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

2. LIFE SUPPORT POLICY 

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

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

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

COMPONENTS 

ISSUE 
PART NUMBER DESCRIPTION DATE PAGE 

TC511000BP18J18Z/BFT-60 1 Mx1, FAST PAGE MODE 02-90 A-1 

TC511000BPLlBJLlBZLlBFTL-60 1 Mx1, FAST PAGE MODE, LOW PWR 02-90 A-19 

TC511 OOOAPI AJI AZ -70/S0/1 0 . 1Mx1, FAST PAGE MODE 07-90 A-37 

TC511 000APUAJUAZL-70/S0/1 0 1 Mx1, FAST PAGE MODE, LOW PWR 07-90 A-55 

TC511 001 BP18J18Z/BFT-60 1 Mx1, NIBBLE MODE. · . 02-90 A-73 

TC511 001 AP/AJ/AZ-70/S0/1 0 . 1 Mx1 " NIBBLE MODE. · . 07-90 A-93 

TC511002BP18J18Z/BFT-60 1 Mx1, STATIC COLUMN MODE . 02-90 A-113 

TC511 002AP/AJ/AZ-70/S0/1 0 . 1 Mx1, STATIC COLUMN MODE . 07-90 A-131 

TC514256BP18J18Z/BFT-60 256Kx4, FAST PAGE MODE 02-90 A-149 

TC514256BPLlBJUBFTL-60 . 256Kx4, FAST PAGE MODE, LOW PWR 02-90 A-167 

TC514256AP/AJ/AZ-70/80/10 256Kx4, FAST PAGE MODE .. 07-90 A-185 

TC514256APUAJUAZL-70/S0/10 256Kx4, FAST PAGE MODE,LOW PWR 07-90 A-203 

TC514258BP18J18Z/BFT-60 256Kx4, STATIC COLUMN . 02-90 A-221 

TC514258AP/AJ/AZ-70/S0/10 256Kx4, STATIC COLUMN . 07-90 A-237 

TC514266BP18J18Z/BFT-60 256Kx4, FAST PAGE MODE, WRITE PER BIT 02-90 A-255 

TC514266AP/AJ/AZ-70/S0/10 256Kx4, FAST PAGE MODE, WRITE PER BIT 07-90 A-273 

TC511664JIZ -SO/1 0 64Kx16, BYTE WRITE · . 02-90 A-291 

TC511664J LlZL-80/1 0 64Kx16, LOW PWR, BYTE WRITE. . 02-90 A-325 

TC511665JIZ -SO/1 0 64Kx16, WRITE PER BIT ... 02-90 A-361 

TC511665J LlZL-80/1 0 64Kx16, LDW PWR, WRITE PER BIT 02-90 A-3S1 

TC511664BJ18Z -SO/1 0 64Kx16, BYTE WRITE · . 12-90 A-401 

TC511664BJ LlBZL-SO/1 0 64Kx16, LOW PWR, BYTE WRITE. 12-90 A-435 

TC511665BJ18Z -80/1 0 64Kx16, WRITE PER BIT 12-90 A-471 

TC511665BJ LlBZL-SO/1 0 64Kx16, LOW PWR, WRITE PER BIT 12-90 A-491 
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THM82500AS/ASG-70/80/10 . 256Kx8,30-PIN SIMM . 03-90 8-1 

THM92500AS-70/80/10 . . . 256Kx4,30-PIN SIMM. . 10-88 8-19 

THM925008SIBSG-70/80/10 . 256Kx9,30-PIN SIMM. . 08-90 8-35 

THM81 000AS/AL-70/S0/1 0 . 1 Mx8,30-PIN SIMM/SIP . 03-90 8-53 
THM81 020AL-70/80/1 0 LOW PROFILE SIP 

THM810008SIBSGIBl:60 . 1 Mx8,30-PIN SIMM/SIP . 11-90 8-73 
THM810208L-60 LOW PROFILE SIP 

THM81 070AS/AL-60/70/80/1 0 1 MxS,30-PIN SIMM/SIp, USING 4M DRAM 02-91 8-91 

THM322500AS/ASGIBSIBSG-60/70/S0/10 256Kx32,72-PIN SIMM 01-91 8-109 

THM91 000AS/ASG/AL-70/S0/1 0 1 Mx9,30-PIN SIMM/SIP . 03-90 8-127 
THM91 020AL-70/80/1 0 LOW PROFILE SIP 

THM910008SIBSGIBL-60 1 Mx9,30-PIN SIMM/SIP . 08-90 8-145 
THM910208L-60 LOW PROFILE SIP 

TH M91 070S/L-SO/1 0 . . 1 Mx9,30-PIN SIMM/SIp, USING 4M DRAM 10-90 8-163 

THM91 070AS/AL-60/70/80/1 0 1 Mx9,30-PIN SIMM/SIp, USING 4M DRAM 03-91 8-179 

THM362500AS/ASGIBSIBSG-60/70/80/10 256Kx36,72-PIN SIMM 01-91 8-197 

THM402500ASGIBSG-60/70/80/10 ... 256Kx40,72-PIN SIMM 02-91 8-215 

THM325120AS/ASGIBSIBSG-60/70/80/10 512Kx32,72-PIN SIMM 01-91 8-235 

THM365120AS/ASGIBSIBSG-60/70/S0/10 512Kx36,72-PIN SIMM 01-91 8-253 

THM405120ASGIBSG-60/70/S0/10 ... 512Kx40,72-PIN SIMM 02-91 8-271 
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TC528128BJIBZ-80/10 128Kx8, BASIC & SPECIAL FEATURES . 11/90 C-39 

TC524256BJIBZ -80/10 256Kx4, BASIC FEATURES ..... 11/90 C-97 
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1. CMOS DYNAMIC RAM 

ORGANIZATION, RAS CAS POWER DISSIPATION PIN PACKAGE WIDTH 

OPERATING ACCESS TIME ACCESS TIME MAX{mW) COUNT PACKAGE (p,J,FT) 

CAPACITY PARTNUMBEA MODE MAX{ns) MAX{ns) ACTIVE STANDBY P J Z FT OR HEIGHT (Z) (lOCh) 

TC511000AP/AJ/AZ-70 70 
20 

440 · · · TC511000AP/AJ/AZ-80 80 385 5.5 · · · TC511000AP/AJ/AZ-l0 lMxl, 100 25 330 · · · TC511000APUAJUAZl-70 FAST 70 440 · · · TC511000APUAJUAZl-80 80 
20 

385 1.1 · · · PAGE 
TC511000APUAJUAZl-10 

MODE 
100 25 330 18(P) · · · TC511000BP/BJJBZJBFT -80 5.5 · · · · 60 495 

TC511000BPUBJUBZUBFTl-80 20 1.1 26I2O(J) · · · · TC511001AP/AJlAZ-70 70 440 · · · TC511001AP/AJ/AZ-80 
1Mxl, 

80 385 2O{Z) · · · NIBBLE 
TC511001AP/AJ/AZ-l0 MODE 100 25 330 · · · 0.300 (P) 

TC511001BP/BJJBZJBFT-80 60 495 24{FT) · · · · TC511002AP/AJ/AZ-70 lMx1, 70 20 440 · · · 0.300 (J) 

TC511002AP/AJ/AZ-80 STATIC 80 385 5.5 · · · TC511002AP/AJ/AZ-l0 COLUMN 100 25 330 · · · 0.400 (Z) 

TC511002BP/BJJBZJBFT-80 MODE 60 495 · · · · C-

1M TC51425OAP/AJ/AZ-70 70 20 440 · · · 0.616 (FT) 
TC51425OAP/AJ/AZ-80 80 385 · · · TC51425OAP/AJ/AZ-l0 256Kx4, 100 25 330 · · · TC51425OAPUAJUAZl-70 FAST 70 440 I · · · TC51425OAPUAJUAZl-80 PAGE 20 

2O{P) 80 385 1.1 · · · TC51425OAPUAJUAZl-l0 MODE 100 25 330 · · · TC514256BP/BJ/BZJBFT -80 5.5 26I2O{Z) · · · · 60 495 
TC514256BPUBJUBZUBFTl-80 20 1.1 · · · · TC514258AP/AJ/AZ-70 256Kx4, 70 440 2O{Z) · · · TC514258AP/AJlAZ-80 STATIC 80 385 · · · TC514258AP/AJ/AZ-l0 COLUMN 100 25 330 24(FT} · · · TC514258BP/BJJBZ/BFT .00 MODE 60 495 5.5 · · · · TC5142fj1jAP/AJ/AZ-70 70 20 440 · · · TC5142fj1jAP/AJ/AZ-80 

256Kx4, 
80 385 · · · TC5142fj1jAP/AJlAZ-10 

WRITE 
100 25 330 · · · PER 

TC514266BP/BJJBZJBFT -80 I BIT 60 20 495 · · · · I --
P = PlASTIC DIP, J = PLASTIC SOJ, Z = PLASTIC ZIP, FT = PLASTIC lYPE ITSOP 



2. MODULES 

ACCESS TIME NO. OF DIMENSIONS (mm) 

CAPACITY TYPE NO. ORGANIZATION ·tRAC PINS HEIGHT LENGTH WIDTH COMMENTS 

THM825DDASlASG-7D/8DI1 0 
256Kx8 

70.,80.,1 DOns 

2M BIT 
THM825DDBSlBSG~SD 6Dns 

3D 17.9 88.9 5.0.8 USING 1M DRAM 
THM925DDASlASG-7DIBDI1 0. 25SKx9 7D,BD,1DDns 

THM925DDBSlBSG-6D 6o.ns 

trHMB1 DDOASlAL-7DIBD/1 0. 7Q,8Q,1DDns 

iTHM81DDDBSlBL-SQ 
2Q.45/22.SD 88.9179.75 5.0.8 

1Mx8 
6Dns 

5MBIT 
iTHMB1 D2DAL-7Q/SD/1 0. 70.,80.,1 cOns 30. LOW PROFILE 12.S4 82.14 8.89 
THM81C2DBL-SO SDns 
THM81 Q7DAS/AL-SDnC/8Q/1 0. SQ,7D,BQ,1DCns 15.24 88.9 5.DS USING 4M DRAM 

iTHM3225DDAS/ASG-7D/S0I1D 
25SKx32 

7Q,8Q,1DDns 
72 25.4· 10.7.95 5.0.8 SINGLE-SIDED 

iTHM3225DQBSIBSG-6Q 60ns 

THM91 DDDASlASG/AL-7D/80/1 0. 7Q,8D,1QDns 

THM91DDDBSlBSGIBL-SD 
2Q.45/22.SQ 88.9182.14 5.0.8 

6Dns 

iTHM91 D2DAL-7D/8Q/1 0. 
1Mx9 3D 

7D,BQ,1 DOns 
12.64 88.9 8.89 LOW PROFILE 9MBIT 

THM91D20AL-SQ SQns 

THM91 Q7QAS/AL-SDnQ/8Q/1 0. 60. ,70.,80.,1 o.o.ns 15.24 8S.9 5.QS USING 4M DRAM 

iTHM3625DDAS/ASG-7D/8D/1D 70.,80.,1 DOns 

THM3625DQBSIBSG·6Q 
256Kx36 72 25.4 10.7.95 5.0.8 SINGLE-SIDED 

60ns 

THM4D25DDASG-7D/8D/1D 
256Kx4D 

70.,80.,1 DOns 
72 25.4 10.7.95 5.0.8 SINGLE-SIDED lDMBIT 

THM4D25DDBSG-6D 6Dns 

THM32512DASI ASG-7D/8D/1 0. 
512Kx32 

7D,8D,lDDns 
72 25.4 10.7.95 8.89 DOUBLE-SIDED 16MBIT 

THM32512DBSIBSG-6D 6Qns 

THM36512QAS/ASG-7Q/S0I1Q 7D,8D,100ns 
18MBIT 512Kx3S 72 25.4 10.7.95 8.89 DOUBLE-SIDED 

THM36512DBS/BSG-6D 6Dns 

THM4D512DASGc 70./80./10. 7D,8Q,lDDns 
2o.MBIT 512Kx4D 72 25.4 10.7.95 8.89 DOUBLE-SIDED 

THM4D512DBSG-6D 6o.ns 

2 



SOns 

TC5110008P/BJ/B1JllFHiO ' 

TC511000BPUBJ1J11ZUB-EO 

1M DRAM COMPONENTS 

70ns SOns 100ns 

TC511000AP/AlJAZJBFT-70 ! TC5111XlOAJ>/AlJA1JllFHlO H TC511000AP/AIIAZJBFT-l0 

TC511000APUAJUAZUBFTl-70 TC511000AP\JAJUAZlJBFTl-80 TC511000AP\JAJUAZlJBFTl-10 

TC511001AP/AlJAZJBFT-70 i TC511001AP/AlJAlJBFT-80 ~ TC511001AP/AIIAZJBFT-l0 

:FAST PAGE MODE 

-FASr PAGE MODEJ 
lDN~VEP!:;cN 

I TC511001BPJBJJBZJBFT-EO 

TC5110028P/BJ/B1JllFHiO TC511002AP/AlJAZIBFT -70 TC511002AP/AlJAlJBFT-80 TC511002APIAJJ~ :STATlCCOllJ'OHIoIOOE 

TC51_JBJJBZJBFT~ TC514256AP/AlJAZIBFT-70 H TC514256AP/AIIAZJBFT-l0 

TC5I..:!S6BPUBJUBZ1.IBFTl-EO ~UAJUAZI./BFTl-~UAJUAZlJBFTl-80 H TC51<4256APUAJUAZI./BFTl-l0 

TC514258BP/BJ/BZ.IBfT -EO 

I I TC5142fl6BPJBJJBZJBFT-al H TC51426tiI\P/AlJAZJBFT-70~P/AlJAZJBFT-80 

I
' ~~C511664J1Z-80 

BI---------------------;rl TC511I164JlJZl-80 H TC511565J/Z-80 

li TC511565J1.JZl-80 

3 

H'TC51421l6AP/AIIAZJBFT-10 

H TC511664J/l-l0 

H TC511664JUZl-l0 

I 
J 

I 
KTC511665J~ 
~ TC511665JUZ~~'0 I 

;FAST PAGE \IODt! 
lDNP\'Nf£f1¥~·..:.oN 

:FAST P.AJ!.f UOOEI 
WRITEPlASIT 

:FASTPAG[ I\AOOEI 
IIYTEWRITE 

:FASr PAGE MGOf,.1 
BYT'EWRIT£.,. 
lOW POWF:R VEf1$K)N 

;FAST PhaE JW'O')U 
WRITEPEk~rr 

;FAST p ... ~~r JoIont.! 
WRfTEPF.~(t:;! 

lOW PflotoIrR \·~.Ft~;~ 



1M DRAM MODULES 

SONS 70NS 80NS lOONS 

HM82500BSlBSG-60 THM(!25OOASlASG-70 HM825OOASlASG-80 THM825OOASlASG-10 

HM92500BSlBSG-60 THM925OOASlASG-70 THM925OOASlASG-80 THM925OOASlASG-10 

THM81000BSlBL-60 THM81000ASlAL-70 HM81000ASlAL-80 THM81 OOOASIAL-l 0 

THM81020BL-60 THM81020AL-70 HM8102OAL-80 THM8102OAL-l0 

THM81070ASlAL-60 THM81070ASlAL-70 THM81070ASlAL-80 THM81070ASIAL-l0 

HM322500BSlBSG-60 THM3225OOASlASG-70 THM3225OOASlASG-80 THM322500ASlASG-10 

HM91000BSlBWBL-60 HM91000ASlAWAL-70 HM9100OASlAWAL-80 HM91OOOASlAWAL-l0 

THM91020BL-60 THM91020AL-70 THM91020AL-80 THM91020AL-l0 

THM91070ASlAL-60 THM91070ASlAL-70 THM9107OASlAL-80 THM91 070ASIAL-l 0 

HM362500BSlBSG-60 THM3625OOASlASG-70 THM362500ASlASG-80 THM362500ASlASG-l0 

HM402500BSG-60 THM402500ASG-70 THM402SOOASG-80 THM402500ASG-l0 

HM325120BSlBSG-60 THM32512OASlASG-70 THM32512OASlASG-80 THM325120ASlASG-l0 

HM365120BSlBSG·60 THM36512OASlASG-70 THM365l20ASlASG-80 THM365120ASlASG-l0 

THM405120BSG·60 THM40512OASG-70 THM405120ASG-80 THM405120ASG-l0 
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1. 1 M x 1'DYNAMIC RAM 

FUNCTION FAST PAGE NIBBLE STATIC COLUMN 
.. 

TOSHIBA TCS11000BP/BJ/BZJBFT TCS11 001 BP/BJ/BZJBFT TCS11002BP/BJ/BZlBFT 

HITACHI HM511000AP/AJP/I\Z.P HM511oo1AP/AJPII\Z.P HM511OOZAP/AJP/AZP 

NEC uPD421000c/lAN uPD421 001 C/LAIV uPD421oo2C/lAN 

MITSUBISHI M5M41000AP/AJ/Al M5M41 001 AP/AJ/Al M5M41002AP/AJ/AL 

OKI MSM511000RS/JSIZS MSM511 001 RS/JSIZS . MSM511002RS/JSIZS 

FUJITSU MB81 C1 OOOP/PJ/PSZ MB81 C1 001 P/PJ/PSZ MB81 C1 002P/PJ/PSZ 

MICRON MT4C1024PD/DJNZB MT 4C1 025PD/DJAlZB MT4C1026PD/DJNZB 

TI TMS;4C1024N/DJ TMS4C1025N/r;>J TMS4C1026N/DJ i 

SIEMENS HYB511000 HYB511002 

VITElIC V53C100 V53C102 

6 



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/LNV uPD424258C/LNV uPD424266C/lNV 

MITSUBISHI M5M44256BPiBJ/BL./BVP/BRV M5M44258/BP/BJ/BL./BVP/BRV M5M44266BPIBJ/BL./BVP/BRV 

OKI MSM514256RS/JS/ZS MSM514258RS/JS/ZS 

FUJITSU MB81 C4256P/PJ/PSZ MB81 C4258P/PJ/PSZ 

MICRON MT4C4256PD/DJNZB MT 4C4258PD/DJA/ZB 

TI TMS44C256N/DJ 

VITELIC V53C104 V53C106 V53C105 

7 



3. DRAM MODULE 

ORGANIZATION 256Kx8 256Kx9 lMx8 256Kx32 lMx9 256Kx36 256Kx40 512Kx32 512Kx36 512Kx40 

TOSHIBA THM82500 THM92500 THM81000 THM322500 THM91000 THM362500 THM402500 THM325120 THM365120 THM405120 

FWITSU MB85240 MB85230 MB85235 MB85236 MB85254 

HITACHI HB561 008 HB561 003 HB56A18 HB56A19 HB56D25636 HB56D51236 

MITSUBISHI MH25608 MH25609 MH1M08AOJ MH1M09AOJ MH25636AJ MH51236AJ 

NEC MC157 MC41256A9 MC42100AS MC421000A9 MC424256A36 MC424512A36 

OKI MSC2328 MSC2331 MSC2313 MSC2327 MSC2312 MSC2320 MSC2333 MSC2321 

NMB MM1M100J8 MM1M10OJ9 

TI TM4256GUS TM42566U9 TM024GAD8 TM024EAD9 

MICRON MT8C8256 MT8C9256 MT8C8024 MT8C9024 MT8C36256 MT8C36512 

8 





1 M DRAM PART NUMBER GUIDE 

PREFIX 

I TC51l ,1000J ~ ~ J:.J ,60, 

~- SPEED: -60 .. SOns 

·70 .. 70ns 

-80 .. SOns 

·10 .. 100ns 

1---_______ POWER: L .. LOW POWER 

.. srANDARD 

1------------- PACKAGE: p .. 300 MIL PLASTIC DIP 

J = 300 MIL SOJ 

z ... 400 MIL ZIP 

DIE REVISION 

------ CONFIGURATION 

10 

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 





300 MIL WIDTH DIP OUTLINE DRAWING 

Unit in mm 
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Note: Package wld~h und length do no~ include mold prot.rulion, allowable mold proLrualon 1» O.t5mm. 
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300 MIL WIDTH SOJ OUTLINE DRAWING 
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Note: Package width and length do noL include mold protrustion, allowable mold protrusion la 0.15mm. 
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400 MIL HEIGHT ZIP OUTLINE DRAWING 

25.8 t 0.2 
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~~======================~ 
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Note: Packa,e width and lenath do not include mold prot.rusion, anowabl. mold prot.ruslon S. O.15mm. 
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TSOP TYPE-I OUTLINE DRAWING 

~ I' 
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Note: Package width and Jength do not include mold protrusion, allowable mold protrusion i. O.15mm. 
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400 MIL WIDTH SOJ OUTLINE DRAWING FOR 
64Kx16 DRAM'S AND 128Kx8 VRAM'S 

26.04 ± 0.12 

........................... ............ -., .... ...n;;;T .................... 

1 20 

Weight: 1.54g (TYP.) 
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475 MIL HEIGHT ZIP OUTLINE DRAWING 
FOR 64Kx16 DRAM'S AND 128Kx8 VRAM'S 

I 
Sl.2±O.2 I 
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i i ~ i i 
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Weight: 3.35g (TYP.) 
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400 MIL WIDTH SOJ OUTLINE DRAWING FOR 256Kx4 VRAM'S 

• Plastic SOJ 

SOJ28 - P - 400 

Unit: mm 

28 15 

n 

~ 
N 

~ 
+1 
11'1 ,., 
~ en 

14 

18.B4MAX 

18.42iO.12 

0.7' ±O.' 

Weight 1.13g (TYP.) 
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400 MIL HEIGHT ZIP OUTLINE DRAWING FOR 256Kx4 VRAM'S 

• Plastic ZIP 

ZIP28 • p. 400 

Unit: mm 

3.05M.u 
I--

-
N i c:.i 
+1 

~ OIl 
II) ~ 

0.955 TYP 

-~tJ 
O.25:g:~5 

I-

36.7MAX 

"H02 I 

Weight 2.01g (TYP.) 
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',048,576 WORD x , BIT DYNAMIC RAM PRELIMINARY 

DESCRIPTION 
The TC511000BPIBJIBZIBFr is the new generation dynamic RAM organized 1,048,576 words by 1 

bit. The TC511000BPIBJIBZIBFT utilizes TOSHIBA's CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operatin'g margins, both internally and to the system user. 

Multiplexed address inputs permit the TC511000BPIBJIBZIBFT 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 ar.d is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V± 10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TIL. 

FEATURES 

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

Te511 OOOBP/BJ/BZlBFT - 60 .1 
495mW MAX. Operating 
5.5mW MAX. Standby 

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

tM Column Address 
30ns Access Time 

tCAC CAS Access Time 20ns 

tRC Cycle Time 110ns 
tpc Fast Page Mode 

40ns Cycle Time 

• Single power supply of 5V±10% 
with a built-in VBI3 generator 

PIN CONNECTION 

Plastic DIP Plastic SO) 

DIN I 18 Vss ~1 26 Vss 
WRITE 2 17 Dour WRITE 2 25 ~r RAS 3 16 CAS RAS 3 24 

TF 4 15 A9 TF 4 23 N.C. 

AO 5 14 AS 
N.C. 5 22 A9 

Al 6 13 A7 AO 9 IS A8 
A2 7 12 A6 Al 10 17 A7 
A3 8 II A5 A2 II 16 A6 

Vcc 9 10 A4 A3 12 IS AS 
Vce 13 14 A4 

A9 1 Plastic TSOP 24 
CAS 2 23 

DOUT 3 
N.C. 4 
Vss 5 

N.C. 8 

0 

i 
22 
21 
20 

17 
__ QjN 9 16 
WRITE 10 IS 

RAS II 14 
TF 12 13 

Plastic ZIP 

A8 
A7 
A6 
AS 
A4 

Vee 
A3 
A2 
A1 
AO 

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

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

• All inputs and output 'I'1'L compatible 
• 512 refresh cycles/8ms 
• Package TC511000BP DIP18-P-300C 

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

CAS 
Vss 
WJij'f'£' 

TF 

Al 

TC511000BJ 
TC511000BZ 
TC511000BFT 

PIN NAMES 

AO-A9 Address Inputs 

m Row Address Strobe 

DIN Data In 

Dour Data Out 

eM Column Address Strobe 

WRiTI Read/Write Input 

Vee Power ( + 5V) 

Vss Ground 

TF Test Function 

N.C. No Connection 
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TC511 OOOBP /BJ /BZ/BFT-60 

-----------------------------------------------------------------------------------------------
BLOCK DIAGRAM 

AO~ 

A1~ 

A2~ 

A3~ 

A4~ 

A5~ 

A6~ 

A7~ 

A80+

A9~ 

ABSOLUTE MAXIMUM RATINGS 

ITEM 

Input Voltage 

Test Function Input Voltage 

Output Voltage 

Power Supply Voltage 

Operating Temperature 

Storage Temperature 

Soldering Temperature' Time 

Power Dissipation 

Short Circuit Output Current 

SYMBOL 

V'N 

V'N(TF) 

VOUT 

Vee 

TOPR 

TSTG 

TSOLOER 

Po 

lOUT 

SUBSTRATE BIAS --0 Vee 
, GENERATOR --0 VSS 

RATING UNITS NOTES 

-1-7 V 1 

. -1-10.5 V 1 

-1 .... 7 V 1 

-1-7 V 1 

0-70 ·C 1 

- 55-150 ·C 1 

260· 1O ·C·sec 1 

600 mW 1 

50 mA 1 

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

Vee Supply Voltage 4.5 S.O 5.5 V 

V,H Input High Voltage 2.4 - 6.5 V 

V,L Input Low Voltage -1.0 - 0.8 V 

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

V'L(TF) Test Disable Input Low Voltage -1.0 - Vee + 1.0 V 
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TC511 OOOBP /BJ /BZ/BFT-SO 

DC ELECTRICAL CHARACTERISTICS (Vee = sv ± 10%, Ta = 0-700e) 

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT 
TCS 11 OOOBP/BJI 3,4 

ICCI Average'Power Supply Operating Current - 90 mA 

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

STANDBY CURRENT 

ICC2 Power Supply Standby Current - 2 mA 

(m=ro=VIH) 

m ONLY REFRESH CURRENT 
TeS 11 OOOBP/BJI 

Ico Average Power Supply Current, m Only Mode - 90 mA 3,5 

(m Cycling, ro=VIH: tRC=tRC MIN. ) 
BZlBFT·60 

FAST PAGE MODE CURRENT 
TCS 11 OOOBP/BJI 3,4 

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

(03'., VIL, ro, Address Cycling: tpc = tpc MIN. ) 
BZlBFT·60 S 

STANDBY CURRENT 

Iccs Power Supply Standby Current - 1 mA 

(m=~.Vcc-0.2V) 

~ BEFORE m REFRESH CURRENT 
TCS 11000BP/BJI 

ICC6 Average Power Supply Current, ro Before m - 90 mA 3 
Mode (03, ro Cycling: tRC = tRC MIN. ) 

BZlBFT·60 

INPUT LEAKAGE CURRENT (any input except TF) 

II(L) Input Leakage Current, any input -10 10 jIA 

(OV:lVIN:l6.SV, All Other Pins Not Under Test=OV) 

IITF (Ll 
INPUT LEAKAGE CURRENT (only TF) 

-10 10 jIA 
(OV:I V1N (TF) :I Vee + O.SV, All Other Pins Not Under Test = OV) 

lOlL) 
OUTPUT LEAKAGE CURRENT 

(DOUT is disabled, OV:I VOUT:I S.SV) 
-10 10 IlA 

ITF 
TEST FUNCTION INPUT CURRENT 

(Vcc + 4.SV:I VIN (TFI :ll0.SV) - 1 rnA 

VOH 
OUTPUT LEVEL 

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

OUTPUT LEVEL 
VOL 

Output "L - Level Voltage (lOUT = 4.2mA) 
- 0.4 V 
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TC511 OOOBP IBJ/BZ/BFT-60 

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

TCS 11 000BP/BJ/BZlBFTL-60 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. 

tRC Random Read or Write Cycle Time 110 - ns 

tRMW Read-Modify.Write Cycle Time 135 - ns 

tpc Fast Page Mode Cycle Time 40 - ns 

tpRMW Fast Page Mode Read-Modify-Write Cycle Time 65 - ns 

tRAC Access Time from m - 60 ns 9,14 

tCAC Access Time from m - 20 ns 9,14 

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

tCPA Access Time from m Precharge - 35 ns 9 

tCLl ro to Output in LOw·Z 0 - ns 9 

tOFF Output Buffer Turn~off Delay 0 20 ns 10 

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

tRP itA) Precharge Time 40 - ns 

tRAS m Pulse Width 60 10,000 ns 

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

tRSH m Hold Time 20 - ns 

tRHCP m Hold Time From ro Precharge (Fast Page Mode) 3S - ns 

tCSH ro Hold Time 60 - ns 

tCAS ro Pulse Width 20 10.000 ns 

tRCD itA) to m Delay Time 20 40 ns 14 

tRAD m to Column Address Delay Time 15 30 ns 15 

tCRP m to m Precharge" Time 5 - ns 

tcP ro Precharge Time 10 - ns 

tASR Row Address Set-Up Time 0 - ns 

tRAH Row Address Hold Time 10 - ns 

tASC Column Address Set-Up Time 0 - ns 

tCAH Column Address Hold Time 15 - ns 

tAR Column Address Hold Time referenced to AAS 50 - ns 

tKAL Column Address to m ~ead Time 30 - ns 

tRCS Read Command Set-Up Time 0 - ns 

tRCH Read Command Hold Time 0 - ns 11 

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

tWCH Write Command Hold Time 10 - ns 

A-4 



TC511 OOOBP /BJ /BZ/BFT-60 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

TCS11 OOOBP/BJ/BZlBFT -60 
SYMBOL PARAMETER 

MIN. MAX. 

tWCR Write r.ommand Hold Time referenced to ~ 4S -
twp Write Command Pulse Width 10 -
tRwL Write Command to m Lead Time 20 -
tcwL Write Command to m Lead Time 20 -
t05 Data Set-Up Time 0 -
tOH Data Hold Time lS -
tOHR Data Hold Time referenced to 1t2i3 SO -
tR£F Refresh Period - 8 

twcs Write Command Set-UP Time 0 -
tcwo ro to WRTTE' Oelay Time 20 -
tRwO m to WRI'It Delay Time 60 -
tAWO Column Addr<;?ss to WRi"It Oelay Time 30 -
tcpwo m Precharge to WRi'FE Delay Time 3S -
tCSR 

m Set· Up Time 
S -(CAS before ro Cycle) 

ro Hold Time 
tCHR (m before ro Cycle) 

lS -
tRPC ro t~ CAS Precharge Time 0 -

tCPT 
m Precharge Time (ro before RP3' Counter Test 

30 -Cycle) 

tTES Test Mode Enable Set-Up Time referenced to ro 0 -
tTEHR Test Mode Enable Hold Time referenced to 1t2i3 0 -
tTEHC Test Mode Enable Hold Time referenced to ro 0 -

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

SYMBOL PARAMETER MIN. MAX. 

Cil Input Capacitance (AO-A9. DIN) - S 

CI2 Input Capacitance (RAS, m, WRITE, TF) - 7 

Co Output Capacitance (DoUT) - 7 
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TC511 OOOBP IBJ/BZ/BFT-60 

NOTES: 

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

damage to the device. 

2. All voltages are referenced to VSS. 

3. ICC1, ICC3, ICC4, ICC6 depend on cycle rate. 

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

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

S. An initial pause of 20011S 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 ltAS" 
initialization cycles instead of 8 ItAS cycles are required. 

7. AC measurements assume tT=5ns. 

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

transition times are measured between VIH and VIL. 

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

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

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

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

13. twCS. tRWD. tcwD, tA WD 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 tlnvD~ tnwD (min.), tcwD~ tcwD (min.), tAwDE; tAwD (min.) and tcpwD~ tcpwD (min.) (Fast Page 
Mode), the cycle is a read-modify-write cycle and the data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

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

15. Operation within the tRAD (max.) limit insures that tRAC (max.) C!'!l be. met. 
tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA. 
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TIMING WAVEFORMS 

READ CYCLE 

VIM 
AO-A9 

VIL 

VIM 
WRiTE 

VIL 

Dour 

TC511 OOOBP /BJ /BZ/BFT-50 

NOTE: "TF" pin should be connected to VIL (TF) level or open, if "TesL Mode" is not used. 
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TC511 OOOBP IBJ/BZ/BFT-60 

WRITE CYCLE (EARLY WRITE) 

VIH 
AO-A9 

VIL 

VIH 
WRm 

VIL 

VIH 

DIN 
VIL 

VOH-
OPEN DOUT 

VOL-

~: -W or -L-

NOTE: MTF" pin should be connected to V1L (TF) level or open, if "Test Mode" is not used. 

A-8 



TC511 OOOBP /BJ /BZ/BFT-60 

FAST PAGE MODE READ CYCLE 

~ 
VIH 

VIL 

VIH 
AO-A9 

V 1L 

VIH 
WRlT'E" 

VIL 

Dour 

NOTE: "TF" pin should be connected to VIL (TF) level or open, if "Test Mode" is not used. 
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TC511 OOOBP IBJIBZIBFT-60 

READ-MODIFY-WRlTE CYCLE 

VIH 
AO-A9 

VIL 

. VIH 

WRi'i'E 
VIL 

VIH 
DIN 

VIL 

Dour 

~: HH" or Hl· 

NOTE: "TF" pin should be connected to Vil. (TF) level or open, if "Test Mode" i. not used. 
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TC511000BP/BJ/BZ/BFT-60 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

AO-A9 

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

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

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

VIH 
AO-A9 

VIL 

VIH 
WRJ"ft 

VIL 

VIH 
DIN 

VIL 

Dour 

~: "W or "L" 

NOTE: "TF" pin should be connected to VII. (TF) level or open, if "Test Mode" is not used. 
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TC511 OOOBP /BJ /BZ/BFT-50 

HAS ONLY REFRESH CYCLE 

m 

m 

VIH 
AO-A8 

V1L 

VoH-
Dour OPEN 

VOL -

~: "W or "L-

NOTE: wroTE= "1-1" or "L" A9="H" or "L" 
"TF" pin should be connected to VIL (TF) level or open, if "Tesl Mode" is not used. 

~ BEFORE ltAS REFRESH CYCLE 

tCHR 

Dour --------------- OPEN ----------

~: "H" or "L-

NOTE: W'ItT'I'1!= "n" or "L" A9="l-!" or "L" 
"TP" pin should be c:onnected to VIL (TF) level or open, ir "Tesl Mode" is not used. 
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TC511 OOOBP IBJ1BZ/BFT-60 

HIDDEN REFRESH CYCLE (READ> 

VIH 

AO-A9 
VIL 

V1H 

WRi"r[ 
VIL 

Dour 

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

HIDDEN REFRESH CYCLE (WRITE} 

VIH 

AO-A9 
VIL 

VIH 

WRITE 
VIL 

VIH 
DIN 

VIL 

VOH-
DOUT OPEN 

VOL -

NOTE: "TF" pin should be connected to Vu.(TF) level or open, if "Test Mode" is not used. 
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TC511 OOOBP IBJ/BZ/BFT-60 

'CAS BEFORE HAS REFRESH COUNTER TEST CYCLE 

AO-A9 

Dour 

WRITE CYCLE 

VOH-

Dour 
-----------+-++-- OPEN -,1'::":'::------+-+-+------

VOL-

VIH 

WIm'! 
VIL 

VIH 
DIN 

VIL 

READ·MODIFY·WRITE CYCLE 

VOH-
Dour ----- OPEN -----t--+-+-{ 

VoL -

Nole: "Tf" pin should be connected to VII. (TI~) level or open, if "Test Mode" ia not used. 

A-16 



TC511 OOOBP /BJ /BZ/BFT-50 

TEST MODE 

The TC511000BPIBJIBZIBFT 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 TC511000BPIBJIBZIBFT 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~MAL 

~~ 
An, Am 

....-_-O~MAL 

I------'~ 
TF Pin = Super voltage; Test Mode 
TF Pin = VIL (TF) level or High-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-Z 

Fig. 1 
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TC511 OOOBP IBJ/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 (VCC=5V±10%), max. voltage=10.5V)" for the specified 
period (tTES. trEHR and tTEHC; see Fig. 2). The address input ofA9 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). 

VIH 

1\ / m 
VIL -

VIH 

t""1:tc~ 
m 

VIL-

~ (Ons) 

TF 
VIH(lF) J 
VIL(lf)-

Fig. 2 Test Mode Cycle 
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DESCRIPTION 
PRELIMINARY 

The TC511000BPIJBJl)BZIJBFTL is the new generation dynamic RAM organized 1,048,576 words by 
1 bit. The TC511000BPIJBJLlBZIJBFTL 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 TC511000BPIJBJIJBZIJBFTL 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 1 bit organization • Low Power 
• Fast access time and cycle time 

TCSIIOOOBPUBJUBZUBFTL - 60 

495mW MAX. Operating 
1.1mW MAX. Standby 

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

tM Column Address 
30ns Access Time 

tCAC ro Access Time 20ns 

tRC Cycle Time 110ns 
tpc Fast Page Mode 

40ns Cycle Time 

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

PIN CONNECTION 

Plastic DIP Plastic SOJ 

DIN 18 VSS wRf,l~ Vss 
WRi'i'E 17 Dour ~r m 16m ro 

TF 4 IS A9 TF N.C. 
N.C. A9 AO 5 14 A8 

AI 6 13 A7 AO A8 
A2 7 12 A6 AI A7 
A3 8 II AS A2 A6 

Vee 9 10 A4 A3 AS 
Vee A4 

~ I 
2 

Plastic TSOP 

Dour 3 
N.C. 4 
Vss S 

N.C. s r I 
wRfn 9 

10 m II 
TF 12 

24 
23 
22 
21 
20 

17 
16 
IS 
14 
13 

Plastic ZIP 

A8 
A7 
A6 
AS 
A4 

~)e 
A2 
AI 
AO 

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

• Read-Modify-Write, ~ before ~ refresh, 
HAS-only refresh, Hidden refresh, Fast Page 
Mode and Test capability 

• All inputs and output TTL compatible 
• 512 refresh cycles/64ms 
• Package TC51l000BPL: DIP18-P-300C 

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

TC51l000BJL : 
TC51l000BZL : 
TC511000BFTL: 

PIN NAMES 
m 

Vss AO-A9 Address InpuU 

WJUrr ro Row Address Strobe 

TF DIN Data In 

DOUT Data Out 

AI ro Column Address Strobe 

A3 WJUrr ReadIWrite Input 

A4 Vee Power(+SV) 

A6 Vss Ground 

A8 TF Test Function 

N.C. No Connection 
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TC511000BPL/BJL/BZL/BFTL-60 I 
------

BLOCK DIAGRAM 

AO 

A2 0-... 

A3 0-... 

A40-... 

AS 0-... 

A60-... 

A70-... 

ABSOLUTE MAXIMUM RATINGS 

ITEM 

Input Voltage 

Test Function Input Voltage 

Output Voltage 

Power Supply Voltage 

Operating Temperature 

Storage Temperature 

Soldering Temperature' Time 

Power Dissipation 

Short Circuit Output Current 

SYMBOL 

VIN 

VINClF) 

VOUT 

Vee 

TOPR 

TSTG 

TSOlOER 

Po 

lOUT 

MEMORY 
ARRAY 

°OUT 

SUBSTRATE BIAS ....0 Vee 
GENERATOR ....0 VSS 

RATING UNITS 

-1-7 V 

-1-10.5 V 

-1-7 V 

-1-7 V 

0-70 ·C 

- 55-ISO ·C 

260'10 ·C· sec 

600 mW 

SO mA 

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

SYMBOL PARAMETER MIN. TYP. MAX. 

Vee Supply Voltage 4.5 5.0 5.5 

VIH Input High Voltage 2.4 - 6.5 

VIL Input Low Voltage -1.0 - 0.8 

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

VIL (TF) Test Disable Input Low Voltage -1.0 - Vee-+: 1.0 
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TC511 OOOBPL/BJ L/BZL/BFTL-60 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vee = SV ± 10%, Ta = 0-70°c){Notes 7, 8, 9) 

TC511000BPLJBJLJBZLJBFTL-60 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. 

tRC Random Read or Write Cyde Time 110 - ns 

tRMW Read-Modify-Write Cycle Time 135 - n5 

tpc Fast Page Mode Cycle Time 40 - ns 

tpRMW Fast Page Mode Read-Modify.Write Cycle Time 65 - ns 

tRAC Access Time from m - 60 ns 10,15 

tCAC Access Time from m - 20 ns 10,15 

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

tCPA Access Time from m Precharge - 35 ns 10 

tCLZ ro to Output in Low-Z 0 - ns 10 

toFF Outpu~ Buffer Turn-off Delay 0 20 ns 11 

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

tllP m Precharge Time 40 - ns 

tRAS m Pulse Width 60 10,000 ns 

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

tRSH 'R.A3 Hold Time 20 - ns 

tRHCP AA"S" Hold Time From ro Precharge (Fast Page Mode) 35 - ns 

tCSH ro Hold Time 60 - ns 

tcAS eM Pulse Width 20 10,000 ns 

tRCO m to ro Delay Time 20 40 ns 15 

tllAO m to Column Address Delay Time 15 30 ns 16 

tCRP ro to m Precharge Time 5 - ns 

tcP ro Precharge Time 10 - ns 

tASR Row Address Set-Up Time 0 - ns 

tRAH Row Address Hold Time 10 - ns 

tASC Column Address Set-Up Time 0 - ns 

tCAH Column Address Hold Time 15 - ns 

tAR Column Address Hold Time referenced to m 50 - ns 

tRAL Column Address to m Lead Time 30 - ns 

tRCS Read Command Set-Up Time 0 - ns 

tRCH Read Command Hold Time 0 - ns 12 

tRRH Read Command Hold Time referenced to AA) 0 - ns 12 

two~ Write Command Hold Time 10 - ns 
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TC511000BPL/BJL/BZL/BFTL-60 

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

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT 
TCSt 1000BPLlBJLI 3,4 

ICCI Average Power Supply Operating Current - 90 rnA 

(w. m. Address Cycling: tRe" tRe MIN. ) 
BZLlBFTL·60 5 

STANDBY CURRENT 

ICC2 Powe~ Supply Standby Current - 2 rnA 

(W .. m.VIH) 

W ONLY REFRESH CURRENT 
TCSll000BPLlBJLI 

leo Average Power Supply Current. W Only Mode - 90 rnA 3,5 

(W Cycling. m"VIH: tIlC.tRC MIN. ) 
BZLlBFTL·60 

FAST PAGE MODE CURRENT 
TC511000BPLJBJLJ 3,4 

lec4 Average Power Supply Current, Fast Page Mode - 60 rnA 

(W"VIL, m, Address Cycling: tpC.tpc MIN. ) 
BZLJBFTL·60 5 

STANDBY CURRENT 

Iccs Power Supply Standby Current - 200 pA 

(i~M .. m .. Vcc - 0.2V) 

m BEFORE m REFRESH CURRENT 
TCSll000BPLJ8JLJ 

ICC6 Average Power Supply Current. m Before m - 90 rnA 3 

Mode (m. m Cycling: tRC:S tllC MIN. ) 
BZLJ8FTL·60 

BATTERY BACK UP CURRENT 

Average Power Supply Current, BATTERY BACK UP MODE 

ICC7 (m .. m Before m Cycling or 0.2V, wroTE". Vcc - 0.2V or 0.2V. - 300 pA 3,6 

AO-9 = Vce - 0.2V or 0.2V, DIN" Vee - 0.2V or OPEN: 

tile = 125)11. tRAS=tRAS MIN. -1)11) 

INPUT LEAKAGE CURRENT (any input except TF) 

II(L) Input Leakage Current, any input -10 10 pA 

(OV:S VIN:s 6.SV, All Other Pins Not Under Test .. OV) 

IITF(L) 
INPUT LEAKAGE CURRENT (only TF) 

-10 10 pA 
(OV:S VIN (TF) :s Vcc + 0.5V, All Other Pins Not Under Test .. OV) 

'o(L) 
OUTPUT LEAKAGE CURRENT 

(DouT is disabled. OV:S VOUT:s 5.5V) 
-10 10 pA 

ITF 
TEST FUNCTION INPUT CURRENT 

(Vee + 4.5V:S V1N (TF) :s 10.5V) - 1 rnA 

VOH 
OUTPUT LEVEL 

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

OUTPUT LEVEL 
VOL 

Output -L· Level Voltage (lOUT" 4.2mA) 
0.4 V 
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TC511000BPL/BJL/BZL/BFTL-60 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

TC511000BPLJBJLJBZLlBFTL-60 
SYMBOL PARAMETER 

MIN. MAX. 

tweR Write Command Hold Time referenced to m 45 -
twp Write Command Pulse Width 10 -
tRwl Write Command to m Lead Time 20 -
tcwt. Write Command to m Lead Time 20 -
tos Data Set-Up Time 0 -
tOH Data Hold Time 15 -
tOHR Data Hold Time referenced to re SO -
tREF Refresh Period - 64 

twes Write Command Set-Up Time 0 -
tewo m to WI(iT{ Delay Time 20 -
tRWO AAS' to W'Ri1t Delay Time 60 -
tAWO Column Address to W1fi'!t Delay Time 30 -
tcpwo m Precharge to WRITE Delay Time 35 -
tesR 

m Set-Up Time 
5 -(m before m Cycle) 

00 Hold Time 
teHR (m 'before m Cycle) 

15 -
tRPe m to m Precharge Time 0 -

tCPT 
m precharge Time (m before AA~ Counter Test 

30 -Cycle) 

trES Test Mode Enable Set-Up Time referenced to m 0 -
trEHR Test Mode Enable Hold Time referenced to m 0 -
tTEHe Test Mode Enable Hold Time referenced to m 0 -

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

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

SYMBOL PARAMETER MIN. MAX. UNIT 

CII Input Capacitance (AO-A9, DIN) - 5 

CI2 Input Capacitance (RA~, m. W"R"iff. TF) - 7 pF 

Co Output Capacitance (Dour) - 7 
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TC511000BPL/BJL/BZL/BFTL-60 

NOTES: 

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

2. All voltages are referenced to VSS. 

3. ICCl, !eC3, ICC4, ICCG depend on cycle rate. 

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

5. Column address can be changed once or less While RA'S=VIL and 'CA'S=VIH. 

6. tRAS (max.) = Ips is only applied to refresh of battery-back up. 

tRAS (max.) = lOps is applied to functional operating. 

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

8. AC measurements assume tT=5ns. 

9. VIH (min.) and VIL (max.) are reference levels for measuring timing of input signals. Also, 

transition times are measured between VIH and VIL. 

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

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

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

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

14. twcs, tRWD, tcWD, tAWD and tcpwD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. . If MCSS: twcs (min.), the cycle is an early' 
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle; 
If tRwD~ tRwD (min.), tcwDs; tcWD (min.), tAWD'= tAwD (min.) and tcPWD~ tcPWD (min.) (Fast Page 
Mode), the cycle is a Read-Modify.Write cycle and the data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

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

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

A-24 



TIMING WAVEfORMS 

READ CYCLE 

AO-A9 

DOUT 

TC511000BPL/BJL/BZL/BFTL-60 

NOTE: "TF" pin should be connected to VIt. (TF) level or open, if "Test Mode" is not used. 
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TC511000BPL/BJL/BZL/BFTL-60 

WRITE CYCLE (EARLY WRITE) 

VIH 
AO-A9 

VIL 

VIH 
miT! 

VIL 

VIH 
DIN 

VIL 

VoH-
OPEN Dour 

VOL-

~: NH" or NL-

NOTE: "TFN pin should be connected to VIL (TF) level' or open, it "Test Mode" is not used. 
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TC511000BPL/BJL/BZL/BFTL-60 

READ·MODIFY·WRITE CYCLE 

V IH 
AO-A9 

VIL 

VIH 
WRm 

VIL 

VIH 

DIN 
V IL 

Dour 

NOTE: "TF" pin should be connected to VIL (TF) level or open, if "Test Mode" is not used. 
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TC511000BPL/BJL/BZL/BFTL-60 

FAST PAGE MODE READ CYCLE 

VIH 
AO-A9 

Vil 

V1H 
WRI'fE' 

VIL 

DOUT 

NOTE: "TF" pin should be connected 1.0 VIL (TF) level or open, if "Test Mode" is not used. 
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TC511 OOOBPL/BJ L/BZL/BFTL-60 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

AO-A9 

VOH-

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

NOTE: "TF" pin should be connected to VIL (TF) level or open, if "Test Mode" i. not used. 
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TC511000BPL/BJL/BZL/BFTL-60 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

m VIH 

VIL 

V 1H 
AO-A9 

VIL 

VIH 
WJUTr 

VIL 

VIH 

DIN 
Vil 

DOUT 

NOTE: "TF" pin should be connected to VIl.(TF)level or open, if ''Test Mode" is not used. 
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TC511000BPL/BJL/BZL/BFTL-60 

RAS' om Y REFRESH CYCLE 

m 

m 

VIH 
AO-A8 

Vll 

VoH-
Dour OPEN 

VOL -

NOTE: WRITE= wH" or ML" A9=wH" or wL" 
"TF" pin should be connected t.o VIL (TF) level or open, if "Test Mode" is not used. 

~ BEFORE RAS' REFRESH CYCLE 

Dour 

tc;p toR -V1H -

VIL-~tRPC 

V1L 
- --------....... F~"""="""~~"""="""""""""=""''"'' 

Vo, ~--------------OP(N ________ _ 
VOL ~ 

NOTE: W'IUTE= NtI" or ML" A9="W or "L" 
"TF" pin should be connected t.o V IL (TFllevel or open, if "Test Mode" is not used. 
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TC511 OOOBPL/BJL/BZL/BFTL~60 

HIDDEN REFRESH CYCLE (READ> 

VIH 

AO-A9 
VI\. 

VIH 

WJUTr 
VI\. 

Dour 

NOTE: "TF" pin should be connected to VIL (TF) level or open, if "Test Mod,," is not used. 
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TC511000BPL/BJL/BZL/BFTL-60 

HIDDEN REFRESH CYCLE (WRITE) 

VIH 

AO-A9 
VIL 

VIH 

WR'iT! 
VIL 

DIN 

VOH -
DouT OPEN 

VOL -

NOTE: "TF" pin should be connected to VIL (TF) level or open, if ''Test Mode" is not used. 
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TC511000BPL/BJL/BZLIBFTL·60 

CAS BEFORE ns REFRESH COUNTER TEST CYCLE 

AO-A9 

WRITE CYCLE 

VOH------------+---1-+- OPEN --.~----__Ir_+_+------
DOUT VOL-

VIH 

WRITE 
Vil 

V 1H 
DIN 

V1L 

READ·MODIFY·WRITE CYCLE 

VOH-

DOUT VOL _---- OPEN 

Note: "TF~ pin should be connected to V1L (TF) level or open, if "Test Mode" is not used. 
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TC511000BPL/BJL/BZL/BFTL-60 

TEST MODE 

The TC51l000BPUBJ1JBZLlBFTL is ilie 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 ilie block diagram of TC51l000BPUBJUBZUBFTL including its truth table when ''Test Mode" 
is used. 

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

Block Diagram in Test Mode 

An, Am 

.----o~MAl 

I---------'~ 
An, Am 

.----o~MAL 

I---------'~ 
TF Pin = Super voltage; Test Mode 
TF Pin. V1L (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 1 1 

Otherwise Hi -Z 

Fig. 1 
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TC511000BPL/BJL/BZL/BFTL-60 

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

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

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

VIH ~r\ / m 
VIL-

VIH 

~c_ m 
Vll-

, 

=7.~ I' 
tTeHR Onl 

TF 
V1H(TF) 

V1l(TF) -

Fig. 2 Test Mode Cycle 
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TEf'JTATIVE 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. 
~Iultiplexed 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 
• Fast access time and cycle time 

I ,C511 OJOA?/A;:AZ - 70/S0/1 0 

to:,c ;u;,S Access Time I 70ns SOns lOOns 

t~.A Coiumn Acoress 

I 3Sns 40ns SOns Access :-;me 

teAc CAS Access Time I 20ns 20ns 2Sns 

t~c Cycle Time I 130ns lSOns 180ns 
tpc Fast Page Moce 

I 40ns 4Sns SSns C'Ic!e Time 

• Single power supply of 5V± 10% 
with a built-in VBI3 generator 

PIN NAMES 

AO-A9lAddress :npu:s I VVRiTe I ReCldlWrite Input 

EtAS I Row Address Strobe Vee Power (+ SV) 

D'~J i Data In Vss Ground 

J.JL'~ I Data Out TF Test Function 

CAS I Column Aodress Strobe N.C. I No Connection 

PIN CONNECTION 

Plastic DIP 

D~~I~VSS 
wRTf~82 17PDo~T 

RASd3 160CAS 
TFq4 ISbA9 
Aods 140AS 
Al 6 BOA7 
A2 7 12 A6 
A3 8 AS 

Vcc~9~ __ ~ 

AO 
Al 
A2 
A3 

Vee 

Plastic SOJ Plastic ZIP 

Low Power 
440m W MAX. Operating 

(TC511000AP/AJ/AZ-70) 
385m W :YIAX. Operating 

(TC511000AP/AJ/AZ -80) 
330mW IvIAX. Operating 

(TC511000AP/AJ/AZ-10) 
5.5mW lv'IAX. Standby 

• Output unlatched at cycle end allows two
dimensional chip selection 

• Common VO capability using "EARLY 
WRITE" operation 

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

• All inputs and output TTL compatible 
• 512 refresh cycles/8ms 
• Package TC511000AP 

Vss 

WRITE 

TF 

Al 

A3 

A4 

A6 

AS 
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' ____ ......... '''''.'''''''~ .... - ........ " ... -,---....... - __ I ____ ---...... - ...... -----_ ..... 

TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 I 
__ ~_C_5_1~10_0_0_A_P_M_J_/AZ __ -_10 ____________________________ ~1 

BLOCK DIAGRAM 

WRITE 

CAS o-..--<:l_.J---------...--r-;:;-;~~--,..o DIN 

AO 0-

Al 0-

A20-

A30-

A40-

AS 0-

A60-

A70-

AS 0-

A90-

MAXIMUM RATINGS 

MEMORY 
ARRAY 

Dour 

SUBSTRATE BIAS -0 Vee 
GENERATOR -0 VSS 

CHARACTERISTIC SYMBOL I RATING UNIT NOTE 

Input Voltage V'N -1-7 V 1 

Test Function Input Voltage V1N(TF) -1-10.5 V 1 

Output Voltage VOUT ·1-7 V 1 

Power Supply Voltage Vee -1-7 V 1 

Operating Temperature TOPR 0-70 ·C 1 

Storage Temperature TSTG - 55-150 ·C 1 

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

Power Dissipation Po 600 mW 1 

Short Circuit Output Current lOUT 50 mA 1 

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

SYMBOL I -CHARACTERISTIC MIN. TYP. MAX. UNIT 

Vee Supply Voltage 4.5 5.0 5.5 V 

V1H Input High Voltage 2.4 - 6.5 V 

V1L Input Low Voltage -1.0 - 0.8 V 

V1H(H) Test Enable Input High Voltage Vee +4.5 - 10.5 V 

V!!,. (TI=) Test Disable Input Low Voltage -1.0 - Vee + 1.0 V 
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC511000AP/AJ/AZ-10 

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

SYMBOL I CHARACTERISTIC MIN. MAX. UNIT NOTE 

OPERATING CURRENT rCSllOO0AP/AJlAZ-70 - 80 

ICCI Average Power Supply Operating Current TCS I 1000APIAJIAZ·80 - 70 mA 3,4,5 

(RAS, CAS, Address Cycling: tRC = tRC MIN. ) rCSll000APIAJ/Al.-l0 - 60 

STANDBY CURRENT 

Ico Power Supply Standby Current - 2 mA 

(RAS = 00 = VIH) 

RAS ONLY REFRESH CURRENT 1CSll000AP/AJ/AZ·70 - 80 

Ico Average Power Supply Current, RAS Only Mode rcs I 1000APIAJIAZ-80 - 70 mA 3, 5 

(RAS Cycling, CAS = VIH : tRC = tRe MiN. ) Tesll000A?IAJlf'Z·10 - 60 

FAST PAGE MODE CURRENT rCSll000APIAJlAZ-70 - 60 .-
Ice4 Average Power Supply Current, Fast Page Mode res I 1000APIAJ/AZ·80 - 50 mA 3,4, 5 

(RAS = Vll, 00, Address Cycling: tpc = tpe MIN. ) reSl1000AP/AJ/AZ-l0 - 40 

STANDBY CURRENT 

Ices Power Supply Standby Current - 1 mA 

(RAS = CAS = Vee - 0.2V) 

CAS BEFORE RAS REFRESH CURRENT reSll000APIAJ/AZ·70 - 80 

lee6 Average Power Supply Current, CAS Before RAS TCS I 1000APIAJIAZ·80 - 70 mA 3 

Mode (RAS, CAS Cycling: tRC = tRC MIN. ) TCS 11 OOOAPIAJIAZ· I 0 - 60 

INPUT LEAKAGE CURRENT (any input except TF) 

II(l) Input Leakage Current, any input -10 10 jJA 

(OV ~ VIN :$ 6.SV, All Other Pins Not Under Test = OV) 

1m (l) 
INPUT LEAKAGE CURRENT (only TF) 

-10 10 jJA . (OV:S VIN (TF) :s Vee + O.SV, All Other Pins Not Under Test = OV) 

OUTPUT LEAKAGE CURRENT 
IO(L) 

(DOUT is disabled, OV:: VOUT:$ S.SV) 
-10 10 !1A 

TEST FUNCTION INPUT CURRENT 
In - 1 mA 

(Vec + 4.SV:S VIN (TF) :s 10.SV) 

OUTPUT LEVEL 
VOH 

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

OUTPUT LEVEL 
VOL 

Output .. L· Level Voltage (lour = 4.2mA) - 0.4 V 
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC511000AP1AJ/AZ-10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(VCC=5V± 10%/ Ta=0-70°c)(Notes6, 7/ 8) 

TC5 11 OOOAPI TC5 11 OOOAPI TC5 11 OOOAPI 

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

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

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

tRMw Read-Modify-Write Cycle Time 155 - 175 - 210 - ns 
,'. 

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

tpRMW 
Fast Page Mode Read-Modify-Write 

65 - 70 - 85 - ns Cycle Time 

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

tc:..c Access Time from CAS - 20 - 20 - 25 ns 9,14 

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

tCPA Access Time from CAS Precharge - 35 - 40 - SO ns 9 

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

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

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

tRP RA5 Precharge Time SO - 60 - 70 - ns 

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

t~ASP 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 
RAS Hold Time From CAS Precharge 

35 - 40 - SO - ns (Fast Page Mode) 

tCSH CAS Hold Time 70 - 80 - 100 - ns 

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

tRCD 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 SO ns 15 

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

tcP CAS Precharge Time 10 - 10 - 10 - ns 

tASR Row Address 5et-Up Time 0 -' 0 - 0 - ns 

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

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

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

tAR 
Column Address Hold Time referenced 
to RAS 55 - 60 - 75 - ns 

tRAl Column Address to AAS Lead Time 35 - 40 - 50 - ns 

t1CS Read Command Set-Up Time 0 - a - a - ns 

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

Read Command Hold Time referenced 
0 tRRH toRAS - 0 - a - ns 11 

twu< Write Command Hold Time 15 - IS - 20 - ns 
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TC511000AP/AJ/AZ~70, TC511000AP/AJ/AZ-80 
TC511000AP/AJ/AZ-10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

TC5 I 1000API TC5 I 1000API TC5 I 1000API 

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

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

Write Command Hold Time referenced 
tWCR 

to RAS 
55 - 60 - 75 - ns 

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

tRWL Write Command to RAS Lead Time 20 - 20 - 25 - ns 

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

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

tOH Data Hold Time 15 - 15 - 20 - ns 

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

tREF Refresh Period - 8 - 8 - 8 ms 

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

tewD CAS to WRITE Delay Time 20 - 20 - 25 - ns 

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

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

tepwo CAS Precharge to WRITE Delay Time 35 - 40 - 50 - ns 

tesR 
CAS Set-Up Time 

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

CAS Hold Time 
tCHR (CAS before RAS Cycle) 

IS - 15 - 20 - ns 

tRPC RA'S to CAS Precharge Time 0 - 0 - 0 - ns 

tCf'T 
CAS Precharge Time (CAS before RAS 

40 - 40 - 50 -
Counter Test Cycle) 

ns 

tTES 
Test Mode Enable Set-Up Time 

0 0 0 
referenced to RAS - - - ns 

Test Mode Enable Hold Time 
tTEHR 

referenced to RA'S 0 - 0 - 0 - ns 

Test Mode Enable Hold Time 
tTEHC 

referenced to m 0 - 0 - 0 - ns 

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

SYMBOL CHARACTERISTIC MIN. MAX. UNIT 

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

CI2 Input Capacitance (RA'S. CAS. WRm. TF) - 7 pF 

Co Output Capacitance (Dour) - 7 
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'TC511000APIAJ/AZ~70,'TC511000AP/AJ/AZ-80 
TC51~, 1000AP I AJl AZ~1 0 

NOTES: 

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

2. All voltages are referenced to VSS. 

3. ICCI, ICC3: 'ICC4' ICCG depend on cycle rate. 

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

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

6. An initial. pa\lse of 20011S is required ,after .power-up followed by 8 ,itb3, 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 VIL (max.) are reference levels for measuring timing of input signals. Also, 

transition times are measured between VIH and VIL. 

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

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

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

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

13. twcs, tRWD, tCWD. tA WD and tcpwD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. Iftwcs~ twcs (min.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle; 

If ti{WD~ tRWD (min.), tcWD~ tCWD (min.), tAwD~ tAwD (min.) and tcpwD~ tCPwD (min.) (Fast Page 
Mode), the cycle is a read-modify-write cycle and the data oU,t will co,ntain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

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

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

READ CYCLE 

AD-A9 

Dour 

TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC511000AP/AJ/AZ-10 

1_: ----:t-~G)------'tC"""-'SH--~ 
I~ 

t 0 

DATA-OUT 

~OTE: "TF" pin should bc connected to VIL(TF) lcvel or open, if "Test Modc" is not used. 
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC511000AP/AJ/AZ .. 10 

WRITE CYCLE (EARLY WRITE) 

AO-A9 ~ff#_ 
~------'I 

I 

VO H-

Dou~ --------..--OPEN ------------

NOTE: "TF" pin should be connected to Va. (TF) level or open, if ''Test Mode" is not used. 
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TC511000AP/AJ/AZ .. 70, TC511000AP/AJ/AZ·80 
TC511000AP/AJ/AZ-10 

READ-~lODIFY-WRITE CYCLE 

tRP • ," . 

WRITE ~:: =-_I~J!+R s r'\~~~.~.=-:'_~I.~m~m~.=J."7:"7'?7~ 
~~ 

DIN ~:: -~~~~.~~.~ .. ~~.~:~~~~~~~~~-:-""!"/;.~~~~~~~/~j;~ .. ~:X DATA-IN ~~r.;-;.=.=.=.~.=.=.=~=.=.~~ 

I 
I 
~ 

tAA 

VO
H

- ~ DouT --- OPEN ----+-«{~ 
VOL - "'" "___ ___ --JI 

t~l-r-

I~ 
DATA-OUT 

~: "HH or "LH 

NOTE: "TF" pin should be connected to VIL (TF) level or open, if "Test Mode" is not used. 
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC511 OOOAP IAJI AZ-1 0 

FAST PAGE MODE READ CYCLE 

tRCD tCAS 
1-----11-

VH• -

AO-A9 

DOUT 

tcP -

NOTE: "TF" pin shGuld be connected to VIL (Tl"~llevel or open, if ""Test Mode" is not used. 
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC511000AP/AJ/AZ-10 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

ViH 
AO-A9 

VoL 

V1H 
WRITE 

V1L 

V1H 
DI~ 

V'L 

VoH-
Dour 

VoL -
------------- OPEN -------------

~: MHo or "L 0 

NOTE: "TF" pin should be connected to VIL(TFl level or open, if "Test Mode" is not used. 
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC511000AP/AJ/AZ-10 

FAST PAGE ~IODE READ-~IODIFY-WRITE CYCLE 

V'M 
AO-A9 

V IL 

V IH 
WRITE 

VIL 

V IH 
DIN 

V:L 

DOUT 

~: "H" or "L" 

l'OTE: "TI~" pin should be connected to VIL ('1'£0') luveI or open, if "Test !\tode" is not used. 
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC511000AP/AJ/AZ-10 

RAS O~L Y REFRESH CYCLE 

V1H-
RAS 

vlL -
I~ 

V 1H -
CAS 

VIL -

V 1H 
AO-AB 

V'L 

VOH-

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

:"OTE: Wi~ITE= "II" or "L" A9="I!" or "L" 
"TF" pin should be connected to V1L (TF) level or open, if "Test :-'Iode" is not used, 

E<\"s BEFORE RAS RE'FRESH CYCLE 

DOUT l}---------------------------- OPEN --------------

l"OTE: WRITE= "u" or "L" A9="H" or "L" 
"TF" pin should be connected to V IL (TF) level or open, if ''Test Mode" is not used, 
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC511 OOOAPI AJI AZ·1 0 

HIDDEN REFRESH CYCLE (READ) 

t~c 

VIH - t~AS 
RAS 

V iL -

V IH -
CAS 

V 1L -

.,., I t .. -!ill. ~ 
I tPAC I " • DATA-OUT 

I 

VOH -

DOUT VOL -

ItOFF 

-I 
~ 
% 

~: "H" or "L" 

:\OTE: "TEn pin should be connected to V1L {TEl level or open, if "Test Mode" is not used. 
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TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC511000AP/AJ/AZ-10 

HIDDEN REFRESH CYCLE (WRITE) 

, tR!; . 
~ 

\' t~AS 
I 71 "1'- tRAS .J 

-' 

tCRP-
J-i . tRCD t1l$H . ----- I, tCHR . 

J \ / 
tAR . tRAD . tRAL 

tA$q I I ItRAH ~f ~ 

~ COLUMN ~N~~ 
I tw" tRWl 

tWC$ tWCH - .. 

