A8="H" or “L"
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HIDDEN REFRESH CYCLE (READ)

tre. tre
taas DAL e,
ViR e, tar 8AS |
L Vi — \ ' . :'-/ \-i \._

e tacp tRsH 1oHR far |

Vib e ; x A
& ——_/ [ tnap A
t,

. >////////////////////////////

faal ]
e W%// -
% . | | /
T #%{ ST ——

V///A ¢ "H" or "L
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HIDDEN REEFRESH CYCLE (WRITE

tae TR
tras tap trp.
Vin tar tras
RAS V Nx o \w \__

w
tcrp trep tasy 1 5 tcha | t
T e—RE
w T T e N
: t
Vip — £AQ S
) 45C

e T
=

t
! DS oM

SN on MO

% i "H® or "L
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CAS BEFORE RAS REFRESH CQUNTER TEST CYCLE

w TN e /f_“\_
1
/ o @ @

<GPy
i il gy | ST
[734
vy = -
k!

AAAAA - o

taa
READ CYCLE {4 teac
/ o
o e
lk tRoH
- EA
x W N\ W
Lote
L, wf] |
| —
,/.01 E @{ DATA -OUT }—
WC! tawy
WRITE CYCLE tom

o~ I [

& 31’[

H
. OPEN 4 IN
tawo ml
D-MODIFY-WRITE CYCLE tacs | towp !
Vin \“""w'
WRTE 1
8 ! tan
Vg — ' to
e " \. /Ao_e_z.l
tos
taz toez tom
OH—— N N
Vo — h-Z ~ 8 o
-ouT
% : “H" or
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TC514266BP/BJ/BZ/BFT-60

APPLICATION INFORMATION
ADDRESSING

The 18 address bits required to decode 1 of the 262, 144 cell locations within the TC514266BP/BJ/BZ/BFT
are multiplexed onto the 9 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 9 row address bits into the chip. The second
clock, the Column Address Strobe (CAS), subsequently latches the 9 column address bits into the chip. Each
of these signals, RAS, and CAS, triggers a sequence of events which are controlled by different delayed
internal clocks. -

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

DATA INPUTS

Write Cycle. A write cycle is performed by bringing (WB / )WE low during the RAS/CAS operation. The
falling edge of CAS or (WB / )YWE strobes data on (Wi) I0i into the on-chip data latch. To make use of the
write-per-bit capability WB( / WE) must be low as RAS falls. In this case data bits to which the write
operation is applied can be specified by keeping Wi ( / IOi) high with set-up and hold times referenced to the
RAS negative transition.

For those data bits of Wi (/10i) that are kept low as RAT talls the write operation is inhibited on the chip if
WB( / WE) is high as RAS falls, the write-per-bit capability does not work and the write operation is
performed for all fourdata bits. :

DATA QUTPUTS

The three-state output buffers provide direct TTL compaublhty with a fan-out of two standard TTL loads,
Data-out is the same polarity as data-in. The outputs are in the high-impedance state until TAS is brought
low. In a read cycle the outputs go active after the access time interval tRac and togA are satisfied.

The outputs become valied after the access time has elapsed and remains valied while CAS and OF are low.
CAS or OF going high returns it to a high impedance state. In an early-write cycle, the outputs are always in
the high-impedance state. In a delayed-write or read-modify-write cycle, the outputs will follow the sequence
for the read cycle. .

The OF controls the impedance of the output buffers. In the logic high position the buffers will remain in a
high impedance state.

When the OE input is brought to a logical low level the output buffer are enabled. Both CAS and OF can
control the output. Thusin a read operation, either OF or CAS returning high forces the outputsinto the high
impedance state.
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RAS ONLY REFRESH

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 512 row
address (A0~ A8) within each 8 millisecond time interval.
Although any normal memory cycle will perform the refresh operation, this function is most easily
accomplished with “RAS-only” cycles, RAS only refresh results in a substantial reduction in operating power.
This reduction in power is reflected in the Icc3 specification.

CAS BEFORE RAS REFRESH

CAS before RAS refreshing available on the TC514266BP/BJ/BZ/BFT 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.

PAGE MODE

The “Page-Mode” feature of the TC514266BP/BJ/BZ/BFT allows for successive memory operations at
multiple column locations of the same row address with increased speed without an increase in power. Thisis
done by strobing the row address into the chip and maintaining the RAS signal at a logic 0 throughout all
successive memory cycles in which the row address is common. This “Page-Mode” of operation will not
dissipate the power associated with the negative going edge of RAS. Also, the time required for strobingin a
new address is eliminated, thereby decreasing the access and cycle times.