-~\ 
twp 

~ 
V IH 

WRITE 
V il 

I 'I tos , to,.. I 

~~~ff.r.~:A.'N ~~-. I I tOHR . . 
V'H 

DIN 

VO"'-
DOUT -------OPEN ----------

~; "H" or "l-

~OTE: "TF" pin should be connected to VIL (TF) level or open, if "Test Mode" is not used. 
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TC511 OOOAPI AJI AZ-10, TC5 1-1 OOOAP IAJI AZ-80 
TC511000AP/AJ/AZ-10 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

AO-A9 

Dour 

WRlTE CYCLE 

VO";-
------------------~--~--OPEN~~--------~~----------

DOuT VOL -

V IH 
WRITE 

V IL 

VIH 
DIN 

V IL 

READ-MODIFY-WRITE CYCLE 

VoH -

Dour OPEN 
VoL -

VIH 
WRITE 

Vil 

VIH 
0 1111 

V1l 

/l:oll!: "1'F" pin should bc connectcd to VIl.(Tt') level or open, if ''Test Moc.le" is not used. 
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TEST MODE 

TC511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80 
TC511000AP/AJ/AZ-10 

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 "HI! 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, 1MDRA~I can be tested as if it were 256K DRAM by the following method. 

Block Diagram in Test :'I6de 

An, Am 

r----O~MAl 

,-LJ:~~. ~ 
~~ EH ~_ An, Am 1...-_---' C An, Am 

-----"'"-~ '-_-O~MAl 

L-LlM.Am~~~==~~ ~ 
TF Pin = Super voltage; Test Mode 
TF Pin = V1L (TF) level or High·Z; Normal 

Truth Tuble in Test l\Iode Function 

A B C D DOUT 

0 0 0 0 0 , , , , , 
Otherwise Hi -Z 

Fig. 1 

A-53 



TC511000AP/AJ1AZ-70, TC511000AP/AJ/AZ~80 
TC511 OOOAP/AJ/AZ-1 0 

"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=5V±lO%), max. voltage=lO.5V)" for the specified 

period (tTES, tTEHR and tTEHC; see' Fig. 2). The address input of A9 is ignored in the ''Test Mode". 
On the other hand. normal operation requires the ''TF'' pin be connected to VIL (TF) level, or left 

unconnected on the printed wiring board. 
The ''Test Mode" function reduces test times (114; in case of using· N test pattern). 

~~1 
\'----+---

14 

V1H -

TF 

Fig. 2 Test Mode Cycle 

A-54 



TENTATIVE DATA 
1,048,576 WORD X -1 BIT DYNAMIC RAM 

DESCRIPTION 
The TC511000APLlAJLlAZL 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. 
~Iultiplexed address inputs permit the TC511000APLlAJL/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 
wi th high performance logic families such as Schottky TTL. 

FEATURES 

• 1.048,5i6 word by 1 bit organization 
• Fast access time and cycle time 

I TCS I I OOOAPUAJUAZ~ - 70/8011 0 

tRAC ~AS Access Time I 70ns 80ns lOOns 

t.o.A COiumn Address 
3Sns 40ns SOns Access Time 

tCAC CAS Access Time 20ns 20ns 2Sns 

t~( Cycle Time 130ns 150m 180ns 
tpe Fast Page Mode 

40ns 4Sns SSns Cycle Time 

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

PIN NAMES 

AO-A9!Address Inputs IWRITE Read/Write Input 

RAS Row Address Strobe VCC Power ( + SV) 

D'N Data In Vss Ground 

Dour Data Out TF Test Function 

CAS Column Address Strobe N.C. No Connection 

PIN CONNECTION 

Plastic DIP Plastic SOJ Plastic ZIP 

~ 1 26 
WRITE 2 25 

RAS 3 24 
TF 4 23 

N.C. S 22 

AO 9 18 A8 
AI 10 17 A7 
A2 II 16 A6 

VCC A4 A3 12 15 AS 
Vee 13 14 A4 

• Low Power 
440m W MAX. Operating 

(TC511000APLlAJL!AZL-70) 
385m W MAX. Operating 

(TC511000APLlAJL!AZL-80) 
330m W MAX. Operating 

('rC5HOOOAPLlAJUAZL -10) 
1.1mW MAX. Standby 

• Output unlatched at cycle end allows two
dimensional chip selection 

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

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

• All inputs and output TTL compatible 
• 512 refresh cyclesl64ms 
• Package TC511000APL 

Vss 

WRITE 

TF 

AI 

A3 

TC511000AJL 
TC511000AZL 

DIP18-P-300C 
SOJ26-P-300 
ZIP20-P-400 
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-------------------------------------.. "~, .. --,,~~,,,., ..... ,"'.,,' 

TC511000APL/AJL/AZL-70, TC51,1000APL/AJL/AZL-80 I 
TC511000APLI AJLI AZL-1 0 
~----

BLOCK DIAGRAM 

AO 0-

Alo

A20-

A30-

A4~ 

AS 0-

A60-

A70-

MAXIMUM RATINGS 

CHARACTERISTIC 

Input Voltage 

Test Function Input Voltage 

Output Voltage 

Power Supply Voltage 

Operating Temperature 

Storage Temperature 

Soldering Temperature' Time 

Power Dissipation 

Short Circuit Output Current 

I SYMBOL 

V1N 

V1NCTF) 

VOUT 

Vee 

TOPR 

TSTG 

TSOLOER 

Po 

lOUT 

MEMORY 
ARRAY 

SUBSTRATE BIAS --0 Vee 
GENERATOR --0, VSS 

RATING UNIT NOTE 

-1-7 V 1 

-1-10.5 V 1 

-1-7 V 1 

-1-7 V 1 

0-70 ·C 1 

- 55-150 ·C 1 

260 '10 ·C·sec 1 

600 mW 1 

SO mA 1 

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

SYMBOL CHARACTERISTIC MIN. TYP. MAX. UNIT 

Vee Supply Voltag. 4.5 5.0 5.5 V 

V'H Input High Voltag. 2.4 - 6.5 V 

V,~ Input Low Vol tag. -1.0 - 0.8 V 

V'H(TF) T.n Enabl. Input High Voltage Vee + 4,5 - 10,5 V 

VI~m) Test Oisable Input Low Voltage - 1,0 - Vee + 1,0 V 
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TC511 OOOAPLI AJLI AZL-70, ·TC511 OOOAPLI AJLI AZL-80 
TC511000APLI AJ LI AZL-10 

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

SYMBOL CHARACTERISTIC MIN. MAX. UNIT NOTE 

OPERATING CURRENT TC511000APLlAJLlAZL-70 - 80 

ICCI Average Power Supply Operating Current TC511000APLlAJLlAZL-80 - 70 rnA 3,4, 5 

(RAS, 00. Address Cycling: tRC = tRC MIN. ) TC511 OOOAPLlAJLlAZL-1 0 - 60 

STANDBY CURRENT 

ICC2 Power Supply Standby Current - 2 rnA 

(RAS = CA3 = V1H) 

RAS ONLY REFRESH CURRENT TC511000APLlAJLlAZL-70 - 80 

ICCl Average Power Supply Current. RAS Only Mode TC511000APLlAJLlAZL-80 - 70 rnA 3, 5 

(RAS Cycling. CAS = VIH: tRC = tRC MIN. ) TC511000APL!AJLlAZL-l0 - 60 

FAST PAGE MODE CURRENT TC511000APLIAJLlAZL-70 - 60 

ICC4 Average Power Supply Current, Fast Page Mode TC511000APLlAJLlAZL-80 - 50 mA 3,4, 5 

(RAS=VIL, CAS, Address Cycling: tpc= tpc MIN. ) TCS 11 00OAPLlAJLlAZL-10 - 40 

STANDBY CURRENT 

Ices Power Supply Standby Current - 200 ~ 
(RAS = CA3 = Vcc - 0.2V) 

CAS BEFORE m REFRESH CURRENT TCS 11 OOOAPLlAJLlAZL· 70 - 80 

Ice6 Average Power Supply Current, CAS Before RAS TCS 11 OOOAPLIAJLlAZL·80 - 70 mA 3 

Mode (RAS, !:AS Cycling: tRC = tRC MIN. ) TCS 11 OOOAPLlAJILAZL-1 0 - 60 

BA TTERY BACK UP CURRENT 

Average Power Supply Current, BATTERY BACK UP MODE 

Ico (CAS = CAS Before RAS Cycling or 0.2V, WRITE = VCC - 0.2V or 0.2V, - 300 ~ 3, 6 

AO-9 = Vec - 0.2V or 0.2V. DIN = VCC - 0.2V or OPEN : 

tRC = 12S}ls, tRAS=tRAS MIN. -I}ls) 

INPUT lEAKAGE CURRENT (any input except TF) 

Idl) Input Leakage Current, any input -10 10 }1A 

(OV:$ VIN :$ 6.SV, All Other Pins Not Under Test = OV) 

IITF(l) 
INPUT LEAKAGE CURRENT (only TF) 

-10 10 ~ (OV:$VIN (TF) :ltVcc+0.5V, All Other Pins Not UnderTest=OV) 

lo(l) 
OUTPUT LEAKAGE CURRENT 

(DouT is disabled, OV:It VOUT :ltS.SV) 
- 10 10 ~ 

TEST FUNCTION INPUT CURRENT 
In 

(Vcc + 4.SV:It Villi (TF) :a 10.5V) - 1 mA 

OUTPUT LEVEL 
VOH 

Output ·W level Voltage (lOUT = - SmA) 
2.4 - V 

OUTPUT LEVEL 
VOL 

Output Hl· Level Voltage (lOUT = 4.2mA) 
0.4 V 
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TC511000APL/AJL1AZL-70, TC51 tOOOAPL/AJL/AZL .. 80 
TC511 OOOAPLI AJLI AZL-1 0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VCC=5V±10%, Ta=O-70°c)(Notes 7,8, 9) 

TC5 11 OOOAPLJ TC511Q00APLJ TC511000APLJ 

SYMBOL CHARACTERISTIC AJLJAZL-70 AJLJAZL-80 AJLJAZL-l0 UNIT NOTE 

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

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

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

tpc Fast Page Mode Cycle Time 40 - 45 - 55 - ' ns 

tpRMW 
Fast Page Mode Read-Modify-Write 
Cycle Time 65 - 70 - 85 - ns 

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

tCAC Access Time from ro - 20 - 20 - 2S ns 10,15 

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

tCPA Access Time from m Precharge - 35 - 40 - SO ns 10 

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

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

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

tRP AAS Precharge Time SO - 60 - 70 - 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 
RAS Hold Time From CAS Precharge 

35 - 40 - 50 - ns (Fast Page Mode) 

tesH ro Hold Time 70 - 80 - 100 - ns 

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

tRCD RAS to CAS Delay Time 20 SO 20 60 25 75 ns 15 

tRAD RAS to Column Address, Qelay Time 15 35 15 40 20 50 ns 16 

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

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

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

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

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

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

tAR 
Column Address Hold Time referenced 

55 60 75 tom - - - ns 

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

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

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

tRRH 
Read Command Hold ,Time referenced 
toRAS 0 '- 0 - 0 - ns 12 

tWCH Write Command Hold Time 15 - 15 - 20 - ns 
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TC511000APL/AJL/AZL-70, TC511000APL/AJL/AZL-80 
TC511000APLI AJLI AZL-1 0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

TC5 11 OOOAPLI TC511000APLI TC511000APLI 

SYMBOL CHARACTERISTIC AJLlAZL-70 AJLlAZL-80 AJLlAZL·l0 UNIT 

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

Write Command Hold Time referenced 
60 tWCR 

toRAS 
55 - - 75 - ns 

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

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

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

tDS Data Set-Up Time 0 - 0 - 0 - ns 

tOH Data Hold Time 15 - 15 - 20 - ns 

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

tREF Refresh Period - 64 - 64 - 64 ms 

twcs Write Commar.d Set-Up Time 0 - 0 - 0 - ns 

tcwD CAS to WRITE Delay Time 20 - 20 - 25 - ns 

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

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

tCPwD CAS Precharge to WRITE Delay Time 35 - 40 - 50 - ns 

tCSR 
CAS Set-Up Time 

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

CAS Hold Time 
tCHR 

(CAS b~fore RAS Cycle) 
15 - 15 - 20 - ns 

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

tCPT 
CAS Precharge Time (CAS before RAS 

40 - 40 - 50 -Counter Test Cycle) 
ns 

Test Mode Enable Set-Up Time 
0 0 0 tres 

referenced to RAS - - - ns 

Test Mode Enable Hold Time 
tTEHR 

referenced to RAS 
0 - 0 - 0 - ns 

Test Mode Enable Hold Time 
tTEHC 

referenced to CAS 
0 - 0 - 0 - ns 

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

SYMBOL CHARACTERISTIC MIN. MAX. UNIT 

Cl l Input Capacitance (AO-Ag, DIN) - 5 

CI2 Input Capacitance (RA'S, CAS, WRi"FE", TF) - 7 pF 

Co Output Capacitance (DoUT) - 7 
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.TC511000APL1AJL/AZL-70, :TC511000APL/AJL/AZL-80 
:TC511000APLIAJL/AZL-10 . 

NOTES: 

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

device. 

2. All voltages' are referenced to VSS. 

3. ICCI. ICC3. ICC4. ICC6 depend on cycle rate. 

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

5. Column address can be changed once or less While RA'S=VIL and CAS=VIH. 

6. tRAS (max.) = IllS is only appliecl to refresh of battery-back up. 
tRAS (max.) = lOllS i'5 applied to functional operating. 

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

8. ACmeasurements assume tT=5ns. 

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

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

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

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

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

14. twCS. tRWD. tCWD. tA WD and tcpwD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs~ twcs (min.), the cycle is an early 
write cycle and data out pin will remain open circuit (high impedance) throughout the entire cycle; 
If tRWD;;;; tRwD (min.), tcwD;;;; tcWD (min.), tAwD~ tAWD (min.) and tcpwD~ tcPWD (min.) (Fast Page 
Mode), the cycle is a Read·Modify-Write cycle and the data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

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

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

A-60 



TC511000APl/AJl/AZl-70, TC511000APl/AJl/AZl-80 
TC511 OOOAPlI AJ II AZL-10 

TIMING WAVEFORMS 

READ CYCLE 

V1H 

AO-A9 
VIL 

V1H 

WRITE 
V1l 

DOUT 

KOTE: "TF" pin should be connected to VIl. (TF) level or open, if "Test Mode" is not used. 
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TC511 OOOAPL/AJL/AZL~70,.TC511 OOOAPL/AJltAZL-BO 
TC511000APL/AJL/AZL-.lO 

WRITE CYCLE (EARLY WRITE) 

VIH 
AO-A9 

VIL 

VIH 
WRITE 

VIL 

VIH 
DIN 

VIL 

VOH~ 

Dour 
VoL-

OPEN 

~: "H" or "L" 

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

A-62 



TC511 OOOAPLI AJ LI AZL-70, TC511 OOOAPLI AJ LI AZL-80 
TC511000APL/AJL/AZL~10 

READ-110DIFY-WRITE CYCLE 

V IH 
AO-A9 

V IL 

VIH 

WRITE 
VIL 

V IH 

DIN 
V il 

DOUT 

NOTE: "TF" pin should be connected to VIL (TFl level or open, if ''Test Mode" is not used. 
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TC511 OOOAPL/AJL/AZL-tOj !TC511000APL1AJL/AZL-80 
TC511000APL/AJL/AZL .. 10 

FAST PAGE MODE READ CYCLE 

VIH 
CAS 

V 1L 

"" V 1H 
AO-A9 

vlL 

V1H 
WRITE 

V 1L 

DOUT 

NOTE: "TP" pin should be connected to VII .. (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 lVIODE WRITE CYCLE (EARLY WRITE) 

V 1H 
AO-A9 

V 1L 

V 1H 

WRiTE 
V 1L 

V 1H 

D:N 
V 1L 

VoH-

Dour 
VoL -

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

NOTE: "TF" pin should be connected to VIL (TF) level or open, if "Test Mode" is not used. 
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TC511 OOOAPLI AJ LI AZL-70,' TC511 OOOAPL/AJ LI AZL-80 
TC511000APLI AJ LI AZL-10 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

V iH 
AO-A9 

VIL 

V IH 
WRifE 

VIL 

VIH 

DIN 
VIL 

Dour 

NOTE: "TF" pin should be connected to VIL (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 

RAS ONLY REFRESH CYCLE 

AO-A8 

VO H-

DOUT ------------- OPEN --------------

:-;OTE: \VR1"1'r = "H" or "L" A9 = "H" or "L" 
"TF" pin should be connected to VIL (TF) level or open, if "Test Mode" is not used. 

CAS BEFORE RAS REFRESH CYCLE 

DOUT 1)------------- OPEN --------

NOTE: W"IIT'fE= "II" or "L" A9="H" or "L" 
"TF" pin should be connected to "IL (1'F) level or open, if "Test Mode" is not used. 
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TC511 OOOAPLI A~LI AZL-70, tC511 OOOAPLI AJLI AZL-80 
TC511000APL/AJL/AZL-10 

HIDDEN REFRESH CYCLE (READ) 

VUol 

AO-A9 
V1L 

V1H 

WRITE 
V 1L 

Dour 

tCLZ 

NOTE: "TF" pin should be connected to VIL (TF) level or open, if "Test ;\lode" is not used. 
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TC511000APL/AJL/AZL-70, TC511000APL/AJL/AZL-80 
TC511000APL/AJL/AZL-10 

HIDDEN REFRESH CYCLE (WRITE) 

VIH 

AO-A9 
V IL 

V IH 

WRITE 
VIL 

VIH 
DIN 

V IL 

VOH -
DouT OPEN 

VOL -

NOTE: "TF" pin should be connected to VIL (TFl 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) 

VIH 

AO-A9 
V IL 

V IH 

WRITE 
VIL 

VIH 
DIN 

V IL 

VOH -
DouT OPEN 

VOL -

NOTE: "TF" pin should be connected to VIL (TFl 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 

C'A'S" BEFORE RAS REFRESH COUNTER TEST CYCLE 

AO-A9 

READ CYCLE 

VIH 

VIL - .. ,.;,;.;,;,;..;.;.;.;;; ........ =~=O.:J 

WRITE CYCLE 

VOH -

Dour 
------------------~~--OPEN~=---------~~---------

VO L -

VIH 
WRITE 

VIL 

V1H 
DIN 

VIL 

READ·MODIFY·WRITE CYCLE 

VoH-
DouT OPEN 

VoL -

V1H 
WRm 

V1L 

VIH 
DIN 

V1L 

Note: "TF" pin should be connected to VIL(TF) level or open, if "Test Mode" is not used. 
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TEST MODE 

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

The TC51l000APL/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 TC51l000APL/AJLlAZL including its truth table when "Test Mode" is 

used. 
III test mode. 1MDRA?\:I can be tested as if it were 256K DRAM by the following method. 

Block Diagram in Test :-OIocle 

TF Pin = Super voltage; Test Mode 
TF Pin = V'L (TF) level or High·Z; Normal 

Truth Table in Test Mode Function 

A I B C D Dour 

0 I 0 0 0 0 

1 I 1 1 1 1 

Otherwise Hi -Z 

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 '''rF'' 
pin is held on "super voltage (Vee + 4.5V (V CC = 5V ± 10%), max .. voltage = 10.5V)" for the specified 
period (tTES, tTEHR and tTEHCi see Fig. 2). The address input of A9 is ignored in the ''Test Mode". 

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

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

~:~- ~--1 
~:~ ---I-~-TE-~ i-(o-n-s} ----.\\",------...... ,-.. -t-re-Hj· : 1"'"' "", 

TF VIH(TF}-~. or 
Vll(TF) ----./ \.'--------

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

DESCRIPTION 
The TC51100:iBPIBJIBZlBFT is the new generation dynamic RAM organized 1,048,576 words by 1 

bit. The TC511001BPIBJIBZIBFT 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 TC511001BPIBJIBZIBFr to be packaged in a standard 18 pin 
plastic DIP, 26/20 pin plastic SOJ, 20/19 pin plastic ZIP, 24120 pin plastic TSOP. The package size 
provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment System oriented features include single power supply of 5V±10% tolerance, 
direct interfacing capability with high performance logic families such as Schottky TIL. The special 
feature of TC511001BPIBJIBZIBFr is nibble mode, allowing the user to serially access 4 bits of data at 
a high data rate. 

FEATURES 

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

TCSll001BP/BJ/BVBFT - 60 

495mW MAX. Operating 
5.5m W MAX. Standby 

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

tAA Column Address 
30ns Access Time 

tCAC ~ Access Time 20ns 

tllC Cycle Time lIOns 

tNCAC Nibble Mode 
20ns Access Time 

tNC Nibble Mode 
40ns Cycle Time 

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

PIN CONNECTION 

Plastic DIP Plastic SOJ 

DIN Vss Vss 
WRITE Dour ~! m ro 

TF A9 N.C. 

AO AS 
A9 

Al A7 AO AS 
A2 A6 AI A7 
A3 AS A2 A6 

VCC A4 A3 AS 
VCC A4 

A9 1 Plastic TSOP 

~ 2 
Dour 3 
N.C. 4 
Vss 5 

N.C. S r I 
~ 9 

10 m 11 
TF 12 

24 
23 
22 
21 
20 

17 
16 
15 
14 
13 

Plastic ZIP 

AS 
A7 
A6 
AS 
A4 

VCC 
A3 
A2 
Al 
AO 

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

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

• All inputs and output TI'L compatible 
• 512 refresh cycles/8ms 
• Package TC51l001BP DIPI8-P-300C 

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

ro 
vss 
WJUTt 
TF 

Al 

A3 

A6 

AS 

TC51l001BJ 
TC511001BZ 
TC51l001BFT 

PIN NAMES 

AO-A9 Address Inputs 

ro Column Address Strobe 

DIN Data In 

Dour Data Out 

m Row Address Strobe 

WliJT'E' ReadJWrite Input 

VCC Power(+SV) 

Vss Ground 

iF Test Function 

N.C. No Connection 
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_________________________________________ .......... IiiiIIII~III .... III_IIo/I ... ~W _____ iIIiI~'. __ " .. '~ .• """II"'" 

___ TC_5_1_1_0_01_B_P_/_BJ_/_B_Z_/B_F_~_6_0 _________________________ I 
BLOCK DIAGRAM 

A7o. 

A8O' ______ VL~~~~~J 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING 

Input Voltage V,N -1-7 

Ttlst Mode Input Voltage V'N(TF) -1-10.5 

Output Voltage VOUT -1-7 

Power Supply Voltage Vee -1-7 

Operating Temperature TOPR 0-70 

Storage T~mperature TSTG - 55-150 

Soldering Temperature' Time. TSOLDER 260·10 

Power Dissipation Po 600 

Short Circuit Output Current lOUT 50 

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

SYMBOL PARAMETER MIN. TYP. 

Vee Supply Voltage 4.5 S.O 

V,H Input High Voltage 2.4 -
VIL Input Low Voltage -1.0 -
V'H(T" Test Enable Input High Voltage Vee + 4.5 -
VILCTF) Test Disable Input Low Voltage -1.0 -
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ARRAY 

SUBSTRATE BIAS 
GENERATOR 

UNITS 

V 

V 

V 

V 

·C 

·C 

·C· sec 

mW 

mA 

MAX. 

5.S 

6.5 

0.8 

10.S 

Vee + 1.0 

NOTES 

1 

1 

1 

1 

1 

1 

1 

1 

1 

UNIT NOTES 

V 2 

V 2 

V 2 

V 2 
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TC511 001 BP/BJ/BZ/BFT-60 

DC ELECTRICAL CHARACTERISTICS (Vee = sv ± 10%, Ta = 0-700 e) 

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT 
TCS II 00 I BPIBJI 3,4 

ICCI Average Power Supply Operating Current - 90 mA 

(m, tAI, Address Cycling: tRC. tRC MIN. ) 
BZI8FT·60 5 

STANDBV CURRENT 

leC2 Power Supply Standby Current - 2 mA 

(m.tAI"VIH) 

m ONLY REFRESH CURRENT 
Tesil 00 1 BP/BJI 

Ico Average Power Supply Current, m Only Mode - 90 mA 3,5 

(m Cycling, tAI .. VIH: tRC = tRC MIN. ) 
BZlBFT·60 

NIBBLE MODE CURRENT 
TeSllOOIBPIBJI 

ICC4 Average Power Supply Current, Nibble Mode - 40 rnA 3,4 

(m,. Vll, tAI, Cycling: tNC" tNe MIN. ) 
BZI8FT·60 

STANDBY CURRENT 

Ices Power Supply 'Standby Current - 1 mA 

(m,. tA"'S .. Vee - 0.2V) 

re BEFORE m REFRESH CURRENT 
TCSll001BPIBJI 

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

Mode. (m, tAI Cycling: tRC. tRe MIN. ) 
B ZI8 FT· 60 

INPUT LEAKAGE CURRENT (any input except TF) 

II(l) Input l.eakage Current, any input -10 10 pA 

(OV=-VIN S6.SV. All Other Pins Not Under Test=OV) 

IITF(l) 
INPUT LEAKAGE CURRENT (only TF) 

(OVSVIN (TF) =-Vcc+O.SV, All Other Pins Not UnderTestaOV) 
-10 10 pA 

OUTPUT LEAKAGE CURRENT 
'OlL) 

(DOUT is disabled, OVS VOUTS S.SV) 
-10 10 pA 

TEST FUNCTION INPUT CURRENT 
ITF 

(Vec+4.SV=-VIN (TF) =-'O.SV) - 1 mA 

OUTPUT LEVEL 
VOH 

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

OUTPUT LEVEL 
VOL 

Output -L· Level Voltage (lOUT = 4.2mA) - 0.4 V 
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TC511001 BP/BJ/BZ/BFT-60 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(V,CC = SV ± 10%, Ta:: 0-70°c){N'otes 6, 7~8) 

TC51 001 BP/BJIBZlBFT-60 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. 

tRC Random Read or Write Cycle Time 110 - ns 

tRWC Read-Modify·Write Cycle Time 135 - ns 

tNC Nibble Mode Cycle Time 40 - ns 

tNAMW Nibble Mode Read-Modify-Write Cycle Time 65 - ns 

tRAe Access Time from m - 60 ns 9,14 

tCAC Access Time from ro - 20 ns 9,14 

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

tNCAc Nibble Mode Access Time - 20 ns 9 

telz VU to Output in Low-Z 0 - ns 9 

toFF Output Buffer Turn-off Delay 0 20 ns 10 

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

tRP m Precharge Time 40 - ns 

tRAS m Pulse Width 60 10,000 ns 

tRSH m Hold Time 20 - ns 

tCSH VU Hold Time 60 - ns 

tCAS VU Pulse Width 20 10,000 ns 

tRCO m to ro Delay Time 20 40 ns 14 

tRAO m to Column Address Delay Time 15 30 ns 15 

teRP VU to ro Precharge Time 5 - ns 

tep VU Precharge Time 10 - ns 

tASA Row Address Set-Up Time a - ns 

tRAH Row Address Hold Time 10 - ns 

tAse Column Address Set-Up Time a - ns 

teAH Column Address Hold Time 15 - 'ns 

tAR Column Address Hold Time referen(ed to ro 50 - ns 

tRAl Column Address to ro Lead Time 30 - ns. 

tRes Read Command Set-Up Time a - ns 

tACH Read Command Hold Time referenced to ro a - ns 11 

tRRH Rea~ Command Hold Time referenced to ro a - ns 11 

tweH Write Command Hold Time 10 - ns 

tWCR Write Command Hold Time referenced to ro 45 - ns 

twP Write C'ommand Pulse Width 10 - ns 

tRWl Write Command to ro Lead Time 20 - ns 

tcWl Write Command to ro Lead Time 20 - ns 

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

A-76 



TC511001BP/BJ/BZ/BFT-60 

ElECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

TCSIIOOIBP/BJ/BZlBFT-60 
SYMBOL PARAMETER UNITS NOTES 

MIN. MAX. 

tOM Data-In Hold Time 15 - ns 12 

tOHR Data-In Ho!d Time referenced to m 50 - ns 

tREF Refresh' Period - 8 ms 

tWC5 Write Command Set-UP "rime 0 - ns 13 

tcwo 03' to WRi'T! Delay Time 20 - ns 13 

tRwO RAS to WRITE Delay Time 60 - ns 13 

tAWO Column Address to W1U'I'! Delay Time 30 - ns 13 

tCSR 
03' Set-Up Time 

S -(03' before m ) ns 

03' Hold Time 
tcHR . (ro before m ) IS - ns 

til pC RAS Precharge to 03' Active TilT'.e 0 - ns 

tCPT 03' Precharge Time (03' before m Counter Test) 30 - ns 

tNCAS Nibble Mode Pulse Width 20 - ns 

tNCP Nibble Mode 03' Precharge Time 10 - ns 

tNIISH Nibble Mode m Hold Time 20 - ns 

tNCWO Nibble Mode ro to .WJij'fl Delay Time 20 - ns 

tNRWL Nibble Mode WJij'fl Command to m Lead Time 20 - ns 

tNCWL Nibble Mode WIfI'T! Command to 03' Lead Time 20 - ns 

tTES Test Mode Enable Set-Up Time referenced to m 0 - ns 

tTEHR Test Mode Enable Hold Time re~erenced to m 0 - ns 

trEHC Test Mode Enabl. Hold Tim. ref.reneed to ro 0 - ns 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitanc. (AO-A9. DiN) - 5 

CI2 Input Capacitanc. (ro. roo WlflTl'. TF) - 7 pF 

Co Output Capacitanc. (DOUT) - 7 
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TC51·1 001 BP IBJ/BZIBFT·60 

NOTES: 

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

2. All voltages are referenced to VSS. 

3. ICCl. ICC3, ICC", Iccs depend on cycle rate. 

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

5. Column address can be changed once or less While ItAS=VIL and 'OAS=VIH. 

6. An initial pause of 200}1s is required after power-up followed by 8 ltAS' cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 'OAS before ItAS 
initialization cycles instead of 8 ItAS cycles are required. 

7. AC measurements assume tT = 5ns. 

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

transition times are measured between VIH and VIL. 

9. Measured with a load equivalent to 2 TI'L loads and lOOpF. 

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

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

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

13. twCS. tRWD. tcwD. and tAwD are not restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If twcs~ twcs (min.). the cycle is an early write cycle 
and data out pin will remain open circuit (high impedance) throughout the entire cycle; If 

tRwDSi: tRWD (min.). tcwDSi: tcWD (min.), and tAwD~ t,AWD (min.). the cycle is a read-modify.write 
cycle and the data out will contain data read from the selected cell: If neither of the above sets 
of conditions is satisfied. the condition of the data out (at access time) is indeterminate. 

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

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

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

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

READ CYCLE 

VIH 
AO-A9 

VI~ 

wmt 
V,H 

V'L 

TC511 001 BP/BJ /BZ/BFT-50 

~:·W o,"L· 

Nou: "TF" pin should be connected to Vu.1Tf'l level or open, it ''Test Mode" i. not used. 
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'TC511001 BP/BJ1BZ1BFT·60 

WRITE CYCLE (EARLY WRITE) 

VIM 
AO-A9' 

V,L 

WRiTl 
V,H 

V,L 

V,H 
D'N 

V'L 

Dour 
VOM-

OPEN 
VOL-

~: -W or -L-

Not.e: "TF" pin Ihould bt conntcLtd to VJI..IT"ltvtl or open, if "T .. ~ Mode" il no~ Uled. 
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TC511 001 BP/BJ/BZ/BFT-60 

READ-MODIFY-WRITE CYCLE 

V,H 
AO-A9 

V'L 

V,H 
WRITE 

V,L 

D,N 
V,H 

V'L 

VOH-
DOUT OPEN DATA-OUT 

VoL-

Note: "TF" pin should be connect.ed to VIL(TFI level or open, it "Test Mode" il noL used. 
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TC511001 BPIBJIBZIBFT-60 

NIBBLE MODE READ CYCLE 

m V,H 
V'L 

m V,H 
V,L 

AO-A9 
V,H 
V,L 

DOUl 
VOH 
VOL 

Wlfi'Tr 
V,H 
V,L 

NIBBLE MODE WRITE CYCLECEARL Y WRITE) 

m V,H 
V,L 

m V,H 
V,L 

AO-A9 
V,H 
V,L 

WlU'f! V'H 
V,L 

D'N 
V,H 
V,L 

DOUl 
VOH 
VOL 

Note: "TF- pin should be connected to VILITY) level or open. 
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TC511001 BP/BJ/BZ/BFT-60 

NIBBLE MODE READ· MODIFY· WRITE 

m VIH 

Vll 

m VIH 

VIL 

AO-A9 VIH 

VIL 

WJUn' VIH 

VIL 

DIN 
VIH 

VIL 

DOUT 
VOH -

VOL -

Note: "TF" pin should be cOMected to VILCTF) level or open. 
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TC511 001 BP/BJ/BZ/BFT-60 

HAS" ONLY REFRESH CYCLE 

tRAS 

AO-A8 

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

VO\.-

Note: WJUTE= MH" or ML", A9=MH" or ML" 
"TF" pin should be connected to V IL (m level or open, if "Test Mode" is not used. 

CA"S BEFORF IV:S REFRESH CYCLE 

VIH ...,.- tRAS 

ro 

tcHR 

ro 

V OM 
Dour 

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

Note: WJUTE= MH" or ML", A9="H" or "L" 
"TF" pin should be connected to VIL<Tf) level or open, if ''Test Mode" is not used. 
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TC511001 BP/BJ/BZ/BFT-60 

HIDDEN REFRESH CYCLE (READ) 

VIH-

~ 
VIL -

VIIi 

ro 
VIL 

VIH 

AO-A9 
V IL 

VIH 

wroTE' 
VIL 

VOH-

DOUT --.------+-{-
VOL -

DATA-OUT 

Note: "TF" pin should be connected t.o VILCTF) level or open, il "Teat Mode" I. not u.ed. 
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TC511001BP/BJ/BZIBFT-60 

HIDDEN REFRESH CYCLE <WRITE) 

VIH ~--l=~.I===~LI-""";::::':':-~1 

VIL 

V IH 

AO-A9 
VIL 

V IH 
WiUTt 

V IL 

DIN 

DOUT 
VoH -

OPEN 
Vol -

Note: ''TF" pin should be connected to V IL(1'f') level or open, if "Test Mod,- is not used. 
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TC511 001 BP/BJ/BZ/BFT-60 

CAS BEFORE lU\S REFRESH COUNTER TEST CYCLE 

WRITE CYCLE 

VOH-__________ -I--++-_ OPEN -r::-:::~---__++_+_-----
DOUT VOL-

VIH 
WlfIlt 

VIL 

VIH 
DIN 

Vil 

READ-MODIfY-WRITE CYCLE 

r 
VOH-

DOUT 
OPEN 

VOL -

VIH 
WJmT 

VIL 

DIN 

Note: "TF~ pin should be connected to VIl.1TFllevel or open, if ''Test Mode" is not used. 
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TC511001BP/BJ/BZ/BFT-60 

APPLICATION INFORMATION 

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

are multiplexed onto the 10 address inputs and latched into the on-chip address latches by externally applying 
two negative going~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, lIAS, and CAS, triggers a sequence of events which are controlled by different delayed 

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

done outside of the critical path timing sequence for read data access. The later events in the ~ clock 
sequence are inhibited until the occurrence of a delayed signal derived from the RAS clock chain. The "gated 
~ .. feature allows the ~ clock to be externally activated as soon as the Row Address Hold Time 
specification (tRAH) has been satisfied and the address inputs have been changed from Row address to Column 
address information. 

DATA INPUT/OUTPUT 

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

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

DATA OUTPUT CONTROL 

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

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

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

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

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

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

RAS ONLY REFRESH 

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

CAS BEFORE m REFRESH 

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

HIDDEN REFRESH 

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

MEMORY CYCLE REFRESH c;YCLE REFRESH c;YCLE 

DOUT -- OPEN 

This feature allows a refresh cycle to be "hidden'! among data cycles without affecting the data avilability. 
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m BEFORE m REFRESH COUNTER TEST 
The internal refresh operation ofTC51l001BPIBJIBZlBFT can be tested by CAS BEFORE ltAS REFRESH 

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

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

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

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

REFRESH COUNTER TEST. Repeat this operation 512 times .. 
<ID Check "0" outof512 bits at normal read mode, which was written at@. 
@ Perform the above <D to <ID to the complement data. 
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TEST MODE 
The TC511001BPIBJIBZlBFr is the RAM organized 1,048,576 words by 1 bit, it is internally 

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

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

An, Am 

An, Am 

r----o~RMAL 

I------'~ 

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

Truth Tab!e in Test Mode Function 

A B C 0 Dour 

0 I 0 I 0 I 0 0 

1 J 1 I 1 I 1 1 

Otherwise Hi-Z 

Fig. 1 
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"Test Mode" function is performed on any of the timing cycles except Nibble Mode when "TF" pin is 
held on "super voltage (VCC+4.5V (VCC=5V± 10%). max.voltage=10.5V)" for the specified period (tTES. 
tTEHR and tTEHCi see Fig. 2). The address input of A9 is ignored in the "Test Mode". 

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

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

VIH-

m 
VIL~ 

VIH-

m 
VIL-

TF 

Fig. 2 Test Mode Cycle 

A-92 



TENTATIVE DATA 
1,048,576 WORD x 1 BIT DYNAMIC RAM 

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

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

FEATURES 

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

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

tRAC RAS Access Time 70ns 

tAA Column Address 
35ns Access Time 

tCAC CAS Access Time 20ns 

tRC Cycle Time I 130ns 

trKAC Nibole Mode 
20ns Access Time 

tNC Nlbbie Mode 
40ns C'Icie Time 

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

PIN NAMES 

80ns lOOns 

40ns SOns 

20ns 25ns 

150ns 180ns 

20ns 20ns 

40ns 40n5 

AO-A9lAddress Inputs WRITE I ReadlWrite Input 

CAS Column Address Strobe Vcc Power ( + SV) 

DI~ Data In Vss Ground 

Dour Data Out TF Test Function 

RAS Row Address Strobe N.C. No Connection 

PIN CONNECTION (TOP VIEW) 

Plastic DIP Plastic SOJ Plastic ZIP 

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

RAS CAS RAS 3 24 
TF 4 A9 • TF 4 23 

AO S 14 AS N.C. S 22 

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

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

• Low Power 
440mW lVIAX. Operating 

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

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

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

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

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

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

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

TC511001AJ 
TC511001AZ 

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

eM 
Vss 

~ 

TF 

A1 

A3 

A4 
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I~--------------------------------------------~----~------------------------~--------_I 

BLOCK DIAGRAM 

TF 

AOe

Ale

A2e

A3e

A4e

A5e

A6e

A7e-

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

MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL 

Input Voltage VIN 

Test Mode Input Voltage V1N(TF) 

Output Voltage VOUT 

Power Supply Voltage Vee 

Operating Temperature TOPR 

Storage Temperature TSTG 

Soldering Temperature' Time TSOLDER 

Power Dissipation Po-

Short Circuit Output Current lOUT 

RATING 

-1-7 

-1-10.5 

-1-7 

-1-7 

0-70 

- 55-150 

260'10 

600 

50 

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

Vee Supply Voltage 4.5 5.0 

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

. UNIT 

V 

V 

V 

V 

·C 

·C 

·C·sec 

mW 

mA 

MAX. 

5.5 

6.5 

0.8 

10.5 

Vee + 1.0 

NOTE 

1 

1 

1 

1 

1 

1 

1 

1 

1 

UNIT NOTE 

V 2 

V 2 

V 2 

V 2 

V 2 
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DC ELECTRICAL CHARACTERISTICS (Vee = sv ± 10%, Ta = 0-70°c) 

SYMBOL CHARACTERISTIC MIN. MAX. UNIT NOTE 

OPERATING CURRENT reSll001AP/AJ/AZ·70 - 80 

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

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

STANDBY CURRENT 

leC2 Power Supply Standby Current - 2 mA 

(RAS ::: CAS = V, H) 

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

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

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

NIBBLE MODE CURRENT reSl1001AP/AJlAZ·70 - 40 

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

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

STANDBY CURRENT 

Ices Power Supply Standby Current - 1 mA 

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

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

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

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

INPUT LEAKAGE CURRENT (any input except TF) 

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

IITF (L) 
INPUT LEAKAGE CURRENT (only TF) 

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

OUTPUT LEAKAGE CURRENT 
IO(L) 

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

TEST FUNCTION INPUT ·CURRENT 
ITF 

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

OUTPUT LEVEL 
VOH 

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

OUTPUT LEVEL 
VOL 

Output NL· Level Voltage (lOUT::: 4.2mA) - 0.4 V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = SV ± 10%, Ta = 0-70°c)(Notes 6, 7, 8) 

TC51001API TC51001API TC51001API 

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

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

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

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

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

tNRMW 
Nibble Mode Read-Modify·Write Cycle 

65 - 65 - 65 - ns Time 

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

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

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

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

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

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

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

tRp RAS Precharge Time 50 - 60 - 70 - ns 

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

tRSH ro Hold Time 20 - 20 - 25 - ns 

tCSH CAS Hold Time 70 - 80 - 100 - ns 

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

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

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

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

tcP CAS Precharge Time 10 - 10 - 10 - ns 

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

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

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

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

tAR 
Column Address Hold Time reierenced 

55 60 tom - - 75 - ns 

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

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

Read Command Hold Time referenced 
tRCH 

to CAS 
0 - 0 - 0 - ns 11 

tRRH 
Read Command Hold Time referenced 

0 0 0 tom - - - ns 11 

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

Write Command Hold Time referenced 
tWCR 

to ro 55 - 60 - 75 - ns 

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

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

tCWl Write Command to ro Lead Time 20 - 20 - 25 - ns 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Continued) 

TC51001API TC51001API TC51001API 

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

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

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

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

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

tREF Refresh Period - B - B - B ms 

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

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

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

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

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

ns 

CAS Hold Time 
tCHR 

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

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

tCPT 
CAS Precharge Time (CAS before RAS 

40 - 40 - 50 -Counter Test) 
ns 

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

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

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

tNCWO 
Nibble Mode CAS to WRITE Delay 

20 20 20 
Time - - - ns 

Nibble Mode WRITE Command to RAS 
tNRWL 

Lead Time 
20 - 20 - 20 - ns 

Nibble Mode WRITE Command to CAS 
tNCWL 20 

Lead Time 
- 20 - 20 - ns 

tTES 
Test Mode Enable Set-Up Time 

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

Test Mode Enable Hold Time 
tTEHR 

referenced to RAS 
0 - 0 - 0 - ns 

Test Mode Enable Hold Time 
tTEHC 

referenced to ru 0 - 0 - 0 - ns 

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

SYMBOL CHARACTERISTIC MIN. MAX. UNIT 

Input Capa~itance (AO-A9, DIN) 

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

Co Output Capacitance (vour) 7 
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NOTES: 

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

device. 

2. All voltages are referenced to VSS. 

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

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

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

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

initialization cycles instead of 8 RAS cycles are required. 

7. AC measurements assume tT=5ns. 

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

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

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

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

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

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

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

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

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

READ CYCLE 

V1H 
AO-A9 

V1L 

V1H 
WRITE 

V1L 

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

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

AO-A9 

VII·1 
WRITE 

V 1L 

V IH 
DIN 

V IL 

DOUT 
VOH-

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

Note: .. TI· .. • pin should be connected to VILITF) level or open. if "Test Mode" is not used. 
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READ-MODIFY-WRITE CYCLE 

VIH 
AO-A9 

V 1L 

VIH 
WRITE 

V IL 

DIN 
VIH 

V IL 

VoH-
Dour 

VoL-
OPEN DATA-OUT 

Note: "TF" pin should be connected to VIL(n') level or open, if "Test Mode" is not used. 
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NIBBLE MODE READ CYCLE 

RAS VIH 

VIL 

CAS 
VIH 
V IL 

AO-A9 
VIH 

VIL 

Dour 
VOH 

VOL 

WRITE 
VIH 

VIL 

NIBBLE MODE WRITE CYCLE(EARL Y WRITE) 

RAS V IH 
V IL 

CAS 
V 1H 
VIL 

AO-A9 
V IH 
V IL 

w"RTi'I 
V IH 
VIL 

DIN 
V IH 
V IL 

VOH -
Dour VOL -

, Note: "TF" pin should be connected to V IL (TF) level or open. 
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NIBBLE MODE READ· MODIFY· WRITE 

ro VIH 

VI~ 

CAS 
V IH 

VI~ 

AO-A9 VIH 

V IL 

WRITE 
V1H 

VI~ 

DIN 
V IH 

VI~ 

VOH -
Dour 

VOL -

Note: "TF" pin should be connected to VU.ITF) level or open. 
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RAS ONLY REFRESH CYCLE 

VIH-
RAS 

V'L -

CAS 
VIH-

AD-AS 

VOH-

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

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

CAS BEFORE R'AS REFRESH CYCLE 

tCHR 

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

~: "H" or "L" 

Note: WlTI'I'E= "11" or "L", A9="H" or "L" 
"TP" pin should be connected to V IL (TF) level or open, if "Test Mode" is not used. 
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HIDDEN REFRESH CYCLE (READ> 

V1H-

RAS 
V1L -

VIH-

CAS 

V 1H 

AO-A9 
VIL 

VIH 

WRITE 
VIL 

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

VOL - 1"-_________ "" 
DATA-OUT 

Note: "TF" pin should be connect~d to VU .. (TF) level or open, if "Test Mode" is not used. 
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HIDDEN REFRESH CYCLE (WRITE) 

VIH 

AO-A9 
V IL 

V IH 
WRITE 

V IL 

VIH 
DIN 

V IL 

DOUT 
VoH -

OPEN 
VOL -

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

WRITE CYCLE 

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

DOUT VOL -

VIH 
WRITE 

VIL 

VIH 
DIN 

V'L 

READ·MODIFY·WRITE CYCLE 

VOH
---- OPEN ----4---!-4-H~ 

DOUT VOL -

V,H 
WRITE 

V ,L 

V,H 
D,N 

V,L 

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

ADDRESSING 

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

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

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

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

DATA INPUT/OUTPUT 

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

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

DATA OUTPUT CONTROL 

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

NIBBLE MODE 

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

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

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

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

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

RAS ONLY REFRESH 

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

accomplished with "RAS-only" cycles. 

CAS BEFORE RAS REFRESH 

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

CAS before RAS refresh operation. 

HIDDEN REFRESH 

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

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE 

Dour -- OPEN 

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

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

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

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

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

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

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

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

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

Block Diagram in Test Mode 

An, Am 

-~'---~ 

An, Am 

,....--_-0

0 ~MAL 

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

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

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

Truth Table in Test Mode Function 

A B C D DOUT 

0 I 0 I 0 I 0 0 

1 J 1 1 1 I 1 1 

Otherwise Hi-Z 

Fig. 1 
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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 (Vcc+4.5V (VCC=5V± 10%), rnax. voltage = 10.5V)" for the specified period (tTES, 
tTEHR and tTEHC; see Fig. 2). The address input of A9 is ignored in the ''Test Mode". 

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

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

TF 

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

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

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

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

FEATURES 

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

TCSll002BP/BJ/BZlBFT - 60 

495m W MAX. Operating 
5.5mW MAX. Standby 

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

tM Column Address 
30ns Access Time 

tCAC B Access Time 20ns 

tRC Cycle Time lIOns 
tse Static Column 

3Sns Mode Cycle Time 

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

PIN CONNECTION 

Plastic DIP Plastic SO) 

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

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

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

Vee 9 10 A4 A3 AS 
Vee A4 

A9 1 Plastic TSOP 24 
cr 2 23 

Dour 3 
N.C. 4 
Vss 5 

N.C. 8 r I 
22 
21 
20 

17 

WR?~ 9 
10 

16 
15 

RAS 11 14 
TF 12 13 

Plastic ZIP 

A8 
A7 
A6 
AS 
A4 

Vee 
A3 
A2 
Al 
AO 

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

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

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

TC51l002BJ 
TC51l002BZ 
TC51l002BFT 

PIN NAMES 

AO-A9 Address Inputs 

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

Vss RAS Row Address Strobe 

WRiff DIN Data In 

TF DouT Data Out 

~ Chip Select Input 

WRm ReadlWrite Input 

Vee Power ( + SV) 

Vss Ground 

TF Test Function 

N.C. No Connection 
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BLOCK DIAGRAM 

AO 

A30-

A40+

AS 0-

A60-

A70-

ABSOLUTE MAXIMUM RATINGS 

ITEM 

Input Volt'g' 

Test Function Input Voltage 

Output Voltage 

Power Supply Voltage 

Operating Temperature 

Storage Temperature 

Soldering Temperature - Time 

Power Dissipation 

Short Circuit Output Current 

SYMBOL 

VIN 

VIN(TF) 

VOUT 

Vee 

TOPR 

TSTG 

TSO\.OER 

Po 

lOUT 

SUBSTRATE BIAS· Vee 
GENERATOR -0 VSS 

RATING UNITS 

-1-7 V 

-1-10.5 V 

-1-7 V 

-1-7 V 

0-70 'C 

-55-150 'C 

260-10 'C-sec 

600 mW 

SO mA 

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

Vee Supply Voltage 4.5 5.0 S.S 

VIH Input High Voltage 2.4 - 6.5 

Vil Input Low Voltage -1.0 - 0.8 

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

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

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT 
TCS 11 002BP/BJI 3,4 

Iw Average Power Supply Operating Current - 90 mA 

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

STANDBY CURRENT 

ICC2 Power Supply Standby Current - 2 mA 

(m"~,,VIH) 

m ONLY REFRESH CURRENT 
TCS11002BP/BJI 

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

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

STATIC COLUMN MODE CURRENT 
TCS11002BP/BJI 

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

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

STANDBY CURRENT 

Iccs Power Supply Standby Current - 1 mA 

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

~ BEFORE W REFRESH CURRENT 
TC511002BP/BJI 

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

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

INPUT LEAKAGE CURRENT (any input except TF) 

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

IITF(L) 
INPUT LEAKAGE CURRENT (only TF) 

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

IO(L) 
OUTPUT LEAKAGE CURRENT 

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

TEST FUNCTION INPUT CURRENT 
ITF 

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

VOH 
OUTPUT LEVEL 

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

OUTPU'T LEVEL 
VOL 

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

A-115 



TC511002BP/BJ/BZ/BFT-60 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VCC = SV + 10% Ta = 0-700c)(Notes 6 7 8) - I I I 

TC511002BP/BJ/BZlBFT-60 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. 

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

tRMw Read-Modify-Write Cycle Time 135 - ns 

tsc Static Column Mode Cycle Time 35 - ns 

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

tRAe Access Time from m - 60 ns 9,14 

teAe Access Time from ~ - 20 ns 9,14 

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

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

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

tOFF Output Buffer Turn-Off Delay 0 20 ns 10 

tAOH Output Data Hold Time from Column Address 5 - ns 

tow OutPlJt Data Enable Time from WRiTE' - 20 ns 

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

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

tRP m Precharge Time 40 - ns 

tRAS ro Pulse Width 60 10,000 ns 

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

tRSH ~ to m Hold Time 20 - ns 

tesH RM to CS Hold Time 60 - ns 

tcs C3 Pulse Width 20 10,000 ns 

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

tRCD RM to ~ Delay Time 20 40 ns 14 

tRAo m to Column Address Delay Time IS 30 ns 15 

tCRP cs to m Precharge Time 5 - ns 

tcP ~ Precharge Time 10 - ns 

tASR Row Address Set-Up Time a - ns 

t~AH Row Addrass Hold Time 10 - ns 

tAse Column Address Set-Up Time 0 - ns 

teAH Column Address Hold Time 15 - ns 

tAwlI 
Column Address Hold Time referenced to ru (WRITE 

50 
CYCLE) 

- ns 

tAR 
Column Address Hold Time referenced to m (READ 

70 CYCLE) - ns 

tRAL Column Address to m Lead Time 30 - ns 

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

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

TC511002BP/BJ/BZlBFT·60 
SYMBOL PARAMETER UNITS NOTES 

MIN. MAX. 

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

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

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

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

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

tWCH Write Command Hold Time 10 - ns 

tWCR Write Command Hold Time referenced to m 45 - ns 

twP Write Command Pulse Width 10 - ns 

tWI Write Command Inactive Time 10 - ns 

tRwL Write Command to m Lead Time 20 - ns 

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

toH Data-In Hold Time 15 - ns 12 

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

tREF Refresh Period - 8 ms 

twcs Write Command Set-UP Time 0 - ns 13 

tcwo cr to WRiTt Delay Time 20 - ns 13 

tRwD m to WRITE Delay Time 60 - ns 13 

tAwD Column Address to WRITE Delay Time 30 - ns 13 

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

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

tRPC W.Precharge to ~ Active Time 0 - ns 

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

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

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

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

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

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

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

Co Output Capacitance (DOUT) - 7 
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NOTES: 

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

damage to the device. 

2. All voltages are referenced to VSS. 

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

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

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

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

7. AC measurements assume tT=5ns. 

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

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

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

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

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

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

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

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

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

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

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

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

READ CYCLE 

m V,H 

V'L 

AO-A9 
V,H 

V'L 

~ 
V,H 

V'L 

WRITE 
V,H 

V,L 

Dour 
VOH 

VOL 

WRITE CYCLE (EARLY WRITE) 

ro V,H 

V'L 

AO-A9 
V'H 

V'L 

i3 V'H 

V'L 

WRiT! 
V,H 

V'L 

D,N V'H 

V'L 

Dour 
VOH 

VOL 

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

~ 
VIH 

VIL 

AO-A9 
VIH 

VIL 

~ 
V IH 

VIL 

WRiTE' VIH 

VIL 

DIN 
VIH 

Vll 

VOH -
DOUT 

VOL -

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

m VIH 

V'L 

AO-A9 V'H 

V'L 

~ 
V'H 

V'L 

~ 
VIH 

VIL 

Dour 
VOH -

VOL -

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

100' VIH 

VIL 

AO-A9 
VIH 

VIL 

'B VIH 

VIL 

WJUTr VIH 

VIL 

DIN 
VIH 

VIL 

DOUT 
VOH -

OPEN 
VOL -

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

m VIH 

VIL 

AO-A9 
V1H 

V1L 

CS" 
V 1H 

V1L 

WRITE 
VIH 

V 1L 

DIN 
VIH 

VIL 

DouT 
VOH - OPEN 
VOL -

~: -W or -L-

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

Dour 

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

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

STATIC COLUMN MODE READIWRITE MIXED CYCLE 

ro V IH 

Vil 

AO-A9 
V IH 

Vil 

a- VIH 

Vil 

WlOTE VIH 

Vil 

DIN 
VIH 

Vil 

DOUT 
VOH -

VOL -

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

VIH-
m 

V1L -

ts 
VIH-

VIL -

AO-A8 

VOH-

DOUT 
VOL -

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

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

~ BEFORE ltAS REFRESH CYCLE 

tRC 
I . 
• t!!e ~ 

VIH- tRAS .1 

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

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

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

VOL ~ DOUT 

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

VIH-

RM 
V 1L -

V1H 

~ 
VIL 

VIH 

AO-A9 
V1L 

VIH 

WRi'r'r 
VIL 

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

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

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

tS' VIL 

VIH 

AO-A9 
VIL 

VIH 

WImt 
VIL 

DIN 

DOUT 
VOH-

OPEN 
VOL -

~: ·W or -l-

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

AO-A9 

READ CYCLE 

[ 

Dour ~:~= 
VIH 

WRiTE' 
Vil 

WRITE CYCLE 

AO-A9 

VIH 

W'lm'! 
Vil 

VIH 

DIN 
Vil 

VIH 
AO-A9 

V il 

VIH 

WRiTE' v
ll 

TC511 002BP /BJ /BZ/BFT-60 

Note: ''TF'' pin should be connected to VIL(TFI level or open, if "Test Mode" is not used. 
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rEST MODE 

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

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

Block Diagram in Test Mode 

An, Am 

r--_-o~NORMAl 

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

.--_-o~NORMAl 

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

Truth Table in Test Mode Function 

A B C D Dour 

0 I 0 I 0 I 0 0 

1 I 1 I 1 I 1 1 

Otherwise Hi-Z 

Fig. 1 
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"Test Mode" function is performed on any of the timing cycles including Static Column Mode when 
"TF" pin is held on "super voltage (VCC+4.5V (VCC=5V±10%). max.voltage=10.5V)" for the specified 

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

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

unconnected on the printed wiring board. 

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

r\'--_____ I 

V ,L -

=7"'" " 

TF 

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

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

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

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

TC511002AP/AJ/AZ - 701- BOI- 10 

tRAC RAS Access Time 70ns BOns lOOns 

tAA Column Address 
35ns 40ns SOns Access Time 

tCAC CS Access Time 20ns 20ns 2Sns 

tRe Cycle Time 130ns 150ns 180ns 

tsc Static Column 
40ns 4Sns SSns Mode Cycle Time 

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

PIN NAMES 

AO-A9 Address Inputs WRITE ReadIWrite Input 

RAS Row Address Strobe Vee Power ( + SV) 

DIN Data In Vss Ground 

DouT Data Out TF Test Function 

CS Chip Select Input N.C. No Connection 

PIN CONNECTION (TOP VIEW) 

Plastic DIP Plastic SO) Plastic ZIP 

DIN Vss ~ 1 26 
WRITE DOUT WRITE 2 25 

RAS CS RAS 3 24 
TF A9 TF 4 23 

AO A8 N.C. S 22 

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

Vee A4 A3 12 15 AS 
Vee 13 14 A4 

• Low Power 
440m W MAX. Operating 

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

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

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

• Output unlatched at cycle end allows two
dimensional chip selection 

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

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

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

CS 

Vss 

WRITE 

TF 

Al 

A3 

A4 

A6 

TC511002AJ 
TC511002AZ 

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

BLOCK DIAGRAM 

AO 0-

Alo

A20-

A30-

A40-

A50-

A60-

A70-

MAXIMUM RATINGS 

CHARACTERISTIC 

Input Voltage 

Test Function Input Voltage 

Output Voltage 

Power Supply Voltage 

Operating Temperature 

Storage Temperature 

Soldering Temperature' Time 

Power Dissipation 

Short Circuit Output Current 

SYMBOL 

VIN 

VIN(TF) 

VOUT 

Vee 

TOPR 

TSTG 

TSOlOER 

Po 

lOUT 

DOUT 

ARRAY 

SUBSTRATE BIAS -0 Vee 
GENERATOR -0 VSS 

RATING UNIT 

-1-7 ,V 

-1-10.5 V 

-1-7 V 

-1-7 V 

0-70 ·C 

- 55-150 ·C 

260,10 ·C • sec 

600 mW 

50 mA 

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

SYMBOL CHARACTERISTIC MIN. TYP. MAX. 

Vee Supply Voltage 4.5 5.0 5.5 

V'H Input High Voltage 2.4 - 6.5 

V'L Input Low Voltage -1.0 - 0.8 

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

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

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

SYMBOL CHARACTERISTIC MIN. MAX. UNIT NOTE 

OPERATING CURRENT TC511002AP/AJ/AZ-70 - 80 

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

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

STANDBY CURRENT 

ICC2 Power Supply Standby Current - 2 mA 

(AAS=~=VIH) 

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

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

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

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

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

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

STANDBY CURRENT 

Ices Power Supply Standby Current - 1 mA 

(AAS = ~ = Vcc - 0.2V) 

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

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

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

INPUT LEAKAGE CURRENT (any input except TF) 

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

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

IITF(L) 
INPUT LEAKAGE CURRENT (only TF) 

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

OUTPUT LEAKAGE CURRENT 
IO(l) 

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

TEST FUNCTION INPUT CURRENT 
ITF 

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

VOH 
OUTPUT LEVEL 

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

OUTPUT LEVEL 
VOL 

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

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

TC511002API TC511002API TC511002API 

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

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

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

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

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

tSRMW 
Static Column Mode Read-Modify-

70 - 80 - 100 - ns Write Cycle Time 

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

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

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

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

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

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

tAOH 
Output Data Hold Time from Column 

Address 
5 - 5 - 5 - ns 

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

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

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

tRP RAS Precharge Time 50 - 60 - 70 - ns 

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

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

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

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

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

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

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

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

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

tcP CS Precharge Time 10 - 10 - 10 - ns 

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

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

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

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

Column Address Hold Time referenced 
tAwR 

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

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Continued) 

Tes 11 002API TCS 11 002API rcs 11 DD2API 

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

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

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

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

Column Address Hold Time referenced 
5 5 10 17 tAH 

to m Rise 
- - - ns 

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

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

Time 

last Write to Column Address Hold 
tAHLW 65 -Time 

75 - 95 - ns 

tRes 
Read Command Set-up Time 

0 - 0 - 0 - ns 
referenced to CS 

Read Command Hold Time referenced 
tRCH 

to CS 
0 - 0 - 0 - ns 11 

Read Command Hold Time referenced 
tRRH 

to RAS 
0 - 0 - 0 - ns 11 

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

Write Command Hold Time referenced 
lWCR 

to RAS 
55 - 60 - 75 - n5 

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

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

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

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

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

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

tREF Refresh Period - 8 - 8 - 8 ms 

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

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

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

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

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

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

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

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

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

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

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

tCPT 
CS Precharge Time 

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

tTES 
Test Mode Enable Set-Up Time 

0 - 0 - 0 -referenced to AAS' 
ns 

Test Mode Enable Hold Time 
0 0 0 tTEHR 

referenced to m - - - ns 

Test Mode Enable Hold Time 
0 0 trEHC 

referenced to CS - - 0 - ns 

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

SYMBOL CHARACTERISTIC MIN. MAX. UNIT 

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

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

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

NOTES: 

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

device. 

2. All voltages are referenced to VSS. 

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

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

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

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

7. AC measurements assume tT=5ns. 

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

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

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

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

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

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

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

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

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

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

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

TIMING WAVEFORMS 

READ CYCLE 

RAS VIH 

VIL 

AO-A9 
VIH 

VIL 

CS 
VIH 

V IL 

WRITE 
VIH 

VIL 

VOH -
DouT 

VOL -

wnrTl~ CYCLE (EARLY WRITE) 

RAS 
VIH 

V IL 

AO-A9 
VIH 

V IL 

cs VIH 

V IL 

WRITE 
V IH 

VIL 

DIN 
V IH 

VIL 

-
DOUT 

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

~: "W or "L" 

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

RAS V,H 

V,L 

pO-A9 
V,H 

V,L 

CS 
V,H 

V,L 

WRITE 
V,H 

V,L 

D,N 
V,H 

V,L 

VOH -
Dour 

VOL -

~: "W Or "L-

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

STATIC COLUMN MODE READ CYCLE 

AAS VIH 

V1L 

AO-A9 
VIH 

VIL 

CS 
VIH 

V1L 

WRiTE VIH 

V1L 

VOH -
DOUT 

VOL -

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

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

RAS 
V,H 

V'L 

AD-A9 
V,H 

V'L 

CS 
V,H 

V'L 

WRITE 
V,H 

V'L 

D,N 
V,H 

V'L 

VOH -
DouT OPEN 

VOL -

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

RAS 
V,H 

V'L 

I\O-A9 
V,H 

V,L 

CS 
V,H 

V,L 

WRITE 
V,H 

V,L 

V,H 
D,N 

V,L 

Dour 
VOH - OPEN 
VOL -

~: "W or "L-

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

STATIC COLUMN MODE READ· MODIFY - WRITE CYCLE 

RAS VIH 

VIL 

AO-A9 
VIH 

VIL 

cs V IH 

VIL 

WlU'1'l VIH 

VIL 

DIN 
VIH 

VIL 

VOH -
Dour 

VOL -

STATIC COLUMN MODE READIWRITE MIXED CYCLE 

RAS 
V IH 

V ll ...:..-

AO-A9 
VIH 

V IL 

cs V IH 

V IL 

WRITE 
V IH 

VIi. 

DIN 
VIH 

Vll 

VOH -
Dour 

VOL -

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

RAS ONLY REFRESH CYCLE 

m 

cs 

VIH 
AD-A8 

VIL 

VOH-

DOUT 
VOL -

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

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

CS BEFORE RAS REFRESH CYCLE 

tCHR 

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

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

HIDDEN REFRESH CYCLE (READ) 

VIH_ 

RAS 
V1L -

VIH-

-es 

VIH 

AO-A9 
V 1L 

V 1H 

WRITE 
VIL 

VOH -
------H 

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

HIDDEN REFRESH CYCLE (WRITE) 

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

IL 

V IH 

AO-A9 
V IL 

VIH 

WRITE 
V IL 

V IH 
DIN 

V IL 

VOH -
DOUT OPEN 

VOL -

~: HH- or HL-

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

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

V'H 
WRITE 

V'L 

WRITE CYCLE 

V'H 
AO-A9 

V1L 

VOH 

V'H 
WRITE 

V'L 

V'H 
DIN 

V'L 

V'H 
AO-A9 

VIL 

Note: "Ti~" pin should be connected to VIL(TF,icvei or open, if "Tc:;t Modc" is not used. 

A-146 



TC511002AP/AJ/AZ-70, TC511 002AP/AJ/AZ-80! 
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TEST MODE 

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

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

Block Diagram in Test Mode 

An, Am 

-~'----' 

An, Am 

r---o~NO'MAL 

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

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

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

Truth Table in Test Mode Function 

A B C 0 DOUT 

0 I 0 I 0 I 0 0 

1 I 1 I 1 I 1 1 

Otherwise Hi-Z 

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

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

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

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

VIH 

\ / RAS 
V 1L -

V 1H 

~==r:"'ro". 
cs 

V 1L -

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

TF 
VIH(TF) 

V1L(TF)-

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

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

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

FEATURES 

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

rcs 14256BP/BJ/BZlBFT -60 

tRAC m Access Time 60ns 

tAA Column Address 
30ns Access Time 

tCAC CA3 Access Time 20ns 

tRC Cycle Time 110ns 
tpc Fast Page Mode 

40ns Cycle Time 

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

PIN CONNECTION 

Plastic DIP Plastic SOJ 

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

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

AO AS 
AO 18 Al A7 AI 17 

A2 A6 A2 16 
A3 A5 A3 15 

Vee A4 Vee 14 

~ 1 
2 

Plastic T SOP 

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

AS 
AO 

A7 A2 

A6 Vee 
A5 A5 

A4 A7 

1103 3 
1/04 4 

VSS 5 

VOl 8 
1 __ 0 _J 

WI 9 
10 
11 

N.C. 12 

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

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

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

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

TC514256BJ 
TC514256BZ 
TC514256BFr 

PIN NAMES 

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

Plastic ZIP AO-AS Address Inputs 

jJ ro 3J 1/04 
~J 
iJ 

1/01 

~J 
wm 

m Al I)J 
A3 

f~J A4 
I)J 

A6 (;J 
A8 

m Row Address Strobe 

ro Column Address Strobe 

WImt ReadlWrite Input 

N Output Enable 

101-1/04 Data Input/Output 

Vec Power ( +SV) 

Vss Ground 

N.C. No Connection 

24 A8 
23 A7 
22 A6 
21 AS 
20 A4 

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

BLOCK DIAGRAM 

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

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL 

Input Voltage VIN 

Output Voltage VOUT 

Power Supply Voltage Vee 

Operating Temperature TOPR 

Storage Temperature TSTG 

Soldering Temperature' Time TSOLOER 

Power Dissipation Po 

Short Circuit Output Current lOUT 

1101 o 1102 1103 1104 o o 0 

RATING 

-1-7 

-1-7 

-1-7 

0-70 

-55-150 

260·10 

600 

50 

MEMORY 
ARRAY 

512)(512)(4 

SUBSTRATE BIAS 
GENERATOR 

UNITS 

V 

V 

V 

·C 

·C 

·C·sec 

mW 

mA 

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

Vee Supply Voltage 4.S 5.0 5.5 V 

VIH Input High Yoltage 2.4 - 6.5 V 

Vil Input Low Voltage -1.0 - 0.8 V 

A-150 

NOTES 

1 

1 

1 

1 

1 

1 

1 

1 

NOTES 

2 

2 

2 



TC514256BP IBJ/BZ/BFT-60 

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

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT 
TCS 142S6BP18JI 3,4 

ICCl Average Power Supply Operating Current - 90 mA 

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

STANDBY CURRENT 

ICC2 Power Supply Standby Current - 2 mA 

(m=re=VIH) 

m ONLY REFRESH CURRENT 
TC514256BP18JI 

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

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

FAST PAGE MODE CURRENT 
TC514256BP18J/ 3,4 

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

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

STANDBY CURRENT 

Ices Power Supply Standby Current - 1 mA 

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

m BEFORE ]{AS' REFRESH CURRENT 
TC514256BP/BJI 

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

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

INPUT LEAKAGE CURRENT 

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

10 (ll 
OUTPUT LEAKAGE CURRENT 

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

VOH 
OUTPUT LEVEL 

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

VOL 
OUTPUT LEVEL 

Output -L- Leve! Voltage (lOUT" 4.2mA) - 0.4 V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = SV ± 10%, Ta = 0-70°c) (Notes 6, 7, 8) 

TC514256BP/BJ/BZlBFT·60 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. 

tRC Random Read or Write Cycle Time 110 - ns 

tRMw Read·Modify·Write Cycle Time 165 - ns 

tpc Fast Page Mode Cycle Time 40 - ns 

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

tRAC Access Time from W - 60 ns 9,14 

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

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

tePA Access Time from m Precharge - 35 ns 9 

tClZ m to output in Low·Z 0 - ns 9 

toFF Output Buffer Turn·off Delay 0 20 ns 10 

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

tRP m Precharge Time 40 - ns 

tRAS m Pulse Width 60 10,000 ns 

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

tRSH m Hold Time 20 - ns 

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

tCSH ro Hold Time 60 - ns 

tCAS ro Pulse ~idth 20 10,000 ns 

tRCO W to ro Delay Time 20 40 ns 14 

tRAO W to Column Address Delay Time 15 30 ns 15 

tCRP ro to W Precharge Time 5 - ns 

tcp ro Precharge Time 10 - ns 

tASR Row Address Set·Up Time 0 - ns 

tRAH Row Address Hold Time 10 - ns 

tASC Column Address Set·Up Time 0 - ns 

tCAH Column Address Hold Time 15 - ns 

tAR Column Address Hold Time referenced to m SO - ns 

tRAl Column Address to ro Lead Time 30 - ns 

tRCS Read Command Set-Up Time 0 - ns 

tRCH Read Command Hold Time 0 - ns 11 

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

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

TC514256BP/BJ/BZlBFT-60 
SYMBOL PARAMETER UNITS NOTES 

MIN. MAX. 

tWCR Write Command Hold Time referenced to m 45 - ns 

twP Write Command Pulse Width 10 - ns 

tRwL Write Command to m Lead Time .20 - ns 

tCWL Write Command to m Lead Time 20 - ns 

tos Data Set-Up Time 0 - os 12 

tOH Data Hold Time 15 - os 12 

tOHR Data Hold Time referenced to m 50 - os 

tREF Refresh Period - 8 ms 

twes Write Command Set-UP Time 0 - ns 13 

tcwo m to WRiTl Delay Time 50 - ns 13 

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

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

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

taR 
m Set-Up Time 

5 -em before m Cycle) 
ns 

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

15 - ns 

tAPe m to m Precharge Time 0 - ns 

tePT 
m Precharge Time (m before m Counter Test 

30 -Cyde) 
ns 

tROH m Hold Time referenced to M 10 - ns 

tOEA m Access Time - 20 ns 

toEO M to Data Delay 20 - ns 

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

toEH m Command Hold Time 20 - ns 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AO-A8) - 5 pF 

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

Co Input/Output Capacitance (1101-1/04) - 7 pF 
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NOTES: 

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

damage to the device. 

2. All voltages are referenced to Vss. 

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

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

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

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

7. AC measurements assume tT=5ns. 

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

transition times are measured between VIH and VIL. 

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

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

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

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

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

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

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

limit, then access time is controlled by tcAC. 

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

V1H-
W 

V 1L -

~ 
VIH-

VIH 
AO-A8 

VIL 

VIH 
WRTTr 

VIL 

V1H 
C5r 

VIL 

VOH-
1/01-1/04 

VOL-
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WRITE CYCLE (EARLY WRITE) 

AO-A8 

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

Vll-
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WRITE CYCLE (OB CONTROLLED WRITE) 

VIH -
m 

VIL -

ru VIH-

VIH 
AO-A8 

VIL 

VIH 
WRiT! 

VIL 

VIH 
or 

VIL 

VIH-
V01-V04 

Vil -

~: -W or -L-
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READ-MODIFY-WRITE CYCLE 

VIH-
m 

VIL -

m VIH-

VIL 

VIH 
AO-A8 

VIL 

VIH-
WRlTl 

VIL -

VIH-
t5! 

VIL -

VIIOH -1101 

-1104 VIIOL -
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FAST PAGE MODE READ CYCLE 

~ 

~ 

VIH 
AO-A8 

VIL 

VIH 
WRm 

VIL 

VIH 

M 
VIL 

1/01 

-V04 
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FAST PAGE MODE WRITE CYCLE 

ro 

ro 

VIH 
AO-A8 

VIL 

VIH 
W'RT1t 

VIL 

~: "H" or "L-
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FAST PAGE MODE R~AD.MODIFY-WRITE CYCLE 

1101- VIIOH- ----~%ll 
1/04 VlIOl - ~~~'~ .. 
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1tAS ONLY REFRESH CYCLE 

tRe 

VIH-
m 

VIL-

V/H-
ro 

VIL -

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

CAS BEFORE RAS REFRESH CYCLE 

tRe 

, . tile • '. tRP .. 
I I 

if tRPe r\ • tRAS ___ .. T 
~ --

tee tesR tCHR - - • . 

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

~: -W or -L-

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

AO-A8 

WRiTE" 

(5~ 

1101 

-1/04 

VIH 

VIL 

VIIi 

VIL 

TC514256BP /BJ /BZ/BFT-60 

~: "H" or "L· 
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HIDDEN REFRESH CYCLE (WRITE) 
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IT.AS BEFORE fiAS' REFRESH COUNTER TEST CYCLE 

ro 

VIH 
AO-AS 

Vil 

REAO CYCLE 

VIH 

WW 
V1l 

VIH-
m-

Vll-

1/01 VOH -

-1/04 
OPEN 

VOL -

WRITE CYCLE 

VIH 

WRTT't 
VIL 

m-

1/01 

-V04 

V1H 
WRTT't 

Vil 

m- VIH-

Vll-

VOl VUOH-

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

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

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

FEATURES 

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

TCS142S6BPUBJLJBZLJBFTL - 60 

tRAe Rft3 Access Time 60ns 

tAA Column Address 
30ns Access Time 

teAe W Access Time 20ns 

tRe Cycle Time lIOns 
tpe Fast Page Mode 

40ns Cvcle Time 

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

PIN CONNECTION 

Plastic Dip Plastic SOJ 

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

WRITE 1/03 Wimt 3 24 I 

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

m 
N.C. 

AO 
Al 
A2 
A3 

Vee 

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

1/01 S 
1102 9 

WRiT! 10 
m 11 
N.C. 12 

m 1Vi3 
DE" N.C 

4 23 
S 22 

AS 
AO 

A7 Al 
AG A2 

9 IS 
10 17 
11 16 

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

Plastic HOP 

r 

AS 
A7 
A6 
AS 
A4 

AO 
A2 

Vee 
AS 
A7 

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

• Outputs unlatched at cycle end allows two
dimensional chip selection 

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

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

TC514256BJL : 
TC514256BZL : 
TC514256BF'rL: 

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

Plastic ZIP 
PIN NAMES 

~, 

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

24 AS 
23 A7 
22 AG 
21 AS 
20 A4 

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

A-167 

m 
1104 
1101 
wmT 

AI 
A3 
A4 
A6 
AS 

AO-AS 

RM 
m 

wmu 
DE" 

/01-1104 

Vee 
Vss 
N.C. 

Address Inputs 

Row Address Strobe 

Column Address Strobe 

ReadlWrit. Input 

Output Enable 

Data Input/Output 

Power(+ SV) 

Ground 

No Connection 



TC514256BPL/BJL/BZL/BFTL-60 

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

ITEM 

Input Voltage 

Output Voltage 

Power Supply Voltage 

Operating Temperature 

Storage Temperaturlt 

Soldering Temperature' Time 

Power "Dissipation 

Short Circuit Output Current 

1/01 o V02 1103 1104 o 

SYMBOL 

VIN 

VOUT 

Vee 

TOPR 

TSTG 

TSOLOER 

Po 

lOUT 

o 0 

SUBSTRATE BIAS 
GENERATOR 

RATING 

-1-7 

-1-7 

-1-7 

0-70 

- 55-150 

260'10 

600 

50 

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

SYMBOL PARAMETER MIN. TYP. 

Vee Sup'ply Voltage 4.5 5.0 

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

A-168 

I~ 

UNITS NOTES 

V 1 

V 1 

V 1 

·C 1 

·C 1 

·C· site 1 

mW 1 

mA 1 

MAX. UNIT NOTES 

5.5 V 2 

6.S V 2 

0.8 V 2 



. TC514256BPL/BJL/BZL/BFTL-60 

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

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT 
TCS 142S6BPLlBJLI 3,4 

leCl Average Power Supply Operating Current - 90 mA 

(m. m, Address Cycling: tRC = tRC MIN.) 
BZLJBFTL·60 5 

STANDBY CURRENT 

Ice2 Power Supply Standby Current - 2 mA 

(~=m=VIH) 

m ONLY REFRESH CURRENT 
TCS 142S6BPLlBJLI 

leo Average Power Supply Current, ~ Only Mode - 90 mA 3,5 

(m Cycling, m=VIH : tRC=tRC MIN.) 
BZLlBFTL·60 

FAST .PAGE MODE CURRENT 
TC514256BPLlBJLJ 3,4 

Average Power Supply Current, Fast Page Mode - • 60 mA 
Icc4 (m.VIL• m. Address Cycling: tpc=tpc MIN.) 

BZLlBFTL·60 5 

STANDBY CURRENT 

Ices Power Supply Stitndby Current - 200 pA 

(RM .. m"VCc-0.2V) 

as- BEFORE m REFRESH CURRENT rcs 14256BPLlBJLI 
ICC6 Average Power Supply Current, m Before m - 90 mA 3 

Mode (RAJ. m Cycling: tRC" tRC MIN.) 
BZLJBFTL·60 

BATIERY BACK UP CURRENT 

Avarage Power Supply Current. BATIERY BACK UP MODE 

ICC7 (as- .. as- Before m Cycling or O.2V, nt .. Vce - 0.2V, ~ .. VCC- - 300 pA 3,6 

0.2V or 0.2V. AO-8=Vcc-0.2V or O.2V, VOI-4=Vcc-0.2V, 

O.2V or OPEN: tRC. 12SllS, tRAp'tRAS MIN. -IllS) 

INPUT LEAKAGE CURRENT 

II (l) Input Leakage Current, any input -10 10 pA 
(OV:iVIN :i6.5V, All Other Pins Not Under Test=OV) 

10 (t) 
OUTPUT LEAKAGE CURRENT 

(DOUT is disabled, OV:iVOUT:i .5.5V) 
-10 10 pA 

OUTPUT LEVEL 
VOH 

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

OUTPUT LEVEL 
VOL 

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

A-169 



TC514256BPL/BJL/BZL/BFTL-60 

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

TC514256BPlIBJlIBZlIBFTL-60 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. 

tRC Random Read or Write Cycle Time 110 - ns 

tRMW Read-Modify-Write Cycle Time 165 - ns 

tpc Fast Page Mode Cycle Time 40 - ns 

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

tRAC Access Time from m - 60 ns 10,15 

tCAC - Access Time from m - 20 ns 10,15 

tAA Access Time from Column Address - 30 ns 10.16 

tePA Access Time from m Precharge - 35 ns 10,16 

tCLl m to output in Low-Z 0 - ns 10 

tOFF Output Buffer Turn-off Delay 0 2Q ns 11 

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

tRP m Precharge Time 40 - ns 

tRAS m Pulse Width 60 10,000 ns 

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

tRSH m Hold Time 20 - ns 

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

tesH ro Hold Time 60 - ns 

teAS m Pulse Width 20 10,000 ns 

tReo m to 00 Delay Time 20 40 ns 15 

tRAO m to Column Address Delay Time 15 30 ns 16 

tCRP ro to m Precharge Time 5 - ns 

tcp ro Precharge Time 10 - ns 

tASR Row Address Set-Up Time 0 - ns 

tRAH Row Address Hold Time 10 - ns 

tASC Column Address Set-Up Time 0 - ns 

tCAH Column Address Hold Time 15 - ns 

tAR Column Address Hold Time referenced to ~ 50 - ns 

tRAL Column Address to m Lead' Time 30 - ns 

tRCS Read Command Set-Up Time 0 - ns 

tRCH Reao Command Hold Time 0 - ns 12 

tRRH Read Command Hold Time referenced to m 0 - ns 12 

tWCH Write Command Hold Time 10 - ns 

tWCR Write Command Hold Time referenced to ~ 45 - ns 
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ELECTRICAL CHARACTERISTICS AND R!:COMMENDED AC OPERATING CONDITIONS 
(Continued) 

TCS 1 4256BPlJBJ lJBZlJBFTL-60 
SYMBOL PARAMETER UNITS 

MIN. MAX. 

twp Write Command Pulse Width to - ns 

tRwL Write Command to m Lead Time 20 - ns 

tCWL Write Command to ro Lead Time 20 - ns 

tos Data Set-Up Time 0 - ns 

tOH Data Hold Time 15 - ns 

tOHR Data Hold Time referenced to m 50 - nS 

tREF Refresh Period - 64 ms 

twcs Write Command Set-UP Time 0 - ns 

tcwo m to WJUTt Delay Time 50 - ns 

tRwO m to WJUTt Delay Time 90 - ns 

tAWO Column Address to WRiTt Delay Time 60 - ns 

tcpwo m Precharge to WRiT! Delay Time 65 - ns 

tcSR 
m Set-Up Time 

S - ns (m before m Cycle) 

m Hold Time 
tCHR (m tJefore ro Cycle) 

15 - ns 

~_c ro to ~ Precharge Time 0 - ns 

tCPT 
ro Precharge Time (m before ro Counter Test 

30 -
Cycle) 

ns 

tROM ro Hold Time referenced to or 10 - ns 

tOEA m ~ccess Time - 20 ns 

tOED or to Data Delay 20 - ns 

toEZ Output buffer' turn off Delay Time from N 0 20 ns 

tOEM m Command Hold Time 20 - ns 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AO-AS) - 5 pF 

C'2 Input Capacitance (RA~. m. WRiTt. or) - 7 pF 

Co InputJOutput Capacitance (I/O 1-1104) - 7 pF 
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TC514256BPL/BJL/BZL/BFTL-60 

NOTES: 

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

2. All voltages are referenced to VSS. 

3. lCCI, ICC3, lCC4, ICC6 depend on cycle rate. 

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

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

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

7. An initial pause of 200115 is required after power-up followed by 8 ltAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 ~ before ltAS 
initialization cycles instead of 8 RAS cycles are required. 

8. ACmeasurements assume tT=5ns. 

9. VIH (min.) and VIL (max.) are reference levels for measuring timing of input signals. Also, 

transition times are measured between VIH 'ind VIL. 

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

11. tOFF (max.) andtOEZ (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 ~ycles and to wm:TE leading 
edge in Read-Modify-Write cycles. 

14. twcs, tRWD, tcWD, tAWD and tcPWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics. o,nly. 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 cyclej 

If 'tRwD~tRWD (min.), tcwD~tcwD (min.), tAwD~tAWD (min.) and tcPWDs:tcPWD (min.) (Fast 
Page Mode), the cycle is a Read-Modify-Write cycle and the data out will contain data read from 
the selected cell: If neither of the above sets of conditions is satisfied, the condition' of the data 
out (at access time) is indetermir.ate. 

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

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

V 1H -m 
V 1L -

m V 1H -

V1H 
AO-AS 

VIL 

V 1H 
~ 

V1L 

V 1H -
N 

V 1L -

VOH -
V01-V04 

VOL-

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

VIH 
RA3 

re 

VIH 
AO-A8 

wroi! 

VIH-
1/01-1/04 ----- ~--OPEN----

Vll-
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WRITE CYCLE (~ CONTROLLED WRITE) 

VIH-m 
V'L -

m 
VIH-

VIH 
AO-A8 

VIL 

VIH 
WW 

VII. 

VIH 
M 

VIL 

VIH-
1101-1/04 

V'L -

~: -W or "L-
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READ.MODIFY.WRITE CYCLE 

AO-A8 

1/01 

-1/04 

VIH _~---"'!L I_-----:l~-... I 

VIL -

V1H -=-----+---+--I----.......... ~ 

V1H -------------

VIIOH-

-----------------+~ 
VIIOL -
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TC514256BPL/BJL/BZL/BFTL-60 

FAST PAGE MODE READ CYCLE 

m 

m 

VIH 
AO-A8 

VIL 

VIH 
WJm"E' 

VIL 

O! 

1/01 
-V04 
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TC514256BPL/BJL/BZL/BFTL-60 

FAST PAGE MODE WRITE CYCLE 

103' 

m 

V,H 
AO-A8 

V'L 

V'H 
WiITTt 

V,L 
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TC514256BPL/BJ L/BZL/BFTL-60 

FAST PAGE MODE READ·MODIFY·WRITE CYCLE 

1101- V"OH- _' ___ ~~I 
1104 VI/Ol-
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TC514256BPL/BJ L/BZL/BFTL-60 

1rAS ONLY REFRESH CYCLE 

V'H

V'L-

tRAS 

V,H _:-----;:fjr---+-+~-----------:lt----r-----

Note: WRITE, OE="H" or "L" 

CAS BEFORE 1tA'S REFRESH CYCLE 

__ -------------t~RC~---------------~ 
I tRP 
II 

V,H -~RPC 1\ .~ V'L - . ------

~ ~ 1 .... 1_----..:t~CHlIl.R---_ 
V'H- . 

::H - ~1 '---__ ....-______ .zsw.~~~~~~~'"""'"""~ 
1/01-1/04 .~----------- OPEN ---------

VOL 

tRAS 

Note: WRITE, 0E=AO-A8="H" or "L" 
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TC514256BPL/BJL/BZL/BFTL-60 

IllDDEN REFRESH CYCLE (READ) 

VIH_~--:!L 
I_~:t\...-_I 

VIL -

VIH 

AO-A8 
VIL 

VIH 

WlO'Tr 
VIL 

V IH -

~ 
V IL -

VOl VoH -

-V04 VOL -
DATA-OUT 
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TC514256BPL/BJL/BZL/BFTL-60 

HIDDEN REEFRESH CYCLE (WRITE) 
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TC514256BPL/BJ L/BZL/BFTL-60 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

m 

m 

VIH 
AO-A8 

V1L 

READ CYCLE 

VIH 

WRlTt 
VIL 

N' 

1/01 

-V04 

WRITE CYCLE 

V 1H 

W"ImT 
VIL 

N' 

1101 

-1/04 

V1H 

Wlmt 
V 1L 

N' 

1101 

-1/04 

~: "W or "L" 
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TC514256API AJI AZ-70, TC514256AP I AJ I AZ-80 
TC514256AP/AJ/AZ-10 

BLOCK DIAGRAM 

WRITEo---~ 

MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL 

Input Voltage V1N 

~tPut Voltage VOUT 

Power Supply Voltage Vee 

Operating Temperature TOPR 

Storage Temperature TSTG 

Soldering Temperature' Time TSOLOER 

Power Dissipation Po 

Short Circuit Output Current lOUT 

RATING 

-1-7 

-1-7 

-1-7 

0-70 

1104 
o 

COLUMN 

DECODER 

MEMORY 
ARRAY 

512x512x4 

SUBSTRATE BIAS 
GENERATOR 

UNIT 

V 

V 

V 

·C 

- S5-150 ·C 

260 ·10 ·C·sec 

600 mW 

50 mA 

BECOMMENDED DC OPERATING CONDITIONS (Ta = 0-700 e) 

SYMBOL CHARACTERISTIC MIN. TYP. MAX. 

Vee Supply Voltage 4.5 5.0 5.5 

V1H Input High Voltage 2.4 - 6.5 

V1L Input Low Voltage -1.0 - 0.8 
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80 
TC514256AP/AJ/AZ-10 

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

SYMBOL CHARACTERISTIC MIN. MAX. UNIT NOTE 

OPERATING CURRENT TC514256AP/AJ/AZ·70 - 80 
f---. 

ICCI Average Power Supply Operating Current TC514256AP/AJ/AZ·BO - 70 mA 3,4,5 

(RAS, CAS, Address Cycling: tRC = tRC MIN.) TC514256AP/AJ/AZ·10 - 60 

STANDBY CURRENT 

ICC2 Power Supply Standby Current - 2 rnA 

(RAS = CAS = VIH) 

RAS ONLY RHRESH CURRENT TC5142S6AP/AJ/AZ·70 - 80 

ICC3 Average Power Supply Current, RAS Only Mode TC514256AP/AJlAZ·80 - 70 rnA 3, 5 

(RAS Cycling, ro = V1H : tRC = tRC MIN.) TC514256AP/AJ/AZ·1O - 60 

FAST PAGE MODE CURRENT TC514256AP/AJ/AZ·70 - 60 

Average Power Supply Current, Fast Page Mode TCS14256AP/AJ/AZ·80 - 50 rnA 3,4,5 
ICC4 (RAS=VIL, CAS, Address Cycling: tpC=tpc MIN.) TC514256AP/AJ/AZ·10 - 40 

STANDBY CURRENT 

iCC5 Power Supply Standby Current - 1 mA 

eRAS = CAS = v Cc - 0.2V) 

CAS BEFORE RAS REFRESH CURRENT TC514256AP/AJ/AZ·70 - 80 

iCC6 Average Power Supply Current, CAS Before RAS TC514256AP/AJ/AZ·80 - 70 mA 3 

Mode (RAS, CAS Cycling: tRC = tRC MIN.) TC514256AP/AJlAZ·10 - 60 

INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any input -10 10 pA 

(OV::i V1N::i 6.SV, All Other Pins Not Under Test = OV) 

OUTPUT LEAKAGE CURRENT 
10 (L) 

(DouT is disabled, OVSVOUT::i 5.5V) 
-10 10 pA 

OUTPUT LEVEL 
VOH 

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

OUTPUT LEVEL 
VOL 

Output "L· Level Voltage (lOUT = 4.2mA) 
- 0.4 V 
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TC514256AP I AJI AZ-70, TC514256AP I AJ I AZ-80 
TC514256AP/AJ/AZ-10 

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

TC514::!56API TC514256API TC514256API 

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

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

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

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

tpc Fast Page Mode Cycle Time 40 - 4S - 55 - ns 

tpRMW 
Fast Page Mode Read-Modify-Write 

95 - 100 - 120 - ns 
Cycle Time 

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

tCAC 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 00 Precharge - 35 - 40 - 50 ns 9 

teLZ CAS to output in Low-Z a - a - a ,.. ns 9 

to~~ Output Buffer. Turn-off Delay' a 20 a 20 a 20 ns 10 

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

tRP RAS Precharge 'Time SO - 60 - 70 - 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 

tRHep 
RAS Hold Time From CAS Precharge 

35 - 40 - SO - ns (Fast Page Mode) 

tesH CAS Hold Time 70 - 80 - 100 - ns 

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

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

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

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

tcp CAS Precharge Time 10 - 10 - 10 - ns 

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

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

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

teAH Column Addre~"S Hold Time 15 - 15 - 20 - ns 

tAR 
Column Address Hold Time referenced 
to RAS 55 - 60 - 75 - ns 

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

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

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

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

tWCH Write Command Hold Time 15 - 15 - 20 - ns 
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TCS,14256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80 
TC514256AP/AJ/AZ-10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Continued) 

TC514256API TC514256API TC514256API 

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

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

Write Command Hold Time referenced 
tWCR 

to RAS 
55 - 60 - 75 - ns 

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

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

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

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

tOH Data Hold Time 15 - 15 - 20 - ns 

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

tREF Refresh Period - 8 - 8 - 8 ms 

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

tewD CAS to WRITE Delay Time 50 - 50 - 60 - ns 

tRwO RAS to WRITE Delay Time 100 - 110 - 135 - ns 

tAwD Column Address to WRITE Delay Time 65 - 70 - 85 - ns 

tCPwD CAS Precharge to WRITE Delay Time 65 - 70 - 8S - ns 

tCSR 
CAS Set-Up Time 

5 - 5 - 5 
(CAS before RAS Cycle) 

- ns 

CAS Hold Time 
tCHR 

(CAS before KAS Cycle) 
15 - 15 - 20 - ns 

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

tCPT 
CAS Precharge' Time (CAS before RAS 

40 40 50 
Counter Test Cycle) 

- - - ns 

tROH RAS Hold Time r(:ferenced to OE 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 0 25 
from OE 

ns 

tOEH OE Command Hold Time 20 - 20 - 25 - ns 

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

SYMBOL CHARACTERISTIC MIN. MAX. UNIT 

Cil Input Capacitance (AO-A8) - 5 pF 

CI2 Input Capacitance (RAS. 00. WRift. m) - 7 pF 

Co InpuUOutput Capadtance (I/O 1-1104) - 7 pF 
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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. 

2. All voltages are referenced to VSS. 

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

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

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

6. An initial pause of 20011S is required after power-up followed by 8 RAS 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 maasurements assume tT=5ns. 

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

transition times are measured between VlH and VIL. 

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

10. tOFF (max.) and tOEZ (max.) define the time at which the output achieves the open circuit condition 

and are not referenced to output voltage levels. 

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

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

13. twCS. tRWD, tcWD. tAWD and tcpwD are not restrictive operat~ng parameters. They are included 
in the data sheet as electrical characteristics only. If twcs~ twcs (min.), the cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) through the entire cycle; 

If tRwD~tRwD (min.), tcwD~tcwD (min.), tAWD~tAWD (min.) and tCPwD~tCPWD (min.) (Fast 
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 tRCD (max.) limit insures that tRAC (max.) can be met. 

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

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

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

limit, then access time is controlled by tAA. 

A-190 



READ CYCLE 

V 1H -

RAS 
V 1L -

V 1H -
CAS 

V 1H 
AO-A8 

V 1L 

V1H 

WRITE 
V 1L 

V 1H -
DE 

V 1L -

VOH-
1/01-1104 

VOL-

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

~: "H"or"L" 
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-BO 
TC514256AP/AJ/AZ-10 

WRITE CYCLE (EARLY WRITE) 

RAS 

CAS 

VIH 
AO-A8 

VI~ 

VIH 
WRITE 

V 1L 

OE 

V1H-
1101-1104 ---OPEN ----

V 1L -
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80 
TC51'4256AP/AJ/AZ-10 

WRITE CYCLE (aE CONTROLLED WRITE) 

V 1H -

RAS 
VIL -

VIH -
CAS 

V 1H 
AD-AS 

V 1L 

VIH 

WRITE 
V 1L 

V 1H 

OE 
V 1L 

V 1H -
1101-1/04 

V 1L -

~: "H" or "L" 
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TC514256AP I AJI AZ-70, TC514256API AJ IAZ-80 
TC514256AP/AJ/AZ-10 

READ-MODIFY-WRITE CYCLE 

AO-A8 

V1H -~---+----+--+------~ 

V 1H -~----~-~ 
DE 

VIiOH -
1/01 
-1/04 VI/OL -

A-194 



TC514256AP I AJI AZ-70, TC514256AP I AJ I AZ-80 
TC514256AP I AJI AZ-1 0 

FAST PAGE MODE READ CYCLE 

VIH 

ro 

CAS 

VIH 
AO-A8 

v lL 

V1H 
WRITE 

V1L 

ill 

1/01 

-1104 
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TC514256AP I AJI AZ-70, TC514256AP I AJI AZ-80 
TC514256AP IAJI AZ~ 10 

FAST PAGE MODE WRITE CYCLE 
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80 
TC514256AP/AJ/AZ-10 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

1/01- VIIOH -
1/04 VIIO

L 
_ ----+~~Y1 

Dour2 Dour N 
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TC514256AP/AJ1AZ-70, TC514256AP/AJ/AZ-80 
TC514256AP/AJ/AZ-10 

RAS ONLY REFRESH CYCLE 

RAS 

VIH 
CAS 

VIL 

VIH 
AO-A8 

VIL 

Note: WRT'l'E, (jE = "H" or "L" 

CAS BEFORE RAS REFRESH CYCLE 

V 1H - tRAS 
RAS 

CAS 

~1 VOH 
1101-1104 

VOL-

~---------OPEN --------

Note: WltITE, <JE"=AO-A8="H" or "L" 

A-198 



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

HIDDEN REFRESH CYCLE (READ) 

VIH-
RAS 

V1L -

CAS 
VIL 

VIH------~ 

OE V1l _~ _ __:_--__:_~_:_+--_-_~ ....... =~ ....... =""'"'""" 

1101 
DAtA - OUT 

-1/04 VOl -
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TC514256AP/AJ/AZ-10, TC514256AP/AJ/AZ~80 
TC514256AP I AJI AZ-1 0 

HIDDEN REFRESH CYCLE (WRITE) 

AO-AS 
V1L 

VIH 

WRITE 
VIL-";':';';'~ 

1/01 VIt-4-

-1/04 VIL -~ ___ ~----'r 
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80 
TC514256AP/AJ/AZ-10 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

VIH-

RAS 
V 1L -

CAS 

V1H 
AD-AS 

VIL 

READ CYCLE 

VII'; 

WRITE 
V 1L 

VIH-

DE 
VIL -

1/01 VOH -

-1104 
OPEN 

VOL -

WRITE CYCLE 

V 1H 
WRlfE" 

V 1L 

V 1H 
O-E" 

Vil 

1/01 

-1/04 

V1H 

WRITE 
VIL 

V 1H -
DE 

V 1L -

1/01 VI/OH-

-1/04 VIIOL-
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TENTATIVE DATA 
262,144 WORD X 4 BIT DYNAMIC RAM 

DESCRIPTION 
The TC514256APLlAJL/AZL is the new generation dynamic RAM organized 262,144 words by 4 bits. 

The TC514256APLlAJLlAZL utilizes TOSRIBA's CMOS Silicon gate process technology as well as 
advanced circuit techniques to provide wide operating margins, both internally and to the system user. 

Multjplexed address inputs permit the TC514256APLlAJL/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 

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

TCS 1.12S6APUAJ UAZl - 701- 801- 10 

tRAC RAS Access Time 70ns SOns lOOns 

tAA Column Aodress 
35ns 40ns SOns Access Time 

tCAe CAS Access Time 20ns 20ns 25ns 

t~c Cycle Time 130ns 150ns 180ns 

tpc Fast Page Mode 
40ns 4Sns 55ns Cvcie Time 

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

AO-A81 Address Inputs 1/01-1/04 Data Input/Output 

RAS Row Address Strobe Vce Power ( .. 5V) 

CAS Column Address Strobe Vss Grouno 

WRITI ReadM'rite Input N.C. No Connection 

OE .Outout Enable 

PIN CONNECTION {TOP VIEW~ 

Plastic DIP Plastic 50J Plastic ZIP 

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

WRTfE 1103 wRi'fe' 3 24 1/03 
m U\S m 4 23 ro 
N.C. Of N.C. S 22 Of 

AO AS AO 9 18 AS 
A1 A7 Al 10 17 A7 
A2 A6 A2 II 16 A6 
A3 AS A3 12 15 AS 

Vee A4 Vee 13 14 A4 
Vee 
AS 

A7 

• Low Power 
440mW MAX. Operating 

(TC514256APLlAJUAZL-70) 
385mW MAX. Operating 

(TC514256APLlAJUAZL-80) 
330m W MAX. Operating 

(TC514256APLlAJUAZL -10) 
1.1mW MAX. Standby 

• Outputs unlatched at cycle end allows two
dimensional chi p selection 

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

• All inputs and outputs TTL Compatible 
• 512 refresh cycles/64ms 
• Package TC514256APL 

00 
1/04 

1/01 

WRTfE' 

AI 

TC514256AJL 
TC514256AZL 

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

A-203 



TC514256APLI AJLI AZL-70, TC514256APLI AJLI AZL-80 
TC514256APLI AJLI AZL-10 I 

I~----------------------------------------------------------------------------------

BLOCK DIAGRAM 

1101 o 

~o-----~~ __________ ~~ 

MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL 

Input Voltage VIN 

Output Voltage VOUT 

Power Supply Voltage Vee 

Ooerating Temperature TOPR 

Storage Temperature TSTG 

Soldering Temperature' Time TSOlDER 

Power Dissipation PD, 

Short Circuit Output Current lOUT 

RATING 

-1-7 

-1-7 

-1-7 

0-70 

- 55-150 

260 '10 

600 

50 

1104 o 

COLUMN 

OEC;OOER 

SENSE AMP 
I/O GATE 

!-ll- ~1; -t II 
MEMORY 

ARRAY 
512xS12x4 

SUBSTRATE BIAS 
GENERATOR 

UNIT 

V 

V 

V 

·C 

·C 

·C· sec 

mW 

mA 

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

SYMBOL CHARACTERISTIC MIN. TYP, MAX. 

Vee Supply Voltage 4.5 5.0 5.5 

Viti Input High Voltage 2.4 - 6.5 

Vil Inout lo.w Voltage - 1,0 - 0.8 
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TC514256APLI AJ LI AZL-70, TC514256APLI AJ LI AZL-80'1 
TC514256APLI AJLI AZL-1 a 

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

SYMBOL I CHARACTERISTIC MIN. MAX. UNIT NOTE 

OPERATING CURRENT TC514256APLlAJLlAZL· 70 - 80 
3,4 

ICCI Average Power Supply Operating Current rC514256APLlAJLlAZL·80 - 70 mA 

(RAS, CAS, Address Cycling: tRC = tRC MIN) 60 
5 

TC514256APLlAJLlAZL·10 -
STANDBY CURRENT 

leo Power Supply Standby Current - 2 mA 

(RAS = CAS = V1H) 

AAS ONLY REFRESH CURRENT TC514256APLlAJLlAZL· 70 - 80 

Ico Average Power Supply Current, RAS Only Mode TCS 14256APLlAJI!AZL·80 - 70 mA 3, 5 

(RAS C,cling, ViS = V1H : tRC = tRC MIN.) TC5142S6APLlAJLlAZL·1 Q - 60 

FAST PAGE MODE CURRENT TC5142S6APLlAJLlAZL·7Q - 60 
3,4 

Average Power Supply Current, Fast Page Mode TCS 142S6APLlAJLlAZL·80 - 50 mA 
Ice4 (AAS = ViL, ro, Address Cycling: tpc = tpc MIN.) TC5142SGAPLlAJLlAZL·l0 40 

5 -
STANDBY CURRENT 

Ices Power Supply Standby Current - 200 rnA 

(RAS = ~ = Vee - 0.2V) 

EA"S BEFORE m REFRESH CURRENT TC5142SGAPLlAJLlAZL·70 - 80 

lee6 Average Power Supply Current, ro Before RAS TC5142S6APLlAJLlAZL·80 - 70 rnA 3 

Mode (RAS, <:AS Cycling: tRe:: tRC MIN.) rcs 14256APLlAJLlAZL·10 - 60 

SA TTERY BACr. UP CURRENT 

Avarage Power Supply Current, BATTERY BACK UP MODE 

Ico (CAS = <:AS Before RAS Cycling or 0.2V, or:: Vee - 0.2V, ~ = Vee - - 300 llA 3, 6 

0.2V or 0.2V, AO-8:: Vee - 0.2V or 0.2V, 1/01-4 = VCC - 0.2V, 

O.2V or OPEN: tRC: 1251ls, tRAS= tRAS MIN. -IllS) 

INPUT LEAKAGE CURRENT 

II(LI Input leakage Current, any input -10 10 llA 
(OV:iii VIN:iii 6,5V, All Other Pins Not Under Test:: OV) 

OUTPUT LEAKAGE CURRENT 
10 (Ll 

(DouT i\ disabled, OV S VOUT S .5.5V) 
-10 10 llA 

OUTPUT lEVEL 
VOH 

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

OUTPUT L.EVEL 
VOL 

Output -L· Level Voltage (lOUT:r 4.2rnA) - 0.4 V 
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TC514256APLI AJLI AZL-70, TC514256APLI AJLI AZL-80 
TC514256APL/AJL/AZL-10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vee = SV ± 10%, Ta = 0-70°c) (Notes 7, 8, 9) 

'YMBOl I 

TCs 14256APU TC514256APU TC514256APLJ 

CHARACTERISTIC AJUAZL-70 AJUAZL-80 AJLJAZL-l0 UNIT NOTE 

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

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

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

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

tpRMW 
Fast Page Mode Read-Modify-Write 
Cycle Time 95 - 100 - 120 - ns 

t~AC AccesS Time from m - 70 - 80 - 100 ns 10,15 

tCAC ! Access Time from 'CAS - 20 - 20 - 25 ns 10,15 

tAA I Access Time from Column Address - 3S - 40 - 50 ns 10,16 

tCPA Access Time from CAS Precharge - 35 - 40 - 50 ns 10,16 

tClZ CAS to output in Low-Z a - a - a - ns 10 

tOH Output Buffer Turn-off Delay a 20 0 20 a 20 ns 11 

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

tRP RAS Precharge Time 50 - 60 - 70 - 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 tOO,OOO 100 100,000 ns 

tRSH RAS Hold Time 20 - 20 - 25 - ns 

tRHCP 
RAS Hold Time From CAS Precharge 

35 - 40 - 50 - ns (Fast Page Mode) 

tesH CAS Hold Tim~ 70 - 80 - 100 - ns 

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

tRe::> RAS to CAS Delay, Time 20 50 20 60 25 75 ns 15 

tRAO RAS to Column Address Delay Time 15 35 15 40 20 50 ns 16 

tCRP CAS to m Precharge Time 5 - 5 - 5 - ns 

tcP CAS Precharge Time 10 - 10 - 10 - ns 

t"SR Row Address Set-Up Time a - 0 - a - ns 

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

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

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

Column Address Ho:d Time referenced 
55 60 75 tAR tom - - - ns 

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

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

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

tRRH 
Read Commanti Hold Time referenced a - 0 - 0 - ns 12 
to RAS 
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TC514256APLI AJLI AZL-70, TC514256APLI AJLI AZL-80 
TC514256APL/AJL/AZL-10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Continued) 

SYM'OL I 
TC514256APU TC514256APU TC514256APU 

CHARACTERISTIC AJUAZL-70 AJUAZL-80 AJUAZL-l0 UNIT 

MIN! MAX. MIN. MAX. MIN. MAX. 

tweH Write Command Hold Time I 15 - 15 - 20 - ns 

I Write Command Hold Time referenced 
55 tWCR 

to RP3 - 60 - 75 - ns 

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

tRWL Write Command to RAS Lead Time 20 - 20 - 25 - ns 

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

tDS Oata Set-Up Time 0 - 0 - 0 - ns 

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

tOHR Data Hold Time referenced to m 55 - 60 - 7S - ns 

tREF Refresh Period - 64 - 64 - 64 ms 

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

tcwo CAS to WRITE Delay Time 50 - 50 - 60 - ns 

tRWO RAS to WRITE Delay Time 100 - 110 - 135 - ns 

t",wo Column Address to WRITE' Delay Time 65 - 70 - 85 - ns 

tawe CAS Precharge to WRITE Delay Time 65 - 10 - 85 - ns 

tCSR 
CAS Set-Up Time 

5 - 5 5 
(CAS before RAS Cycle) 

- - ns 

CAS Hold Tinle 
tCHR 

(CAS before RP3 Cycle) 
15 - 15 - 20 - ns 

t~pc m to 00 Precharge Time 0 - 0 - 0 - ns 

tCpT 
CAS Precharge Time (CAS before RAS 

Counter Test Cycle) 
40 - 40 - 50 - ns 

tROH m Hold Time referenced to OE 10 - 10 - 20 - ns 

tOEA OE Access Time - 20 - 20 - 25 ns 

tOE:> OE to Data Delay 20 - 20 - 25 - ns 

tau 
Output buffer turn off Delay Time 

fromcrt' 
0 20 0 20 0 25 ns 

tOEH OE Command Hold Time 20 - 20 - 2S - ns 

CAPACITANCE (Vee = SV + 10% f = 1 MHz Ta - 0-70°c) - , , -
SYMBOL CHARACTERISTIC MIN. MAX. UNIT 

CII Input Capatitance (AO-A8) - S pF 

Cl ] Input Capacitance (lfM. m. WRi'It. OI) - 7 pF 

Co InpuUOutput Capatitance (1:01-1104) - 7 pF 
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TC514256APLI AJLI AZL-70, TC514256APLI AJL/AZL-80 
TC514256APLI AJLI AZL-10 

NOTES: 

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

device. 

2. All voltages are referenced to VSS. 

3. ICC1, Icc3, ICC4 depend on cycle rate. 

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

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

6. tRAS (max.) = Ips is only applied to refresh of battery-back up. 
tRAS (max.) = lOllS 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 tT=5ns. 

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

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

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

12. Either 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 wroTE" leading 
edge in Read-Modify-Write cycles. 

14. twcs, tRwD, tcWD, tAWD and tcPWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If tWCS$; twcs (min.), the cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) through the entire cycle; 

If tRWD~ tRWD (min.), tcwD~ tcwD (min.), tAWD$; tAWD (min.) and tcPWD~ tcPWD (min.) (Fast 
Page Mode), the cycle is a Read-Modify.Write cycle and the data out will contain data read from 
the selected cell: If neither of the above sets of conditions i.s satisfied, the condition of the data 
out (at access time) is indeterminate. 

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

16. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 
tRAD (max.) is specified as a reference point only: If tRAo is greater than the specified tRAO (max.) 
limit, then access time is controlled by tAA. 
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TC514256APLI AJLI AZL-70, TC514256APLI AJ LI AZL-80 
TC514256APL/AJL/AZL-10 

READ CYCLE 

V'H -m 
V'L-

V,H-
CAS 

V1H 
AO-AS 

VI. 

V'H 
WRITE 

V,. 

V'H-
OE 

V,. -

VOH-
1101-1/04 

VOL-
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TC514256APLI AJLI AZL~ 10 

WRITE CYCLE (EARLY WRITE) 

1/01-1/04 ---OPfN---
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TC514256APLI AJ LI AZL-70, TC514256APLI AJLI AZL-80 
TC514256APLI AJLI AZL-10 

WRITE CYCLE (<JE' CONTROLLED WRITE) 

V"'I-m 
VI~ -

V1H -
CAS 

V1H 
AD-AS 

VI~ 

V1H 

WRITE 
VI~ 

V1H 

OE 
V1L 

V1H -
1/01-1/04 

V1L -

~: "W or "L" 
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I TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-BO 
TC514256APL/AJL/AZL-10 

READ-MODIfY-WRITE CYCLE 

VIH-
m 

V1L -

CAS 
V 1H -

V 1L 

VIH 
AD-AS 

V 1L 

V1H-

WRITE 
V 1L -

VIH~ 
OE 

V1L -

VI/OH-
1101 

-1104 VIIOL -

~: NW or NL-
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TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-BO I, 

TC514256APLI AJ LI AZL-10 

FAST PAGE ~lODE READ CYCLE 

AAS 

CAS 

V,H 
AO-A8 

VI~ 

V 1H 
WRJTE 

VI~ 

OE 

1101 

-1104 
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TC514256APLI AJLI AZL-70, TC514256APLI AJLI AZL-80 
TC514256APL/AJL/AZL-10 

FAST PAGE ~,roDE WRITE CYCLE 

ro 

m 

V!1'i 
AO-A8 

VIL 

V IH 
WRITE 

VIL 

V IH 

OE 
V IL 

1/01 V IH 

-1/04 
VIL 

A-214 



TC514256APLlAJLlAZL-70, TC514256APLlAJLlAZL-80 Ij 
TC514256APLI AJ LI AZL-1 0 

FAST PAGE MODE READ·MODIFY·WRITE CYCLE 

1/01- V1/0 H - ---~/,XI 
1104 VItO l -

Dour2 Dour N 
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TC514256APLI AJLI AZL-70, TC514256APLI AJ L/AZL .. 80 
TC514256APLI AJLI AZL-10 

RAS ONLY REFRESH CYCLE 

. tl'tC . . tRP . 
r\" tRA~ ~JI 

I~ ~I 

J I~I \7 
tRAH -

AO-A8 ~IM~~~ ~~, 
IL " " 1"-1 ---"'I -----

Note: WlTITE. Q'E="a" or "L" 

CAS BEFORE RAS REFRESH CYCLE 

1/01-1/04 

Note: WRI'rE'. 0'E=AO-A8="H" or "L" 
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TC514256APlI AJ II AZl-70, TC514256APlI AJ II AZl-BO 
TC514256APlI AJlI AZl-10 

HIDDEN REFRESH CYCLE (READ) 

V 1H 

AO-A8 
V 1L 

V 1H 

WRITE 
V1L 

V 1H -

OE 
V 1L -

1/01 VOl-< -

-1104 VOL -
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TC514256APL1AJLI AZL-70, TC514256APLI AJLI AZL-80 
TC514256APLI AJ LI AZL-10 

HIDDEN REEFRESH CYCLE (WRITE) 

AO-AS 

1101 V 1H -

-1/04 V'L - ____ ---' ----....1'/ ~~~~~ 
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TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80 
TC514256APL/AJL/AZL-10 

CAS BEFORE RAS" REFRESH COUNTER TEST CYCLE 

V IH 

RAS vlL -

CAS 

V IH 
AO-A8 

VIL 

READ CYCLE 

V IH 

WRITE 
V 'L 

V IH -

OE 
V IL -

1/01 VOH -

-1/04 
OPEN 

VOL -

WRITE CYCLE 

V'H 
WRITE 

VIL 

V IH 
OE 

V IL 

1/01 

-1/04 

V IH 

WR:fE 
V IL 

Of 
VIH -

VIL -

1101 V IIOH -

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

The TC514258BPIBJIBZlBI<'T is the new generation dynamic R.A..\1 organized 262,144 words oy 4 bits. 
The TC514258BPIBJIBZlBFI' 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 TC514258BPIBJIBZlBFI' to be packaged in a standard 20 pin 

plastic DIP, 26/20 pin plastic SOJ, 20/19 pin plastic ZIP, 24120 pin plastic TSOP. The package size 
provides high system bit densities and is compatible with widely available automated testing and 
insertion equipment. System oriented features include single power supply of 5V±10% tolerance, direct 
interfacing capability with high performance logic families such as Schottky TTL. 

FEATURES 

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

TCS I 42SSBP/BJ/BZlBFT - 60 

tllAe m Access Time 60ns 

tAA Column Address 
30ns Access Time 

tCAe (3 Access Time 20ns 

t~e Cycle Time I IOns 
tse Static column 

3Sns Mode Cycle Time 

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

PIN CONNECTION 

Plastic DIP Plastic SOJ 

Vss 1/01 VSS ~ 

Plastic ZIP 

jJ 

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

• Outputs unlatched at cycle end allows two
dimensional chip selection 

• Read-Modify-Write. ~ before RAS refresh. 
RAg-only refresh. Hidqen refresh. and Static 
Column Mode capability 

• All inputs and outputs TTL compatible 
• 512 refresh cycles/8ms 
• Package TC514258BP 

TC514258BJ 
TC514258BZ 
TC514258BFI' 

PIN NAMES 

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

AD-AS Address Inputs 

1/02 1/04 1/02 1/04 1/03 
n 

F~~ ~~: 
m Row Address Strobe 

1/04 
WRIT! 1/03 wrurr 

ro ~ m 
N.C. ~ N.C. 

AO AS AO 9 IS 
Al A7 A1 10 17 
A2 A6 A2 11 16 
A3 AS A3 12 IS 

Vee A4 Vee 13 14 

Ot I Plastic TSOP 
~ 2 

1/03 3 
1/04 4 
Vss S 

1/01 8 r 
1102 9 

WRITE 10 
;m " N.C. 12 

1/03 Vss 
'a 1/02 
~ m 
AS AO 

A7 A2 

A6 Vee 
AS AS 
A4 A7 

SJ 
iJ 
~J 

F'-1' F:- J 
OJ 
fsJ 
OJ 
0J 

24 AS 
23 A7 
22 A6 
21 AS 
20 A4 

17 Vee 
16 A3 
IS A2 
14 Al 
13 AO 

LP 
[& 
[1) 
[(<\ 
[(6 
[(s 
rio 

1/01 
wm 
Al 
A3 
A4 
A6 
AS 
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~. Chip Select 

wm ReadlWrite Input 

~ Output Enable 

I/Ol-V04 Data InpuVOutput 

Vee Power(+ 5V) 

Vss Ground 

N.C. No Connection 



TC514258BP IBJ/BZ/BFT-60 

BLOCK DIAGRAM 

ABSOLUTE MAXIMUM RATINGS 

ITEM 

Input Voltage 

Output Voltage 

Power Supply Voltage 

Operating Temperature 

Storage Temperature 

Soldering Temperature· Time 

Power DiSSipdtion 

Short Circuit Output Current 

1101 o 

SYMBOL 

V1N 

VOUT 

Vee 

TOPR 

TSTG 

TSOlOER 

Po 

lOUT 

1/02 1/03 1104 o o 0 

COLUMN 

DECODER 

MEMORY 
ARRAY 

512)(512)(4 

SUBSTRATE BIAS 
GENERATOR 

RATING UN.IT5 

-1-7 V 

-1-7 V 

-1-7 V 

0-10 ·C 

- 55-150 ·C 

260'10 ·C·sec 

600 mW 

50 mA 

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

SYMBOL PARAMETER MIN. TYP. MAX. 

Vee Supply Voltage 4.5 5.0 5.5 

V1H Input High Voltage 2.4 - 6.5 

V1L Input Low Voltage -1.0 - 0.8 
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TC514258BP /BJ /BZ/BFT-60 

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

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT 
TCS 142S8BP/BJI 3,4 

ICCI Average Power Supply Operating Current - 90 mA 

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

STANDBY CURRENT 

ICC2 Power Supply Standby Current - 2 mA 

(m=~"VIH) 

m ONLY REFRESH CURRENT 
TCS 14258BP/BJI 

ICC3 Average Power Supply Current, m Only Mode - 90 mA 3,5 

(m Cycling, ~ .. VIH: tRC" tRe MIN.) 
BZlBFT·60 

STATIC COLUMN MODE CURRENT 
TC514258BP/BJI 3,4 

Ice4 Average Power Supply Current, STATIC COLUMN - 70 mA 

Mode (m '"' ~. VIL, Address Cycling: tse'"' tse MIN.) 
BZlBFT·60 S 

STANDBY CURRENT 

Ices Power Supply Standby Current - 1 mA 

(m=~=Vce-0.2V) 

~ BEFORE m REFRESH CURRENT 
TCS 142S8BP/BJI 

ICC6 Average Power Supply Current, ~ Before m - 90 mA 3,5 

Mode (m, ~ Cycling: tRe or tRe MIN.) 
BZlBFT·60 

INPUT LEAKAGE CURRENT 

II (Ll Input Leakage Current, any input -10 10 IIA 
(OV:O VIN:o 6.SV, All Other Pins Not Under Test. OV) 

10 (Ll 
OUTPUT LEAKAGE CURRENT 

(Dour is disabled, OV =- VOUT:ii S.SV) 
-10 10 IIA 

OUTPUT LEVEL 
VOH 

Output -W Level Voltage (lour or - SmA) 
2.4 - V 

OUTPUT LEVEL 
VOL 

Output "L· Level Voltage (lOUT or 4.2mA) - 0.4 V 
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· TC514258BP IBJIBZ/BFT-60 

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

TC514258BP/BJ/BZlBFT -60 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. 

tllC Random Read or Write Cycle Time 110 - ns 

tRMW Read-Modify-Write Cycle Time 165 - ns 

tsc Static Column Mode Cycle Time 35 - ns 

tSRMW Static Column Mode Read-Modify-Write Cycle Time 90 - ns 

tRAC Access Time from m - 60 ns 9,14 

teAe. AcceSs Time from ~ - 20 ns 9,14 

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

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

tell ~ to output in LOw-Z 0 - ns 9 

toFF Output Buffer Turn-off Delay 0 20 ns 10 

tAOH Output Data Hold Time from Column Addres 5 - ns 

tow Output Data Enable Time from W"RiT! - 20 ns 

tT Trans[tion Time (Rise and Fall) 3 50 ns 8 

tRP m Precharge Time 40 - ns 

tllAS 103 Pulse Width 60 10,000 ns 

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

tRSH ~ to m Hold Time 20 - ns 

tCSH m to ~ Hold Time 60 - ns 

tes (3 Pulse Width 20 10,000 ns 

tese (3 Pulse Width (Static Column Mode) 20 100,000 ns 

tReo m to (3 Delay Time 20 40 ns 14 

tRAO mto Column Address Delay Time 15 30 ns 15 

teRP (3 to m Precharge Time 5 - ns 

tep C) Precharge Time 10 - ns 

tASR ·Row Address Set-Up Time 0 - ns 

tRAM Row Address Hold Time 10 - ns 

~Ase Column Address Set-Up Time 0 - ns 

teAM Column Address Hold Time 15 - ns 

tAWR 
Column Address Hold Time referenced to RM (WRITE 

50 - ns CYCLE) 

tAR 
Column Address Hold Time referenced to m (READ 

8S 
CYCLE) - ns 

tRAL Column Address to m Lead Time 30 - ns 

tAM Column Address Hold Time referenced to m Rise 5 - ns 17 

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

tAMLW Last Write to Column Address Delay Time 55 - ns 

tRes Read Command Set-up Time referenced to (3 0 - ns 
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TC514258BP /BJ /BZ/BFT-60 

TC51425SBP/BJ/BZJBFT-60 
SYMBOL PARAMETER UNITS NOTES 

MIN. MAX. 

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

tRRH Read 'Command Hold Time referenced to m 0 - ns 11 

Write Command Hold Time 
10 tweH - ns 

(Output Data Disable) 

tweR Write Command Hold Time referenced to m 4S - ns 

twp Write Command Pulse Width 10 - ns 

twr Write Command Inactive Time 10 - ns 

tRwL Write Command to m Lead Time 20 - ns 

tCWL Writ. Command to ~ Lead Time 20 - ns 

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

tOH Data-In Hold Time 15 - ns 12 

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

tREF Refresh Period - 8 ms 

Write Command Set-UP Time 
0 13 twcs - ns 

(Output Data Disable) 

tcwo 
~ to WRITE Delay Time 

50 - ns 13 
(READ-MODIFY-WRITE CYCLE) 

tRwO 
ro to wlUT[ Delay Time 

90 - ns 13 
(READ-MODIFY-WRITE Cycle) 

tAWO Column Address to WRIT! Delay Time 60 - ns 13 

tesR ~ Set-Up Time(~ before m) S - ns 

l<HR ~ Hold Time(~ before lV3) 15 - ns 

tRPe ro to ~ Precharge Time 0 - ns 

tCPT ~ Pi-echarge Time (~ before m Counter Test Cycle) 30 - ns 

tROH m Hold Time referenced to 'Ol 10 - ns 

toEA ~ Access Time - 20 ns 

tOEO ~ to Data Delay 20 - ns 

toEZ Output Buffer turn off Delay Time from ~ 0 20 ns 10 

toEH ~ Command Hold Time 20 - ns 

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

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AO-AS) - 5 pF 

C'2 Input Capacitance (m. ~. WRT1'!. ~) - 7 pF 

Co Input/Output Capacitance (1101-1104) - 7 pF 
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TC514258BP IBJ/BZ/BFT-60 

NOTES: 

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

2. AU· voltages are referenced to VSS. 

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

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

S. Column address can be changed once or less while l{AS=VIL. 

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

7. AC measurements assume tT=5ns. 

8. VIH (min.) and VIL (max.) are reference levels for measuring timing of input signals. 

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

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

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

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

13. twcs, tRWD, tcwD and tAwD are not restrictive operating parameters. They are included in the 
data sileet as electrical characteristics only. If twCSS= 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~ t·RWD (min.), tcwD6:tcwD (min.) and tAWD~ tAwD (min.) the cycle is a Read-Modify-Write 
cycle and the data out will contain data read from the selected cell: If neither of the above sets of 
conditions is satisfied, the condition of the data out (at access time) is indeterminate. 

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

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

16. Operation within the tLwAD (max.) limit insures that tALW (max.) can be met. 
tLWAD (max.) is specified as a reference point only: If tRAD is greater than the specified tl,wAD 
(max.) limit, then access time is controlled by tAA. 

17. tAtJ is the condition to latch column address when RAS' has risen up. 
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TC514258BP /BJ /BZ/BFT-50 

READ CYCLE 

AO-A8 VIH 

VIL 

1/01-1104 VOH - ____ _ 

VOL -

WRITE CYCLE (EARLY WRITE) 

AO-A8 VIH 

Vil 

A-227 



· TC514258BP IBJ/BZ/BFT-60 

WRITE CYCLE cO! CONTROLLED WRITE) 

m VIH 

VIL 

-a VIH 

VIL 

AO-A8 
VIH 

VIL 

W'RiTl VIH 

VIL 

m- VIH 

VIL 

I/Ol-V04 
VIM 

VIL 

READ - MODIFY - WRITE CYCLE 

ro VIM 

V IL 

-a VIM 

VIL 

AO-A8 
VIH 

VIL 

WRiTl VIH 

VIL 

N VIH 

Vll 

1101-1104 VIIOH -
VIIOL -

~:·W or -L" 
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TC514258BP /BJ /BZ/BFT-60 

STATIC COLUMN MODE READ CYCLE 

AA) VIH 

VIL 

AO-A8 
VIH 

VIL 

~ 
VIH 

VIL 

WRm' VIH 

VIL 

erE VIH 

Vil 

1/01-1104 
VOH - _______ _+_~ 

VOL -
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TC514258BP IBJ/BZ/BFT-60 

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

m VIH 

VIL 

AO-A8 
VIH 

V IL 

~ 
VIH 

VIL 

WRi~ 
VIH 

VIL 

m VIH 

V 1L 

V01-1/04 
VIH 

V IL 

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

m VIH 

V IL 

VIH 
AO-A8 

V IL 

~ 
VIH 

V IL 

W1fITr 
VIH 

VIL 

m VIH 

VIL 

VIH 
1/01-1/04 

VIL 
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TC514258BP /BJ /BZ/BFT-50 

STATIC COLUMN MODE READ - MODIFY - WRITE CYCLE 

m VIH 

VIL 

AO-A8 
VIH 

V1L 

~ 
VIH 

V1L 

wmt VIH 

VIL 

~ 
VIH 

VIL 
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TC514258BP IBJ/BZ/BFT-60 

STATIC COLUMN MODE READIWRITE 1vOXED CYCLE 

m VIH 

VIL 

~ 
VU~ 

VIL 

AO-A8 
VIH 

VIL 

WRi"I'! VIH 

VIL 

O! 
V 1H 

VII. 

1/01-1/04 VIIOH - __ ~ 
VIIOL -

(WRITE) (READ) (WRITE) 

~: "W or "L" 
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TC514258BP /BJ /BZ/BFT-SO 
-----------1" 

II 

ns ONLY REFRESH CYCLE 

~ BEFORE ng REFRESH CYCLE 

tRC 

V1H -

:::~I~c ~ 
v" --':-1~~ll ~---------~'""'""'""""''""""'""'""''""~ 
vOH 

VOI-V04 . ------------ OPEN ---------VOL - _______ ...;/1.-

'. tRP 
I I tRP 

I I 

If tRPC 
~ • tRAS __ .7 

~ -
tcP tcSR tcHR 
~ .. • 
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TC514258BP IBJ/BZ/BFT-60 

HIDDEN REFRESH CYCLE (REAP) 

VIH---"\I·· 

100' 
VI\.-

V01- VOH - ______ --< 
V04 VOl. -

DATA· OUT 

~: "H" or "L" 



TC514258BP IBJ/BZ/BFT-60 

HIDDEN REFRESH CYCLE (WRITE) 

m V'H 

V'L I IltOHR 

1/01- V'H - ___ ' _' _t~' o~I+~-A''''''';INt;w.gQH_:1 . ___ OPEN _______ _ 

1104 V'l - ~ 1 
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TC514258BP IBJ/BZ/BFT-60 

'OS BEFORE BAS REFRESH COUNTER TEST CYCLE 

VIH 
AO-A8 

VIL 

VIH 
WIUT'E' 

VIL 

VIH 
~ 

VIL 

V04 VOL -

WRITE CYCLE 
V1H 

AO-A8 

V01- V'H-
---- OPEN ----<I 

V04 VI\.-

EAD-MOOIFY-WRITE CYCLE 

AO-A8 

VOI- VIIOH-

----------------------~ V04 VIIOL-
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TENTATIVE DATA 
262,144 WORD x4 BIT DYNAMIC RAM 

DESCRIPTION 
'I'he 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. The package size provides high system bit 
densities and is compatible with widely available automated testing and insertion equipment. System 
oriented features include single power supply of 5V± 10% tolerance, direct interfacing capability with 
high performance logic families such as Schottky TIL. 

FEATURES 

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

TCS14258AP/AJ/AZ -701- 801- 10 

tRAe m Access Time 70ns 80ns lOOns 
tAA Column Address 

3Sns 40ns SOns Access Time 

tc;.c CS Access Time 25ns 25ns 30ns 

tRC Cycle Time 130ns lS0ns 180ns 
tsc Static column 

40ns 45n5 SSn5 Mode Cycle Time 

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

AO-A8 Address Inputs 1/01-1/04 Data InpuUOutput 

RAS Row Address Strobe Vee Power ( + SV) 

CS Chip Select Vss Ground 

WRITE ReadlWrite Input N.C. No Connection 

OE Output Enable 

PIN CONNECTION (TOP VIEW) 

Plastic DIP Plastic SOJ Plastic ZIP 

1/01 1 Vss 1/01 26 ~84 1/02 2 1104 1102 2S 
WRi'I'! 3 1/03 wm 3 24 1/03 

TfA') 4 a ro 4 23 a 
N,C. S m- 'N,C:. S 22 Of 

AO 6 AS AO 9 18 AS 
AI 7 A7 Al 10 17 A7 
A2 8 A6 A2 11 16 A6 
A3 9 AS A3 12 15 AS 

Vee 10 A4 Vee 13 14 A4 

• Low Power 
440m W MAX. Operating 

(TC514258AP/AJIAZ -70) 
385m W MAX. Operating 

(TC514258APIAJIAZ - 80) 
330m W MAX. Operating 

(TC514258APIAJIAZ -10) 
5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two
dimensional chip selection 

• Read-Modify-Write, (;S before HAS refresh, 
RAS-only refresh, Hidden refresh, and Static 
Column Mode capability 

• All inputs and outputs TIL compatible 
• 512 refresh cycles/8ms 
• Package TC514258AP 

~ 

1/04 

1/01 

wm 

'l'C514258AJ 
TC514258AZ 

DIP20-P-300B 
SOJ26-P-300 
ZIP20-P-400 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-BO 
TC514258AP I AJI AZ-10 

------------------------------------------------------------------------------------

BLOCK DIAGRAM 

Vee 

1 
W"Rjffo---oCI 

A7o. 

MAXIMUM RATINGS 

CHARACTERISTIC SYMBOL 

Input Voltage V1N 

Output Voltage VOUT 

Power Supply Voltage Vee 

Operating Temperature TOPR 

Storage Temperature TSTG 

Soldering Temperature' Time TSOLOER 

Power Dissipation Po 

Short Circuit Output Current lOUT 

1101 o 1102 1/03 1/04 o o 0 

RATING 

-1-7 

-1-7 

-1-7 

0-70 

- 55-150 

260· to 
600 

50 

MEMORY 
ARRAY 

512x512x4 

SUBSTRATE BIAS 
GENERATOR 

UNIT 

V 

V 

V 

·C 

·C 

·C· sec 

mW 

mA 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-700 e) 

SYMBOL CHARACTERISTIC MIN. TYP. MAX. 

Vee Supply Voltage 4.5 5.0 5.5 

VIH Input High Voltage 2.4 - 6.5 

V1L Input Low Voltage - t.O - 0.8 

A-238 
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V 2 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-10 

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

SYMBOL CHARACTERISTIC MIN. MAX. UNIT NOTE 

OPERATING CURRENT TC514258AP/AJ/AZ·70 - 80 

Iccl Average Power Supply Operating Current TC514258AP/AJ/AZ·80 - 70 rnA 3,4,5 

(RA~, CS, Address Cycling: tRC = tRC MIN.) TC514258AP/AJ/AZ·10 - 60 

STANDBY CURRENT 

leG Power Supply Standby Current - 2 rnA 

(RAS = CS = VIH) 

RAS ONLY RE'FRESH CURRENT TC514258AP/AJ/AZ·70 - 80 

Ico Average Power Supply Current, RA5 Only Mode TC514258AP/AJ/AZ ·80 - 70 rnA 3, 5 

(HAS Cycling, ~ = VIM: tRC" tRC MIN.) TC5142S8APIAJ/AZ·10 - 60 
1----

STATIC COLUMN MODE CURRENT TC514258AP/AJ/AZ·70 - 60 

Average Power Supply Current, STATIC COLUMN TC514258AP/AJ/AZ·80 - SO rnA 3.4 
Icc4 Mode (RAS = ~ = Vll. Address Cycling: tsc = tsc MIN.) TC514258AP/AJ/AZ·10 - 40 

.... ~.-

STANDBY CURRENT 

ICC5 Power Supply Standby Current - 1 rnA 

(RAS = CS = Vcc - 0.2V) 

CS BEFORE AAS REFRESH CURRENT TC514258APIAJlAZ·70 - 80 

Ice6 Average Power Supply Current, CS Before RAS TC514258APIAJ/AZ·BO - 70 rnA 3 

Mode (RAS. CS Cycling: tRC = tRC MIN.) TC514258AP/AJ/AZ·10 - 60 

INPUT LEAKAGE CURRENT 

II (ll Input Leakage Current. any input -10 10 ~ 
(OV=>VIN:ii6.5V. All Other Pins Not Under Test=OV) 

OUTPUT LEAKAGE CURRENT 
10 (ll 

(DOUT is disabled. OV:ii VOUT:ii S.SV) 
-10 10 ~ 

VOH 
OUTPUT LE.VEL 

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

OUTPUT LEVEL 
VOL 

Output ilL· Level Voltage (lOUT = 4.2mA) - 0.4 V 
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TC514258AP I AJ/AZ-70, TC514258AP I AJI AZ-80 
TC514258AP/AJ/AZ .. 10 

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

TCS 142S8API TCSI42S8API TCSI42S8API 

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

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

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

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

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

tSRMW 
Static Column Mode Read-Modify-Write 
Cycle Time 

100 .. 110 - 135 - ns 

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

tCAC Access Time from CS - 25 - 25 - 30 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 

tCLl C5 to output in Low-Z 0 - 0 - 0 - ns 9 

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

Output Data Hold Time from Column 
5 5 5 tAOH - - - ns 

Address 

tow Output Data Enable Time from WRITE - 25 - 25 - 30 ns 

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

tRP RAS Precharge Time SO - 60 - 70 - ns 

tRAS 'RA'S Pulse Width 70 10,000 80 10.000 lOa 10,000 ns 

tRASC RA~ Pulse Width (Static Column Mode) 70 100,000 80 100,000 100 100,000 ns 

tRSH cs to m Hold'Time 25 - 25 - 30 - ns 

tCSH RAS to CS Hold Time 70 - 80 - 100 - ns 

tcs CS Pulse Width 25 10,000 25 10,000 30 10,000 ns 

tese ~S Pulse Width (Static Column Mode) 25 100,000 25 100,000 30 100,000 ns 

tRCO m to CS Delay Time 20 45 20 55 25 70 ns 14 

tRAO 10)3 to Column Address Delay Time 15 35 15 40 20 50 ns 15 

tCRP CS to m Precharge Time 5 - 5 - 5 - ns 

tcP CS Precharge Time 10 - 10 - 10 - ns 

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

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

tAse Column Addreu· Set-Up Time 0 - 0 - 0 - ns 

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

tAWR 
Column Addr.t.s Hold Time referenced 

55 60 75 to m (WRITE CYCLE) - - - ns 

Column Address Hold Time referenced 
80 90 tAR 

to m (READ CYCLE) - - 115 - ns 

tRAL Column Address to D1 Lead Time 35 - 40 - 50 - ns 

tAH 
Column Address Hold Time referenced 

5 5 10 17 
to ~~ Rise - - - ns 
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SYMBOL 

tLWAO 

tAHLW 

tRCS 

tRCH 

tRRH 

tWCH 

tWCR 

twp 

tWI 

tRwL 

tCWL 

tos 

tOH 

tOHR 

tREF 

twcs 

t(,;\,o 

tRwO 

tAWO 

tCSR 

tCHR 

tRPC 

tCPT 

tROH 

tOEA 

tOED 

tOEZ 

tOEH 

TC514258AP I AJ I AZ-70, TC514258AP I AJ I AZ-80 
TC514258AP/AJ/AZ-10 

TC514258API TC514258API TC514258API 

CHARACTERIS TIC 
AJ/AZ-70 AJ/AZ-80 AJ/AZ-l0 ' UNIT NOTE 

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

Last Write to Column Address Delay 
20 30 20 35 2S 45 ns 16 

Time 

Last Write to Column Address Hold 
65 - 75 - 95 - ns 

Time 

Read Command Set-up Time referenced 
0 - 0 0 

to CS - - ns 

Read Command Hold Time referenced 

to ~ 
0 - 0 - 0 - ns 11 

Read Command Hold Time referenced 

to RAS 
0 - 0 - 0 - ns 11 

Write Command Hold Time 
15 - 15 - 20 - ns 

(Output Data Disable) 

Write Command Hold Time referenced 

tom 
55 - 60 - 75 - ns 

Write Command Pulse Width 15 - 15 - 20 - ns 

Write Command Inactive Time 10 - 10 - 10 - ns 

Write Command to RAS Lead Time 20 - 20 - 25 - ns 

Write Command to CS Lead Time 20 - 20 - 25 - ns 

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

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

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

Refresh Period - 8 - 8 - 8 ms 

Write Command Set-UP Time 

(Output Data Disable) 
0 - 0 - 0 - ns 13 

CS to WRITt Delay Time 
55 55 65 13 - - - ns 

(READ-MODIFY-WRITE CYCLE) 

m to WRITe llelay Time 
100 110 135 

(READ-MODIFY-WRITE CYCLE) - - - ns 13 

Column Address to WRITE Delay Time 6S - 70 - 85 - ns 13 

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

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

RAS to CS Precharge Time 0 - 0 - 0 - ns 

CS Precharge Time (CS before RAS 
40 - 40 50 

Counter Test Cycle) - - ns 

ro Hold Time referenced to ~~ 10 - 10 - 20 - ns 

OE Access Time - 25 - 25 - 30 ns 

Ot to Data Delay 20 - 20 - 25 - ns 

Output Buffer turn off Delay Time from 
0 20 0 20 0 25 10 

DE 
ns 

DE Command Hold Time 20 - 20 - 2S - ns 
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TC514258AP I AJI AZ-70, TC514258AP I AJI AZ-80 
TC514258AP I AJI AZ-1 0 

CAPACITANCE (VCC = SV ± 10%, f = 1MHz, Ta = 0-700 e) 

SYMBOL CHARACTERISTIC MIN. 

Cll Input Capacitance (AO-A8) -
CI2 Input Capacitance (AAS. ~. WRi'fE". ot) -
Co Input/Output Capacitance (1/01-1/04) -

A-242 
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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. 

2. All voltages are referenced to VSS. 

3. ICCI. ICC3. ICC4. ICC6 depend on cycle rate. 

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

5. Column address can be changed once or less while RA'S=VIL. 

6. An initial pause of 20011S is required after power-up followed by 8 nAS cycles before proper device 
operation is achieved. In case of using internal refresh counter. a minimum of 8 'OS before ItAS 
initialization cycles instead of 8 ItAS cycles are required. 

7. AC measurements assume tT=5ns. 

8. VIH (min.) and VIL (max.) are reference levels for measuring timing of input signals. 

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

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

11. Either tr~cll or tRRH must be satisfied for a read cycle. 

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

13. tWCS. tRwD, tCWD and tA WD are not restrictive operating parameters. They are included in the 
data sheet as electrical characteristics only. If twcs~ twcs (min.). the cycle is an early write cycle 
and the data out pin will remain open circuit (high impedance) through the entire cycle; If 
tRwD~ tRwD (min.), tcWD~ tcWD (min.) and tAwD~ tAwD (min.) the cycle is a Read-Modify-Write 
cycle and the dat::. out will contain data read from the selected cell: If neither of the above sets of 
conditions is satisfied. the condition of the data out (at access time) is indeterminate. 

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

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

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

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

17. tAB is the condition to latch column address when liAS has risen up. 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-10 

READ CYCLE 

RAS V1H 

V 1L -
G 

VIH 

VIL 

AD-AS 
VIH 

VIL -

WrmE V1H 

V 1L -

Ot 
V 1H 

V1L 

1101-1/04 VOH -
VOL -

WRITE CYCLE (EARLY WRITE) 

RAS 
V 1H -
V 1L -

CS 
V 1H -
V'L -

AD-AS 
V 1H 

V 1L 

WRITE 
V1H 

V 1L 

-~,.,~ OE 
V1H 

VIL 

I" tn{tgs:J LtP'"'1 
------ DATA-IN ---OPEN-------

V1L - --

1,01-1/04 
V 1H 
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TC514258AP / AJ/ AZ-70, TC514258AP / AJ / AZ-80 
TC514258AP / AJ / AZ-10 

WRITE CYCLE (DE CONTROLLED WRITE) 

RAS VIH 

VIL 

CS 
V IH 

VIL 

AD-AS 
VIH 

V IL 

WRITE 
VIH 

VIL 

OE VIH 

V IL 

1/()1-I/04 
V IH 

V IL 

READ· MODIFY· WRITE CYCLE 

RAS 
V IH 

VIL 

cs V IH 

V IL• 

AO-AS 
VIH 

VIL 

iltW VIH 

VIL 

O"E" VII'i 

VIL 

VIIOH -1101-1/04 
V/IOL -
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP I AJI AZ-10 

STATIC COLUMN MODE READ CYCLE 

m VIH 

VIL 

AD-AS 
V1H 

V 1L 

~ 
VIH 

VIL 

WRITE 
VIH 

V IL 

DE V'H 

V1L 

1/01-1/04 
VOH - _______ ~ 

VOL - ..,..,.·.·.1'..,.- . -r" 
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TC514258AP I AJI AZ-70, TC514258AP I AJI AZ-80 
TC514258AP I AJ/ AZ-1 0 

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE) 

RAS 
V,H 

V,L 

AO-A8 
V,H 

V,L 

CS V'H 

V'L 

WRITE V'H 

V'l 

OE 
V'H 

V'L 

1/01-1104 
V,H 

V'L 

STATIC COLU~lN MODE WRITE CYCLE (EARLY WRITE) 

V'H 
RAS 

V'L 

V,H 
AO-AS 

V'l 

cs V'H 

V'L 

itlRifE 
V'H 

V'L 

Ot V'H 

V'L 

V'H 
1/01-1/04 

V'L 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP I AJI AZ-10 

STATIC COLUMN MdDE READ· MODIFY· WRITE CYCLE 

m VIH 

VIL 

AO-AB 
VIH 

ViL 

cs VIH -
VIL 

WRITE 
VIH 

VIL 

OE 
V1H 

Vil 

VIIOH -
1/01-:1/04 VIIOL _ ---..:..---+--<V~:x! Dt"ll 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP/AJ/AZ-10 

STATIC COLUMN ~10DE READ/WRITE MIXED CYCLE 

RAS 
V 1H 

VIL 

cs VIH 

VIL 

AO-A8 
VIH 

VIL 

WRITE 
V1H 

VIL 

OE 
V1H 

V 1L 

1/01-1/04 VI/0H ---+--t;: 
VIIOL - v..;g-~-~ 

(WRITE) (READ) (WRITE) 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ·80 
TC514258AP/AJ/AZ·10 

RAS ONLY REFRESH CYCLE 

Note: WlU'i'E, UE="H" or "L" 

'CS BEFORE RAS REFRESH CYCLE 

~: "H" or "L" 

VOH-
1/01-1/04 I}----------OPEN ---.----.----.------

VOL - ____ ---"T 

~: "H" or "L" 

Note: WID'l'E, UE, AO-A8="H" or OIL" 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP I AJI AZ-10 

HIDDEN REFRESH CYCLE (READ) 

V1H ~-.,:=~ ~~+::!~----l~::-J;;; 
WRITE V1L _ .... ~~"" 

V1H 

OE V1L - ... .;.;.;.;.;.;,=~~=~r.--~--~-_...c.:.:. 

1/01- VO
H -------~~WXI 

1/04 VOL -
DATA-OUT 
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TC514258AP/AJ/AZ·70, TC514258AP/AJ/AZ·80 
TC514258AP/AJ/AZ·10 

HIDDE~ REFRESH CYCLE (WRITE) 

Vi~ 

AD-AS 
V'L 

VII'~ 
WRitE 

VIL 

m~:~_~ 
I IltOHR · t~; to .. :1 

1/01- VIH - ~. 
-- DA.TAoINI· -OPEN-----

1/04 VIL - • • 
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80 
TC514258AP I AJ I AZ-1 0 

CS BEFORE RAS REFRESH COUNTER TEST CYCLE 

VIH-

m 
VIL-

VIH 

cs 
VIL -

READ CYCLE 

VIH 
AD-AS 

VIL 

VIH 

WRITE 
VIL 

VIH 
'DE 

V IL 

1/01- VOH -

1/04 VOL -

WRITE CYCLE 
V IH 

AO-A8 
V IL 

V IH 
WRiTE 

V IL 

OE 

1/01- V IH -

1/04 
OPEN 

V IH 
AD-AS 

VIL 

V IH 
WRiTE 

VIL 

VIH 
liE 

VIL 

1101- VIIOH-

1/04 VI/OL-
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262,144 WORD x 4 BIT DYNAMIC RAM PRELIMINARY 
DESCRIPTION 

The TC514266BPIBJIBZIBFT is the new generation dynamic R.AJ.\1 organized 262,144 words by 4 bits. 
The TC514266BPIBJIBZIBFT 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 TC514266BPIBJIBZIBFT to be packaged in a standard 20 pin 

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

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

TCS14266BP/BJlBZlBFT - 60 

tRAe m Access Time 60ns 

t,u Column Address 
30ns Access Time 

teAe m Access Time 20ns 

t~e Cycle Time. 110ns 
tpe Fast Page Mode 

40ns Cycle Time 

PIN CONNECTION 

Plastic DIP Plastic 50) 

WI/IOI Vss Wl1101 Vss 
W2/102 W4/104 W2II02 W4II04 

iNs/w! W3/103 WB/iiT( W31103 

m ro m ro 
N.C. m: N.C. erE" 

AO AS 
AO A8 

AI A7 Al A7 
A2 A6 A2 A6 
A3 AS A3 AS 

Vee A4 Vee A4 

~ 1 
2 

W31103 3 
W4II04 4 

Vss 5 

Wl1101 8 
W2/102 9 
WBIWt 10 

m 11 
N.C. 12 

Plastic TSOP 24 
23 
22 
21 
20 

17 
16 
15 
14 
13 

r 

(5"E" 

W31103 
Vss 

W2II02 
m 

AO 
A2 

Vee 
AS 
A7 

AS 
A7 
A6 
AS 
A4 

Vee 
A3 
A2 
Al 
AO 

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

• Low Power 
495mW MAX. Operating 
5.5mW MAX. Stand by 

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

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

• All inputs and outputs TIL Compatible 
• 512 refresh cycles/8ms 
• Package TC514266BP 

Plastic ZIP 

j] 
~~: 3J 

~J I.~: 
~§ 

iJ ~§ jJ 
OJ ~I~ 1)J 
(5J ~(4 

~(6 1)] [(s 
1)J [io 

ro 
W4II04 
WIIIOI 
rmlWt 

Al 
A3 
A4 
A6 
A8 

TC514266BJ 
TC514266BZ 
TC514266BFT 

PIN NAMES 

AO-AS 

m 
~ 

WB"~ 

m 
WI/101-W4II04 

Vee 

Vss 
N.C. 

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

Address Inputs 

Row Address Strobe 

Chip Select 

Write Per BitlReadlWrite Inpl 

Output Enable 

Write SelectlDate InputlOutp 

Power ( '+ SV) 

Ground 

No Connection 
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TC514266BP IBJ/BZ/BFT-60 

BLOCK DIAGRAM 

Wl1101 W2II02 W3/103 W4/104 

ABSOLUTE MAXIMUM RATINGS 

ITEM 

Input Voltage 

Output Voltage 

Power Supply Voltage 

Operating Temperature 

Storage Temperature 

Soldering Temperature' Time 

Power Dissipation 

Short Circuit Output Current 

o 0 0 

SYMBOL 

VIN 

Vour 

Vee 

TOPR 

TSTG 

TSOLO£R 

Po 

lOUT 

t 

COLUMN 

DECODER 

SUBSTRA TE BIAS 
GENERATOR 

RATING 

-1-7 

-1-7 

-1-7 

0-70. 

- 55-150 

260'10 

600 

SO 

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

SYMBOL PARAMETER MIN. TYP. 

Vee Supply Voltag, 4.5 5.0 

VIH Input High Vol tag' 2.4 -
VIL Input low Voltage -1.0 -

A-256 

UNITS 

V 

V 

V 

·C 

·C 

·C·sec 

mW 

mA 

MAX. UNIT 

5.5 V 

6.5 V 

0.8 V 

, 

NOTES 

1 

1 

1 

1 

1 

1 

1 

1 
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TC514266BP/BJ/BZ/BFT-60 

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

SYMBOL PARAMETER MIN. MAX. UNITS NOTES 

OPERATING CURRENT 
TCS 14266BP/BJI 3,4 

ICCI Average Power Supply Operating Current - 90 mA 

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

STANDBY CURRENT 

ICC2 Pow~r Supply Standby Current - 2 mA 

(m=ro .. V,H) 

AAJ ONLY REFRESH CURRENT 
TCS 14266BP/BJI 

Ico Average Power Supply Current, m Only Mode - 90 mA 3, S 

(m Cycling, m:ll: V,H: tRC" tRC MIN.) 
BZlBFT-60 

FAST PAGE MODE CURRENT 
TCS 14266BP/BJI 3,4 

Average Power Supply Current, Fast Page Mode - 60 mA 

lec4 (AAJ=V,l, ro, Address Cycling: tpc= tpc MIN.) 
BZlBFT-60 S 

STANDBY CURRENT 

lecs Power Supply Standby Current - 1 mA 

(AAJ. ro z Vec - 0.2V) 

ro BEFORE AAJ REFRESH CURRENT 
TCS 14266BP/BJI 

leC6 Average Power Supply Current, m Before ro - 90 mA 3 

Mode (lv3, ro Cycling: tRC:: tRC MIN.) 
BZlBFT-60 

INPUT LEAKAGE CURRENT 

II(LI Input Leakage Current, any input -10 10 I1A 
(OV:£ V,N ~ 6.SV, All Other Pins not under Test .. OV) 

OUTPUT LEAKAGE CURRENT 
10 (L) 

(DOUT is disabled, OV ~ VOUT~ S.SV) 
-10 10 I1A 

OUTPUT LEVEL 
VOH 

Output ~H" Level Voltage (lOUT" - SmA) 
2.4 - V 

OUT-PUT lEVEL 
VOL 

Output -L· level Voltage (lOUT. 4.2mA) - 0.4 V 
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TC514266BP/BJ/BZ/BFT-60 

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

TC5 I 4266BP/BJ/BZlBFT·60 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. 

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

t~MW Read·Modify.Write Cycle Time 165 - ns 

t~e Fast Page Mode Cycle Time 40 - ns 

t~~MW Fast Page Mode Read·Modify.Write Cycle Time 95 - ns 

tRAe Access Time from ro - 60 ns 9,14 

tc.,.c.c Access Time from ro - 20 ns 9,14 

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

tc'A Access Time from ro Precharge - 3S ns 9 

tCLZ m to output in Low·Z 0 - ns 9 

to~~ Output Buffer Turn·off Delay 0 20 ns 10 

tT Trar.sition Time (Rise and FaJl) 3 50 ns 8 

tRP ro Precharge Time 40 - ns 

tRAS ro Pulse Width 60 10,000 ns 

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

tRS~ m Hold Tim. 20 - ns 

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

tesH m Hold Time 60 - ns 

teAs ro Pulse Width 20 10,000 ns 

tReo m to m Delay Tim. 20 40 ns 14 

tRAO m to Column Address Delay Time IS 30 ns 15 

teRP m to m Prech"rg' Time 5 - ns 

tep m Precharge Time (Fast Page Mode) 10 - ns 

tASR Row Address Set·Up Time 0 - ns 

tRA~ Row Address Hold Time 10 - ns 

tAse Column Address Set·Up Time 0 - ns 

tCA~ Column Address Hold Time 15 - ns 

tAR Colvmn Address Hold Time referenced to m 50 - ns 

t~A~ Column Address to m Lead Time 30 - ns 

tRes Read Command Set·Up Time a - ns 

tRCH Read Command Hold Time a - ns II 

tRRH ,Read Command Hold Time referenced to m 0 - ns 11 

twc~ Wrire Command Hold Time 10 - ns 

tWCR Write Command Hold Time 'eferenced to m 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) 

TC5 14266BP/BJ/BZlBFT ·60 
SYMBOL PARAMETER, UNITS 

MIN. MAX. 

t"'WL Write Command to 1(A) lead Time 20 - ns 

tC'NL Write Command to ro Lead Time 20 - ns 

tos Data Set-Up Time 0 - ns 

to~ Data Hold Time 15 - ns 

tO~R Data Hold Time referenced to ~ SO - ns 

tREF Refresh Period - 8 ms 

twa Write Command Set·UP Time a - ns 

lewo ro to W! Delay Time SO - ns 

tRWO m to W! Delay Time 90 - ns 

tAWO Column Address to WI Delay Time 60 - ns 

tcpwo ro Precharge to WiITff Delay Time 65 - ns 

tCSR 
ro Set-Up Time 

5 -(ro before m Cycle) 
ns 

ro Hold Time 
15 tCHR (ro before m Cycle) - ns 

tRPC m to ro Precharge Time 0 - ns -
tCPT 

ro Precharge Time 
30 - ns 

(~ before m Counter Test Cycle) 

tROH m Hold Time referenced to O! 10 - ns 

tOEA (5! A<eess Time - 20 ns -
tOED (5! to Data Delay 20 - ns 

tOEZ Output buffer turn off Delay Time from (5! a 20 ns 

toEH ITt Command Hold Time 20 - nl 

tW8S Write Per Bit Set-Up Time 0 - ns 

tWBH Write Per Bit Hold Time 10 - ns 

twos Write Per Bit Selection Set-Up Time 0 - ns 

tWOH Write Per Sit Selection Hold Time 10 - ns 

CAPAClTANCE(Vcc=5V± 10%, f= 1MHz, Ta=0-70°c) 

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AO-AS) - 5 pF 

C'2 Input Capacitance (RM. ro, ~fillr.. (5!) - 7 pF 

Co Input/Output Capacitance (W 1110 I -W41104) - 7 pF 
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TC514266BP IBJ/BZ/BFT-60 

NOTES: 

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

2. All voltages are referenced to VSS. 

3. ICCl. IcC3, ICC4, Iccs depend on cycle rate. 

4. ICCI, IcC4 depend on output loading. Specified values are obtained with the output open. 

S. Column address can be changed once or less while RAS'=VIL and CAS=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 R:AS 
initialization cycles instead of 8 RAS cycles are required. 

7. AC measurements assume tT=5ns. 

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

9. Measured with a load equivalent to 2 TIL loads and 100pF. 

10. toFF' (max.) and tOEz (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 c.AS leading edge in early write cycles and to WHiW'E leading 
edge in Read-Modify-Write cycles. 

13. twCS. tRWD, tcWD, tAWD and tcPWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twCSli: 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 tRWDE: tRWD (min.), tcwDE: tcwD (min.), tAwD~ tAWD (min.) and tcPWD~ tcPWD (min.) 
(Fast Page Mode), the cycle is a Read-Write cycle and the data out will contain data read from the 

selected cell: If neither of the above sets of conditions is satisfied, the condition of the data out (at 
access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.).is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC. 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (ml\x.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA. 
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TC514266BP /BJ /BZ/BFT-60 

READ CYCLE 

~ 
VIM 

VIL 

V3" VIM 

VIL 

AO-AS 
VIM 

V IL 

WB~ 
VIM 

VIL 

OE" VIM 

VIL 

Wl/101-
VIM 

W4/104 VIL 

Note: DIN = "II" or ML" 

WRITE CYCLE (EARLY WRITE) 

itA") 
VIM 

V IL 

V3" VIM 

VIL 

AO-AS 
VIH 

V IL 

m!W"E VIM 

V IL 

OE" VIH 

VIL 

Wl/101- VIH 
W4II04 V il 

Nole: DOUT=OPEN 
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TC514266BP /BJ /BZ/BFT-60 

WRITE CYCLE eM CONTROLLED WRITE] 

ro V 1H 

V 1L 

re VIH 

V 1L 

AO-A8 
VIH 

VIL 

WBiiN! VIH 

Vil 

M VIH 

Vil 

W11I01-W VIH 

41104 V1l 

Note: DOUT=0PEN 

READ - MODIFY· WRITE CYCLE 

ro VIH 

V1L 

ro VIH 

V1L 

AD-AS 
VIH 

V1l 

Wl/101-W [V:~ -
41104 

VOH - ____ _ 

VOL -
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FAST PAGE MODE READ CYCLE 

Wl/101- vOH 

W4II04 VOl 

FAST PAGE MODE WRITE CYCLE 

m V'H 
V'l 

ro V'H 
V'l 

AO-A8 V'H 
V'l 

Wl/101- V'H 
W4II04 V'L 

TC514266BP /BJ /BZ/BFT-60 
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TC514266BP IBJ/BZ/BFT-60 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

m 

ro 

AO-A8 

'WftWl 

'Ot 

Wl/101-
W4II04 

V,H 

V'L 

V,H 

V'L 

V,H 

V'L 

V,H 

V'L 

V,H 

V'L 
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TC514266BP /BJ /BZ/BFT-60 

m ONLY REFRESH CYCLE 

AO-A8 

Note: wmTE'. U!="H" or "L" 

~ BEFORE RAS REFRESH CYCLE 

tRC 

I, t!!1! . I tRP 

I I 

if tRPC 
\. • tRAS --~7 -

tcP tCSR tcH!! - - • ~ VIL-~ ~ 
V'"-. ~ 
VIL - ~~ ~ _________ -Eoo~,""","""""",""",,",,,,~,",,,,,",,,,",,,,,~ 

VOH 
I/01-V04 ------------OPEN ---------

VOL-

Note: WRITE. 0E=AO-A8="H" or "L" 
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TC514266BP IBJ/BZ/BFT-60 

HIDDEN REFRESH CYCLE (REAm 

VIM 

AO-A8 
VIL 

VIH 

mrrr 
VIL 

ot 
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TC514266BP /BJ /BZ/BFT-60 

HIDDEN REEFRESH CYCLE (WRITE) 

1101 VIH 

-1/04 VIL 



TC514266BP IBJ/BZ/BFT-60 

~ BEFORE RAS REFRESH COUNTER TEST CYCLE 

VIH --:--~ 1_-----__ .!lIall...-____ ----.I ~-~ 

AO-A8 

REAO CYCLE 

1/01 
-1/04 

WRITE CYCLE 

V 1H 
WII:ln 

V 1l 

Ot 

1/01 

-1/04 

VIH 

WII:ln 
VIL 

ot 

1/01 

-1104 
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APPLICATION INFORMATION 
ADDRESSING 

TC514266BP /BJ /BZ/BFT-60 

The 18 address bits required to decode 1 of the 262, 144 cell locations within the TC514266BPIBJIBZlBFT 

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 tilese signals, MS, and CAS, triggers a sequence Qf events which are controlled by different delayed 

in ternaI 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 ~ccess. The later events in the CAS clock 
sequence are inhibited until the occurrence of a delayed signal derived tram the RAS clock chain. The "gated 
"CAS" feature allows the 'OAS 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 (m I)WE low during the RASlCAS operation. The 

falling edge of CAS or (m I )WE strobes data on (Wi) IOi into the on-chip data latch. To make use of the 

write-per-bit capability WEe I WE) must be low as lV\S falls. In this case data bits to which the write 

operation is applied can be specified by keeping Wi ( I IOn high with set-up and hold times referenced to the 

RA'S negative transition. 

For those data bits of Wi (I IOi) that are kept low as liAS taIls the write operation is inhibited on the chip if 
\VB( I WE) is high as ltAS falls, the write-per-bit capability does not work and the write operation is 

performed for all four data bits. 

DATA OUTPUTS 

The three-state output buffers provide direct TTL compatibility with a fan-out of two standard TTL loads. 
Data-out is the same polarity as data-in. The outputs are in the high-impedance state until 'CAS is brought 

low. In a read cycle the outputs go active after the access time interval tRAC and toEA are satisfied. 

The outputs become valied after the access time has elapsed and remains valied while CAS and OE are low. 
CAS or n-E going high returns it to a tligh impedance state. In an early~write cycle, the outputs are always in 

the high-impedance state. In a delayed-write or read.modify~write cycle, the outputs will follow the sequence 

for the read cycle. 

The OE controls the impedance of the outputbufTers. In the logic high position the buffers will remain in a 

high impedance state. 

When the OR input is brought to a logical low level, the output buffer are enabled. Both "CAS and OR can 

control the output. Thus in a read operation, either ~ 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 perfonning a memory cycle at each of the 512 row 

address (AO-A8) within each 8 millisecond time interval. 
Although any nO,rmal 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 TC514266BPIBJIBZIBFT offers an alternate refresh method. If 

CAS is held on low for the specified period (tcSIV 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 ltAS refresh operation. 

PAGE MODE 
The "Page-Mode" feature of the TC514266BP/BJIBZlBFT 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 m 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 TC514266BPIBJIBZIBFT 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 VIL and taking ltAS high and after a specified precharge period (tRP), executing a CAS 
before RAS refresh cycle. (see Figure below) 

Wl/101-W4/104-- OPEN" VALID DATA-OUT 

I 
This feature allows a refresh cycle to be "Hidden" among data cycles without affecting the data availability, 
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TC514266BP /BJ /BZ/BFT-60 

CAS BEFORE RAS REFRESH COUNTER TEST 

The internAl refresh operation of TC514266BPIBJIBZlBFT can be tested by 'CAS BEFORE ltAS REFRESH 
COUNTER TEST. This cycle performs READIWRITE operation taking the internal counter address as row 
address and the input address as column address. 

The test is performed after a minimum of 8 'CAS' before RAS" cycles as initialization cycles. The test 
procedure is as follows. 

CD Write "0" into all t.he memory cells at normal write mode. 
® Select one cert.ain column address and read "0" out and write "1" in each cell by performing 'CAS 

BEFORE R:AS 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@ • 
<D Using the same column as @. read "1" out and write "0" in each cell performing CAS BEFORE ItAS 

REFRESH COUNTER TEST. Repeat this operation 512 times. 
@ Check "0" out of 512 bits at normal read mode. which was written at <D • 
® Perform the above CD to ® to the complement data. 

A-271 



NOTES 



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 5V ± 10% tolerance, direct interfacing capability with 
high performance logic families such as Schottky TIL. 

FEATURES 
• 262,144 word by 4 bit organization 
• Fast access time and cycle time 

TC514266AP/AJ/AZ - 70/ - BO/ - 10 

tRAC RAS Access Time 70ns BOns lOOns 

tAA Column Address 
35ns 40ns SOns Access Time 

tCAC CAS Access Time 20ns 20ns 2Sns 

tRC Cycle Time 130m 1S0ns 180ns 

tpc Fast Page Mode 
40ns 4Sns SSns Cvcle Time 

PIN NAMES 

AO-AB Address Inputs 

RAS Row Address Strobe 

CAS Column Address Strobe 

WBIWE Write Per Bit/ReadIWrite Input 

OE Output Enable 

Wl/101-W4/104 Write Select/Date Input/Output 

Vee Power ( + 5V) 

vss Ground 

N.C. No Connection 

PIN CONNECTION (TOP VIEW) 

• Single power supply of 5V± 10% 
with a built-in VI3B generator 

• Low Power 
440mW MAX. Operating 

(TC514266AP/AJ/AZ-70) 
385mW MAX. Operating 

(TC514266AP/AJ/AZ -80) 
330mW.MAX. Operating 

(TC514266AP/AJ/AZ-10) 
5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two
dimensional chip selection 

• Read-Modify-Write, C"XS before RAS refresh, 
RAS-only refresh, Hidden refresh, Write per 
Bit and Fast Page Mode capability 

• All inputs and outputs TIL Compatible 
• 512 refresh cycles/8ms 
• Package TC514266AP 

TC514266AJ 
TC514266AZ 

DIP20-P-300B 
SOJ26-P-300 
ZIP20-P-400 

Plastic DIP Plastic SOJ Plastic ZIP 

W1/101 Vss Wl/101 1 26 Vss DE (J 
CAS W2/102 W41104 W2/102 2 2S ~;~:gj W3/103 I 

W8IWE W31103 WBIWE 3 24 W4/104 
~ CAS RAS 4 23 CAS Vss -.1 
N.C. DE N.C. S 22 OE Wl/101 

W21102 , 
AO A8 AD 9 18 A8 RAS 

WBIWE 
I 

AI A7 At 10 17 A7 
(IJ A2 A6 A2 11 16 A6 AO 

At 
A3 AS A3 12 15 AS A2 I)J 

Vee A4 Vce 13 14 A4 
1~J 

A3 
Vee 

A4 
AS ljJ 

A6 
A7 I~J 

AS 
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TC514266AP / AJ/ AZ-70, TC514266AP / AJ/ AZ-80 
TC514266AP / AJ/ AZ-1 0 

B LOCK DIAGRAM 

COLUMN 
AOo- DECODER 

Alo- SENSE AMP 4 
A2o- I/O GATE 

A3o- 11I-·~1l·-11l A4o-

AS 0-

AGO-
MEMORY 

A7o- ARRAY 
AS 0- 512x512x4 

MAXIMUM RATINGS 

CHARACTE RISTIC SYMBOL RATING UNIT 

Input Voltage VIN -1-7 V 

Output Voltage Vour -1-1 V 

Power Supply Voltage Vee -1-7 V 

Operating Temperature TOPR 0-70 ·C 

Storage Temperature TSTG - 55-150 'C 

Soldering Temperature' Time TSOt.OER 260' 10 'C' sec 

Power Dissipation Po 600 mW 

Short Circuit Output Current lour SO mA 

RECOMMENDED DC QPERATING CONDITIONS (Ta = 0-70°c) 

SYMBOL CHARACTERISTIC MIN. TYP. MAX. 

Vee Supply Voltage 4.5 5.0 5.5 

V1H Input High Voltage 2.4 - 6.5 

V1L Input Low Voltage - 1.0 - 0.8 
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TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TC514266AP/AJ/AZ-10 

DC ELECTRICAL CHARACTERISTICS (Vee = sv ± 10%, Ta = a-70°c) 

SYMBOL CHARACTERISTIC MIN. MAX. UNIT NOTE 

OPERATING CURRENT rcs 14266AP/AJlAZ·70 - 80 

IcC! Average Power Supply Operating Current rcs 1 4266AP/AJ/AZ·BO - 70 mA 3,4, 5 

(RA), CAS, Address Cycling: tRC = tRC MIN.) TCSI 4266AP/AJ/AZ· 10 - 60 

STANDBY CURRENT 

ICC2 Power Supply Standby Current - 2 mA 

(R:As = CAS = VII.~) 
m ONL Y ~EFRESH CURRENT rcs U266AP/AJ/AZ-70 - 80 

ICC3 Average Power Supply Current, m Only Mode TCS14266AP/AJ/AZ-BO - 70 mA 3, 5 

(RAS Cycling, CAS = VIH: tRC = tRC MIN.) TC514266AP/AJ/AZ-' 0 - 60 

FAST PAGE MODE CURRENT rCS14266AP/AJ/AZ· 70 - 60 

Average Power Supply Current, Fast Page Mode TCS 1 4266AP/AJ/AZ-80 - SO mA 3,4, 5 
ICC4 (RA) = VIL, m, Address Cycling: tpc" tpc MIN.) rcs, 4266AP/AJ/AZ-1 0 40 -

STANDBY CURRENT 

Ices Power Supply Standby Current - 1 mA 

(AAS = c.:AS = Vcc - 0.2V) 

00 BEFORE m REFRESH CURRENT TCS'4266AP/AJ/AZ-70 - 80 

ICC6 Average Power Supply Current, ro Before AAS TCS14266AP/AJ/AZ-80 - 70 mA 3 
Mode (RAS. ro Cycling: tRC" tRC MIN.) TCS' 4266AP/AJlAZ-' 0 - 60 

INPUT LEAKAGE CURRENT 

II (Ll Input Leakage Current. any input -10 10 lJ.A 
(OV SO VIN:ii 6.SV, All Other Pins not under Test = OV) 

10 (Ll 
OUTPUT LEAKAGE CURRENT 

(Dour is disabled, OV:ii VOUT:ii S.SV) 
-10 10 lJ.A 

VOH 
OUTPUT LEVEL 

Output "W Level Voltage (lOUT C - SmA) 
2.4 - V 

VOL 
OUTPUT LEVE~ 

0.4 
Output "L· Level Voltage (lOUT" 4.2mA) - V 
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TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TC514266AP/AJ/AZ-10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VCC=5V± 10%, Ta=0-70°c)(Notes 6, 7,8) 

TC514266API TC514266API TC514266API 

SYMBOL CHARACTERISTIC AJ/AZ·70 AJ/AZ·80 AJ/AZ·l0 UNIT NOTE 

MIN. MAX. MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 130 - 150 - 180 - ns 

tRMw Read·Modify·Write Cycle Time 185 - 205 - 245 - n5 

tpc Fast Page Mode Cycle Time 40 - 45 - 55 - ns 

tpRMW 
Fast Page Mode Read·Modify.Write 

95 - 100 - 120 - ns Cycle Time 

tRAC Access Time from m - 70 - 80 - 100 ns 9.14 

tCAC Access Time from 00 - 20 - 20 - 25 ns 9,14 

tAA Access Time from Column Address - 35 - 40 - SO ns 9.15 

tePA Access Time from 00 Precharge - 35 - 40 - 50 ns 9 

teLz CAS to output in Low-Z 0 - 0 - 0 - ns 9 

tOFF Output Buffer Turn·off Delay 0 20 0 20 0 20 ns 10 

tT Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 8 

tRP RAS Precharge Time 50 - 60 - 70 - 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 
RAs Hold Time From CAS Precharge 

35 - 40 - 50 - ns (Fast Page Mode) 

tesH CAS Hold Time 70 - 80 - 100 - ns 

tCAS CAS Pulse Width 20 10,000 20 10,000 25 10,000 ns 

tRCD RAS IO CAS Delay Time 20 50 20 60 25 7S ns 14 

tRAO RAS to Column Address Delay Time 15 35 15 40 20 50 ns 15 

tCRP CAS to RAS Precharge Time 5 - 5 - 5 - ns 

tcP 00 Precharge Time 10 - 10 - 10 - ns 

tASR Row Address Set-Up Time 0 - 0 - 0 - ns 

tRAH Row Address Hold Time 10 - 10 - 15 - ns 

tAlC Column Address Set·Up Time 0 - 0 - 0 - ns 

tCAH Column Address Hold Time 15 - 15 - 20 - ns 

Column Address Hold Time referenced 
55 60 75 tAR toRAS - - - ns 

tRAL Column Address to m Lead Time 35 - 40 - 50 - ns 

tRes Read Command Set-Up Time 0 - 0 - 0 - ns 

tRCH Read Command Hold Time 0 - 0 - 0 - ns 11 

Read Command Hold Time referenced 
0 0 tRRH 

to RM - 0 - - ns 11 

tW[H Write Command Hold Time 15 - 15 - 20 - ns 
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TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TC514266AP/AJ/AZ-10 

ELECTRICAL CH.l',RACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

TCS 14266API TC514266API TC514266API 

SYMBOL CHARACTERISTIC AJ/AZ·70 AJ/AZ·80 AJ/AZ-l0 UNIT 

MIN. MAX. MIN. MAX. MIN. MAX. 

Write Command Hold Time referenced 
tWCR 

to AAS 
55 - 60 - 75 - ns 

twP Write Command Pulse Width 15 - 15 - 20 - ns 

tRWL Write Command to RAS Lead Time 20 - 20 - 25 - ns 

tcwL Write Command to ro Lead Time 20 - 20 - 25 - ns 

tos Data Set-Up Time 0 - 0 - 0 - ns 

tOH Data Hold Time 15 - 15 - 20 - ns 

tOHR Data Hold Ti~e referenced to RAS 55 - 60 - 75 - ns 

tREF Refresh Period - 8 - 8 - 8 ms 

twcs Write Command Set-UP Time 0 - 0 - 0 - ns 

tcwo CAS to WE Delay Time 50 - 50 - 60 - ns 

tRwO RAS to WE Delay Time 100 - 110 - 135 - ns 

tAWO Column Address to WE Delay Time 65 - 70 - 85 - ns 

tcpwo CAS Precharge to WRITE Delay Time 65 - 70 - 85 - ns 

tCSR CAS Set-Up Time (CAS before RAS Cycle) 5 - 5 - 5 - ns 

tCHR c:AS Hold Time (CAS before RAS Cycle) 15 - 15 - 20 - ns 

tRP( RAS to CAS Precharge Time 0 - 0 - 0 - ns 

tCPT 
CAS Precharge Time 

40 - 40 50 
(CAS before RAS Counter Test Cycle) 

- - ns 

tROH ro Hold Time referenced to at 10 - 10 - 20 - ns 

tOEA m Access Time - 20 - 20 - 25 ns 

tOED C5E to Data Delay 20 - 20 - 25 - ns 

tOEl 
Output buffer turn off Delay Time 

from OE 
0 20 0 20 0 25 ns 

tOEH OE Command Hold Time 20 - 20 - 25 - ns 

~WBS Write Per Bit Set-Up Time 0 - 0 - 0 - ns 

tWBH Write Per Bit Hold Time 10 - 10 - 10 - ns 

twos Write Per Bit Selection Set-Up Time 0 - 0 - 0 - ns 

tWOH Write Per Bit Selection Hold Time 10 - 10 - 10 - ns 

CAPACITANCE (Vee = SV + 10% f = 1MHz Ta - a-70°c) - I I -
SYMBOL CHARACTERISTIC MIN. MAX. UNIT 

CI1 Input Capacitance (AO-A8) - 5 pF 

C,} Input Capacitance (ro. roo wsfilii!.. (5E) - 7 pF 

Co InpuVOutput Capacitance (W 1/10 1-W4I104) - 7 pF 
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TC514266AP I AJI AZ-70, TC514266AP/ AJI AZ-80 
TC514266AP/AJ/AZ-10 

NOTES: 

1. Stresses greater than those listed under "Maximum Ratings" may cause permanent damage to the 

device. 

2. All voltages are referenced to V 55. 

3. ICCl, ICC3, ICC4, rCC6 depend on cycle rate. 

4. ICC1, ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RAS=VIL lind CA'S=VIH. 

6. An initial pause of 20011S is required after power-up followed by 8 RAS cycles before proper device 

opera tion is achieved. In case of using in ternal refresh coun ter, a minimum of 8 CAS before RAS 

initialization cycles instead of 8 iIAs cycles are required. 

7. AC measurements assume tT=5ns. 

8. V!H (min.) and VIL (max.) are reference levels for measuring timing of input signals. Also, 

transition times are measured between Vm and VIL. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. tOFr (max.) and tOEZ (max.) define the time at which the output achieves the open circuit condition 

and is not referenced to output voltage levels. 

11. Either tRCH or tRim must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WBfWE leading 
edge in Read-Modify-Write cycles. 

13. twcs, tRWD, tcWD. tAWD and tCPwD are not restrictive operating parameters. They are included 

in the data sheet as electrical characteristics only. If twcs~ twcs (min.), th.e cycle is an early 

write cycle and the data out pin will remain open circuit (high impedance) throughout the entire 

cycle; If tRwD~tRwD (min.), tcwD~tcwD (min.), tAWD~'tAWD (min;) and tCPWD~tcpwD (min.) 

(Fast Page Mode), the cycle is a Read-Modify-Write cycle and the data out will contain data read 

from the selected cell: If neither of the above sets of conditions is satisfied, the condition of the 

data out (at access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tReD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 

limit, then access time is controlled by tcAC. 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 

limit, then access time is controlled by tAA. 
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READ CYCLE 

RAS 
VIH 

VIL 

CAS 
VIM 

VIL 

AO-AS 
VIH 

V IL 

'NaME 
VII, 

VIL 

OE 
VIH 

V IL 

Wl/101-
VIH 

W4/I04 VIL 

:-;ote: Dn.;:::"H" or "L" 

TC514266AP1AJ/AZ-70, TC514266AP/AJ/AZ-80 
TC514266AP/AJ/AZ-10 

WRITE CYCLE (EARLY WRITE) 

m VIH 

VIL 

CAS V1H 

V 1L 

AO-AS 
VIH 

V IL 

'NBIWE 
V1H 

V IL 

OE 
VIH 

V IL 

Wl/101- VII, 

W41104 
VIL 

Note: DOUT=OPE~ 
~:"W or "L-
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TC514266AP/AJ1AZ-70, TC514266AP/AJ/AZ-80 
TC514266AP I AJI AZ-10 

WRITE CYCLE (aE CONTROLLED WRITE) 

m V1H 

VIL 

CAS VIH 

V 1L 

AO-A8 
V1H 

VIL 

\vsrwe V1H 

V 1L 

at V 1H 

VIL 

W1/IOl-W V1H 

4/104 VIL 

Note: DOUT=OPEN 

READ· MODIFY· WRITE CYCLE 

RAS Viti 

V 1L 

CAS 
V 1H 

V 1L 

AO-A8 
VIH 

V 1l 

Wl/101-W [V:~ -
4:104 

VOH - ____ _ 

VOL -
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TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TC514266AP/AJ/AZ-10 

FAST PAGE MODE READ CYCLE 

V/1/101- VOH 

W4/104 VOL 

FAST PAGE :vrODE WRITE CYCLE 

RAS V1H 

V 1l 

CAS 
V1H 

v1l 

AO-·A8 
V'H 
v1l 

Wl/101- V1H 

W4/104 VIL 

~: "H- or "L-
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TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TC514266AP I AJI AZ-1 0 

FAST PAGE MODE READ·MODIFY·WRITE CYCLE 

m 

CAS" 

AO-AS 

'NaME 

OE 

W1/101-
W4/104 

V IH 

V IL 

V IH 

vlL 

VIH 

VIL 

V IH 

V IL 

V IH 

V IL 
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TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-BO 
TC514266AP/AJ/AZ-10 I 

RAS ONLY REFRESH CYCLE 

Note: WfIT'I'g, QE'="H" or "L" 

<:AS BEFORE RAS REFRESH CYCLE 

VOH 
1/01-1/04 ~-------- OPEN -------

Note: WIDTE, "OE:=AO-A8="H" or "L" 
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TC514266AP I AJI AZ-70, TC514266AP I AJI AZ-aO 
TC514266'AP I AJI AZ~ 10 

HIDDE~ REFRESH CYCLE (READ) 

AO-A8 

WRITE 

OC 

1/01 

-1/04 

V1H 

vlL 

V1H 

V 1L 

~: "W or HL" 
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HIDDEN REEFRESH CYCLE (WRITE) 

AD-A8 

1101 V1H -

-1/04 V1L -~---J ~ __ -'I '"'""'~~~ 
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TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TC514266AP/AJ/AZ-10 

'CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

1/01 

-1/04 

WRITE CYCLE 

VIH 

WRITE 
V 1L 

Of 

1/01 V 1H -

-1/04 
OPEN 

V 1L -

VIH 

WRITE 
V 1L 

V 1H -

OE 
V 1L -

1101 V1/O H-

-1104 
V1/O L -
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TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80 
TC514266AP/AJ/AZ-10 

APPLICATION INFORMATION 
ADDRESSING 

The 18 address bits req';1ired 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 TIL-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, RA'S, and CAS, triggers a sequence of events which are controlled by different delayed 

internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing operation is 

done outside of the critical path timing sequence for read data access. The later events in the ~ clock 

sequence are inhibited until the occurrence of a delayed signal derived from the RAS clock chain. The "gated 
CAS" feature allows the ~ clock to be externally activated as soon as the Row Address Hold Time 

specification (tRAH) has been satisfied and the address inputs have been changed from Row address to Column 

address informa tion. 

DATA INPUTS 

Write Cycle. A write cycle is performed by bringing (WB I )WE low during the RA'S/CAS operation. The 

falling edge of CAS or (WB I )WE strobes data on (Wi) lOi into the on-chip data latch. To make use of the 

write-per-bit capability WB( I 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 ( I lOD high with set-up and hold times referenced to the 
I{AS negative transition. 

For those data bits of Wi ( 1100 that are kept low as RAS taIls 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 four data bits. 

DATA OUTPUTS 

The three-state output buffers provide direct TIL compatihility with a fan-out of two standard TIL loads. 

Data-out is the same polarity as data-in. The outputs are in the high-impedance state until ~ is brought 

low. In a read cycle the outputs go active after the access time interval tRAC and tOEA are satisfied. 

The outputs become valied after the access time has elapsed and remains valied while CAS and UE are low. 

CAS or OE going high returns it to a high impedance state. In an early-write cycle, the outputs are always in 

the high-impedance state. In a delayed-write or read-modify-write cycle, the outputs will follow the sequence 

for the read cycle. 

The OE controls the impedance of the output buffers. In the logic high position the buffers will remain in a 
high impedance state. 

When the ()E input is brought to a logical low level, the output buffer are enabled. Both CAS and tm" can 

control the output. Thus in a read operation, either OE or CAS returning high forces the outputs into the high 
impedance state. 
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TC5142,66AP I AJI AZ-10 

RASONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a·memory cycle at each of the 512 row 
; address (AO-A8) within each 8 millisecond time interval. 

Although any normal memory cycle will perform the refresh operation, this function is most easily 
accomplished with "RAS-only" cycles, 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 TC514266AP/AJ/AZ offers an alternate refresh method. IfC;\S 

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 refrpsh 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 i~ 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 VIL and taking RAS high and after a specified precharge period (tRP), executing a CAS before ltAS 
refresh cycle. (see Figure below) 

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE 

W1/101-W4/104-- OPEN VALID DATA-OUT 

I 
This feature allows a refresh cycle to be "Hidden" among data cycles without affecting the data availability. 
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CAS BEFORE RAS REFRESH COUNTER TEST 

The internal refresh operation of 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 CAS before RAS cycles as initialization cycles. The test 
procedure is as follows. 

CD Write "0" into all the memory cells at normal write mode. 
® Select one certain column address and read "0" out and write "1" in each cell by performing 'OAS 

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 ® . 
\:5) 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@ . 
:l~ Perform the above <D to ® to the complement data. 
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65,536 WORD x 16 BIT DYNAMIC RAM 

DESCRIPTION 
The TC511664JIZ is the new generation dynamic RAM organized 65,536 words by 16 bits. The 

TC511664JiZ 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 system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include single power 
supply of 5V± 10% tolerance, direct interfacing capability with high perfonnance logic families such as 
Schottky TIL. 

FEATURES 
• 65,536 word by 16 bit organization 
• Fast access time and cycle time 

TC511664J/Z - 801- 10 

t~AC RAS Access Time 80ns lOOns 

tAA Column Address Access Time 4Sns SSn5 

tCAC CAS Access Time 3Sns 40n5 

tRC Cycle Time 135n5 170ns 

t~c Fast Page Mode Cycle Time 5Sns 65ns 

PIN COf\JNECTION (TOP VIEW) 

Plastic SOl Plastic ZIP 

Ve':. 
1101 
1102 
1103 
1104 
1105 
1106 
1107 
1108 
~J C. 

1 
2 
3 
4 

5 
6 
7 
e 
9 

10 

" ~. 12 

13 
14 

15 
16 
17 
18 
19 
20 

40 
39 
38 
31 
)6 

35 
34 
3l 
12 
31 
30 
29 
28 
27 
26 
25 

2" 
23 
22 
21 

lin 
11016 
110 IS 
11014 
11013 
11012 
110\1 
11010 
~'O9 
N.C. 

~ 
~ 
N.C. 
N.C. 
N.C. 
A7 
Ai 
AS 

II" 

NC. -, 
1 J ~j 
j~ 11010 r-

j~ d 
11012 ~§ 
11014 n ~§ 
1101' 7~ ~Lo 

Ll~ 1101 [[2 
lice L3~ [L4 
1104 L5] [L6 
1106 i)J [L8 
1i08 L9] rio 
lIec ilJ ri2 
TW ~)] [ia 
AO isJ ri6 
A2 i7J [.[8 

i9] A4 rio 
N.C. i'~ ~i2 
lin i3~ ~i4 
,1.6 isJ ri6 

NC. i7] riB CAS' t9J rio 
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• Single power supply of 5V± 10% with a built
in VI3B generator 

• Low Power 
633mW MAX. Operating(TC511664J/Z-80) 
495mW MAX. Operating (TC511664J/Z-10) 
5.5mW MAX. Standby 

• Outputs unlatched at cycle end allows two
dimensional chip seleciton 

• Read-Modify-Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, Byte-Write 
and Fast Page Mode capability 

• All inputs and outputs TTL compatible 
• 256 refresh cycleS/4ms 
• Package Plastic SOJ : TC511664J 

Plastic ZIP : TC511664Z 

PIN NAMES 

SYMBOL NAME 

AO-A7 Address Inputs 

m Row Address Strobe 
1109 

11011 V3 Colomn Address Strobe 

11013 

11015 

V\\ 
1/02 

UW 
Read/Upper Byte Write 

Input 

rw Read/Lower Byte Write 

1103 Input 
1105 
1107 

~ Ouput Enable 

NC 11001-11016 Data InpuVOutput 

uw 
iiAs 
AI 

Vcc Power ( + SV) 

Vss Ground 

AJ N.C. No Connection --
Vee 
NC. 
AS 

A7 

OE 
11\\ 



___ ._n ___ .. n"."'_' _______ ._ •• ____ "' __ • __________ , _____ •• ".,."" •• , _______ • _____ .. _._ ........ _ .. _",,_. ___ , __ ., _____ ._~.,.""_,,. __ _ 

TC511664J/z-80, TC511664J/z-10 , 
BLOCK DIAGRAM 

1/02 1/04 li06 1/08 1/010 1/012 1/014 1/016 

1101 1/03 1/05 1/07 1/09 1/011 1/013 1/015 
000 0 0 0 0 0 0 0 0 0 000 0 

Vee Vss 

r r 

COLUMN 

DECODER 

AO 0... SENSE AMP. 16 
A10... 1/0 GATE 

A2 0... 

A3 c- .. 256 x 16 -
A4 c-
AS C- -0::_ 

A60... ~ MEMORY 
A7 C- 256 ARRAY 

I 
256x 256x 16 ~ 

SUBSTRATE BIAS 
GENERATOR 
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TC511664JIZ-80, TC511664JIZ-10 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING 

Input Voltage V'N -1-7 

Output Voltage VOL T -1-7 

Power Supply Voltage Vee -1-7 

Operating Temperature TOPR 0-70 

Storage Temperature TSTG -55-150 

SolderinQ Temperature' Time TSOlOER 260·10 
Power Dissipation Po 700 
Short Circuit Output Current i jUT SO 

RECOMMENDED DC OPERATING CONDITIONS (Ta = a-70°c) 

SYMBOL PARAMETER MIN. TYP. 

Vec Supply Voltage 4.5 5.0 

VIH Input High Voltage 2.4 -
Vil (~~AL7~wdf.I~~ UW, LW, N) - 1.0 *1 -
VII Input Low Voltage (1/01-1/016) - 0.5 *2 -

DC ELECTRICAL CHARACTERISTICS (Vee = SV ± 10%, Ta = a-70°c) 

SYMBOL PARAMETER 

OI?ERATING CURRENT TC511664J/Z-80 
leel Avera~ower Supply Operating Current 

(00, A, Address Cycling: tRe" tRe MIN. ) TC511664J/Z·l0 

STANDBY CURRENT 
leo Power ~Ply Standby Current 

(RAS = = VIH) 

RAS ONLY REFRESH CU RRENT TC511664J/Z-80 
ICC3 Avera2e Power Supply Current, itA! Only Mode 

(iU3' yeling, ~=VIH: tRe=tRc MIN. ) TC511664J/Z·l0 

FAST PAGE MODE CURRENT TC511664J/Z-80 
lee4 Average Power SU!J,'y Current, Fast Page Mode 

(iU3' = Vll, ~, A ress Cycling: tpc = tpc MIN.) TC511664J/Z-l0 

STANDBY CURRENT 
Ices Power ~PIY Standby Current 

(W = • Vce - 0.2V) 

CM BEFORE m REFRESH CURRENT TC511664J/Z-80 
lec6 Avera~ower Supply Current, ~ Before W 

Mode • m Cycling: tRC = tRC MIN. ) TC511664J/Z-l0 

INPUT LEAKAGE CURRENT 
II (Ll Input Leakage Current. any input 

(OV S VIN:i 6.5V, All Other Pins Not Under Test = OV) 

IO(ll 
OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV:i VOUT:i S.SV) 

VOIi 
OUTPUT LEVEL 
Output "H· Level Vol tag' (lOUT. - 2.SmA) 

VOL 
OUTPUT LEVEL 
Output "L· Level Voltage (lOUT" 2.1 rnA) 
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UNITS NOTE 

V 1 

V 1 

V 1 

'C 1 

'C 1 

'C' sec 1 
mW 1 
mA 1 

MAX. UNIT NOTE 

5.5 V 2 

6.5 V 2 

0.8 V 2 

0.8 V 2 

* 1 -2.5V at pulse width:;; 20ns 

* 2 -2.0V at pulse width:;; 20ns 

MIN. MAX. UNITS NOTES 

- 115 
mA 3,4,5 

- 90 

- 2 mA 

- 115 
mA 3,5 

- 90 

- 70 
mA 3,4,5 

- 60 

- 1 mA 

- 115 
mA 3 - 90 

-10 10 vA 

-10 10 vA 

2.4 - V 

- 0.4 V 



TC511664JIZ-80, TC511664JIZ-10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(VCC=5V± 10%, Ta=0-70°c)(Notes6, 7, 8) 

I I TCS 11664J/Z-BO TCS11664J/Z-l0 
$Y,vlBOL i PARAMETER UNIT NOTES 

I MIN. MAX. MIN. MAX. 

t~c I Random Read or Write Cycle Time 135 - 170 - ns 

t,MW .'lead-Modify-W"te Cycle Time 180 - 225 - ns 

toe Fast Page Mode Cycle Time 55 - 65 - ns 

tPR.MW Fast Page Mode Read-Modify-Write Cycle Time 100 - 120 - ns 

t~Ae Access Time from m - 80 - 100 ns 9,14,15 

tCAe I Access Time from CAS - 35 - 40 ns 9,14 

tAA Access Time from Column Address - 45 - 55 ns 9,15 

tCPA Access Time from CAS Precharge - 50 - 60 ns 9 

tCLZ CAS to Output in Low-Z 0 - 0 - ns 9 

tOFF Output Bu ffer Turn-off Delay 0 20 0 20 ns 10 

tT Transition Time (Rise and Fall) 3 SO 3 SO ns 8 

tAP m Precharge Time 45 - 60 - ns 

tRAS W Pulse Width 80 10,000 100 10,000 ns 

tRASP m Pulse Width (Fast Page Mode) 80 100,000 100 100,000 ns 

tRSH m Hold Time 35 - 40 - ns 

tCSH CAS Hold Time 80 - .. 100 - ns 

tCAS CAS Pulse Width 35 10,000 40 10,000 ns 

t~co W to CAS Delay Time 20 45 20 60 ns 14 

t.O.AO m to Column Address Delay Time 15 35 15 45 ns 15 

tc.~P CAS to m Precharge Time 5 - 5 - ns 

tcP 00 Precharge Time 10 - 10 - ns 

tASR Row Address Set-Up Time 0 - 0 - ns 

tRAH Row Address Hold Time 10 - 10 - ns 

tAlC I Column Address Set-Up Time 0 - 0 - ns 

tCAH Column Address Hold Time 15 - 15 - ns 

tAR Column Address Hold Time referenced to m 55 - 65 - ns 

tRAL Column Address to ro Lead Time 45 - 55 - ns 

tRCS Read Command Set-Up Time 0 - 0 - ns 

tRCH Read Command Hold Time '0 - 0 - ns 11 

tRAH Read Command Hold Time referenced to ro 0 - 0 - ns 11 

tWCH Write Command Hold Time 15 - 1 S - ns 

tWCR Write Command Hold Time referenced to m 5S - 65 - ns 

twp Write Command Pulse Width 15 - IS - ns 

tRWL Write Command to m Lead Time 20 - 20 - ns 

tCWL Write Command to m Lead Time 20 - 20 - ns 

tos Data Set-Up Time 0 - 0 - ns 12 

tOH Data Hold Time 1 S - 15 - ns 12 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Continued) 

TCS 11664J1Z-80 TCS 11664J1Z-1 0 
SYMBOL PARAMETER UNITS 

MIN. MAX. MIN. MAX. 

tOMR Data holo II me referenced to RAS 55 - 65 - ns 

t~EF Refresh Period - 4 - 4 ms 

twcs Write Command Set-UP Time 0 - 0 - ns 

tcwD CA") to WE Delay Time 55 - 70 - ns 

tRwD RAS to W~ Delay Time 100 - 130 - ns 

tCPwD CAS Precharge to m Delay Time (Fast Page Mode) 70 - 90 - ns 

tAWO Column Address to WE Delay Time 65 - 85 - ns 

tCSR 00 Set-Up Time (00 before AAS Cyde) S - S - ns 

tCHR 00 Hold Time (03 before m Cycle) 10 - 10 - ns 

tRPC ru to 00 Precharge Time 0 - 0 - ns 

tCPT CAS Precharge Time (00 before m Counter Test Cycle) 40 - 40 - ns 

tROH AAS Hold Time referenced to DE 15 - 20 - ns 

tOEA C5E Access Time - 35 - 40 ns 

tOED C5E to Data Delay 10 - 20 - ns 

tOEl Output Buffer Trun Off Delay Time from C5E 0 10 0 20 ns 

tOEH OE Command Hold Time 10 - 20 - ns 

tMes Masked Write Set-Up Time 0 - 0 - ns 

tMRH Masked Write Hold time Referenced to m 0 - 0 - ns 

t".1CH Masked Write Hold time Referenced to CAS 0 - 0 - ns 

CAPACITANCE (Vee = 5V ± 10%, f = 1MHz, Ta = 0-70°e) 

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AO-A7) - 5 pF 

CI2 Input Capacitance (ro. roo UW. LW. OE) - 7 pF 

Co Input/Output Capacitance (1/01-1/016) - 7 pF 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. 

2. All voltages are referenced to VSS. 

3. leCl. ICC3. ICC4. Iccs depend on cycle rate. 

4. ICCl. ICC4 depend on output loading. Specified values are obtained with the outputs open. 

5. Column Address can be changed once or less while RAS=VIL and C'AS=VlI-I. 

6. An initial pause of 200p.s is required after power-up followed by 8 lfJ\S only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter. a minimum of 8 

CAS before RAS r·efresh cycles instead of 8· HAS only refresh cycles are required. 

7. AC measurements assume tT = 5ns. 

8. VIH (min.) and VIL (max.) are reference levels for measuring timing of input signals. 

Also. transition times are measured between Vlll and VIL. 

9. Measured with a load equivl!olent to 1 TTL load and 50pF. 

10. tOFF (max.) and tOEZ (max.) define the time at which the outputs achieve 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 OW, rw leading 

edge in read-modify-write cycles. 

13. twCS. tRWD, tcwD, tAwD and tcPWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcsii; twcs (min.) the cycle is an early write 
cycle and data out pins will remain open circuit (high impedance) through the entire cycle; If 

tRwDii; tRWD (min.), tcWDii; tcWD (min.), tAwDii; tAWD (min.) 'and tcpwDii; tcPWD (min.), the cycle is a 
read-modify-write cycle and the data out will contain data read froni the selected cell: If neither 
of the above sets of conditions is satisfied, the condition of the data out (at access time) is 

indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. tRCD (max.) is specified 

as a reference point only: If tRCD is greater than the specified tRCD (max.) limit, then access time 

is controlled by tcAC. 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. tRAD (max.) is specified 

as a reference point only: If tRAD is greater than the specified tRAD (max.) limit, then access time 

is controlled by tAA. 
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II I' 
I 

READ CYCLE 

m V'H 

V'L 

m V,H 

V'L 

V,H 
AO-A7 

V'L 

iJW 
V,H 

V'L 

r.w V'H 

V'L 

ot V'H 

V'L 

1/01- VOH -

1/016 VOL -

Note: D'N" OPEN ~: ·W or "L" 
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WRITE CYCLE (EARLY WRITE) 

m V,M 

V" 

ro V,M 

V,L 

VIM 
11.0-11.7 

V'L 

UW V'M 

V'L 

[i,v 
V,M 

V,L 

OE 
V,M 

V'l 

1/01- V,M 

1/016 
V'l 

Note: DOUT. OPEN ~: HH" or "L" 
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UPPER BYTE WRITE CYCLE (EARLY WRITE) 

ru 
V,11 

V'L 

ro 
V'11 

V,L 

V' 11 
AO-A7 

V'L 

V' 11 
UW 

V'L 

V,H 
lW 

V'L 

C5t" 
V,H 

V'L 

1/01- .V'H 

1/08 V'L 

V09- V,H 

11016 V'L 

Note: Dour. OPiiN ~: "H" or "L" 
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LOWER BYTE WRITE CYCLE (EARLY WRITE) 

m V,H 

V,~ 

V3 
V,H 

V,~ 

V,H 
AO-A7 

V,~ 

V,H 
UW 

V,~ 

tw 
V,H 

V,~ 

~ 
V,H 

V,~ 

1/01- V,H 

1/08 V'l 

1/09 ... V,H 

11016 V'l 

Not.: DOUT. OPEN 
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WRITE CYCLE (OE' CONTROLLED WRITE) 

AAS 
V,H 

V'L 

00 
V,H 

V'L 

VII; 
AO-A7 

V,L 

V,H 
UW 

V'L 

V'H 
LW 

V,L 

N 
V'H 

V'L 

1/01- V'H 
1/016 V'l 

Note: DOUT:O OPEN ~: NH" or HL" 
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UPPER BYTE WRITE CYCLE ()E' CONTROLLED WRITE) 

~ 
V1H 

V1L 

ro VIH 

VIL 

VII'~ 
AO-A7 

V 1L 

TJW 
V1H 

V 1L 

r:w VIH 

VIL 

ot 
VIH 

V 1L 

1/01- V 1H 

1/08 V1L 

1/09- VIH 

11016 V 1L 

Note: Dour. OPEN ~: "W or "L-

\ 
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LOWER BYTE WRITE CYCLE (OE CONTROLLED WRITE) 

m 
VIH 

V'l 

00 
V1H 

V 1L 

V 1H 
AO-A7 

V1L 

V1H 
uw 

VIL 

Vn·~ 
LW 

VIL 

OE 
V1H 

V 1l 

1/01- VIH 

1/08 
V1L 

1/09- V 1H 

1/016 V 1L 

Note: Dour-OPEN ~: "W or "L" 
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READ·MODIFY·WRITE CYCLE 

/$AS 
V,M 

V'l 

ro V,M 

V'l 

V,M 
AO-A7 

V'l 

V,M 
UW 

V'l 

V,M 
LW 

V,l 

O! 
V,M 

V,L 

V,M 

V,L 

1/01-
1/016 

VOM -

VOL -

~: "W or "l' 
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READ-MO DIFY ·UPPER·BYTE· WRITE CYCLE 

RAS 
V'H 

V'L 

ro 
VI/_j 

V'l 

VI/'~ 
AO-A7 

V,l 

V,H 
uw 

V'L 

V,H 
LW 

V'L 

~ 
V,H 

V,L 

V,H 

V'l 

1101-
1/08 

VOH -

VOL -

V,H 

V,L 

1/09-
1/016 

VOH -

VOL -

~: "W or "L" 
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READ·MODIFY·LOWER·BYTE·WRITE CYCLE 

RAS 
V1H 

vlL 

ro 
V 1H 

VIL 

V 1H 
AO-A7 

V 1L 

V 1H 
UW 

VIL 

r:w 
V 1H 

VIL 

Of 
V1H 

VIL 

VIH 

V 1L 

1/01-
1/08 

VOH -

VOL -

VIH 

VIL 

1/09-
1/016 

VOH -

VOL -

fliJ: "W or "L" 
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F A$T PAGE MODE READ CYCLE 

m V,H 

V'l 

~~ 
V,H 

V'L 

V,H 
AO-A7 

V'L 

V,H 
UW 

V'L 

V,H 
LW 

V'L 

Of 
V,H 

V'L 

1101-

1/016 

~: "H" or "L" 

Note: D,N. OPEN 
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FAST PAGE MODE WRITE CYCLE 

AO-A7 

1/01-

1/016 

Note: Dour. OPEN 

A-30B 



TC511664JIZ-80, TC511664JIZ-10 

FAST PAGE MODE UPPER BYTE WRITE CYCLE 

RJ53 
V'H 

V'L 

00 
V'H 

V'L 

V'H 
AO-A7 

V1L 

V1H 
UW 

V 1L 

VIH 
LW 

V1L 

~ 
VIH 

V1L 

1/01- V1H 

1/08 V1L 

1/09- VIH 

1/016 VIL 

Note: DOUT. OPEN 
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FAST PAGE MODE LOWER BYTE WRITE CYCLE 

RM 
Viti 

V'L 

m V,H 

V,L 

V,H 
AO-A7 

V'L 

V,H 
UW 

V'L 

V ,H 
LW 

V'L 

O! 
V,H 

V 'L 

1101- V'H 
1/08 V'L 

1/09- Vn, 

1/016 
V'L 

Note: DOUT. OPEN ~: "H- or "L" 
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FAST PAGE MODE READ·MODlFY·WRITE CYCLE 

W 

ru 

AO-A7 

uw 

LW 

OE 

1/01-

1/016 

V1H 

V1L 

V 1H 

vlL 

V1H 

VIL 

V 1H 

V 1L 

V 1H 

VIL 

VIH 

VIL 

~: oW or "l" 
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FAST PAGE MODE READ-MODIFY-UPPER-BYTE-WRITE CYCLE 

AO-A7 

UW 

1/01-
1/08 

. 1/09-
tl016 

VIIi 

VIL 

VIH 

V 1L 
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FAST PAGE MODE READ-MODIFY-LOWER-BYTE-WRITE CYCLE 

RAS 

CAS 

AO-A7 

UW 

r:w 

at 

1/01-

1/08 

1/09-

1/016 

V'H 

V'l 

VIH 

V'l 

V'H 

V'l 

V'H 

Vil 

V1H 

V1l 

V1H 

V1l 
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RAS ONLY REFRESH CYCLE 

AO-A7 

Note: UW. rw. c:5! = "H O or "L 0 

C7\S BEFORE ftAS' REFRESH CYCLE 

1/01-
1/016 

VIL-~t': 
tcSR 

V1H - -

VIL -------....IF""""""""""""""""""""""'''''''''''''''' 

VOH -=> .... _______ _ 
,... OPEN ---------

VOL -

Note: DIN. OW. tw, ~, AO-A7 .. HW or "L· 
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HIDDEN REFRESH CYCLE (READ) 

m- VIH 

Vil 

ro VIH 

Vn. 

VIH 
AO-A7 

Vil 

VIH 
UW 

V1L 

r.w ViH 

V1L 

m VIH 

V1L 

1/01- VOH -

1/016 
VOL -

Note: DIN" OPEN ~: "W or "L" 
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HIDDEN REFRESH CYCLE (WRrrE) 

AO-A7 

1101-

11016 

Note: Dour. OPEN 
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HIDDEN REFRESH CYCLE (UPPER BYTE WRITE) 

AO-A7 

uw 

1/01-

1/08 

1/09-

1/016 

Not.: DOUT" OPEN 

A-317 



TC511664JIZ-80, TC511664JIZ-10 

HIDDEN REFRESH CYCLE (LOWER BYTE WRITE) 

m VIH 

VIL 

c:A~ 
VIH 

VIL 

V1H 
AD-A7 

VIL 

UW 
V1H 

VIL 

CW 
V'H 

Vll 

OE 
V 1H 

VIL 

1/01- VIH 

1/08 VIL 

1/09- VIH 

1/016 VIL = 
Note: DOUT" OPEN 
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CAS BEFORE 1V3 REFRESH COUNTER TEST READ CYCLE 

AO-A7 

1/01-
1/016 

VOH -

VOl -
----

Note: DIN. OPEN 
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CAS BEFORE RAS REFRESH COUNTER TEST WRITE CYCLE 

m V'H 

V'l 

W\) V'H 

V'l 

V,H 
AO-A7 

V'l 

V, ... 
UW 

V'l 

r.w V, ... 

V'l 

Ol V, ... 

Vil 

1/01- VIH 
1/016 

Vil 

Note: OOUT. OPEN 
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CAS BEFORE "m REFRESH COUNTER TEST READ-MODIFY-WRITE CYCLE 
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APPLICATION INFORMATION 

ADDRESSING 

The 16 address bit$ required to decode 1 of the 65,536 cell locations within the TC51l664J/Z are 

multiplexed onto the 8 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 (fiS), latches the 8 row address bit$ into the chip, The 

second clock, the Column Address Strobe (CAS'). subsequently latches the 8 column address bits into 

the chip. Each of these signals, RAS and m 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 'C"AS clock sequence are inhibited until the occurrence of a delayed signal derived from the fiS 
clock chain. The "gated CAS;' feature allows the CA'S clock to be externally activated as SOO:1 as the 

Row Address Hold Time specification (tRAil) has been satisfied and the address inputs have been 

changed from Row address ta Column address information. 

Data Inputs 

A wri te cycle is performed by bringing UW and rw low during the RASlCA'S operation. The falling 

edge of'C'AS or rw strobes data on 1'01-1'08 into the on-chip data latch. And the falling edge of 

CAS or U'W strobes data on 1'09-1'16 inta the on-chip data latch. In an early write cycle, rw and 

UW are brought low prior ta 'CA"S and the data is strobed in by CAS with setup and hold times 

referenced to this signal. In derayed write or read modify write cycle, rn will already be low, thus 

the data will be strobed in by rw and UW with setup and hold times referenced to these signals. 

In derayed or read modify write, ()E' must be high to bring the output buffers to high inpedance 

prior ta impressing data on the 1'0 lines. 

Data Outputs 

The three-state output buffers provide direct TTL compatibility with a fan-out of a standard TTL 

load. Data-out is the same polarity as data-in. The outputs are in the high-impedance state until 

"CAS is brought low. In a read cycle the outputs go active after the access time interval tRAC and 

toEA are satisfied. 
The outputs ~. valid after the access time has elapsed and remains valid while CAS and OE 

are low. CAS or OE going high returns it to a high impedance state. In an early-write cycle, the 

outputs are alwayw in the high-impedance state. In a delayed-write or read-modify-write cycle, the 

outputs will follow the sequence for the read cycle. 

The OE controls the impedance of the output buffers. In the logic high position the buffers will 

remain in a high impedance state. 

When the ()E' input is brought to a logical low level, the output buffers are enabled. Both CAS and 

OE can control the outputs. Thus in a read operation, either (j'E or CAS returning high forces the 