HIDDEN REFRESH

An optional feature of the TC514266BP/BJ/BZ/BFT is that refresh cycles may be performed while
maintaining valid data at the output pin. This is referred to as Hidden Refresh. Hidden Refresh is performed
by holding CAS at Vj1, and taking RAS high and after a specified precharge period (trp), executing a CAS
before RAS refresh cycle. (see Figure below)

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE
~— : VALID DATA-OUT \
WIN01~Wa/104 OPEN ALID DATA-OU )

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 TC514266BP/BJ/BZ/BFT 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 TAS 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 512 times.
® Check “1” out of 512 bits at normal read mode, which was writtenat® ,
@ Using the same column as @, read “1” out and write “0” in each cell performing CAS BEFORE RAS
REFRESH COUNTER TEST. Repeat this operation 512 times.
® Check “0” out of 512 bits at normal read mode, which was writtenat® .
® Perform the above @ to ® to the complement data.
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TENTATIVE DATA
262,144 WORD x 4 BIT DYNAMIC RAM

DESCRIPTION

The TC514266AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by 4 bits,
The TC514266AP/AJ/AZ utilizes TOSHIBA’s CMOS Silicon gate process technology as well as advanced
circuit techniques to provide wide operating margins, both internally and to the system user.
Multiplexed address inputs permit the TC514266AP/AJ/AZ to be packaged in a standard 20 pin plastic
DIP, 26/20 pin plastic SOJ and 20/19 pin plastic ZIP. - The package size provides high system bit
densities and is compatible with widely available automated testing and insertion equipment. System
oriented features include single power supply of 5V10% tolerance, direct interfacing capability with
high performance logic families such as Schottky TTL.

FEATURES

¢ 262,144 word by 4 bit organization .
® Fast access time and cycle time

Single power supply of 5V+10%
with a built-in Vgg generator

TC514266APIAJAL -~ 70/~ 807~ 10 | ® Low Power .
v - 440mW MAX. Operating
taac RAS Access Time 70ns 80ns 100ns (TC514266AP/AJ/AZ —70)
taa  Column Address 3505 40ns 50ns 385mW MAX. Operating
Access Time (TC514266AP/AJ/AZ ~80)
tcac  CAS Access Time 20ns 20ns 25ns 330mW MAX. Operating
tre  Cycle Time 130ns 150ns 180ns (TC514266AP/AJ/AZ —-10)
tpc  Fast Page Mode 0 5 55 5.5mW MAX. Standby
Cycle Time ns ns ™ | & Outputs unlatched at cycle end allows two-
dimensional chip selection
PIN NAMES ® Read-Modify-Write, CAS before RAS refresh,
oAs Y TE——— RAS-only refresh, Hidden refresh, Write per
g (638 Touts Bit and Fast Page Mode capability
RA3 Row Address Strobe e All inputs and outputs TTL Compatible
CAS Column Address Strobe ® 512 refresh cycles/8ms
WE/WE Write Per BitU/Read/Write Input ® Package %ggiigggﬁ? 1533322%';’%%%3
ot Output Enable TC514266AZ : ZIP20-P-400
W1101~W4a/104 |Write SelecyDate Input/Output
Vee Power ( +5V)
Vss Ground
N.C. No Connection
PIN CONNECTION (TOP VIEW)
Plastic DIP Plastic SOJ Plastic ZIP
w1101 1 26 Qv OE[L] -
w2102 2 350Wan08 yo3 3 Zed A
WE/WE (3 24 VL3§/IO3 Fo2 14 | wanoa
[t
A0 (6 18[0A s 8 | WBAVE
A2 [j8 1611a6 P e
A3 [J9 15das A2 ‘:1:2: Al
Vee 01 1411Aa F32 N4]A3
(<4 Vee l152 =3
s ;‘-‘,: 116 A4
g
K- 120] A8
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TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80
TC514266AP/AJ/AZ-10

BLOCK DIAGRAM

W1/101 W2/102 W3/103 W4/104
(] [e] o =]

(I

b

Vee Vss 4 4
DATA IN DATA OUT |«OQE
BUFFER BUFFER
WE, A
WEB/WE 4 44 ﬁ
o] NO.2 cLOCK
@3 GENERATOR
COLUMN COLUMN
AQ O ADDRESS Qi> DECODER
BUFFER (9
A1 O~ ) J SENSE AMP 4
A2 0> REFRESH 110 GATE
CONTROLLER = y
A3 O 512
A4 O REFR*ESH e
A5 O . COUNTER(9) -
A6 O oW 3 e MEMORY
A7 0> ADDRESS TS S| s12 |  Array
A8 O BUFFER (9) g ! S12x512x4
— NO.1 CLOCK SN,
RASO-——=>=! GENERATOR SUBSTRATE BIAS
GENERATOR
MAXIMUM RATINGS
CHARACTERISTIC $SYMBOL RATING UNIT NOTE
Input Voltage Vin -1~7 \ 1
Output Voltage Vour -1=7 v 1
Power Supply Voltage Vee - i~7 v 1
Operating Temperature Toerr 0~70 °C 1
Storage Temperature Tste -~ 55~150 C 1
Soldering Temperature : Time TsOLDER 26010 °C:sec 1
Power Dissipation Po 600 mw 1
Short Circuit Output Current lour 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta = 0~70%)

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT NOTE
Vee Supply Voltage 4.5 5.0 5.5 \" 2
Vin Input High Voltage 2.4 - 6.5 v 2
Viu Input Low Voltage - 1.0 - 0.8 \ 2
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TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 |
TC514266AP/AJ/AZ-10

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

SYMBOL CHARACTERISTIC MIN. MAX. UNIT NOTE
OPERATING CURRENT TC514266AP/ALAZ-70 - 80

lcar Average Power Supply Operating Current TC514266AP/ANAZ-80 - 70 mA 3,45
(RAS, TAS, Address Cycling: tac = trc MIN.) TCS14266APIANAZ-10 - 50

STANDBY CURRENT
leca Power Supply Standby Current - 2 mA
(RAS=TAS = Vi)

RAS ONLY REFRESH CURRENT TCS514266AP/ANAZ-70 - 80
leca Average Power Supply Current, RAS Only Mode TC514266AP/ANAZ-80 - 70 mA 3,5
(RAS Cycling, TAS = Viu: tre = tre MIN.) TC514266AP/ALAZ-10 - 60
FAST PAGE MODE CURRENT TCS514266APIANAZT0 | - 60
Average Power Supply Current, Fast Page Mode TC514266AP/ANAZ-80 - 50 mA | 3,4,5
leca (RAS = V), TAS, Address Cycling: tpc=tpc MIN.) TCS14266APIAIAZ-10 - a0

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

CAS BEFORE RAS REFRESH CURRENT TCS14266AP/AAZ-T0 - 80
[[<<3 Average Power Supply Current, TAS Before RAS TC$14266AP/AIAZ-80 - 70 mA 3
Mode (RAS, TAS Cycling: tac = tac MIN.) TC514266APIANAZ-10 | - 60

INPUT LEAKAGE CURRENT
I input Leakage Current, any input -10 10 HA
{OVS V|yS 6.5V, All Other Pins not under Test =0V)

OUTPUT LEAKAGE CURRENT

i -1 1
© W1 (Dour is disabled, OVS Vours 5.5v) 0 0 BA

v OUTPUT LEVEL 24 "
oK Output "H" Level Voltage {loyr = - SMA) ) -

v OUTPUT LEVEL o4 v
o Output “L" Level Voltage {loyr = 4.2mA) - !
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TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80
TC514266AP/AJ/AZ-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

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

TC514266AP/ TC§14266AP/ © TC518266AP/
SYMBOL CHARACTERISTIC AJIAZ'T0 AlIAZ-80 AUAZI0 fyniT| NOTE
MIN. MAX. MIN. MAX. MIN. MAX.
tae Random Read or Write Cycie Time 130 - 150 - 180 - ns
vy Read-Modify-Write Cycle Time 185 - 205 - 245 - ns
e Fast Page Mode Cycle Time 40 - 45 - 55 - ns
I Zzsctl::’igr:eMOde Read-Modify-Write 95 _ 100 _ 120 _ ns
thac Access Time from RAS - 70| - go| - 100 ns | 9,14
teac Access Time from TAS - 20| - 20| - 251 ns | 9,14
LYY Access Time from Column Address - 35 - 40 - S0| ns | 9,15
tpa Access Time from TAS Precharge - 35] - 40| - s0{ ns |9
toz CAS to output in Low-Z 0 - 0 - 0 - ns |9
tore Qutput Buffer Turn-off Delay Q 20 0 20 0 20t ns | 10
tr Transition Time (Rise and Fall) 3 S0 3 50 3 S0t ns | 8
top RAS Precharge Time 50 - 60 - 70 - ns
taas RAS Pulse Width 70 10,000 80 10,000{ 100 10,000{ ns
thasp RAS pulse Width (Fast Page Mode) 70 100,000 80 100,000 100 100,000} ns
tRm RAS Hold Time 20 - 20 - 25 - ns
tanco (RF»‘;E‘HP:I:QT;An;ed:)rom CAS Precharge 35 - a0 ~ 50 _ s
tesw TAS Hold Time 70 - 80 - 100 - ns
teas TAS Pulse Width 20 10,000 20 10,000 25 10,000 { ns
tap | RAS to TAS Delay Time 20 so| 201  eo| 25{ : 75| s |14
trAD RAS to Column Address Delay Time 15 35 15 40 20 S0{ ns 15
terp TAS to RAS Precharge Time 5 - 5 - 5 - ns
tep TAS Precharge Time 10 - 10 - 10 - ns
tasr Row Address Set-Up Time 0 -b 0 - of - =~ ns
tRAH Row Address Hold Time 10 - 10 - .15 - ns
tase Column Address Set-Up Time 0 - 0 - 0 - | ns
teamH Column Address Hold Time 15 - 15 - 20 - ns
ta f:l;_g\ Address Hold Time referenced S5 _ 60 _ 75 _ ns
tRaL Column Address to RAS Lead Time 35 - 40 - S0 - ns
tRes Read Command Set-Up; Time 0 - 0 - 0 -1 ns
tRek Read Command Hold Time 0 - 0 - 0 -{ns | N
s Rea‘d Command Hold Time referenced 0 _ o _ 0 A ons |1
to RAS
twCH Write Command Hold Time 15 - 15 - 20 -1 ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Continued)