output$ into the high impedance state. 
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HAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 256 

row addresses (AO-A7) within each 4 millisecond time interval. Although any normal memory cycle 
will perfonn the ref;esh 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 HAS refreshing available on the TC511664J/Z offers an alternate refresh method. If 'CAS 
is held on low for the specified period (tcSR) before RAg goes to low, on chip refresh control clock 
generations and the refresh address counter are enabled, and an internal refresh operation takes place. 
After the refresh operation is performed. the refresh address counter is automatically incremented in 
preparation for the next CAS before RAS refresh operation. 

FAST PAGE MODE 

The "Fast Page Mode" feature of the TC511664JIZ 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 RAg signal at a logic 0 
throughout all successive memory cycles in which the row address is common. This "Fast page Mode" 

of operation will not dissipate the power associated with the negative g'oing edge of l'tAS. 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 TC511664JIZ is that refresh cycles may be performed while maintaining 
valid data at the output pins. This is referred to as Hidden Refresh. Hidden Refresh is performed by 
holding CAS at VIL and taking ItAg high and after a specified precharge period (tRP), executing a 
CAS before !tAS refresh cycle. (see Figure below) 

WIII01-Wl6/I016 - 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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CTI BEFORE RAS REFRESH COUNTER TEST 

The inte~al refresh operation of TC511664J/Z can be tested by "CAS' BEFORE RAS REFRESH 
COUNTER TES'{". This cycle performs READIWRITE operation taking the internal counLer address 
as row addr.ess and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAg cycles a~ initialization cycles. The test 
procedure is as follows. 

CD Write "0" into all the memory cells at normal write mode. 

® Select one certain column address and read "0" out and write "1" in ea~h cell by performing 
"CAS BEFORE RAS REFRESH COUNTER TEST (READ-MODIFY-WRITE CYCLE)". 
Repeat this operation 256 times. 

@ Check "1" out of 256 bits at normal read mode, which was written at @. 

CD Using the same column as ® , read "1" out and write "0" in ~ach cell performing "CAS' BEFORE 
RAS REFRESH COUNTER TEST". Repeat this operation 256 times. 

® Check "0" out of 256 bits at normal read mode, which was written at CD. 

® Perform the above CD to@ to the complement data. 
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65,536 WORD x 16 BIT DYNAMIC RAM 

DESCRIPTION 

* This is advanced information and specifica
tions are subject to change without notice. 

The TC511664JLlZL is the new generation dynamic RAM organized 65,536 words by 16 bits. The 
TC511664JLlZL 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 t.he TC511664JL/ZL to be packaged in a standard 40 pin plastic SOJ and 40 pin 
plastic ZIP. The package size provides high system bit densities and is compatible with widely 
ava.i1able automated testing and insertion equipment. System oriented feai;ures include single power 
supply of 5V± 10% tolerance, direct interfacing capability with high perfol·mance logic families such as 
Schottky TI'L. 

FEATURES 

• 65,536 word by 16 bit organization 
• Fast access time and cycle time 

I TCS11664JLIZL-60:- 10 

tRAC RAS Access Time I 80ns lOOns 

tAt. Column Address Access Time 4Sns SSns 

tCAC CAS Access Time 3Sm 40ns 

tRC Cycle Time 135ns 170ns 

tpc Fast Page Mode Cycle Time J 55ns 65ns 

PIN CONNECTION (TOP VIEW) 

Plastic SO) Plastic ZIP 

vee 

~ 1 

40 Vss N.C. ";' 
JJ ~i 1101 39 11016 ':;' 

1102 38 11015 11010 2J r-

:s:: d 
1103 37 1/014 11012 ~§ 
IIO~ 36 11013 11014 n ~j 1105 35 11012 11016 ~J ~[O i/06 34 11011 1101 i·' 
1107 33 11010 _'J ~[2 
11GB 9 32 1109 Vee L3J [[4 
r!.c. 10 3i N.C. 1104 [51 ~[6 
vee II 30 ...::!ll 1106 [7J [L8 UW 12 29 CAS 1/08 1:9J rio tw 13 28 m ilJ 

RAS 14 27 N.C. Vee ri2 
AO IS 26 N.C. i:W i3] 

~i' 
AI 16 2S N.C. AO isJ [i6 
A2 17 24 A7 A2 i7J [is 
"3 IS 23 A6 A4 isJ rio A4 IS 22 AS 

N.C. il] 
Vee 20 21 VIS [i2 

VII i3] ~i4 
A6 is] ~i6 

N.C. ~)J ris CAS i9] r~o 
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• Single power supply of 5V ± 10% with a built
in VBB generator 

• .Low Power 
633mW MAX. Operating (TC511664JL/ZL-80) 
495mW :MAX. Operating (TC511664JLlZL-lO) 
1.7mW MAX. Standby . 

• Outputs unlatched at cycle end allows two
dimensional chip seleciton 

• Read-Modify-Write, CJ\S before RAS refresh, 
'RAS-only refresh, Hidden refresh, Byte-Write 
and Fast Page Mode capability 

• All inputs and outputs TTL compatible 
• 256 refresh cycles/32ms 
• Package Plastic SOJ : TC511664JL 

Plastic ZIP : TC5116G4ZL 

PIN NAMES 

SYMBOL NAME 

AO-A7 Address Inputs 

1109 
11011 

RAS Row Add'tess Strobe 

CAS Colomn Address Strobe 

1/013 
11015 
VIS 

1102 

UW 
Read/Upper Byte Write 

Input 

LW 
Read/Lower Byte Write 

1103 Input 
1105 
1107 

DE Ouput Enable 

N.C. 11001-11016 Data Input/Output 

uw 
iiAS 
AI 

Vee Power ( + 5\1) 

Vss Ground 

A3 N.C. No Connection 

Vee 
N.C. 
AS 
A7 
OE 
VII 



TC511664JLlZL-80, TC511664JLlZL-1 0 I 
BLOCK DIAGRAM 

1102 1I0~ 

1/01 1103 IIOS 
000 000 

Vee Vss 
tttttt 

r r 
UW o----<:l 

COLUMN 

8 DECODER 

AO .0- SENSE AMP. 16 
Al c- lIO GATE 

A20- m 256 x.6 -f I A30-

A40-

AS 0- --A60- ---;--- MEMORY 
A70- 256 ARRAY 

I 
256x 256 x 16 ~ ---

SUBSTRATE BIAS 
GENERATOR 
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ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL I RATING 

Input Voltage V1N -1-7 

Output Voltage Vou; -1-7 

Power Supply Voltage Vee -1-7 
Operating Temperature TOPR 0-70 
Storage Temperature TSTG - 55-150 
Soldering Temperature· Time TSOLDER 260· 10 
Power Dissipation Po 700 
Short CirCllit Output Current £O!IT 50 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70°c) 

SYMBOL PARAMETER MIN. TYP. 

Vee Supply Voltage 4:5 5.0 
V1H Input High Voltage 2.4 -
V1L 

Input Low Vol.1!S.e __ 
(AO-A7, RAS, CAS, UW, LW,OE) - 1.0 *1 -

V!' Inout Low Voltaoe (1101-11016) - 0.5 -2 -
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UNITS NOTE 

V 1 
V 1 

V 1 
·C 1 
·C 1 

·C·sec 1 

mW 1 
mA 1 

MAX. UNIT NOTE 

5.5 V 2 

6.5 V 2 

0.8 V 2 

0.8 V 2 

* 1 -2.5V at pulse width;S 20ns 

*2 -2.0V at pulse width;S 20l1s 



DC ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = a-70°c) 

SYMBOL I PARAMETER I MIN. MAX. UNITS I NOTES 

OPERATING CURRENT I TC511664JUZL-80 - 115 
Icc; Average Power Supply Operating Current mA 3,4,5 

(RAS, CAS, Address Cycling: tRC = tRC MIN. ) TCSl1664JUZL-l0 - 90 

STANDBY CURRENT 
leG Power .i~Qply Standby Current - 2 mA 

(-RAS,. CAS = V1H) 

RAS ONLY REFRESH CURRENT TC511664JUZL-80 - 115 
Ico ~Y~lage Power Supply Current, RAS Only Mode mA 3,5 

(RAS Cycling, ro = VII';: tRC = tRC MIN. ) TCSl1664JUZL-l0 - 90 

FAST PAGE MODE CURRENT TC511664JUZL-80 - 70 
ICC4 Average Pow~ sU!cPly Current, Fast Page Mode mA 3,4,5 

(RAS = V1L, CAS, A dress Cycling: tpc = tpc MIN.) TCSI1664JUZL-l0 - 60 

STANDBY CURRENT 
Ices Power S~~ply Standby Current - 300 ilA 

(RA'S = CA = Vcc - 0.2V) 

CAS BEFORE RAS REFRESH CURRENT TC511664JUZL-80 - 115 
Ice6 Average Power Supply Current. m Before RAS mA 3 

Mode ~RAS, m Cycling: tRe = tRC MIN. ) TC511664JUZL-l0 - 90 

BAnERY BACK UP CURRENT 
Average Power Sup2!LCurrent, Battery back up Mode 

IcC? @= m Before RAS Cycling or O.2V, OE=Vcc-0.2V, - 400 pA 3,6 
UW,LW=Vcc-0.2V or 0.2V, AO-A7=Vcc-0.2V or 0.2V, 
I/Ol-16=Vcc-0.2V,O.2V or OPEN: tRe= 12Sps, tRAS=tRAS MIN.-Ips) 

INPUT LEAKAGE CURRENT 
II(L) Input Leakage current, any input -10 10 ilA 

(OV::;; V1N:ii 6.SV, All Other Pins Not Under Test = OV) 

IO(Ll 
I OUTPUT LEAKAGE CURRENT 

(DOUT is disabled, OV:ii VOUi:ii 5.5V) 
-10 10 pA 

VOH 
OUTPUT LEVEL 2.4 V Output "W Level Voltage (lOUT = - 2.SmA) -

VOL I OUTPUT LEVEL 
Output "L· Level Voltage (lOUT = 2.1 mAl - 0.4 V 
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TC511664JLIZL-80, TC511664JLlZL-10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vee = 5V ± 10%, Ta = 0-70°c)(Notes 7, 8, 9) 

SYMBOL I PARAMETER 
TC511664JUZL-80 I TC511664JUZL-l0 

UNIT NOTES 
MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 135 - 170 - ns 

t~u\'':VJ Read-Modify-Write Cycle Time 180 - 225 - ns 

tp( Fast Page Mode Cycle Time 55 - 65 - ns 

t~RMV'.' Fast Page Mode Read-Modify-Write Cycle Time 100 - 120 - ns 

tRAe Access Time from RAS - 80 - 100 os 
10,15, 

16 

tCAe Access Time from CAS - 35 - 40 ns 10,15 

tAA Access Time from Column Address - 45 - S5 ns 10,16 

tCPA Access Time from CAS Precharge - 50 - 60 ns 10 

tCLZ CAS to Output in Low-Z 0 ,;.. 0 - ns 10 

tOFF Output Bufier Turn-off Delay 0 20 0 20 ns 11 

tr Transition Time (Rise and Fall) 3 50 3 50 ns 9 

tRP RAS Precharge Time 45 - 60 - os 

tRAS RAS Pulse Width 80 10,000 100 10,000 ns 

tRASP RAS Pulse Width (Fast Page Mode) 80 100,000 100 100,000 ns 

tRS;; RAS Hold Time 35 - 40 - ns 

tesH CAS Hold Time 80 - 100 - ns 

teAS m Pulse Width 35 10.000 40 10,000 ns 

tReD RAS to CAS Delay Time 20 45 20 60 os 15 

tRAO RAS to Column Address Delay Time 15 35 IS 45 ns 16 

teRP m to RAS Precharge Time 5 - 5 - ns 

tcp CAS Precharge Time 10 - 10 - ns . 
tASR Row Address Set-Up Time 0 - 0 - ns 

tRAH Row Address Hold Time 10 - 10 - ns 

tAse Column Address Set-Up Time 0 - 0 - ns 

teAl-! Column Address Hold Time IS - 15 - ns 

tAR Column Address Hold Time referenced to m 55 - 65 - ns 

tRAL Column Address to m Lead Time 45 - 55 - ns 

tRes Read Command Set-Up Time 0 - 0 - ns 

tReH Read Command Hold Time 0 - 0 - ns 12 

tRRH Read Command Hold Time referenced to RAS 0 - 0 - ns 12 

tweH Write Command Hold Time 15 - 15 - ns 

tweR Write Command Hold Time referenced to RAS 55 - 65 - ns 

twp Write Command Pulse Width 15 - 15 - ns 

tRwL Write Command to m Lead Time 20 - 20 - ns 

tcwL Write Command to CAS Lead Time 20 - 20 - ns 

tos Data Set-Up Time 0 - 0 - ns 13 

tOH Data Hold Time 15 - 15 - ns 13 
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TC511664JlIZL-BO, TC511664JltZL-;O 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Continued) 

SYMBOL I 
TC511664JUZL·80 TC511664JUZL·l0 

PARAMETER UNITS 
MIN. MAX. MIN. MAX. 

to~p Data Hold Time referenced to m 55 - 65 - ns 

tREF Refresh Period - 32 - 32 ms 

twcs Write Command Set·UP Time 0 - 0 - ns 

tcwD 00 to WE Delay Time 55 - 70 - ns 

tRwD m to ii1E Delay Time 100 - 130 - ns 

tCPwD 00 Precharge to WE Delay Time (Fast ?age Mode) 70 - 90 - ns 

tAwD Column Address to ii1E Delay Time 65 - 85 - ns 

tesR CAS Set·Up Time (eM before m Cycle) 5 - 5 - ns 

tCHR CAS Hold Time (00 before AAS Cycle) 10 - 10 - ns 

tRPe RAS to CAS Precharge Time 0 - 0 - ns 

tCPT 00 Pre charge Time (00 before m Counter Test Cycle) 40 - 40 - , ns 

tROH RAS Hold Time referenced to OE 15 - 20 - ns 

tOEA OE Access Time - 35 - 40 ns 

tOED DE to Data Delay 10 - 20 - ns 

tOEZ Output Buffer Trun Off Delay Time from DE 0 10 0 20 ns 

tOEH DE Command Hold Time 10 - 20 - ns 

tMCS Masked Write Set·Up Time 0 - 0 - ns 

tMRH Masked Write Hold time Referenced to m 0 - 0 - ns 

tMCH Masked Write Hold time Referenced to CAS 0 .- 0 - ns 

CAPACITANCE (Vee = SV ± 10%, f = 1MHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AO-A7) - 5 pr 

CI2 Input Capacitance (m, CAS, UW, LW. em - 7 pF 

Co InpuVOutput Capacitance (1101-11016) - 7 pF 
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TC511664JLlZL-80, TC511664JLlZL-1 0 

NOTES: 

1. Stresses greater than those listed under "Absolute illaximum Ratings" may cause pel'manent 

damage to the device. 

2. All voltages are referenced to VSS. 

3. ICCl, 1CC3, ICC4, IcCG depend on cycle rate. 

4. ICCl, 1CC4 depend on output loading. Specified values are obtained with the outputs open. 

5. Column Address can be changed once or less while RAS=VIL and CAS=Vlll. 

6. tJtI\S (max.) = Ips is only applied to refresh of battery-back up. 

tl\AS (max.) = lOllS is applied to functional operating. 

7. An initial pause of 20011S is required after power-up followed by 8 RAS only refresh cycles before 

proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 

CAS before RASrefresh cycles instead of 8 RAS only refresh cycles are required. 

8. AC measurements assume tT=5ns. 

9. Vm (min.) and VrL (max.) are reference levels for measuring timing of input signals. 

Also, transition times are measured between VIH and VIL. 

10. 'Measured with a load equivalent to 1 TIL load and 50pF. 

11. tOFF (max.) and tOEZ (max.) define the time at which the outputs achieve the open circuit condition 

and are not referenced to output voltage levels. 

12. Ei ther tI{Cll or tRRH must be satisfied for a read cycle. 

13. These parameters are referenced to CAS leading edge in early write cycles and to UW, LW leading 

edge in read-modify-write cycles. 

14. twcs, tRWD, tewD, tA WD and tcpwD are not restrictive operating parameters. They are included 

in the data sheet as electrical characteristics only. If twes~ twcs (min.) the . cycle is an early write 

cycle and data out pins will remain open circuit (high impedance) through the entire cycle; If 

tRwDi?;; tRWD (min.), tcwD~ tcWD (min.), tAWD~ tAWD (min.) and tCPwD~ tCPwD (min.), the cycle is a 

read-modify-write cycle and the data out will contain data read from the selected cell: If neither 

of the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 

15. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. tRCD (max.) is specified 

as a reference point only: If tRCD is greater than the specified tRCD (max.) limit, then access time 

is controlled by tCAC. 

16. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. tRAD (max.) is specified 

as a reference point only: If tRAD is greater than the specified tRAD (max.) limit, then access time 

is controlled by tAA. 
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TC511554JLlZL-80, TC511664JLlZL-i 0 

READ CYCLE 

VIH 
RAS 

V1L 

V1H 
CAS 

V 1L 

V 1H 
AO-A7 

V 1L 

V 1H 
UW 

V:L 

VIH 
LW 

V1L 

DE 
V,H 

V 1L 

1/01- VOH -

1/016 VOl -

Note: DIN = OPEN ~: "W or "LH 
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TC511664JLlZL-80, TC511664JLlZL-10 

WRITE CYCLE (EARLY WRITE) 

VIH 
RAS 

VIL 

VIH 
CAS 

V 1L 

V 1H 
AO-A7 

V 1L 

UW 
V,H 

V 1L 

VIH 
LW 

V IL 

OE 
V IH 

V 1L 

1/01- VIH 

1/016 
V1L 

Note: DOUT=OPEN ~: "H" or "L" 
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UPPER BYTE WRI'!'E CYCLE (EARLY WRITE) 

V 1H 
RAS 

VIL 

V 1H 
CAS 

Vol 

VII'; 
AO-A7 

Vol 

V 11_, 
UW 

Vol 

V 1H 
LW 

Vi, 

DE 
V 1H 

VIL 

1101- VIH 

1108 VIL 

1109- V 1H 

11016 
VIL 

Note: Dour = OPEN ~: "W or "L-
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TC511664JlIZL-80, TC511664JlIZL-10 

LOWER BYTE ''v'RITE CYCLE (EARLY WRITE) 

VIH -
RAS 

VIL -

VIH -
CAS 

VIL -

VI"! -
AO-A7 

V il -

VIH -
UW 

V IH -
LW 

V 1L -

V 1H -
OE 

V 1L -

1/01- V IH -
1108 V IL -

Note: Dour = OPEN 
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TC511554JLlZL-80, TC511664JLlZL-10 

WRITE CYCLE (OE CONTROLLED WRITE) 

V 1H 
RAS 

V 1L 

VIH 
CAS 

V IL 

VIH 
AO-A7 

V IL 

V 1H 
UW 

VIL 

IW 
V IH 

V IL 

crt 
VIH 

VIL 

1/01- VIH 

1/016 V IL 

Note: Dour IS OPEN ~: "H" or "L" 



TC511664JLlZL-80, TC511664JLlZL-10 

UPPEH BYTE '\TRITE CYCLE (0:8 CO;\'THOLLED ·WRITE) 

V 1H 
RAS 

V 1L 

VIH 
CAS 

VIL 

V 1H 
AO-A7 

V 1l 

V 1H 
UW 

V1L 

V 1H 
LW 

V 1L 

V1H 
OE 

V 1L 

1/01- V 1H 

1108 V 1L 

1/09- V 1H 

1/016 V1L 

Note: DOUT = OPEN ~: "W or "L" 
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TC511664JLlZL-80, TC511554JLJZl .. 1C 

LOWER BYTE WRITE CYCLE (UE CONTROLLED WRITE) 

V IH 
RAS 

Vil 

V IH 
CAS 

Vil 

V IH 
AO-A7 

Vil 

V IH 
UW 

V IL 

IW 
V IH 

V il 

at 
V IH 

V il 

1/01- VIIi 

1/08 V il 

1/09- V IH 

1/016 
VIL 

Note: DOUT = OPEN ~: "W or "L-
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TC511664JLlZL-80, TC511664JLlZL-10 

READ-lvIODIFY-V',TRITE CYCLE 

RAS 
VIH 

v," 

CAS 
V IH 

ViL 

VIH 
AD-A7 

VI:' 

V IH 
UW 

V IL 

rw 
V IH 

V iL 

Ot 
V IH 

V IL 

V,H 

VIL 

1/01-
1/016 

VOH -

VOL -

~: HH" or "L-
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READ-1\10mFY-UPPER-BYTE-WP.ITE CYCLE 

RAS 
V 1H 

V 1L 

V1H 
CAS 

V 1L 

V 1H 
AO-A7 

V 1L 

V 1H 
UW 

V 1l 

L\V 
V 1H 

VIL 

V 1H 
OE 

V!L 

V 1H 

VIL 

1/01-
1/08 

VOH -

VOL -

V 1H 

V1L 

1/09-
11016 

VOH -

VOL -

~: ~W or "L" 
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TC511664JLJZL-80, TC511664JLJZL-10 

B-EAD-1JODIFY -LOWER-BYTE-WRITE CY CLE 

RAS 
V1H 

V 1L 

V 1H 
CAS 

V 1L 

V 1H 
AO-A7 

V 1L 

V 1H 
UW 

V iL 

V1H 
LW 

V iL 

DE 
V 1H 

V 1L 

V 1H 

V 1L 

1/01-
1I0S 

VOH -

VOL -

VIH 

Vll 

1/09-
1/016 

VOH -

VOL -

~: "W or "L" 
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TC511664JlIZL-80, TC5i i664jllLL-10 

FAST PAGE ~roDE READ CYCLE 

RAS 
V1H 

V1l 

CAS 
V1H 

V1L 

V1H 
AD-A7 

V 1L 

V IH 
UW 

vlL 

VII, 
LW 

VI" 

OE 
VIH 

ViL 

1101-

1/016 

~: "W or "L" 

Note: DIN = OPEN 
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TC511664J LlZL-BO, TC511664J UZL-1 0 

FAST PAGE :\'lODE WRITE CYCLE 

RAS 
V iH 

V, ... 

V1H 
CAS 

VIL 

VIH 
AD-A7 

Vic 

V IH 
UW 

V 1L 

VIH 
lW 

V 1L 

V iH 
Of 

V 1L 

1/01- V1H 

1/016 V IL 

Note: Dour = OPEN ~: "W or "L" 
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TC511664JLiZL-80, TC511664JiJZL-; 0 

FAST PAGE nJODE UPPER BYTE WRITE CYCLE 

V1H 
RAS 

V1L 

CAS 
V 1H 

V 1L 

V1H 
A.O-A7 

VIL 

VIH 
uw 

V1L 

ViH 
LW 

V 1L 

VIH 
DE 

V 1L 

1/01- VIH 

1/08 V 1L 

1109- V1H 

1/016 
V1L 

Note: DOUT II OPEN ~: "W or "L" 
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TC511664JLlZL-BO, TC511664JLJZL-10 I 

FAST PAGE ;-'lODE LO\VER BYTE WRITE CYCLE 

AO-A7 

ViM 
UW 

VIL 

V1H 
LW 

VIL 

V1H 
OE 

V1L 

1/01- V IH 

1/08 V 1L 

1/09- VIH 

1/016 V
IL 

Note: Dour = OPEN 
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FAST PAGE )'lODE READ-MODIFY-WRITE CYCLE 

RAS 

CAS 

AO-A7 

UW 

LW 

OE 

1101-

11016 

Vi" 

V IL 

VIH 

VIL 

VII'~ 

VIL 

VI" 

Vii. 

V IH 

VIL 

VIH 

VIL 
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TC511664JUZL-80, TC511664JLlZL-10 

FAST PAGE ~lODE READ·MODIFY·l)PPER·BYTE·WRITE CYCLE 

AO-A7 

UW 

LW 

1/01-
1/08 

1/09-
1/016 

V IH 

VIL 

V IH 

V IL 
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fAST PAGE ~\lODE READ·;\lODIFY·LO'\VER·BYTE·'\VRITE CYCLE 

~ I~;:. 

• I tcs>, ',./.-
R,;5 

v, .. 

V.~ 
CAS 

\/ 

V.~ 
AC-A7 

\'. 

II :~ 

~V/ 

Vi, 

\/i .... 
LW 

\' 

DE 
V.~. 

V." 

(vOH -

I/0i- IVO" 
1/08 I 

I 

IViM 
~:~ 

( 
IVOM -
IVO,- -

1109-

11016 

Iv," 
~i~ 

~: "H" or"L" 
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TC511664JLIZL-80, TC511664JLlZL-10 

RAS O;\L Y REFRESH CYCLE 

I' 

AO-A7 

Note: UW, LW, or = "H" or "L" 

CAS BEFORE RA"S REFRESH CYCLE 

1101-
11016 VO

H -=>>--------, OPEN --------
VOL -

Note: DIN. UW, LW, OE, AO-A7 = "W or "L· 
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HIDDEN REFRESH CYCLE (READ) 

AO-A7 

I/0t-
1/016 

VOH -

VOL -
-----------------<-~ 

Note: DIN = OPEN 
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TC511664JLIZL-80, TC511664JLlZL-10 

HIDDE!\" REFRESH CYCLE (WRITE) 

V,H 

RAS 
V IL 

V IH 
CAS 

Vic 

VIH 
AO-A7 

Vic 

VIH 
UW 

V IL 

VIH 
LW 

V IL 

VIM 
OE 

V IL 

1/01- VIN 

1/016 
Vil 

Note: Dour = OPEN ~: "H" or "L" 
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HIDDE!\" REFRESH CYCLE (UPPER BYTE WRITE) 

V'H 
RAS V'L 

'CAS 
V,., 

v'l 

VIH 
AO-.4.7 

Vic 

V'H 
UW 

V1L 

V1H 
LVI 

V'L 

DE 
VII"' 

V,L 

1101- V ,H 

1108 V IL 

1109- V'H 

1/016 V'L 

Note: DOUT = OPEN ~: "W or "L" 
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TC511664JLIZL-80, TC511664JLIZL-10 

r-IIDDE~ REFRESH CYCLE (LOWER BYTE WRITE) 

RAS 
VIH -
V IL -

V IH -
CAS 

VIL -

VI" -
AO-A? 

V IL -

VIH -
UW 

V IL -

VIH -
LW 

v lL -

V1H -
at 

VIL -

1/01- V IH -
1/08 V IL -

1/09- V IH 

1/016 V IL 

Note: Dour = OPEN ~: "H" or "L" 
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TC5i i664jL/ZL-80, TC511664JUZL-10 

"CAS BEFORE RAS REFRESH COUNTER TEST READ CYCLE 

AO-A7 

1/01-
1/016 

VOH -

VOL -
----

Note: DIN = OPEN 
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TC511664JLIZL-80, TC511664JLlZL·10 

C'A'S BEFORE RAS REFRESH COUNTER TEST Wl'UTE CYCLE 

RAS 
VIH 

VI" 

~ 
VII, 

VI" 

VIH 
AO-A7 

VIL 

UW 
ViH 

VIL 

VI'; 
LVv 

V:L 

OE V IH 

VIL 

1101- VIH 

1/016 
VIL 

Note: DOUT = OPEN ~: HH" or "L" 
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CAS BEFORE RAS REFRESH COUNTER TEST READ-MODIFY-WRITE CYCLE 

V,,,, 

RAS 
V,L 

c"As Viii 

V'L 

V,H 
AO-A7 

V'l 

Viii 
UW 

V,L 

V,H 
LW 

ViL 

ViH 
Oc 

V1L 

VOH -
VOL -

1/01-
1/016 

Viii 

V'L 

~: "H" or "L" 
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TC511664JLlZL-BO, TC511664JLlZL-10 

APPLICATION INFORMATION 

ADDRESSING 

The 16 address bits required to decode 1 of the 65,536 cell locations within the TG511664JLlZL are 

multiplexed onto the 8 address inputs and latched into the on-chip address latches by externally 

applying two negative going TIL-level clocks. 
The first clock, the Row address Strobe (RAS), latches the 8 row address bits into the chip, The 

second clock, the Column Address Strobe (CAS), subsequently latches the 8 column address bits into 

the chip. Each of these signals, RAS and CAS triggers a sequence of events which are controlled by 

different delayed internal clocks. 

The two clock chains are linked together logically in such a way that the address mUltiplexing 

operation is done outside of the critical path timing sequence for read data access. The later events in 

the CAS clock sequence are inhibited until the occurrence of a delayed signal derived from the RAS 

clock chain. The "gated CAS" feature allows the CAS clock to be externally activated as soon as the 

Row Address Hold Time specification (tRAH) has been satisfied and the address inputs have been 

changed from Row address to Column address information. 

Data Inputs 

A write cycle is performed by bringing UW and LW low during the RAS/CAS operation. The falling 

edge of CAS or LW strobes data on I/01-I/08 into the on-chip data latch. And the falling edge of 

CAS or UW strobes data on I/09-I/16 into the on-chip data latch. In an early write cycle. LW and 

UW are brought low prior to CAS" and the data is strobed in by CAS with setup and hold times 

referenced to this signal. In derayed write or read modify write cycle, CAS will already be low, thus 

the data will be strobed in by LW and UW with setup and hold times referenced :'0 these signals. 

In derayed or read modify write, OE must be high to bring the output buffers to high inpedance 

prior to impressing data on the I/O lines. 

Data Outputs 

The three-state output buffers provide direct TTL compatibility with a fan-out of a standard TTL 

load. Data-out is the same polarity as data-in. The outputs are in the high-impedance state until 

CAS is brought low. In a read cycle the outputs go active after the access time interval tRAC and 

tOEA are satisfied. 

The outputs become valid after the access time has elapsed and remains valid while CAS and OE 
are low. CAS or OE going high returns it to a high impedance state. In an early-write cycle, the 

outputs are always in the high-impedance state. In a delayed-write or read-modify-write cycle, the 
outputs will follow the sequence for the re~d cycle. 

The OE controls the impedance of the output buffers. In the logic high position the buffers will 
rema.in in a high impedance state. 

When the OE input is brought to a logical low level, the output buffers are enabled. Both CAS and 

OE can control the outputs. Thus in a read operation, either OE or CAS returning high forces the 
'outputs into the high impedance state. 
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RAS ONLY HEFRESI-I 

Eefresh of the dynamic cell matrix is accomplished by performing a memory cyCle at each of the 256 

row addresses (AO-A7) within each 4 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 TC511664JLlZL offers an alternate refresh method. If 

CAS is held on low for the specified period (tCSR) before RAS goes to low, on chip refresh control clock 

generations and the refresh address counter are enabled, and an internal refresh operation takes place. 

After the refresh operation is performed, the refresh address counter is automatically incremented in 

preparation for the next CAS before RAS refresh operation. 

FAST PAGE MODE 

The "Fast Page 1Iode" feature of the TC511664JL!ZL allows for successive memory operations at 

multiple column locations of the same row address with increased speed without an increase in power. 

This is done by strobing the row address into the chip and maintaining the RAS signal at a logic 0 

throughout all successive memory cycles in which the row address is common. This "Fast page Mode" 

of operation will not dissipate the power associated with the negative going edge of RA'S. Also, the 

time required for strobing in anew address is eliminated, thereby decreasing the access and cycle 
times. 

HIDDEN REFRESH 

An optional feature of the TC511664JL!ZL is that refresh cycles may be performed while 

maintaining valid data at the output pins. This is referred to as Hidden Refresh. Hidden Refresh is 

performed by holding CAS at VIL and taking RAS high and after a specified precharge period (tItP), 
executing a CAS before RAS refresh cycle. (see Figure below) 

Wl/101-W16/I016 - 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 TC511GG4JL/ZL can be tested by "CAS BEFORE RAS REFRESH 

COUNTER TEST". This cycle performs HEAD/WRITE operation taking the internal counter address 

as row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as initialization cycles. The test 

procedure is as follows. 

''I; Write "0" into all the memory cells at normal write mode. 

® Select one certain column address and read "0" out and write "I" in each cell by performing 

'''CAS BEFORE RAS REFRESH COUNTER TEST (READ-MODIFY-WRITE CYCLE)". 

Repeat this operation 256 times. 

:t Check "1" out of 256 bits at normal read mode, which was written at ~J). 

@ Using the same column as @ , read "I" out and write "0" in each cell performing "CAS BEFORE 

RAS REFRESH COUNTER TEST". Repeat this operation 256 times. 

o Check "0" out of 256 bits at normal read mode, which was written at @. 

i:Q; Perform the above CD to @ to the complement data. 
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65,536 WORD x 16 BIT DYNAMIC RAM 

DESCRIPTION 

• This is advanced information and specifica
tions are subject to change without notice. 

The TC511665J.'l, is the new generation dynamic RAM organized 65.536 words by 16 bits. The 
TC511665JIZ 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 TC511665JIZ to be packaged in a standard 40 pin plastic SOJ and 40 pin 
plastic ZIP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include single power 
supply of 5V± 10% tolerance, direct interfacing capability with high performance logic families such as 
Schottky TIL. 

FEATURES 
• 65,536 word by 16 bit organization 
• Fast access time and cye1e time 

TCS 1166SJIZ - 80/- 10 

tRAe m Access Tim. 

tAA Column Address Access Tim. 

teAe ro Access Time 

tRe Cycle Time' 

tp( Fast Page Mode Cycle Time 

PIN CONNECTION (TOP VIEW) 

Vee 
WIIIOI 
WZII02 
W31103 
W41104 
WS"OS 
WMO' 
W7"07 
W8I\08 

Ne. 
Vee 

N.C. 
Wa'iNe m 

AO 
AI 
A2 
A3 
A4 
Vee 

Plastic 50J 

i 
2 
3 
• 
5 
6 
7 
8 
9 

10 

" 12 
13 
'4 
IS 
11 
17 

" 19 

• 

40 Vss 
39 WI6IIOI' 
38 W1Sll01S 
)7 W14/1O" 
36 W13J1013 
lS W12J1012 
34 WI 11101 I 
33 W10/1010 
32 W9IIO' 
31 H.C. 

~ 
OE 

30 
29 
28 
27 H.C. 
26 H.C. 
25 H.C. 
24 "7 
21 A6 
22 AS 
21 V" 

aOns lOOns 

45ns 55ns 

3Sns 40ns 

13Sns 170ns 

55n, 65n5 

Plastic ZIP 

N.C. 
-, 
.lJ 

W10110l0 j] 
WI 211012 ]1 
W1411014 n 
WI 611016 j} 

WIIIOI i)} 
[3] Vee 

W4II04 [S} 
W6II01i [7} 
W8I\08 [9J 

il} Vee 
WiiWe i3] 

AO is} 
A2 ~)J 
A4 i9] 

N,C. llJ 
i3] Vu 

Ali is} 
N.C. l7J 
CAS i9] 

A-361 

• Single power supply of 5V± 10% with a built
in Vaa generator 

• Low Power 
633mW MAX. Operating(TC511665JIZ-80) 
495m W MAX. Operating (TC511665JIZ -10) 
5.5m W MAX. Standby 

• Outputs unlatched at cycle end allows two
dimensional chip seleciton 

• Read-Modify-Write, CAS before RAg refresh, 
RAS-only refresh, Hidden refresh, Write-Per
Bit and Fast Page Mode capability 

• All inputs and outputs TIL compatible 
• 256 refresh cyclesl4nu 
• Package Plastic SOJ : TC511665J 

Plastic ZIP : TC511665Z 

PIN NAMES 

SYMBOL NAME 

AO-A7 Address InpuU 

W Row Address Strobe 
W91109 
WIIIIOII ro Cofomn Address Strobe 
WIlIIOI) 
WI5I1OIS 

Vu 
W21102 

miW[ 
Writ. Per Bit/ 

ReadIWrite Input 

~ Ouput Enable 

W31103 Wl1101- Write Selection! 
WSIIOS 
W7n07 

WI6II016 Data Input/Output 

N.C. Vee Power(+5V) 

NC. 

m- VSS Ground 

N.C. No Connection 
AI 
A3 
Vee 
N.C, 

AS 
A7 
Of 
Vu 



I 
TC5; ; 665J/£-80, TC5i i 665jlZ, .. 1 0 il 

B LOCK DIAGRAM 

WRITE PER BIT 
CONTROLLER 

COLUMN 
DECODER 

AOo- SENSE AMP. 
AI 0- I/O GATE 

A20-

A30- 256)( 16 . 
A40-

AS 0-

A60- MEMORY 
A70- ARRAY 

256x2s6x 16 

SUBSTRATE BIAS 
GENERATOR 
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ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING . 
Input Voltage V,N -1-7 
Output Voltag. VOUT -\-7 
Power Supply Voltage Vee -1-7 
Operating Temperature TOPfl 0-70 
Storage Temperatur. Tna - 55-150 
Soldering Temperature· Time TSOlOEfI 260· \0 
Power Dissipation Po 700 
Short Circuit Output Current lOUT 50 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70°c) 

SYMBOL PARAMETER MIN. TYP. 

Vee Supply Vol tag. 4.5 5.0 
V,H Input High Voltage 2.4 -
V'l (~~AL7~wdf.lm~ m:rwr. ot) -1.0 *1 -
Vll Input Low Voltage (Wl/101-WI6/1016) - 0.5 *2 -

DC ELECTRICAL CHARACTERISTICS (Vee = SV ± 10%, Ta = 0-700 e) 

SYMBOL PARAMETER 

OPERATING CURRENT TC511665J/Z-80 
leCl Avera~ower Supply Operating Current 

(m, , Address Cycling: tllC" tllC MIN. ) TeS 11665JIZ-l 0 

STAND8Y CURRENT 
Ice2 Pow., ~PIY Standby Current (m. .VIH) 

ICC3 
m ONLY REFRESH CURRENT TCS 1166SJ/Z·80 
~age powe~pply Current, m Only Mode 
( ycling, • VIH: tRC. tRC MIN. ) TCS11665JIZ·l0 

IC(4 
FAST PAGE MODE CURRENT TC511665JIZ·80 
Amage p0l19. su/!,'y Current, Fast P'OI Modi 
( • \I,L, ,A r ... Cycling: tpc. tpc MIN.) TC511665J/Z·l0 

STANDBY CURRENT 
Iccs pm'" ~PI~ Standby Currlnt 

( • • cc-0.2y) 

Icc. 
M IIFORE RAJ REFRESH CURRm TC511665JIZ-80 
A",,~&5UPpIY Current. Befort W 
Mode , CyCling: tIlC.tRC MIN. ) TC511665JIZ·l0 

INPUT LEAKAGE CURRENT 
I, (ll In~ Leakag. Currlnt, any input 

(0 :Ii V'N ~ 6.5V, All Other Pins Not Under Test .. OV) 

IO(l) 
OUTPUT LEAKAGE CURRENT 
(DOUT is disabled, OV:liVouT:liS.SV) 

VOH 
OUTPUT LEVEL 
Output NH" Level Vv:tage (lOUT. - 2.SmA) 

VOL 
OUTPUT LEVEL 
Output NL· L.vel Voltage (lOUT" 2.1 mAl 
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UNITS NOTE 

V 1 
V \ 

V \ 
·C \ 

·C 1 
·C·sec 1 

mW 1 
mA 1 

MAX. UNIT NOTE 

5.5 V 2 
6.S V 2 

0.8 V 2 

0.8 V 2 

* t -2.5V at puis. width ~ 20ns 

• 2 -2.0V at pulse width ~ 20nl 

MIN. MAX; UNITS NOTES 

- 1'5 mA 3,4,5 - 90 

- 2 mA 

- '15 3,5 mA - 90 

- 70 
3,4,5 mA - 60 

- , mA 

- '15 3 mA - 90 

-10 10 J.&A 

-10 10 J.&A 

2.4 - V 

- 0.4 V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vee = SV ± 10%, Ta = 0-70°c)(Notes 6, 7, 8) 

TC511665J1Z-80 TC511665J/Z-IO 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. 

tRC Random Read or Writ. Cycl. Tim. 135 - 170 - ns 

tRMw Read-Modify-Writ. Cycl. Tim. lBO - 225 - ns 

tpc Fast Page Mod. Cycl. Tim. 55 - 65 - ns 

tpRMW Fast Page Mod. Read-Modify-Writ. Cycle Time 100 - 120 - ns 

tRAC Access Time from m - 80 - 100 ns 9,14,15 

tCAC Access Time from ro - 35 - 40 ns 9,14 

tAA Access Time from Column Address - 45 - 55 ns 9,15 

tePA Access Time from ro Prtcharge - 50 - 60 ns 9 

teLl m to Output in LOw-Z a - a - ns 9 

tOFF Output Buffer Turn-off D.lay 0 20 a 20 ns 10 

tr Transition Time (Ris. and Fall) 3 50 3 50 ns 8 

tRP m Precharge Time 45 - 60 - ns 

tRAS m Pulse Width 80 10,000 lOa 10.000 ns 

tRASP m Pulse Width (Fast Page Mode) 80 100,000 100 100,000 ns 

tRSH m Hold Time 35 - 40 - ns 

tesH ro Hold Time 80 - 100 - ns 

tCAS ro Pulse Width 35 10.000 40 10,000 ns 

tReo ~ to ~ Delay Tim. 20 45 20 60 ns 14 

tRAO m to Column Address Delay Time 15 35 15 45 ns 15 

tCRP ro to m Precharge Time 5 - 5 - ns 

tcP ro Precharge Tim. 10 - 10 - ns 

tASR Row Address Set-Up Tim. a - a - ns 

tRAH Row Address Hold Tim. 10 - 10 - ns 

tASC Column Address Set-Up Tim. 0 - 0 - ns 

teAH Column Address Hold Tim. \S - 15 - ns 

tAR Column Address Hold Time referenced to m 55 - 65 - ns 

tRAl Column Address to OJ Lead Time 45 - 55 - ns 

tRCS Read Command Set-Up Time a - a - ns 

tRCH Reid Command Hold Tim. 0 - 0 - ns II 

tRRH Reid Command Hold Tim. r.ferenced to m 0 - 0 - ns 11 

tweH Wrlu c:omm.nd Hold Tim. 15 - 15 - ns 

tWCII Write Comm.nd Hold Tim. r.f.r.nced to m 55 - 65 - ns 

twp Writ. Command Puis. Width IS - 15 - ns 

tRWl Writ. Command to m Lead Tim. 20 - 20 - ns 

tCWl Writ. Command to ro Lead Time 20 - 20 - ns 

tos Data Set-Up Tim. a - 0 - ns 12 

tOH Data Hold Tim. 15 - IS - ns 12 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Continued) 

TC511665J/Z-80 TC511665J/Z-l0 
SYMBOL PARAMETER UNITS 

MIN. MAX. MIN. MAX. 

tOI-tR Data Hold Tim. referenced to m 55 - 65 - ns 

tREF Refresh Period - 4 - 4 ms 

twcs Write Command Set·UP Tim. 0 - 0 - ns 

tCWD ru to m Delay Tim. 55 - 70 - ns 

tRWO m to WE Delay Tim. 100 - 130 - ns 

tcpwo ru Precharge to Wl Delay Time (Fast Page Mode) 70 - 90 - ns 

tAwD Column Address to Wl Delay Tim. 65 - 85 - ns 

tCSR ru Set-Up Time (00 before m Cycle) 5 - 5 - ns 

tCHR ru Hold Tim. (00 before m Cycle) 10 - 10 - ns 

tRPC m to m Precharg. Tim. 0 - 0 - ns 

tcPT m Precharg. Tim. (m b.fore m Counter Test Cycle) 40 - 40 - ns 

tROH m Hold Time referenced to ~ 15 - 20 - ns 

toeA ~ Access Tim. - 35 - 40 ns 

toEO Of to Data Delay 10 - 20 - ns 

toez Output Buffer Trun Off Delay Time from Of 0 10 0 20 ns 

toeH Of Command Hold Time 10 - 20 - ns 

tWBS Write Per Bit Set-Up Time 0 - 0 - ns 

tWBH Write Per Bit Hold Time 10 - 10 - ns 

twos Write Per Bit Selectio" Set-Up Time 0 - 0 - ns 

tWOH Write Per Bit Selection Hold Time 10 - 10 - ns 

CAPACITANCE (Vee = SV±/10%, f = 1MHz, Ta =O-70oq 

SYMBOL PARAMETER MIN. MAX. UNIT 

CII Input Capacitanc. (AO-An - 5 pF 

CI1-- . Input Cipaciunc.(m, ro, ~. ~) - 7 pF 

Co Input/Output Capacitanc. (Wl/101-WI611016) - 7 pF 
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NOTES: 

1. Stresses p-eater than those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the .evice. 

2. All voltages are referenced to VSS. 

3. lCCI. ICC3. IcC4. ICC6 depend on cycle rate. 

4. ICCI. ICC4 depend on output loading. Specified values are obtained with the outputs open. 

5. Column Address can be changed once or less while RAS=VIL and CAS=VIH. 

6. An initial pause of 20011S is required after power-up followed by 8 m only refresh cycles before 

proper device operation is achieved. In case of using internal refresh counter. a minimum of 8 

CAS before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tIr=5ns. 

8. V[H (min.) and VIL (max.) are reference levels for measuring timing of input signals. 

Also. transition times are measured between Vm and VIL. 

9. Measured with a load equiv~lent to 1 TIL load and 50pF. 

10. toFF (max.) and toEZ (max.) define the time at which the outputs achieve 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 (W'J,) WE 
leading edge in read-modify-write cycles. 

13. twCS. tRWD. tcWD. tAwD and tcPWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs~ twcs (min.) the cycle is an early write 
cycle and data out pins will remain open circuit (high impedance) through the entire cycle; If 
tRwOS; tRWO (min.). tcwos; tcwo (min.). tAWOS; tAWO (min.) and tcpwos; tcpwo (min.). the cycle is a 
read-modify-write cycle and the data out will contain data read from the selected cell: If neither 

of the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 

14. Operation within the tRCO (max.) limit insures that tRAC (max.) can be met.· tRCO (max.) is specified 

as a reference point only: II tRco is greater than. the specified tRCO (max.) limit, then access time 

is controlled by tcAC. 

15. Operation within the tRAO (max.) limit insures that tRAC (max.) can be met. tRAO (max.) is specified 

as a reference point only: II tRAo is greater than the specified tRAD (max.) limit, then access time 
is controlled by tAA. 
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READ CYCLE 

<:AS" 

AO-A7 

WBtW! 

OE 

Wl1101-

W1M016 

V,~ 

V1H 

V'L 

V,H 

V'L 

Note: D'N = OPEN 

WRITE CYCLE (EARLY WRITE) 

V,H 
AO-A7 

V'L 

mrm. V,H 

V'L 

<X 

Wl1101-

W1611016 

Note: DOUT a OPEN 

TC511665JIZ-80, TC511665JIZ-10 

~: "W or "L" 

~: "W or "L" 

A-367 



,.~~ .... ~~I!! .,., nn ... ""',. .... --- .,.. .. -
I '"'~ I I 00""" L-OU, I "'0 I I 000"'" L- I U 

WRITE CYCLE (Pi CONTROLLED WRITE) 

m 

V3 

VIH 

AO-A7 
VIL 

miW'£ 
VIH 

VIL 

VIH 
N 

VIL 

Wl1101- VIH 

W161101' VIL 

Note: Dour. OPEN 

~: ·W or HL" 
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READ·MODIFY-WRl'l'E CYCLE 

m 

~ 
V'L 

V'H 
AO-A7 

V1L 

V1H 
m!Wt 

VIL 

DE' 
V'H 

VIL 

V'H 

VIL 
WIII01-

W1611016 

~: HW or HL-
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FAST PAGE MODE READ CYCLE 

AO-A7 

VIH 

VIL 

Wl/101-
Wl611016 VOL 

Note: DIN. OPEN 
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FAST PAGE MOPE WRITE CYCLE 

AO-A7 

Wl/101- VU04 

WI611016 V
1L 

Note: DOUT. OPEN 

TC511665JIZ-80, TC511665JIZ-10 

~:"W or "L-



FAST PAGE MODEREAD-MODIFY-WRITE CYCLE 

m 

~ 

AO-A7 

W!;;m. 

Of 

W1/01-
WI611016 

VIH 

VI\' 

VIH 

VI\' 

VIH 

VII. 

VIH 

VI\. 

VIH 

VI\. 
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RAg ONLY REFRESH CYCLE 

tRC 

tRP-S 

RJ3 
VIH -

VII. -

ro VIH -

VII. -

~ 
.. ,,~. 

V
IH

- .c AO-A7 ROW 
V'I.-

Note: ~. or = ~W or "L· 

CAS BEFORE RAg REFRESH CYCLE 

if tHe. 

VII.-~t: 
tcSR 

ro V'H- .. • 

V'I. - ______ ~""''''''''''''''''''''''"'''''"'''''"'''''"" 

Wl/IOl-Wl611016 YOH-~)-________ OPEN ________ _ 

yO(. -----I 

Note: DIN. W!fIlE. or. AD-A7 = ~H" or "L' ~:"W or "L· 
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HIDDEN REFRESH CYCLE (READ) 

VIH-

RP3" 
VIL -

VIH-

ro 
VIL -

VIH-
AO-A7 

VIL -

VIH-
mtm 

V1L -

VIH-
~ 

V1L -

VOH -
Wl/IOl-Wl611016 ----------------~ VOL -

Not.: DIN. OPEN 
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HIDDEN REFRESH CYCLE <WRITE) 

VIH-

m 
V1L -

V1H -
ro 

VIL -

V1H-
AO-A7 

V'L -

V'H-
WBtW! 

V'l-

m-

Wl/101-Wl611016 

Note: Dour:< OPEN 
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CAS BEFORE BAS REFRESH COUNTER TEST CYCLE 

V'H 
AO-A7 

V'l 

READ CYCLE 

ml'illt 
VIH 

Vil 

Ol 
V'L -

WIIIO l-WI6110 16 
VOH-

OPEN 
VOl-

WRITE~YCLE 

VI ... 
mtWl 

V'l 

V'H 
M 

V'l 

WIII01-WI611016 

ml'illt 
VIH 

Vil 

V'H-
or 

VIL-

VOH-
OPEN 

VOt,-
WlII01-WI611016 

VI ... -
OPEN 

VIL-
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APPLICATION INFORMATION 

ADDRESSING 

The 16 address bits required to decode 1 of the 65,536 cell locations within the TC511665JIZ are 
multiplexed onto the 8 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 8 row address bits into the chip, The 
second clock, the Column Address Strobe (CAS), subsequently latches the 8 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 MS 
clock chain. The "gated 'CAS" feature allows the 'CAS clock to be externally activated as soon as the 
Row Address Hold Time specification (tRAH) has been satisfied and the address inputs have been 
changed from Row address to Column address information. 

Data Inputs 

A write cycle is performed by bringing (WB'/) WE' low during the ~'CAS' operation. The falling 
edge of 'CAS or (WB'f) WE' strobes data on (Wi!) IOi into the on-chip data latch. To make use of the 
write-per-bit capabilityWB' (/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 (IIOi) high with set-up and hold times referenced to 
the RAS negative transition. For those data bits of Wi (lIOn that are kept low as fiS' falls the write 
operation is inhibited on the chip. If WB'(IWE') is high as &AS 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 a standard TTL 
load. Data-out is the same polarity as data-in. The outputs are in the high-impedance state until 
CAS' is brought low. In a read cycle th~ outputs go active after the access time interval tRAC and 

toEA are satisfied. 
The outputs become valid after the access time has elapsed and remains valid while 'CAS' and OE 

are low. ~ or t:m' going high returns it to a high impedance state. In an early-write cycle, the 
outputs are alwaY' in the high-impedance state. In a delayed-write or read-modify-write cycle, the 
outputs will follow the sequence for the read cycle. 

The OE' controls the impedance of the output buffers. In the logic high position' the buffers wi 11 
remain in a high impedance state. 

When the OE' input is brought to a logical low level, the output buffers are enabled. Both 'CAS' and 
OE' can control the outputs. Thus in a read operation, either OE' or 'CAS' returning high forces the 
outputs into the high impedance state. 
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RAS ONLY REFRESH 

Refresh of the dynamic cel1 matrix is accomplished by performing a memory cycle at each of the 256 
row addresses (AO-A7) within each 4 millisecond time interval. Although any normal memory cycle 
will perform the refresh operation, this function is most easily accomplished with "RAS-only" cycles, 
BAS' 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 TC511665J/Z offers an alternate refresh method. If CAS 
is held on low for the specified period (tcsa) before RAS goes to low. on chip refresh control clock 
generations and the refresh address counter are enabled. and an internal refresh operation takes place. 
After the refresh operation is performed. the refresh address counter is automatically incremented in 
preparation for the next CAS before RAS refresh operation. 

FAST PAGE MODE 

The "Fast Page Mode" feature of the TC511665JIZ al10ws 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 m signal at a logic 0 
throughout all successive memory cycles in which the row address is common. This "Fast page Mode" 
of operation will not dissipate the p~wer associated with the negative going edge of ltAS. 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 TC511665J/Z is that refresh cycles may be performed while maintaining 
valid data at the output pinl. This il referr,ed to as Hidden Refresh. Hidden Refresh i. performed by 
holding ~ at VIL and taking ltAS' high and after a specified precharge period (tRP), executing a 
'CAS before RAS refresh cycle. (see Figure below) 

Wl/101-W1611016' - OPEN -+----< VALID DATA-OUT 

This feature allows a refresh cycle to be "Hidden" among data cycles without afTecting the data 
availability. 
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PAS BEFORE m REFRESH COUNTER TEST 

The internal ref'relb operation of TC511665J/Z can be tested by "CAS BEFORE RAS REFRESH 
COUNTER TEST". "This cycle performs READIWRlTE operation taking the internal counter address 

as row address and the input address as column address. 
The test is performed after a minimum of 8 CAS before ltAS cycles as initialization cycles. The test 

procedure is as follows. 

CD Write "0" into all the memory cells at normal write mode. 

<%l Select one certain column address and read "0" out and write "1" in each cell by performing 
"CAS BEFORE RAS REFRESH COUNTER TEST (READ·MODIFY·WRITE CYCLE)". 

Repeat this operation 256 times. 

Q) Check "1" out of 256 bits at normal read mode, which was written at <%l. 

® Using the same column as ® . read "1" out and write "0" in each cell performing "CAS BEFORE 

m REFRESH COUNTER TEST". Repeat this operation 256 times. 

® Check "0" out of 256 bits at normal read mode, which was written at ®. 

@ Perform the above CD to ®·to the complement data. 
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65,536 WORD x 16 BIT DYNAMIC RAM * This is advanced information and specifica
tions are subject to change without notice. 

DESCRIPTION 
The TC511665JLlZL is the new generation dynamic RAn'! organized 65,536 words by 16 bits. The 

TC511665J/Z utilizes TOSHIBA's CMOS Silicon gate process technology as well as advanced circuit 
techniques to provide wide operating margins, both internally and to ~he system user. Multiplexed 
address inputs permit the TC511665JLlZL to be packaged in a standard 40 pin plastic SOJ and 40 pin 
plastic ZIP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include single power 
supply of 5V± 10% tolerance, direct interfacing capability with high performance logic families such as 
Schottky TIL. 

FEATURES 

• 65,536 word by 16 bit organization 
• Fast access time and cycle time 

fjC5ll665JUZL-801-l0 

tRAC RAS Access Time I 80ns lOOns 

tAA Column Address Access Time I 4Sns I SSns 

teAc CAS Access Time I 3Sns 40ns 

tRC Cycle Time I l3Sns l70ns 

toc I Fast Page Mode Cycie 'Time I 5Sns 65ns 

PIN CONNECTION (TOP VIEW) 

Plastic SO~ Plastic ZIP 

Vee "~ '" 
-, 

N.C. JJ ri WlnOl 39 W16/I016 
jJ W2/I02 38 WIS/IOIS WIOIiOIO [~ 

W3/I03 ~ 37 w'~nol~ WI211012 }J [§ 
W41104 

~.! "r~o" 
W14/1014 n [§ 

WSIIOS 3S I WI211012 -, 
WI611016 !iJ [LO W6/I06 31: WI 1/101 I WIIIOI LIJ W7li07 33 WIO/IOIO 

j)J 
[L2 

wS/loa 32 W9/I09 Vee [L' 
IIi.C. 31 N.C. W41104 i::SJ [16 
Vee 011 30 VII W61106 L7J [LS 1I:.c. r 29 CAS WSli08 L9J rio WaiWE 13 2S OE i~] 

RAS 14 27 N.C. Vee [~) 
AO IS 26 N.C. WeiWE i3J [i4 
A1 16 2S N.C. AO isJ [i6 
A2 

8
17 2' A7 A2 i7] [is A3 IS 23 A6 A4 i9] [fo AI: 19 22 AS 

1I:.c. i" 20 21 VII 
OJ [i2 Vee i3J VII [i4 

A6 isJ [is 
N.C. i7] 

[is 
CAs i9] [fo 
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• Single power supply of 5V±1O% with a built
in VBB generator 

• Low Power 
633mW MAX. Operating (TC511665JLlZL-80) 
495m W. :tIIAX. Operating (TC511665JL!ZL -10) 
l.imW MAX. Standbv 

• Outputs unlatched at cycle end allows two
dimensional chip seleciton 

• Read-Modify-'Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, Write-Per
Bit and Fast Page Mode capability 

• All inputs and outputs TTL compatible 
• 256 refresh cycles/32ms ' 
• Package Plastic SOJ : TC511665JL 

Plastic ZIP : TC511665ZL 

PIN NAMES 

SYMBOL NAME 

AO-A7 I Address Inputs 

W9li09 
m Row Address Strobe 

WllIi011 CAS Colomn Address Strobe 

WI3liOl3 
WIS/IOIS 

VII 
W2/I02 

WBNlJE 
Write Per BiV 

ReadlWrite Input 

OE Ouput Enable 

W3li03 WIIIOI- Write Seiectionl 
WS/IOS 
W7/I07 

W16110'6 Data InpuVOutpul 

N.C. Vec Power ( +5V) 

N.C. Vss Ground 
RAS 
Al 

N.C. No Connection 

A3 
Vee 
N.C. 

AS 
A7 
Of 
VII 



------------- •... _---_ .. 

_"',... .... ,..,..,... •• ,..... "" ... "'P!' .... "''''P!' •• ,..... .." 
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BLOCK DIAGRAM 

AO 0-

1 Al 0-

A20-

A30-

A40-

AS 0-

A6 c_ 

1/0/21101 W4/104 w6'IOb w8,'108 \'i1onOIO WU/I012 WI4"OI. W1611016 

WtilOI Wl'I03 WSIOS VO·I07 W9"09 Wl1.lon WIl',OIl WI~fl01S 

000 0 000 0 0 000 0 0 0 0 

t t t t t t t t ,t t t t t t t t 
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DATA IN 
BUFFER 

F------------+l WRITE PER BIT 
CONTROLLER 

~-----------------------~16 

COLUMN 

8 DECODER 

SENSE AMP 16 
1/0 GATE 

[]} 256 x 16 

-Ill --a: --~ MEMORY 
256 ARRAY 

I 
256 x 256 x 16 ------------

SUBSTRATE BIAS 
GENERATOR 
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ABSOLUTE MAXIMUM RATINGS 

ITEM I SYMBOL I RATING 

input Voltage VIN -1-7 

Output Voltage VOUi -1-7 

Power Supplv Voltage Vee -1-7 

Operating Temperature TOPR 0-70 

Storage Temperatu~e TSTG -55-150 

Soldering Temperature' Time TSOLOER 260' 10 
Power Dissipation Po 700 

Short Circuit Output Current 101 :T 50 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70 0 e) 

SYMBOL PARAMETER MIN. TYP. 

Vcr Supply Voltage 4.5 5.0 
V1H Input High Voltage 2.4 -
V1L 

Input Low Vol~e 
- 1.0 *1 -(AO-A7, ro, CAS, WBNVE, N) 

VI; Input Low Voltaae (W11101-W16/1016) - 0.5 *2 -

A-383 

I UNITS NOTE 

V 1 

V 1 

V 1 
·C 1 
·C 1 

·C·sec 1 

mW 1 

mA 1 

MAX. UNIT I NOTE 

5.5 V 2 

6.5 V 2 

0.8 V 2 

0.8 V 2 

* 1 -2.SV at pulse width S 20ns 

*2 -2.0V at pulse width:;; 20ns 



... ,,~ .... ,..,..~ II .'-'1 I"IIft ... ,,~ .... ~~~ II '-'1 .. ft 
I \,,;) I I 00;)\.1 LI LL-OU, I \,,;). ,I 1 00;)\.1 LI LL- 1 U 

DC ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70°c) 

SYMBO,-I PARAMETER MIN, I MAX. I UNITS NOTES 

OPERATING CURReNT TC511665JUZt-80 - 115 
lecl Average Power Supply Operating Current mA 3,4, S 

(RAS, CAS, Address Cycling: tRC:: tRC MIN. ) TCS 11665JUZL-10 - 90 

ST.t>NDBY CURRENT 
Ico Power 2.b!P.ply Standby Current - 2 mA 

(RAS = CAS = VII'~) 

RAS ONLY REFRESH CURRENT TC51166SJUZL-80 - 115 
leo Avera~e Power Supply Current, RAS Only Mode mA 3,5 

(RAS ycling, CAS=VIH: tRe=tRe MIN. ) TCS 1166SJLJZL-1 0 - 90 

FAST PAGE MODE CURRENT TCS 11665J UZL-80 - 70 
Icc4 Average Power Supply Current, Fast Page Mode mA 3,4,5 

(RAS = VIL, ro, Address Cycling: tpc = tpc MIN.) TC51166SJUZL-10 - 60 

I STANDBY CURRENT 
Iccs Power .it:!f!ply Standby Current - 300 ~IA 

(RAS = CAS = Vcc - 0.2V) 

I CAS BEFORE RAS REFRESH CURRENT . TCS 1166SJUZL-80 - 115 
Ice6 Averag!"'p"o~Supp!y Current, CAS Before RAS mA 3 

Mode (RAS, CAS Cycling: tRC = tRC MIN. ) TC511665JUZL-10 - 90 

BATIERY BACK UP CURRENT 
Average power.sup~Gurrent, Battery back up Mode 

ICC7 
~~S = CAS Before RA Cycling or 0,2V, OE = Vee - 0.2V, - 400 pA 3,6 
WBfWE = Vcc - 0.2V or 0.2V, AO-A7:: Vg - 0.2V or 0.2V, 
W1/101-W16/1016::Vcc-0.2V,O.2Vor PEN: tRC= 12S11S, tRAS=tRAS 
MIN.-1ps) 

I 

INPUT LEAKAGE CURRENT 
II (L) Input Leakage Current, any input -10 10 pA 

(OV S VIN S 6.SV, All Other Pins Not Under Test:: OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT -10 10 pA 
(Dour is disabled, OV S VOUTS S.SV) 

VOH 
OUTPUT LEVEL 2.4 - V Output "H" Level Voltage (lOUT = - 2.SmA) 

VOL 
I OUTPUT LEVEl 

Output "L" Level Voltage (lOUT:: 2.1 mAl - 0.4 V 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vee = SV ± 10%, Ta = 0-70°c)(Notes 7, 8, 9) 

SYMBOL I 

I TC511665JUZL-80 TC511665JUZL-l0 
UNIT I NOTES PARAMETER 

MIN. MAX. MIN. MAX. 

tpc Random Read or Write Cycle Time 135 - 170 - ns 

tRMW Read-Modify-Write Cycle Time 180 - 225 - ns 

tpc Fast Page Mode Cycle Time 55 - 65 - ns 

tpRrv'lW Fast Page Mode Read·Modify-Write Cycle Time 100 - 120 - ns 

tRAC Access Time from RAS - 80 - 100 ns 
10,15, 
16 

tCAC Access Time from CAS - 35 - 40 ns 10,15 

tAA Access Time from Column Address - 45 - 55 I ns 10,16 

tcpt. Access Time from CAS Precharge - SO - 60 ns 10 

telz m to Output in Low-Z 0 - 0 - ns 10 

tOFi' Output Buffer Turn-off Delay 0 20 0 20 ns 11 

,- Transition Time (Rise and Fall) 3 50 3 SO ns 9 

t~p RAS Precharge Time 45 - 60 - ns 

tRAS I RAS Pulse Width 80 10,000 100 10,000 ns 

tRASP RAS Pulse Width (Fast Page Mode) 80 100,000 100 100,000 ns 

t?SH RAS Hold Time 35 - 40 - ns 

tCSH I CAS Hold Time 80 - 100 - ns 

tCAS CAS Pulse Width 35 10.000 40 10,000 ns 

tReo RAS to CAS Delay Time 20 45 20 60 ns 15 

tRAO RAS to Column Address Delay Time 15 35 15 45 ns 16 

tCl'!P CAS to RAS Precharge Time 5 - 5 - ns 

tcP CAS Precharge Time 10 - 10 - ns 

tASR Row Address Set-Up Time 0 - 0 - ns 

tRAH Row Address Hold Time 10 - 10 - ns 

tAse Column Address Set-Up Time 0 - 0 - ns 

tCAH Column Address Hold 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 

tReH Read Command Hold Time 0 - 0 - ns 12 

tRRH Read Command Hold Time referenced to RAS 0 - 0 - ns 12 

tweH Write Command Hold Time 15 - 15 - ns 

tWCR Write Command Hold Time referenced to RAS 55 - 65 - ns 

twP Write Command Pulse Width 15 - 15 - ns 

tRwl I Write Command to m Lead Time 20 - 20 - ns 

tcwl Write Command to CAS Lead Time 20 - 20 - ns 

tos Data Set-Up Time 0 - 0 - ns 13 

tOH Data Hold Time 15 - 15 - ns 13 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Continued) 

SYMBOL i 

TC511665JLJZL·80 TC511665JLJZL·l0 
PARAMETER UNITS 

MIN. MAX. MIN. MAX. 

tOHR Data Hold Time referenced to m 55 - 65 - ns 

tREF Refresh Period - 32 - 32 ms 

twes Write Command Set-UP Time 0 - 0 - ns 

tewD ro to WE' Oelay Time 5S - 70 - ns 

tRwO ~~ to m Delay Time 100 - 130 - ns 

tcpwo CAS Precharge to WE' Oelay Time (Fast Page Mode) 70 - 90 - ns 

tAwD Column Address to W! Delay Time 65 - 85 - ns 

tesR CAS Set-Up Time (CAS before m Cycle) 5 - 5 - ns 

teH" ro Hold Time (CAS before m Cycle) 10 - 10 - ns 

tRPC R'AS to CAS Precharge Time 0 - 0 - ns 

tCPT CAS Precharge Time (<:AS before R'AS Counter Test Cycle) 40 - 40 - ns 

tROH m Hold Time referenced to OJ: 15 - 20 - os 

tOE':' OE Access Time - 35 - 40 ns 

tOE:) DE to Data Delay 10 - 20 - ns 

teEz Output Buffer Trun Off Delay Time from m 0 10 0 20 ns 

teEH oE' Command Hold Time 10 - 20 - ns 

tW8S Write Per Bit Set-Up Time 0 - 0 - ns 

tW8H Write Per Bit Hold Time 10 - 10 - ns 

twos Write Per Bit Selection Set-Up Time 0 - 0 - ns 

tWOH Write Per Bit Selection Hold Time 10 - 10 - ns 

CAPACITANCE (Vee = 5V ± 10%, f = 1MHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AO-A7) - 5 pF 

CI2 Input Capacitance (R'AS. roo WBfiNE. DE) - 7 pF 

Co InpuVOutput Capacitance (W 1/10 l-WI6/IOI6) - 7 pF 
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NOTES: 

1. Stresses greaLcr than those listed under "Absolute !\'lnxilllum Ratings" muy cause permanent 

damage to the device. 

2. All voltages are referenced to VSS. 

3. ICC1. ICC3. ICC4. ICCG depend on cycle rate. 

4. ICC1. ICC4 depend on output loading. Specified values are obtained with the outputs open. 

5. Column Address can be changed once or less while RA'S=VIL and C'A'S=VIH. 

6. tRAS (max.) = IllS is only applied to refresh of battery-back up. 

tr~AS (max.) = lOllS is applied to functional operating. 

7. An initial pause of 200llS is required after power-up followed by 8 RA.'S only refresh cycles before 

proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 

CAS before RAS refresh cycles instead of 8 RA.'S only refresh cycles are required. 

8. AC measurements assume tT=5ns. 

9. VrH (min.) and VrL (max.) are reference levels for measuring timing of input signals. 

Also. transition times are measured between VII·r and VIL. 

10. Measured with a load equivalent to 1 TIL load and 50pF. 

11. tOF'F (max.) and tOEZ (max.) define the time at which the outputs achieve 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 (WB/) WE 
leading edge in read-modify-write cycles. 

14. twCS. tRWD. tcWD. tA WD 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 pins will remain open circuit (high impedance) through the entire cycle; If 

trnvD~tRWD(min.), tcwD~tcWD(min.). tAwD~tAWD(min.)and tcPwD~tCPwD(min.), the cycle is a 

read-modify-write cycle and the data out will contain data read from the selected cell: If neither 

of the above sets of conditions is satisfied, the condition of the data out (at access time) is 

indeterminate. 

15. Operation within the tRCD (max.) limit insures that tRAC (max.) can be me.t. tRCD (max.) is specified 

as a reference point only: If tRCD is greater than the specified tRCD (max.) limit, then access time 

is controlled by tCAC. 

16. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. tRAD (max.) is specified 

as a reference point only: If tRAD is greater than the specified tRAD (max.) limit. then access time 

is controlled by tAA. 
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READ CYCLE 

AAS 

AO-A7 

WBNJE 

OE 

Wl/!Ol

W1611016 

V IH 

VIL 

V IH 

V IL 

Note: DIN = OPEN 

WRITE CYCLE (EARLY WRITE) 

V IH 
AO-A7 

VIL 

V IH 
WBNJE 

V 1L 

at 

Wl1101- V 1H 

W1611016 V 1L 

Note: DOUT = OPEN 

~. "H" "L" ~. or 
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WHITE CYCLE (OE CO:\TROLLED 'WRITE) 

AO-A7 

Note: DOUT = OPEN 

~; "W or "L" 
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READ-1\lODIFY-WRITE CYCLE 

RAS 

CAS 

V1H 
AO-A7 

V1L 

V1H 
WBMlE 

V1L 

OE 

V1H 

V1L 
Wl/101-

W16/1016 

~: "W or "L" 
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FAST PAGE J\lODE READ CYCLE 

m V IH 

Vil 

CAS 
VIH 

V il 

VIH 
AD-A7 

VIL 

VIH 
WBMlE 

VIL 

V IH 
OE 

V IL 

Wl/101-
W1611016 

Note: DIN = OPEN ~: "W or "L" 
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FAST PAGE MODE WRITE CYCLE 

AO-A7 

W1/101- V,H 
W16/1016 V,L 

Note: Dour = OPEN ~: "H" or "L" 
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FAST PAGE MODE HEAD-~lODIFY-WRlTE CYCLE 

RAS 

CAS 

AO-A7 

WBNJE 

OE 

Wl/0l
W16/1016 

VIH 

V 1L 

VIH 

V 1L 

V 1H 

V 1l 

V 1H 

VIL 

VII'; 

V 1L 

~ : "W or "L" 
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RAS O!\L Y REFRESH CYCLE 

ro V'H-

VI~ -

CAS 
V'H-

V,~ -

AO-A7 

Note: mli1Jt, m = lOW or "L H I. : "H"or"L" 

CAS BEFORE RAS REFRESH CYCLE 

Wl/101-W16/1016 VOH - ~>-_________ OPEN _________ _ 

VOL ----I' 

Note: DIN. WBIWE, OE, AO-A7= lOW or "L" _: lOW or "L" 
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HIDDEN REFRESH CYCLE (READ) 

ViH -
RAS 

V'L -

V'H-
CAS 

V'L-

V'H-
AO-A7 

V'L-

V:H -
WBIWE 

V'L-

V1H -
DC 

V1L -

Wl/101-W16/1016 DATA-OUT 
VOL -

Note: DIN = OPEN @P;;wJ : "W or "L· 
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HIDDEN REFRESH CYCLE (WRITE) 

tRC 

tRAS 

VII ... - tAR 

RAS 
V1l -

• tCRP • 

V1H-

CAS 
V1l -

COL. I· 

Wl/101-Wi6/10i6 

Note: DOUT = OPEN 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

V u.;-

RAS 
VIL-

CAS 

VIH 

AO-A7 
VIL 

READ CYCLE 
VIH 

WBIWE 
VIi. 

VIH-
OE 

VIL-

l Wl/101-W16/1016 
VOH-

OPEN 
VOL -

WRITE CYCLE 
VIH 

WBIWE 
V IL 

VIM 
DE 

VIL 

Wl/101-W1611016 

VIH 
WBIWE 

VIL 

VIH-
OE 

VIL -

VOH-
OPEN 

Vo~-

W1/101-W16/1016 

VIH-
OPEN 

V 1L -
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APPLICATION INFORMATION 

ADDRESSING 

The 16 address bits required to decode 1 of the 65,536 cell locations within the TC511665JL/ZL are 

mUltiplexed onto the 8 address inputs and latched ihto the on-chip address latches by externally 
appJying two negative going TTL-level clocks. 

The first clock, the Row address Strobe (RAS), latches the 8 row address bits into the chip, The 

second clock, the Column Address Strobe (CAS), subsequently latches the 8 column address bits into 

the chip. Each of these signals, RAS and CAS triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing 

operation is done outside of the critical path timing sequence for read data access. The later events in 

the CAS clock sequence are inhibited until the occurrence of 'a delayed signal derived from the RAS 

clock chain. The "gated CAS" feature allows the CAS clock to' be externally activated as soon as the 

Row Address Hold Time specification (tRAH) has been satisfied and the address inputs have been 

changed from Row address to Column address information. 

Data Inputs 

A write cycle is performed by bringing (WB/) "NE low during the RA'S/C'AS operation. The falling 

edge of CAS or (WBI) 'WE strobes data on . (Wi I) IOi into. the on-chip data latch. To make use of the 
write-per-bit capability WB (lWE) must be low as RAS falls. In this case data bits to which the write 

operation is applied can be specified by keeping Wi (lIOi) high with set-up and hold times referenced to 
the RAS' negative transition. For those data bits of Wi ((IOi) that are kept low as RAS falls the write 

operation is inhibited on the chip. If WB(fWE) is high as RAS falls, the write-per-bit capability does 
not work and the write operation is performed for all four data bits. 

Data Outputs 

The three-state output buffers provide direct TTL compatibility with a fan-out of a standard TIL 

load. Data-out is the same polarity as data-in. The outputs are in the high-impedance state until 

CAS is brought low. In a read cycle the outputs go active after the access time interval tRAC and 
tOEA are satisfied. 

The outputs become valid after the access time has elapsed and remains valid while CAS and OE 
are low. CAS or OE going high returns it to a high impedance state. In an early-write cycle, the 

outputs are always in the high-impedance state. In a delayed-write or read-modify-write cycle, the 
outputs will follow the sequence for the read cycle. 

The OE controls the impedance of the output buffers. In the logic high position the buffers will 
remain in a high impedance state. 

When the OE input is brought to a logical low level, the output buffers are enabled. Both CAS and 
OE can control the outputs. Thus in a read operation, either OE or CAS returning high forces the 
outputs into the high impedance state. 
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RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 256 

row addresses (AO-A7) within each 4 millisecond time interval. Although any normal memory cycle 

will perform the refresh operation, this function is most easily accomplished with "RA'S-only" cycles. 

RAS only refresh results in a substantial reduction in operating power., This reduction in power is 

reflected in t.he ICC3 specification. 

CAS BEFORE RAS REFRESH 

CAS before RAS refreshing available on the TC511665JL/ZL offers an alternate refresh method. If 

CAS is held on low for the specified period (tCSR) before RAS goes to low, on chip refresh control clock 

generations and the refresh address counter are enabled, and an internal refresh operation takes place. 

After the refresh operation is performed, the refresh address counter is automatically incremented in 

preparation for the next CAS before RAS refresh operation. 

FAST PAGE l\lODE 

The "Fast Page 1'.10de" feature of the TC511665JLlZL allows for successive memory operations at 

mUltiple column locations of the same row address with increased speed without an increase in power. 

This is done by strobing the row address into the chip and maintaining the RAS signal at a logic 0 

throughout all successive memory cycles in which the row address is common. This "Fast page Mode" 

of operation will not dissipate the power associated with the negative going edge of RAS. Also, the 

time required for strobing in a new address is eliminated, thereby decreasing the access and cycle 

times. 

HIDDEN REFRESH 

An optional feature of the TC511665JL/ZL is that refresh cycles may be performed while 

maintaining valid data at the output pins. This is referred to as Hidden Refresh. Hidden Refresh is 

performed by holding CAS at ViL and taking RAS high and after a specified pre charge period (tRP), 

executing a CAS before RAS refresh cycle. (see Figure below) 

Wl1101-W1611016 - OPEN -+----< VALID DATA-OUT 

This feature allows a refresh cycle to be "Hidden" among data cycles without affecting the data 
a vailabili ty. 
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CAS BEFORE RAS REFRESH COuNTER TEST 

The internal refresh operntion of TC511665JL/ZL can be tested by "'CAS BEFORE RAS REFRESH 
COUNTER TEST". This cycle performs READ/WRITE operation taking the internal counter address 
as row address and the input address as column address. 

The test is performed after a minimum of 8 CAS before RAS cycles as . initialization cycles. The test 

procedure is as follows. 

<I; Write "0" into all the memory cells at normal write mode. 

® Select one certain column address and read "0" out and write "I" in each cell by performing 

"'CAS BEFORE RAS REFRESH COUNTER TEST (READ·MODIFY.WRITE CYCLE)". 

Re?eat this operation 256 times. 

® Check "I" out of 256 bits at normal read mode, which was written at (%:). 

® Using the same column as ®, read "I" out and write "0" in each cell performing "CAS BEFORE 
RAS REFRESH COUNTER TEST". Repeat this operation 256 times. 

® Check "0" out of 256 bits at normal read mode, which was written at ®. 

® Perform the above CD to ® to the complement data. 
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TENTATIVE DATA 
65,536 WORD x 16 BIT DYNAMIC RAM 

DESCRIPTION 
The TC511664BJIBZ is the new generation dynamic RAM organized 65,536 words by 16 bits. The 

TC511664BJIBZ 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 TC511664BJIBZ to be packaged in a standard 40 pin plastic SOJ and 40 pin 
plastic ZIP. The package size provides high system bit densities and is compatible with widely 
available automated testing and insertion equipment. System oriented features include single power 
supply of 5V± 10% tolerance, direct interfacing capability with high performance logic families such as 
Schottky TIL. 

FEATURES 
• 65,536 word by 16 bit organization 
• Fast access time and cycle time 

TC511664BJ/BZ - 801 - 10 

tRAC RAS Access Time 

tM Column Address Access Time 

tCAC CAS Access Time 

tRC Cycle Time 

tpc Fast Page Mode Cycle Time 

PIN CONNECTION (TOP VIEW) 

Vee 
1/01 
1102 
1103 
1104 
1/05 
1106 
1107 
IIOS 
N.C. 
~ 
uw 
tw 
RAS 
AO 
AI 
A2 
A3 
A4 

Vee 

Plastic SOJ 

.1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
IS 
16 
17 
18 
19 
20 

40 Vss 
39 11016 
38 11015 
37 11014 
36 1/013 
35 1/012 
34 11011 
33 1/010 
32 1/09 
31 N.C. 

~ 30 
29 
28 OE 
27 N.C. 
26 N.C. 
25 N.C. 
24 A7 
23 AG 
22 AS 
21 Vss 

80ns lOOns 

45ns 55ns 

30ns 35ns 

13Sns 170ns 

SSns 6Sns 

Plastic ZIP 

N.C. 1] [l jJ 1/010 r-

J~ 
d 

11012 r-

iJ L.9 
1/014 [j 
11016 :2J [[0 
1/01 m 

[3] 
m 

Vee [[4 
1104 [5J [[6 
IIOG [7] 

[[8 
1/08 [9] U:O 
Vee it] r-

LVi v] L 

[i4 
AO is] [iG 
A2 ~)] [is 

i9] A4 rio 
N.C. il] [i2 
Vss ~)] [i4 
AG is] [iG 

N.C. i7] [is 
CAs i9] [io 

A-401 

• Single power supply of 5V±10% with a built
in VBB generator 

• Low Power 
633mW MAX. Operating (TC511664BJIBZ-80) 
495m W MAX. Operating (TC511664BJIBZ -10) 
5.5m W MAX. Standby 

• Outputs unlatched at cycle end allows two
dimensional chip seleciton 

• Read-Modify-Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh. Byte-Write 
and Fast Page Mode capability 

• All inputs and outputs TIL compatible 
• 256 refresh cycleS/4ms 
• Package TC511664BJ:SOJ40-P-400 

TC511664BZ:ZIP40-P-475 

PIN NAMES 

SYM80L NAME 

AO-A7 Address Inputs 

1/09 

1/011 

RAS Row Address Strobe 

ru Column Address Strobe 

11013 

11015 

Vss 
1102 

TJW 
Read/Upper Byte Write 

Input 

lW 
Read/Lower 8yte Write 

1103 Input 
1105 

1107 
N Output Enable 

N.C. 1101-11016 Data Input/Output 

UiN 
iiAs" 
Al 

Vcc Power(+SV) 

Vss Ground 

A3 N.C. No Connection 

Vee 
N.C. 
A5 

A7 
OE 

Vss 



~ 
:, 

'~-------------------------------------------------------------------------

BLOCK DIAGRAM 

1102 1104 1106 1108 11010 11012 11014 11016 

1101 1103 IIOS 1107 1109 11011 11013 o 0 0 0 0 0 0 0 0 0 000 

Vee Vss 

1 1 
uw e>---d 

COLUMN 
DECODER 

AO~ SENSE AMP. 
A1 ~ VO GATE 16 

Al~ 

A3~ • 156)( 16 -
A4~ 

AS~ 

A6~ MEMORY 
A7o.- ARRAY 

256)(256)( 16 

SUBSTRATE BIAS 
GENERATOR 
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TC511664BJ/BZ-80, TC511664BJ/BZ-10 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING 

Input Voltage VIN -1-7 

Output Voltage VOUT -1-7 

Power Supply Voltage Vee -1-7 

Operating Temperature TOPR 0-70 

Storage Temperature TSTG -55-150 

Soldering Temperature' Time TSOLOER 260'10 
Power Dissipation Po 700 

Short Circuit Output Current loUT 50 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70°c) 

SYMBOL PARAMETER MIN. TYP. 

Vee Supply Voltage 4.5 5.0 

VIM Input High Voltage 2.4 -
V'L 

Input Low vol~e _ 
(AO-A7. RAS. • W. LW. Of) - 1.0 *1 -

VlL Input Low Voltage (1/01-1/016) - 0.5 *2 -

UNIT NOTE 

V 1 

V 1 

V 1 
·C 1 
·C 1 

·C· sec 1 
mW 1 
mA 1 

MAX. UNIT NOTE 

5.5 V 2 

6.5 V 2 

0.8 V 2 

0.8 V 2 

* 1 -2.SV at pulse width S 20ns 

*2 -2.0V at pulse width S 20ns 

DC ELECTRICAL CHARACTERISTICS (Vee = SV ± 10%, Ta = 0-70°c) 

SYMBOL PARAMETER MIN. MAX. UNIT NOTE 

OPERATING CURRENT TC51 1664BJ/BZ-80 - 115 
ICCI Avera~ower Supply Operating Current mA 3.4,5 

(RAS. , Address Cycling: tRC. tRC MIN. ) rcs 11664BJ/BZ·1 0 - 90 

STANDBY CURRENT 
IC<:2 Power fijPlt Standby Current - 2 mA (m. .IH) 

ICC3 
m ONLY REFRESH CURRENT TC5116648J/8Z·80 - 115 
~a~e powe~p~y Current, m Only Mode mA 3,5 
( yellng. • 1M: tRC. tRC MIN. ) rcs 116648J/8Z·1 0 - 90 

ICC4 
FAST PAGE MODE CURRENT TC5116648J/8Z·80 - 70 
Average Power SU!!"y Current, Fast Page Mode mA 3,4,5 em. VII., ro, A rlSS Cycling: tpc. tpc MIN.) TC5 11664BJ/B Z·1 0 - 60 

STANDBY CURRENT 
Ices Power ~Plt Standby Current (m. • cc - 0.2V) 

- 1 mA 

ICC6 
m BEFORE,m REFRESH CURRENT TC511664BJ/BZ·80 - 115 
Avera1Mo~suPP'y Current, m Before m mA 3 
Mode , Cycling: tRC. tRC MIN. ) TC5116648J/BZ·l0 - 90 

INPUT LEAKAGE CURRENT 
II(L) Input Leakage Current, any input -10 10 pA 

(OV:SVIN=i6.SV, All Other Pins Not Under Test-OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT -10 10 }lA (Dour is disabled, OV S VOUTS 5.5V) 

VOM 
OUTPUT LEVEL 2.4 - V Output "W Level Voltage (IOUT= - 2.5mA) 

VOL 
OUTPUT LEVEL - 0.4 V Output ilL· Level Voltage (lOUT = 2.1 mAl 



ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vee = SV ± 10%, Ta = 0-70°c)(Notes 6, 7, 8) 

TC511664BJ/BZ-80 Te5 11664BJ/BZ-l 0 
SYMBOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 135 - 170 - ns 

tRMw Read-Modify-Write Cycle TIme 180 - 225 - ns 

tpc Fast Page Mode Cycle Time 55 - 65 - ns 

tpRMW Fast Page Mode Read-Modify-Write Cycle Time 100 - 120 - ns 

tRAe Access Time from m - 80 - 100 ns 9,14,15 

teAe Access Time from m - 30 - 35 ns 9,14 

tAA Access Time from Column Address - 45 - 55 ns 9,15 

tePA Access Time from m Precharge - 50 - 60 ns 9 

tell m to Output in Low-Z a - 0 - ns 9 

tOFf Output Buffer Turn-off Delay 0 20 0 20 ns 10 

tr Transition Tim!: (Rise and Fall) 3 50 3 50 ns 8 

tRP m Precharge Time 45 - 60 - ns 

tRAS m Pulse Width 80 10,000 100 10,000 ns 

tRASP m Pulse Width (Fast Page Mode) 80 100,000 100 100,000 ns 

tRSH m Hold Time 30 - 35 - ns 

tesH m Hold Time 80 - 100 - ns 

teAS m Pulse Width 30 10,000 35 10,000 ns 

tReo m to m Delay Time. 20 50 20 65 ns 14 

tRAD m to Column Address Delay TIme 15 35 15 45 n. 15 

tCRP m to m Precharge Time 5 - 5 - ns 

tcP m Precharge Time '0 - '0 - ns 

tASR Row Address Set-Up Time 0 - a - ns 

tRAH Row Address Hold Time 10 - 10 - ns 

tASC Column Address Set-Up Time a - 0 - ns 

tCAH Column Address Hold Time 15 - 15 - ns 

tAR Column Address Hold Time referenced to m 5S - ·65 - ns 

tRAL Column Address to m Lead Time 45 - 55 - ns 

tRes Read Command Set-Up Time a - 0 - ns 

tRCH Read Command Hold Time 0 - 0 - ns 
" tRRH Read Command Hold Time referenced to m 0 - 0 - ns 11 

tWCH Write Command Hold Time 15 - 15 - ns 

tWCR Write Command Hold Time referenced to m 55 - 65 - ns 

twp Write Command Pulse Width 15 - 15 - ns 

tRwL Write Command to m Lead Time 20 - 20 - ns 

tCWL Write Command to m Lead Time 20 - 20 - ns 

tos Data Set-Up Time 0 - 0 - ns 12 

tOH Data Hold Time 15 - 15 - ns 12 

A-404 



TC511664BJ/BZ-80, TC511664BJIBZ-10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Continued) 

TC511664BJ/BZ·80 TC511664BJ/BZ-10 
SYMBOL PARAMETER UNIT 

MIN. MAX. MIN. MAX. 

tOHR Data Hold Time referenced to liAS" 55 - 65 - ns 

tREF Refresh Period - 4 - 4 ms 

twcs Write Command Set-UP Time 0 - 0 - ns 

tcwo ro to WE Delay Time 50 - 65 - ns 

tRwO m to WE Delay Time 100 - 130 - ns 

tcpwo ro Precharge to WE Delay Time (Fast Page Mode) 70 - 90 - ns 

tAWD Column Address to WE Delay Time 65 - 85 - ns 

tCSR m Set-Up Time (m before m Cycle) 5 - 5 - ns 

tCHR m Hold Time em before m Cycle) 10 - 10 - ns 

tRPC m to m Precharge Time 0 - 0 - ns 

tCPT m precharg~ Time (m before m Counter Test Cycle) 40 - 40 - ns 

tROH RAS Hold Time referenced to at: 10 - 10 - ns 

toeA at: Access Time - 25 - 30 ns 

toeD ill to Data Delay 10 - 20 - ns 

toez Output Buffer Turn Off Delay Time from ill 0 10 0 20 ns 

tOEH ill Command Hold Time 10 - 20 - ns 

toos Output Disable Set-Up Time 0 - 0 - ns 

tMCS Masked Write Set-Up Time 0 - 0 - ns 

tMRH Masked Write Hold time Referenced to m 0 - 0 - n$ 

tMCH Masked Write Hold time Referenced to m 0 - 0 - ns 

CAPACITANCE (Vee = 5V:t 10%, f = 1MHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

C. Input Capacitance (AO-A7, m, 03, UW, LW, ill) - 7 pF 

Co Input/Output Capacitance (1/01-1/016) - 7 pF 

A-405 
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TC511664BJ/BZ-80, TC511664BJ/BZ-10 

NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. 

2. All voltages are referenced to VSS. 

3. ICCI. ICC3. ICC4. ICC6 depend on cycle rate. 

4. ICC1. lCC4 depend on output loading. Specified values are obtained with the outputs open. 

5. Column Address can be changed once or less while EAS=VIL and 'CAS=VIH. 

6. An initial pause of 200}1s is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
CAS before RAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. VIH (min.) and VIL (max.) are reference levels for measuring timing of input signals. 

Also. transition times are measured between VIH and VIL. 

9. Measured with a load equivalent to 1 TTL load and 50pF. 

10. tOFF (max.) and tOEZ (max.) define the time at which the outputs achieve 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 ~ leading edge in early write cycles and to UW, LW leading 
edge in read-mowfy-write cycles. 

13. twCS. tRWD. tcwD, tAwD and tcpwD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs~ twcs (min.) the cycle is an early write 
cycle and data out pins will remain open circuit (high impedance) through the entire cycle; If 

tRwD~tRWD(min.). tcwD~tCWD(min.), tAwD~tAWD(min.)and tcPwD~tcPWD(min.). the cycle is a 
read-modify-write cycle and the data out will contain data read from the selected cell: If neither 
of the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. tRCD (max.) is specified 

as a reference point only: If tRCD is greater than the specified tRCD (max.) limit, then access time 
is controlled by tcAC. 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. tRAD (max.) is specified 
as a reference point only: If tRAD is greater than the specified tRAD (max.) limit, then access time 
is controlled by tAA. 
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TC511664BJ/BZ-BO, TC511664BJ/BZ-1 0 

READ CYCLE 

VIH 
RAS 

VIL 

VIH 
CAS 

VIL 

V1H 
AO-A7 

VIL 

VIH 
UW 

VIL 

VIH 
LW 

V1L 

V 1H 
OE 

V 1L 

1/01- VOH -

1/016 VOL -

Note: D1N=OPEN 
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T,...I!!! .... ~~.A ... • IP'II.., """- -~- .... -- .. - ._-..... -
I '-'~ I. 1 OO~D"'tDL-OU, I \.,:,) I 1 DD4tiJ/~£-1 U 

WRITE CYCLE (EARLY WRITE) 

AAS" 
VIH 

Vil 

m VIH 

V 1L 

VIH 
AO-A7 

VIL 

VIH 
UW 

Vil 

tW 
VIH 

VIL 

ne V1H 

VIL 

1/01- VIH 

1/016 VIL 

Note: DOUT = OPEN ~: "W or "LM 
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TC511664BJIBZ-80, TC511664BJIBZ-10 

UPPER BYTE WRITE CYCLE (EARLY WRITE) 

m V1H 

VIL 

CAS 
VIH 

VIL 

VIH 
AO-A7 

VIL 

VIH 
UW 

VIL 

rw V 1H 

VIL 

OE 
VIH 

VIL 

1101- VIH 

1/08 VIL 

1109- VIH 

1/016 
VIL 

Note: Dour = OPEN ~: "H" or "L-
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LOWER BYTE WRITE CYCLE <EARLY WRITE) 

m VIH 

VIL 

m VIH 

VIL 

VIH 
AO-A7 

VIL 

VIH 
UW 

VIL 

tw 
VIH 

VIL 

ot 
VIH 

V1L 

1/01 ... VIM 

1/08 VI~ 

1/09'" VIH 

1/016 VI~ 

Note: DOUT. OPEN ~: lOW or "L" 

A·41 0 



TC511664BJ/BZ-80, TC511664BJ/BZ-10 

WRITE CYCLE ("OF: CONTROLLED WRITE) 

VIH -m 
VIL -

ro V1H 

VIL 

VIH 
AO-A7 

VIL 

VIH 
UW 

VIL 

tw 
VIH 

VIL 

Q[ 
VII'1 

V 1L 

U01- VIH 

11016 VIL 

Note: DOUT= OPEN ~: -W or -L-
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... "P .... ",.. ...... . ~.., __ _ ...... _~~ __ M_ .--~-
I '-'0 I I OOqD~/DL-OU, 1\.,:>11 004tsJ/ts£-1 U 

UPPER BYTE WRITE CYCLE «5E" CONTROLLED WRITE) 

RM 
VIH 

V 1L 

m VIH 

VIL 

V 1H 
AO-A7 

V1L 

UW 
VIH 

VIL 

T.W 
V 1H 

VIL 

M 
VIH 

V 1L 

V01- VIH 

1/08 VII. 

1109- VIH 

V016 
VIL 

Note: DOUT'"' OPEN ~: "H" or "L" 
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TC511664BJIBZ-80, TC511664BJIBZ-10 

LOWER BYTE WRITE CYCLE cUE CONTROLLED WRITE) 

m 
V 1H 

V 1L 

m V1H 

V 1L 

V 1H 
AO-A7 

V 1L 

'OW 
VIH 

V 1L 

IW 
V1H 

VIL 

(j[ 
VIH 

VIL 

1101- V1H 

1/08 
VIL 

1/09- VIH 

11016 
VIL 

Note: Dour = OPEN ~: "W or "L-
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TI"'J:-t -taaAD I/D'7 on TI"C:11a~AD I/D~ 1n 
I """" I I UU .... LlUI LI£.-UU, I """" I I!.UU"'UUI U"- IV 

READ-MODIFY-WRlTE CYCLE 

m VIH 

V1L 

V1H 
CAS 

V 1L 

VIH 
AO-A7 

V1L 

VIH 
UW 

V1L 

rw 
V 1H 

V1L 

N 
V1H 

V 1L 

VIH 

VIL 

1101-
1/016 

VOH -

VOL -

A-414 
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TC511664BJ/BZ-80, TC511664BJ/BZ-1 0 

READ-MODIFY-UPPER-BYTE-WRITE CYCLE 

m VIH 

Vil 

re VIH 

VIL 

VIH 
AO-A7 

Vil 

OW 
VIH 

Vil 

tiN 
VIH 

Vil 

Ot 
VIH 

Vil 

VIH 

Vil 

1/01-
1/08 

VOH -

VOl -

VIH 

Vil 

1/09-
1/016 

VOH -

VOl -

~: HH- or HL-
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"I"'~/I"!""""""" A ..... • ,......, ,,- ... """_ .... -- . ..-- .,-- .. -
I \"0 I I OO~D"'/DL-OU, I \"0 I I 004D'-'/DL- I U 

READ-MODIFY-LOWER-BYTE-WRITE CYCLE 

RAS 
VIH 

VIL 

CAS 
V 1H 

VIL 

V1H 
AD-A7 

VIL 

V1H 
UW 

V 1L 

tw 
V1H 

VIL 

DE 
VIH 

V 1L 

VIH 

V 1L 

1/01-
1/08 

VOH -

VOL -

VIH 

V 1L 

1/09-
1/016 

VOH -

VOL -

~: "H" or "L-
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TC511664BJ/BZ-80, TC511664BJIBZ-1 0 

FAST PAGE MODE READ CYCLE 

RAS 
VIH 

VIL 

CAS 
V IH 

VIL 

VIH 
AO-A7 

V IL 

VIH 
UW 

VIL 

VIH 
LW 

V IL 

DE 
VIH 

V IL 

1101-

1/016 

Note: DIN = OPEN 
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TC511664BJiBZ-80, Tes;; 664I:SJ/I:S£-; 0 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

m VIH 

VI~ 

ro VIH 

VIL 

AO-A7 
VIH 

VIL 

uw V1H 

VIL 

VIH 
LW 

VIL 

N 
VIH 

VIL 

1/01- VIH 

1/016 VIL 

Note: DOUT = OPEN 
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TC511664BJ/BZ-BO, TC511664BJ/BZ-10 

FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 

RM 
V1H 

VIL 

m V1H 

V1L 

VIH 
AO-A7 

VIL 

V1H 
UW 

V1L 

LW 
VIH 

V 1L 

C5E 
VIH 

VIL 

1/01- VIH 

1/08 VIL 

1/09- VIH 

1/016 VIL 

Note: DOUT= OPEN 
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FAST PAGE MODE LOWER BYTE WRITE CYCLE (EARLY WRITE) 

m VIH 

Vil 

re 
V 1H 

V1l 

V1H 
AO-A7 

Vil 

V1H 
UW 

Vil 

IW 
VIH 

Vil 

OE 
VIH 

Vil 

1/01- VIH 

1/08 VIL 

1/09- VIH 

1/016 Vil 

Note: Dour = OPEN 
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TC511664BJ/BZ-80, TC511664BJ/BZ-10 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

AAS 

CAS 

AD-A7 

UW 

tiN 

OE 

1/01-
1/016 

V 1L 

V 1H 

VIL 

V 1H 

VIL 

VIH 

VIL 

VIH 

VIL 

V1H 

V 1L 
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FAST PAGE MODE READ-MODIFY-UPPER-BYTE-WRITE CYCLE 

ro 

AO-A7 

UW 

tw 

1/01-
1/08 

1/09-
1/016 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

A-422 
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TC511664BJ/BZ-80, TC511664BJ/BZ-10 

FAST PAGE MODE READ-MODIFY-LOWER-BYTE-WRITE CYCLE 

m 

CAS 

AO-A7 

TJW 

LW 

DE 

\101-

1/08 

1/09-

1/016 

V 1H 

VIL 

V 1H 

V 1L 

V1H 

V 1L 

V1H 

V 1L 

V1H 

V 1L 

V 1H 

V 1L 
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~,,~ .. .. ,..,.. ~ ~ • I~'" ft" ... " ...... ,..,.. ~ ~ .~.., .. -
I \"0 I IOOq.D\J/DL-OU, I '-'0 I I OOq.D\J/DL- I U 

RAS ONLY REFRESH CYCLE 

AO-A7 

'CAS BEFORE RAS REFRESH CYCLE 

1101-
11016 

tCHR 

VIL_~t: : 
tCSR 

VIH - -

Vil '--______ ~'"'"'"'""'"'"'"'~~'"'"~"'"'~~ 

VO

H -=>'----------r OPEN ----------
VOL -

Note: DIN, UW, IW, "0"[, AO-A7 = NW or "L" 
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TC511664BJ/BZ-80, TC511664BJ/BZ-1 0 

HIDDEN REFRESH CYCLE (READ) 

AO-A7 

1/01-
1/016 

VOH -

VOL -
---------< 

Note: DIN = OPEN 

A-425 



-~~ ............................................. _ ...... -............................... - ~ ..... 
I lI:lll 0041:S~/I:SL-tsU, I lI:lll 0041:S~/I:SL-l U 

HIDDEN REFRESH CYCLE (WRITE) 

AO-A7 

1/01-

1/016 

Note: DOUT= OPEN 
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TC511664BJ/BZ-80, TC511664BJ/BZ-10 

HIDDEN REFRESH CYCLE (UPPER BYTE WRITE) 

AD-A7 

1/08 

Note: DOUT II OPEN 
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TC511664BJlBZ .. 80, TC511564BJlBZ-10 

HIDDEN REFRESH CYCLE (LOWER BYTE WRITE) 

RAS 
VII·l 

VU. 

m VIH 

VI~ 

V1H 
AO-A7 

VIL 

'OW 
VIH 

VIL 

V1H 
LW 

V 1L 

~ 
V1H 

V1L 

1101- V1H 

1/08 V1L 

1109- VIH 

11016 
VIL 

Note: DOUT = OPEN 
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TC511664BJ/BZ-80, TC511664BJ/BZ-10 

CAS BEFORE RA'S REFRESH COUNTER TEST READ CYCLE 

AO-A7 

1/01-
1/016 

VOH-

VOL -
---

Note: DIN = OPEN 
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TC511664BJIBZ-80, TC511664BJ/BZ-1 0 

CAS BEFORE RAS REFRESH COUNTER TEST WRITE CYCLE 

Note: Dour = OPEN ~: "W or "L" 
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TC511664BJ/BZ-80, TC511664BJ/BZ-10 

"CAS BEFORE ttAS" REFRESH COUNTER TEST READ-MODIFY-WRITE CYCLE 
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TC511664BJIBZ-80, TC511554BJ/BZ-10 

APPLICATION INFORMATION 

ADDRESSING 

The 16 address bits required to decode 1 of the 65,536 cell locations within the TC511664BJIBZ are 
multiplexed onto the 8 address inputs and latched into the on.chip address latches by externally 

applying two negative going Tl'L-level clocks. 
The first clock, the Row a:'ddress Strobe (liAS), latches the 8 row address bits into the chip, The 

second clock, the Column Address Strobe ("CAS), subsequently latches the 8 column address bits into 
the chip. Each of these signals, liAS and CAS. triggers a sequence of events which are controlled by 

different delayed internal clocks. 
The two clock chains are linked together logically in such a way that the address multiplexing 

operation is done outside of the critical path timing sequence for read data access. The later events in 
the "CAS clock sequence are inhibited until the occurrence of a delayed signal derived from the RAS 
clock chain. The "gated TIAS" feature allows the CAS clock to be externally activated as soon as the 
Row Address Hold Time specification (tRAH) has been satisfied and the address inputs have been 
changed from Row address to Column address information. 

Data Inputs 

A write cycle is performed by bringing UW and r:w low during the RAs/CAS operation. The falling 
edge of CAS or r:w strobes data on I/Ol-:I/08 into the on-chip data latch. And the falling edge of 
CAS' or UW strobes data on I/09-I/016 into the on-chip data latch. In an early write cycle, LW and 
UW are brought low prior to CAS and the data is strobed in by CAS with setup and hold times 
referenced to this signal. In derayed write or read modify write cycle, CAS" will already be low, thus 
the data will be strobed in by LW and UW with setup and hold times referenced to these signals. 

In derayed or read modify write, TIE" must be high to bring the output buffers to high inpedance 
prior to impressing data on the I/O lines. 

Data Outputs 

. The three·state output buffers provide direct Tl'L compatibility with a fan-out of a standard TIL 

load. Data-out is the same polarity asdata-i"n. The outputs are in the high-impedance state until 
CAS' is brought low: . In a read cycle the outputs go active after the access time interval tRAC and 
tOEA are satisfied. 

The outputs become valid after the access time has elapsed and remains valid while CAS" and 'OE 
are low. CAS" or OE going high returns it to a high impedance state. In an early-write cycle, the 
outputs are always in the high-impedance state. In a delayed-write or read·modify-write cycle, the 
outputs will follow the sequence for the read cycle. 

The ()E controls the impedance of the output buffers. In the logic high position the buffers will 
remain in a high impedance state. 

When the OE input is brought to a logical low level, the output buffers are enabled. Both CAS" and 
()E can control the outputs. Thus in a read operation, either TIE" or ~ returning high forces the 
outputs into the high impedance state. 
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R'A'S ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 256 
row addresses (AO-A7) within each 4 millisecond time interval. Although any normal memory cycle 
will perform the refresh operation, this function is most easily accomplished with "RAS'-only" cycles, 
ttAS only refresh results in a substantial reduction in operating power. This reduction in power is 
reflected in the ICC3 specification. 

~ BEFORE RAS REFRESH 

CAS before RAS refreshing available on the TC511664BJIBZ offers an alternate refresh method. If 
CAS is held on low for the specified period (tcSR) before RAS goes to low, on chip refresh control clock 
generations and the refresh address counter are enabled, and an internal refresh operation takes place. 
After the refresh operation is performed, the refresh address counter is automatically incremented in 
preparation for the next CAS before RAS refresh operation. 

FAST PAGE MODE 

The "Fast Page Mode" feature of the TC511664BJIBZ allows for successive memory operations at 
mUltiple column locations of the same row address with increased speed without an increase in power. 
This is done by strobing the row address into the chip and maintaining the R'A'S signal at a logic 0 
throughout a1l successive memory cycles in which the row address is common. This "Fast page Mode" 
of operation will not dissipate the power associated with the negative going edge of RAS. Also, the 
time required for strobing in a new address is eliminated, thereby decreasing the access and cycle 
times. 

HIDDEN REFRESH 

An optional feature of the TC511664BJIBZ is that refresh cycles may be performed while 
maintaining valid data at the output pins. This is referred to as Hidden Refresh. Hidden Refresh is 
performed by holding 'CAS at VIL and taking nAS high and after a specified precharge period (tRP) , 
executing a CAS before RAS refresh cycle. (see Figure below) 

Wl/101-W16/1016 - 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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Cl\S BEFORE MS REFRESH COUNTER TEST 

The internal refresh operation of TC511664BJIBZ can be tested by "Cl\S BEFORE nAS REFRESH 
COUNTER TEST". This cycle performs READIWRlTE operation taking the internal counter address 
as row address and the input address as column address. 

The test is performed after a minimum of 8 'CAS before liAS cycles as initialization cycles. The test 
procedure is as follows. 

<D Write 4'0" into all the memory cells at normal write mode. 

® Select one certain column address and read "0" out and write "I" in each cell by performing 
"Ci\S BEFO~ liAS REFRESH COUNTER TEST (READ-MODIFY-WRlTE CYCLE)". 
Repeat this operation 256 times. 

® Check "I" ou.t of 256 bits at normal read mode, which was written at <ID. 

Q) Using the same column as <ID, read "I" out and write "0" in each cell performing "nAS BEFORE 
HAS REFRESH COUNTER TEST". Repeat this operation 256 times. 

(§) Check "0" out of 256 bits at normal read mode, which was written at @. 

® Perform the above <D to ® to the complement data. 
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TENTATIVE DATA 
65,536 WORD x 16 BIT DYNAMIC RAM 

DESCRIPTION 
'-F',: TC5lJ"G4nJL;1~ZL is the new ;,:cMmtion dynamic RAM organized G5,53G words by 16 bits. The 

.,: If'·~)tLJL/DZL Ulilizes TOSltrBA's C\10S Silil:orl g:i~e process technology as well as advanced 
~.:(.,;t tld:Z1!qUf;S to provide wide operat:ng marg'ins, both internally and to the system user. 
:,.lul~ipicxed address inputs pe!mit the TC511664BJIJBZL to be packaged in a standard 40 pin plastic 
SOJ and 40 pin plastic ZIP. The package size provides high system bit densities and is compatible 
with widely available automated testing and insertion equipment. System oriented features include 
single power supply of 5V± 10% tolerance, direct interfacing capability with high performance logic 
families such as Schottky TIL. 

FEt>TU RES 
• 65.~:l6 word by 16 bit organization 
• .Fu~t access time and cycle time 

• Single power supply of 5V± 10% with a built-in 
V DB generator 

TC511664BJLJBZL·80/·l0 • Low Power 
633mW MAX. Operating (TC511664BJLlBZL-80) 
495mW MAX. Operating(TC511664BJLlBZL-10) 
1.7mW :MAX. Standby 

t,,;..c I PAS Access Time SOns 

t",,,, I Col",mn Addrels Access Time 4Sns 

f-tCAC I cAs Access Time 30ns 

tRC I Cycle Time 135ns 

t·e I FaIt Page Mode Cyde Time SSns 

PIN CONNECTION (TOP VIEW) 

Vcc 
,,01 
1102 
1i03 
1104 
1105 
1106 
1/07 
1/08 
N.C. 

* rw 
RAs' 
AO 
A1 
,1.,2 
A3 
A4 

Vee 

Plastic SOJ 

1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

'9 
20 

40 VIS 
39 1/016 
36 1/015 
37 1/014 
36 1/013 
35 1/012 
34 11011 
33 1/010 
32 1/09 
31 N.C. 

~ 30 
29 
28 01 
27 N.C. 
26 N.C. 
25 N.C. 
24 A7 

23 A6 
22 AS 
21 V" 

N.C. 
V010 

von 
11014 

1/016 

1101 

V~C 
1/04 
1106 

1/06 

Vcc 
lv:i 
AO 

A2 

A4 

N.C. 

V" 
A6 

N.C. 

m 

lOOns 

SSns 

3Sns 

l70ns 

6Sns 

• Outputs unlatched at cycle end allows two
dimensional chip sel~citon 

• Read-Modify-Write, cAS' before RAS refresh, 
RAS-only refresh, Hidden refresh, Byte-Write 
and Fast Page Mode capability 

• All inputs and outputs TIL compatible 
• 256 refresh cycles/32ms 
• Package TC511664BJL :SOJ40-P-400 

. TC511664BZL:ZIP40-P-475 

PIN NAM6.S 

Plastic ZIP 
SYMBOL NAME 

AO-A7 Address Inputs 

}] 
/109 1} 
VO', ]J 
1/013 'P 

J.J VO,S 
~] 
[1] 

vss 
V02 

i)} 
VOl 

[s} 
I/OS 

L7} 
1/07 

L9} 
il} 

N.C. 

UW 
~)] m is] 

Al 
i7} 

A3 
i9] 

i1~ Vee 

i3] 
N,C. 

AS is] /10.1 i7J Of i9J 
V" 

RAS Row Address Strobe 

m Column Address Strobe 

UW 
Read/Upper Byte Write 

Input 

LW 
Read/Lower Byte Write 

Input 

~ Output Enable 

1/01-1/016 Data Input/Output 

VCC Power (+ SV) 

Vss Ground 

N.C. No Connection 
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BLOCK DIAGRAM 

V02 V04 1106 V08 11010 V012 V014 11016 

1101 1103 1/05 1/07 1109 11011 V013 11015 
o 0 0 0 0 0 000 000 000 

Vee Vss 

1 1 
TJW O--~:J 

rw 

COLUMN 

DECODER 

AO 0. SENSE AMP. 16 
At 0. flO GATE 

A2e. 

A3e+- 256 x 16 -
A40-

AS C-

A60- MEMORY 
A7 c,... ... ARRAY 

256x256xt6 

SUBSTRATE BIAS 
GENERATOR 
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ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING 

Input Voltage VIN -1-7 

Output Voltage VOUT -1-7 
Power Supply Voltage Vee -1-7 

Operating Temperature TOPR 0-70 
Storage Temperature TSTG -55-150 
Soldering Temperature· Time TSOLOER 260·10 
Power Dissipation Po 700 
Short Circuit Output Current 101 T 50 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70°c) 

SYMBOL PARAMETER MIN. TYP. 

Vee Supply Voltage 4.5 5.0 
VIH Input High Voltage 2.4 -
VIL 

Input low vot~e __ 
(AO-A7, m, S, UW, lW, OE) -1.0 *1 -

V1L Input Low Voltage (1101-1/016) -0.5 *2 -

A-437 

UNIT NOTE 

V 1 

V 1 

V 1 
·C 1 

'c 1 

'C'sec 1 
mW 1 
mA 1 

MAX. UNIT NOTE 

5.5 V 2 
6.5 V 2 

0.8 V 2 

0.8 V 2 

* 1 -2.5V at pulse width:$ 20ns 

*2 -2.0V at pulse width ~ 20ns 



TC511664BJL/BZL-80, TC511664BJLlBZL-10 

DC ELECTRICAL CHARACTERISTICS (Vee = sv ± 10%, Ta = 0-70°') 

SYMBOL PARAMETER MIN. MAX. UNIT NOTE 

OPERATING CURRENT TC511664BJLJBZL-80 - 115 
ICC1 Avera~ower Supply Operating Current rnA 3,4,5 

(AAS, , Address Cycling: tRC = tRC MIN. ) TC511664BJLJBZL-l0 - 90 

STANDBY CURRENT 
ICC2 Power ~pl~ Standby Current - 2 rnA 

(AAS= = IH) 

m ONLY REFRESH CURRENT TC511664BJLJBZL-80 - 115 
ICC3 Avera~e Power Supply Current, AAS Only Mode rnA 3,5 

('R'A") ycling, CAS=VIH: tRC=tRC MIN. ) TC511664BJLJBZL-l0 - 90 

ICC4 
FAST PAGE MODE CURRENT TC511664BJLJBZL-80 - 70 
Average Power SUllr'Y Curr~nt, Fast Page Mode rnA 3,4,5 
(RAS=Vll, m, A ress Cycling: tpc=tpc MIN.) TC511664BJUBZL-l0 - 60 

STANDBY CURRENT 
Iccs Power ~plY Standby Current - 300 pA 

(AAS = = V cc - 0.2V) 

ICC6 
CAS BEFORE AAS REFRESH CURRENT TCSl1664BJLJBZL-80 - 115 
Average Power Supply Current, ro Before m rnA 3 
Mode ('R'A"), ro Cycling: tRC = tRC MIN. ) TCSl1664BJLJBZL-l0 - 90 

BATIERY BACK UP CURRENT 
Average Power sup~current, Battery back up Mode 

ICC7 @-=-.m Before RA Cycling or 0.2V, 0E=Vcc-0.2V, - 400 pA 3,6 
UW,LW=Vcc-O.2V or O.2V, AO-A7=Vcc-0.2V or 0.2V, 
I/OI-16=Vcc-0.2V,O.2V or OPEN: tRc=12S11S, tRAS=tRAS MIN.-IllS) 

INPUT LEAKAGE CURRENT 
II (L) Input Leakage current, any input -10 10 pA 

(OV;S VIN;S 6.SV, All Other Pins Not Under Test = OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT -10 10 pA (DOUT is disabled, OV;S Vour;S S.SV) 

VOH 
OUTPUT LEVEL 2.4 - V Output .. H" Level Voltage (lOUT = - 2.SmA) ~ 

VOL 
OUTPUT LEVEL - 0.4 V Output "LM Level Voltage (lour = 2.1rnA) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vee = SV ± 10%, Ta = 0-70°c)(Notes 7, 8, 9) 

TC5116648JLJ8ZL-80 TC511664BJLJBZL-l0 
SYMBOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 135 - 170 - ns 

tRMW Read-Modify-Write Cycle Time 180 - 225 - ns 

tpc Fast Page Mode Cycle Time 55 - 65 - ns 

tpRMW Fast Page Mode Read-Modify-Write Cycle Time 100 - 120 - ns 

tRAC Access Time from m - so - 100 ns 
10,15, 

16 

tCAC Access Time from m - 30 - 35 ns 10,15 

tAA Access Time from Column Address - 45 - 55 ns 10,16 

tCPA Access Time from ro Precharge - 50 - 60 ns 10 

tCLZ ro to Output in Low-Z 0 - 0 - ns 10. 

toFF Output Buffer Turn-off Delay a 20 0 20 ns 11 

tT Transition Time (Rise and Fall) 3 50 3 50 ns 9 

tRP RAS Precharge Time 45 - 60 - ns 

tRAS RAS Pulse Width 80 10,000· 100 10,000 ns 

tRASP RAS Pulse Width (Fast Page Mode) 80 100,000 100 100,000 ns 

tRSH m Hold Time 30 - 35 - ns 

tCSH m Hold Time 80 - 100 - ns 

tCAS CAS Pulse Width 30 10,000 3S 10,000 ns 

tRCD m to 'CAS Delay Time 20 SO 20 6S ns 15 

tRAD m to Column Address Delay Time 15 35 15 4S ns 16 

tCRP ro to RAS Precharge Time 5 - 5 - ns 

tcp CAS Precharge Time 10 - 10 - ns 

tASR Row Address Set·Up Time a - 0 - ns 

tRAH Row Address Hold Time 10 - 10 - ns 

tASC Column Address Set-Up Time 0 - 0 - ns 

tCAH Column Address Hold Time 15 - 15 - ns 

tAR Column Address Hold Time referenced to m 55 - 65 - ns 

tRAL Column Address to m Lead Time 45 - 55 - ns 

tRCS Read Command Set-Up Time a - 0 - ns 

tRCH Read Command Hold Time 0 - 0 - ns 12 

tRRH Read Command Hold Time referenced to m 0 - 0 - ns 12 

tWCH Write Command Hold Time 15 - 15 - ns 

tWCR Write Command Hold Time referenced to m 55 - 65 - ns 

twp Write Command Pulse Width 15 - 15 - ns 

tRWL Write Command to m Lead Time 20 - 20 - ns 

tCWL Write Command to ro Lead Time 20 - 20 - ns 

tDS Data Set-Up Time 0 - a - ns 13 

tOH Data Hold Time 15 - 15 - ns 13 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Continued) 

TC511664BJLlBZL-80 TC511664BJLlBZL-l0 
SYMBOL PARAMETER UNIT 

MIN. MAX. MIN. MAX. 

tOHR Data Hold Time referenced to m 55 - 65 - ns 

tREF Refresh Period - 32 - 32 ms 

twcs Write Command Set-UP Time 0 - 0 - ns 

tcwo 00 to WE Delay Time 50 - 65 - ns 

tRwO m to WE Delay Time 100 - 130 - ns 

tcpwo m Precharge to wt. Delay Time (Fast Page Mode) 70 - 90 - ns 

tAWO Column Address to WE Delay Time 65 - 85 - ns 