TC514266AP/ TC514266AP/ TC514266AP/
SYMBOL CHARACTERISTIC AVIAZ70 AJIAZ-80 AIIAZ10 UNIT| NOTE
MIN. MAX. MIN. MAX. MIN. MAX.

Write Command Hold Time referenced
twer to TR 55 - 60 - 75 - ns
twp Write Command Pulse Width 15 - 15 - 20 - ns
tRwL Write Command to RAS Lead Time 20 - 20 - 25 - ns
tewt Write Command to CAS Lead Time 20 - 20 - 25 - ns
105 Data Set-Up Time 0 - 0 - 0 - ns | 12
oK Data Hold Time 15 - 15 - 20 - ns 12
toHR Data Hold Tirze referenced to RAS 55 - 60 - 75 - ns
treF Refresh Period - 8 - 8 - 8{ ms
twes Write Command Set-UP Time 0 - 0 - 0 - ns | 13
tewo CTAS to WE Delay Time 50 - S0 - 60 - ns | 13
tRwO RAS to WE Delay Time 100 - 110 - 135 - ns | 13
tawd Column Addréss to WE Delay Time 65 - 70 - 85 - ns |13
tcpPwn TAS Precharge to WRITE Delay Time 65 - 70 - 85 - ns |13
tesr TAS Set-Up Time (CAS before RAS Cycl‘e) 5| - s - 5 I
tenr CAS Hold Time (ﬁg before RAS Cycle} 15 - 15 - 20 - ns
treC RAS to CAS Precharge Time 0 - 0 - 0 - ns
teor TAS Precharge_l’ime 0 _ N . so ‘_ ns

(CAS before RAS Counter Test Cycle)
tROH RAS Hold Time referenced to UF 10 - 10 - 20 - ns
toea OF Access Time - 20| - 20 - 25{ ns
10eD OF to Data Delay 20 - 20 - 25 - ns

Output buffer turn off Delay Time ’
o082 from OF 0 20 0 20 0 251 ns | 10
togw OF Command Hold Time , 20 - 0| - 5| - ns
{wes Write Per Bit Set-Up Time 0 - 0 - 0 - ns
twaH Wri\e ﬁer 8it Hold Time 10 - 10 - 10 -~ ns
twos | Write Per Bit Selection Set-Up Time of - of - ol - ns
twon Write Per Bit Selection Hold Time 10 - 10 - 10 - ns

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

SYMBOL CHARACTERISTIC MIN. MAX, UNIT
Ch Input Capacitance (A0~A8) - S pF
[N Input Capacitance (RAS, CAS, WB/WE, OF) - 7 pF
Co iInput/Output Capacitance (W1/101~W4a/104) - 7 13
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NOTES:

1.

O\U\ths.ow

10.

11.
12.

13.

14.

15.

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

All voltages are referenced to Vss.

Iccl, Ices, Iccs, Iccs 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 m=ViH. ‘

An initial pause of 200ps is required after power-up followed by 8 RAS cycles béfo’re proper device

operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS
initialization cycles instead of 8 RAS cycles are required.

AC measurements assume tp=5ns.

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

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

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

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

These parameters are referenced to CAS leading edge in early write cycles and to WB/WE leading
edge in Read-Modify-Write cycles.

twes, tRwD, tcwp, tawD and tcpwD are not restrictive operating parameters. They are included
in the data sheet as electrical characteristics only. If twcs= twcs (min.), the cycle is an early
write cycle and the data out pin will remain open circuit (high impedance) throughout the entire
cycle; If tRwp= trwp (min.), tcwpZtcwp (min.), tAWDZtAWD (min.) and tcpwp=Ztcpwp (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,

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

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. L :
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READ CYCLE
tr¢
&S ViH ""'———:S tar ﬁ .\-—-—————
Vi —
tere tnco tCsH tRsH | <
s z:: : ] tean \\ - Z 7
1ASR' L&K;H tasc toan
soss " TR vow R cowm ////// // (/ z;w/ -
R

77777,

e MM
wxlﬁlxo-; ::: _ OPIEN = /////// DATAO-;UT 't

Note:  Dpy="H" or "L" 7

WRITE CYCLE (EARLY WRITE)

o T e — AR G

R S | o S
A0~A8 : —'/////‘///X: Row"m:/; COLUI:AE:L W///
e i CEL el

o —%/////W//////
“en v Z TR R o W///W///////

Note: Doyp=OPEN Ao
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WRITE CYCLE (OE CONTROLLED WRITE

tcrp \____

tre
tras =
=rs e e
iR, torn oM tRsH
a3 :m : 7 tRaD \ \ T teas }[ 7
I :A_S_IL tran  tase Can |
AG~AB z:‘ ://// ROW @ COLUMN

M-H— twaH

Y

w v ~ 700 Y-l

4—»1—04

tps D

WII01~W Vi
04y,

Note: Doyr=O0PEN

READ - MODIFY . WRITE CYCLE

N
DATA-IN %W////////%/////

: “H" or “L*

tos

D e N
::L _ xIg‘-ﬁ [ tesH o - | .l?ﬂ.‘_
& V: —‘J_ \ \ — 4 ]r
© tpsR] | tran ] ““j, tcan A
AO~A8 :::‘ " 7X row XX comn /////////////// .
trAD t"‘wpx towy
twen - WO
twas . -~ ..‘lﬁ. tawp g "ML
= . A -
v — i n \E°-‘-‘ =
A o | Tl tac  latSAC | toez. 1t “DH
WI01~W [ﬁ::f :% = ///// / / / oATAN ‘/////////////////
4104 taz ‘

vo" —

Vo OPEN = 4%‘ DATA - OUT
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FAST PAGE MODE READ CYCLE

trasp tre
RAS x:r _ N tag / R
il tRep LT — LN e
AT x:: : f [ ,( \\ !CAS, x tcas A
el B ] hass) |l X
no~a8 " __% RO\IN }@Q—Jcou X% -.:ZLJ %/////%ﬂ
trep | tecyl [tacs
wawe N T / 2 tRRH
WaIWE Vi _//////4//,/,// taa W taa J tan a
| ! tcpa tron |

A

pe— toey oA toga
Vi
T ) A ) e )
t 3 Tea T £
| Ira A e h_lié. “'l'g‘;}"!o”! tag N Qe
wii0t~ Vow T taz ¥ gy ——
wanoa Vou  —— Dour ! L Doyt 2 Douyr N 5—

: “H" or "L”

FAST PAGE MODE WRITE CYCLE
taacp L tre |
RAS ://:: : -\ tar )
'_z& [ Toe . ' o tcrp
s Vi ™ X t N teas tcas
w3 L R ey ey
Gt Head| | ;‘A& ftcai, jrrrigsase
Ao~aB " coL. 1 ///////Jt coL. 2 f/// 74 coun ////
towy s towy s :vv:t 1
twes| |twa twer twen twen I
v _ et -—;1 - twe 0 twe twp
[toeu | Jtoen i Jtomr
of 5:: : T kowel //// toen W //
two | 1og) ton 1tes| 1 tow '525_ ton
o v DX o YO ow YK o 7
' : “H" or "L”
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE

Vi — trasp
RA \7 k e |\
[I9 -_— v
CSH ——
_teco tPRMW it 83 _LCLP_J
iy e
5T Vig —= TRAD '\ — tcas tcas \ tcas
Vi — “tRAH \
' tasc | jlcan tasc|i [tcan YRAL

task tascj [can
v ' | !
- /
* twag ] TRWO ] | Jo— [ LCPWD — LT CPWO —> 1
tavan] RCS tewo tewl = tewo Tepr= 1o : WL

\Y — - -
) gomsmreesmne| Vg rer er  p
Vi taa twe tyypl s ' twe.

4+

WBWE
I toga | loga J toga !
o T | / \ 7 \
Vi — koto Yera KA | 1oep tepa Bt | topp
tcac teac "?— teac R
QEZ
! otz | Il | toeg taa
taac s ! os tos
oK oM ton
— — =
Wi/I01~ zc’" - 00 \( x_\.;
warios Voo — WOH 35 =
t t 1
WD) CLZ CL2] Dour: tz Dou

N

N

by

12<]

A-282



TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80
TC514266AP/AJ/AZ-10

PAS ONLY REFRESH CYCLE

tre

trp

t y .
BAS " — \& RAS y \_

CrRp tRPC

ViR == ’
s _/
ViL =

tRaH

!