tCSR 00 Set-Up Time (m before m Cycle) 5 - 5 - ns 

tcHR 00 Hold Time (00 before m Cycle) 10 - 10 - ns 

tRPC m to 'CAl Precharge Time 0 - 0 - ns 

tCPT CAS Precharge Time (m before m Counter Test Cycle) 40 - 40 - ns 

tROH m Hold Time referenced to O! 10 - 10 - ns 

tOEA DE Access Time - 25 - 30 ns 

tOED O! to Data Delay 10 - 20 - ns 

toEZ Output Buffer Turn Off Delay Time from O! 0 10 0 20 ns 

tOEH DE Command Hold Time 10 - 20 - ns 

toos Output Disable Set-Up Time 0 - 0 - ns 

tMCS Masked Write Set-Up Time 0 - 0 - ns 

tMRH Masked Write Hold time Referenced to m 0 - 0 - ns 

tMCH Masked Write Hold time Referenced to CAS 0 - 0 - ns 

CAPACITANCE (Vee = 5V ± 10%, f = 1MHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

CI Input Capacitance (AO-A7,AAS, m, 'OW, LW, 'OE) - 7 pF 

Co Input/Output Capacitance (1101-11016) - 7 pF 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. 

2. All voltages are referenced to VSS. 

3. ICCl. ICC3, ICC4, ICC6 depend on cycle rate. 

4. ICCl, ICC4 depend on output loading. Specified values are obtained with the outputs open. 

5. Column Address can be changed once or less while RAS=VIL and 'CAS=VIH. 

6. tRAS (max.) = lps is only applied to refresh of battery-back up. 
tRAS (max.) = lOps is applied to functional operating. 

7. An initial pause of 200ps is required after power-up followed by 8 HAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
'CAS before RA'S refresh cycles instead of 8 lIAS only refresh cycles are required. 

8. AC measurements assume tT=Sns. 

9. VIH (min.) and VIL (max.) are reference levels for measuring timing of input signals. 
Also, transition times are measured between VIH and VIL. 

10. Measured with a load equivalent to 1 TTL load and SOpF. 

11. toFF (max.) and tOEZ (max.) define the time at which the outputs achieve 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 an4 to UW, r;w leading 
edge in read-modify-write cycles. 

14. twcs, tRWD. tcWD, tA WD 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 pins will remain open circuit (high impedance) through the entire cycle; If 

tRwD~tRWD(min.), tcwDS;:;tcWD(min.), tAWDS;:;tAWD (min.) and tCPwD~tcPWD(min.). the cycle is a 
read-modify-write cycle and the data out will contain data read from the selected cell: If neither 
of the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 

15. Operation within the tRCO (max.) limit insures that tRAC (max.) can be met. tRCO (max.) is specified 
as a reference point only: If tRCO is greater than the specified tRCD (max.) limit, then access time 
is controlled by tCAC. 

16. Operation within the tRAO (max.) limit insures that tRAC (max.) can be met. tRAO (max.) is specified 
as a reference point only: If tRAD is greater than the specified tRAD (max.) limit, then access time 
is controlled by tM. 
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READ CYCLE 

re VIH 

Vil 

ro VIH 

V IL 

VIH 
AO-A7 

VIL 

VIH 
UW 

VIL 

VIH 
LW 

VIL 

or VIH 

VII. 

1/01- VOH -

1/016 VOL -

Note: DIN II OPEN ~: "W or "L-

A·442 



TC511664BJL/BZL-80, TC511664BJUBZL-10 

WRITE CYCLE (EARLY WRITE) 

VIH -m 
V 1L -

VIH -
CAS 

V 1L -

VIH -
AO-A7 

V 1L -

V 1H -
OW 

VIL -

V 1H -
LW 

V 1L -

V1H -m 
V 1L -

1101-

11016 

Note: DOUT = OPEN 
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UPPER BYTE WRITE CYCLE (EARLY WRITE) 

RAS 
VIH 

VI~ 

CAS 
VIH 

VI~ 

V1H 
AO-A7 

VI~ 

V 1H 
UW 

VI~ 

IW 
V1H 

VI~ 

OE 
VIH 

VI~ 

1101- VIH 

1/08 VI~ 

1/09- VIH 

1/016 VIL 

Note: DOUT = OPEN ~: "Wor"L" 
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LOWER BYTE WRITE CYCLE (EARLY WRITE) 

RAS 
VIH 

VIL 

CAS 
V1H 

VIL 

V1H 
AO-A7 

VIL 

VIH 
UW 

VIL 

V1H 
LW 

V1L 

OE 
VIH 

VIL 

1101- VIH 

1/08 V1L 

1/09- VIH 

1/016 V 1L -

Note: DOUT:: OPEN 
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Tr'1:.11t::.t::.AD II ID"'71 on .Tr't=1-4t::U~AD II ID"71 o4In 
I ""'" I I UU .... UUlUU"-... ·UU, I ""'-I I I UU .. U\lUUL.L..- I U 

WRITE CYCLE (aE CONTROLLED WRITE) 

m VIH 

V 1L 

CAS 
VIH 

V 1L 

VIH 
AO-A7 

VIL 

uw VIH 

VIL 

rw VIH 

V1L 

O! 
V 1H 

VIL 

1101- V IH 

1/016 V IL 

Note: DOUT= OPEN 
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UPPER BYTE WRITE CYCLE ((jE CONTROLLED WRITE) 

V,H -RAS 
V,l 

eM 
V,H 

V,l 

V,H 
AO-A7 

V,l 

UW 
V,H 

V,l 

IW 
V,H 

V,L 

OE 
V'H 

V,l 

1101- V,H 

1/08 V,l 

1109- V,H 

1/016 V,l 

Note: Dour = OPEN ~: NH" or NL-
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TI"'J::11 ~~A D II /0'71 on TI"J: .... QQA D II ID.". "'lIn 
• 'J~ • • UU .... UU...,.IIIIU~_ .... -UU, I '"'~·I I UU .... LI\lI-ILI" .... - I U 

LO'WER BYTE WRITE CYCLE CQE CONTROLLED WRITE) 

iUi3 
V 1H 

V 1L 

CAS 
VIH 

V 1L 

V 1H 
AO-A7 

VIL 

Wi 
VIH 

V 1L 

V1H 
LW 

VIL 

DE 
V 1H 

V1L 

1/01- VIH 

1/08 
VIL 

1/09- VIH 

1/016 V 1L 

Note: DOUT = OPEN 
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READ-MODIFY-WRITE CYCLE 

RAS 
VIH 

vJL 

m V1H 

VIL 

V 1H 
AO-A7 

V1L 

V 1H 
UW 

VIL 

V1H 
LW 

VIL 

VIH 
OE 

VIL 

V 1H 

V1L 

1/01-
1/016 

VOH -

VOL -

~: "H" or "L" 
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READ-MODIFY -UPPER-BYTE-WRITE CYCLE 

m V1H 

VIL 

CAS 
VIH 

VIL 

VIH 
AO-A7 

VIL 

UW 
VIH 

VIL 

rw VIH 

V1L 

VIH 
OE 

VIL 

V1H 

VIL 

1/01-
1/08 

VOH -

VOL -

V 1H 

V 1L 

1/09-
1/016 

VOH -

VOL -

~: "W or "L-
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READ-MODIFY-LOWER-BYTE-WRITE CYCLE 

W 
VIH 

VI~ 

m VIH 

VI~ 

AO-A7 
VII_\ 

VIL 

UW 
VIH 

VIL 

'[iN 
VIH 

V1L 

m V 1H 

VI~ 

V1H 

VIL 

1101-
1108 

VOH -

VOL -

VIH 

VI~ 

1/09-
1/016 

VOH -

VOL. -

~: "H" or "L" 
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Tl,;5i ; 664tsjLitsLL-80, Te5; i664tijLiBzl-;O 

FAST PAGE MODE READ CYCLE 

m V,H 

V,L 

CAS 
V,H 

V,L 

AO-A7 
V,H 

VIL 

V,H 
UW 

V1L 

LiN 
VIH 

VIL 

OE 
V1H 

V,L 

1/01-

U0l6 

Note: D,N = OPEN 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

RAS 
V1L 

m VIH 

V 1L 

VIH 
AO-A7 

VIL 

V 1H 
UW 

VIL 

tw 
V1H 

V1L 

Ot 
VIH 

VIL 

1/01- VIH 

1/016 VIL 

Note: DOUT = OPEN ~:"W or "L-

A-453 



TC511664BJLlBZL-80, TC511664BJLlBZL-10 

FAST PAGE MODE UPPER BYTE WRITE CYCLE (EARLY WRITE) 

m VIH 

VIL. 

m V 1H 

VIL. 

VIH 
AO-A7 

VIL. 

V1H 
UW 

V1L. 

VIH 
LW 

VIL. 

N 
VIH 

VIL. 

1/01- VIH 

1/08 VIL. 

1109- V1H 

1/016 VIL. 

Note: DOUT = OPEN 
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FAST PAGE MODE LOWER BYTE WRITE CYCLE (EARLY WRITE) 

AAS 
VIH 

V1L 

CAS 
VIH 

V 1L 

V1H 
AO-A7 

V 1L 

UW 
V 1H 

V1L 

tw 
VIH 

VIL 

Of 
VIH 

V 1L 

1/01- VIH 

1/08 
VIL 

1/09- VIH 

1/016 
VIL 

Note: Dour = OPEN 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 
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FAST PAGE MODE READ-MODIFY-UPPER-BYTE-WRITE CYCLE 

AO-A7 

'OW 

LW 

OE 

1/01-
1/08 

1109-
1/016 

VIH 

VIL 

V1H 

VIL 

V 1H 

VIL 

~: ·W or "L-
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FAST PAGE MODE READ-MODIFY-LOWER-BYTE-WRITE CYCLE 

m 

m 

AO-A7 

UW 

tiN 

'Ol 

1/01-

1/08 

1/09-

1/016 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 

V 1L 

VIH 

VIL 
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RAS" ONLY REFRESH CYCLE 

AO-A7 

"CA'S' BEFORE m REFRESH CYCLE 

1/01'" 
1/016 

VOH -=> ..... ______ _ 
~- OPEN --------

VOL -

Note: DIN. OW, tw, t5l, AO-A7."W or "L~ 
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HIDDEN REFRESH CYCLE (READ) 

VIH -m 
VIL -

VIH -m 
VIL -

VIH -
AO-A7 

VIL -

UW 
VIH 

VIL 

IW 
V IH 

VIL 

VIH -or 
VIL -

V01- VOH -

1/016 
VOL -

Note: DIN = OPEN 
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HIDDEN REFRESH CYCLE CWRITE) 

V 1H -
m 

V 1L -

CAS 
VIH 

V 1L 

VIH -
AO-A7 

V 1L -

V 1H -
UW 

VIL 

V1H 
LW 

VIL 

DE 
V1H 

V 1L 

1/01- VIH 

1/016 VIL 

Note: Dour = OPEN 
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HIDDEN REFRESH CYCLE (UPPER BYTE WRITE) 

V1H -
~ 

V1L 

CAS 
V1H 

VIL 

VIH 
AO-A7 

VIL 

UW 
V 1H 

VIL 

VIH 
LW 

V 1L 

DE 
VIH 

VIL 

1/01- V1H 

1/08 V 1L 

1/09- V 1H 

1/016 
V1L 

Note: DOUT = OPEN 

A-462 



TC511664BJLlBZL-80, TC511664BJL/BZL-10 

HIDDEN REFRESH CYCLE (LOWER BYTE WRITE) 

AAS 
V1H 

VI~ 

V1H 
CAS 

VI~ 

VIH 
AO-A7 

VI~ 

V1H 
UW 

VI~ 

V1H 
LW 

VI~ 

ill 
VIH 

VI~ 

1101- VIH 

1/08 VI~ 

1109- V 1H 

U016 VI~ -

Note: Dour = OPEN 
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CAS BEFORE fiAS REFRESH COUNTER TEST READ CYCLE 

AO-A7 

1/01-
1/016 

VOH -

VOL -
----

Note: DIN = OPEN 
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CAS BEFORE RAS REFRESH COUNTER TEST WRITE CYCLE 

AO-A7 

1101- VIH 

1/016 

Note: DOUT= OPEN 
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~ BEFORE ID\S REFRESH COUNTER TEST READ-MODIFY-WRITE CYCLE 
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APPLICATION INFORMATION 

ADDRESSING 

The 16 address bits required to decode 1 of the 65,536 cell locations within the TC511664BJLlBZL 
are multiplexed onto the 8 address inputs and latched into the on-chip address latches by externally 

applying two negative going TI'L-Ievel clocks. 
The first clock, the Row address Strobe (RAS), latches the 8 row address bits into the chip, The 

second clock, the Column Address Strobe (CAS), subsequently latches the 8 column address bits into 
the chip. Each of these signals, RAS and CAS triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically in such a way that the address mUltiplexing 
operation is done outside of the critical path timing sequence for read data access. The later events in 
the 'CAS' clock sequence are inhibited until the occurrence of a delayed signal derived from the RAS 
clock chain. The "gated CAS" feature allows the CAS clock to be externally activated as soon as the 
Row Address Hold Time specification (tRAH) has been satisfied and the address inputs have been 
changed from Row address to Column address information. 

Data Inputs 

A write cycle is performed by bringing UW and tW low during the ltAS~ operation. The falling 

edge of'OA'S or r.w strobes data on I10l-I10S into the on-chip data latch. And the falling edge of 
'OAS or UW strobes data on L'09-L'018 into the on-chip data latch. In an early write cycle, tw and 
UW are brought low prior to "CD and the data is strobed in by "CD with setup and hold times 
referenced to this signal. In derayed write or read modify write cycle, 'OX! wili already be low, thus 
the data will be strobed in by r:w and UW with setup and hold times referenced to these signals. 

In derayed or read modiry write, '01' must be high to bring the output buffers to high inpedance 
prior to impressinr data on the I/O 11ne •• 

Data Outputs, 

The three-state output buffers provid.e direct TrL compatibility with a fan-out of a standard TrL 
load. Data-out is the same polarity as data-in. The outputs are in the high-impedance state until 
~ is brought low. In a read cycle the outputs go active after the access time interval tRAC and 
tOEA are satisfied. 

The outputs become valid after the access time has elapsed and remains valid while 'CAS and UE 
are low. 'CAS or '01' 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 '01' controis the impedance of the output buffers. In the logic high position 'the buffers will 
remain in a high impedance state. 

When the '01' input is brought to a logical low level, the output buffers are enabled. Both m and 
'OE' can control the outputs. Thus in a rea.d opera.tion, either 'OE or m returning high forces the 
outputs into the high impeclance state. 
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ID3 om Y REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 256 
row addresses (AO-A7) within each 4 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. 

~ BEFORE fig REFRESH 

'CAS before RAS refreshing available on the TC511664BJLlBZL offers an alternate refresh method. 
If ~ is held on low for the specified period (tcSR) before RAS goes to low, on chip refresh control 
clock generations and the refresh address counter are enabled, and an internal refresh operation takes 
place. After the refresh operation is performed, the refresh address counter is automatically 
incremented in preparation for the next CAS before RAS refresh operation. 

FAST PAGE MODE 

The "Fast Page Mode" feature of the TC511664BJLlBZL 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 !(AS signal at a logic 0 
throughout all successive memory cycles in which the row address is common. This "Fast page Mode" 
of operation will not dissipate the power associated with the negative going edge of nAS'. 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 TC511664BJLlBZL is that refresh cycles may be performed while 
maintaining valid data at the output pins. This is referred to as Hidden Refresh. Hidden Refresh is 
performed by holding "CAS at VIL and taking EAS high and after a specified precharge period (tRP) , 
executing a ~ before RAS refresh cycle. (see Figure below) 

Wl/101-W16/1016 - 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 TC511664BJLlBZL can be tested by "m\:S BEFORE R:AS'REFRESH 
COUNTER TEST". This cycle performs READIWRlTE operation taking the internal counter address 
as row address and the input address as column address. 

The test is performed after a minimum of 8 'CAS' before RAS cycles as initialization cycles. The test 
procedure is as follows. 

(D Write "0" into all the memory cells at normal write mode. 

® Select one certain column address and read "0" out and write "1" in each cell by performing 
"CAS BEFORE RAS REFRESH COUNTER TEST (READ-MODIFY-WRITE CYCLE)". 
Repeat this operation 256 times. 

® Check "1" out of 256 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 256 times. 

® Check "0" out of 256 bits at normal read mode, which was written at @. 

® Perform the above (D to ® to the complement data. 
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TENTATIVE DATA 
65,536 WORD X 16 BIT DYNAMIC RAM 

DESCRIPTION 
The TC511665BJIBZ is the new generation dynamic RAM organized 65,536 words by 16 bits. The 

TC511665BJIBZ 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 TC511665BJIBZ to be packaged in a standard 40 pin plastic SOJ and 40 pin 
plastic ZIP. The package size provides high system bit densities and is compatible with 'widely 
available automated testing and insertion equipment. System oriented features include single power 
supply of 5V± 10% tolerance, direct interfacing capability with high performance logic families such as 
Schottky TIL. 

FEATURES 
• 65,536 word by 16 bit organization 
• Fast access time and cycle time 

• Single power supply of 5V±10% with a built
in V BB generator 

TC511665BJ/BZ - BO/- 10 • Low Power 
633mW MAX. Operating (TC511665BJIBZ-80) 
495mW MAX. Operating(TC511665BJIBZ-I0) 
5.5m W MAX. Standby 

tRAC RAS Access Time 

tAA Column Address Access Time 

teAc CAS Access Time 

tRC Cycle Time 

tpc Fast Page Mode Cycle Time 

PIN CONNECTION (TOP VIEW) 

Vee 
W11l01 
W2il02 
W31l03 
W41l04 
W5il05 
W61106 
W71l07 
W8Il08 

N.C. 
Vee 
N.C. 

'Wsme 
RAS 
AO 
A1 
A2 
A3 
A4 
Vee 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Plastic SOJ 

40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
2S 
27 
26 
25 
24 
23 
22 
21 

Vss 
W161l016 
W1511015 
W1411014 
W1311013 
W12ilOI2 
WllilOll 
W101l010 
W9ilO9 
N.C. 

~ 
OE 
N.C. 
N.C. 
N.C. 
A7 
A6 
AS 
Vss 

80ns 

4Sns 

30ns 

135ns 

55n5 

N.C. 
Wl01l0l0 
W1211012 
W1411014 
W161l016 

W11l0t 
Vee 

W41104 
W61l06 
walloa 

Vee 
WstWE 

AO 
A2 
A4 
N.C. 
Vss 
A6 

N.C. 
CAs 

lOOns 

S5ns 

35n5 

170ns 

65ns 

Plastic ZIP 

-~ .1J [l 3] r-
j] d 

[§ i] n j] [[0 
[t] [[2 
[3] 

[L4 
15] [[6 
[7] 

[La 
[9] rio 
i1] [i2 
i3] [i4 
i5] 

[i6 
~)] [is 
i9] rio 
~)] [i2 il] [i4 
is] [i6 
i7] ria 
i9] ~lo 

• Outputs unlatched at cycle end allows two
dimensional chip seleciton 

• Read-Modify-Write, CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, Write-Per
Bit and Fast Page Mode capability 

• All inputs and outputs TIL compatible 
• 256 refresh cycleS/4ms 
• Package TC511665BJ:SOJ40-P-400 

TC511665BZ:ZIP40 -P -475 

PIN NAMES ,. 
SYMBOL NAME 

AO-A7 Address Inputs 

W91l09 

Wll11011 

m Row Address Strobe 

CAS" Column Address Strobe 

W131l013 
W1511015 

Vss 
W21l02 

wsiWt. 
Write Per Bit/ 

ReadlWrite Input 
(JE Output Enable 

W3ilO3 Wl1l01- Write Selection! 
W5ilOS 
W71l07 

W161l016 Data Input/OutpUt 

N.C. Vcc Power(+SV) 

N.C. 
m Vss Ground 

N.C. No Connection 
Al 
A3 
Vee 
N.C. 
AS 
A7 
Of 

VS5 
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BLOCK DIAGRAM 

AOo. 
A10. 

A20. 

A30. 

A40. 

AS 0. 

A60. 

A70. 

WlIIOl W~04 W6II05 _ W10A010 WUJl011 W1~1. W1611016 

Wln01 W3/10J wsnos W7n07 W9I1ot Wl1J1011 W1J/101J W1611015 
0000000000000000 

1=-------------' WRITE PER BIT 
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DECODER 

SENSE AMP. 
VO GATE 

• 256 x 16 -

MEMORY 
ARRAY 

256x256x 16 

CONTROLLER 

SUBSTRATE BIAS 
GENERATOR 
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ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING 

Input Voltage VIN -1-7 

Output Voltage VOUT -1-7 

Power Supply Voltage Vcc -1-7 

Operatin~ Temperature TOPR 0-70 
Storage Temperature TSTG -55-150 

Soldering Temperature' Time TSOlOER 260·10 
Power Dissipation Po 700 
Short Circuit Output Current lOUT 50 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70°c) 

SYMBOL PARAMETER MIN. TYP. 

Vee Supply Voltage 4.5 5.0 

VIH Input High Voltage 2.4 -
Vil 

Input Low vol~e 
(AO-A7, W, , WB~, N) -1.0 *1 -

Vil Input Low Voltage (Wl/101-W16/1016) -0.5 *2 -

UNIT NOTE 

V 1 
V 1 

V 1 

'C 1 

'C 1 

'C' see 1 
mW 1 

mA 1 

MAX. UNIT NOTE 

5.5 V 2 

6.5 V 2 

0.8 V 2 

0.8 V 2 

* 1 -2.5V at pulse width S 20ns 

*2 -2.0VatpulsewidthS20ns 

DC ELECTRICAL CHARACTERISTICS (Vee = SV ± 10%, Ta = 0-70°c) 

SYMBOL PARAMETER MIN. MAX. UNIT NOTE 

OPERATING CURRENT TC511665BJ/BZ-80 - "115 
ICCl Avera~ower Supply Operating Current mA 3,4,5 

(RAS, , Address Cycling: tRC = tRC MIN. ) TC511665BJ/BZ-10 - 90 

STANDBY CURRENT 
ICC2 Power ~plY Standby Current 

(RAS= =VIH) 
- 2 mA 

Ico 
m ONLY REFRESH CURRENT TC511665BJ/BZ-80 - 115 
Avera2e Power Supply Current, RAS Only Mode mA 3,5 
(RAS yeling,"CAS = VIH: tRC = tRC MIN. ) TC511665BJ/BZ-10 - 90 

ICC4 
FAST PAGE MODE CURRENT TC511665BJ/BZ-80 - 70 
Average Power SU!cPly Current, fast Page Mode mA 3,4,5 
(RAS=VIL, m, A dress Cycling: tpc=tpc MIN.) TC511665BJ/BZ-l0 - 60 

STANDBY CURRENT 
Ices Power ~PlY Standby Current - 1 mA 

(RAS = = V cc - 0.2V) 

ICC6 
CAS BEFORE m REFRESH CURRENT Te511665BJ/BZ-80 - 115 
Avera~wer Supply Current, re Before RAS rnA 3 
Mode , re Cycling: tRC = tRC MIN. ) TC511665BJ/BZ-l0 - 90 

INPUT LEAKAGE CURRENT 
IIIL) Input Leakage Current, any input -10 10 pA 

(OVSVIN S6.5V, All Other Pins Not Under Test=OV) 

lOll) 
OUTPUT LEAKAGE CURRENT -10 10 pA (DOUT is disabled, OVS VOUTS 5.5V) 

VOH 
OUTPUT LEVEL 2.4 - V Output ·W Level Voltage (lOUT = - 2.SmA) 

Val OUTPUT LEVEL - 0.4 V Output NL· Level Voltage (loUT:: 2.1 mA) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc=5V± 10%, Ta=0-70°c)(Notes6, 7,8) 

TC511665BJ18Z-80 TC511665BJ/BZ-l0 
SYMBOL PARAMETER UNIT NOTE 

MIN.- MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 135 - 170 - ns 

tRMW Read.Modify-Write Cycle Time 180 - 225 - ns 

tpc Fast Page Mode Cycle Time 55 - 65 - ns 

tpRMW Fast Page Mode Read·Modify-Write Cycle Time 100 - 120 - ns 

tRAC Access Time from m - 80 - 100 ns 9,14,15 

tCAC Access Time from m - 30 - 35 ns 9,14 

tAA Access Time from Column Address - 45 - 55 ns 9,15 

tCPA Access Time from m Precharge - 50 - 60 ns 9 

tClZ re to Output in Low·Z a - a - ns 9 

toFF Output Suffer Turn-off Delay a 20 0 20 ns 10 

tT Transition Time (Rise and Fall) 3 50 3 50 ns 8 

tRP ro Precharge Time 45 - 60 - ns 

tRAS ro Pulse Width BO 10,000 '100 10,000 ns 

tRASP 10>.'1 Pulse Width (Fast Page Mode) 80 100,000 100 100,000 ns 

tRSH m Hold Tim. 30 - 3S - ns 

tCS~i ro Hold Tim. 80 - 100 - ns 

tcAS ro Puis. Width 30 10,000 3S 10,000 n. 

t~eo ro to ro O.lay Tim. 20 50 20 65 n. 14 

'RAO m to Column Addr.ss O.lay Tim. 15 35 15 A 45 n. 15 

tCRP tAt to m Pr.ch.rg. Tim. 5 - 5 - n. 

tcp ro Pr.charg. Tim. 10 - 10 - n. 

tAsR Row Addr.ss S.t·Up Tim. 0 - 0 - n. 

tRAM Row Addr.ss Hold Tim. 10 - ,0 - ns 

tAse Column Addr ... S.t·Up Tim. 0 - 0 - nl 

!-,lCAH Column Addr.ss Hold Tim. 15 - 15 - ns 

tA.R Column Addr." Hold Tlmt rtflrlncld to m S5 - 65 - ns 

tRA~ Column Address to W Llad Tlml 4S - SS - n. 

tRes Read Command S.t-Up Tim. a - 0 - nl 

tReM Read Command Hold Time 0 - 0 - ns -'' 
tRRM Read Command Hold Time referenced to m 0 - 0 - ns 11 

tweM Write Command Hold Time 15 - 15 - ns 

tweFt Write Command Hold Time ref.renced to m 55 - 65 - ns 

twp Write Command Pulse Width 1S - lS - ns 

tRW~ Write Command to 'RAf Lead Tim. 20 - 20 - ns 

tcw~ Writ. Command to m Ltad Time 20 - 20 - ns 

tos Data S.t-Up Tim. 0 - 0 - ns 12 

tOH Oatl Hold Time 15 - 15 - ns 12 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Continued) 

TC511665BJ/BZ-80 TC511665BJ/BZ-10 
SYMBOL PARAMETER UNIT 

MIN. MAX. MIN. MAX. 

tOHR Data Hold Time referenced to m S5 - 65 - ns 

tREF Refresh Period - 4 - 4 ms 

twcs Write Command Set-UP Time 0 - 0 - ns 

tcwo m to WE' Delay Time 50 - 65 - ns 

tRWO m to WE' Delay Time 100 - 130 - ns 

tcpwo m Precharge to WE' Delay Time (Fast Page Mode) 70 - 90 - n5 

tAwO Column Address to WE' Delay Time 65 - 85 - ns 

tCSR m Set-Up Time (m before m Cycle) 5 - 5 - ns 

tCHR m Hold Time (m before m Cycle) 10 - 10 - ns 

tRPC m to m Precharge Time 0 - 0 - ns 

tCPT m Precharge Time (m before m Counter Test Cycle) 40 - 40 - ns 

tROH m Hold Time referenced to m 10 - 10 - ns 

tOEA m Access Time - 25 - 30 ns 

tOED N to Data Delay 10 - 20 - ns 

tOEZ Output Buffer Turn Off Delay Time from m 0 10 0 20 ns 

tOEH 'O! Command Hold Time 10 - 20 - ns 

toos Output Disable Set-Up Time 0 - 0 - ns 

tWBS Write Per Bit Set-Up Time 0 - 0 - ns 

tWBH Write Per Bit Hold Time 10 - 10 - ns 

twos Write Per Bit Selection Set-Up Time 0 - 0 - ns 

tWOH Write Per Bit Selection Hold Time 10 - 10 - ns 

CAPACITANCE (Vee = SV± 10%, f= 1MHz, Ta =O-70°C) 

SYMBOL PARAMETER MIN: MAX. UNIT 

C, Input Capacitance (AO-A7, ro, ro, vmfllll, <:m - 7 pF 

Co Input/Output Capacitance (W1/101-W1611016) - 7 pF 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. 

2. All voltages are referenced to VSS. 

3. ICC1, ICC3, ICC4, ICC6 depend on cycle rate. 

4. lCCl, lCC4 depend on output loading. Specified values are obtained with the outputs open. 

5. Column Address can be changed once or less while EAS=VIL and ~=VIH. 

6. An initial pause of 200ps is required after power-up followed by 8 l'tAS only refresh cycles before 

proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 

CAS before RAg refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. VIR (min.) and VIL (max.) are reference levels for measuring timing of input signals. 

Also, transition times are measured between VIH and VIL. 

9. Measured with a load equivalent to 1 TIL load and 50pF. 

10. tOFF (max.) and tOEZ (max.) define the time at which the outputs achieve 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 (WEI) WE 
leading edge in read-modify-write cycles. 

13. twcs, tRWD, tCWD, tAWD and tcpwD are not restrictive operating paramete~. 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 pins will remain open circuit (high impedance) through the entire cycle; If 
tRwD~tRWD(min.), tcwD~tcWD(min.), tAwD~tAWD(min.)and tcPWD~tcPWD(min.), the cycle is a 
read-modiry-write cycle and the data out will contain data read from the selected cell: If neither 

of the above sets of conditions is satisfied, the condition of the data out (at access time) is 
indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. tRCD (max.) is specified 

as a reference point only: If tRCD is greater than the specified tRCD (max.) limit, then access time 
is controlled by tcAC. 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. tRAD (max.) is specified 

as a reference point only: If tRAD is greater than the specified tRAD (max.) limit, then access time 
is controlled by tAA. 
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READ CYCLE 

AO-A7 

wsi'Wf. 

DE 

WlnOl

W1611016 

VIH 

VIL 

VIH 

VIL 

Note: DIN: OPEN 

WRITE CYCLE (EARLY WRITE) 

V'H 
AO-A7 

VIL 

WBi'Wf. 
V1H 

VIL 

DE 

WlnOl- VIH 

W16n016 V1L 

Note: DouT: OPEN 

TC511665BJIBZ-80, TC511665BJ/BZ-10 

~: "Wor"L" 

~: "W or "L" 
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TC511665BJ/BZ-80, TC511665BJ/BZ-1 0 

WRITE CYCLE (OE CONTROLLED WRITE) 

RAS 

CAS 

V 1H 
AO-A7 

V1l 

WBIWE 
VIH 

VIL 

OE 
V 1H 

VIL 

Wll10l- VIH 

W1611016 VIL 

Note: DOUT = OPEN 
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READ-MODIFY-WRITE CYCLE 

RAS 

ro 

VIH 
AO-A7 

VIL 

WBtWE 
VIH 

VIL 

VIH 
OE 

VIL 

VIH 

V1L 
Wl1101-

W16n016 
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TC511665BJIBZ-80, TC511665BJ/BZ-1tO 

FAST PAGE MODE READ CYCLE 

AO-A7 

Wl/101- VOH

W16/1016 VOL _------....J-.(1m""""'-----~=-

Note: DIN = OPEN ~: "W or "L" 
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TC511665BJIBZ-80, TC511665BJIBZ-10 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

AO-A7 

Wl/101- V1H 

W1611016 VIL 

Note: DOUT= OPEN 
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TC511665BJ/BZ-80, TC511665BJ/BZ-10 

FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

u;s 

ro 

AO-A7 

mn::n. 

'O! 

Wl/01-
W16/1016 

V1l 

VIH 

VIL. 

VIH 

Vil 

VIH 

Vil 

VIH 
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RAS ONLY REFRESH CYCLE 

tRC 

tRAS 

RAS 
VIH-

VIL-

CAS 
VIH ,....-

V 1L -

Note: DIN, waIWE, OE = lOW or "L" 
_ : lOW or ilL" 

CAS BEFORE RAS REFRESH CYCLE 

tCHR 

Wl1101-W1611016 VOH -~r--------- OPEN ________ _ 
VOL ---.J 

Note: DIN, waIWE, OE, AO-A7 = "W or ilL" _: "W or "L" 
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HIDDEN REFRESH CYCLE (READ) 

VIH-

RAS 
V1L-

VIH-

m 
V1L-

VIH-
AO-A7 

VIL-

VIH-
WBNVE 

VIL-

VIH-
or 

VIL-

VOH-
Wl/101-W16/1016 ----------------~ DATA-OUT 

VOL-

Note: DIN = OPEN 
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HIDDEN REFRESH CYCLE (WRITE) 

V'H-
m 

V'L-

V'H-
CAS 

V'L-

V'H-
AO-A7 

V'L-

V'H-
WBIWE 

V'L-

Wl/101-W1611016 

Note: DOUT = OPEN 
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~ BEFORE RAS REFRESH COUNTER TEST CYCLE 

VIH-

m 
VI\.-

m 

VIH 
AO-A7 

VI\' 

READ CYCLE 

WB~ 
VIH 

VI\' 

OE 
VIH-

VI\.-

Wl/101-W16/1016 
VOH-

OPEN 
Vo\.-

WRITE CYCLE 
VIH 

WB/WE 
VI\' 

OE 

Wl/101-W16/1016 

WBfiiit 
V IH 

VI\' 

V 1H -
OE 

VI\.-

VOH-
OPEN 

VO\.-

Wl/101-W16/1016 

V IH -
OPEN 

VI\.-
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TC511665BJ/BZ-80, TC511665BJ/BZ-10 

APPLICATION INFORMATION 

ADDRESSING 

The 16 address bits required to decode 1 of the 65,536 cell locations within the TC511665BJIBZ are 
mUltiplexed onto the 8 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 8 row address bits into the chip. The 

second clock, the Column Address Strobe (CAS'>. subsequently latches the 8 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 l,ogically in such a way that the address multiplexing 
operation is done outside of the critical path timing sequence for read data access. The later events in 
the CAS clock sequence are inhibited until the occurrence of a delayed signal derived from the RAS 
clock chain. The "gated "CAS" feature allows the "CAS clock to be externally activated as soon as the 

Row Address Hold Time specification (tRAH) has been satisfied and the address inputs have been 
changed from Row address to Column address information. 

Data Inputs 

A write cycle is performed. by bringing (WBI) WE low during the RASiCAS operation. The falling 
edge of CAS or (WBI) WE strobes data on (Wil) IOi 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 (/IOi) that are kept low as RAS falls the write 
operation is inhibited on the chip. If WB(AVE) is high as RAS falls, the write-per-bit capability does 
not work and the write operation is performed for all four data bits. 

Data Outputs. 

The three-state output buffers provide direct TTL compatibility with a fan-out of a ~tandard TTL 
load. Data-out is the same polarity as data-in. The outputs are in the high-impedance state until 
CAS" is brought low. In a read cycle the outputs go active after the access time interval tRAC and 
tOEA are satisfied. 

The outputs become valid after the access time has elapsed and remains valid while "CAS and TIE 
are low. "CAS or TIE going high returns it to a high impedance state. In an early-write cycle, the 
outputs are always in the high-impedance state. In a delayed-write or read-modify-write cycle, the 
outputs will follow the sequence for the read cycle. 

The OE controls the impedance of the output buffers. In the logic high position the buffers will 
remain in a high impedance state. 

When the OE input is brought to a logical low level. the output buffers are enabled. Both "CAS and 
OE can control the outputs. Thus in a read operation, either OE or CAS returning high forces the 
outputs into the high impedance state. 
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RAS' ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 256 
row addresses (AO-A 7) within each 4 millisecond time interval. Although any normal memory cycle 
will perform the refresh operation, this function is most easily accomplished with "lIAS-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 RX"S REFRESH 

CAS" before RAS refreshing available on the TC511665BJIBZ offers an alternate refresh method. If 
CAS is held on low for the specified period (tcsru before RAS goes to low, on chip refresh control clock 
generations and the· refresh address counter are enabled, and an internal refresh operation takes place. 
After the refresh operation is performed, the refresh address counter is automatically incremented in 
preparation for the next CAS" before BAS' refresh operation. 

FAST PAGE MODE 

The "Fast Page Mode" feature of the TC511665BJIBZ 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 aU successive memory cycles in which the row address is common. This "Fast page Mode" 
of operation will not dissipate the power associated with the negative going edge of RAS. Also, the 
time required for strobing in a new address is eliminated, thereby decreasing the access and cycle 
times. 

HIDDEN REFRESH 

An optional feature of the TC511665BJIBZ is that refresh cycles may be performed while 
maintaining valid data at the output pins. This is referred to as Hidden Refresh. Hidden Refresh is 
performed by holding CAS at VIL and taking RAS high and after a specified precharge period (tRP), 

executing a CAS before RAS refresh cycle. (see Figure below) 

Wl/101-W16/1016 - 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 TC511665BJIBZ can be tested by "CAS BEFORE RAS REFRESH 
COUNTER TEST". This cycle performs READIWRITE operation taking the internal counter address 

as row address and the input address as column address. 
The test is performed after a minimum of 8 CAS before RAS cycles as initialization cycles. The test 

procedure is as follows. 

<D Write "0" into all the memory cells at normal write mode. 

<ID Select one certain column address and read "0" out and write "1" in each cell by performing 
"CAS BEFORE RAS REFRESH COUNTER TEST (READ-MODIFY-WRITE CYCLE)". 
Repeat this operation 256 times. 

® Check "1" out of 256 bits at normal read mode, which was written at <ID. 

@ Using the same column as <ID, read "1" out and write "0" in each cell performing "CAS BEFORE 
RAS REFRESH COUNTER TEST". Repeat this operation 256 times. 

® Check "0" out of 256 bits at normal read mode, which was written at @. 

® Perform the above <D to ® to the complement data. 
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TENTATIVE DATA 
65,536 WORD x 16 BIT DYNAMIC RAM 

DESCRIPTION 
The TC511665BJIlBZL is the new generation dynamic RAM organized 65,536 words by 16 bits. The 

TC511665BJLlBZL 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 TC511665BJIJBZL to be packaged in a standard 40 pin plastic 
SOJ and 40 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 
• 65,536 word by 16 bit organization 
• Fast access time and cycle time 

• Single power supply of 5V± 10% with a built-in 
VBB generator 

. TCSl166SBJLlBZL-801-1 0 • Low Power 
633mW MAX. Operating (TC511665BJLlBZL-80) 
495mW MAX. Operating(TC511665BJLlBZL-10) 
1. 7m W MAX. Standby 

tRAC RAS Access Time 80ns 

tAA Column Address Access Time 4Sns 

tCAC CAS Access Time 30ns 

tRC Cycle Time 135ns 

tpc Fast Page Mode Cycle Time 55ns 

PIN CONNECTION (TOP VIEW) 

Vee 
Wl1l01 
W21l02 
W31l03 
W41104 
WSIIOS 
W61l06 
W71107 
W81108 

N.C. 
Vee 
N.C. 

wSlWe 
AAs 
AO 
AI 
A2 
A3 
A4 

Vee 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Plastic SOJ 

40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 

Vss N.C. 
W16/I016 
WlsllOls Wl01l010 

W1411014 W121l012 

W1311013 W141l014 
W1211012 W1611016 
WHIlO!1 Wl1l01 
Wl01l010 
W91l09 Vee 
N.C. W41l04 

-tPs W61l06 

W81l08 OE 
N.C. Vee 

N.C. WstWE 
N.C. AO 
A7 A2 
A6 A4 
AS 

N.C. 
Vss 

Vss 
A6 

N.C. 

CAs 

lOOns 

55n5 

35ns 

170ns 

65n5 

• Outputs unlatched at cycle end allows two
dimensional chip seleciton 

• Read-Modify-Write, "CAS before RAS refresh, 
RAS-only refresh, Hidden refresh, Write-Per-Bit 
and Fast Page Mode capability 

• All inputs and outputs TTL compatible 
• 256 refresh cyclesl32ms 
• Package TC511665BJL:SOJ40 -P -400 

TC511665BZL:ZIP40 - P - 475 

PIN NAMES 
Plastic ZIP 

SYMBOL NAME 
j] 

W91l09 
j] 

Wl11l011 
]J W13110n 
iJ W151l015 
~] 
m Vss 

L3} 
W21102 

Wll103 
LS} WsllOS 17J W71l07 
L9} 

il] 
N.C. 
N.C. 

i3J m is] 
Al 

i7} 
A3 

i9} 
il] Vee 

i3} 
N.C. 

AS is} 
A7 

i7} Oe 
i9] 

Vss 

AO-A7 Address Inputs 

AAS Row Address Strobe' 

eM Column Address Strobe 

wsiWE 
Write Per Bit! 

Read/Write Input 

TIE Output Enable 

Wl1l01- Write Selection! 
W1611016 Data Input/OutPUt 

Vee Power { +5V) 

Vss Ground 

N.C. No Connection 
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BLOCK DIAGRAM 

W2I102 W4I104 W6II06 WIIIOI W1C111010 W121101l W141101. ,w1611016 

WMOI W3n03 WSIIOS W7n07 W9J10g W1MOll Wlln013 W1S11.015 o 0 0 0 00 0 0 0 0 0 0 0 0 0 0 

WRITE PER BIT 
CONTROLLER 

16 

COLUMN 
DECODER 

AO~ SENSE AMP. 
A1~ I/O GATE 16 

A2~ 

A3~ 256 x 16 -
A4~ 

A5~ 

A6~ MEMORY 
A7~ ARRAY 

256 x256 x 16 ... 

SUBSTRATE BIAS 
GENERATOR 
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TC511665BJLlBZL-80, TC511665BJLlBZL~10 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING 

Input Voltage VIN -1-7 
Output Voltage VOUT -1-7 
Power Supply Voltage Vee -1-7 
Operating Temperature TOPR 0-70 
Storage Temperature T~Tr. -55-150 
Soldering Temperature' Time T~OLDER 260'10 
Power Dissipation PD 700 
Short Circuit Output Current lOUT 50 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70Qc) 

SYMBOL PARAMETER MIN. TYP. 

Vee Supply Voltage 4.5 5.0 

V1H Input High Voltage 2.4 -
VIL 

Input Low vol~e 
(AO-A7, m, AS, WBMlE, TIE) -1.0 *1 -

VI Input Low Voltage (WlI101-W1611016) - 0.5 *2 -

A-493 

UNIT NOTE 

V 1 
V 1 
V 1 
·C 1 
·C 1 

·C· sec 1 
mW 1 

mA 1 

MAX. UNIT NOTE 

5.5 V 2 

6.5 V 2 

O.B V 2 

0.8 V 2 

* 1 -2.SV at pulse width S 20ns 

*2 -2.0V at pulse width S 20ns 



DC ELECTRICAL CHARACTERISTICS (Vee = SV ± 10%, Ta = 0-70°c) 

SYMBOL PARAMETER MIN. MAX. UNIT NOTE 

OPERATING CURRENT TC511665BJLlBZL-80 - 115 
ICCI Avera~ower Supply Operating Current mA 3,4,5 

(itA!, , Address Cycling: tRC = tRC MIN.) TC511665BJLlBZL-l0 - 90 

STANDBY CURRENT 
ICC2 P~er ~PIY Standby Current - 2 mA 

(RAS = S = VI H) 

ICC3 
RAS ONLY REFRESH CURRENT TCsI166sBJLlBZL-80 - 115 
Avera~e ~ower Supply Current, m Only Mode mA 3,5 
~ ycilng, m=VIH: tRC=tRC MIN.) TC511665BJLlBZL-l0 - 90 

FAST PAGE MODE CURRENT TCSll &65BJLlBZL-80 - 70 
Ice4 Average P~ S1!,ly Current, Fast Page Mode mA 3,4,5 

(RAS = VIL, CAS, A ress Cycling: tpc = tpc MIN.) TC511665BJLlBZL-l0 - 60 

STANDBY CURRENT 
Ices Power ~plY Standby Current - 300 pA 

(m= =Vce-0.2V) 

Ice6 
m BEFORE m REFRESH CURRENT TCS11665BJLlBZL-80 - 115 
·Average Power Supply Current, 'CAS' Before m mA 3 
Mode (m, m Cycling: tRC=tRC MIN. ) TC511665BJLlBZL-l0 - 90 

BATIERY BACK UP CURRENT 
Average Power sup~Current, Battery back up Mode 

Ico @= CAS Before RA Cycling or 0.2V, Ot=Vcc-0.2V, - 400 pA 3,6 
WBtWe:Vce-0.2V or 0.2V, AO-A7=Vg-0.2V or 0.2V, 
WlII01-W16/1016=V,,-0.2V,0.2Vor PEN: tRC= 125115, tRAS=tRAS 
MIN.-IllS) 

INPUT LEAKAGE CURRENT 
II (L) Input Leakage Current, any input -10 10 pA 

(OV:i VIN:i 6.5V, All Other Pins Not Under Test = OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT -10 10 pA 
(DOUT is disabled, OV:ii VOUT:i S.5V) 

VOH 
OUTPUT LEVEL 2.4 V Output "W Level Voltage (lOUT = - 2.5mA) ... -

VOL 
OUTPUT LEVEL - 0.4 V Output "L- Level Voltage (loUT = 2.1mA) 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Vcc::5V± 10%, Ta=0-70°c)(Notes7, 8, 9) 

TC511665BJUBZL-80 TC511665BJUBZL-l0 
SYMBOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 135 - 170 - ns 

tRMW Read-Modify-Write Cycle Time 180 - 225 - ns 

tpc Fast Page Mode Cycle Time 55 - 65 - ns 

tpRMW Fast Page Mode Read-Modify-Write Cycle Time 100 - 120 - ns 

tRAC Access Time from m - 80 - 100 ns 
10,15, 

16 

tCAC Access Time from CAS" - 30 - 35 ns lQ,15 

tAA Access Time from Column Address - 45 - 55 ns 10,16 

tCPA Access Time from CAS Precharge - 50 - 60 ns 10 

tCLZ CAS to Output in Low-Z 0 - 0 - ns 10 

tOFF Output Buffer Turn-off Delay 0 20 0 20 ns 11 

tT Transition Time (Rise and Fall) 3 50 3 50 ns 9 

tRP RAS Precharge Time 45 - 60 - ns 

tRAS RAS Pulse Width 80 10,000 100 10,000 ns 

tRASP RAS Pulse Width (Fast Page Mode) 80 100,000 100 100,000 ns 

tRSH RAS Hold Time 30 - 3S - ns 

tCSH CAS Hold Time 80 - 100 - ns 

teAS CAS Pulse Width 30 10,000 35 10,000 ns 

tRCD RAS to CAS Delay Time 20 50 20 ... 65 ns 15 

tRAO RAS to Column Address Delay Time 15 35 15 45 ns 16 

tCRP CAS to m Precharge Time 5 - 5 - ns 

tcp CAS Precharge Time 10 - 10 - ns 

tASR Row Address Set-Up Time 0 - 0 - ns 

tRAH Row Address Hold Time 10 - 10 - ns 

tASC Column Address Set-Up Time 0 - 0 - ns 

tCAH Column Address Hold Time 15 - 15 - ns 

tAR Column Address Hold Time referenced to 'itA) 55 - 65 - ns 

tRAL Column Address to RAS Lead Time 45 - 55 - ns 

tRCS Read Command Set-Up Time 0 - 0 - ns 

tRCH Read Command Hold Time 0 - 0 - ns 12 

tRRH Read Command Hold Time referenced to m 0 - 0 - ns 12 

tWCH Write Command Hold Time 15 - 15 - ns 

tWCR Write Command Hold Time referenced to 'itA) 5S - 65 - ns 

twp Write Command Pulse Width lS - 1S - ns 

tRwL Write Command to m Lead Time 20 - 20 - ns 

tCWL Write Command to ro Lead Time 20 - 20 - ns 

tos Data Set-Up Time 0 - 0 - ns 13 

tOH Data Hold Time 1S - 15 - ns 13 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Continued) 

TC511665BJUBZL-80 TC511665BJ LlBZL-1 0 
SYMBOL PARAMETER UNIT 

MIN. MAX. MIN. MAX. 

tOHR Data Hold Time referenced to m 55 - 65 - ns 

tREF Refresh Period - 32 - 32 ms 

twcs Write Command Set-UP Time 0 - 0 - ns 

tcwo CAS to wt Delay Time SO - 65 - ns 

tRWO m to WE Delay Time 100 - 130 - ns 

tcpwo 00 Precharge to wt Delay Time (Fast Page .Mode) 70 - 90 - ns 

tAwD Column Address to wt Delay Time 65 - 85 - ns 

tCSR CAS Set-Up Time (CAS before AAS Cycle) 5 - 5 - ns 

tCHR CAS Hold Time (m before AAS Cycle) 10 - 10 - ns 

tRPC AAS to m Precharge Time 0 - 0 - ns 

tCPT CAS Precharge Time (re before AAS Counter Test Cycle) 40 - 40 - ns 

tROH AAS Hold Time referenced to N 10 - 10 - ns 

tOEA N Access Time - 25 - 30 ns 

tOED ill to Data Delay 10 - 20 - ns 

tOE2 Output Buffer Turn Off Oelay Time from TIE 0 10 0 20 ns 

tOEH N Command Hold Time 10 - 20 - ns 

toos Output Disable Set-Up Time 0 - 0 - ns 

tWBS Write Per Bit Set-Up Time 0 - 0 - ns 

tWBH Write Per Bit Hold Time 10 - 10 - ns 

twos Write Per Bit Selection Set-Up Time 0 - 0 - ns 

tWOH Write Per Bit Selection Hold Time 10 - 10 - ns 

CAPACITANCE (Vee = 5V ± 10%, f = 1MHz, Ta = 0-70°e) 

SYMBOL PARAMETER MIN. MAX. UNIT 

C, Input Capacitance (AO-A7, AAS, W, WBIWt, N) - 7 pF 

Co Input/Output Capacitance (WlII01-W1 6/101 6} - 7 pF 

A-496 

NOTE 

14 

14 

14 

14 

14 

10 

11 



TC511665BJLlBZL-80, TC511665BJLlBZL-10 

NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. 

2. An voltages are referenced to V SS. 

3. ICCl, ICC3, ICC4, ICC6 depend on cycle rate. 

4. ICCl, ICC4 depend on output loading. Specified values are obtained with the outputs open. 

5. Column Address can be changed once or less while RAS=VIL and CAS'=VIH. 

6. tRAS (max.) = IllS is only applied to refresh of battery-back up. 
tRAS (max.) = lOllS is applied to functional operating. 

7. An initial pause of 2,001lS is required after power-up followed by 8 RAS only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 
~ before ItAS refresh cycles instead of 8 RAS only refresh cycles ~re required. 

8. AC measurements assume tT=5ns. 

9. VIH (min.) and VIL (max.) are reference levels for measuring timing of input signals. 

Also, transition times are measured between VIH and VIL. 

10. Measured with a load equivalent to 1 'ITL load and 50pF. 

11. tOFF (max.) and tOEz (max.) define the time at which the outputs achieve 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 cycl~s and to (WEI) 'WE 
leading edge in read-modify-write cycles. 

14. twCS. tRWD. tcWD, tA WD 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 pins will remain open circuit (high impedanc~) through the entire cycle; If 

tRWD~tRWD(min.). tcWD~tcWD(min.). tAWD~tAWD(min.)and tcPwD~tCPWD(min.). the cycle is a 
read-modify-write cycle and the data out will contain data read from the selected cell: If neither 
of the above sets of conditions is satisfied, the condition of the data out (at access time) i~ 
indeterminate. 

15. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. tRCD (max.) is specified 
as a reference point only: If tRCD is greater than the specified tRCD (max.) limit, then access time 
is controlled by tCAC. 

16. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. tRAD (max.) is specified 
as a reference point only: If tRAD is greater than the specified tRAD (max.) limit. then access time 
is controlled by tAA. 
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READ CYCLE 

AO-A7 

WBIWE 

DE 

Wl1101-

W16/1016 

VIH 

Vil 

VIH 

Vil 

Note: DIN = OPEN 

WRITE CYCLE (EARLY WRITE) 

YIH 

AO-A7 
VIL 

VIH 
WBNlE 

VIL 

OE 

Wl1101- YIH 

W16/1016 VIL 

Note: DOUT = OPEN 

A-498 



TC511665BJUBZL-80, TC511665BJLlBZL-1 0 

WRITE CYCLE COE CONTROLLED WRITE) 

RAS 

CAS 

VIH 

AO-A7 
V1L 

WBfim. 
V 1H 

VIL 

DE 
V 1H 

VIL 

Wl1l01- V1H 

W1611016 VIL 

Note: DouT = OPEN 
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READ-MODIFY-WRITE CYCLE 

m 

CAS 

VIH 
AO-A7 

V1l 

WBiVii£ 
VIH 

Vil 

Of 

V1H 

WIIIOI"'; 
Vil 

WI611016 

~: "W or "L" 

A-500 
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FAST PAGE MODE READ CYCLE 

m VIH 

VIL 

~ 
VIH 

VIL 

VIH 
AO-A7 

VIL 

WB~ 
VIH 

VIL 

DE' 
VIH 

VIL 

Wl1101- VOH

Wl611016 VOL _------+-<~ 

Note: DIN = OPEN ~:."W or "L-

A-50 1 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

AO-A7 

WlII01- VIH 

W1611016 VIL 

Note: DOUT = OPEN 

A-502 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

AAS 

CAS 

AO-A7 

WBfflE 

OE 

Wl/01-
W1611016 

VIL 

V1H 

VIL 

VIH 

VIL 

VIH 

VIL 

VIH 
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... "' ...... ,.,._ .. ~. II ~_I __ __ -~ ~ ---- •• ,-_ ...... -
I \"0 I IOOOD\JLlDLL-OU, 1\.,,011 OOOI:JJUI:J£L-1 U 

RAS ONLY REFRESH CYCLE 

VIH------~~-r------------------------------~----~---

AO-A7 

Note: DIN. wslWE. ill = "W or "L" _ :"Wor"L· 

CAS" BEFORE RAS REFRESH CYCLE 

tcp ..--
tCSR 

VIH- -
tCHR 

VIL-~tRPC 

VIL - "----------lf~"'"'~~""''"'"'"''"''~~~ 

Wl1101-W16/1016 VOH -~}-_________ OPEN _________ _ 

Vo~ -----I' 

Note: DIN. WBIWE. CE. AO-A7= "H" or "L· 1m: "W or "L· 
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HIDDEN REFRESH CYCLE (READ) 

VIH-

AAS 
VIL-

V 1H -

CAS 
VIL-

VIH-
AO-A7 

V 1L -

V 1H -
WSfWE 

V 1L -

V'H-
OE 

VIL-

W1/IOl-W16/1016 DATA-OUT 
VOL -

Note: DIN = OPEN 
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EN REFRESH CYCLE (WRITE) 

V 1H -

ro 
V 1L -

VIH-

CAS 
VIL-

VIH-
AO-A7 

VIL-

VIH-
WBNlE 

V1L-

Of 

Wl/101 -Wl 6/101 6 

Note: Dour = OPEN 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

VIH -:----~ 1.ooII,---------......:.:.:;::::.--------~ 
V1L-

VIH 
AO-A7 

VIL 

READ CYCLE 

WBt'WE 
V1H 

VIL 

VIH-
OE 

V 1L -

Wl/101-W16/1016 
VOH -

OPEN 
VOL -

WRITE CYCLE 
VIH 

WBI'NE 
V 1l 

Of 

Wl/101-W16/1016 

VIH 
WBI'NE 

VIL 

VIH-
OE 

VIL-

VOH-
OPEN 

VoL -

Wl/101-W16/1016 

VIH-
OPEN 

V 1L -
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APPLICATION INFORMATION 

ADDRESSING 

The 16 address bits required to decode 1 of the 65,536 cell locations within the TC511665BJIJBZL 
are multiplexed onto the 8 address inputs and latched into the on-chip address latches by externally 
applying two negative going TIL-level clocks. 

The first clock, the Row address Strobe (RAS), latches the 8 row address bits into the chip, The 

second clock, the Column. Address Strobe (CAS), subsequently latches the 8 column address bits into 
the chip. Each of these signals, RAS and CAS triggers a sequence of events which are controlled by 
different delayed internal clocks. 

The two clock chains are linked together logically in such a way that the address multiplexing 
operation is done outside of the critical path timing sequence for read data access. The later events in 
the CAS clock sequence are inhibited until the occurrence of a delayed signal derived from the RAS 
clock chain. The "gated CAS" feature allows the CAS clock to be externally activated as soon as the 
Row Address Hold Time specification (tRAH) has been satisfied and the address inputs have been 
changed from Row address to Column address information. 

Data Inputs 

A write cycle is performed by bringing (WB!) WE low during the RAS/CAS operation. The falling 
edge of CAS or (W'f31) WE strobes data on (Wi!) IOi into the on-chip da~a latch. To make use of the 
write-per-bit capability WE (!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(IIOi) high with set-up and hold times referenced to 

the RAS negative transition. For those data bits of Wi (IIOi) that are kept low "as RAS falls the write 
operation is inhibited on the chip. If WB(IWE} is high as RAS falls, the write-per-bit capability does 
not work and the write operation is performed for all four data bits. 

Data Outputs 

The three-state output buffers provide direct TIL compatibility with a fan-out of a standard TIL 

load. Data-out is the same polarity as data-in. The outputs are in the high-impedance state until 
CAS is brought low. In a read cycle the outputs go active after the access time interval tRAC and 
tOEA are satisfied. 

The outputs become valid after the access time has elapsed and remains valid while CAS and OE 
are low. CAS or OE going high returns it to a high impedance state. In an early-write cycle, the 
outputs are always in the high-impedance state. In a delayed-write or read-modify-write cycle, the 
outputs will follow the sequence for the read cycle. 

The OE controls the impedance of the output buffers. In the logic high position the buffers will 
remain in a high impedance state. 

When the OE input is brought to a logical low level, the output buffers are enabled. Both CAS and 
OR can control the outputs. Thus in a read operation, either OE or CAS returning high forces the 
outputs into the high impedance state. 
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RAS ONLY REFRESH 

Refresh of the dynamic cell matrix is accomplished by performing a memory cycle at each of the 256 
row addresses (AO-A7) within each 4 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. 

<5A"S BEFORE RAS REFRESH 

<5A"S before RAS refreshing available on the TC511665BJLlBZL offers an alternate refresh method. 

If <5A"S is held on low for the specified period (tCSR) before RAS goes to low. on chip refresh control 
clock generations and the refresh address counter are enabled. and an interl'lal refresh operation takes 
place. After the refresh operation is performed. the refresh address counter is automatically 
incremented in preparation for the next 'CAS' before RA'S refresh operation. 

FAST PAGE MODE 

The "Fast Page Mode" feature of the TC511665BJLlBZL allows for successive memory operations at 
mUltiple column locations of the same row address with increased speed without an increase in power. 
This is done by strobing the row address into the chip and maintaining the RAS signal at a logic 0 
throughout all successive memory cycles in which the row address is' common. This "Fast page Mode" 
of operation will not dissipate the power associated with the negative going edge of RA'S. 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 TC511665BJLlBZL is that refresh cycles may be performed while 
maintaining valid data at the output pins. This is referred to as Hidden Refresh. Hidden Refresh is 
performed by holding CAS at VIL and taking RAS high and after a specified precharge period (tRP). 
executing a <5A"S before RAS refresh cycle. (see Figure below) 

Wl/IOl-W16/1016 - 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 ~ REFRESH COUNTER TEST 

The internal refresh operation of TC511665BJLlBZL can be tested by "CAS BEFORE RAS REFRESH 
COUNTER TEST". This cycle performs READIWRITE operation taking the internal counter address 
as row address and the input address as column address. 

The test is performed after a minimum of 8 Cl\S before RAS cycles as initialization cycles. The test 
procedure is as follows. 

CD Write "0" into all the memory cells at normal write mode. 

® Select one certain column address and read "0" out and write "1" in each cell by performing 
"CAS BEFORE RAS REFRESH COUNTER TEST (READ·MODIFY.WRITE CYCLE)". 
Repeat this operation 256 times. 

® Check "1" out of 256 bits at normal read'mode, which was written at ®. 

@ Using the same column as ®, read "1" out and write "0" in each cell performing "Cl\S BEFORE 
RAS REFRESH COUNTER TEST". Repeat this operation 256 times. 

® Check "0" out of 256 bits at normal read mode, which was written at @. 

® Perform the above CD to ® to the complement data. 
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262,144 WORDS x 8 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

PRELIMINARY 

The THM82500AS is a 262,144 words by 8 bits dynamic RAM module which assembled 2 pcs of 
TC514256AJ on the printed circuit board. The THM82500AS is optimized for application to the 
systems which are required high density and large capacity such as main memory of the computers 
and as image memory systems, and to the others which are requested compact size. 

FEATURES 

• 262,144words by 8 bits organization 
• Fast access time and cycle time 

THM82S000 
AS·70 

tRAe RAS Access Time 70n5 

tM Column Address 
35ns 

Access Time 

tCAC CAS Access Time 20ns 

tRC Cycle Time 130ns 

tpc Fast Page Mode 

Cycle Time 
40ns 

PIN CONNECTION (TOP VIEW) 

vec (1) 0 
v:r (2) 0 
DOO (3) 0 
AO (4) 0 
Al (5) 0 
DOl (6) 0 

;:5 l:i: o~~ 0 D02 (10) 
A4 (II) 
AS (12) 
D03 (13) 
A6 (14) 0 
A7 (15) 0 
D04 (16) 0 
A8 (17) 0 

N.C. (18) 0

0

::

0 

0 N.C. (19) 
DOS (20) 

W (21) 
vss (22) 
DQ6 (23) 
N.C. (24) 
D07 (25) 0 
N.C. (26) 0 
m (21) 0 
N.C. (28) 0 
N.C. (29) 0 
vec (30) 0 

o 

THM82500 
AS·80 

80ns 

40ns 

20ns 

150ns 

45ns 

THM82S00 
AS·l0 

lOOns 

SOns 

25ns 

180ns 

55ns 
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• Single power supply of 5V±100/0 
• Low power 

880mW MAX. Operating (THMxxxxxx-70) 
770mW MAX. Operating (THMxxxxxx-80) 
660mW MAX. Operating (THMxxxxxx-10) 

11m W MAX. Standby 
• 'CAS before RAS refresh, liAS only refresh, 

Hidden refresh, and Fast Page Mode 
capability. 

• All inputs and outputs ITL compatible 
• 512 refresh cyclesl 4ms 
• Tin-Lead Contact: THM82500AS-70, 80, 10 
• Gold Contact: THM82500ASG-70, 80, 10 

PIN NAMES 

AO-A8 Address Inputs 

DQO-DQ7 Data Input/Outputs 

ro Column Address Strobe 

m Row Address Strobe 

W ReadlWrite Input 

VCC Power(+ SV) 

Vss Ground 

NC No Connection 



THM82500AS-70, 80,10 
THM82500ASG-70, 80,10 

BLOCK DIAGRAM 

DQO 
DQ1 
DQ2 
DQ3 

DQ4 
DQS 
DQ6 
DQ7 

W 
CAS 
RA3 

AO-A8 

Vee 
Vss 

" 
0-

I 

0 

~ 

" 

~ 

r---
I' 

8-2 

II 
11 

OE 
W 
CAS 

RAS 

AO-A8 

1/04 

1/03 

1/02 

1/01 

Vee Vss 

~ 
DE 
W 
ro 
m 
AO-A8 

1/04 

1/03 

1/02 

1/01 

HI-



ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING 

Input Voltage V1N -1.0-7.0 

Output Voltage VOUT -1.0-7.0 

Power Supply Voltage Vee -1.0-7.0 

Operating Temperature TOPR 0-70 

Storage Temperature TSTG - 55-125 

Soldering Temperature' Time TSOlOER 260'10 

Power Dissipation Po 1.2 

Short Circuit Output Current lOUT 50 

RECOMMENDED DC OPERATING CONDITIONS (Ta = Q-70°C) 

SYMBOL PARAMETER MIN. TYP. 

Vee Supply Voltage 4.5 5.0 

VII'. Input High Voltage 2.4 -
V'L Input Low Voltage -1.0 -

8-3 

THM82500AS-70, 80, 10 
THM82500ASG-70, 80, 10 

UNITS NOTES 

V 1 

V 1 

V 1 

·C 1 

·C '1 

·C· sec 1 

W 1 

mA 1 

MAX. UNIT NOTES 

5.5 V 2 

6.5 V 2 

0.8 V 2 



THM82500AS-70, 80, 10 
THM82500ASG-70, 80,10 

DC ELECTRICAL CHARACTERISTICS (Vee = sv ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. 

OPERATING CURRENT THM82500AS·70 -
IcC! Average Power Supply Operating Current THM82500AS·80 -

(RAS, CAS, Address Cycling: tRC = tRe MIN.) THM82500AS·10 -
STANDBY CURRENT 

Ico Power Supply Standby Current -
fAA'S = 'CA"S" = VI H) 

RAS: ONLY REFRESH CURRENT THM82S00AS· 70 -
ICel Average Power Supply Current, m Only Mode THMS2S00AS·SO -

(RAS: Cycling, CAS=VIH : tRe=tReMIN.) THMS2S00AS·l0 -
FAST PAGE MODE CURRENT THM82500AS· 70 -

Ice4 Average Power Supply Current, Fast Page Mode THM82500AS·80 -
(RA$" = VIL, 00. Address Cycling: tpe:: tpe MIN.) THM82S00AS·10 -
STANDBY CURRENT 

Ices Power Supply Standby Current -
(m=CAS=Vee- O.2V) 

m BEFORE m REFRESH CURRENT THM82S00AS· 70 -
Ice6 Average Power Supply Current, m Before AAS THM82S00AS·SO -

Mode (RAS. ro Cyc:ling: tRC = tRC MIN. ) THM82500AS· 10 -
INPUT LEAKAGE CURRENT 

II (l) Input Leakage Current, any input -20 

(OV:ii VIN:ii 6.SV, All Other Pins Not Under Test = OV) 

IOeL) 
OUTPUT L.EAKAGE CURRENT 

(DOUT is disabled, OV:ii VOUT:ii 5.SV) 
-10 

VOH 
OUTPUT LEVEL 

Output HW Level Voltage (lOUT = - SmA) 
2.4 

OUTPUT LEVEL 
VOL 

Output HI.. Level Voltage (lOUT = 4.2mA) -

8-4 

MAX. UNIT NOTES 

160 

140 mA 3,4 

120 

4 mA 

160 

140 mA 3 

120 

120 

100 mA 3,4 

SO 

2 mA 

160 

140 mA 3 

120 

20 pA 

10 lIA 

- V 

0.4 V 



THM82500AS-70, 80,10 
THM82500ASG-70, 80,10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = SV + 10%, Ta = 0-70°C){Notes 5, 6, 7) 

THM62500AS·70 THM82500AS·60 THM82500AS·10 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 130 - 150 - 160 - ns 

tpc Fast Page Mode Cycle Time 40 - 45 - 55 - ns 

tRAC Access Time from ~ - 70 - 80 - 100 ns 8, 13 

tCAC Access Time from eM - 20 - 20 - 25 ns 8, 13 

tAA Access Time from Column Address - 35 - 40 - 50 ns 8, 14 

tCPA Access Time from eM Precharge - 35 - 40 - 50 ns 8 

tClZ CAS to output in Low·Z a - 0 - 0 - ns 8 

tOFF Output Buffer Turn·off Delay a 20 0 20 0 20 ns 9 

tr Transition Time (Rise and Fall) 3 SO 3 SO 3 SO ns 7 

tRP m Precharge Time 50 - 60 - 70 - ns 

tRAS m Pulse Width 70 10,000 80 10,000 100 10,000 ns 

tRASP AAS Pulse Width (Fast Page Mode) 70 100,000 60 100,000 100 100,000 ns 

tRSH RAS Hold Time 20 - 20 - 25 - ns 

tCSH CAS Hold Time 70 - 80 - 100 - ns 

tCAS CAS Pulse Width 20 10,000 20 10,000 25 10,000 ns 

tRCO m to eM Delay Time 20 50 20 60 '25 75 ns 13, 

tRAO ro to, Column Address Delay Time 15 35 15 40 20 50 ns 14 

teRP CAS to m Precharge Time 5 - 5 - 10 - ns 

tcp ro Precharge Time (Fast Page Mode) 10 - 10 - 10 - ns 

tASI\ Row Address Set·Up Time 0 - 0 - 0 - ns 

tRAH Row Address Hold Time 10 - 10 - 15 - ns 

tAse Column Address Set·Up Time 0 - 0 - 0 - ns 

tCAH Column Address Hold Time 15 - 15 - 20 - ns 

Column Address Hold Time referenced 
tAR tom 55 . - 60 - 75 - ns 

tRAL Column Address to m Lead Time 3S - 40 - 50 - ns 

tRes Read Command Set·Up Time 0 - 0 - 0 - ns 

tReH Read Command Hold Time 0 - 0 - 0 - ns 10 

tl\RH 
Read Command Hold Time referenced 

to RAS 0 - 0 - 0 - ns 10 

tWCH Write Command Hold Time 15 - 15 - 20 - ns 

tweR 
Write Command Hold Time referenced 

to RAS 
55 - 60 - 75 - ns 
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·THM82500ASG-70, 80,10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Continued) 

THM82500AS-70 THM82500AS-80 THM82500AS-l0 
SYMBOL PARAMETER UNIT 

MIN. MAX. MIN. MAX. MIN. MAX. 

twp Write Command Pulse Width 15 - 15 - 20 - ns 

tRwL Write Command to R.A3 Lead Time 20 - 20 - 25 - ns 

tCVVl Write Command to 00 Lead Time 20 - 20 - 25 - ns 

tos Data Set-Up Time 0 - 0 - 0 - ns 

tOH Data Hold Time 15 - 15 - 20 - ns 

tOHR Data Hold Time referenced to AA) 55 - 60 - 75 - ns 

tREF Refresh Period - 8 - 8 - 8 ms 

twcs Write Command Set-UP Time 0 - 0 - 0 - ns 

tCSR CA) Set-Up Time (CA) before AA) Cycle) 10 - 10 - 10 - ns 

tCHR CAS Hold Time (CAS before AA) Cycle) 30 - 30 - 30 - ns 

tRPC AA) to 00 'Precharge Time 0 - 0 - 0 - ns 

tCPT 
ru Precharge Time (00 before ~ 

40 40 50 
Counter Test Cycle) - - - ns 

CAPACITANCE (Vee = SV ± 10%, f = 1 MHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AO-A8, W. roo AA) - 25 pF 

COQ Input Capacitance (OQO-OQ7) - 12 pF 
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NOTES: 

THM82500AS-70, 80, 10 
THM82500ASG-70, 80,10 

l. Stresses greater than those listed under "Absolute Maximum Ratings" may cause pennanent 

damage to the device. 

2. All voltages are referenced to V 55. 

3. ICCI. ICC3. ICC4. ICC6 depend on cycle rate. 

4. ICCI. ICC4 depend on output loading. Specified value are obtained with the output open. 

5. An initial pause of 200\1s 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. 

6. AC measurements assume tT=5ns. 

7. Vm(min.) and VILCmax.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between VIII and VII,. 

8. Measured with a load equivalent to 2 TIL loads and 100pF. 

9. tOFF(max.) defines the time at which the output achieves the open circuit condition and is not 

referenced to output voltage levels. 

10. Either tRCH or tRRH must be satisfied for a read cycle. 

1l. These parameters are referenced to CAS leading edge. 

12. twcs is not restrictive operating parameters. This is included in the' data· sheet as electrical 

characteristics only. If twcs~ tWC5(min.), the cycle is an early write cycle and the data out pin 

will remain open circuit (high impedance). 

13. Operation within the tRCD(max.) limit insures that tRAc(max.) can be met. 

tRco(max.) is specified as a reference point only; If tRCD is greater than the specified tRco(max.) 

limit, then access time is controlled by tCAC. 

14. Operation within the tRAo(max.) limit, insures that tRAdmax.) can be met. 

tRAD(max.) is specified as a reference point only; If tRAD is greater than the specified tRAo(max.) 
limit, then access time is controlled by tAl\.. 
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THM82500ASG-70, 80, 10 

READ CYCLE 

V1H -
'CA""'S" VIL --__ ---J 

V1H -
AO-AS V

1L
_ 

DQO- VOH -____ _ 

DQ7 VOL-

1m : "W or "Lw 
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EARLY WRITE CYCLE 

RA3 
V'H -
V'L _ 

CAS 
V, ... 

V'L 

_ V'H
WRITE V ,L 

OQO
DQ7 

tRSH 
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THM82500AS-70, 80, 10 
THM82500ASG-70, 80, 10 

FAST PAGE MODE READ CYCLE 

DQO..... VOH • ________ ~ 

DQ7 VOL. 

VAllO OATA-OUT 

1m : "H"or"L" 
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FAST PAGE MODE WRITE CYCLECEARLY WRITE) 

AO-A8 VIH -
VI~ _ 

8·11 

THM82500AS-70, 80,10 
THM82500ASG-70, 80, 10 

• VALID DATA-IN 

,. : "H" or"L" 



THM82500AS-70, 80,10 
THM82500ASG-70, 80,10 

RAS ONLY REFRESH CYCLE 

\ ~ 

I~ 

if 

t .. ~ t~"H -
AO-A8 

tillS 

t~c J 
~ I 

f t82 .1 

" ¥ 

of
tllPC !.I 

V 

OQO- VOH-_________________ OPEN ___ _ 

DQ7 VOl -

1m :"W or "L-

Note: W1UiE' = "H- or "L· 
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c:;xg BEFORE RAS REFRESH CYCLE 

VIH -

ro VIL _~_---' 

V1H -
CAS V1L --___ -J 

THM82500AS-70, 80,10 
THM82500ASG-70, 80,10 

DQO- V 
DQ7 I~-----OPEN -------------

Note: WRite = HHH or Hl-, AO-AS = -HH or "L-
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THM82500AS-70,80,10 
THM82500ASG-70, ·80, 10 

HIDDEN REFRESH CYCLE (READ) 

DQO- VOH ----------;--Q00'YJ 
DQ7 VOL - 1'--__ ...__---......;1["" 
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HIDDEN REFRESH CYCLE (WRITE) 
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CAS BEFORE RAS REFRESH COUNTER CYCLE 

READ CYCLE 

~
QO- VOH-
DQ7 VOl _ 

WiU'f'! V IH -

V1L -

WRITE CYCLE 

~
WRiTE ~:~ = 

DQO- V1H -
DQ7 V1L _ -----
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OUTLINE DRAWINGS 

88.9 ± 0.13 . 
I 82.14tO.13 

~ ;-:+ 0 0 

THM82500AS-70, 80, 10 
THM82500ASG-70, 80,10 

Unit: mm 

I 0318+005 - . 
I 5.08MAX 

.It M ~. x~r Jf J~ ~ ~t I - "'! 
[bmOOOOOOOOODOODOOOOOOOOoooooom \D 

2.0 

3.3 

7.6 

3±0.13 

8±0.13 

2:!:0.13 

I 

I 2.54 
1 

• THM82500AS 

DETAIL OF CONTACTS 

Contacts: Tin-Lead 

73.66 
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• THM82500ASG 

DETAIL OF CONTACTS 

Contacts: Gold 

t ~II f 

1.27 +0.10 
-0.08 
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262,144 WORDS x 9 BIT DY~AMIC RAM MODULE 

:DESCRIPTIONj 

Ti-.e 7i-::192500AS is a 262,144 words by 9 bits dynamic RA.'1 module which assembled 2 pcs 
of TC514256AJ and 1 pcs of ~S1256T on the printed circuit board. 

The T~·!92500AS is optimized for application to the systelllS which are required high 
censity and large capacity such as main memory of the computers and an image memory 
syste:::s, and to the others which are requested compact size. 

l FEATURES\ 

• 262,144 words by 9 bits organization 
· Fast access time 

tRAC RAS Access Time 
t~_.l.. Column Address Access Time 

tCAC CAS Access Time I 
tRC Cycle Time I 
tpc Fast Page ~!ode Cycle Time 

• Single power supply of SV=lO% 
• Low power 

132Om~ :·!AX. Operating(Tffi'i92S00AS-70) 
1155Cl~~ ~!AX. Operating(THH92S00AS-80) 
990t:1\~ ~!AX. Operating (THN92500AS-IO) 

16. 5tn~ ~!A.X. Standby 

iP Ul Cm:~:ECT!ON 

(TOP VIEW) 

vee (J) a rrs (2) 
DQO (3) 
1.0 <4' 
Al (S) 
DQI (I) 
1.2 (7) 
A3 (I) 
vss (t) 
DQZ (10) 
1.4 (11) 
AS (1 Z) 
DQ3 (13) 
AI (14) 
1.7 (15) 
DQ' CI 6) 
AI (11) 
N.C. (11) 
N.C.(lt) 
,U,QS (20) 
w (2 I) 
VSS CZ Z) 
DQI (2) 
S.C. (Z4) 
DQ7 (21) 
QI (21) 
'Rl:'[(U) 
~(21) 
bl (21) 
vee (:so) 

o 

o 
o o 
o 

THM92S00AS-70 THM92S00AS-80 I T~!92S00AS-10 
70ns 80ns 

\ 
lOOns 

35ns 40ns I 50ns 
20ns I 20ns I 2Sns 

130ns lSOns j l80ns 
40n5 45n5 I SSn5 

• CAS before RAS refresh, RAS only refresh, 
Hidden refresh, and Fast Page Mode 
capability. 

• All inputs and outputs TTL compatible 
• 512 refresh cycles/4ms 

lPIN NAMESI 

AO'" A8 Address Inputs 

DQO'" DQ7 Data Input/Outputs 
08 Data Input 

Q8 Data Output 

CAS Column Address Strobe 

RAS Row Address Strobe 

W Read/Write Input 

CAS8 Column Address Strobe 

VCC Power (+5V) 

VSS Ground 

N.C. No Connection 
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!BLOCK DIAGRAM I 

OQO 
OQl 
OQ2 
OQ3 

DQ4 

DQ5 

OQ6 
OQ7 

Vi 
ffi" 
ifAS 

os 

QS 

AO-.-\S 

Vee 
Vss 

"" .... -.... --

--
<>--

--

-

I 

...... 

"" 

.p-

r---- . 
~ 

I' 

~ 

--...... 
1 

'----
--

j.. 

y 
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OE 
w 
CAS 
RAS 
AO-A8 

(/04 
1/03 
(/02 
1/01 

Vee Vss 
-u-

Of 
w 
CAs 
RAS 

AO-AS 

1/04 
1/03 
1/02 
1/01 

r1 
w 
CAS 
HAS 

AO-.-\S 

0 Q ~ 

Vee Vss 

H ..... 



THM92500AS-70, 80,10 

ABSOLUTE M~XIMUM RATINGS 

IT~! SY!-IBOL RATING UNITS NOTES 

Input Voltage VIN -1.0",7.0 V 1 

Output 'loltage VOUT -1.0",7.0 V 1 

Po~.,:er Supply Voltage Vec -1.0"'7.0 V 1 
Operating Te~perature TOPR 0", 70 °c 1 
Storage Temperature TSTG -55",125 °c 1 

Soldering Temperature. Time TSOLOER 260 • 10 °c • sec 1 

Pot.Jer Dissipation Po 1.8 W 1 

Short Circuit Output Current lOUT SO rnA 1 

RECOMMENDED DC OPERATING CONDITIONS 
SYNBOL PARA.'1ETER HIN. TYP. HAX. UNIT NOTES 

\'CC Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 - 6.5 V 2 

VIL Input Low Voltage -1.0 - 0.8 V 2 

DC ELECTRICAL CHARACTERISTICS (VCC=5V±10%. Ta=O'" 70°C) 
S~!BOL PARAMETER MIN. MAX. UNITS NOTES 

I OPERATING CURRENT T1IM9250UAS-70 - 240 
lCCl Average Power Supply Operating Current TlIM92500AS-80 - 210 rnA 3.4 

tRAS. CAS. Address Cycling: tRC=tRC MIN.) TI~192 500.~S-1 0 - 180 
I STANDBY CURRENT 

ICC2 P~r~pply Standby Current - 6 mA 
I (RAS=CAS=V IH) 

e---TRAS O~"L Y REFRESH CURRENT TI~192500AS-70 - 240 
ICC3 i Average Power Supply Current. RAS Only Mode TIIM92500AS-80 - 210 mA 3 

I (RAS Cycling. CAS=VIH: tRC=tRC MIN.) TIIM92500AS-IO - 180 
i FAST PAGE ~IODE TIIM92500A5-70 - 180 

ICC~ I Average Power Supply Current. Fast Page Mode TI L'192 500.~S-80 - 150 mA 3.4 
I (RAS=V IL. CAS Address Cycling: tpC=tpc MIN.) TIL'192500A5-10 - 120 

STANDBY CURRENT 
ICCS Power Supply Standby Current - 3 mA 

(RAS=CAS=VCC-0.2V) 

CAS BEFORE RAS REFRESH CURRENT TIIM92 500.~5-7 0 - 240 

1CC6 I Av.erage Power Supply Current. CAS Before TIIM92500AS-80 - 210 mA 3 
RAS Mode (RAS. CAS Cycling: tRC=tRC MIN. ) T1L'192 500.~S-1 0 - 180 
INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current. any Input -30 30 lJA 
(OV ~ V IN ~ 6. 5V. All Other Pins not under Test=OV) 

IO(L) OUTPUT LEAKAGE -10 10 lJA (DOUT is disabled. OV ~ VOUT ~ 5. SV) 

VOH OUTPUT LEVEL 
2.4 V Outpu t "H" Level Voltage (IOUTa-SmA) -

VOL OUTPUT LEVEL 0.4 V Output "L" Level Voltage (IOUTa4.2mA) -
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-rLJIlJln",,~rinA~.,n nn .. n 
I nIVI~~~UU"'i:)-' U, OU, IU 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(V cc=5V±10%, Ta=O'" 70°C) (Notes 5. 6. 7) 

SY~'180L I THN95200AS 

PARA-HETER -70 -80 -10 UNIT NOTES 
MIN. MAX. MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 130 - 150 - 180 - ns 
tpc Fast Page Mode Cycle Time 40 - 45 - 55 - ns 

tRAC Access Time from RAS - 70 - 80 - 100 ns 8,13 

to.C Access Time from CAS - 20 - 20 - 25 ns 8,13 

tAA Access Time from Column Address - 35 - 40 - 50 ns 8,14 

tePA Access Time from CAS Precharge - 35 - 40 - 50 ns 8,14 

tCLZ CAS to Output in Low-Z a - 0 - a - ns 5 
tOFF Outpu t Buffer Turn-off Delay a 20 0 20 0 20 ns 9 
tT Transition Time (Rise and Fall) 3 50 3 50 3 50 ns 6 

tRP RAS Precharge Time 50 - 60 - 70 - ns 

tRAS RAS Pulse lHdth 70 10,000 aO l<l,OOO 100 10,000 ns 

tRASP RAS Pulse Width (Fast Page Hode) 70 100,000 80 100,000 100 100,000 n'S 

tRSH RAS Hold Time 20 - 20 - 25 - ns 

tCSH C,~S Hold Time 70 - 80 - 100 - ns 

tCAS CAS Pulse Width 20 10,000 20 10,000 25 10,000 ns 

tRCD RAS to CAS Delay Time 20 50 20 60 25 75 ns 13 

tr-AD IRAS to Column Address 
i Time 

Delay 15 35 15 40 20 50 ns 14 

tCRP ICAS to RAS Precharge Time 5 - 5 - 5 - ns 

tcp ICAS Precharge Time 10 - 10 - 10 - ns 
I (Fast Page Hode) 

tASR Row Address Set-up Time ('\ - 0 - 0 - ns 
tRAH RmJ 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 

Column Address Hold Time 5S - 60 - 75 tAR referenced toRAS - ns 

tRAL Column Address to RAS Lead Time 35 - 40 - 50 - ns 

tRCS Read Coaunand Set-Up Time 0 - 0 - a - ns 

tRCH Read Command Hold Time 0 - 0 - 0 - ns 10 

tRRH 
Read Command Hold Time re-
ferenced to RAS 0 - a - 0 - ns 10 

tWCH \~rite Command Hold Time 15 - 15 - 20 - ns 
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THM92500AS-70, 80, 10 

EL EC TR reAL CHARACTER r STICS AND RECQr.1r·1ENDED AC OPERATI NG COND rTIONS (Con t inued) 

S'01BOJ 

Till192500AS 

UNITS[NOTES! PARAMETER -70 -80 -10 
HIN. MAX. HIN. HAX. HIN. HAX. I 

Wr ite Command Hold Time re-
S5 60 t\.Jcn to RAS - - 75 - ns ferenco:!d 

t\JP ',Jr it e Command Pulse Width 15 - 15 - 20 - ns 
\·]r it e Comma nd to RAS Lead 

20 20 25 tRI.JL Time - - - ns 

\~'!:' it e Command to CAS Lead 
tCWI. Time 20 - 20 - 25 - ns 

tos Data Set-Up Time 0 - 0 - 0 - ns 11 

tDH Data Hold Time 15 - 15 - 20 - ns 11 

Data Hold Time referenced to 
S5 tOHR RAS - 60 - 75 - ns 

tREF Refresh Period - 4 - 4 - 4 ms 

t\~CS l~r it e Command Set-Up Time 0 - 0 - 0 - ns. 12 

tCSR 
CAS Set-Up Time 10 - 10 - 10 - ns 

I (CAS before RAS Cycle) 
CAS Hold Time 

30 30 30 I tCHR (CAS before RAS Cycle) - - - ns 

I 
t:RPC EtAS to CAS Precharge Time 0 - 0 - 0 - ns I 
tCPT 

ICAS Precharge Time (CAS before 
40 40 50 1- - - - ::"': 

ns 
I RAS Counter Test Cycle) 

tcp~ CAS Precharge Time 10 - 10 - 15 - ns 

CAPACITANCE (VCC=5V±l0%, f a lMHz, Ta=0"'70°C) 

SY~IBOL PARAMETER HIN. HAX. UNIT 
CIl Input Capacitance (AO",A8, to/, CAS, RAS, CAS8, 08) - 21 pF 

CDQ I/O Capacitance (OQO""1 DQ7, Q8) - 7 pF 
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;;OTE5: 

1. Stresses greater than those listed under "Absolute ~laximum Ratings" may cause per

~a~ent damage to the device. 

2. All voltages are referenced to VSS' 

3. ICCl' ICC3' ICC4, ICC6 depend on cycle rate. 

4. ICC1' ICC4 depend on output loading. Specified values are obtained with the output 

open. 

5. An i~itia1 pause of 200~s 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 re

quired. 

6. AC ~easureoents assume t r =5ns. 

7. \'IP'(min.) and VIL(max.) are reference levels for measuring timing of input signals. 

8. 

9. 

10. 

11. 

12. 

13. 

A1 so, transition times are measured between VIH and VIL' 

~leasured with a load equivalent to 2 TTL loads and lOOpF. 

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 ref~renced to CAS leading edge. 

t~cs is not restrictive operating parameters. This is included the data sheet as 

electrical characteristics only. If twcs~ twCS(min.) the cycle is an early write 

cycle and data out pin will remain open circuit (high impedance). 

Operation within the tRCD(max.) limit insures that tRAc(max.) can be met. 

tRCD (max.) is specified ~s a reference point only: If tRCD is greater than ,the 

specified tRCO(max.) limit, then access time is controlled by tCAC' 

14. Operation within the tRAD(max.) limit insures that tRAC(max.) can be met. 

tRAD(max.) is specified as a reference point only: If tRAD is greater than the 

specified tRAD(max.) limit, then access time is controlled by tAA' 



READ CYCLE 

R ... S 

m 

.\0-.1.8 

VIH 

va 

VrH 

\. I L 

r IH 

ra 

THM92500AS-70, 80, 10 

___ --..:i I __ .....;t 1t;;;.;"~S ______ ..;; I t RP :! 
X" tAR I ~ ~~_ 

. tCRp i ~: --t-RC-D--tC.::.:S:.:.:H~-+I-t-RS-H--;1 II 'I~ 
, I i It I 

=~~--!!-t~-D~'\~:I' \~'~iCA~S -l~~--11'~-------
i ; , I It R. .. L _ 
! I t ... sC' ., 

I~~IT tCAH I 
=////// 

OPEN 

tCLZ , 
IZZJ: "H" or '~" 
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READ t..'RITE CYCLE 

CAS 
vIII 

Va 

"Til 
... O-A8 

VIL 

~ 
VIII 

\'IL 

OQO-DQ7 \' III 
,08 

"IL 

l."1\ 

tnc 

tllAS tHP 

I 
tCSII 

tRSII 

tCAS 

tHAI. 

I~---------------- OPEN ------------

rzzJ: "H" or "L" 
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THM92500AS-70, 80, 10 

FAST PAGE ~10DE READ CYCLE 

VIr. 

IZZJ: "Hit or ilL" 
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THM92500AS-70,80,10 

FAST PAGE HODE WRITE CYCLE 

t II.~SP 

\'111- tAR 
ifTI 

Vrr. -
tpc t ItSIf 

CAS 
VII! -

VYL 

VYH-
.~O-A8 

'ilL -

___ V I II -..,..." -r-r-r-r'7'"'M 

wn IT E / 
VII. _~~~~~~~ __ ~ __ ~~~~~~~ ____ ~ .. ~ .. , .. ~+-____ ~~~~~~ .... 

000-007 V Y II -
.08 

EZZ2l: "H" or "L" 
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THM92500AS-70, 80, 10 

RAS ONLY REFRESH CYCLE 

VIII -
RAS 

VIL 

VIH -
CAS 

VIL -

VIH -
AO-."S 

VrL -

Note: WifIfE="H" or "L" En: "H" or "L" 
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CAS BEFORE ill REFRESH CYCLE 

tRAS 

OPEN 

VOL ------~ 

Note: WRITE, AO"-A8="H" or "L" ~ "H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 

tHe t HC 
~------------------------.-+------------~~----------~ 

tllP t 1t. .. S 

iD.S 
YIH 

VJL 

tltSl1 tCRP 

CAS 
V 1H -

v IL -

VIU-
,j" O-A 8 

V IL --

W'iiT'TE 
VIH-

VIL-

MO-Dm YaH --

.Q8 VOL-
VALID DATA-OUT 

tZZ21: "H" or "L II 
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HIDDEN REFRESH CYCLE (WRITE) 

RAs 
V'H -

VIL -

en VIH -

VrL -

V1H -
.-\0-"8 

Va -

W'ifIfE 
Vru -

Va -

000-001 
Vru -,-

.08 
v I L -

un: "H" or "L" 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

if.i:S 
"IH 
va 

C'TS 
"111 

vlL 

... 0--.-\ a vIII 
VIr. 

READ CYCLE 

"'1ft 
wnr TE: 

\'IL 

CQO ...... OQ7 VIII 
.Qa VIL 

\.JRITE CYCLE twcs twOf 

rWilffi VIII 

YIL 

I l OQO ...... OQ7 VHI 
.08 VIL 

IZZJ: "H" or "L" 
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OUTLINE DRAWINGS 

THM92500AS 

88,90 ± 0.13 

82,14±0.13 

8-34 

Unit in mm 

.3.18 ± 0,0 5 

3,38 

5.08MAX. 

+0,13 
1.27 - 0.08 

5.08 MAX • 



262,144 WORDS x 9 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

PRELIMINARY 

The THM92500BS is a 262,144 words by 9 bits dynamic RAM module which assembled 2 pcs of 
TC514256BJ and 1pcs of TC51256T on the printed circuit board. The THM92500BS is optimized for 
application to the systems which are required high density an~ large capacity such as main memory of 
the computers and as image memory systems, and to the others which are requested compact size. 

FEATURES 

• 262,144words by 9 bits organization 
• Fast access time and cycle time 

THM92500BS I BSG - 60 

tRAC ~ Access Time 60ns 

tAA Column Address 

Access Time 
30ns 

tCAC CAS Access Time 20ns 

tRC Cycle Time 115ns 

tpc Fast Page Mode 
40ns 

Cycle Time 

• Single power supply of 5V± 10% 
• Low power 

1,485mW MAX. Operating 
16.5mW MAX. Standby 

• ~ before RAS refresh, RAS only refresh, 
Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs 'TTL compatible 
• 512 refresh cycles! 4ms (Burst Refresh) 
• 512 refresh cycles! 8ms (Distributed Refresh) 
• Tin-Lead Contact: THM92500BS - 60 
• Gold Contact:THM92500BSG-60 

PIN CONNECTION (TOP VIEW) PIN NAMES 

vee (1) 0 
CAS (2) Cl 
DQO (3) Cl 
AD (4) Cl 
Al (5) Cl 
DQl (6) Cl 

~:s ~:l ~Cl~~ 0 DQ2 (10) 
A4 (11) 
AS (12) 
DQ3 (13) 
A6 (14) 
A7 (15) 
DQ4 (16) 
A8 (17) 
N.C. (18) 
N.C. (19) 
DQ~ (20) 
Vi (21) 
VSS (22) 
DQ6 (23) 
N.C. (24) 
OQ7 (25) 
Q8 (26) 
m (27) 
CAsi(28) 
08 (29) 
vec (30) 

o 
Cl 
Cl 

10 
10 

o 

8-35 

AO-A8 Address Inputs 

DQO-DQ7 Data Input/Outputs 

08 Data Input 

Q8 Data Output 

CAS Column Address Strobe 

AAS Row Address Strobe 

W ReadlWrite Input 

CAS8 Column Address Strobe 

Vee Power ( + SV) 

Vss Ground 

NC No Connection 



THM92500BS·60 
THM92500BSG·60 

BLOCK DIAGRAM 

DQO 
DQl 
DQ2 

DQ3 

DQ4 

DQS 

DQ6 
DQ7 

W 
. CAS 

m 

08 

Q8 

AO-A8 

Vee 
Vss 

~ ~ 

~ 

C>--< 

-

I 
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~ O£ 
W 
"CAS 
m 

" AO-A8 ... 
1/04 

1/03 

1/02 

1/01 

Vee Vss 

~~ 
~ DE 

w 
m 
RAS 

"-

/ AO-A8 
r 

1/04 

1/03 

1/02 

1/01 

W 
m 
m 

.. 
) AO-A8 

0 Q-

Vee Vss 

-H-



ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING 

Input Voltage VIN - 1.0-7.0 

Output Voltage VOUT - 1.0-7.0 

Power Supply Voltage Vee - 1.0-7.0 

Operating Temperature TOPR 0-70 

Storage Temperature TSTG - 55-125 

Soldering Temperature' Time TSOLOER 260 '10 

Power Dissipation Po 1.B 

Short Circuit Output Current lOUT 50 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70oq 

SYMBOL PARAMETER MIN. TYP. 

Vee Supply Voltage 4.5 5.0 

V1H Input High Voltage 2.4 -
VIL Input Low Voltage - 1.0 -

8-37 

UNITS 

V 

V 

V 

·C 

·C 

·C· sec 

W 

mA 

MAX. 

5.5 

6.5 

O.B 

THM92500BS·60 
THM92500BSG·60 

NOTES 

1 

1 

1 

1 

1 

1 

1 

1 

UNIT NOTES 

V 2 

V 2 

V 2 



THM92500BS·60 
THM92500BSG·60 

DC ELECTRICAL CHARACTERISTICS (Vee = 5V + 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX. 

OPERATING CURRENT 

Icel Average Power Supply Operating Current - 270 

(AAS, CAS, Address Cycling: tRC = tRC MIN. ) 

STANDBY CURRENT 
Ice2 Power Supply Standby Current - 6 

(RAS = CAS = VIH) 

RAS ONLY REFRESH CURRENT 
leC3 Average Power Supply Current, RAS Only Mode (RAS - 270 

Cycling, CAS = VIH: tRC = tRe MIN.) 

FAST PAGE MODE CURRENT 
Ice4 Average Power Supply Current, Fast Page Mode - 180 

(RAS = VIL, CAS Address Cycling: tpe = tpc MIN. ) 

STANDBY CURRENT 

Ices Power Supply Standby Current - 3 

(RAS = CAS = Vee - 0.2V) 

CAS BEFORE RAS REFRESH CURRENT 
Ice6 Average Power Supply Current, CAS Before m Mode - 270 

(W, CAS Cycling: tRe = tRC MIN.) 

INPUT LEAKAGE CURRENT 
II (ll Input Leakage Current, any input -30 30 

(OV:iii VIN:$ 6.SV, All Other Pins Not Under Test = OV) 

IO(l) 
OUTPUT LEAKAGE CURRENT 

-10 10 
(DOUT is disabled, OV:$ VOUT:$ 5.5V) 

VOH 
OUTPUT lEVEL 

2.4 
Output "W Level Voltage (lOUT = - SmA) 

-

VOL 
OUTPUT LEVEL 

0.4 
Output "L" level Voltage (lOUT = 4.2mA) 

-
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UNIT NOTE 

mA 3,4 

mA 

mA 3 

mA 3,4 

mA 

mA 3 

lJA 

lJA 

V 

V 



THM92500BS·60 
THM92500BSG·60 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = 5V ± 10%, Ta = 0-70°C) (Notes 5, 6, 7) 

SYMBOL PARAMETER MIN. MAX. UNIT NOTES 

tRC Random Read or Write Cycle Time 115 - ns 

tpc Fast Page Mode Cycle Time 40 - ns 

tRAC Access Time from RAS - 60 ns 8,13 

tCAC Access Time from CAS - 20 ns 8, 13 

tAA Access Time from Column Address - 30 ns 8,14 

tCPA Access Time from CAS Precharge - 35 ns 8 

tCLz CAS to output in Low-Z 0 - ns 8 

tOFF Output Buffer Turn-off Delay 0 20 ns 9 

tr Transition Time (Rise and Fall) 3 50 ns 7 

tRP RAS Precharge Time 45 - ns 

tRAS RAS Pulse Width 60 10,000 ns 

tRASP RAS Pulse Width (Fast Page Mode) 60 100,000 ns 

tRSH RAS Hold Time 20 - ns 

tCSH CAS Hold Time 60 - ns 

tCAS CAS Pulse Width 20 10,000 ns 

tRCD RAS to CAS Delay Time 20 40 ns 13 

tRAD RAS to Column Address Delay Time 15 30 ns 14 

tCRP CAS to m Precharge Time 5 - ns 

tcP CAS Precharge Time (Fast Page Mode) 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 lS - ns 

tAR Column Address Hold Time referenced to m 50 - ns 

tRAL Column Address to m Lead Time 30 - ns 

tRCS Read Command Set-Up Time 0 - ns 

tRCH Read Command Hold Time 0 - ns 10 

tRRH Read Command Hold Time referenced to RAS 0 - ns 10 

tWCH Write Command Hold Time 1S - ns 

tWCR Write Command Hold Time referenced to RAS 50 - ns 
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THM92500BS·60 
THM92500BSG·60 

ELECTRICAL CHARACTERISTICS AND RECOMMENDEDAC OPERATING CONDITIONS 
(Continued) 

SYMBOL PARAMETER MIN. MAX. UNIT 

twp Write Command Pulse Width 15 - ns 

tRwL Write Command to RAS Lead Time 20 - ns 

tcwL Write Command to CAS Lead Time 20 - ns 

tos Data Set-Up Time 0 -. ns 

tOH Data Hold Time 15 - ns 

tOHR Data Hold Time referenced to RAS 50 - ns 

tREF Refresh Period - 8 ms 

twcs Write Command Set-UP Time 0 - ns 

tCSR CAS Set-Up Time (CAS before RAS Cycle) 5 - ns 

tCHR CAS Hold Time (CAS" before RAS Cycle) 15 - ns 

tRPC RAS to CAS Precharge Time 0 - ns 

tCPT 
CAS Precharge Time (CAS before RAS Counter Test 

40 
Cycle) - ns 

CAPACITANCE (Vee = SV + 10%, f = 1MHz, Ta - 0-70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

Cll Input Capacitance (AO-A8, W, CAS, RAS) - 27 pF 

CI2 Input Capacitance (08,CASB) - 10 pF 

CDO Input Capacitance (OQO-OQ7) - 15 pF 

Co Input Capacitance (Q8) - 10 pF 
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NOTES: 

THM92500BS·60 
THM92500BSG·60 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. 

2. All voltages are referenced to Vss. 

3. ICCI. ICC3, ICC4, ICC6 depend on cycle rate. 

4. ICCl, ICC4 depend on output loading. Specified value are obtained with the output open. 

5. An initial pause of 200115 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. 

6. AC measurements assume tT=5ns. 

7. VIH(min.) and VILCmax.) are reference levels for measuring timing of input signals. Also, 

transition times are measured between Vm and VIL. 

8. Measured with a load equivalent to 2 TIL loads and 100pF. 

9. tOFF(max.) defines the time at which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

10. Either tRCH or tRRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. twcs is not restrictive operating parameters. This is included 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). 

13. Operation within the tRco(max.) limit insures that tRAc(max.) can be met. 
tRCD(max.) is specified as a reference point only: If tRCD is greater than the specified tRco(max.) 
limit, then access time is controlled by tCAC. 

14. Operation within the tRAo(max.) limit, insures that tRAcCmax.) can be met. 
tRAo(max.) is specified as a reference point only: If tRAO is greater than the specified tRAo(max.) 
limit, then access time is controlled by tAA. 
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"'THM92500BS·60 
THM92500BSG·60 

READ CYCLE 

VIH -re VIL _____ _ 

000- VOH -______ OPEN ____ ---{ 

007,08 VOL -
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EARLY WRITE CYCLE 

VIH -
RAS VIL _ 

CAS 
VIH 

VIL 

__ VIH

WRITE VIL 

DOO- VIH

D07.08 V1L _ 

tRAs 

t RSH 

THM92500BS-60 
THM92500BSG-60 

08 
VOH- _____________________ OPEN __ _ 

VOL-
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THM92500BS·60 
THM92500BSG·60 

FAST PAGE MODE READ CYCLE 

000- VOH-007,08 VOL _____ ...o.-____ _+_< 

8-44 

• VALID DATA·OUT 



FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

RAS V1H -
VIL _ 

tACO 

CAS 
VIH -
V

1L 
_ 

t pc 

THM92500BS·60 
THM92500BSG·60 

Q8 
VOH-
VO

L
------------------- OPEN --------

• VALID DATA-IN 
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THM92500BS·60 
THM92500BSG·60 

RAS ONLY REFRESH CYCLE 

\ "-

I~ 

if 

tASK tRAH -
AO-A8 

t RC I 

~I r-"-
tae • I 

tau 

"\ -.JI 

.t
RPC t.1 

V 

000- VOH-___________________ OPEN ___ _ 

OQ7,Q8 VOL -

ImI : "W or "L" 

Note: WRITE = "H" or "L II 
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CAS BEFORE RAS REFRESH CYCLE 

VIH-
RAS VIL ___ --' 

VIH -
CAS VIL _~ __ __ 

THM92500BS-60 
THM92500BSG-60 

DQO- VOH- 1)0-______ OPEN _____________ _ 

DQ7,Q8 VOL-____ ..Jf 
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THM92500BS~60 
THM92500BSG·60 

HIDDEN REFRESH CYCLE (READ> 

000- VOH· 
007,08 VOL .----------t--< 
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tCHR 

VALID DATA-OUT 



HIDDEN REFRESH CYCLE <WRITE) 

VIH _----tr-t-t-------'101 
CAS V1L - I'\.I~~~~I 

~----+----------

THM92500BS·60 
THM92500BSG·60 

Q8 
VOH-
VOL _-----------------------OPEN -------
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THM92500BS-60 
THM92500BSG-60 

CAS BEFORE RAS REFRESH COUNTER CYCLE 

READ CYCLE 

OQO- VOH- OPEN -----1--10( 
OQ7,Q8 VOL_-------

WRITE CYCLE 

OQO- V1H -
DQ7,D8 VIL _ -----

Q8 VV
OH

- -------------------- OPEN ------OL-

lBI : "w or "L-
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THM92500BS·60 
THM92500BSG·60 

OUTLINE DRAWINGS 

2.03 ± 0.13 

3.33 ± 0.13 

7.62 ± 0.13 

Unit: mm 

88.9 ± 0.13 I 03.18 ± 0.05 

:.-....t===============8::::2::.14::±=O::.1:::3 ============:=!~. '" 'I .1. S.OaMA)( 

DDD~DDDD~::?' J~ ~~ 
Y---=FF-=2.S:":4=============F---+~1 ~ t ",.'.27:8:J: 

73.66 

• THM92500BS • THM92500BSG 

DETAIL OF CONTACTS DETAIL OF CONTACTS 

X z X 
~ ~ ~ 
11"1 11"1 

'"'! ~ '"'! 
N 

Contacts: Tin-Lead Contacts: Gold 
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1,048,576 WORDS X 8 BIT DYNAMIC RAM MODULE 

DESCRIPTION 
PRELIMINARY 

The THM81000AS/ASG/AL is a 1,048,576 words by 8 bits dynamic RAM module which assembled 8 
pes of TC511000AJ on the printed circuit board. The THM81000AS/AL is optimized for application to 
the systems which are required high density and large capacity such as main memory of the computers 
and as image memory systems, and to the others which are requested compact size. 

FEATURES 

• 1,048,576 words by 8 bits organization 
• Fast access time and cycle time 

THM81000 THM81000 THM81000 

AS-70 AS-80 AS-l0 

tRAC RAS Access Time 70ns 80ns lOOns 

tAA Column Address 
3Sns 40ns SOns 

Access Time 

teAc CAS Access Time 20ns 20ns 25ns 

tRe Cycle Time 130ns 150115 180ns 

tpe Fast Page Mode 

Cycle Time 
40ns 4Sns SSns 

PIN CONNECTION (TOP VIEW) 

THM81000AS THM81000AL THM81020AL 

vec (1) 0 
CAS' (2) 0 
DQO (3) 0 
AO (4) 0 
Al (5) 0 
DQl (6) 0 
A2 (7) 0 
A3 (8) 0 
vss (9) 0 
D02 (10) 0 
A4 (11) 0 
AS (12) 0 
DQ3 (13) 0 
A6 (14) 0 
A7 (15) 0 
D04 (16) 0 
A8 (17) 0 
A9 (18) 0 
N.C. (19) 0 
DOS (20) 0 
IN (21) 0 
vss (22) 0 
DQ6 (23) 0 
N.C (24) 0 
D07 (2S) 0 
Ne (26) 0 
RAS (27) 0 
NC (28) 0 
NC (29) 0 
vee (30) 0 

0 
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• Single power supply of 5V± 10% 
• Low power 

3,520mW MAX. Operating(THMxxxxxx-70) 
3,080m W MAX. Operating (THMxxxxxx-80) 
2,640mW MAX. Operating(THMxxxxxx-10) 
44.0m W MAX. Standby 

• CAS before RAS refrE:sh, RAS only refresh, 
Hidden refresh, and Fast Page Mode 
capability. 

• All inputs and outputs TTL compatible 
• 512 refresh cycles/ 8ms 
• Tin-Lead Contact: THM81000AS-70, 80, 10 

PIN NAMES 

AO-A9 Address Inputs 

DQO-DQ7 Data Input/Outputs 

CAS Column Address Strobe 

RAS Row Address Strobe 

W Read/Write Input 

Vee Power ( + SV) 

Vss Ground 

NC No Connection 



~ __ " __ "m ••• ",~_ ••• ___ ~ _________ "."._._'_._"n_."_m .. ",,. ___ .. """" , .'"''''''' .. '''''''''.''._'.'''''''''''''.'''.''''''''''''''''.''''''.''''' ""., .. ",',' ".""'.'."'_'''''''''_''''.'''''' 

THM81000AS/AL-70, 80, 10 
THM81020AL-70, 80, 10 

BLOCK DIAGRAM 

DQ 0 

DQ 1 

DQ 2 

DQ 3 

0 

Vee 
Vss 

I 

r 

T 

r 

=¢ 
--c 
--c 
--c 

-
;> 
--c 

--c 

--c 

-
=;> 
--c 

--c 
--c 

f--

~ 
f-< 
f-< 

... - I---< 

D QJ 
AO-A9 
RAS 
ro 
WRITE 

'-11-

D QJ 
AO-A9 
RAS 
CAS 
WRITE 

'-11-

D QJ 
AO-A9 
W 
CAS 
WRITE 

HI-

D QJ 
AO-A9 
RAS 
CAS 
WRITE 

HI-

DQ4 I QJ 

~ AO-A9 
r-< RAS 
f-< CAS 

WRITE 

HI-

DQ5 I D QJ 

~ AO-A9 
f-< RAS 
f-< CAS 

WRITE 

HI-

DQG 1 D QJ 
i=¢ AO-A9 
f-< m 
f-< CAS 

WRifE 

HI-

DQ7 I D QJ 

~ AO-A9 
f-< RAS 
f-< CAS 

WRITE 

HI-

I 
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ABSOLUTE MAXIMUM RATINGS. 

ITEM SYMBOL 

Input Voltage VIN 

Output Voltage VOUT 

Power Supply Voltage Vee 

Operating Temperature TOPR 

Storage Temperature TSTG 

Soldering Temperature' Time TSO lOER 

Power Dissipation Po 

Short Circuit Output Current lOUT 

RATING 

- 1.0-7.0 

- 1.0-7.0 

- 1.0-7.0 

0-70 

- 55-125 

260'10 

4.8 

50 

THM81000AS/AL-70, 80, 10 
THM81020AL-70, 80, 10 

UNITS NOTES 

V 1 

V 1 

V 1 

·C 1 

·C 1 

·C· sec 1 

W 1 

mA 1 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70De) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Vee Supply Voltage 4.5 5.0 5.5 V 2 

V1H Input High Voltage 2.4 - 6.5 V 2 

V1L Input Low Voltage -1.0 - 0.8 V 2 
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THM81000AS/AL-70,80,"10 
THM81020AL-70, 80, 10 

DC ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. 

OPERATING CURRENT THM81000AS-70 -
lecl Average Power Supply Operating Current THM81000AS-80 -

(RAS, CAS, Address Cycling: tRC = tRC MIN.) THM81 OOOAS-l 0 -
STANDBY CURRENT 

leC2 Power Supply Standby Current -
(RAS = CAS = VIH) 

RAS ONLY REFRESH CURRENT THM81000AS-70 -
leC3 Average Power Supply Current, "R'A3 Only Mode THM81000AS-80 -

("R'A3 Cycling, CAS = V1H: tRC = tRC MIN.) THMS1000AS-l0 -
FAST PAGE MODE CURRENT THM81000AS-70 -

I(C4 Average Power Supply Current, Fast Page Mode THM81000AS-80 -
(RAS = Vll, CAS Address Cycling: tpc = tpe MIN.) THM81 OOOAS-l 0 -
STANDBY CURRENT 

Ices Power Supply Standby Current -
(RAS = CAS = Vcc - 0.2V) 

CAS BEFORE RAS REFRESH CURRENT THMS1000AS-70 -
ICC6 Average Power Supply Current, CAS' Before RAS THM81000AS-80 -

Mode (RAS, CAS Cyclin"g: tRC = tRC MIN.) THMSl 000AS-1 0 -
INPUT LEAKAGE CURRENT 

Il(l) Input Leakage Current, any input -SO 

(OV;;; VIN;:;; 6.5V, All Other Pins Not Under Test = OV) 

OUTPUT LEAKAGE CURRENT 
IO(L) 

(Dour is disabled, OV::i Vour::i 5.5V) 
-20 

OUTPUT LEVEL 
VOH 

Output "H" Level Voltage (lOUT = - 5mA) 
2.4 

OUTPUT LEVEL 
VOL 

Output ilL" Level Voltage (lOUT = 4.2mA) -

MAX. UNIT NOTES 

640 

560 mA 3,4 

480 

16 mA 

640 

560 mA 3 

480 

480 

400 mA 3,4 

320 

8 mA 

640 

560 mA 3 

480 

80 }lA 

20 }lA 

- V 

0.4 V 



THM81000AS/AL-70, 80,10 
THM81020AL-70, 80, 10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = 5V + 10%, Ta = 0-70°C)(Notes 5, 6, 7) 

THMB1000AS-70 THMB1000AS-BO THMBl OOOAS-l 0 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 130 - 150 - 180 - ns 

tpc Fast Page Mode Cycle Time 40 - 45 - 55 - ns 

tRAC Access Time from RAS - 70 - 80 - 100 ns 8, 13 

tCAC Access Time from CAS - 20 - 20 - 25 ns 8, 13 

tAA Access Time from Column Address - 35 - 40 - 50 ns 8,14 

tePA Access Time from CAS Precharge - 3S - 40 - 50 ns 8 

tCLl CAS to output in Low-Z a - a - 0 - ns 8 

tOFF Output Buffer Turn-off Delay a 20 0 20 0 20 ns 9 

tr Transition Time (Rise and F"II) 3 50 3 50 3 50 ns 7 

tRP RAS Precharge Time 50 - 60 - 70 - ns 

tRAS RAS Pulse Width 70 10,000 80 10,QOO 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 

tCSH CAS Hold Time 70 - 80 - 100 - ns 

tCAS CAS Pulse Width 20 10,000 20 10,000 25 10,000 ns 

tRCD RAS to CAS Delay Time 20 50 20 60 25 75 ns 13 

tRAD RAS to Column Address Delay Time 15 35 15 40 20 50 ns 14 

tCRP CAS to RAS Precharge Time 5 - 5 - 10 - ns 

tcp CAS Precharge Time (F(lst Page Mode) 10 - 10 - 10 - ns 

tASR Row Address Set-Up Time a - 0 - 0 - ns 

tRAH Row Address Hold Time 10 - 10 - 15 - ns 

tASC Column Address Set-Up Time a - 0 - 0 - ns 

tCAH Column Address Hold Time 15 - 15 - 20 - ns 

Column Address Hold Time referenced 
tAR 

to RAS 
55 - 60 - 75 - ns 

tRAL Column Address to RAS Lead Time 35 - 40 - 50 - ns 

tRCS Read Command Set-Up Time a - 0 - 0 - ns 

tRCH Read Command Hold Time a - 0 - 0 - ns 10 

Read Command Hold Time referenced 
tRRH 

to RAS 
a - a - 0 - ns 10 

tWCH Write Command Hold Time 15 - 15 -JI.. 20 - ns 
--., 

Write Command Hold Time referenced 
tWCR 

to RAS 
55 - 60 - 75 - ns 
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THM81000AS/AL-70, 80, 10 
THM81020AL-70, 80, 10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

THM81000AS-70 THM81000AS-80 THM81000AS-10 
SYMBOL PARAMETER UNIT 

MIN. MAX. MIN. MAX. MIN. MAX. 

twp Write Command Pulse Width 15 - 15 - 20 - ns 

tRwL Write Command to RAS Lead Time 20 - 20 - 25 - ns 

tCWL Write Command to CAS Lead Time 20 - 20 - 25 - ns 

tDS Data Set-Up Time 0 - 0 - 0 - ns 

tDH Data Hold Time 15 - 15 - 20 - ns 

tDHR Data Hold Time referenced to m 5S - 60 - 7S - ns 

tREF Refresh Period - 8 - 8 - 8 ms 

twcs Write Command Set-UP Time 0 - 0 - 0 - ns 

tCSR CAS Set-Up Time (CAS before RAS Cycle) 5 - 5 - 5 - ns 

tCHR CAS Hold Time (CAS before RAS Cycle) 15 - 15 - 15 - ns 

tRPC RAS to CAS Precharge Time 0 - 0 - 0 - ns 

tCPT 
CAS i'recharge Time (CAS before RAS 

40 - 40 50 
Counter Test Cycle) 

- - ns 

CAPACITANCE (Vee = 5V + 10%, f = 1MHz, Ta = 0-70oq 

SYMBOL PARAMETER MIN. MAX. UNIT 

C'1 Input Capacitance (AO-A9, W, CAS, RAS) - 60 pF 

CDQ Input Capacitance (DQO-DQ7) - 15 pF .-
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NOTES: 

THM81000AS/AL-70, 80, 10 
THM81020AL-70, 80,10 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. 

2. All voltages are referenced to VSS. 

3. ICCl, ICC3, ICC4, ICC6 depend on cycle rate. 

4. ICCl, ICC4 depend on output loading. Specified value are obtained with the output open. 

5. 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. 

6. AC measurements assume tT=5ns. 

7. VIlI(min.) and VIl,(max.) are reference levels for measuring timing of input signals. Also, 
transition times are measured between VIII and VIL. 

8. Measured with a load equivalent to 2 'rrL loads and 100pF. 

9. tOI~F(max.) defines the time at which the output achieves the open circuit condition and is not 

referenced to output voltage levels. 

10. Either tn.CH or tImH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. twcs is not restrictive operating parameters. This is included in the data sheet as electrical 
characteristics only. If twcs~ twcs(min.), the cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance). 

13. Operation within the tIWD(max.) limit insures that tl~Ac(max.) can be met. 
tRCO(max.) is specified as a reference point only: If tncn is greater than the specified tRcu(max.) 

limit, then access time is controlled by tCAC. 

14. Operation within the tH.AD(max.) limit, insures that tH.Ac(max.) can be met. 
tRAO(max.) is specified as a reference point only: If tRAD is greater than the specified tRAD(max.) 
limit, then access time is controlled by tAA. 
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THM81000AS/AL-70, 80,10 
THM81020AL-70, 80, 10 

READ CYCLE 

V1H -

CAS V1L -' ___ --J 

tOFF -
DQO- VOH -_______ OPEN -----{Im/Xi VALID DATA-OUT 

DQ7 VOL - 1'----------1 

_ : "H" or "L" 
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EARL Y WRI'l'E CYCLE 

VIH -
RAS V1L -

CAS 
V1H -
V1L _ 

AO-A9 VIH 
V1L 

_VIH 
WRITE VIL 

DQO- V1H
DQ7 V1L _ 

tRAS 

tRSfi 
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THM81000AS/AL-70, 80, 10 
THM81020AL-70, 80, 10 

_ : "W or "L" 



THM81000AS/AL-70,80,10 
THM81020AL-70,80,10 

FAST PAGE :MODE READ CYCLE 

RAS V,H -
V,L _ 

CAS 
V,H -
V ,L '_ 

DQO- VOH - ________ --+--< 
D07 VOL -

tpc 

• VALID DATA-OUT 

IR : "H" or "L" 
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

DOO- VIH

D07 V1L -"""~~ 
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THM81000AS/AL-70, 80, 10 
THM81020AL-70, 80, 10 

• VALID DATA-IN 

fa : "HH or"LH 



THM81000AS/AL-70, 80, 10 
THM81020AL-70,80, 10 

RAS ONLY REFRESH CYCLE 

1\ • 

I~ 

if 

tMR tRAH -
AO-A8 

taBs 

tRr I 

~ I 
01/ tl3e l I 

~ ~.Jt 

{t
RPe ~-I 

V 

DQO- VOH-___________________ OPEN ___ _ 
DQ7 VOL -

fa : "W or "L" 

Note: WRITE = "H" or "LH, A9="H" or "L" 
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CAS BEFORE RAS REFRESH CYCLE 

VIH-

RAS VIL -~_----J 

V1H -
CAS V1L _~ __ --' 

THM81000AS/AL-70, 80,10 
THM81020AL-70, 80,10 

DQO- VOH- I}-.----- OPEN ____________ _ 
D07 VOL-____ ..Jl 

BI : "H" or "L" 

Note: WRITE = "H" or "L", AO-A9 = "H" or "L" 
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THM81000AS/AL-70, 80, 10 
THM81020AL-70, 80, 10 

HIDDEN REFRESH CYCLE (READ) 

tnc 

DOO- VOH ----------1--<: 
D07 VOL-

VALID DATA·OUT 

g] : "H" or "L" 
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HIDDEN REFRESH CYCLE (WRI'rE) 

8-67 

THM81000AS/AL-70, 80, 10 
THM81020AL-70, 80, 10 

IBI : "W or "l" 



THM81000AS/AL-70~ 80. 10 - -_.- -- -~--i1-

THM81020Al-70, 80, ··1 ° 
CAS BEFORE RAS REFRESH COUNTER CYCLE 

AO-A9 VIHV
1L 

_ 

READ CYCLE 

DQO- VOH- _______ OPEN ----f-K 
DQ7 VOL_ 

WRITE CYCLE 

DQO- VIH-
DQ7 VIL _ -----
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OUTLINE DRAWINGS 

.THM81000AS 

THM81000AS/AL-70, 80, 10 
THM81020AL-70, 80, 10 

Unit: mm 

1 

03.18 ± 0.05 
1 ______ --=.:88:::.::..:.9±:...:.:.O.~13 -----I' ,I I ~.08MAX. 

--,.---.----------------, 

I 
-+l~ I .... ·11 E 1.27 - 0.08 

. 73.66 

82.14±0.13 

DETAIL OF CONTACTS 

Contacts: Tin-Lead 

• THM81000AL 

82.14 ± 0.13 
.. I I ~.08MAX. 

x x 00000000 ~ ~ 
\0 

~ N 
1.1"1 N 
N 

~~~~~~~~~~~~~~~,~~~ +0.15 

~ 2.54 -11 fO.5 ± 0.1 ,I 
.11. 0.25 - 0.02 

~-. 73.66 
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TI-IMA1 nnn4~/41 .7n_ An_ 1 n ... ~ ...... ....................... -- ..... , ......... , .... 
THM81020AL·70,80,··10 

Unit: mm 

• THM81020AL 

FRONTSIDE 

_I I f8.89MAX. 

arD t +0.15 -11. 0.25 - 0.02 

BACK SIDE 
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BLOCK DIAGRAM 

DQ 

DQ 

DQ 

DQ 

Vee 
Vss 

0 

1 

2 

3 

I 

r 

r 

I 

r 

0 

rre: AO-A9 
I--< ~ 
f-< m 
f-< WRITE 

HI-
- 0 
:=;:: AO-A9 
--c RAS 
-c m 
-c WRITE 

HI-
I-- D 
~ AO-A9 

I--< RAS 

f-< CAS 
i--< WRITE 

HI-
- 0 

:=;:: AO-A9 
-c RAS 
--c m 
-c WRITE 

HI-

QJ DQ4 

oj DQS 

QU DQ6 

QJ DQ7 
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THM81000AS/AL-70, 80, 10 
THM81020AL-70, 80, 10 

I oJ 
r=C AO-A9 
I--< RAS 

I--< m 
WRITE 

HI-
I 0 oj 

~ AO-A9 

~ m 
i--< CAS 

WRITE 

HI-
I D QJ 

~ AO-A9 
f---< RAS 

I--< CAS 
WRITE 

HI-
I D QJ 

:=;:: AO-A9 
--c RAS 
--c m 

WRT'IT 

f-H-
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1,048,576 WORDS x 8 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM81000BS/BSG/BL is a 1,048,576 words by 8 bits dynamic RAM module which assembled 8 
pcs of TC51l000BJ on the printed circuit board. The THM81000BS I BSG I BL is optimized for 
application to the systems which are required high density and large capacity such as main memory of 
the computers and as image memory systems. and to the others which are requested compact size. 

FEATURES 

• 1,048,576 words by 8 bits organization 
• Fast access time and cycle time 

THM81000BS - 60 

tRAe RAS Access Time 60ns 

tAA Column Address 
30ns 

Access Time 

teAe CAS Access Time 20ns 

tRC Cycle Time 110ns 

tpc Fast Page Mode 
40ns 

Cycle Time 

• Single power supply of 5V ± 10% 
• Low power 

3,960mW MAX. Operating 
44m W MAX. Standby 

• CAS before RAS refresh,RAS only refresh, 
Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 
• 512 refresh cycles! Bms 
• Tin-Lead Contact: THM81000BS - 60 
• Gold Contact: THM81000BSG - 60 

PIN CONNECTION (TOP VIEW) PIN NAMES 

THM81000BSI BSG THMB1000BL THM81020BL 

AO-A9 Address Inputs 

vee (1) 0 DQO-DQ7 Data Input/Outputs 

CAS Column Address Strobe 
eAS (2) 0 
000 (3) 0 
AO (4) 0 AAS Row Address Strobe 

W ReadlWrite Input 
AI (5) 0 
001 (6) 0 

Vee Power(+SV) A2 (7) 0 
A3 (8) 0 
vss (9) 0 Vss Ground 

NC No Connection 002 (10) 0 
A4 (11) 0 
AS (12) 0 
003 (13) 0 
A6 (14) 0 
A7 (15) 0 
D04 (16) 0 
A8 (\7) 0 
A9 (18) 0 
N.C. (19) 0 
DOS (20) 0 
iii (21) 0 
VSS (22) 0 
006 (23) 0 
N.C. (24) 0 
007 (25) 0 
Ne (26) 0 
RAS (27) 0 
NC (28) 0 
Ne (29) 0 
vee (30) 0 

0 
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THM81000BS/B..SG/RL-60 
THM81020BL-60 

ABSOLUTE MAXIMUM RATINGS 

ITEM 

Input Voltage 

Output Voltage 

Power Supply Voltage 

Operating Temperature 

Storage Temperature 

Soldering Temperature' Time 

Power Dissipation 

Short Circuit Output Current 

SYMBOL RATING 

VIN -1.0-7.0 

Vour -1.0-7.0 

Vee -1.0-7.0 

TOPR 0-70 

TSTa - 55-125 

TSOlOER 260-10 

Po 4.8 

lOUT S"O 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70°C) 

SYMBOL PARAMETER MIN. TYP. 

Vee Supply Voltage 4.5 5.0 

VIH Input High Voltage 2.4 -
Vil Input Low Voltage -1.0 -

8-74 

UNIT NOTE 

V 1 

V 1 

V 1 

·C 1 

·C t 

·C - sec 1 

W 1 

mA 1 

MAX. UNIT NOTE 

5.5 V 2 

6.5 V 2 

0.8 V 2 



THM81000BS/BSGIBL-60 
THM81020BL-60 

DC ELECTRICAL CHARACTERISTICS (Vee = 5V + 10%, Ta = 0-70oq 

SYMBOL PARAMETER MIN. MAX. UNIT NOTE 

OPERATING CURRENT 
ICCI Average Power Supply Operating Current - 720 mA 3,4 

(RAS, 00, Address Cycling: tRe = tRC MIN. ) 

STANDBY CURRENT 
ICC2 Power Supply Standby Current - 16 mA 

(~ = CAS = VIH) 

RAS ONLY REFRESH CURRENT 
Ico Average Power Supply Current, RAS Only Mode (RAS - 720 mA 3 

Cycling, CAS=VIH: tRC=tRCMIN.) 

FAST PAGE MODE CURRENT 

ICC4 Average Power Supply Current, Fast Page Mode - 480 mA 3,4 

(RAS = VIL, CAS Address Cycling: tpc = tpc MIN. ) 

STANDBY CURRENT 
Iccs Power Supply Standby Current - 8 mA 

(RAS = CAS = Vcc - 0.2V) 

CAS BEFORE RAS REFRESH CURRENT 

ICC6 Average Power Supply Current, <:AS Before AAS" Mode - 720 mA 3 

(RAS, CAS Cycling: tRC = tRC MIN.) 

INPUT LEAKAGE CURRENT 
II (L) Input Leakage Current, any input -80 80 pA 

(OV::iiVIN :i6.5V, All Other Pins Not Under Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

-20 20 pA 
(DOUT is disabled, OV:i VOUT:i S.5V) 

VOH 
OUTPUT LEVEL 

2.4 V 
Output "W Level Voltage (lOUT = - SmA) 

-

VOL 
OUTPUT LEVEL 

0.4 V 
Output H L· Level Voltage (lOUT = 4.2mA) 

-
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THM81000BSIBSGIBL·60 
THM81020BL-60 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED ACOPERATINGCONDITIONS 
(Vee = 5V ± 10%, Ta = 0-70°C)(Notes 5, 6, 7) 

SYMBOL 'PARAMETER MIN. MAX. UNIT NOTES 

tRC Random Read or Write Cycle Time 110 - ns 

tpc Fast Page Mode Cycle Time 40 - ns 

tRAC Access Time from RAS - 60 ns 8, 13 

teAe Access Time from 0i.S - 20 ns 8, 13 

tAA Access Time from Column Address - 30 ns 8,14 

tePA Access Time from CAS Precharge - 35 ns 8 

teLZ CAS to output in Low-Z 0 - ns 8 

tOFF Output Buffer Turn-off Delay 0 20 ns 9 

tr Transition Time (Rise and Fall) 3 50 ns 7 

tRP RAS Precharge Time 40 - ns 

tRAS m Pulse Width 60 10,000 ns 

tRASP m Pulse Width (Fast Page Mode) 60 100,000 ns 

tRSH RAS Hold Time 20 - ns 

tesH m Hold Time 60 - ns 

teAS ro Pulse Width 20 10,000 ns 

tRCD m to m Delay Time 20 40 ns 13 

tRAD m to Column Address Delay Time 15 30 ns 14 

tCRP m to RAS Precharge Time 5 - ns 

tcP ro Precharge Time (Fast Page Mode) 10 - ns 

tASR Row Address Set-Up Time 0 - ns 

tRAH Row Address Hold Time 10 - ns 

tAse Column Address Set-Up Time 0 - ns 

teAH Column Address Hold Time 15 - ns 

tAR Column Address Hold Time referenced to RAS so - ns 

tRAL Column Address to AAS' Lead Time 30 - ns 

tRCS Read Command Set-Up Time 0 - ns 

tRCH Read Command Hold Time 0 - ns 10 

tRRH Read Command Hold Time referenced to AAS' 0 - ns 10 

tweH Write Command Hold Time 10 - ns 

tWCR Write Command Hold Time referenced to RAS 45 - ns 
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THM81 000 BSIBSG/BL-60 
THM81020BL-60 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Continued) 

SYMBOL PARAMETER MIN. MAX. UNIT NOTES 

twp Write Command Pulse Width 10 - ns 

tRwL Write Command to m Lead Time 20 - ns 

tCWL Write Command to -eAS Lead Time 20 - ns 

tos Data Set-Up Time 0 - ns 11 

tOH Data Hold Time 15 - ns 11 

tOHR Data Hold Time referenced to ~ SO - ns 

tREF Refresh Period - 8 ms 

twcs Write Command Set-UP Time 0 - ns 12 

tCSR ro Set-Up Time (m before RAS Cycle) 5 - ns 

tCHR m Hold Time (00 before m Cycle) 15 - ns 

tRPC RAS to CAS Precharge Time 0 - ns 

tCPT 
CAS Precharge Time (00 before m Counter Test 

30 
Cycle) 

- ns 

CAPACITANCE (Vee = 5V ± 10%, f = 1MHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AO-A9, W, -eAS, AAS) - 60 pF 

COO Input Capacitance (OQO-OQ7) - 15 pF 
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THM81000BS/BSG/BL-60 
THM8i 020tsL-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, ICC3, ICC4, Iccs depend on cycle rate. 

4. ICCI, ICC4 depend on output loading. Specified value are obtained with the output open. 

5. An initial pause of 20011S 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. 

6. AC measurements assume tT=5ns. 

7. VII-I(min.) and VIL(max.) are reference levels for measuring timing of input signals. Also, 

transition times are measured between VIII and VIL. 

8. Measured with a load equivalent to 2 TIL loads and 100pF. 

9. tOl?F(max:) defines the time at which the output achieves the open circuit condition and is not 

referenced to output voltage levels. 

10. Either tRCH or tRRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. twcs is not restrictive operating parameters. This is included in the data sheet as electrical 
characteristics only. If twcs~ twcs(min.), the 'cycle is an early write cycle and the data out pin 
will remain open circuit (high impedance). 

13. Operation within the tnCD(max.) limit insures that tnAc(max.) can be met. 
tnCD(max.) is specified as a reference point only: If tncD is greater than the specified tRCD(max.) 
limit, then access time is controlled by tCAC. 

14. Operation within the tRAD(max.) limit, insures that tnAc(max.) can be met. 
tnAD(max.) is specified as a reference point only: IftRAD is greater than the specified tRAD(max.) 
limit, then access time is controlled by tAA. 
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READ CYCLE 

THM81 000 BS/BSGIBL-60 
THM81020BL-60 

DQO- VOH -_____ OPEN -----<~?_XI 
DQ7 VOL - 1"--------1 

!B:"Wor"L" 
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THM81000BSIBSGIBL-60 
THN181020BL-60 

EARLY WRITE CYCLE 

V1H 
CAS VIL 

AO-A9 VIH 
V1L 

._VIH 
WRITE V

1L 

---_-/ 

DQO- V1H -
DQ7 VIL _ 

8-80 



FAST PAGE MODE READ CYCLE 

DOO- VOH - ----------f--< 
D07 VOL -

8-81 

THM81000BSIBSG/BL-60 
THM81020BL-60 

• VALID DATA·OUT 

_ : "W or "L-



THM81000BS/BSGIBL-60 
THiVi8; 020tsL-60 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

VIH -
CAS VIL_ 

AO-A9 VIHV
IL 

_ 

----' 
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• VALID DATA-IN 

_: ·Wor"L" 



THM81 000 BS/BSG/BL-60 
THM81020BL-60 

RAS" ONLY REFRESH CYCLE 

I tee J 
« , t.r :-' 

V1H -----.l\r-, ____ I.O_, ___ -'It Ii' 1\, ____ _ 
RA5 V1L - 1" \._ 

AO-AS 

I~ 
VIH - t" 
V'L-__ ..J/ 1 

,tRPC 3.1 

v 

DQO- VOH-_________________ OPEN ___ _ 
DQ7 VOL -
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THM81000BSIBSGIBL-60 
...... aft .. ftftft..... ftft 

I nlVIO I U~UDL-CU 

MS" BEFORE RAS REFRESH CYCI .. E 

VIH
m VIL-~ __ .J 

VIH -
CAS V1L _~ __ ---' 

DQO- V 
DQ7 I'_------OPEN --------------
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HIDDEN REFRESH CYCLE (READ) 

THM81000BS/BSGIBL-60 
THM81020BL-60 

DQO- VOH ----------+--Q00X1 
DQ7 VOL - I"--______ ~ 
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THM81000BS/BSG/BL-60 
..... J ... n .. ,u'",.u"''U .,...,... 
I nlvlo I U~UCL-OU 

HIDDEN REFRESH CYCLE (WRITE) 
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CAS BEFORE RAS REFRESH COUNTER CYCLE 

AO-A9 VII;
VIL _ 

READ CYCLE 

[

/DQO- VOH-

DQ7 VOL_ 

WRITE VIH
VIL -

WRITE CYCLE 

DQO- VIH - ____ _ 

DQ7 VIL_ 
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THM81020BL·60 
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THM81000BSIBSGIBL .. 60 .... ... -~----. --I "MO I U~UaL-CU 

OUTLINE DRAWINGS 

Unit: mm 

• THM81000BS I BSG 

1

03.,8 ±0.OS . l ... t _______ ...;8~8.9:;..:±:..:;0.:..;,:.,3::.._ _________ _I'. ,I 1~·08MAX. 

~--.~------------------~ 

o 0 
;t! +1 ; :-t- oooooooo~ t~ 

·1 

-0 

• THM81000BS 
DETAIL OF CONTACTS 

73.66 

82.14±0.13 

• THM81000BSG 
DETAIL OF CONTACTS 

3.38 

Contacts: Tin-Lead . Contacts: Gold 

• THM81000BL 

I 79.7b±0.13 I I , 

iuOOOOOOOO 
i~ -t/o:stO.1 I 

73.66 
I--------'-"~--~, 
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~ .0.10 ,II f 1.27-0.08 

, I I ~.08MAX. 

+0.15 
,11 10.25 -0.02 



• THM81020BL 

FRONTSIDE 

82.14±O.13 

~O.1 I 73.66 , 

BACKSIDE 
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THM81 000 BSIBSGIBL-60 
THM81020BL-60 

Unit: mm 

I I 1·8.89MAX. 
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1,048,576 WORDS X 8 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM81070AS/AL and THM81070AS/AL are a 1,048,576 words by 8 bits dynamic RAM module 
which assembled 2 pes of TC514400ASJ and 1 pes of TC511000AJ/BJ on the printed circuit board. 
The These modules nre optimized for upplication to the systems which are required high density and 
large capacity such as main memory of the computers and as image mcmory systems, and to the 
others which are l'equested compact size. 

FEATURES 

• 1,048,576 words by 8 bits organization 
• Fast access time and cycle time 

·60 ·70 ·80 

tRAC RAS Access Time 60ns 70ns 80ns 
tAA Column Address 

30ns 35ns 40ns Access Time 

tCAC CAS Access Time 20ns 20ns 20ns 

tRe Cycle Time 110ns 130ns 150ns 
tpc Fast Page Mode 

45ns 45ns SOns Cycle Time 

·10 

lOOns 

SOns 

25ns 

180ns 

60ns 

• Low Power 
l,815mW MAX. Operating (THMxxxxxx-60) 
l,540mW MAX. Operating ('l'HMxxxxxx-70) 
l,320mW MAX. Operating (THMxxxxxx-80) 
1,155mW MAX. Operating (THMxxxxxx-10) 

16.5m W MAX. Standby 
• Single power supply of 5V±10% 
• All inputs and outputs '1"1'L compatible 
• 1,024 refresh cycles/16ms 

• CAS before HAS refresh, RAS only refresh, Hidden refrcsh and Fast Page Mode capability 
• Package THM81070AS· xx : Tin· Lead Contact 

'l'HM81070AL· xx : 30Pin SIP 

PIN CONNECTION (TOP VIEW) 

THM81070AS THM81070AL PIN NAMES 
vcc (1) 0 
CAS (2) 0 

AO-A9 Address Inputs 

DOO (3) 0 DQO-DQ7 Data Inputs/Outputs 
AO (4) 0 
Al (5) CI 

CAS Column Address Strobe 

DOl (6) 0 RAS Row Address Strobe 
A2 (7) 0 
A3 (0) 0 Vi Read/Wrile Input 
VSS (9) CI 
D02 (10) 0 
All (11) 0 

Vec Power ( + 5V) 

Vss Ground 
AS (12) 0 
D03 (13) 0 

N.C. No Connection 

A6 (14) 0 
A7 (15) a 
DQ4 (16) CI 
AO (17) 0 
A9 (16) CI 
N.C. (19) 0 
DOS (20) CI 
IN (21) CI 
VSS (22) 0 
DOG (23) 0 
N.C. (24) CI 
D07 (25) CI 
N.C. (26) CI 
HAS (27) 0 
N.C. (28) 0 
N.C. (29) a 
vee (30) 0 

0 
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THM81070Al-60, 70, 80, 10 
----------

BLOCK DIAGRAM 

DQO 

DQ1 

DQ2 
DQ3 

DQ4 
DQ5 
DQ6 
DQ7 

W 
CAS 
RAS 

AO-A9 

Vee 
Vss 

I-- -

-

0---

I 

8 .. 92 

~ o~ 
w 
CAS 

RAS 

) AO-A9 

1104 

1103 

1/02 

1101 

Vee Vss 

~I 
~ OE 

W 
CAS 

ifAs" 
... 

AO-A9 
... 

1/04 
1/03 

1102 
1101 

HI-



ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL 

Input Voltage VIN 

Output Voltage VOUT 

Power Supply Voltage Vee 

Operating Temperature TOPR 

Storage Temperature TSTG 

Soldering Temperature' Time TSOlOER 

Power Dissipation Po 

Short Circuit Output Current lOUT 

THM81070AS-60, 70, 80, 10 
THM81070AL-60, 70, 80, 10 

RATING UNIT NOTE 

-1.0-7.0 V 1 

-1.0-7.0 V 1 

-1.0-7.0 V 1 

0-70 ·C 1 

- 55-125 ·C 1 

260'10 ·C·sec I 

1.4 W 1 

SO mA 1 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTE 

Vee Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 - 6.5 V 2 

VIL Input Low Voltage -1.0 - O.B V 2 
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THM81070Al-60, 70, 80, 10 

DC ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70DQ 

SYMBOL PARAMETER MIN. MAX. UNIT NOTE 

THMxxxxxx·60 - 240 
OPERATING CURRENT 3,4 THMxxxxxx·70 - 200 

ICCI Average Power Supply Operating Current mA 

(RAS. CAS, Address Cycling: tRC = tRC MIN. ) 
THMxxxxxx·60 - 170 5 

THMxxxxxx·l0 - 150 

STANDBY CURRENT 

ICG Power Supply Standby Current - 4 mA 

(RAS = CAS = VIH) 

THMxxxxxx·60 - 240 
irA$' ONLY REFRESH CURRENT 

Average Power Supply Current, RAS Only Mode 
THMxxxxxx·70 - 200 

Ico mA 3,5 

(RAS Cycling, CA~ = V1H : tRC = tRC MIN. ) 
THMxxxx~x·OO - 170 

THMxxx •••. l0 - 150 

THMx.xxxx·GO - 140 
FAST PAGE MODE CURRENT 3,4 THMxxxxxx·70 - 140 

ICC4 Average Power Supply Current, Fast Page Mode mA 

(RAS = V1l. CAS, Address Cycling: tpc = tpc MIN. l THM.x •••• ·80 - 120 S 
THM ..... x·l0 - 110 

STANDBY CURRENT 

ICC5 Power Supply Standby Current - 2 mA 

(RAS = CAS = V cc - 0.2V) 

THMx •• xx.·60 - 240 
CAS BEFORE RAS REFRESH CURRENT 

200 
Average Power Supply Current, CAS Before m THM.xxxxx·70 -

ICC6 mA 3,5 

Mode (RAS, CAS Cycling: tne = tnc MIN. ) 
THM ••••• x·OO - 170 

THMxxxx •• ·l0 - 150 

INPUT LEAKAGE CURRENT 

II (ll Input Leakage Current, any input - 20 20 I,A 

(OV ~ VIN;;; 6.sv, All Other Pins Not Under Test = OV) 

OUTPUT LEAKAGE CURRENT 
IO(l) 

(DOUT is disabled, OV:;; VOUT;;:; 5.5V) 
-10 10 pA 

OUTPUT LEVEL 
VOH 

Output. "W Level Voltage (lOUT = - SmA) 
2.4 - V 

OUTPUT LEVEL 
VOL - 0.4 V 

Output "L" Level Voltage (lOUT = 4.2mA) 
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THM81070AS-60, 70, 80, 10 
THM81070AL-60, 70, 80, 10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VCC=5V± 10%, Ta =0-70°C) (Notes 6,7,8) 

THMxxxxxx-60 THMxxxxxx-70 THMxxxxxx-80 THMxxxxxx-'O 
SYMBOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 110 - 130 - 150 - 180 - ns 

tpe Fast Page Mode Cycle Time 45 - 45 - 50 - 60 - ns 

tRAC Access Time from RAS - 60 - 70 - 80 - 100 ns 9,13 

teAe Access Time from CAS - 20 - 20 - 20 - 25 ns 9,13 

tAA Access Time from Column Address - 30 - 35 - 40 - 50 ns 9,14 

tePA Access Time from CAS Precharge - 40 - 40 - 45 - 55 ns 9 

tnz CAS tl) Output in Low-Z 0 - 0 - 0 - 0 - ns 9 

tOFF Output Buffer Turn-off Delay 0 20 0 20 0 20 0 20 ns 10 

tT Transition Time (Rise and Fall) 3 SO 3 50 3 50 3 50 ns 8 

tRP RAS Precharge Time 40 - 50 - 60 - 70 - ns 

tRAS RAS Pulse Width 60 10,000 70 10,000 80 10,000 100 10,000 ns 

tRASP RAS Pulse Width (Fast Page Mode) 60 100,000 70 100,000 80 100,000 100 100,000 ns 

tRSH itA'S Hold Time 20 - 20 - 20 - 25 - ns 

RAS Hold Time From CA~' 
40 40 45 55 tRHCP Precharge (Fast Page Mode) - - - - ns 

tesH U>."s Hold Time 60 - 70 - 80 - 100 - ns 

teAS CAS Pulse Width 20 10,000 20 10,000 20 10,000 25 10,000 ns 

tReD RAS to CAS Delay Time 20 40 20 50 20 60 25 75 ns 13 

tllAD 
RAS to Column Address Delay 

15 30 15 35 15 40 20 50 ns 14 Time 

tCRP CAS to RAS Precharge Time 5 - 5 - 5 - 10 - ns 

tcr CAS Precharge Time 10 - 10 - 10 - 10 - ns 

tASR Row Address Set-Up Time 0 - 0 - 0 - 0 - ns 

tRAH Row Address Hold Time 10 - 10 - 10 - 15 - ns 

tAse Column Address Set-Up Time 0 - 0 - 0 - 0 - ns 

teAH Column Address Hold Time 15 - 15 - 15 - 20 - ns 

Column Address Hold Time 
50 55 60 75 tAR 

referenced to RA'S - - - - ns 

-
tRAL Column Address to RAS Lead Time 30 - 35 - 40 - 50 - ns 

tRes Read Command Set-Up Time 0 - 0 - 0 - 0 - ns 

tRCH Read Command Hold Time 0 - 0 - 0 - 0 - ns 11 

tRRH 
Read Command Hold Time 
referenced to irA's 0 - 0 - 0 - 0 - ns 11 

twCH Write Command Hold Time 10 - 15 - 15 - 20 - ns 

Write Command Hold Time 
tweR 

referenced to RAS 
45 - 55 - 60 - 75 - ns 
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THM81 070AL-60,· 70, 80, 10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED ACOPERATING CONDITIONS 
(Continued) 

THMxxxxxx-60 THMxxxxxx-70 THMxxxxxx-80 THMxxxxxx-l0 
SYMBOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

twp Write Command Pulse Width 10 - 15 - 15 - 20 - ns 

tnwl Write Command to RAS Lead Time 20 - 20 - 20 - 25 - ns 

.tcwL Write Command to CAS Lead Time 20 - 20 - 20 - 25 - ns 

los Data Set-Up Time 0 - 0 - 0 - 0 - ns 12 

tOH Data Hold Time 15 - 15 - 15 - 20 - ns 12 

tOHR Data Hold Time referenced to "RAS 50 - 55 - 60 - 75 - ns 

tREF Refresh Period - 16 - 16 - 16 - 16 ms 

twcs Write Command Set-UP Time 0 - 0 - 0 - 0 - ns 13 

tCSR 
CAS Set-Up Time 

5 5 5 5 
(00 before RM Cycle) - - - - ns 

ro Hold Time 
tCHR (CAS before RAS Cycle) 

15 - 15 - 15 - 20 - ns 

tRPC m to CAS Precharge Time 5 - 5 - 5 - 5 - ns 

tCPT 
CAS Precharge Time 

30 - 40 - 40 - 50 - ns 
(CAS before RAS Counter Test Cycle) 

tWRP 
WRITE to AAS Precharge Time 

10 - 10 - 10 - 10 -(CAS before RAS Cycle) 
ns 

WRITE to RAS Hold Time 
10 tWRH (CAS before RAS Cycle) 

10 - 10 - 10 - - ns 

CAPACITANCE (Vee - SV + 10% f -1MHz Ta - 0-70°C) - - , - , -
SYMBOL PARAMETER MIN. MAX. UNIT 

ell Input Capacitance (AO:""'A9, W, CAS, RAS) - 30 pF 

COQ I/O Capacitance (DQO-OQ7) - 15 pF 
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NOTES: 

THM81070AS-60, 70,80, 10 
THM81070AL-60, 70,80, 10 

1. SLresses greaLer than those listed under "Absolute Maximum H.aLings" may cause pennanent. 

damage to the device. 