: “H* or “L*

Note: WRITE, OE="H" or “L"

TAS BEFORE RAS REFRESH CYCLE

tre

trp trp

Vi~ 1, .
RAS N RAS I
VIL —_ RPC \—k
1 e tesr tenr
. Vi —
o // /
ViL — Z 2

torr

|t

Vou=— 3
1101~1/04 } OPEN
VoL A

Note: WRITE, OE =A0~A8="H" or “L"
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HIDDEN REFRESH CYCLE (READ)

tre

tap

tcaH

LA

tRRH

|

£
DATA - OUT
N
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HIDDEN REEFRESH CYCLE (WRITE)

w TN /L:\ - ifL: N
= o/ [l N 7
:::m —

o Z:’::://///I 7

S e wew KO

T
L)
: “H. or “L.

A-285



TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80
TC514266AP/AJ/AZ-10

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

Vipy = 1ras
RAS vy —

L

[PRIdA tRsH

Vi — CSH | o tCHR -| \ teas

TAS Vi, — N
|
*‘L

o B W/

- :/7/7/‘77‘77///////// -
o — ol g
I./.()./’oa :Z: : OPEN ‘ ‘ H@( * DATA-OUT 5—

ware j :’///////////////}. ,//
« "7 ///

/01 Vin — ; X ’
~1/04 Vi — OPEN \ DATA-IN A{-
| Tawp towt
READ-MODIFY-WRITE CYCLE s | l tewp | lawl_, |
L

o - B |
o \es

VL =

Ve

ZLIW
e

tos
tauz toez tou
1701 Vion—— -
06 7| DATA-IN >-—_
~I VoL — L X 4
DATA-OUT
7
VA “w L
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APPLICATION INFORMATION
ADDRESSING . :

The 18 address bits required to decode 1 of the 262; 144 cell locations within the TC514266AP/AJ/AZare
multiplexed onto the 9 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 9 row address bits into the chip. The second
clock, the Column Address Strobe (CAS), subsequently latches the 9 column address bits into the chip. Each
of these signals, RAS, and CAS, triggers a sequence of events which are controlled by different delayed
internal clocks.

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

DATA INPUTS

Write Cycle. A write cycle is performed by bringing (WB / )WE low during the RAS/CAS operation. The
falling edge of CAS or (WB / )WE strobes data on (Wi) IQi into the on-chip data latch. To make use of the
write-per-bit capability WB( / WE) must be low as RAS falls. In this case data bits to which the write
operation is applied can be specified by keeping Wi (/ 10i) high with set-up and hold times referenced to the
RAS negative transition.

For those data bits of Wi (/I0i) that are kept low as RAS talls the write operation is inhibited on the chip if
WB(/ WE) is high as KAS falls, the write-per-bit capability does not work and the write operation is
performed for all four data bits.

DATA OUTPUTS

The three-state output buffers provide direct TTL compatibility with a fan-out of two standard TTL loads.
Data-out is the same polarity as data-in. The outputs are in the high-impedance state until CAS is broughkt
low. In aread cycle the outputs go active after the access time interval tRoc and tQEgA are satisfied.

The outputs become valied after the access time has elapsed and remains valied while CAS and OE are low.
CAS or OF going high returns it to a high impedance state, In an early-write cycle, the outputs are always in
the high-impedance state. In a delayed-write or read-modify-write cycle, the outputs will follow the sequence
for the read cycle.

The OFE controls the impedance of the output buffers. In the logic high position the buffers will remain in a
high impedance state.

When the OF input is brought to a logical low level, the output buffer are enabled. Both CAS and OE can
control the output. Thusin a read operation, either OF or CAS returning high forces the outputs into the high
impedance state.
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RAS ONLY REFRESH .
Refresh of the dynamic cell matrix is accomplished by performing a-memory cycle at each of the 512 row
; address (A0~ A8) within each 8 millisecond time interval.
Although any normal memory cycle will perform the refresh operation, this function is most easily
accomplished with “RAS-only” cycles, RAS only refresh results in a substantial reduction in operating power.
_ Thisreduction in power is reflected in the Icca specification. :

CAS BEFORE RAS REFRESH

CAS before RAS refreshing available on the TC514266AP/AJ/AZ offers an alternate refresh method. If CAS
is held on low for the specified period (tcsr) before RAS goes to low, on chip refresh control clock generators
and the refresh address counter are enabled, and an internal refresh operation takes place. After the refresh
operation is performed, the refresh address counter is automatically incremented in preparation for the next
CAS before RAS refresh operation.