2. All voltages are referenced to Vss. 

3. ICCI. ICC3. IcC4. ICCG depend on cycle rate. 

4. ICCI. ICC4 depend on output loading. Specified values nre obtained with t.he output open. 

5. Column address can be changed once or less While RAS=VII, and CAS'=VIII. 

6. An initial pause of 200/ls is required after power-up followed by 8 RAS only refresh cycles before 

proper device operation is achieved. In case of using internal refresh counter, a minimum of 8 

CA.'S before HAS refresh cycles instead of 8 RAS only refresh cycles are required. 

7. AC meaSllrcmen ts assume t'J' = 5ns. 

8. VIII (min.) and VrL (max.) are reference levels for measuring timing of input signals. Also, 

transition times are measured between VIlI and VIL. 

9. Mcasurcd with a load equivalent to 2 Tl'L loads and 100pF. 

10. tOi"Jo' (max.) defines the time at which the output achieves the open circuit condition and is not 

referenced to output voltage levels. 

11. Either tRCII 01' tRIUI must be satisfied for a I'ead cycle. 

12. These parameters are referenced to (jAS leading edge in early write cycles. 

13. twcs is 110t restrictive operating parameters. This is included in the data sheet as elect.rical 

characteristics only, If t.WCs~ twcs (min.). the cycle is an early write cycle and data out pill will 

remain opcn circuit (high impedance) throughout. the entire cycle. 

14. Operation within the t.nCD (max.) limit insures t.hat tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tlteD is greatcr than the specified tRCD (max.) 

limit. then access time is controlled by tCAC. 

15. Operation within the tltAD (max.) limit insures t.hat tRAC (max.) can be met. 

tlV\1) (max.) is spccified as a rcference point only: If tRAD is greater than the specified tRAD (max.) 

limit. then access lime is controlled by LAA. 
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THM81070AL-60, 70,80, 10 

TIMING WAVEFORMS 

READ CYCLg 

VIH-
RAS 

VIL -

V1H -
CAS 

VIH 
AO-A9 

VIL 

VIH 
WRiTE 

VIL 

VOH-
Dour 

VOL -
VALIDDATA·QUT 
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WRITE CYCLE (EARLY WRITE) 

VIH 
AO-A9 

VIL 

VIH 

wRTfE 
VIL 

VIH 

DIN 
V 1L 

8-99 

THM81070AS-60, 70, 80, 10 
THM81070AL-60, 70,80, 10 

~: HH" or"LH 



THM81070AS-60,70,80, 10 
THM81070AL-60, 70,80, 10 

FAST PAGE MODE READ CYCLE 

RAS 

CAS 

VIH 
AO-A9 

V1L 

VIH 
wRiTE 

VIL 

Dour 

• VALID DATA OUT 

~: "W or "L~ 
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FAST PAGE MODE WnrrE CYCLE (EARLY WRITE) 

V,H 
AO-A9 

V'L 

V,H 
WRiTE 

V,L 

V,H 
DIN 

V'L 
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* VALID DATA IN 

~: HH" or HL" 



THM81070AS-60, 70,80, 10 
THM81070AL-60, 70,80, 10 

RAS ONLY REFRESH CYCLE 

V".J 
AO-AS 

V1L 

VOH-

DOUT -----------OPEN ------------
VOL -

Note: WRiTE = .ow or "L· 
~: "W or "L" 
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CAS BEFORE RAS REFRESH CYCLE 

THM81070AS-60, 70,80, 10 
THM81070AL-60, 70, 80, 10 

I tOFF 

VOH '------__ f----J·i~---------- OPEN ______ _ 
VOL -_ ) 

~: "W or "lH 

DOUT 

Note: AO-A9 = HH" or "L" 
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THM81070AS-60, 70, 80, 10 
THM81070AL-60, 70,80, 10 

HIDDEN REFRESH CYCLE (READ) 

AO-A9 

DOUT 
VOH- ________ -+--'Q~ 

VOL-
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HIDDEN REFRESH CYCLE (WRITE) 

RAS 

VIH -
CAS Vil ___ -' 
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THM81070AS-60, 70, 80~ 10 
THM81070AL-60, 70, 80, 10 

'CAS DEFORE R7\B REFRESH COUNTER TEST CYCLE 

WRITE CYCLE 

[

WRITE ~:~ = 

o VIH -
IN Vil _ -----
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OUTLINE DRAWINGS 

THM8l070AS/AL 

• THM81070AS 

If 
(VI (VI 

" ~ 

Ii"! bCJ 0 0 ;:; +1 +1 
'<t VI 

"'! ""! 
~ 1.0 

2.03 ± O. 13 

7.62 to. 'i 

• THM81070AL 

88.9 ± 0.13 

bCJ 

82.14tO.13 

Contacts: Tin - Lead 

76.5 t 0.13 
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THM81070AS-60, 70,80, 10 
THM81070AL-60, 70, 80, 10 

Unit in mm 

2-03.18 ± 0.13 

J 1.27 + 0.10 
-0.08 

S.OSMAX. 

~ I 
-l I ~5.08MAX. 

~ 0.25+0.15 
~ - 0.02 to c 
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262,144 WORDS X 32 BIT DYNAMIC RAM MODULE 

DESCRIPTION 
The THM322500BSIBSG/AS/ASG is a 524.288 words by 32 bits dynamic RAM module which 

assembled 8 pes of TC514256AJ/BJ on the printed circuit board. These modules can be as well used 
as 524.288 words by 16 bits dynamic RAM module, by means of connecting DQO and DQ16, DQ1 and 
DQ17. DQ2 and DQ18 .......... DQ15 and DQ31, respectively. The These modules are optimized for 
application to the systems which are required high density and large capacity such as main memory of 
the computers and as image memory systems, and to the others which are requested compact size. 

FEATURES 
• 262.144 words by 32 bits organization • Low Power 
• Fast access time and cycle time 

·60 ·70 

tRAC RAS Access Time 60ns 70ns 
tAA Column Address 

·80 

80ns 

·10 

lOOns 

3,960mW MAX. Operating (THMxxxxxx-60) 
3,520mW MAX. Operating (THMxxxxxx-70) 
3.080mW MAX. Operating (THMxxxxxx-80) 
2.640mW MAX. Operating ('I'HMxxxxxx-10) 

30ns 3Sns 40ns SOns Access Time 

tCAC ro Access Time 20ns 20ns 20ns 2Sns 

44m W MAX. Standby 
• Single power supply of 5V± 10% 
• All inputs and outputs 'ITL compatible 

tRC Cycle Time 11Sns 130ns 150ns 180ns • 512 refresh cycles/8ms 
tpc Fast Page Mode 

40ns 40ns 45ns 55ns Cycle Time 

• CAS before RAS refresh. RAS only refresh. Hidden refresh and Fast Page Mode capability 
• Package THM322500BS - 60 : Tin· Lead Contact 

'I'HM322500AS - 70.80,10 : 'I'in· Lead Contact 
THM322500BSG - 60 : Gold Contact 
THM322500ASG - 70,80,10 : Gold Contact 

PIN CONNECTION (TOP VIEW) PIN NAMES 

~o ·1 
AO-A8 Address Inputs 

OQO-OQ31 Data Input/Outputs 

'CASO--CAn Column Address Strobe 

111!\!1111!!1111I1I1111111I1I11111I1I 1111111111111"""111111111111111111 RA$O,RAS2 Row Address Strobe ,... 
1 36 37 72 W Read/Write Input 

Vcc Power ( +5V) 

Vss Ground 

PO Presence Detect Pin 

1 Vss 13 Al 25 OQ22 37 NC 49 OQ8 61 DQ13 

2 000 14 A2 26 007 38 NC 50 OQ24 62 OQ30 

3 DQ16 15 A3 27 DQ23 '39 Vss 51 DQ9 63 DQ14 

4 DQl 16 A4 28 A7 40 CASO 52 DQ25 64 DQ31 

S DQ17 17 A5 29 NC 41 Vi32 53 OQ10 65 OQ15 

6 DQ2 18 A6 30 VCC 42 003 54 OQ26 66 NC -60 -70 -80 -10 

7 DQ18 19 NC 31 A8 43 Cm 55 OQll 67 PDO PDO V~~ V~~ Vss Vss 
8 003 20 004 32 NC 44 RASO 56 0027 68 POI POI NC NC NC NC 

9 DQ19 21 0020 33 NC 45 NC 57 OQ12 69 P02 PD2 NC V~~ NC Vss 
10 Vee 22 DOS 34 RAs2 46 NC 58 DQ28 70 P03 PD3 NC NC Vss V~~ 

11 NC 23 DQ21 35 NC 47 W 59 Vee 71 NC 

12 AD 24 DQ6 36 NC 48 NC 60 OQ29 72 Vss 
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THM322500BS-60, THM322500AS-70, 80,10 
THM322500BSG-60, THM322500ASG-70, 80,10 

I , 
--------------------------------------------------------------------------------------

BLOCK DIAGRAM 

CAS 0 
ifAs 0 

W 
AO-A8 

JOO 

ngs 

~.oo 
RAS nee 

] CAS 

ri
RAS 
OE 

.". 

~oo 
n;S 

]00 

ri~ 
~CAS 

ri
RAS 
OE 

JCAS 

,r-{AAS ee 
.". 

~ro 
RAS rim 

W 
T 

W 

W 

W 

W 

W 

W 

T 

W 

1101 -0 
MO 1102 

1103 
AO-8 1/04 

1/01 
Ml 1/02 

1/03 
AO .. S 1/04 

1/01 
M2 1/021-------0 

1103 
AO-8 1/04 

M3 :~g~/----o 
1103 

AO-8 1/04 

1101 
M4 1102 

1/03 
AO-8 1104 

1/01 
M5 1/02 

1103 
AO·S 1104 

1/01 
M6 ·1/02 

1/03 
AO-S 1104 

1/01 
M7 1/02 

1/03 
AO-8 1/04 

Vee 00-----------11'-----. MO-7 

Vss 0 I CO-7 .. MO-7 
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DOO 
DOl 
D02 
003 

D04 
DOS 
006 
D07 

008 
009 
0010 
OQll 

0

8
'2 o 13 o 14 

0015 

0016 
0017 
0018 
0019 

OQ20 
0021 
0022 
0023 

0024 
0025 
0026 
0027 

OQ28 
0029 
0030 
0031 



THM322500BS-60, THM322500AS-70, 80, 10 
THM322500BSG-60, THM322500ASG-70, 80,10 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNIT NOTE 

Input Voltage VIN -1.0-7.0 V 1 

Output Voltage VOUT -1.0-7.0 V 1 

Power Supply Voltage Vee -1.0-7.0 V 1 

Operating Temperature TOPR 0-70 ·C 1 

Storage Temperature TSTG -55-125 ·C 1 

Soldering Temperature' Time TSOLOER 260'10 ·C·sec 1 

Power Dissipation Po 4.8 W 1 

Short Circuit Output Current lOUT 50 mA 1 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTE 

Vee Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 - 6.5 V 2 

VIL Input low Voltage -1.0 - 0.8 V 2 
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THM322500BS-60, THM322500AS-70, 80,10 
THM322500BSG-60, THM322500ASG-70', ,80,10 

DC ELECTRICAL CHARACTERISTICS (Vee = sv ± 10%, Ta = 0-70oq 

SYMBOL PARAMETER MIN. 

THMxxxx)(x·60 -
OPERATING CURRENT 

THMxXXXXIC·70 -
ICCI Average Power Supply Operating Current 

(W, tAS', Address Cycling: tRe = tRe MIN. ) 
THMxxxxxx·80 -
THMxxxxlIx·l0 -

STANDBY CURRENT 

leC2 Power Supply Standby Current -
('RA~ = 'CAS' = VIH) 

THMxxxxxx·60 -m ONLY REFRESH CURRENT 

Average Power Supply Current, m Only Mode 
THMxxxxxx·10 -

lec3 
(RAS' Cycling, CAS=VIH: tRC=tRC MIN. ) 

THMxxxxllx·80 -
TH Mxxxxxx· 1 0 -
THMxxxxxx·60 -

FAST PAGE MODE CURRENT 
THMxxxxxx·10 -

ICC4 Average Power Supply Current, Fast Page Mode 

(RM = VIL, CAS, Address Cycling: tpc = tpc MIN. 1 THMxxxxxx·80 -
THMxxxxxx·l0 -

STANDBY CURRENT 

ICC5 Power Supply Standby Current -
fR~ = ro = Vcc- 0.2V) 

THMxxxxxx·60 -m BEFORE RAS' REFRESH CURRENT 

Average Power Supply Current, m Before W 
THMxxxxxx·10 -

ICC6 
Mode (m, CAS Cycling: tRC = tRC MIN. ) 

THMxxxxxx·80 -
THMxxxxxx·l0 -

INPUT LEAKAGE CURRENT 

Ilel) Input Leakage Current, any input -80 

(OV:iVIN:i6.5V, All Other Pins Not Under Test=OV) 

IO(l) 
OUTPUT LEAKAGE CURRENT 

(DOUT is disabled, OV;;ii VOUT:a S.SV) 
-10 

OUTPUT LEVEL 
VOH 

Output "H" Level Voltage (lOUT = - SmA) 
2.4 

VOL 
OUTPUT LEVEL 

Output "L H Level Voltage (lOUT = 4.2mA) -

8-112 

MAX. UNIT NOTE 

720 

640 3,4 
mA 

560 5 

480 

16 mA 

720 

640 
3,5 mA 

560 

480 

480 

480 3,4 
mA 

400 5 

320 

8 mA 

720 

640 
mA 3,5 

560 

480 

80 pA 

10 pA 

- V 

0.4 V 



THM322500BS-60, THM322500AS-70, 80,10 
THM322500BSG-60, THM322500ASG-70, 80, 10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = SV ± 10%, Ta = 0-70°e) (Notes 6, 7, 8) 

THMxxxxxx-60 THMxxxxxx-70 THMxxxxxx-80 THMxxxxxx-l0 
SYMBOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 110 - 130 - 150 - 180 - ns 

tpc Fast Page Mode Cycle Time 40 - 45 - 50 - 60 - ns 

tRAC Access Time from RAS - 60 - 70 - 80 - 100 ns 9.14 

tCAC Access Time from CAS - 20 - 20 - 20 - 25 ns 9.14 

tM Access Time from Column Address - 30 - 35 - 40 - 50 ns 9,15 

tCPA Access Time from CAS Precharge - 35 - 40 - 45 - 55 ns 9 

tCLl ro to output in Low-Z 0 - 0 - 0 - 0 - ns 9 

tOFF Output Buffer Turn-off Delay 0 20 a 20 0 20 0 20 ns 10 

tT Transition Time (Rise and Fall) 3 50 3 SO 3 SO 3 SO ns 8 

tRP m Precharge Time 40 - 50 - 60 - 70 - ns 

tRAS ro Pulse Width 60 10,000 70 10,000 80 10,000 100 10,000 ns 

tRASP RAS Pulse Width (Fast Page Mode) 60 100,000 70 100,000 80 100,000 100 100,000 ns 

tRSH RAS Hold Time 20 - 20 - 20 - 25 - ns 

tRHCP 
RAS Hold Time From CAS 

35 40 45 55 Precharge (Fast Page Mode) - - - - ns 

tCSH ro Hold Time 60 - 70 - 80 - 100 - ns 

teAS CAS Pulse Width 20 10,000 20 10,000 20 10,000 25 10.000 ns 

tRCO RAS to CAS Delay Time 20 40 20 50 20 60 25 75 ns 14 

tRAO 
RAS to Column Address Delay 

15 30 15 35 15 40 20 SO 15 
Time 

ns 

tCRP CAS to m Precharge Time 5 - 5 - 5 - 5 - ns 

tcp CAS Precharge Time 10 - 10 - 10 - 10 - ns 

tASR Row Address Set-Up Time 0 - 0 - 0 - a - ns 

tRAH Row Address Hold Time 10 - 10 - 10 - 15 - ns 

tASC Column Address Set-Up Time 0 - 0 - 0 - 0 - ns 

tCAH Column Address Hold Time 15 - 15 - 15 - 20 - ns 

tAR 
Column Address Hold Time 

SO 55 60 75 referenced to R'AS' - - - - ns 

tRAL Column Address to RAS Lead Time 30 - 35 - 40 - 50 - ns 

tRCS Read Command Set-Up Time 0 - 0 - 0 - 0 - ns 

tRCH Read Command Hold Time 0 - 0 - 0 - 0 - ns 11 
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THM322500BS-60, THM322500AS-70,. 80, 10 
THM322500BSG-60, THM322500ASG-70, 80, 10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

THMxxxxxx-60 THMxxXlCXX-70 THMxxlCxxx-80 THMlClClClClClC-l0 
SYMBOL PARAMETER UNIT 

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

tRRH 
Read Command Hold Time 

0 - 0 - 0 - 0 - ns 
referenced to m 

tWCH Write Command Hold Time 10 - 15 - 15 - 20 - ns 

Write Command Hold Time 
45 55 60 75 tWCR 

referenced to AA~ - -, - - ns 

twp Write Command Pulse Width 10 - 15 - 15 - 20 - ns 

tRWL Write Command to ro Lead Time 20 - 20 - 20 - 25 - ns 

tCWL Write Command to C~ Lead Time 20 - 20 - 20 - 25 - ns 

tos Data Set-Up Time 0 - 0 - 0 - 0 - ,. ns 

tOH Data Hold Time 15 - 15 - 15 - 20 - ns 

tOHR Data Hold Time referenced to W 50 - 55 - 60 - 75 - ns 

tREF Refresh Period - 8 - 8 - 8 - 8 ms 

twcs' Write Command Set-Up Time 0 - 0 - 0 - 0 - ns 

tcSR 
ro Set-Up Time 

5 - 5 - 5 - 5 -(m before RM Cycle) 
ns 

ro Hold Time 
tCHR (m before ro Cycle) 

15 - 15 - 15 - 20 - ns 

tRPC ro to m Precharge Time 5 - 5 - 5 - 5 - ns 

tCPT 
ro Precharge Time (m before 

30 - 40 - 40 - 50 -m Counter Test Cycle) 
ns 

CAPACITANCE (Vee = 5V ± 10%, f = 1MHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AO-A8) - 60 pF 

CI2 Input Capacitance (W) - 60 pF 

el3 Input Capacitance (RA~.ro2) - 35 pF 

CI4 Input Capacitance (ro"ij-~) - 25 pF 

CDQI 1/0 Capacitance (DQO-31) - 17 pF 
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THM322500BS-60, THM322500AS-70, 80,10 
THM322500BSG-60, THM322500ASG-70, 80,10 

NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. 

2. All voltages are referenced to VSS. 

3. ICCl, ICC3, ICC4, ICCG depend on cycle rate. 

4. ICCl. ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RAS"=VIL and CAS=VU-I. 

6. An initial pause of 200ps is required after power-up followed by 8 HAS' cycles before proper device 

operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before HAS 
initialization cycles instead of 8 RAS cycles are required. 

7. AC measurements assume tT=5ns. 

8. VIH (min.) and VIL (max.) are reference levels for measuring timing of input signals. Also, 

transition times are measured between VlH and VIL. 

9. Measured with a load equivalent to 2 TrL loads and lOOpF. 

10. tOFF (max.) and tOEz (max,) define the time at which the output achieves the open circuit condition 

and are not referenced to output voltage levels. 

11. Either tRCH or tRim must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 

13. twcs is not 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. 

14. Operation within the tRCD (max.) limit insures that tRAC (max,) can be met. 
tHCD (max.) is specified as a reference point only: If tRCD is greater than the specified tHCO (max.) 
limit, then access time is controlled by tCAC. 

15. Operation within the tltAO (max.) limit insures that tRAC (max.) can be met. 
tHAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAo (max.) 
limit, then access time is controlled by tAA. 
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THM322500BS-60, THM322500AS-70, 80,10 
THM322500BSG-60, THM322500ASG-70, 80, 10 

TIMING WAVEFORMS 

READ CYCLE 

VIH 
AO-A8 

VIL 

VIH 
WRITE 

VIL 

DOUT 

~: "H- or "L-
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THM322500BS-60, THM322500AS-70, 80, 10 
THM322500BSG-60, THM322500ASG-70, 80, 10 

WRITE CYCLE <EARLY WRITE) 

VIH 
AO-A8 

VIL 

VIH 
WRITE 

V1L 

VIH 

DIN 
VIL 

8-117 



THM322500BS-60, THM322500AS-70, 80,10 
THM322500BSG-60, THM322500ASG-70, 80,10 

FAST PAGE MODE READ CYCLE 

VIH 
AO-A8 

VIL 

V 1H 
wRiT'E 

VIL 

Dour 

* VALID DATA OUT 
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THM322500BS-60, THM322500AS-70, 80,10 
THM322500BSG-60, THM322500ASG-70, 80,10 

FAST PAGE MODE WRITE CYCLE (EARLY WRI'rE) 

VIH 
AO-A8 

VIL 

VIH 
WRiTE' 

VIL 

VIH 
DIN 

VIL 

• VALID DATA IN 
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THM322500BS-60, THM322500AS-70, 80, 10 
THM322500BSG-60, THM322500ASG-70, 80, 10 

ltL\S ONLY REFRESH CYCLE 

VIH 
AO-A8 

VIL 

Dour ---------OPEN ----------
VOL -

Note: WRiit = "H w or "L" 
~: "W or "LH 
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THM322500BS-60, THM322500AS-70, 80,10 
THM322500BSG-60, THM322500ASG-70, 80, 10 

'CAS BEFORE HAS REFRESH CYCLE 

V1H-
AAS 

VIL 

tAS 
VIH-

tCHR 

VIL 

VOH 

DOUT 
VOL -

~:"W or "LH 

')----------OPEN ------
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THM322500BS-60, THM322500AS-70, 80, 10 
THM322500BSG-60, .THM322500ASG-70,80, 10 

HIDDEN REFRESH CYCLE (READ) 

8·122 
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THM322500BS-60, THM322500AS-70, 80,10 
THM322500BSG-60, THM322500ASG-70, 80,10 

HIDDEN REFRESH CYCLE (WRITE) 
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THM322500BS-60, THM322500AS-70, 80, 10 
THM322500BSG-60, THM322500ASG-70, 80, 10 

CAS BEFORE liAS REFRESH COUNTER TEST CYCLE 

VIH -
VIL _ 

VIH
VIL _ 

AO-A8 VIH 
VIL 

READ CYCLE 

[

Dour VOH-____ OPEN _~ 
VOL_ 

~~~==---~+J:!:::t.; WRiTE VIH 
VIL 

WRITE CYCLE 

[

WRl'it ~:~ = 

DIN VIH-
VIL_----
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THM322500BS-60, THM322500AS-70, 80,10 
THM322500BSG-60, THM322500ASG-70, 80,10 

OUTLINE DRAWINGS 

THM322500AS/ASG 

6.35 ± O. 13 95.25 ± O.OS 

3.3S±0.13 101.19±O.13 

Unit in mm 

2-1213.18 ± 0.05 

S.04MAX 

.~ . 

. 11.127~g:~ 

• THM322500AS • THM322500ASG 

Contacts: Tin - Lead 

>< 
~ 
'" N 

o 

'I I~O.9±O.OS 

· DOO-~ 

8-125 

Contacts: Gold 

i 
'" N 

o 

__ I 1_1.04±o.05 

· DOO-~ 
I~ 
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1,048,576 WORDS x 9 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

PRELIMINARY 

The THM91000AS/ASG/AL is a 1,048,576 words by 9 bits dynamic RAM module which assembled 9 
pes of TC51l000AJ on the printed circuit board. The THM91000AS/ASG/AL is optimized for 
application to the systems which are required high density a~d large capacity such as main memory of 
the computers and as image memory systems, and to the others which are requested compact size. 

FEATURES 

• 1,048,576 words by 9 bits organization 
• Fast access time and cycle time 

THM91000 THM91000 THM91000 
AS-70 AS-80 AS-l0 

tRAe RAS Access Time 70ns 80ns lOOns 

tM Column Address 

Access Time 
3Sns 40ns SOns 

teAc CAS Access Time 20ns 2005 2Sns 

tRe Cycle Time 130ns lS0ns 180ns 

tpc Fast Page Mode 

Cycle Time 
40ns 4Sns SSns 

PIN CONNECTION (TOP VIEW) 

THM91000AS/ASG THM91000AL THM91020AL 

vee (1) 0 
CAS (2) 0 
000 (3) 0 
AO (4) 0 
Al (5) 0 
001 (6) 0 
A2 (7) 0 
A3 (8) 0 
vss (9) 0 
002 (10) 0 
A4 (11) 0 
AS (12) 0 
003 (13) 0 
A6 (14) 0 
A7 (15) 0 
004 (16) 0 
A8 (17) 0 
A9 (18) 0 
N.C. (19) 0 
DOS (20) 0 
W (21) 0 
VSS (22) 0 
DOG (23) 0 
N.C. (24) 0 
007 (25) 0 
08 (26) 0 m (27) 0 
CAs8 (28) 0 
08 (29) 0 
vee (30) 0 

o 

8-127 

• Single power supply of 5V± 10% 
• Low power 

3,960mW MAX. Operating (THMxxxxxx-70) 
3,465mW MAX. Operating (THMxxxxxx-BO) 
2,970mW MAX. Operating (THMxxxxxx-10) 
49.5mW MAX. Standby 

• CAS' before RAS refresh, RAS' only refresh, 
Hidden refresh, and Fast Page Mode 
capability. 

• All inputs and outputs 'ITL compatible 
• 512 refresh cycles! 8ms 
• Tin-Lead Contact: THM91000AS-70, 80, 10 
• Gold Contact: THM91000ASG-70, BO, 10 

PIN NAMES 

AO-A9 Address Inputs 

DQO-DQ7 Data Input/Outputs 

D8 Data Input 

Q8 Data Output 

CAS Column Address Strobe 
RAS Row Address Strobe 

W ReadlWrite Input 

'CAS8 Column Address Strobe 

Vee Power(+SV) 

Vss Ground 

NC No Connection 



THM91000AS/ASG/AL-70, 80,10 J 
THM91020AL-70, 80, 10 ~ 
~----______ II 

BLOCK DIAGRAM 

OQ 

OQ 

OQ 

OQ 

AO-A9 

RAS 
CAS 

CAS8 
WRiT~ 

Vee 
Vss 

0 I 

lo-I 

2 I 

3 r 

r=t 
~ 

~ 

~ 

I--

f=t 
I-< 
I-< 
I-< 

f-

r¢ 
i---< 

--c 
!-< 

I-

I--

~ I-< 
I-< 
I-< 

0 
AO-A9 
m 
eM 
WRiit 

HI--

0 
AO-A9 
RAS 
eM 
WRITE 

HI--

0 
AO-A9 
RAS 

ru 
WRITE 

HI--

0 

AO-A9 
RAS 
CAS 
WRITE 

HI-

QJ OQ4 I QJ 
-" AO-Ag· 
~ m 
I-< ru 
I-< WRlIT 

HI--

QJ r QJ DQ5 0 

~ AO-A9 
f..--:.c RA~ 

I- I-< 00 
wmt 

HI--

QJ r QJ OQ6 0 

~ AO-A9 
I-< m 
I-< ru 

WRiTE 

HI--

QJ ~ QW DQ7 0 

~ AO-A9 
I---c m 
~ ru 

WRiTE 

HI-

08 0 QI-
~ AO-A9 

L....-..c RM 

Q8 

m 
WRiTE" 

~I-



ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL 

Input Voltage VIN 

Output Voltage VOUT 

Power Supply Voltage Vee 

Operating Temperature TOPR 

Storage Temperature TSTG 

Soldering Temperature' Time TSOLDER 

Power Dissipation Po 

Short Circuit Output Current lOUT 

THM91000AS/ASG/AL-70, 80, 10 
THM91020AL-70, 80, 10 

RATING UNITS NOTES 

-1.0-7.0 V I 

-1.0-7.0 V 1 

-1.0-7.0 V 1 

0-70 ·C I 

- 55-125 ·C 1 

260 ·10 ·C·sec 1 

5.4 W 1 

50 rnA 1 

RECOMMENDED DC OPERATING CONDITIONS (Ta = Q-7Qoq 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Vee Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 - 6.5 V 2 

V1L Input Low Voltage -1.0 - 0.8 V 2 
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THM91000ASIASGIAL-70, 80,10 
THM91020AL-70, 80, 10 

DC ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70oq 

SYMBOL PARAMETER MIN. 

OPERATING CURRENT THM91000AS·70 -
ICCl Average Power Supply Operating Current THM91000AS·SO -

(RAS. CAS. Address Cycling: tRC = tRC MIN. ) THM91000AS·l0 -
STANDBY CURRENT 

ICC2 Power Supply Standby Current -
(RAS = CAS = VIH) 

"PAs ONLY REFRESH CURRENT THM91000AS·70 -
Ico Average Power Supply Current. R't3" Only Mode THM91000AS·BO -

(R't3" Cyding. ru = V1H: tRC = tRcMIN.). THM91000AS·l0 -
FAST PAGE MODE CURRENT THM91000AS·70 -

Icc4 Average Power Supply Current, Fast Page Mode TH M 91 OOOAS·BO -
(RAS = Vil• CAS Address Cycling: tpc = tpc MIN. ) THM91 OOOAS·l 0 -
STANDBY CURRENT 

Iccs Power Supply Standby Current -
(RAS = CAS = VCC - 0.2V) 

CAS BEFORE RAS REFRESH CURRENT THM91 OOOAS· 70 -
ICC6 Average Power Supply Current, CAS Before RAS THM91000AS·BO -

Mode (RA$". CAS Cycling: tRC = tRC MIN.) THM91000AS·l0 -
INPUT LEAKAGE CURRENT 

II ell Input Leakage Current. any input -90 

(OV :;i VIN S 6.5V. All Other Pins Not Under Test = OV) 

IO(l) 
OUTPUT LEAKAGE CURRENT 

(Dour is disabled. OV:;i VourS S.5V) 
-20 

OUTPUT LEVEL 
VOH 

Output "H" Level Voltage (lOUT = - SmA) 
2.4 

OUTPUT LEVEL 
VOL 

Output "L" Level Voltage (lOUT = 4.2mA) -

8-130 

MAX. UNIT NOTES 

720 

630 mA 3.4 

540 

18 mA 

720 

630 mA 3 

540 

540 

450 mA 3.4 

360 

9 mA 

720 

630 mA 3 

540 

90 jlA 

20 jlA 

- V 

0.4 V 



THM91000AS/ASG/AL-70, 80, 10 
THM91020AL-70, 80,10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = 5V + 10%, Ta = 0-70oq (Notes 5, 6, 7) 

THM91000AS-70 THM91000AS-BO THM91000AS-l0 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 130 - 150 - 180 - ns 

tpc Fast Page Mode Cycle Time 40 - 45 - 55 - ns 

tRAC Access Time from 'RAS - 70 - BO - 100 ns B, 13 

tCAC Access Time from CAS - 20 - 20 - 25 ns B, 13 

tAA Access Time, from Column Address - 35 - 40 - 50 ns 8, 14 

tCPA Access Time from CAS Precharge - 35 - 40 - 50 ns 8 

tCLZ CAS to output in Low-Z 0 - 0 - 0 - ns B 

tOFF Output Buffer Turn-off Delay 0 20 0 20 0 20 ns 9 

tT Transition Time (Rise and Fall) 3 50 3 50 3' 50 ns 7 

tRP RAS Precharge Time 50 - 60 - 70 - 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 

tCSH CAS Hold Time 70 - 80 - 100 - ns 

tCAS CAS Pulse Width 20 10,000 20 10,000 25 10,000 ns 

tRCD RAS to CAS Delay Time 20 50 20 60 25 75 ns 13 

tRAD RAS to Column Address Delay Time 15 35 15 40 20 50 ns 14 

tCRP CAS to RAS Precharge Time 5 - 5 - 10 - ns -
tcp CAS Precharge Time (Fast Page Mode) 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 

Column Address Hold Time referenced 
tAR 

to RAS 
55 - 60 - 75 - ns 

tRAL Column Address to 'RAS Lead Time 35 - 40 - 50 - ns 

tRCS Read Command Set-Up Time 0 - 0 - 0 - ns 

tRCH Read Command Hold Time 0 - 0 - 0 - ns 10 

Read Command Hold Time referenced 
tRRH 

to RAS 
0 - 0 - 0 - ns 10 

tWCH Write Command Hold Time 15 - 15 - 20 - ns 

Write Command Hold Time referenced 
tWCR 

to RAS 
55 - 60 - 75 - ns 
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THM91000AS/ASG/AL-70, 80,10 
THM91020AL-70, 80,10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

THM91000AS-70 THM91000AS-80 THM91 000AS-1 0 
SYMBOL PARAMETER UNIT 

MIN. MAX. MIN. MAX. MIN. MAX. 

twp Write Command Pulse Width 15 - 15 - 20 - ns 

tRWL Write Command to RAS Lead Time 20 - 20 - 25 - ns 

tCWL Write Command to CAS Lead Time 20 - 20 - 25 - ns 

tDS Data Set-Up Time 0 - 0 - 0 - ns 

tDH Data Hold Time 15 - 15 - 20 - ns 

tDHR Data Hold Time referenced to RAS 55 - 60 - 75 - ns 

tREF Refresh Period - 8 - 8 - 8 ms 

twcs Write Command Set-UP Time 0 - 0 - 0 - ns 

tCSR CAS Set-Up Time (CAS before RAS Cycle) 5 - 5 - 5 - ns 

tCHR CAS Hold Time (CAS before AAS Cycle) 15 - 15 - 15 - ns 

tRP( RAS to CAS Precharge Time 0 - 0 - 0 - ns 

tCPT 
CAS Precharge Time (CAS before RAS 

40 - 40 50 
Counter Test Cycle) 

- - ns 

CAPACITANCE (Vee = SV ± 10%, f = 1MHz, Ta = 0-70oq 

SYM80L PARAMETER MIN. MAX. UNIT 

Cll Input Capacitance (AO-A9, W, CAS, RAS) - 60 pF 

CI2 Input Capacitance (D8,CASS) - 7 pF 

COQ Input Capacitance (DQO-DQ7) - 15 pF 

CQ Input Capacitance (Q8) - 10 pF 
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NOTES: 

THM91000AS/ASG/AL-70, 80, 10 
THM91020AL-70, 80, 10 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. 

2. All voltages are referenced to VSS. 

3. ICCl, ICC3, ICC4, ICC6 depend on cycle rate. 

4. ICCl, ICC4 depend on output loading. Specified value are obtained with the output open. 

5. An initial pause of 20011S 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. 

6. AC measurements assume tor = 5ns. 

7. Vm(min.) and VIL(max.) are reference levels for measuring timing of input signals. Also, 

transition times ~re measured between VU-I and VII,. 

8. Measured with a load equivalent to 2 TIL loads and lOOpF. 

9. tOFI~(max.) defines the time at which the output achieves the open circuit condition and is not 

referenced to output voltage levels. 

10. Either tRCH or tRRf-I must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. twcs is not restrictive operating parameters. This is included in the data sheet as electrical 

characteristics only. If twcs~ twcs(min.), the cycle is an early write cycle and the data out pin 

will remain open circuit (high impedance). 

13. Operation within the tRcrimax.) limit insures that tHAc(max.) can be met. 

tRco(max.) is specified as a reference point only: If tlteD is greater than the specified tn.co(max.) 

limit, then access time is controlled by tCAC. 

14. Operation within the tRAo(max.) limit, insures that tHAcCmax.) can be met. 

tRAD(max.) is specified as a reference point only: IftRAD is greater than the specified tUAD(max.) 

limit, then access time is controlled by tAA. 
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THM91000AS/ASG/AL-70, 80.10 
THM91020AL-70, 80, 10 

READ CYCLE 

VIH -
CAS V1L -" __ ----J 

VIH -
AO-A9 VIL_ 

tAC · 

DQO- VOH -_____ OPEN ___ ----< 
DQ7.Qa VOL -

8-134 

1m : "H"or"L" 



EARLY WRITE CYCLE 

RAS 
VIH -
V 1L -

CAS 
V 1H 
VIL 

_ V1H -

WRITE Vil 

THM91000AS/ASG/AL-70, 80,10 
THM91020AL-70, 80,10 

tRSH 

------::::.:::.-..-- . 
Q8 VOH 

- ------------------VOL _ OPEN -----

IE :"W or "L" 
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THM91000AS/ASG/AL-70, 80,10 
THM91020AL-70,80,10 

FAST PAGE MODE READ CYCLE 

RAS 

DQO- VOH-
DQ7.Q8 VOL _ ----------+--.(J'0%'X1 
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• VALID DATA-OUT 

_ : "W or "L" 



FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

_V IH -
WRITE V IL _ 

THM91000AS/ASG/AL-70, 80, 10 
THM91020AL-70, 80, 10 

Q8 
VOH -
VOL_----------------OPEN -------

• VALID DATA·IN 

1m : "H" or "Lw 
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THM91000AS/ASG/AL-70,80,10 
THM91020AL-70, 80, 10 

RAS ONLY REFRESH CYCLE 

[\1 

I~ 

If 

tAlA tRAH - -
AO-A8 ~:~_ ROW 

t Re I 

.-1 
O! tee ) I 

teAs -.y 

~I 
V 

DOO-
007.08 

,-----------------OPEN ----

1m : "Wor"L" 

Note: WRITE = "HH or "L H. A9 = "H" or "L" 
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CAS BEFORE RAS REFRESH CYCLE 

V1H -

RAS V1L _;.-..._---' 

V1H -CAS V1L _____ ~ 

THM91000AS/ASG/AL-70, 80, 10 
THM91020AL-70, 80,10 

DQO- V 1)------- OPEN ___________ _ 
DQ7,Q8 VO.-____ ..Jf 

_ : "H" or"L" 

Note: WRITE = "H" or "L", AO-A9 = "H" or "L" 
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THM91000AS/ASG/AL-70,80,10 
THM91020AL-70,80,.10 

HIDDEN REFRESH CYCLE (READ) 

000- VOH-
007.08 VOL _---------1--<: 

~ : "HH or "LH 
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HIDDEN REFRESH CYCLE (WRITE) 

VIH 

AO-A9 V1L 

_ V1H 
WRITE V

1L 

THM91000AS/ASG/AL-70, 80, 10 
THM91 020AL-70,80, 10 

Q8 
VOH -
VOL _------------------- OPEN ----
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THM91000AS/ASG/AL-70,80,10 
THM91020AL-70, 80, 10 

CAS BEFORE RAS REFRESH COUNTER CYCLE 

READ CYCLE 

DQ7.Q' vo,~ 

l
~QO- VOH-

WRITE VIH 
VIL -

WRITE CYCLE 

DQO- VIH-
DQ7,D8 VIL _-----

Q8 VOH- -------------------OPEN _____ _ 
VOL_ 
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THM91000AS/ASG/AL-70, 80,10 
THM91020AL-70, 80,10 

OUTLINE DRAWINGS 

Unit: mm 

• THM91000AS/ASG 

I 
03.18 ± 0.05 

I~E _____ --..:8:.::.:;8.9::...=±...:,:.o.1=.3 -------l~ .1 I ~.08MAX. 
~--r--------------~ 

o 
;!:! 

; -t 0000000001 /"I'l 

l~ 
73.66 I 

-0 

• THM91000AS 
DETAIL OF CONTACTS 

82.14 ± 0.13 

• 

• THM91000ASG 
DETAIL OF CONTACTS 

3.38 

CONTACT: Tin-Lead CONTACT: Gold 

• THM91000AL 

I 82.14±0.13 I 
E J 

!l OOO~~~~QOO 
--W~ ~IIEO.5±O.1 I 

1·~ ___________ 7_~3.6_6 ____ ~ 
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~ .0.10 
~I E 1.27 - 0.08 

.1 I ~.08MAX. 

+0.15 
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THM91000AS/ASG/AL-70,80,10 
THM91020AL-70, 80, 10 

• THM91020AL 

FRONT SIDE 

I ~ 88.9±0.13 ~I 

~iilHftj~~i~~r I 
i. 2.S4 II to.S±O.1 I 

- 73.66 ~ • 

BACK SIDE 
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1,048,576 WORDS x 9 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

PRELIMINARY 

The THM91000BS I BSG I BL is a 1,048,576 words by 9 bits dynamic RAM module which assembled 9 
pes of TC51l000BJ on the printed circuit board. The THM91000BS I BSG / BL is optimized for 
application to the systems which are required high density and large capacity such as main memory of 
the computers and as image memory systems, and ·to the others which are requested compact size. 

FEATURES 

• 1,048,576 words by 9 bits organization 
• Fast access time and cycle time 

THM91000BS - 60 

tRAC m Access Time 60ns 

tM Column Address 

Access Time 
30ns 

tCAC CAS Access Time 20n5 

tRC Cycle Time lIOns 

tpc Fast Page Mode 
40n5 

Cycle Time 

• Single power supply of 5V± 10% 
• Low power 

4,455m W MAX. Operating 
49.5mW MAX. Standby 

• CAS before RAS refresh, RAS' only refresh, 
Hidden refresh, and Fast Page Mode capability. 

• All inputs and outputs TTL compatible 
• 512 refresh cycles! 8ms 
• Tin-Lead Contact:THM91000BS-60 
• Gold Contact:THM91000BSG-60 

PIN CONNECTION (TOP VIEW) PIN NAMES 

THM91 OOOBS ISSG THM91000Sl THM91020Sl 

AO-A9 Address Inputs 
vce (1) CJ 
CAS (2) CJ 
000 (3) CJ 

DQO-DQ7 Data Input/Outputs 

08 Data Input 
AO (4) CJ 
AI (5) CJ 
001 (6) CJ 

Q8 Data Output 

CAS Column Address Strobe 
A2 (7) CJ 
A3 (B) CJ 

m Row Address Strobe 

vss (9) CJ W ReadlWrite Input 
DQ2 (10) CJ 
A4 (11) CJ CASS Column Address Strobe 
AS (12) CJ 
DQ3 (13) CJ 
A6 (14) CJ 

Vec Power ( + 5V) 

Vss Ground 
A7 (IS) CJ NC No Connection 
D04 (16) CJ 
AS (17) CJ 
A9 (IS) CJ 
N.C. (19) CJ 
DQS (20) CJ 
Vi (21) CJ 
vss (22) CJ 
DQ6 (23) CJ 
N.C. (24) CJ 
D07 (25) Cl 
QS (26) CJ 
m (27) CJ 
eASS (28) CJ 
DB (29) CJ 
vce (30) Cl 

0 
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THM91 000 BS/BSG/BL-60 
THM91020BL-60 

BLOCK DIAGRAM 

OQ 

OQ 

OQ 

OQ 

AD-A9 

m 
CAS 

CAS8 
W~ 

Vee 
Vss 

D 1 

1 r 

2 I 

3 r 

r=C 
I--< 
I--< 
I--< 

I--
L...J.,. 

foo~ 
I--< 

I-- I--c 

-
=¢ 
-< 

fool-- -< 
-< 

I--

Fe 
I--< 
I--< 
I--< 

I 
I 

0 QJ 
AD-A9 

m 
CAS 
WRifE 

Hr-
0 QJ 
AO-A9 
m 
CAS 
WRITE 

Hr-
0 QJ 
AO-A9 
m 
CAS 
WRITE 

Hr-
0 QJ 
AD-A9 

m 
CAS 
WRITE 

Hr-

II 
I 

DQ4 I QJ 
~ AD-A9 
I-- m 
I-- CAS 

WRiTE 

Hr-
I QJ OQS 0 

~ AO-A9 
~ m 

~I-- I-< CAS 
WRITE 

Hr-
r QJ OQ6 I-- 0 

~ AO-A9 
I-c RAS 
h CAS 
f-<: WRITE 

Hr-
OQ7 r I-- 0 QJ 

~ AO-A9 
I- m 
I- CAS 

WRiTE 

Hr-
08 0 Qf---o 

~ AO-A9 
l-..:.( RAS 

Q8 

m 
WRiTE 

~r-

8-146 



ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING 

Input Voltage VIN - 1.0-7.0 

Output Voltage VOUT - 1.0-7.0 

Power Supply Voltage Vee -1.0-7.0 

Operating Temperature TOPR 0-70 

Storage Temperature TSTG - 55-125 

Soldering Temperature· Time TSOLOER 260·10 

Power Dissipation Po 504 

Short Circuit Output Current lOUT 50 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70oq 

SYMBOL PARAMETER MIN. TYP. 

Vee Supply Voltage 4.5 5.0 

V1H Input High Voltage 2.4 -
V1L Input Low Voltage - 1.0 -

8-147 

THM91000BS/BSG/BL-60 
THM91020BL-60 

UNITS NOTES 

V 1 

V 1 

V 1 

·C 1 

·C 1 

·C· sec 1 

W 1 

mA 1 

MAX. UNIT NOTES 

5.5 V 2 

6.5 V 2 

0.8 V 2 



THM91000BS/BSG/BL-60 
THM91020BL-60 

DC ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70oq 

SYMBOL PARAMETER MIN. MAX. 

OPERATING CURRENT 
ICCI Average Power Supply Operating Current - 810 

(RAS, m, Address Cycling: tRC = tRC MIN.) 

STANDBY CURRENT 
ICC2 Power Supply Standby Current - 18 

(RAS = CAS = VIH) 

RAS ONLY REFRESH CURRENT 
ICC3 Average Power Supply Current, RAS Only Mode (AAS - 810 

Cycling. 00 = VIH: tRC= tRC MIN.) 

FAST PAGE MODE CURRENT 
ICC4 Average Power Supply Current, Fast Page Mode - S40 

(RAS=VIL, ro Address Cycling: tpc=tpeMIN.) 

STANDBY CURRENT 
Ices Power Supply Standby Current - 9 

(RAS = CAS = Vee- 0.2V) 

m BEFORE RAS REFRESH CURRENT 
lee6 Average Power Supply Current, ro Before AAS Mode - 810 

(RAS, CAS Cycling: tRC = tRC MIN.) 

INPUT LEAKAGE CURRENT 
II (L) Input Leakage Current, any input -90 90 

(OV:;;;VIN:;;;6.SV, All Other Pins Not Under Test=OV) 

IO(L) 
OUTPUT LEAKAGE CURRENT 

-20 20 
(DOUT is disabled. OV:;;;VOUT=>S.SV) 

VOH 
OUTPUT LEVEL 

2.4 -
Output .. W Level Voltage (lOUT = - SmA) 

VOL 
OUTPUT LEVEL 

0.4 
Output .. L W Level Voltage (lOUT = 4.2mA) 

-
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THM91000BS/BSG/BL-60 
THM91020BL-60 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = SV + 10%, Ta = 0-70oq (Notes 5, 6, 7) 

SYMBOL PARAMETER MIN. MAX. UNIT NOTES 

tRC Random Read or Write Cycle Time 110 - ns 

tpc Fast Page Mode Cycle Time 40 - ns 

tRAC Access Time from RAS - 60 ns 8,13 

tCAC Access Time from CAS - 20 ns 8, 13 

tAA Access Time from Column Address - 30 ns 8,14 

tCPA Access Time from CAS Precharge - 35 ns 8 

tCLZ CAS to output in Low-Z 0 - ns 8 

tOFF 
r-' 

Output Buffer Turn-off Delay 0 20 ns 9 

tT Transition Time (Rise and Fall) 3 50 ns 7 

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 

tRSH RAS Hold Time 20 - ns 

tCSH CAS Hold Time 60 - ns 

tCAS CAS Pulse Width 20 10,000 ns 

tRCD RAS to CAS Delay Time 20 40 ns 13 

tRAD RAS to Column Address Delay Time 15 30 ns 14 

tCRP CAS to RAS Precharge Time 5 - ns 

tcp CAS Precharge Time (Fast Page Mode) 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 AAS Lead Time 30 - ns 

tRCS Read Command Set-Up Time 0 - ns 

tRCH Read Command Hold Time 0 - ns 10 

tRRH Read Command Hold Time referenced to RAS 0 - ns 10 

twCH Write Command Hold Time 10 - ns 

tWCR Write Command Hold Time referenced to RAS 45 - ns 
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THM91000BS/BSG/BL-60 
THM91020BL-60 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

SYMBOL PARAMETER MIN. MAX. UNIT 

twP Write Command Pulse Width 10 - ns 

tRwL Write Command to m Lead Time 20 - ns 

tCWL Write Command to CAS Lead Time 20 - ns 

tos Data Set-Up Time 0 - ns 

tOH Data Hold Time 15 - ns 

tOHR Data Hold Time referenced to RAS 50 - ns 

tREF Refresh Period - 8 ms 

twcs Write Command Set-UP Time 0 - ns 

tCSR CAS Set-Up Time (m before m Cycle) 5 - ns 

tCHR 00 Hold Time (00 before RAS Cycle) 15 - ns 

tRPC m to CAS Precharge Time 0 - ns 

tCPT 
CAS Precharge Time (CAS before AAS Counter Test 

30 
Cycle) 

- ns 

CAPACITANCE (Vee = 5V ± 10%, f = 1MHz, Ta = 0 .... 70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

CII Input Capacitance (AO-A9, W, CAS, RAS) - 60 pF 

CI2 Input Capacitance (08.CAS8) - 7 pF 

COQ Input Capacitance (OQO-OQ7) - 15 pF 

Co Input Capacitance (Q8) - 10 pF 
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NOTES: 

THM91000BS/BSG/BL-60 
THM91020BL-60 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. 

2. All voltages are referenced to VSS. 

3. ICCl, ICC3, ICC4, ICC6 depend on cycle rate. 

4. ICCI. ICC4 depend on output loading. Specified value are obtained with the output open. 

5. An initial pause of 200}1s 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. 

6. AC measurements assume tT=5ns. 

7. VIH(min.) and VIL(max.) are reference levels for measuring timing of input signals. Also, 

transition times are measured between Vm and VIL. 

8. Measured with a load equivalent to 2 TTL loads and lOOpF. 

9. tOFF(max.) defines the time at which the output achieves the open circuit condition and is not 

referenced to output voltage levels. 

10. Either tRCH or tRRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. twcs is not restrictive operating parameters. This is included 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 circui t (high impedance). 

13. Operation within the tRCD(max.) limit insures that tRAc(max.) can be met. 

tRCD(max.) is specified as a reference point only: If tRCD is greater than the specified tRCD(max.) 

limit, then access time is controlled by tcAC. 

14. Operation within the tRAD(max.) limit, insures that tRAc(max.) can be met. 

tRAD(max.) is specified as a reference point only: If tRAD is greater than the specified tRAD(max.) 

limit, then access time is controlled by tAA. 
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THM91000BS/BSG/BL-60 
THM91020BL-60 

READ CYCLE 

VIH -CAS VIL _____ _ 

DQO- VOH -

DQ7,Q8 VOL -------

fBI : "H" or "L" 
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EARLY WRITE CYCLE 

RAS 
VIH -

VIL -

CAS 
V 1H 

VIL 

DQO- V1H -

DQ7.DS VIL _ 

t RSti 

THM91000BS/BSG/BL-60 
THM91020BL-60 

Q8 VOH - -------------------OPEN -----
VOL -

m : "Wor"L~ 
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TI-IMQ1 nnnR~/R~~/RI -Rn .......... ..... '-' ......... ~ ................ , .... - ......... 
THM91020BL-60 

FAST PAGE MODE READ CYCLE 

DOO- VOH -
D07.Q8 VOL _ -----------+--< 

• VALID DATA·OUT 

rmJ : "W or "L" 

8-154 



FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

__ V1H -

WRITE VIL _ 

THM91 000 BS/BSG/BL-60 
THM91020BL-60 

Q8 
VOH-
VOL_----------------- OPEN -------

• VALID DATA·IN 
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THM91 000 BS/BSG/BL-60 
THM91020BL-60 

RAS ONLY REFRESH CYCLE 

1\ • 

I~ 

A 

tASR tRAH -

t SA5 

t Rr I 
I 

~ tse • I 

\ ~.Jt 

,tRPe ,.1 

V 

DQO- VOH-
DQ7,Qa VOL _--------------------OPEN ----

Note: WRITE="H- or "L", A9="H- or "L" 
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CAS BEFORE RAS REFRESH CYCLE 

V1H-

RAS VIL _~_---' 

THM91000BS/BSG/BL-60 
THM91020BL-60 

DQO- VOH- I}------ OPEN ____________ _ 
DQ7,Qa VOL-____ .Jf" 

Note: WRITE="HH or "L", AO-A9="H" or "L" 
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THM91000BS/BSG/BL-60 
THM91020BL-60 

HIDDEN REFRESH CYCLE (READ) 

DOO- VOH -----~---+--o( 
DQ7,Q8 VOL -

BI : lOW or "L" 
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HIDDEN REFRESH CYCLE (WRITE) 

VIH _----l7-+-+----"'\oI .. 

THM91 000 BS/BSG/BL-60 
THM91020BL-60 

CAS V1L - I,,\I"--~I 

~---r---------

Q8 
VOH-____________________ OPEN ___ _ 

VOL -

lmI : "H" or "L" 
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THM91000BS/BSG/BL·60 
THM91020BL·60 

CAS BEFORE RAS REFRESH COUNTER CYCLE 

AO-A9 ~IH
IL -

READ CYCLE 

DQO- VOH- _______ OPEN ____ ~ 

DQ7,Q8 VOL _ 

WRITE CYCLE 

Q8 
VOH-
V OL _ --------------------- OPEN ------
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THM91000BS/BSG/BL-60 
THM91020BL-60 

OUTLINE DRAWINGS 

Unit: mm 

• THM91000BS / BSG 

I ~ J I 
03.18 ±O.OS 

88.9 ±0.13 

~ M 0000000001 0 
0 +1 +1 N 

m 11'1 

0 :-t N l~ 
I· -++.-~ 73.66 

·1 

-0 

3.38 
82.14 ± 0.13 

• THM91000BS • THM91000BSG 
DETAIL OF CONTACTS DETAIL OF CONTACTS 

Contacts: Tin-Lead Contacts: Gold 

• THM91000BL 

N 
11'1 N 
N 

82.14 ± 0.13 

000000000 
-:-- -il-O.StO.l i 2S4 -JL-I" I 

• ____________ ~73=.66~ __________ ~. 
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THM91000BS/BSG/BL-60 
THM91020BL-60 

-THM91020BL 

FRONTSIDE 

BACK SIDE 
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1,048,576 WORDS x 9 BIT DYNAMIC RAM MODULE 

DESCRIPTION 
PRELIMINARY 

The THM91070SIL is a 1,048,576 words by 9 bits dynamic RAM module which assembled 2 pcs of 
TC514400J and Ipc of TC511000AJ on the printed circuit board. 

The THM91070SIL is optimized for application to the systems which are required high density and 
large capacity such as main memory of the computers and an image memo~y systems, and to the 
others which are requested compact size. 

FEATURES 

• 1,048,576 words by 9 bits organization 
• Fast access time 

tRAC RAS Access Time 

tAA Column Address Access Time 

tCAC CAS Access Time 

tRC Cycle Time 

tpe Fast Page Mode Cycle Time 

• Single power supply of 5V± 10% 
• Low power 1,540mW MAX. Operating(THMxxxxxx-80) 

1,320mW MAX. Operating (THMxxxxxx-10) 

-80 -10 

80ns 100ns 

40n5 50ns 

20ns 25ns 

1S0ns 180ns 

SOns GOns 

16,5mW MAX. Standby 
• CAS before RAS refresh, RAS only refresh, Hidden refresh, and Fast Page Mode capability 
• All inputs and outputs ITL compatible 
• 1,024 refresh cycles! 8ms (Burst Refresh) 
• 1,024 refresh cycles/16ms (Distributed Refresh) 

PIN CONNECTION (TOP VIeW) 

THM91070S THM91070L 

vce (t) 0 
PIN NAMES 

CAS (2) 0 
DQO (3) 0 
AO (4) 0 

AO-A9 Address Inputs 

DQO-DQ7 Data Inputs/Outputs 
At (S) 0 
DQI (6) 0 

08 Data Inputs 

A2 (7) 0 Q8 Data Outputs 
A3 (8) 0 
vss (9) 0 CAS Column Address Strobe 

DQ2 (10) 0 RAS Row Address Strobe 
A4 (11) 0 
AS (12) 0 W Read/Write Input 
DQ3 (13) 0 
A6 (14) 0 
A7 (15) 0 

CAS8 Column Address Strobe 

Vec Power(+SV) 
DQ4 (16) 0 
AS (t7) 0 Vss Ground 

A9 (18) 0 N.C. No Connection 
N.C. (19) 0 
DQS (20) 0 
Vi (21) 0 
VSS (22) 0 
DQ6 (23) 0 
N.C. (24) 0 
DQ7 (25) 0 
Q8 (26) 0 
m (27) 0 
eAS8 (28) 0 
08 (29) 0 
vee (30) 0 

0 
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THM910705-80, 10 
THM91070L-80, 10 

BLOCK DIAGRAM 

OQO 

OQ1 

OQ2 

OQ3 

OQ4 

OQS 

OQ6 

OQ7 

W 
CAS 
RAS 

08 

Q8 

AO-A9 

Vee 
Vss 

-~ 
~ 

0---. 

'--

I 
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w 
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AAS 
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C'AS 
RAS 

/ AO-A9 

1/04 

1103 

1/02 

1/01 

Vee Vss 

~~ 
w 
as 
RAS 
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0 Q-

Vee Vss 

HI-



ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING 

Input Voltage VIN -1.0-7.0 

Output Voltage VOUT -1.0-7.0 

Power Supply Voltage Vee -1.0-7.0 

Operating Temperature TOPR 0-70 

Storage Temperature TSTG - 55-125 

Soldering Temperature' Time TSOLOER 260·10 

Power Dissipation Po 1.8 

Short Circuit Output Current lOUT 50 

RECOMMENDED DC OPERATING CONDITIONS (Ta - 0-70°C) -
SYMBOL PARAMETER MIN.· TYP. MAX. 

Vcc Supply Voltage 4.5 5.0 5.5 

VIH Input High Voltage 2.4 - 6.5 

V,l Input Low Voltage -1.0 - 0.8 

DC ELECTRICAL CHARACTERISTICS (Vrr - 5V + 10% Ta - 0-70°C) - - I -
SYMBOL PARAMETER 

OPERATING CURRENT THM x x x x x x - 80 
ICC1 Average Power Supply Operating Current 

(RAS, CAS. Address Cycling: tRe:: tRe MIN.) THM x x x x x x - 10 

STANDBY CURRENT 

lec2 Power Supply Standby Current 

(RAS = CAS = VIH) 

RAS ONLY REFRESH CURRENT THM x x x x x x - 80 
leel Average Power Supply Current, RAS Only Mode 

(RAS Cycling. CAS VIH: tRC = tRC MIN.) THM x x x x x x -10 

FAST PAGE MODE CURRENT THM x x x x x x - 80 

lee4 Average Power Supply Current, Fast Page Mode 

(RAS = V1l. CAS Address Cycling: tpe = tpc MIN.) THM x x x x x x - 10 

STANDBY CURRENT 

Ices Power Supply Standby Current 

(RAS = CAS = Vee - 0.2V) 

CAS BEFORE RAS REFRESH CURRENT THM x x x x x x - 80 
ICC6 Average Power Supply Current, CAS Before m 

Mode (RAS, CAS Cycling: tRe = tRe MIN.) THM x x x x x x - 10 

INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any Input 

(OV:;; VIN S 6.SV All Other Pins not under Test:: OV) 

10(l) 
OUTPUT LEAKAGE CURRENT 

(Dour is disabled, OVSi VouTSi S.5V) 

VOH 
OUTPUT LEVEL 

Output "W Level Voltage (IOUT= 5 - mAl 

VOl 
OUTPUT LEVEL 

Output "L· Level Voltage (IOIlT:: 4.2mA) 
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UNITS NOTES 

V 1 

V 1 

V 1 

·C 1 

·C I 

·C· sec 1 

W 1 

mA 1 

UNIT NOTES 

V 2 

V 2 

V 2 

MIN. MAX. UNITS NOTES 

- 280 
mA 3,4 

- 240 

- 9 mA 

- 280 
mA 3 

- 240 

- 190 
rnA 3,4 

- 160 

- 3 rnA 

- 280 
rnA 3 

- 240 

-30 30 llA 

-10 10 IJA 

2.4 - V 

- 0.4 V 



THM91070S-80, 10 
THM91070L-80, 10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VCC=5V±10%, Ta=O-70°C)(Notes 5, 6, 7) 

THMxxxxxx-80 THMxxxxxx-l0 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 150 - 180 - ns 

tpc Fast Page Mode Cycle Time 50 - 60 - ns 

tRAC Access Time from m - 80 - 100 ns 8,13 

teAc Access Time from CAS - 20 - 25 ns 8, 13 

tAA Access Time from Column Address - 40 - 50 ns 8,14 

tePA Access Time from CAS Precharge - 45 - 55 ns 8 

tCLz CAS to Output in Low-Z 0 - 0 - ns 8 

tOFF Output Buffer Turn-off Delay 0 20 0 20 ns 9 

, tr Transition Time (Rise and Fall) 3 50 3 50 ns 7 

tflP RAS Precharge Time 60 - 70 - ns 

tRAS m Pulse Width 80 10,000 100 10,000 ns 

tRASP m Pulse Width (Fast Page Mode) 80 200,000 100 200,000 ns 

tflSH RAS Hold Time 20 - 25 - ns 

tesH CAS Hold Time 80 - 100 - ns 

tCAS CAS Pulse Width 20 10,000 25 10,000 ns 

tRCD m to CAS Delay Time 20 60 25 75 ns 13 

tRAD RAS to Column Address Delay Time 15 40 20 50 ns 14 

tCRP <:AS to RP3 Precharge Time 5 - 10 - ns 

tcP CAS Precharge Time (Fast Page Mode) 10 - 10 - ns 

tASR Row Address Set-Up Time 0 - 0 - ns 

tRAH Row Address Hold Time 10 - 15 - ns 

tAse Column Address Set-Up Time 0 - 0 - ns 

tCAH Column Address Hold Time 15 - 20 - ns 

tAR 
Column Address Hold Time referenced to 

60 - 75 -m ns 

tRAL Column Address to W Lead Time 40 - 50 - ns 

tRCS Read Command Set-Up Time 0 - 0 - ns 

tRCH Read Command Hold Time 0 - 0 - ns 10 

tRRH 
Read Command Hold Time referenced to 

0 - 0 10 m - ns 

tWCH Write Command Hold Time 15 - 20 - ns 

tWCR 
Write Command Hold Time referenced to 

60 RAS - 75 - ns 
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THM910705-80, 10 
THM91070L-80, 10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

THMxxxxxx-80 THMxxxxxx-10 
SYMBOL PARAMETER UNIT NOTES 

MIN. MAX. MIN. MAX. 

twp Write Command Pulse Width 1S - 20 - ns 

tRWL Write Command to RAS Lead Time 20 - 25 - ns 

tCWL Write Command to CAS Lead Time 20 - 25 - ns 

tos Data Set-Up Time 0 - 0 - ns 11 

tOH Data Hold Time 15 - 20 - ns 11 

tOHR Data Hold Time referenced to RAS 60 - 75 - ns 

tREF Refresh Period - 16 - 16 ms 

twcs Write Command Set-Up Time 0 - 0 - ns 12 

tCSR CAS Set-Up Time (CAS before RAS Cycle) 5 - 10 - ns 

tCHR CAS Hold Time (m before RAS Cycle) 15 - 20 - ns 

tRPC RAS to CAS Precharge Time 0 - 0 - ns 

tCPT 
CAS Precharge Time (CAS before RAS 

40 
Counter Test Cycle) - 50 - ns 

tWRP 
WRITE to RAS Precharge Time 

10 (CAS before AAS Cycle) - 10 - ns 

tWRH 
WRITE to RAS Hold Time 

10 (CAS before AAS Cycle) - 10 - ns 

CAPACITANCE (Vee - SV + 10% f -1 MHz Ta - 0-70°C) - - , - , -
SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AO-A9, W, cAs, RAS) - 30 pF 

CI2 Input Capacitance (08, CASa) - 10 pF 

Coo I/O Capacitance (DQO-DQ7) - 15 pF 

Co Output Capacitance (Q8) - 10 pF 
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THM91070S~80, 10 
THM91 070L-80,. :/10 

NOTES: 

1. Stresses. gr~ater than those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. 

2. All voltages are referen(£~d to VSS; 

3. ICCI, ICC3, ICC4, ICC6 depend on cycle rate~ 

4. ICCI, ICC4 depend on output loading. Specified values are obtained with the output open . 

. 5. An initial pause of 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. 

6. AC measurements assume tT = 5ns. 

7. V IH (min.). and VIL (max.) are reference levels for measuring timing of input signals. Also, 

transition times are measured between VIH and VIL. 

8. Measured with a load equivale1?-t to 2 TIL loads and lOOpF .. 

9. tQI<'l" (max.) defines the time at· which the output achieves the open circuit condition and is not 
referenced to output voltage levels. 

10. Either tRCH or tRRH must be satisfied for a read cycle. 

11. These parameters are referenced to CAS leading edge. 

12. twcs is not restrictive operating parameters. This is included in the data sheet as electrical 
characteristics only. If twcs~ twcs (min.), the cycle is an early write cy~le and data out .pin will 
remain open circuit (high impedance). 

13. Operation within the tRCD (max.) limit insures that tltAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tcAC . 

. 14. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 
tRAD (max.) is specified as a reference point only: If tHAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA. 
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READ CYCLE 

V1H -
CAS V

1L 
___ _ 

DOO-D07 VOH- ____ _ 

08 VOL-
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THM910708-80, 10 
THM91070L-80, 10 

EARLY WRITE CYCLE 

AO-A9 

DQO-DQ7 VIH -
08 VIL -

VOH -Q8 VOL _------------------OPEN ------
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FAST PAGE MODE READ CYCLE 

VIH -
CAS VIL - ___ .oJ 

DQO-DQ7 VOH -_________ ~ 
Q8 VOL _ 

• VALID DATA OUT 
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THM91070S-80- 10 -- --,--
THM91070L-80, 10 

FAST PAGE MODE WRITE CYCLE (EARLY WRI'l'E) 

CAS 

AO-A9 

DQO-DQ7 V1H -

08 VIL -

• VALID DATA IN 

Q8 
VOH-___________________________________________________________________ _ 
VOL OPEN ------

~ : "H"or "L" 
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RAS ONLY REFRESH CYCLE 

AO-A9 

THM910705-80, 10 
THM91070L-80, 10 

Q8 VOH ------------------OPEN ____ _ 
VOL -

Note: WRITE = "HH or "LH 
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THM910705-80, 10 
THivi91070l-BO, 10 

CAS BEFORE RAS" REFRESH CYCLE 

V'H

V'L -

DQO-DQ7 V'H -
Q8 V'L - ___ -oJ 

Note: AO-A9="H" or "L" 
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HIDDEN REFRESH CYCLE (READ) 

AAS 

THM910705-80, 10 
THM91070L-80, 10 

DQO-DQ7 VOH ----------1~WA(l 
Q8 VOL - 1'----------...11 
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THM91070S-80,10 
THM91070L-BO, i 0 

HIDDEN REFRESH CYCLE (WRITE) 

AO-A9 

DQO-DQ7 VIH -
08 VIL -

VOH -
Q8 VOL _------------------ OPEN -----

m : "W or "Lw 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

READ CYCLE 

DQO-DQ7 VOH - ____ -+-+ __ OPEN ___ ~+< 
Q8 VOL_ 

WRITE CYCLE 

DQO-DQ7 VIH -
08 VIL _----- OPEN ----<I l"-____ ..JI 

VOH-

THM910705-80, 10 
THM91070L-80, 10 

Q8 VOL_--------------------- OPEN -----
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THM910705-80, 10 
THM91070L-80, 10 

OUTLINE DRAWINGS 

eTHM91070S 

I 88.9±0.13 
~--~~----------~~----------

2.03±0.13 I 
~7=.62~±0~.13~-4 __ ~ ____ ~ ______ __ 

82.14 ± 0.13 

Contacts: Tin - Lead 

eTHM91070L 

I. 76.5 ± 0.13 , I 

8·178 

Unit in mm 

2-03.18± 0.13 

~ 1.27+0.10 
-0.08 

S.08MAX. 

, I I·S.08MAX. 

~ 0.25+015 --II E -0.02 



1,048,576 WORDSx9 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM91070AS/AL and THM91070AS/AL are a l,04B,576 w,ords by 9 bits dynamic RAM module 
which assembled 2 pcs of TCS14400ASJ and 1 pcs of TCS11000AJIBJ on the printed circuit board. 
The These modules are optimized for application to the systems which are required high density and 
large capacity such as main memory of the computers and as image memory systems, and to the 
others which are requested compact size. 

FEATURES 

• l,048,S76 words by 9 bits organization 
• Fast access time and cycle time 

-60 -70 -80 

tRAe m Access Time 60ns 70ns 80ns 
tAA Column Address 

30ns 3Sns 40ns Access Time 

teAe CAS Access Time 20ns 20ns 20ns 

tRC Cycle Time 110ns 130ns 1 SOns 
tpc Fast Page Mode 

4Sns 45ns SOns Cycle Time 

-10 

lOOns 

SOns 

2Sns 

180ns 

60ns 

• Low Power 
l,B15mW MAX. Operating (THMxxxxxx-BO) 
1,540mW MAX. Operating (THMxxxxxx-70) 
1,320mW MAX. Operating (THMxxxxxx-BO) 
1,lS5mW MAX. Operating (THMxxxxxx-lO) 

16.5mW MAX. Standby 
• Single power supply of 5V ± 10% 
• All inputs and outputs TTL compatible 
• 1,024 refresh cycles! 8ms(Burst Refresh) 
• 1,024 refresh cycles/16msCDistributedRefresh) 

• CAS" before RAS refresh, RAS only refresh, Hidden refresh and Fast Page Mode capability 
• Package THM91070AS - xx : Tin - Lend Contact 

THM91070AL - xx : 30Pin SIP 

PIN CONNECTION (rOp VIEW) 

THM91070AS THM91070Al PIN NAMES 
vce (I) [J 

CAS (2) [J 
AO-A9 Address Inputs 

000 (3) [J DQO-DQ7 Data Inputs/Outputs 
AO (4) [J 

AI (5) 0 08 Data Inputs 
001 (61 [J 

A2 (7) [J 

A3 (8) [J 

Q8 Data Outputs 

CAS Column Address Strobe 
vss (9) 0 
002 (10) [J 

A4 (11) [J 

m Row Address Strobe 

W Read/Write Input 
AS (12) 0 
OQ3 (13~ [J 

CASB Column Address Strobe 

A6 (14) [J Vee Power ( + 5V) 
A7 (15) [J 
DQ4 (16) [J Vss Ground 
AS (17) 0 N.C. No Connection 
A9 (18) 0 
N.e. (l91 0 
005 (20) 0 
W (21) 0 
vss (22) 0 
DQ6 (23) [J 
N.C. (24) 0 
007 (25) [J 

08 (26) [J 
m (27) 0 
CAse (28) [J 

08 (29) [J 

vee (30) [J 

0 
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THM91070AS-60, 70, 80, 10 
THM91070AL-60, 70, 80, 10 

BLOCK DIAGRAM 

OQO 

OQl 

OQ2 

OQ3 

DQ4 

DQS 

DQ6 

DQ7 

W 
ro 
RA) 

08 

Q8 

AO-A9 

Vee 
Vss 

0---

I 

~ -
-

'--
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~ M 
W 
ro 
ro .. 

" AO-A9 

1104 

1103 

1/02 

1/01 

Vee Vss 

f-4_~ 
.- M 

W 
ro 
m 

" AO-A9 

1/04 

1/03 

1/02 

1/01 

Vee Vss 

f-1r1 
w 
ro 
m 

" AO-A9 

0 

Vee Vss 

HI-

QI-

I 
Iii 



ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL 

Input Voltage Y,N 

Output Voltage VOUT 

Power Supply Voltage Vee 

Operating Temperature TOPR 

Storage Temperature TSTG 

Soldering Temperature' Time TSOlDER 

Power Dissipation Po 

Short Circuit Output Current lOUT 

THM91070AS-60, 70, 80, 10 
THM91070AL-60, 70, 80, 10 

RATING UNIT NOTE 

-1.0-7.0 V 1 

-1.0-7.0 V t 

-1.0-7.0 V 1 

0-70 ·C 1 

- 55-125 ·C 1 

260'10 ·C·sec 1 

2.0 W 1 

50 mA 1 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTE 

Vee Supply Voltage 4.5 5.0 5.5 V 2 

V,H Input High Voltage 2.4 - 6.5 V 2 

V,l Input Low Voltage -1.0 - 0.8 V 2 
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THM91070AS-60, 70, 80, 10 
.... • •• "".. ""., '" A. ,... '" ., '" '" '" .. '" I nlvl~ I U I UAL-aU, I U, au, I U 

DC ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta - 0-70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT NOTE 

THMxxxxxx·60 - 330 
OPERATING CURRENT 

280 3,4 THMxxxxxx·70 -
Iccl Average Power Supply Operating Current mA 

(RA), m, Address Cycling: tRC = tRC MIN. ) 
TH Mxxxxxx·80 - 240 5 

THMxxxxxx·IO - 210 

STANDBY CURRENT 

ICC2 Power Supply Standby Current - 6 mA 

(RA) = m = V,H) 

THMxxxxxx·60 - 330 
RAS ONLY REFRESH CURRENT 

280 
Average Power Supply Current, RA) Only Mode 

THMxxxxx.·70 -
ICCl mA 3,5 

(RA3 Cycling, ro=V,H: tRC=tRC MIN. ) 
THMxxxxxx·80 - 240 

THMxxxxxx·IO - 210 

THMx.xxxx·60 - 200 
FAST PAGE MODE CURRENT 

200 3,4 THMxxxxxx·70 -
lee4 Average Power Supply Current, Fast Page Mode mA 

(RA)=V,l, m, Address Cycling: tpc=tpc MIN. 1 THMxxx ••• ·80 - 170 5 

THM •• xxxx·IO - 150 

STANDBY CURRENT 

Ices Power Supply Standby Current - 3 mA 

(RA) = m = Vee - 0.2V) 

THM •••••• ·60 - 330 
m BEFORE RA) REFRESH CURRENT 

280 
Average Power Supply Current, ro Before RA3 

THMxxxx.x·70 -
le(6 mA 3,5 

Mode (RAS. ro Cycling: tRC = tRe MIN. ) 
THMxxxxxx·80 - 240 

THMxxx ••• ·IO - 210 

INPUT LEAKAGE CURRENT 

I'(l) Input Leakage Current, any input -30 30 ItA 

(OV:> V,N:> 6.SV, All Other Pins Not Under Test = OV) 

10(l) 
OUTPUT LEAKAGE CURRENT 

(DOUT is disabled, OV:> VOUT:> S.SV) 
-10 10 I'A 

VOH 
OUTPUT LEVEL 

Output "W Level Voltage (lOUT = - SmA) 
2.4 - V 

VOL 
OUTPUT LEVEL 

Output ilL· Level Voltage (lOUT = 4.2mA) - 0.4 V 
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THM91070AS-60, 70, 80, 10 
THM91070AL-60, 70, 80, 10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = SV ± 10%, Ta = 0-70°C) (Notes 6, 7, 8) 

THMxxxxxx-60 THMxxxxxx·70 THMxxxxxx·80 THMxxxxxx-l0 
SYMBOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

tRe Random Read or Write Cycle Time 110 - 130 - 150 - 180 - ns 

tpc Fast Page Mode Cycle Time 45 - 45 - 50 - 60 - ns 

tRAC Access Time from m - 60 - 70 - 80 - 100 ns 9,13 

tCAC Access Time from m - 20 - 20 - 20 - 2S ns 9,13 

tAA Access Time from Column Address - 30 - 35 - 40 - 50 ns 9,14 

tCPA Access Time from m Precharge - 40 - 40 - 45 - 55 ns 9 

teLZ CAS to Output in Low-Z 0 - 0 - 0 - 0 - ns 9 

tOFF Output Buffer Turn-off Delay 0 20 0 20 0 20 0 20 ns 10 

tr Transition Time (Rise and Fall) 3 50 3 50 3 50 3 50 ns 8 

tRP m Precharge Time 40 - 50 - 60 - 70 - ns 

tRAS RAS Pulse Width 60 10,000 70 10,000 80 10.000 100 10,000 ns 

tRASP m Pulse Width (Fast Page Mode) 60 100,000 70 100,000 80 100,000 100 100,000 ns 

tRSH m Hold Time 20 - 20 - 20 - 25 - ns 

tRHep 
RAS Hold Time From ro 

40 40 45 55 Precharge (Fast Page Mode) - - - - ns 

tCSH CAS Hold Time 60 - 70 - 80 - 100 - ns 

teAS ro Pulse Width 20 10,000 20 10,000 20 10,000 25 10,000 ns 

tRCD RAS to CAS Delay Time 20 40 20 50 20 60 25 75 ns 13 

tRAD 
RAS to Column Address Delay 

15 30 15 35 15 40 20 50 ns 14 Time 

tCRP ro to RAS Precharge Time 5 - 5 - 5 - 10 - ns 

tcP ro Precharge Time 10 - 10 - 10 - 10 - ns 

tASR Row Address Set-Up Time 0 - 0 - 0 - 0 - ns 

tRAH Row Address Hold Time 10 - 10 - 10 - 15 - ns 

tAse Column Address Set-Up Time 0 - 0 - 0 - 0 - ns 

tCAH Column Address Hold Time 15 - 15 - 15 - 20 - ns 

Column Address Hold Time 
tAR 

referenced to m 50 - 55 - 60 - 75 - ns 

tRAL Column Address to AAS Lead Time 30 - 35 - 40 - 50 - ns 

tiles Read Command Set-Up Time 0 - 0 - 0 - 0 - ns 

tRCH Read Command Hold Time 0 - 0 - 0 - 0 - ns 11 

tRRH 
Read Command Hold Time 

0 referenced to RM 0 - - 0 - 0 - ns 11 

tWCH Write Command Hold Time 10 - 15 - 15 - 20 - ns 

Write Command Hold Time 
tWCR 

referenced to RM 45 - 55 - 60 - 75 - ns 
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THM91070AS-60, 70, 80, 10 
iHivi910iOAL-60, 70,- 80,10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

THMxxxxxx·60 'THMxxxxxx·70 THMxxxxllx·80 THMxxxxxx·l0 
SYMBOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

twp Write ~ommand Pulse Width 10 - IS -, IS - 20 - ns 

tRwl Write Command to ~ lead Time 20 - 20 - 20 - 25 - ns 

tCWL Write Command to m Lead Time 20 - 20 - 20 - 2S - ns 

tos Data Set-Up Time 0 - 0 - 0 - 0 - ns 12 

tOM Data Hold Time 15 - 15 - 15 - 20 - ns 12 

tOHR Data Hold Time referenced to m 50 - 55 - 60 - 75 - ns 

tREF Refresh Period - 16 - 16 - 16 - 16 ms 

twcs Write Command Set-UP Time 0 - 0 - 0 - 0 - ns 13 

tCSR 
00 Set-Up Time 

5 5 5 5 
(00 before m Cycle) 

- - - - ns 

m Hold Time 
tCHR 

(CM before m Cycle) 
15 - 15 - 15 - 20 - ns 

tRPC RAS to CAS Precharge Time 5 - 5 - 5 - 5 - ns 

tCPT 
m Precharge Time 

30 - 40 40 - 50 
(00 before ro Counter Test Cycle) 

- - ns 

tWRP 
WRITE to iUi3 Precharge Time 

10 - 10 10 - 10 
(00 before RAS Cycle) 

- - ns 

, 

WRiTE to ro Hold Time 
tWIIH (CAS before 'lUiS Cycle) 

10 - 10 - 10 - 10 - ns 

CAPACITANCE (Vee - SV + 10% f - 1 MHz Ta - 0-70°C) - ... , - , -
SYMBOL PARAMETER MIN. MAX. UNIT 

CI1 Input Capacitance (AO-A9, W, re, W) - 30 pF 

CI2 Input Capacitance (08, roB) - 10 pF 

COQ 110 Capacitance (OQO-DQ7) - 15 pF 

CQ Output Capacitance (Q8) - 10 pF 
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NOTES: 

THM91070AS-60, 70, 80, 10 
THM91070AL-60, 70, 80, 10 

1. Stresses ~reater than those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. 

2. All vol~ges are referenced to VSS. 

3. ICCI. ICC3. ICC4. ICC6 depend on cycle rate. 

4. ICCI. ICC4 depend on output. loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less While 'RAS=VIL and CAS=Vm. 

6. An initial pause of 200ps is required after power-up followed by 8 ID\S only refresh cycles before 
proper device operation is achieved. In case of using internal refresh counter. a minimum of 8 
CAS before HAS refresh cycles instead of 8 liAS only refresh cycles are required. 

7. AC measurements assume tT=5ns. 

8. VIH (min.) and VIL (max.) are reference levels for measuring timing of input signals. Also. 
transition times are measured between Vm and VIL. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

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 titCH or tRRH must be satisfied for a read cycle. 

12. These paramet.ers are referenced to 'CAS' leading edge in early writ.e cycles. 

13. twcs is not restrictive operating parameters. This is included in t.he 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. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 
tRCD (max.) is specified as a reference point. only; If tncD is greater than the specified tRCD (max.) 
limit., then access time is controlled by tcAC. 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 
tRAD (max.) is specified as a reference point only: If tHAD is greater than the specified tRAD (max.) 
limit. then access time is controlled by tAA. 
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THM91 070AS-60~ 70~ 80~ 10 
THM91070AL-60, 70, 80,,10 

TIMING WAVEFORMS 

READ CYCLE 

VIH-
RAS" 

VIL-

VIH-
CAS 

VIH 
AO-A9 

VIL 

VIH 
WRiiE 

VIL 

VOH-
Dour 

VOL-
VALID DATA· OUT 

~: "W or "L-
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WRITE CYCLE (EARLY WRITE) 

VIH 
AO-A9 

VIL 

WRIl'E 
VIH 

V1L 

VIH 

DIN 
V IL 

8-187 

THM91070AS-60, 70, 80, 10 
THM91070AL-60, 70, 80, 10 



THM91070AS-60, 70, 80, 10 
THM91070AL-60, 70, 80, 10 

FAST PAGE MODE READ CYCLE 

m VIH 

VIL 

VIH 
AO-A9 

V 1L 

VIH 
WifIn 

VIL 

Dour 

* VALID DATA OUT 
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FAST PAGE MODE WRITE CYCLECEARLY WRITE) 

VIH 
AO-A9 

VIL 

V IH 
WRiTI 

VIL 

VIH 

DIN 
VIL 
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THM91070AS-60, 70, 80, 10 
THM91070AL-60, 70, 80, 10 

* VALID DATA IN 



TUI\1I01 n7nA~_Rn 7n An 1 n 
• • .... -.1 • "". ""~_ ""_, • _, __ , ._ 

THM91070AL-60, 70, 80, 10 

RAS ONLY REFRESH CYCLE 

V1H 
AO-A8 

VIL 

VOH-

Dour --------------------~--OPEN---------~------------------
VOL -

Note: WRITE = "H- or "L-
~: "H- or "L-
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CAS BEFORE RAS REFRESH CYCLE 

THM91070AS-60, 70, 80, 10 
THM91070AL-60, 70, 80, 10 

Dour 

VOH ~ ____ I_:o_".~>-__________ OPEN _____ _ 

VOL -~ __ ----J~ 
~: "W or "L" 

Note: AO-A9= "H" or "L" 
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TJ-IMQ1 n7nA~-RO_ 70_ 80. 10 . ................. -- -- - -, - -, - -.,,) --

THM91070AL-60, 70, 80, 10 

HIDDEN REFRESH CYCLE (READ) 

VOH - ----...:....-----1-.....(f,:~ Dour VOL- 1'--_______ ---'" 

~ ;"Wor"l-
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HIDDEN REFRESH CYCLE (WRI'l'E) 
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THM91()70AS-60, 70, 80, 10 
THM91070AL-60, 70,80, 10 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

READ CYCLE 

[

Dour VOH-____ OPEN ------+~ 
VOL_ 

~~~==----+~~ WRiTE V/H-
V,L -

WRITE CYCLE 

[

WRiTE ~:~ = 

D V,H -
IN V/L _ -----
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THM91070AS-60, 70, 80, 10 
THM91070AL-60, 70, 80, 10 

OUTLINE DRAWINGS 

THM91070AS/AL 

• THM91070AS 

I t 
M 

I"-
II"! 

0 
+1 ~ 
VI 

""! 
\0 

88.9 ± 0.13 

2.03±O.13 I 
~7~.62~±O~.13~ __ k-______ ~~ ______ _ 

82.14±O.13 

Contacts: Tin - Lead 

• THM91070AL 

I E 76.5± 0.13 .1 
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Unit in mm 

2·C2J3.18±O.13 

S.08MAX. 

1025+015 
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262,144 WORDS X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM362500BSIBSG/AS/ASG is a 262,144 words by 36 bits dynamic RAM module which 
assembled 8 pes of TC514256AJIBJ and 4 pes of TC51256T on the printed circuit board. These 
modules can be as well used as 524,288 words by 18 bits dynamic RAM module, by means of 
connecting DQO and DQ18, DQ1 and DQ19, DQ2 and DQ20, ........ , DQ17 and DQ35, respectively. The 
These modules are optimized for application to the systems which are required high density and large 
capacity such as main memory of the computers and as image memory systems, and to the others 
which are requested compact size. 