PAGE MODE

The “Page-Mode" feature of the TC514266AP/AJ/AZ allows for successive memory operations at multiple
column locations of the same row address with increased speed without an increase in power. This is done by
strobing the row address into the chip and maintaining the RAS signal at a logic 0 throughout all successive
memory cycles in which the row address is common. This “Page-Mode” of operation will not dissipate the
power associated with the negative going edge of RAS. Also, the time required for strobing in a new address is
eliminated, thereby decreasing the access and cycle times.

HIDDEN REFRESH

An optional feature of the TC514266AP/AJ/AZ is that refresh cycles may be performed while maintaining
valid data at the output pin. This is referred to as Hidden Refresh. Hidden Refresh is performed by holding
CAS at Vi, and taking RAS high and after a specified precharge period (trp), executing a CAS before RAS
refresh cycle. (see Figure below)

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE

o T\ /

— \_
W01 ~W4/104 OPEN —‘< VALID DATA-OUT )

This feature allows a refresh cycle to be “Hidden” among data cycles without affecting the data availability.
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CAS BEFORE RAS REFRESH COUNTER TEST

The internal refresh operation of TC514266AP/AJ/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 TAS 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 512 times.

® Check “1” out of 512 bits at normal read mode, which was written at @ .

Using the same column as @, read “1” out and write “0” in each cell performing CAS BEFORE RAS

REFRESH COUNTER TEST. Repeat this operation 512 times.

Check “0” out of 512 bits at normal read mode, which was writtenat@ .

Perform the above O to ® to the complement data.

®

©n

&
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65,536 WORD x 16 BIT DYNAMIC RAM

DESCRIPTION

The TC511664J/Z is the new generation dynamic RAM organized 65,536 words by 16 bits, The
TC511664J/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 TC511664J/Z to be packaged in a standard 40 pin plastic SOJ and 40 pin
plastic ZIP. The package size provides high systemn 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
& 65,536 word by 16 bit organization e Single power supply of 5V£10% with a built-
® Fast access time and cycle time in Vpp generator
Tcs1166a2- 80/~ 10 | ® Low Power
633mW MAX. Operating (TC511664J/Z —80)
taac | RAS Access Time 80ns | 100ms 495mW MAX. Operating (TC511664J/Z - 10)
tas | Column Address Access Time 45ns 55ns 55mW MAX. Standby
teac | CAS Access Time 35ns 40ns | @ Outputs unlatched at cycle end allows two-
tac | Cycle Time 13505 170ns gxmznx:;ogafl c‘!;/lp selemwﬂb fore RS refrach
- ¢ Read-Modify-Write, CAS before S refres
Fast Page M le T g
toc_|Fast Page Mode Cycle Time 3308 8sns RAS-only refresh, Hidden refresh, Byte-Wribe’
and Fast Page Mode capability
o All inputs and outputs TTL compatible
® 256 refresh cycles/dms
e Package  Plastic SOJ : TC511664J
Plastic ZIP : TC5116642
PIN_CONNECTION (TOP VIEW) PIN NAMES
Plastic S0} Plastic ZIP S::‘:S' Adarens l::x:
77 - RAS Row Address Strobe
NG dy 31 wos
vo1o |3 3] won CAS  |Colomn Address Strobe
voi2 [§3  r3i -
o1 ;7;' E_g :/Z:: W Read/Upper Byte Write
11016 f?1 B v input
ot {1l 2] woz W Read/Lower Byte Write
Ve [ T o3 - input
et i s OF  |Ouput Enabl
s {17 i vor uput Enable
wos LB il we ¥001~1016 | Data Input/Output
Ve K% rHl Gw Vec  |Power (+5V)
(S ) 34 Ras
a0 33 Vss _|Ground
A2 a3 N.C. No Connection
A4 Vee
NC NC.
Vss as
Ab A7
e GE
cas Vs
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BLOCK DIAGRAM -
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& e D—
o—| NO.2 CLOCK
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V| BUFFER(8)
SENSE AMP. (‘——@
110 GATE \
-~
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(-4
ROW 30 MEMORY
ADDRESS g :) 29| 256 ARRAY
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ABSOLUTE MAXIMUM RATINGS

|

ITEM SYMBOL RATING UNITS NOTE ‘

Input Voltage Vin -1~7 v 1 h

Output Voltage Vour -1~7 \ 1 |

Power Supply Voltage Ve -1~7 v 1 ‘
Operating Temperature Torr 0~70 °C 1
Storage Temperature Tsrg - 55~150 °C 1
Soldering Temperature ' Time TeoL0ER 260-10 °C - sec 1
Power Dissipation Py 700 mw |
Short Circuit Qutput Current oyt 50 mA 1

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

SYMBOL PARAMETER MIN. TYP. MAX, UNIT NOTE

Ve Supply Voltage 4.5 5.0 5.5 4 2

Vin Input High Voltage 2.4 ~ 6.5 v 2
Input Low Voltage

Vi (A0~A?, RAS, CAS, TW, TW, TF) - - 08 v 2

Vi Input Low Voltage (1/01~1/Q16) -0.5 *2 - 0.8 \ 2

*1 -2.5Vatpulse width S 20ns
*2 -2.0V atpulse widthS 20ns

DC ELECTRICAL CHARACTERISTICS (Vee =5V £ 10%, Ta=0~70%)

SYMBOL , PARAMETER MIN. MAX. | UNITS | NOTES
' OPERATING CURSRENT o c TC511664)/2-80 - 115 mA 345
[<4] Average Power Supply Operating Current g
(RAS, %AE, Address Cycling: tac = tac MIN. ) TC5116641/2-10 - 90
STANDBY CEJRRENT 2

lcca Power Supply Standby Current - mA
(W:EKE:V,H)
RAS ONLY REFRESH CURRENT TC5116641/2-80 - 115

lees Average Power Supply Current, RAS Only Mode mA 3.5
(RAS Cycling, CAS = Viy: tac=tac MIN.) TC5116641/2-10 - 90
FAST PAGE MODE CURRENT TC5116641/2-80 - 70

lcca Average Power St.apdply Current, Fast Page Mode mA 3.4,5
(RAS =V, CAS, Address Cyding: tec =tpc MIN.) TC511664)/2-10 - 60
gTANDBY ClIJRlSlEN’:’jb \

lees ower Supply Standby Current - mA
(RAS = CAG = Vec = 0.20)
CAS BEFORE RAS REFRESH CURRENT TC5116641/2-80 - 115

lccs Average Power Supply Current, CAS Before RAS mA 3
Mode , CAS Cycling: trc=tac MIN. ) TC5116644/2-10 | - 90
INPUT LEAKAGE CURRENT

hw input Leakage Current, any input - 10 10 pA
(OV S VxS 6.5V, All Other Pins Not Under Test=0V)

l QOUTPUT LEAKAGE CURRENT -10 10 vy

oL (Doyr is disabled, OVS Vgyr S 5.5V)

' OUTPUT LEVEL

Von Output “H® Level Voltage (loyr = - 2.5mA) 24 - v

v QUTPUT LEVEL - 0.4 v

oL Output “L” Level Voltage (loyr = 2.1mA) i
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

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

TCS116641/2-80 TC511664)/2-10
SYMBOL PARAMETER UNIT | NOTES
MIN. MAX. MIN. MAX.
tag Random Read or Write Cycle Time 135 - 170 - ns
tamw Read-Modify-Write Cycle Time 180 - 225 - ns
to¢ Fast Page Made Cycle Time 55 - 65 - ns
teamw Fast Page Mode Read-Modify-Write Cycle Time . 100 - 120 - ns
taac Access Time from RAS - 80 - 100 ns [9,14,15
teac Access Time from CAS - 35 - 40 ns | 9,14
Taa Access Time from Column Address - 45 - 55 ‘ns | 9,15
tepa Actess Time from TAS Precharge - 50 - 60 ns |9
teiz CAS to Output in Low-Z 0 = 0 It ns |9
tofr Output Buffer Turn-off Delay 0 20 Q 20 - ng 10
ty Transition Time (Rise and Fall} 3 50 3 50 ns 8
te RAS Precharge Time 45 - 60 - ns
trag RAS Pulse Width 80 10,000 100 10,000 ns
trasp RAT Pulse Width (Fast Page Mode) 80 100,000 100 100,000 ns
tRoH RAS Hold Time 35 - 40 - ns
tesk CAS Hold Time 80 - . 100 - ns
teas TAS Pulse Width 35 10,000 40 10,000 ns
tacp RAS to TAS Delay Time 20 a5 20 60 ns | 14
taap RAS to Column Address Delay Time 15 35 15 45 ns |15 .
tcap CAS to RAS Precharge Time H - 5 - ns
teo CAS Precharge Time 10 - 10 - ns
tasr Row Address Set-Up Time 0 - 0 - ns
taan Row Address Hold Time 10 - 10 - as
tase Column Address Set-Up Time 0 - 0 - ns
tcan Column Address Hoid Time 15 - 15 - ns
tar Column Address Hold Time referenced to RAS 55 - 65 - .ns
traL Column Address to RAS Lead Time 45 - 55 - ns
tres Read Command Set-Up Time 0 - 0 - ns
tach Read Command H