FEATURES 

• 262,144 words by 36 bits organization 
• Fast access time and cycle time 

·60 ·70 ·80 

tRAC m Access Time 60ns 70ns 80ns 
tAA Column Address 

30ns 35ns 40ns Access Time 

tCAC ru Access Time 20ns 20ns 20ns 

tRC Cycle Time 11Sns 130ns IS0ns 
tpc Fast Page Mode 

40ns 40ns 45ns Cycle Time 

·10 

lOOns 

50ns 

25ns 

180ns 

55ns 

• Low Power 
5,940mW MAX. Operating (THMxxxxxx-60) 
5,280mW MAX. Operating (THMxxxxxx-70) 
4,620mW MAX. Operating (THMxxxxxx-80) 
3,960mW MAX. Operating (THMxxxxxx-l0) 

66m W MAX. Standby 
• Single power supply of 5V±10% 
• All inputs and outputs TIL compatible 
• 512 refresh cyclesl4ms(Burst Refresh) 
• 512 refresh cyclesl8ms(Distributed Refresh) 

• "CAS before RAS refresh, ltAS only refresh, Hidden refresh and Fast Page Mode capability 
• Package THM362500BS - 60 : Tin - Lead Contact 

THM362500AS - 70,80,10 : Tin. Lead Contact 
THM362500BSG - 60 . : Gold Contact 
THM362500ASG .70,80,10 : Gold Contact 

PIN CONNECTION (TOP VIEW) PIN NAMES 

~o 
°1 

AO-AS Address Inputs 

000-0035 Data Input/Outputs 

CASO-CAS3 Column Address Strobe 

1111111111111111111111111111111111111 ...... 1111111111111111111111111111111111111 RASO.RAS2 Row Address Strobe 

1 36 37 72 W ReadlWrite Input 

Vce Power ( +5V) 

Vss Ground 

PO Presence Detect Pin 

1 Vss 13 AI 25 0024 37 0017 49 009 61 0014 

2 000 14 A2 26 OQ7 38 0035 50 0027 62 0033 

3 DQ18 15 A3 27 0025 39 Vss 51 OQ10 63 OQ15 

4 001 16 A4 28 A7 40 CASO 52 0028 64 0034 

5 OQ19 17 A5 29 NC 41 CAS! 53 DQll 65 OQ16 

6 002 18 A6 30 Vee 42 Ui33 54 0029 66 NC -60 -70 -80 -10 

7 0020 19 NC 31 A8 43 om- 55 0012 67 POO POO V~~ Vss Vss Vss 
8 003 20 004 32 NC 44 RASO 56 0030 68 POI POI NC NC NC NC 
9 0021 21 0022 33 NC 45 NC 57 0013 69 P02 P02 NC Vss NC Vss 

10 Vee 22 DOS 34 1t632 46 NC 58 0031 70 P03 P03 NC NC Vss Vss 

11 NC 23 0023 35 0026 47 W 59 Vee 71 NC 
12 AO 24 006 36 D08 48 NC 60 0032 72 Vss 
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THM362500BS-60, THM362500AS-70, 80,10 
THM362500BSG-60, THM362500ASG-70,80, 10 

BLOCK DIAGRAM 

CAS 00-----<1--<1 
RAS Oo----·_+-_ 

I~g ~ 1------0 DO 0 

1103 88~ 
~_~ ___ ~~~1I~0~4 D03 

I~g ~ 1------0 DO 4 

1/0 3 88~ 
~_~ ___ ~~~1/~0~4 D07 

1--..._--0 D08 

:~g ~ I====~ 88 ~o 
1/03 DO 11 

L...;..;:._-t-r-__ -=~~1/~0~4 DQ 12 

1/0 11------0 DQ 13 
1/02 DQ 14 
1103 DQ 15 

L...;..;:._~ __ ~~~1I~0~4 DQ 16 

1--..._--0 DQ17 

CAS 2 o---~~--d 
AAS 2 0----t--If---<1 

1/011-----0 DQ 18 
1/02 DQ 19 
1/03 DQ20 

L::..::._~ __ ~~~1/~0..:.J4 DQ21 

:~g ~ 1-----0 DO 22 

1/03 g8~~ 
L--_-rr-__ ....:...;;:~...::.".;::.0..;..J4 DQ 25 

1---_+_--0 DQ 26 

CAS 3 o--_I--t--"--dm~--L---..l.-It(I/O:fli1-___ --o DQ 27 
1/021------0 DQ 28 
1/03 DQ29 

L.:.,....;._-rr-__ -=~...::.1/.;::.0..;..J4 DQ 30 

1/0 11------0 DQ 31 
1/02 DQ32 
1/03 DQ33 

L.:...:_....;.;... __ -=:;.....::....::1/..:::;0.,::.,4 DQ 34 

1---..._--0 DQ 35 

w o-------------~ 
AO-AS 

Vee o-o--------~l~-----t MO-ll 

Vss 0 T CO-ll t MO-ll 
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THM362500BS-60, THM362500AS-70, 80,10 
THM362500BSG-60, THM362500ASG-70, 80,10 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNIT NOTE 

Input Voltage VIN -1.0-7.0 V 1 

Output Voltage VOUT -1.0-7.0 V 1 

Power Supply Voltage Vee -1.0-7.0 V 1 

Operating Temperature TOPR 0-70 ·C 1 

Storage Temperature TSTG - 55-125 ·C 1 

Soldering Temperature' Time TSOLOER 260 '10 ·C· sec 1 

Power Dissipation Po 7.2 W 1 

Short Circuit Output Current lOUT 50 mA 1 

RECOMMENDED DC OPERATING CONDITIONS (Ta - 0-70°C) -
SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTE 

Vee Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 - 6.5 V 2 

VIL Input Low Voltage -1.0 - 0.8 V 2 
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THM362500BS-60, THM,362500AS-7-0,80, 10 
THM362500BSG~60, THM362500ASG-70,80, 10 

DC ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70oq 

... SYMBOL PARAMETER MIN. 

THMxxxxxx·60 -
OPERATING CURRENT 

THMxxxxxx·70 -
ICCl Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRC = tRC MIN. ) 
TH Mxxxxxx·80 -
THMxxxxxx·l0 -

STANDBY CURRENT 

ICC2 Power Supply Standby Current -
(RA'S = CAS = VIH) 

THMxxxxxx·60 -
RA'S ONLY REFRESH CURRENT 

Average Power Supply Current, 'RM Only Mode 
THMxxxxxx·70 -

Ico 
(RAS Cycling, EAs:: VIH: tRC= tRC MIN, ) 

THMxxxxxx·80 -
THMxxxxxx·l0 -
THMxxxxxx·60 -

FAST PAGE MODE CURRENT 
THMxxxxxx·70 -

ICC4 Average Power Supply Current, Fast Page Mode 

(RAS = VIL, CAS, Address Cycling: tpc = tpc MIN. 1 THMxxxxxx·eo -
THMxxxxxx·l0 -

STANDBY CURRENT 

Iccs Power Supply Standby Current -
(RAS = U,S = Vcc - 0.2V) 

THMxxxxxx·60 -
CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
TH Mxxxxxx· 70 -

ICC6 
Mode (RAS, CAS Cycling: tRC = tRC MIN. ) 

TH Mxxxxxx·80 -
THMxxxxxx·l0 -

INPUT LEAKAGE CURRENT 

II (L) Input Leakage Current, any input -120 

(OV:i VIN S 6.5V, All Other Pins Not Under Test = OV) 

OUTPUT LEAKAGE CURRENT 
IO(L) 

(DOUT is disabled, OV:i VOUT:i S.5V) 
-10 

OUTPUT LEVEL 
VOH 

Output "W Level Voltage (lOUT = - SmA) 
2.4 

OUTPUT LEVEL 
VOL 

Output "L" Level Voltage (lOUT = 4.2mA) -

8-200 

MAX. UNIT NOTE 

1080 

960 3,4 
mA 

840 5 

720 

24 mA 

1080 

960 
mA 3,5 

840 

720 

720 

720 3,4 
mA 

600 5 

480 

12 mA 

1080 

960 
mA 3,5 

840 

720 

120 pA 

10 I'A 

- V 

0.4 V 



THM362500BS-60, THM362500AS-70, 80,10 
THM362500BSG-60, THM362500ASG-70, 80,10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = 5V ± 10%, Ta = 0-70°C) (Notes 6, 7, 8) 

THMxxxxxx-GO THMxxxxxx-70 THMxxxxxx-80 THMxxxxxx-l0 
SYMBOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cy~le Time 110 - 130 - 150 - 180 - ns 

tpc Fast Page Mode Cycle Time 40 - 45 - SO - GO - ns 

tRAC Access Time from RAS - GO - 70 - 80 - 100 ns 9,14 

tCAC Access Time from CAS - 20 - 20 - 20 - 25 ns 9,14 

tAA Access Time from Column Address - 30 - 35 - 40 - 50 ns 9,15 

tCPA Access Time from CAS Precharge - 35 - 40 - 45 - 55 ns 9 

teLz CAS to output in Low-Z a - a - a - a - ns 9 

tOFF Output Buffer Turn-off Delay a 20 a 20 a 20 0 20 ns 10 

tr Transition Time (Rise and Fall) 3 SO 3 SO 3 50 3 SO ns 8 

tRP RAS Precharge Time 40 - 50 - GO - 70 - ns 

tRAS m Pulse Width GO 10,000 70 10,000 80 10,000 100 10,000 ns 

tRASP RAS Pulse Width (Fast Page Mode) GO 100,000 70 100,000 80 100,000 100 100,000 ns 

tRSH m Hold Time 20 - 20 - 20 - 25 - ns 

tRHCP 
m Hold Time From CAS 

35 40 45 55 Precharge (Fast Page Mode) - - - - ns 

tesH CAS Hold Time GO ~ 70 - 80 - 100 - ns 

tCAS CAS Pulse Width 20 10,000 20 10,000 20 10.000 25 10,000 ns 

tRCD m to CAS Delay Time 20 40 20 50 20 GO 25 75 ns 14 

tRAD 
RAS to Column Address Delay 

Time 
15 30 15 35 15 40 20 50 ns 15 

tCRP CAS to RAS Precharge Time 5 - 5 - 5 - 5 - ns 

tcp CAS Precharge Time 10 - 10 - 10 - 10 - ns 

tASR Row Address Set-Up Time 0 - 0 - 0 - a - ns 

tRAH Row Address Hold Time 10 - 10 - 10 - 15 - ns 

tASC Column Address Set-Up Time 0 - 0 - 0 - 0 - ns 

tCAH Column Address Hold Time 1S - lS - lS - 20 - ns 

tAR 
Column Address Hold Time 
referenced to RAS 50 - 55 - GO - 75 - ns 

tRAL Column Address to RAS Lead Time 30 - 35 - 40 - 50 - ns 

tRes Read Command Set-Up Time 0 - 0 - 0 - 0 - ns 

tRCH Read Command Hold Time 0 - 0 - 0 - a - ns 11 

8-201 



THM362500BS-60, THM362500AS-70, 80,10 
THM362500BSG-60, THM362500ASG-70, 80,10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

THMxxxxxx-60 THMxxxxxx-70 THMxxxxxx-80 THMxxxxxx-10 
SYMBOL PARAMETER UNIT 

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

tRRH 
Read Command Hold Time 

0 0 0 - 0 -
referenced to RAS 

- - ns 

tWCH Write Command Hold Time 10 - 15 - 15 - 20 - ns 

Write Command Hold Time 
tWCR 

referenced to RAS 
45 - 55 - 60 - 75 - ns 

twp Write Command Pulse Width 10 - 15 - 15 - 20 - ns 

tRwL Write Command to RAS Lead Time 20 - 20 - 20 - 25 - ns 

tCWL Write Command to CAS Lead Time 20 - 20 - 20 - 25 - ns 

tos Data Set-Up Time 0 - 0 - 0 - 0 - ns 

tOH Data Hold Time 15 - 15 - 15 - 20 - ns 

tOHR Data Hold Time referenced to RAS 50 - 55 - 60 - 75 - ns 

tREF Refresh Period - 8 - 8 - 8 - 8 ms 

twcs Write Command Set-Up Time 0 - 0 - 0 - 0 - ns 

tCSR 
CAS Set-Up Time 

5 5 5 5 
(CAS before RAS Cycle) 

,- - - - ns 

CAS Hold Time 
tCHR 

(CAS before RAS Cycle) 
15 - 15 - 15 - 20 - ns 

tRPC RAS to CAS Precharge Time 5 - 5 - 5 - 5 - ns 

tCPT 
m Precharge Time (CAS before 

30 - 40 - 40 - 50 -ltAs Counter Test Cycle) 
ns 

CAPACITANCE(VCC=5V±10%, f=1MHz, Ta=O-70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

Cll Input Capacitance (AO-A8) - 88 pF 

CI2 Input Capacitance (Vii) - 84 pF 

CI3 Input Capacitance (RASO,"RATI) - 42 pF 

CI4 Input Capacitance (CASO-CAS3) - 36 pF 

CDQl I/O Capacitance (DQO-7, 9-16,18-25,27-34) - 17 pF 

CDQ2 I/O Capacitance (DQ8, 17,26,35) - 22 pF 
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THM362500BS-60, THM362500AS-70, 80,10 
THM362500BSG-60, THM362500ASG-70, 80,10 

No'rES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. 

2. All voltages are referenced to VSS. 

3. ICCI, ICC3, ICC4, ICC6 depend on cycle rate. 

4. ICCI. ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RAS=VIL and CAS=VIH. 

6. An initial pause of 200,us 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 VIL (max.) are reference levels for measuring timing of input signals. Also, 

transition times are measured between VIII and VIL. 

9. Measured with a load equivalent to 2 ITL loads and 100pF. 

10. tOFF (max.) and tOE? (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 tRIm must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 
edge in Read-Modify-Write cycles. 

13. twcs is not 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. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a reference point only: If tncD is greater than the specified tncD (max.) 
limit. then access time is controlled by tCAC. 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit. then access time is controlled by tAA. 
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THM362500BS-60, THM362500AS-70, 80,10 
THM362500BSG-60, THM362500ASG-70, 80,10 

TIMING WAVEFORMS 

READ CYCLE 

VIH-
RAS 

VIL -

V 1H -
CAS 

VIH 
AO-AS 

VIL 

VIH 
WRITE 

VIL 

VOH-
DOUT 

VOL -
VALID DATA-OUT 
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THM362500BS-60, THM362500AS-70, 80,10 
THM362500BSG-60, THM362500ASG-70, 80,10 

WRITE CYCLE (EARLY WRITE) 

VIH 
AO-AS 

VIL 

VIH 
WRITE 

VIL 

VIH 

DIN 
VIL 
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THM362500BS-60, THM362500AS-70, 80,10 
THM362500BSG-60, THM362500ASG-70, 80,10 

FAST PAGE MODE READ CYCLE 

VtH 
AO"";A8 

VtL 

VtH 
WRITe 

VtL 

DOUT 

* VALID DATA OUT 

~: "H" or"L" 
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THM362500BS-60, THM362500AS-70, 80,10 
THM362500BSG-60, THM362500ASG-70, 80,10 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

VIH 
AO-A8 

VIL 

V1H 
WRITE 

VIL 

V1H 

DIN 
V 1L 

* VALID DATA IN 

~: "W or "L" 
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THM362500BS-60, THM362500AS~70!80! 10 
THM362500BSG-60, THM362500ASG-70, 80, 10 

RAS ONLY REFRESH CYCLE 

V,H 
AD-AS 

V,L 

VOH-
Dour 

VOL -
---------OPEN ----------

Note: WRITE = "H" or "L H 

~: "W or "LH 
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THM362500BS-60, THM362500AS-70, 80,10 
THM362500BSG-60, THM362500ASG-70, 80, 10 

CAS BEFORE RAS REFRESH CYCLE 

tCHR 

VOH --..:----~ 
Dour '}-----------OPEN ------

~: "HH or "LH 
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THM362500BS-60, THM362500AS-70, '80, 10 
THM362500BSG-60, THM362500ASG-70, 80,10 

HIDDEN REFRESH CYCLE (READ) 

VOH- --------t-....... 
Dour VOL-
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THM362500BS-60, THM362500AS-70, 80,10 
THM362500BSG-60, THM362500ASG-70, 80,10 

HIDDEN REFRESH CYCLE (WRITE) 

VIH -
CAS VIL __ --/ 
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THM362500BS-60, THM362500AS-70, 80,10 
THM362500BSG-60, THM362500ASG-70,' 80, 1,0 

"CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

READ CYCLE 

[

Dour VOH-____ OPEN ---i-K 
VOL_ 

d;=:::':::':::~:::::-""---4-1.:t:t=t 
WRITE VIH

V1L -
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THM362500BS-60, THM362500AS-70, 80,10 
THM362500BSG-60, THM362500ASG-70, 80,10 

OUTLINE DRAWINGS 

THM362500AS/ASG 

~ 
M 

0 " 0 +1 ""! 
+1 LI"I ~ 0 

~ o;t 
·10 

LII 

t N 

6.35 ± 0.13 

3.38± 0.13 

95.25 ± 0.08 

101.19±0.13 

Contacts: Tin - Lead 

• THM362500AS 

'I 140 .
9 ± 0.08 

lDOO-~ 
>< 
~ 
LII 
N 

o 

Contacts: Gold 
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>< 
~ 
LI"I 
N 

o 

Unit in mm 
2-03.18 ± 0.05 

5.04MAX 

.~' 

" +0.10 ~8 

• THM362500ASG 

"I 141.04 ± 0.05 

· DOO-~ 
I~ 
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262,144 WORDSx40 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM402500ASGIBSG isa 262,144 words by 40 bits dynamic RAM module which assembled 10 pcs 
of TC514256AJIBJ on the printed circuit board. 

The THM402500ASGIBSG is optimized for application to the systems which are required high den~ity 
and large capacity such as main memory of the computers and as image memory systems, and to the 
others which are requested compact size. 

FEATURES 

e 262,144 words by 40 bits organization 

-60 -70 -80 

tRAe m Access Time 60ns 70ns 80ns 
tAA Column Address 

30ns 35ns 40ns Access Time 

tCAC m Access Time 20ns 20ns 20ns 

tRC Cycle Time lIOns 130ns 150ns 
tpc Fast Page Mode 

45ns 45ns SOns Cycle Time 

• Fast access time and cycle time 
• Single power supply of 5V± 10% 
• All inputs and outputs 'ITL compatible 
• Gold Con tact 

-10 

lOOns 

SOns 

25ns 

180ns 

60ns 

eLow power 
4,950mW MAX. Operating (THMxxxxxx-60) 
4,440m W MAX. Operating (THMxxxxxx-70) 
3,850m W MAX. Operating (THMxxxxxx-80) 
3,300mW MAX. Operating(THMxxxxxx-10) 

55m W MAX. Standby 
• Read-Modify-write,CAS before HAS refresh, 

RAS only refresh, Hidden refresh, and Fast Page 
Mode capability. 

.512 Refresh cycles 18ms 

• JEDEC OUTLILNE : THM402500BSO - 60, ASO - 70, 80, 10 

PIN CONNECTION (TOP VIEW) PIN NAMES 

~°I!QIQlg!lg,y QIQIQIQII! o /THM402S00ASG/BSG 

AO-AS Address Inputs 

000-0039 Data Inputs/Outputs 

m Column Address Strobe 

m Row Address Strobe 

1 36 37 72 W ReadlWrite Input 

OE Output Enable 

Vee Power ( + SV) 

Vss Ground 

PO Presence Detect Pin 

1 Vss 13 Al 2S 0013 37 0019 49 0022 61 0033 

2 DOO 14 A2 26 0014 38 0020 50 0023 62 0034 

3 DOl 15 A3 27 0015 39 Vss 51 0024 63 0035 

4 002 16 A4 28 A7 40 m 52 0025 64 0036 

5 D03 17 AS 29 0016 41 NC 53 0026 65 0037 

6 004 18 A6 30 Vcc 42 NC 54 0027 66 0038 -60 -70 -80 -10 

7 DOS 19 Of 31 A8 43 NC 55 0028 67 POO POO Vss Vss Vss Vss 
8 006 20 D08 32 NC 44 m 56 0029 68 POI POI NC NC NC NC 

9 007 21 009 33 NC 45 NC 57 0030 69 P02 P02 NC Vss NC Vss 

10 Vce 22 0010 34 NC 46 0021 58 0031 70 P03 P03 NC NC Vss Vss 

11 NC 23 0011 3S 0017 47 W S9 Vee 71 0039 

12 AO 24 DQ12 36 OQ18 48 Vss 60 OQ32 72 Vss 
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THM402500BSG-60 
THM402500ASG-70, 80,10 

BLOCK DIAGRAM 

0 

W 
AO·A8 

0 

JCAS 
JRA3 

OE 

HCAS - RAS 
ill 

~~ ~ 
DE 

Hru .- RAS 
Of 

==1 CAS 
f- RAS 

OE 

HCAS - RAS 
OE 

~CAS 
f- m 

'1 0E 

HCAS - RAS 
OE 

~CAS 
~ RAS 

OE 

~CAS 
RAS 

'1 OE 

W 
T 

W 

W 
T 

W 

I 

W 
I 

W 
T 

W 

W 

W 
T 

W 

MO 
AO·8 

Ml 
AO·8 

M2 
AO·8 

M3 
AO·8 

M4 
AO·8 

M5 
AO·S 

M6 
AO·8 

M7 
AO·S 

M8 
AO·S 

M9 
AO·S 

1/01 
1/02 
1103 
1104 

1/01 
1/02 
1/03 
1104 

1/01 
1102 
1/03 
1/04 

1/01 
1102 
1/03 
1/04 

1/01 
1102 
1/03 
1/04 

1/01 
1/02 
1/03 
1/04 

1/01 
1102 
1103 
1/04 

1/01 
1/02 
1/03 
1/04 

1/01 
1/02 
1/03 
1/04 

1/01 
1/02 
1103 
1/04 

0 
0 
0 
0 

0 
0 
0 
0 

000 
001 
002 
003 

004 
DOS 
006 
007 

008 
009 
DO 10 
0011 

DO 12 
DO 13 
DO 14 
0015 

DO 16 
DO 17 
DO 18 
DO 19 

0020 
0021 
0022 
0023 

0024 
0025 
0026 
0027 

0028 
0029 
0030 
DQ31 

0032 
DQ33 
0034 
0035 

0036 
0037 
0038 
0039 

vee o--------~l-----------j MO.9 

I CO·9 
Vss 0 - ) MO.9 
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ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING 

Input Voltage V1N - 1.0-7.0 

Output Voltage VOUT - 1.0-7.0 

Power Supply Voltage Vee - 1.0-7.0 

Operating Temperature TOPR 0-70 

Storage Temperature TSTG - 55-125 

Soldering Temperature· Time TSOLOER 260' 10 

Power Dissipation Po 6.0 

Short Ci rcuit Output Current lOUT 50 

THM402500BSG-60 
THM402500ASG-70, 80,10 

UNITS NOTES 

V 1 

V 1 

V 1 

·C 1 

·C 1 

·C·sec 1 

W 1 

mA 1 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70oq 

SYMBOL I PARAMETER MIN. TYP. MAX. UNIT NOTES 

Vee Supply Voltage 4.5 5.0 5.5 V 2 

V1H Input High Voltage 2.4 - 6.5 V 2 

V'L Input Low Voltage - 1.0 - 0.8 V 2 
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THM402500BSG-60 
THM402500ASG-70, 80,10 

DC ELECTRICAL CHARACTERISTICS (Vee = sv ± 10%, Ta = 0-70oq 

SYMBOL PARAMETER MIN. 

THMxxxxxx·60 -
OPERATING CURRENT 

THMxxxxxx.70 -
leCl Average Power Supply Operating Current 

(RA~, CAS, Address Cycling: tRe = tRe MIN. ) 
THMxxxxxx·80 -
THMxxxxxx·l0 -

STANDBY CURRENT 

leC2 Power Supply Standby Current -
(RAS = CAS = VI H) 

THMxxxxxx·60 -
RAS ONLY REFRESH CURRENT 

Average Power Supply Current, m Only Mode 
THMxxxxxx·70 -

I eel 
(ft"As Cycling, re = VIH: tRC = tRe MIN. ) 

THMxxxxxx·80 -
THMxxxxxx·l0 -
TH Mxxxxxx·60 -

FAST PAGE MODE CURRENT 
THMxxxxxx·70 -

lee4 Average Power Supply Current, Fast Page Mode 

eRAS = Vll, 00, Address Cycling: tpc = tpe MIN. 1 THMxxxxxx·80 -
THMxxxxxx·l0 -

STANDBY CURRENT 

Ices Power Supply Standby Current -
(RAS = CAS = Vee - 0.2V) 

THMxxxxxx·60 -
CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
THMxxxxxx·70 -

lee6 
Mode (RAS, CAS Cycling: tRe = tRe MIN. ) 

THMxxxxxx·80 -
THMxxxxxx·l0 -

INPUT Lc':AKAGE CURRENT 

II (l) Input Leakage Current. any input -100 

(OV:iiiVIN:iii6.5V. All Other Pins Not Under Test = OV) 

OUTPUT LEAKAGE CURRENT 
IO(l) 

(DOUT is disabled, OV:iii VOUT:iii 5.5V) 
-10 

OUTPUT LEVEL 
VOH 

Output "H" Level Voltage (lOUT = - SmA) 
2.4 

OUTPUT LEVEL 
VOL 

Output "L" Level Voltage (lOUT = 4.2rnA) 
-

8-218 

MAX. UNIT NOTE 

900 

800 
rnA 

3,4 

700 5 

600 

20 rnA 

900 

800 
rnA 3,5 

700 

600 

600 

600 3,4 
rnA 

500 5 

400 

10 rnA 

900 

800 
rnA 3,5 

700 

600 

100 pA 

10 pA 

- V 

0.4 V 



THM402500BSG-60 
THM402500ASG-70, 80,10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = 5V:t 10%, Ta = 0-70ce) (Notes 5, 6, 7) 

THMxxxxxx-60 THMxxxxxx-7O THMxxxxxx-80 THMxxxxxx-l0 
SYMBOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX, 

tRC Random Read or Write Cycle Time 110 - 130 - 150 - 180 - ns 

tRMw Read-Modify-Write Cycle Time 165 - 185 - 205 - 245 - ns 

tpc Fast Page Mode Cycle Time 40 - 45 - 50 - 60 - ns 

tpRMW 
Fast Page Mode Read-Modify-

95 - 95 - 100 - 120 - ns 
Write Cycle Time 

tRAC Access Time from m - 60 - 70 - 80 - 100 ns 9,14 

tCAC Access Time from CAS - 20 - 20 - 20 - 25 ns 9,14 

tAA Access Time from Column Address - 30 - 35 - 40 - 50 ns 9,15 

tCPA Access Time from CAS Precharge - 35 - 40 - 45 - 55' ns 9 

tCLZ CAS to output in Low-Z 0 - 0 - 0 - 0 - ns 9 

tOFF Output Buffer Turn-off Delay 0 20 0 20 0 20 0 20 ns 10 

tT Transition Time (Rise and Fall) 3 SO 3 SO 3 50 3 SO ns 8 

tRP RAS Precharge Time 40 - 50 - 60 - 70 - ns 

tRAS RAS Pulse Width 60 10,000 70 10,000 80 10,000 100 10,000 ns 

tRASP RAS Pulse Width (Fast Page Mode) 60 100,000 70 100,000 80 100,000 100 100,000 ns 

tRSH m Hold Time 20 - 20 - 20 - 25 - ns 

tRHCP 
m Hold Time From re 

35 40 45 55 Precharge (Fast Page Mode) - - - - ns 

tCSH CAS Hold Time 60 - 70 - 80 - 100 - ns 

tCAS CAS Pulse Width 20 10,000 20 10,000 20 10,000 25 10,000 ns 

tRCD RAS to CAS Delay Time 20 40 20 50 20 60 25 75 ns 14 

tRAD 
RAS to Column Address Delay 

15 30 15 35 15 40 20 50 15 
Time 

ns 

tCRP CAS to RAS Precharge Time 5 - 5 - 5 - 5 - ns 

tcP CAS Precharge Time 10 - 10 - 10 - 10 - ns 

tASR Row Address Set-Up Time 0 - 0 - 0 - 0 - ns 

tRAH Row Address Hold Time 10 - 10 - 10 - 15 - ns 

tASC Column Address Set-Up Time 0 - 0 - 0 - 0 - ns 

tCAH Column Address Hold Time 15 - 15 - 15 - 20 - ns 

tAR 
Column Address Hold Time 
referenced to RAS 50 - 55 - 60 - 75 - ns 

tRAl Column Address to RAS Lead Time 30 - 35 - 40 - SO - ns 

tRes Read Command Set-Up Time 0 - 0 - 0 - 0 - ns 

tRCH Read Command Hold Time 0 - 0 - 0 - 0 - ns 11 

8-219 



THM402500BSG-60 
THM402500ASG-70, 80,10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 

(Continued) 

THMxxxxxx-60 THMxxxxxx-70 TH M xxxxxx-80 THMxxxxxx-l0 
SYMBOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

tRRH 
Read Command Hold Time 

0 0 0 0 11 
referenced to RAS 

- - - - ns 

tWCH Write Command Hold Time 10 - 15 - 15 - 20 - ns 

Write Command Hold Time 
tWCR 

referenced to RAS 
45 - 55 - 60 - 75 - ns 

twp Write Command Pulse Width 10 - 15 - 15 - 20 - ns 

tRwL Write Command to RAS Lead Time 20 - 20 - 20 - 25 - ns 

tcwL Write Command to CAS Lead Time 20 - 20 - 20 - 25 - ns 

tDS Data Set-Up Time 0 - 0 - 0 - 0 - ns 12 

tDH Data Hold Time 15 - 15 - 15 - 20 - ns 12 

tOHR Data Hold Time referenced to 'RAS 50 - 55 - 60 - 75 - ns 

tREF Refresh Period - 8 - 8 - 8 - 8 ms 

twcs Write Command Set-Up Time 0 - 0 - 0 - 0 - ns 13 

tcwD CAS to WRITE Delay Time 50 - 50 - 50 - 60 - ns 13 

tRwD RAS to WRITE Delay Time 90 - 100 - 110 - 135 - ns 13 

tAWD 
Column Address to WRITE Delay 

60 65 70 85 
Time 

- - - - ns 13 

tCPwD 
W Precharge to WRITe Delay 

65 65 70 85 13 
Time 

- - - - ns 

tCSR 
W Set-Up Time 

5 5 5 5 
(W before RAS Cycle) 

- - - - ns 

ro Hold Time 
tCHR (W before m Cycle) 

15 - 15 - 15 - 20 - ns 

tRPC RAS to CAS Precharge Time 5 - 5 - 5 - 5 - ns 

tCPT 
CAS Precharge Time (00 before 

30 - 40 40 50 
RAS Counter Test Cycle) 

- - - ns 

tROH 'RAS Hold Time referenced to DE 10 - 10 - 10 - 20 - ns 

tOEA OE Access Time - 20 - 20 - 20 - 2S ns 

tOED OE to Data Delay 20 - 20 - 20 - 25 - ns 

tOEZ 
Output buffer turn off Delay Time 

0 20 0 20 0 20 0 25 10 
from OE ns 

tOEH OE Command Hold Time 20 - 20 - 20 - 25 - ns 

tODS Output Disable Set-Up Time 0 - 0 - 0 - 0 - ns 
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THM402500BSG·60 
THM402500ASG-70, 80, 10 

CAPACITANCE (Vee = 5V ± 10%, f = 1 MHz, Ta = 0-70DQ 

SYMBOL PARAMETER MIN. MAX. UNIT 

Cil Input Capacitance (AO-A9) - 80 pF 

CI2 Input Capacitance (iN, ill) - 70 pF 

CI3 Input Capacitance (RAS) - 60 pF 

CI4 Input Capacitance (CAS) - 50 pF 

COO I/O Capacitance (000-0039) - 15 pF 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent 
damage to the device. 

2. All voltages are referenced to VSS. 

3. ICC}, ICC3, ICC4, ICC6 depend on cycle rate. 

4. ICCl, ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while liAS=VIL and CAS'=Vm. 

6. An initial pause of 200,"s is required after power-up followed by 8 liAS cycles before proper device 
operation is achieved. In case of using internal refresh counter, a minimum of 8 CAS before RAS 
initialization cycles instead of 8 RAS cycles are required. 

7. AC measurements assume t'r=5ns. 

8. Vm (min.) and VIL (max.) are reference levels for measuring timing of input signals. Also, 

transition times are measured between Vm and VIL. 

9. Measured with a load equivalent to 2 TIL loads and 100pF. 

10. torr (max.) and tOEZ (max.) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage levels. 

11. Either tncH or tlUm 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, tnwD, leWD, tAWD and tCPWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twes6; twes (min.), the cycle is an early 
write cycle and the data out pin will remain open circuit (high impedance) through the entire cycle; 
If tIlwD~tnwD (min.), tewD~tcwD (min.), tAWD~tAWD (min.) and tcPWD~tcPWD (min.) (Fast 

Page Mode), the cycle is a Read-Modify-Write cycle and the data out will contain data read from 
the selected cell: If neither of the above sets of conditions is satisfied, the condition of the data 
out (at access time) is indeterminate. 

14. Operation within the tIlCD (max.) limit insures that tRAC (max.) can be met. 
tncD (max.) is specified as a reference point only: If tileD is greater than the specified tileD (max.) 
limit, then access time is controlled by tCAC. 

15. Operation within the tnAD (max.) limit insures that tRAC (max.) can be met. 
tHAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA. 
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READ CYCLE 

V 1H -
RAS 

VIL -

CAS 
V1H-

VIH 
AD-A8 

V1L 

VIH 
WRITE 

V 1L . 

V1H-

OE 
V 1L -

DQO- VOH-

OQ39 VOL -
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DATA-OUT 

~: lOW or "L~ 



THM402500BSG·60 
THM402500ASG-70, 80, 10 

WRITE CYCLE (EARLY WRITE) 

CAS 

V 1H 
AO-A8 

VIL 

V 1H 
WRITE 

VIL 

DQO- VIH--------
DQ39 V1L -

-----OPEN -----

~: "W or "L" 
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WRITE CYCLE CaE CONTROLLED WRITE) 

V1H-
RAS 

V1l-

ro 
VIH-

V 1H 
AD-AS 

V1L 

V 1H 
WRITE 

V 1L 

V 1H 
DE 

VIL 

DQO- VIH-

DQ39 V 1L -
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READ-MODIFY -WRITE CYCLE 

AO-AS 

VIH ---------~ 

VIL ------------f"-l--

DQO- VIIOH - __ 
OQ39 VIIOL _ -------i-~Xl 
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FAST PAGE MODE READ CYCLE 

CAS 

V'H 
AO-A8 

V'L 

V,H 
WRITE 

V,L 

Vlti-
OE 

V'L-

OQO-. VOH -

OQ39 VOL -
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THM402500BSG·60 
THM402500ASG-70, 80,10 

FAST PAGE MODE WRITE CYCLE 

AO-A8 

000- V1H 

OQ39 VIL 

~: "W or "L" 
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

AO-AS VIH -
VIL -

DQO- VItOI-!-
DQ39 VI/OL- ----~~I 
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RAS ONLY REFRESH CYCLE 

CAS BEFORE RAS REFRESH CYCLE 

OQO-OQ39 

tRP 

tRe 

~: "W or "l" 
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HIDDEN REFRESH CYCLE (READ) 

VIH 

AD-A8 
V1L 

VIH 

WRITE 
V 1L 

VIH-

OE 
VIL -

VOH -
DQO-DQ39 -------<

VOL -
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DATA· OUT 



THM402500BSG·60 
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HIDDEN REFRESH CYCLE (WRITE) 

AO-A8 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

VIH-

m 
VIL -

CAS 

VIH 
AO-AS 

V 1L 

READ CYCLE 

V1H 

WRITE 
VIL 

V1H-

ill 
V 1L -

DOD VOH -
---- OPEN ----+-+-+--~ 

-0039 VOL -

WRITE CYCLE 

VIH 

WRITE 
V 1L 

OE 

DQD VIH-
----OPEN ----+<1 

-0039 VIL -

V1H 
WRITE 

V 1L 

V1H-
OE 

VIL -

DOD VI/OH -

-OQ39 VI/OL -
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OUTLINE DRAWINGS 

• THM402500ASGIBSG (JEDEC OUTLINE) 

o 0 
+1 +1 
o III 
or M 

III \0 
N 

2.03±0.13 

6.35 ± 0.13 

3.38 ± 0.13 

Contacts: Gold 

x 
~ 
III 
N 

o 

6.35 ± 0.08 

95.25 ± 0.08 

101.19 ±0.13 

, I I E 1.04 ± 0.05 

"DOD ~ 
I~ 
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524,288 WORDS X 32 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM325120BS/BSG/AS/ASG is a 524,288 words by 32 bits dynamic RAM module which 
assembled 16 pcs of TC514256AJ/BJ on the printed circuit board. These modules can be as well used 
as 1,048,576 words by 16 bits dynamic RAM module, by means of connecting DQO and DQI6, DQl and 
DQ17, DQ2 and DQ18, ........ , DQ15 and DQ31, respectively. The These modules are optimized for 
application to the systems which are required high density and large capacity such as main memory of 
the computers and as image memory systems, and to the others which are requested compact size. 

FEATURES 

• 524,288 words by 32 bits organization 
• Fast access time and cycle time 

-60 -70 -80 

tRAC RAS Access Time 60ns 70ns 80ns 

tAA Column Address 
30ns 35ns 40ns Access Time 

teAe CAS Access Time 20ns 20ns 20ns 

tRC Cycle Time 115ns 130ns 150ns 

tpe Fast Page Mode 
40ns 40ns 45ns Cycle Time 

-10 

lOOns 

50ns 

25ns 

180ns 

5Sns 

• Low Power 
4,048mW MAX. Operating (THMxxxxxx-60) 
3,608mW MAX. Operating ('rHMxxxxxx-70) 
3,168mW MAX. Operating (THMxxxxxx-80) 
2,728mW MAX. Operating (THMxxxxxx-l0) 

88m W MAX. Standby 
• Single power supply of 5V±10% 
• All inputs and outputs 'lvr'L compatible 
• 512 refresh cycles/8ms 

• CAS before RAS refresh, RAS only refresh, Hidden refresh and Fast Page Mode capability 
• Package THM325120BS - 60 : Tin - Lead Contact 

THM325120AS - 70,80,10 : Tin- Lead Contact 
'l'HM325120BSG - 60 : Gold Contact 
TI-IM325120ASG - 70,80,10 : Gold Contact 

PIN CONNECTION (TOP VIEW) 

o I 
1111111111111111111111111111111111111 . 

ro 
I mlllrTrllmlll1TlllmllmlllrTrllTTTlllrrnmmmm 

1 36 37 72 

1 VSS 13 Al 25 DQ22 37 NC 49 DQ8 61 

2 DQO 14 A2 26 OQ7 38 NC 50 OQ24 62 

3 OQ16 15 A3 27 OQ23 39 Vss 51 OQ9 63 

4 DQl 16 A4 28 A7 ' 40 CASfi 52 OQ25 64 

5 DQ17 17 A5 29 NC 41 CAS2 53 OQ10 65 

6 OQ2 18 A6 30 Vee 42 CAS3 54 OQ26 66 

7 OQ18 19 NC 31 A8 43 cAST 55 DQll 67 

8 DQ3 20 DQ4 32 NC 44 RASO 56 OQ27 68 

9 DQ19 21 DQ20 33 RAS3 45 RAST 57 OQ12 69 

10 Vee 22 DOS 34 RAS2 46 NC 58 OQ28 70 

11 NC 23 DQ21 35 NC 47 W 59 Vee 71 

12 AD 24 DQG 36 NC 48 NC 60 DQ29 72 
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PIN NAMES 

AO-A8 Address Inputs 

OQO-OQ31 Data InpuUOutputs 

CASO-CASJ Column Address Strobe 

R"ASO-RAS3 Row Address Strobe 

IN ReadlWrite Input 

Vee Power ( + 5V) 

Vss Ground 

PO Presence Detect Pin 

DQ13 

OQ30 

DQ14 

OQ31 

OQ15 

NC - 60 -70 -80 -10 

POO PDO NC NC NC NC 
POI POl Vss Vss Vss Vss 
P02 PD2 NC Vss NC Vss 

P03 PD3 NC NC Vss Vss 

NC 

VSS 



THM325120BS-60, THM325120AS-70, 80,10 
THM325120BSG-60, THM325120ASG-70, 80,10 

BLOCK DIAGRAM 

~o~--~---------------------------------------------------, 
1/01 

OQO-3 
1/01 

1/02 1/02 
1/03 1/03 
1/04 1/04 

1/01 
OQ4-7 

1/01 
1/02 1/02 
1/03 1/03 
1/04 1/04 

~ 1~+-~-------r-------+--------------------4-------~-------, 

1/01 
OQS-l1 

1/01 
1/02 1/02 
1/03 1/03 
1/04 1/04 

1/01 
OQ12-15 

1/01 
1/02 1/02 
1103 1/03 
1104 1104 

CAS2~--~-------~-------+--------------------4-------~-------, 

1101 
OQ16·19 

I/O 1 
1102 1/02 
1103 1/03 
1104 1/04 

1101 
OQ20-23 

1101 
1102 1/02 
1/03 1/03 
1104 1/04 

CAS3~r-~------;-------;-------------------~------~-------, 

W 
AO-AS 

1101 
1102 
1/03 
1104 

1/01 
1/02 
1/03 
1104 

OQ24-27 

OQ2S-31 

1/01 
1102 
1/03 
1/04 

1/01 
1/02 
1/03 
1104 

Vee <>o--------------------------l~-------s MO -IS 

Vss 0 T CO-7 J MO-IS 
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THM325120BS-60, THM325120AS-70, 80,10 
THM325120BSG-60, THM325120ASG-70, 80,10 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNIT NOTE 

Input Voltage VIN -1.0-7.0 V .1 

Output Voltage VOUT -1.0-7.0 V 1 

Power Supply Voltage Vee -1.0-7.0 V 1 

Operating Temperature TOPR 0-70 ·C 1 

Storage Temperature TSTG - 55-125 ·C 1 

Soldering Temperature· Time TSOLDER 260·10 ·C· sec 1 

Power Dissipation PD 9.6 W 1 

Short Circuit Output Current lOUT 50 mA 1 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTE 

Vee Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 - 6.5 V 2 

VIL Input Low Voltage -1.0 - 0.8 V 2 
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THM325120BS-60, THM325120AS-70,80, 10 
THM325120BSG-60, THM325120ASG~70, 80,10 

DC ELECTRICAL CHARACTERISTICS (Vee = 5V + 10%, Ta = 0 ..... 70oq 

SYMBOL PARAMETER MIN. 

THMxXKxx.-60 -
OPERATING CURRENT 

THMxxx.xx-70 -
ICCI Average Power Supply Operating Current 

(RAS, CAS, Address Cycling: tRC = tRC MIN. ) 
THMxXXKXX-80 -
THM.kXKKK-l0 -

STANDBY CURRENT 

ICC2 Power Supply Standby Current -
(RAS = CAS = V,H) 

THMxXXKXK-60 -
AAS ONLY REFRESH CURRENT 

TH MXKXKX.· 70 -
Ico Average Power Supply Current, RAS Only Mode 

(RAS cycling, CAS = V,H: tRC = tRC MIN. ) 
THMxx •• xx-60 -
THMXK.xxx-l0 -
THMx •• xxx-60 -

FAST PAGE MODE CURRENT 
THMxxxx .. -70 -

Icc4 Average Power Supply Current, Fast Page Mode 

(RAS = V,L, CAS, Address Cycling: tpc = tpc MIN. 1 THM.x •••• -60 -
THM .... xx-l0 -

STANDBY CURRENT 

Iccs Power Supply Standby Current -
(AAS = CAS = Vcc - 0.2V) 

TH MXKXxxx-60 -
CAS BEFORE RAS REFRESH CURRENT 

Average Power Supply Current, CAS Before RAS 
THMxxxxxx-70 -

ICC6 
Mode (RAS, CAS Cycling: tRC = tRC MIN. ) 

THM.xxxx.-60 -
THMxxxxxx-l0 -

INPUT LEAKAGE CURRENT 

I, (L) Input Leakage Current, any input -160 

(OV;:;;VIN~6.5V, All Other Pins Not Under Test=OV) 

10(L) 
OUTPUT LEAKAGE CURRENT 

(Dour is disabled, OV:;; VOUT ~ S.5V) 
- 20 

OUTPUT LEVEL 
VOH 

Output "W Level Voltage (lour = - SmA) 
2.4 

OUTPUT LEVEL 
VOL 

Output "L" Level Voltage (lOUT = 4.2rnA) -
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MAX. UNIT NOTE 

736 

656 3,4 
rnA 

576 5 

496 

32 rnA 

736 

656 
rnA 3,5 

576 

496 

496 

496 3,4 
rnA 

416 5 

336 

16 rnA 

736 

656 
rnA 3,5 

576 

496 

160 IIA 

20 pA 

- V 

0.4 V 



THM325120BS-60, THM325120AS-70, 80,10 
THM325120BSG-60, THM325120ASG-70, 80,10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(VCC=5V± 10%, Ta=0-70°C) (Notes 6, 7, 8) 

THMxxxxxx-60 THMxxxxxx-70 THMxxxxxx-80 THMxxxxxx-10 
SYMBOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 110 - 130 - 150 - 180 - ns 

tpc Fast Page Mode Cycle Time 40 - 45 - 50 - 60 - ns 

tRAC Access Time from RAS - 60 - 70 - BO - 100 ns 9,14 

tCAC Access Time from CAS - 20 - 20 - 20 - 25 ns 9,14 

tAA Access Time from Column Address - 30 - 35 - 40 - 50 ns 9,15 

tCPA Access Time from CAS Precharge - 35 - 40 - 45 - 55 ns 9 

tCLZ CAS to output in Low-Z a - a - a - a - ns 9 

tOFF Output Buffer Turn-off Delay 0 20 0 20 a 20 a 20 ns 10 

tT Transition Time (Rise and Fall) 3 50 3 50 3 50 3 50 ns 8 

tRP RAS Precharge Time 40 - 50 - 60 - 70 - ns 

tRAS AAS Pulse Width 60 10,000 70 10,000 80 10,000 100 10,000 ns 

tRASP RAS Pulse Width (Fast Page Mode) 60 100,000 70 100,000 80 100,000 100 100,000 ns 

tRSH m Hold Time 20 - 20 - 20 - 25 - ns 

tRHCP 
RAS Hold Time From CAS 
Precharge (Fast Page Mode) 35 - 40 - 45 - 55 - ns 

tCSH CAS Hold Time 60 - 70 - 80 - 100 - ns 

tCAS CAS Pulse Width 20 10,000 20 10,000 20 10,000 25 10,000 ns 

tRCD m to CAS Delay Time 20 40 20 50 20 60 25 75 ns 14 

tRAD 
RAS to Column Address Delay 

15 30 15 35 15 40 20 50 15 
Time 

ns 

tCRP CAS to RAS Precharge Time 5 - 5 - 5 - 5 - ns 

tcp CAS Precharge Time 10 - 10 - 10 - 10 - ns 

tASR Row Address Set-Up Time 0 - a - 0 - 0 - ns 

tRAH Row Address Hold Time 10 - 10 - 10 - 15 - ns 

tASC Column Address Set-Up Time 0 - 0 - 0 - 0 - ns 

tCAH Column Address Hold Time 15 - 15 - 15 - 20 - ns 

tAR 
Column Address Hold Time 
referenced to RAS SO - 55 - 60 - 75 - ns 

tRAL Column Address to RAS Lead Time 30 - 35 - 40 - 50 - ns 

tRCS Read Command Set-Up Time 0 - a - 0 - 0 - ns 

tRCH Read Command Hold Time a - a - a - a - ns 11 
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THM325120BS-60, THM325120AS-70,80. 10 
THM325120BSG-60, THM325120ASG-70, 80,10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

THMxxxxxx-60 THMxxxxxx-70 THMxxxxxx-80 THMxxxxxx-l0 
SYMBOL PARAMETER UNIT 

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

tRRH 
Read Command Hold Time 

0 0 0 0 
referenced to RAS - - - - ns 

tWCH Write Command Hold Time 10 - 15 - 15 - 20 - ns 

Write Command Hold Time 
tWCR 

referenced to RAS 
45 - 55 - 60 - 75 - ns 

twp Write Command Pulse Width 10 - 15 - 15 - 20 - ns 

tRWL Write Command to AAS lead Time 20 - 20 - 20 - 25 - ns 

tcwL Write Command to CAS Lead Time 20 - 20 - 20 - 25 - ns 

tos Data Set-Up Time 0 - 0 - 0 - 0 - ns 

tOH Data Hold Time 15 - 15 - 15 - 20 - ns 

tOHR Data Hold Time referenced to RAS 50 - 55 - 60 - 75 - ns 

tREF Refresh Period - 8 - 8 - 8 - 8 ms 

twcs Write Command Set-Up Time 0 - 0 - 0 - 0 - ns 

tCSR 
CAS Set-Up Time 

5 5 
(CAS before RAS Cycle) 

- - 5 - 5 - ns 

CAS Hold Time 
tCHR (m before RAS Cycle) 

15 - 15 - 15 - 20 - ns 

tRPC m to CAS Precharge Time 5 - 5 - 5 - 5 - ns 

tCPT 
CAS Precharge Time (CAS before 

30 40 40 50 
RAS Counter Test Cycle) 

- - - - ns 

CAPACITANCE (Vee = 5V ± 10%, f = 1MHz, Ta = a-70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

Cll Input Capacitance (AO-A8) - 120 pF 

CI2 Input Capacitance (W) - 90 pF 

CI3 Input Capacitance (RASe-RATI) - 40 pF 

CI4 Input Capacitance (CASe-CAS3) - 30 pF 

CDQl I/O Capacitance (DQO-31) - 25 pF 
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THM325120BS-60, THM325120AS-70, 80,10 
THM325120BSG-60, THM325120ASG-70, 80,10 

NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. 

2. All voltages are referenced to VSS. 

3. Iecl. ICC3, ICC4, ICCG depend on cycle rate. 

4. ICCl. ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RAS=VIL and CAS=VllI. 

6. An initial pause of 200,IS 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. VIII (min.) and VII, (max.) arc reference levels for measuring timing of input signals. Also, 

transition times are measured between VlIl and VII,. 

9. Measured with a luad equivalent to 2 'Ivl'L loads and lOOp!". 

10. tOFF (max.) and iOE" (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 tRIm must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading 

edge in Read-Modify-Write cycles. 

13. twcs is not 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. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 

tRCD (max.) is specified as a l'eference point only: If tRCD is greater than the specified tRCD (max.) 

limit, then access time is controlled by tCAC. 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 

tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 

limit, then access time is controlled by tAA. 
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TI-IM~~!\ 1 ~nR~-Rn_ THM325120AS-70. 80. 10 ...... ~-,.., . -'"-"-- ~-, .. ------- - --- -- - -, - -, --

THM325120BSG-60, THM325120ASG-70, 80,10 

TIMING WAVEFORMS 

READ CYCLE 

VIH-
RAS 

VIL -

VIH-
CAS 

VIH 
AO-A8 

V 1L 

V 1H 
WRITE 

V'L 

VOH-
Dour 

VOL-
VALID DATA-OUT 

~: "H" or "La 
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THM325120BS-60, THM325120AS-70, 80,10 
THM325120BSG-60, THM325120ASG-70, 80,10 

WRITE CYCLE (EARLY WRITE) 

VIH 
AO-A8 

VIL 

VIH 
WRITE 

VIL 

VIH 

DIN 
VIL 

~: "W or"L 8 
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THM325120BS-60, THM325120AS-70, 80,10 
THM325120BSG-60, THM325120ASG-70, 80,10 

FAST PAGE MODE READ CYCLE 

VIH 
AO-AS 

VIL 

VIH 
WRITE 

VIL 

DOUT 

* VALID DATA OUT 
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THM325120BS-60, THM325120AS-70, 80,10 
THM325120BSG-60, THM325120ASG-70, 80,10 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

CAS 
V1H 

VIL 

VIH 
AO-A8 

VIL 

VIH 
WRITE 

VIL 

VIH 
DIN 

V'L 

* VALID DATA IN 

~: "H~ or "L" 
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THM325120BS-60, THM325120AS-70, 80,10 
THM325120BSG-60, THM325120ASG-70, 80,10 

RAS ONLY REFRESH CYCLE 

VIH 
AO-A8 

VIL 

VOH-

Dour ---------OPEN ----------
VOL -

Note: WRITE = "H" or "L" 
~: "H" or "L" 
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THM325120BS-60, THM325120AS-70, 80,10 
THM325120BSG-60, THM325120ASG-70, 80,10 

CAS" BEFORE RAS REFRESH CYCLE 

tCHR 

VOH~---~ 

Dour '}-----------OPEN ------

~: "W or "L" 

Note: AO-AS,WRITE: "W or "L" 
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THM325120BS-60, THM325120AS-70, 80,10 
THM325120BSG-60, THM325120ASG-70, 80,10 

HIDDEN REFRESH CYCLE (READ) 

VOH
Dour VOL- ---~-----+~~ ('--_____ -'1r 

~ :"Wor"L" 
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THM325120BS-60, THM325120AS-70, 80,10 
THM325120BSG-60, THM325120ASG-70, 80,10 

HIDDEN REFRESH CYCLE (WRITE) 

1m : "W or "LH 
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THM325120BS-60. THM325120AS-70.80. 10 
-------------- --;I -. "" 

THM325120BSG-60, THM325120ASG-70, 80,10 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

VIH -
VIL _ 

VIH -
VIL _ 

VIH 
AO-A8 VIL 

READ CYCLE 

[

Dour VOH-____ OPEN --H-( 
VOL_ 

~~~==--_+_I.:f:!::+. 
WRITE VIH 

VIL 

WRITE CYCLE 

[

WRiTE ~:2 = 

D VIH -
IN VIL_----
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THM325120BS-60, THM325120AS-70, 80,10 
THM325120BSG-60, THM325120ASG-70, 80,10 

OUTLINE DRAWINGS 

THM325120AS/ASG 

FRONT SIDE 
Unit in mm 

2-03.18 ± 0.05 

If 107.95±0.13 ) I ,8.09MAX .,' .....,---

: ; ~ c:Jc:Jc::1c:Jc:Jc:J m 

~ : ~ c:Jc:J 
N rTTTTTTrrTTTTTTTlrTlTTTlTlTTTTTTrrTITT1 

2.03 ± 0.13 

6.35 ± 0.13 95.25 ± 0.08 

3.38 ± 0.13 101.19±0.13 

BACK SIDE 

• 'I'IIM3251 20AS 

Contacts: Tin - Lead 

~I I P·9 ±0.08 

°000-
Contacts: Gold 
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" +0.10 ~8 

• 'I'I-lM325120ASG 

)1 IE1.04±0.05 

°000-
~ I~ 
N 

o 
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524,288 WORDS X 36 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM365120BS/BSG/AS/ASG is a 524,288 words by 36 bits dynamic RAM module which 
assembled 16 pcs of TC514256AJ/BJ and 8 pcs of TC51256T on the printed circuit board. These 
modules can be as well used as 1,048,576 words by 18 bits dynamic RAM module, by means of 
connecting DQO and DQ18, DQ1 and DQ19, DQ2 and DQ20, ........ , DQ17 and DQ35, respectively. The 
These modules are optimized for application to the systems which are required high density and large 
capacity such as main memory of the computers and as image memory systems, and to the others 
which are requested compact size. 

FEATURES 

• Low Power • 524,288 words by 36 hits organization 
• Fast access time and cycle time 

·60 ·70 ·80 

tRAC m Access Time 60ns 70ns 80ns 

tAA Column Address 

·10 

lOOns 

6,072m W MAX. Operating (THMxxxxxx - 60) 
5,412mW MAX. Operating (1'HMxxxxxx-70) 
4,752mW MAX. Operating (THMxxxxxx-BO) 
4,092mW MAX. Operating (THMxxxxxx-10) 

30ns 35ns 40ns SOns Access Time 

teAc CAS Access Time 20ns 20ns 20ns 25ns 

132m W MAX. Standby 
• Single power supply of 5V± 10% 
• All inputs and outputs TIL compatible 

tRC Cycle Time 115ns 130ns 150ns 180ns • 512 refresh cyclesl4ms(Burst Refresh) 
tpc Fast Page Mode 

40ns 40ns 45ns 55ns Cycle Time 
• 512 refresh cycles/8ms(Distributed Refresh) 

• CAS before RAS refresh, RAS only refresh, Hidden refresh and Fast Page Mode capability 
• Package THM365120BS ·60 : Tin - Lead Contact 

THM365120AS - 70,80,10 : Tin - Lead Contact 
THM365120BSG - 60 : Gold Contact 
THM365120ASG - 70,80,10 : Gold Contact 

PIN CONNECTION (rOp VIEW) PIN NAMES 

AO-A8 Address Inputs 

OQO-OQ35 Oata Input/Outputs 

CASO-CASJ Column Address Strobe 

RAS'O-RA"S3 Row Address Strobe 

I 0 0 I 
I mlll~II~III~II~III~lIlmll~III~II~lIlmrrmm A~~lwlll~III~lIw"I~III~lIwlll~III~lIwll1~11I~lIlwll~I~. 

36 37 72 W Read/Write Input 

Vee Power(+ 5V) 

Vss Ground 

PO Presence Detect Pin 

1 Vss 13 Al 25 0024 37 0017 49 009 61 0014 

2 DOD 14 A2 26 007 38 0035 50 0027 62 0033 

3 0018 15 A3 27 OQ25 39 Vss 51 OQ10 63 OQ15 

4 DOl 16 A4 28 A7 40 CASO 52 OQ28 64 0034 

5 0019 17 AS 29 NC 41 CAS2 53 0011 65 0016 

6 DQ2 18 A6 30 Vee 42 CASJ 54 0029 66 NC - 60 -70 -80 -10 

7 0020 19 NC 31 A8 43 CAST 55 0012 67 PDO PDO NC NC NC NC 
8 D03 20 DQ4 32 NC 44 RAsa 56 OQ30 68 POl POI V~~ Vss Vss Vss 
9 0021 21 0022 33 RAS3 45 RAST 57 0013 69 PD2 PD2 NC V~~ NC Vss 

10 Vee 22 005 34 RAS2 46 NC 58 DQ31 70 PD3 PD3 NC NC Vss Vss 

11 NC 23 OQ23 35 OQ26 47 W 59 Vee 71 NC 

12 AO 24 D06 36 008 48 NC 60 0032 72 Vss 
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· .','-~-------,.....----------, 

THM365120BS-60, THM365120AS-70, 80,10 
THM365120BSG-60, THM365120ASG-70, 80,10 

BLOCK DIAGRAM 

~O~~--------------------------------------------------' 

W~----------~-----r--------------------4-----~ AO-AS O-----------------+-___________________ ...J 

vee 0-0 -----------------------------It------------' MO-23 

I 
CO-11 

Vss 0>------------------------__ +-____________ .... MO-23 
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THM365120BS-60, THM365120AS-70, 80,10 
THM365120BSG-60, THM365120ASG-70, 80,10 

ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL RATING UNIT NOTE 

Input Voltage VIN -1.0-7.0 V 1 

Output Voltage VOUT -1.0-7.0 V 1 

Power Supply Voltage Vee - 1.0-7.0 V 1 

Operating Temperature TOPR 0-70 ·C 1 

Storage Temperature TSTG - 55-125 ·C 1 

Soldering Temperature • Time TSOLOER 260'10 ·C· sec 1 

Power Dissipation Po 14.4 W 1 

Short Circuit Output Current lOUT 50 mA 1 

RECOMMENDED DC OPERATING CONDITIONS (Ta = 0-70°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTE 

Vee Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 - 6.5 V 2 

Vil Input Low Voltage -1.0 - 0.8 V 2 
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THM365120BS-60, THM365120AS-70, 80,10 
THM365120BSG-60, THM365120ASG-70, 80,.10 

DC ELECTRICAL CHARACTERISTICS (Vee = sv ± 10%, Ta = 0-70oq 

SYMBOL PARAMETER MIN. 

THMxxxxxx-60 -
OPERATING CURRENT 

THMxxxxxx-70 -
ICCI Average Power Supply Operating Current 

(W, CAS, Address Cycling: tRC = tRC MIN. ) 
THMxxxxxx-80 -
THMxxxxxx-l0 -

STANDBY CURRENT 

ICC2 Power Supply Standby Current -
em=CAS=VIH) 

THMxxxxxx-60 -
RAS ONLY REFRESH CURRENT 

Average Power Supply Current, m Only Mode 
THMxxxxxx-70 -

ICC3 
em Cycling, OO=VIH: tRC=tRC MIN_ ) 

THMxxxxxx-80 -
THMxxxxxx-l0 -
THMxxxxxx-60 -

FAST PAGE MODE CURRENT 
THMxxxxxx-70 -

ICC4 Average Power Supply Current, Fast Page Mode 

(m = VIL. CAS. Address Cycling: tpe = tpe MIN_ 1 THMxxxxxx-80 -
THMxxxxxx-l0 -

STANDBY CURRENT 

Ices Power Supply Standby Current -
(m=CAS=Vcc- 0_2V) 

CAS BEFORE m REFRESH CURRENT 
THMxxxxxx-60 -

Average Power Supply Current, CAS Before m THMxxxxxx-70 -
ICC6 

Mode (m. 00 Cycling: tRC = tRC MIN. ) 
THMxxxxxx-80 -
THMxxxxxx-l0 -

INPUT LEAKAGE CURRENT 

II (l) Input Leakage Current, any input -240 

(OV::> VIN:> 6.SV, All Other Pins Not Under Test = OV) 

IO(l) 
OUTPUT LEAKAGE CURRENT 

(DOUT is disabled, OV::> VOUT::> s.5v) 
-20 

OUTPUT LEVEL 
VOH 

Output "W Level Voltage (lOUT = - SmA) 
2.4 

OUTPUT LEVEL 
VOL 

Output "L - Level Voltage (lOUT = 4.2mA) -

8-256 

MAX. UNIT NOTE 

1104 

984 3,4 
mA 

864 5 

744 

48 mA 

1104 

984 
mA 3,5 

864 

744 

744 

744 3.4 
mA 

624 5 

504 

24 mA 

1104 

984 
mA 3,5 

864 

744 

240 pA 

20 pA 

- V 

0.4 V 



THM365120BS-60, THM365120AS-70, 80,10 
THM365120BSG-60, THM365120ASG-70, 80,10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = 5V ± 10%, Ta = 0-70°C)(Notes 6, 7, 8) 

THMxxxxxx-60 THMxxxxxx-70 THMxxxxxx-80 THMxxxxxx-l0 
SYMBOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 110 - 130 - 150 - 180 - ns 

tpc Fast Page Mode Cycle Time 40 - 45 - 50 - 60 - ns 

tRAC Access Time from RAS - 60 - 70 - 80 - 100 ns 9,14 

tCAC Access Time from CAS - 20 - 20 - 20 - 25 ns 9,14 

tAA Access Time from Column Address - 30 - 35 - 40 - SO ns 9,15 

tCPA Access Time from CAS Precharge - 35 - 40 - 45 - 55 ns 9 

tell re to output in Low-Z 0 - 0 - 0 - 0 - ns 9 

tOFF Output Buffer Turn-off Delay a 20 0 20 a 20 0 20 ns 10 

tT Transition Time (Rise and Fall) 3 50 3 50 3 50 3 50 ns 8 

tRP RAS Precharge Time 40 - 50 - 60 - 70 - ns 

tRAS RAS Pulse Width 60 10,000 70 10.000 80 10,000 100 10,000 ns 

tRASP RAS Pulse Width (Fast Page Mode) 60 100,000 70 100,000 80 100,000 100 100,000 ns 

tRSH RAS Hold Time 20 - 20 - 20 - 25 - ns 

RAS Hold Time From CAS 
35 40 45 55 tRHCP Precharge (Fast Page Mode) - - - - ns 

tCSH CAS Hold Time 60 - 70 - 80 - 100 - ns 

tCAS CAS Pulse Width 20 10.000 20 10,000 20 10.000 25 10,000 ns 

tRCD RAS to CAS Delay Time 20 40 20 50 20 60 25 75 ns 14 

tRAD 
RAS to Column Address Delay 

15 30 15 35 15 40 20 50 15 
Time 

ns 

tCRP CAS to RAS Precharge Time 5 - 5 - 5 - 5 - ns 

tcp CAS Precharge Time 10 - 10 - 10 - 10 - ns 

tASR Row Address Set-Up Time 0 - 0 - 0 - a - ns 

tRAH Row Address Hold Time 10 - 10 - 10 - 15 - ns 

tASC Column Address Set-Up Time a - 0 - 0 - 0 - ns 

tCAH Column Address Hold Time IS - 15 - 15 - 20 - ns 

tAR 
Column Address Hold Time 

50 55 60 75 referenced to ill - - - - ns 

tRAl Column Address to RAS Lead Time 30 - 35 - 40 - 50 - ns 

tRCS Read Command Set-Up Time a - a - a - 0 - ns 

tRCH Read Command Hold Time a - a - a - a - ns 11 
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THM365120BS-60, THM365120AS-70, 80,10 
THM365120BSG-60, THM365120ASG-70, 80,10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

THMxxxxxx-60 THMxxxxxx-70 THMxxxxxx-80 THMxxxxxx-l0 
SYMBOL PARAMETER UNIT 

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

tRRH 
Read Command Hold Time 

0 - 0 - 0 - 0 - ns 
referenced to RAS 

tWCH Write Command Hold Time 10 - 15 - 15 - 20 - ns 

Write Command Hold Time 
4S 55 60 75 tWCR 

referenced to RAS - - - - ns 

twp Write Command Pulse Width 10 - 15 - 15 - 20 - ns 

tRwL Write Command to AAS Lead Time 20 - 20 - 20 - 25 - ns 

tcwL Write Command to CAS Lead Time 20 - 20 - 20 - 25 - ns 

tos Data Set-Up Time 0 - 0 - 0 - 0 - ns 

tOH Data Hold Time 15 - 15 - 15 - 20 - ns 

tOHR Data Hold Time referenced to RAS 50 - 55 - 60 - 75 - ns 

tREF Refresh Period - 8 - 8 - 8 - 8 ms 

twcs Write Command Set-Up Time 0 - 0 - 0 - 0 - ns 

tCSR 
ro Set-Up Time 

5 - 5 - 5 - 5 -
(CAS before RAS Cycle) 

ns 

m Hold Time 
tCHR (03 before m Cycle) 

15 - 15 - 15 - 20 - ns 

tRPC ro to 03 Precharge Time 5 - 5 - 5 - 5 - ns 

tCPT 
ro Precharge Time (CAS before 

30 - 40 - 40 - 50 -ro Counter Test Cycle) 
ns 

CAPACITANCE (Vee = 5V ± 10%, f = 1 MHz, Ta = 0-70°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

Cll Input Capacitance (AO-A8) - 161 pF 

CI2 Input Capacitance (Vii) - 168 pF 

CI3 Input Capacitance (R'ASO-RASJ) - 42 pF 

CI4 Input Capacitance (CMO-CAS'3) - 42 pF 

CDQl 1/0 Capacitance (DQO-7, 9-16,18-25,27-34) - 29 pF 

CDQ2 I/O Capacitance (DQ8, 17, 26, 35) - 39 pF 
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THM365120BS-60, THM365120AS-70, 80,10 
THM365120BSG-60, THM365120ASG-70, 80,10 

NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. 

2. All voltages are referenced to VSS. 

3. ICCl. ICC3, ICC4, ICCG depend on cycle rate. 

4. ICCl, ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RAS"=VIL and CAS'=Vm. 

6. An initial pause of 200,us 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 t<l'=5ns. 

8. VIH (min.) and VIL (max.) are reference levels for measuring timing of input signals. Also, 

transition times are measured between Vm and VIL. 

9. Measured with a load equivalent to 2 'ITL loads and lOOpF. 

10. toFP (max.) and tOEZ (max.) define the time at which the output achieves the open circuit condition 
and are not referenced to output voltage levels. 

11. Either tRCH or tRRn must be satisfied for a read cycle. 

12. These parameters are referenced to CAS leading edge in early write cycles and to WRI'rE leading 

edge in Read-Modify-Write cycles. 

13. twcs is 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. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 
tRcn (max.) is specified as a reference point only: If tRcn is greater than the specified tRcn (max.) 
limit, then access time is controlled by tCAC. 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 
tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA. 
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THM365120BS-60, THM365120AS-70, 80,10 
THM365120BSG-60,-THM365120ASG-70,80,10 

TIMING WAVEFORMS 

READ CYCLE 

VIH 
AO-A8 

VIL 

VIH 
WRITE 

VIL 

DOUT 

8-260 
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THM365120BS-60, THM365120AS-70, 80,10 
THM365120BSG-60, THM365120ASG-70, 80,10 

WRITE CYCLE (EARLY WRITE) 

VII-! 
AO-A8. 

VIL 

VII-! 
WRITE 

VIL 

VIH 
DIN 

VIL 

~: "W or"L" 
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THM365120BS-60, THM365120AS-70~ 80~ 10 
THM365120BSG-60, THM365120ASG-70, 80,10 

FAST PAGE MODE READ CYCLE 

Vl3" 
VIH 

V1L 

VIH 
AO-AS 

VIL 

VIH 
WRITe 

VIL 

DOUT 

* VALID DATA OUT 
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THM365120BS-60, THM365120AS-70, 80,10 
THM365120BSG-60, THM365120ASG-70, 80,10 

FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

V,H 
CAS 

V,L 

V,H 
AO-A8 

V'L 

V,H 
WRITE 

V,L 

V,H 
D,N 

V,L 

* VALID DATA IN 
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THM365120BS-60, THM365120AS-70,80, 10 
THM365120BSG-60, THM365120ASG-70, 80,10 

liAS ONLY REFRESH CYCLE 

VIH 
AD-A8 

VIL 

VOH-

Dour ---------OPEN ----------
VOL -
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THM365120BS-60, THM365120AS-70, 80,10 
THM365120BSG-60, THM365120ASG-70, 80,10 

CAS BEFORE RAS REFRESH CYCLE 

tCHR 

VOH _--------'\I 
DOUT ')----------OPEN ------

Note: AO-A8.WRITE ="W or Nl" 
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THM365120BS-60, THM365120AS-70, 80,10 
THM365120BSG-60, THM365120ASG-70,80, 10 

IDDDEN REFRESH CYCLE (READ> 

VOH
Dour VOL- ------~ 
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THM365120BS-60, THM365120AS-70, 80,10 
THM365120BSG-60, THM365120ASG-70, 80,10 

HIDDEN REFRESH CYCLE (WRITID 
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T"HM365120BS-60, THM365120AS-70, 80,10 
THM365120BSG-60, THM365120ASG-70, 80,10 

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

READ CYCLE 

[ 

DOUT VOH-____ OPEN_---H< 
VOL_ 

J:::::::!::!::J!:I:±:=::"'---'+t=~ 
~ VIH-

VIL -

WRITE CYCLE 

[
~ ~:~= 

D VIH -
IN VIL_----
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OUTLINE DRAWINGS 

THM365120AS/ASG 

FRONT SIDE 

rtI rtI 

o ~ ~ 
+1 11'1 

~ I'Y! a:: 
ID 

~ ~ 

2.0310.13 

6.35 ± 0.13 

3.38 ± 0.13 

BACK SIDE 

THM365120BS-60, THM365120AS-70, 80,10 
THM365120BSG-60, THM365120ASG-70, 80,10 

Unit in mm 
2·03.1810.05 

107.95±0.13 18.09MAX 

.~' 

" +0.10 ~8 
95.25 ± 0.08 

101.19 ± 0.13 

• THM365120AS • THM365120ASG 

'I I f1.0410.05 

Contacts: Ti n • Lead 

)( 

~ 
11'1 

"" o 

'I IP·9 ±0.08 

· DOO-~ 
Contacts: Gold 
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524,288 WORDSx40 BIT DYNAMIC RAM MODULE 

DESCRIPTION 

The THM405120ASGIBSG is a 524,288 words by 40 bits dynamic RAM module which assembled 20 pcs 
of TC514256AJIBJ on the printed circuit board. 

The THM405120ASGIBSG is optimized for application to the systems which are required high density 
and large capacity such as main memory of the computers and as image memory systems, and to the 
others which are requested compact size. 

FEATURES 

.524,288 words by 40 bits organization 

-60 -70 -80 

tRAC m Access Time 60ns 70ns 80ns 

tAA Column Address 
30ns 35ns 40ns 

Access Time 

tCAC 00 Access Time 20ns 20ns 20ns 

tRC Cycle Time 110ns 130ns 150ns 

tpe Fast Page Mode 
45ns 45ns SOns Cycle Time 

• Fast access time and cycle time 
• Single power supply of 5V± 10% 
• All inputs and outputs TTL compatible 
• Gold Contact -

-10 

lOOns 

50ns 

25ns 

180ns 

60ns 

• Low power 
5,060m W MAX. Operating (THMxxxxxx-60) 
4,510mW MAX. Operating(THMxxxxxx-70) 
3,960m W MAX. Operating (THMxxxxxx-80) 
3,410mW MAX. Operating(THMxxxxxx-lO) 

110m W MAX. Standby 
• Read-Modify-write,CAS before RAS refresh, 

RAS only refresh, Hidden refresh, and Fast Page 
Mode capability. 

.512 Refresh cycles/8ms 

• JEDEC OUTLILNE : THM405120BSG - 60, ASG - 70, 80, 10 

PIN CONNECTION (TOP VIEW) PIN NAMES 

~ollg"Qlg"gIQQ,g"QIQII o ITHM4.5ll.ASGie5G 

AO-A8 Address Inputs 

DQO-DQ39 Data Inputs/Outputs 

~.C03T Column Address Strobe 

~.Rm Row Address Strobe 

1 36 37 72 W ReadNvrite Input 

M Output Enable 

Vee Power ( + 5V) 

Vss Ground 

PO Presence Detect Pin 

1 Vss 13 Al 25 QQ13 37 OQ19 49 OQ22 61 OQ33 

2 DQO 14 A2 26 DQ14 38 OQ20 50 OQ23 62 OQ34 

3 OQl 15 A3 27 DQ15 39 Vss 51 OQ24 63 DQ35 

4 0(\2 16. A4 28 A7 40 ~ 52 DQ25 64 DQ36 

5 DQ3 17 AS 29 DQ16 41 NC 53 DQ26 65 DQ37 

6 OQ4 18 A6 30 Vcc 42 NC 54 DQ27 66 DQ38 -60 -70 -80 -10 

7 DQ5 19 "O! 31 A8 43 C03T 55 DQ28 67 POO PDO NC NC NC NC 

8 DQ6 20 DQ8 32 NC 44 ~ 56 DQ29 68 POl POl Vss Vss Vss Vss 

9 DQ7 21 DQ9 33 NC 45 RA5f 57 OQ30 69 P02 P02 NC V55 NC Vss 

10 Vcc 22 DQ10 34 NC 46 DQ21 58 OQ31 70 PD3 P03 NC NC Vss V~s 

11 NC 23 OQll 35 OQ17 47 W 59 Vee 71 DQ39 

12 AO 24 OQ12 36 DQ18 48 VSS 60 DQ32 72 Vss 

8-271 



THM405120BSG·60 
THM405120ASG-70,80,10 

BLOCK DIAGRAM 

] CAS 0 

J~ MO 
at W AO·S 

T HCA) ;0- ~ Ml 
"OE W AO·S 

T HCA) 
~ ru M2 

OE W AO-8 

T HCA) 
~ ru M3 

"OE W AO·S 

Y HCA) ro ;0- M4 
"OE W AO·S 

T HCA) 
;0- ro M5 

DE W AO·S 

l' 

H~ ;0- M6 
'"ICE W AO·S 

T 
HCAS ~ ru M7 m W AO·S 

T 
HCAS m .- MS 

DE W AO·S 

~~ M9 
"OE W AO·S 

W 0 

AO·A 8 

1101 
OQO-3 

1102 
1/03 
1/04 

1/01 
OQ4-7 

1/02 
1103 
1/04 

1/01 
OQ8-11 

1/02 
1/03 
1104 

1/01 OQ12-15 
1/02 
1/03 
1/04 

1/01 
OQ16-19 

1/02 
1/03 
1/04 

1/01 
OQ20-23 

1/02 
1/03 
1/04 

1101 
OQ24-27 

1/02 
1/03 
1/04 

1/01 
OQ2S-31 

1/02 
1/03 
1/04 

1/01 
OQ32-35 

1/02 
1103 
1104 

1/01 
OQ36-39 

1102 
1/03 
1104 

Vee o---------!r-----------_I MO.19 

V I. 
CO·19 

ss 0 - I MO.19 
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1/01 CAS [ 1102 
1/03 Ml0 "RA5[ 
1/04 AO-8 W N 

1/01 

~~ 1102 MIl t--1/03 
1/04 AO·S W "OE 

T 
1/01 

~~ 1/02 
M12 t--1/03 

1/04 AO·S W 

r 
1/01 

~~ 1/02 M13 I-1/03 
1/04 AO·S W N 

r 
1/01 

~~ 1/02 I-1/03 M14 
1/04 AO-8 W "OE 

Y 
1/01 m~ 1/02 ltA3 t--1/03 M15 

DE 1/04 AO·S W 
T 

1/01 

~~ I-1/02 
1/03 MIG t--
1/04 AO·8 W N 

T 
1/01 

~t: 1/02 ltA3 I-1/03 M17 
1/04 AO-8 W M 

Y 
1/01 CAS~ 1/02 ro t--1/03 M18 
1/04 AO·S W DE 

Y 
1/01 

~~ 1/02 
M19 1/03 

1/04 AO·S W "OE 



ABSOLUTE MAXIMUM RATINGS 

ITEM SYMBOL 

Input Voltage V1N 

Output Voltage VOUT 

Power Supply Voltage Vee 

Operating Temperature TOPR 

Storage Temperature TSTG 

Soldering Temperature' Time TSOLOER 

Power Dissipation Po 

Short Circuit Output Current lOUT 

RATING 

-1.0-7.0 

-1.0-7.0 

-1.0-7.0 

0-70 

-55-125 

260·10 

12.0 

50 

THM405120BSG-60 
THM405120ASG-70, 80, 10 

UNITS NOTES 

V 1 

V 1 

V 1 

·C 1 

·C 1 

·C· sec 1 

W 1 

mA 1 

RECOMMENDED DC OPERATING CONDITIONS era = 0-70°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES 

Vee Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 - 6.5 V 2 

VIL Input Low Voltage -1.0 - 0.8 V 2 
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THM405120BSG-60 
THM405120ASG-70,80,10 

DC ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70oq 

SYMBOL PARAMETER MIN. 

THMxx.lClClC·60 -
OPERATING CURRENT 

THMlClClCXX.·70 -
ICCI Average Power Supply Operating Current 

(RAS, 00, Address Cycling: tllC = tRC MIN. ) 
THMlClClClClClC·80 -
THMxxxxxx·l0 -

STANDBY CURRENT 

ICC2 Power Supply Standby Current -
(m=m=VIH) 

THMxlCXXlCX·60 -m ONLY REFRESH CURRENT 

Average Power Supply Current, m Only Mode 
THMxxxxxx·70 -

ICC3 
(m Cycling, OO=VIH: tRC=tRC MIN. ) 

THMlClClCXlCX·80 -
THMlClClCxlClC·l0 -
THMxlClCXXlC·60 -

FAST PAGE MODE CURRENT 
THMxxxxxx·70 -

ICC4 Average Power Supply Current, Fast Page Mode 

(m=VIL, m, Address Cycling: tpC=tpc MIN. 1 THMxxxxxx-80 -
THMlCxxxxx.l0 -

STANDBY CURRENT 

Iccs Power Supply Standby Current -
(RA~ .. m II VCC - 0.2V) 

THMlClClClCXX·60 -
'CM BEFORE m REFRESH CURRENT 

Average Power Supply Current, 00 Before m THMlClClClClClC·70 -
ICC6 

Mode (R:63, ro Cycling: tRC=tRC MIN.) 
THMlCXXXxx·80 -
THMxXXXXlC·l0 -

INPUT LEAKAGE CURRENT 

II(L) Input Leakage Current, any input -200 

(OV ~ VIN ~ 6.5V, All Other Pins Not Under Test = OV) 

OUTPUT LEAKAGE CURRENT 
IO(L) 

(DOUT is disabled, OV~ VOUT~ S.5V) 
-20 

VOH 
OUTPUT LEVEL 

Output trW Level Voltage (lOUT = - SmA) 
2.4 

VOL 
OUTPUT LEVEL 

Output "L- Level Voltage (lOUT = 4.2mA) -

8-274 

MAX. UNIT NOTE 

920 

820 3,4 
mA 

720 5 
620 

40 mA 

920 

820 
mA 3,5 

720 

620 

620 

620 
mA 

3,4 

520 5 

420 

20 mA 

920 

820 
mA 3,5 

720 

620 

200 pA 

20 pA 

- V 

0.4 V 



THM405120BSG-60 
THM405120ASG-70, 80,10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Vee = 5V ± 10%, Ta = 0-70°C)(Notes 5, 6, 7) 

THMxxxxxx-60 THMxxxxxx-70 THMxxxxxx-BO THMxxxxxx-l0 
SYMBOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 110 - 130 - 150 - 180 - ns 

tRMW Read-Modify-Write Cycle Time 165 - 185 - 205 - 245 - ns 

tpc Fast Page Mode Cycle Time 40 - 45 - 50 - 60 - ns 

tpRMW 
Fast Page Mode Read-Modify-

95 - 95 
Write Cycle Time - 100 - 120 - ns 

tRAC Access Time from RA'S - 60 - 70 - 80 - 100 ns 9,14 

tCAC Access Time from m - 20 - 20 - 20 - 25 ns 9,14 

tAA Access Time from Column Address - 30 - 35 - 40 - 50 ns 9,15 

tCPA Access Time from ro Precharge - 35 - 40 - 45 - 55 ns 9 

telz C'A3 to output in Low-Z 0 - 0 - 0 - 0 - ns 9 

tOFF Output' Buffer Turn-off Delay 0 20 0 20 0 20 0 20 ns 10 

tr Transition Time (Rise and Fall) 3 50 3 50 3 50 3 50 ns 8 

tRP RAS Precharge Time 40 - 50 - 60 - 70 - ns 

tRAS RM Pulse Width 60 10,000 70 10,000 80 10,000 100 10,000 ns 

tRASP RM Pulse Width (Fast Page Mode) 60 100,000 70 100,000 80 100,000 100 100,000 ns 

tRSH RM Hold Time 20 - 20 - 20 - 25 - ns 

tRHCP 
RM Hold Time From CAS 

35 40 Precharge (Fast Page Mode) - - 45 - 55 - ns 

tesH CAS Hold Time 60 - 70 - 80 - 100 - ns 

tCAS CAS Pulse Width 20 10,000 20 10,000 20 10,000 25 10,000 ns 

tRCD RAS to CAS Delay Time 20 40 20 50 20 60 25 75 ns 14 

tRAD 
RAS to Column Address Delay 

15 30 15 35 15 40 20 50 15 
Time 

ns 

tCRP CAS to 'itA:) Precharge Time 5 - 5 - 5 - 5 - ns 

tcP C'A3 Precharge Time 10 - 10 - 10 - 10 - ns 

tASR Row Address Set-Up Time 0 - 0 - 0 - a - ns 

tRAH Row Address Hold Time 10 - 10 - 10 - 15 - ns 

tASC Column Address Set-Up Time- 0 - a - a - 0 - ns 

tCAH Column Address Hold Time 15 - 15 - 15 - 20 - ns 

tAR 
Column Address Hold Time 

50 55 referenced to RAS - - 60 - 75 - ns 

tRAL Column Address to m Lead Time 30 - 35 - 40 - SO - ns 

tRCS Read Command 5et-Up Time 0 - a - 0 - 0 - ns 

tRCH Read Command Hold Time 0 - 0 - 0 - 0 - ns 11 
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THM405120BSG-60 
THM405120ASG-70,80,10 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS 
(Continued) 

THMxxxxxx-60 THMxxxxxx-70 THMxxxxxx-80 THMxxxxxx-10 
SYMBOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. MIN. MAX. MIN. MAX. 

tRRH 
Read Command Hold Time 

0 0 
referenced to m - - 0 - 0 - ns 11 

tWCH Write Command Hold Time 10 - 15 - 15 - 20 - ns 

Write Command Hold Time 
tWCR 

referenced to RAS 
45 - 55 - 60 - 75 - ns 

twp Write Command Pulse Width 10 - 15 - 15 - 20 - ns 

tRwL Write Command to iV3' Lead Time 20 - 20 - 20 - 25 - ns 

tCWL Write Command to eM" Lead Time 20 - 20 - 20 - 25 - ns 

tos Data Set-Up Time 0 - 0 - 0 - 0 - ns 12 

toH Data Hold Time 15 - 15 - 15 - 20 - ns 12 

toHR Data Hold Time referenced to m 50 - 55 - 60 - 75 - ns 

tREF Refresh Period - 8 - 8 - 8 - 8 ms 

twcs Write Command Set-Up Time 0 - 0 - 0 - 0 - ns 13 

tewo CAS to WRITE Delay Time 50 - 50 - 50 - 60 - ns 13 

tRWo m to WRITE Delay Time 90 - 100 - 110 - 135 - ns 13 

tAWo 
Column Addreu to WJmT Delay 

60 - 65 - 70 - 85 - 13 
Time 

ns 

tepwo 
m Precharge to WlUfE' Delay 

65 - 65 70 - 85 13 
Time - - ns 

tCSR 
CAS Set-Up Time 

5 5 5 5 (eM before m Cycle) - - - - ns 

CAS Hold Time 
tCHR (CAS before m Cycle) 

15 - 15 - 15 - 20 - ns 

tRPC RAS to CAS Precharge Time 5 - 5 - 5 - 5 - ns 

tCPT 
CAS Precharge Time (CA~ before 

30 40 40 50 
RAS Counter Test Cycle) - - - - ns 

tROH Rt3 Hold Time referenced to t5l 10 - 10 - 10 - 20 - ns 

tOEA OE Access Time - 20 - 20 - 20 - 25 ns 

tOED OE to Data Delay 20 - 20 - 20 - 25 - ns 

tOEZ 
Output buffer turn off Delay Time 

0 20 0 20 0 20 0 25 10 
from OE ns 

tOEH ill Command Hold Time 20 - 20 - 20 - 25 - ns 

toos Output Disable Set-Up Time 0 - 0 - 0 - 0 - ns 
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CAPACITANCE (Vee = 5V ± 10%, f = 1 MHz, Ta = 0-70oq 

SYMBOL PARAMETER MIN. 

Cll Input Capacitance (AO-A9) -
CI2 Input Capacitance (W, ill) -
CI3 Input Capacitance (iU>30 , 'RAST) -
CI4 Input Capacitance (CASe, om) -
COO I/O Capacitance (000-0039) -

8-277 

THM405120BSG-60 
THM405120ASG-70, 80, 10 

MAX. UNIT 

130 pF 

110 pF 

60 pF 

50 pF 

20 pF 



THM405120BSG-60 
THM405120ASG-70, 80,10 

NOTES: 

l. Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent 

damage to the device. 

2. All voltages are referenced to VSS. 

3. ICCl, ICC3, ICC4, ICCG depend on cycle rate. 

4. Iccl, ICC4 depend on output loading. Specified values are obtained with the output open. 

5. Column address can be changed once or less while RAS=VIL and CAS=Vm. 

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 R:AS 
initialization cycles instead of 8 ItAS cycles are required. 

7. AC measurements assume tT=5ns. 

8. VIII (min.) and VIL (max.) are reference levels for measuring timing of input signals. Also, 

transition times are measured between VIH and VIL. 

9. Measured with a load equivalent to 2 TTL loads and lOOpF. 

10. toP!? (max.) and tOEz (max.) define the ti~e at which the output achieves the open circuit condition 
and are not referenced to output voltage levels. 

11. Either tRCH or tRRI-I 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, tmvD, tCWD, tA WD and tcPWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs~ twcs (min.), the cycle is an early 
write cycle and the data out pin will remain open circuit(high impedance) through the entire cycle; 

If tRWD~tRWD (min.), tCWD~tcwD (min.), tAWD~tAWD (min.) and tcpwD~tCPwD (min.) (Fast 
Page Mode), the cycle is a Read-Modify-Write cycle and the data out will contain data read from 
the selected cell: If neither of the above sets of conditions is satisfied, the condition of the data 
out (at access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 
tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified tRCD (max.) 
limit, then access time is controlled by tCAC. 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. 
tRAD (max.) is specified as a reference point only: If tRAD is greater than the specified tRAD (max.) 
limit, then access time is controlled by tAA. 
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READ CYCLE 

V'H-m 
V1L -

V,H -
CAS 

V,H 
AO-A8 

V1L 

V,H 
WRITE 

V1L 

V,H -
OE 

V,L -

DQO- VOH-

DQ39 VOL -
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THM405120BSG-60 
THM405120ASG-70,80,10 

WRITE CYCLE (EARLY WRITE) 

RAS 

CAS 

V 1H 
AO-A8 

Vil 

V1H 
WRITE 

Vil 

or 

DQO- VIH-

DQ39 Vil -
-----OPEN -----

~: .. H .. or .. l .. 

B~280 



WRITE CYCLE (QE CONTROLLED WRITE) 

VIH-
AAS 

VIL -

VIH-
eM 

VIH 
AO-A8 

Vll 

VIH 
WRITE 

VIL 

VIH 
or 

VIL 

DQO- VIH-

DQ39 VIL -
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THM405120BSG-60 
THM405120ASG-70,80,10 

READ-MODIFY-WRITE CYCLE 

AO-A8 

VIH -----------~ 

VIL - ____ ~----~~-+-" 

OQO- VIIOH
OQ39 VI/OL _----------t-~ 
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FAST PAGE MODE READ CYCLE 

m 

re 

VIH 
AO-A8 

VIL 

V1H 
WRi'fE 

VIL 

VIH-
'OE 

VIL-

OQO- VOH-

OQ39 VOL _ 
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THM405120BSG-60 
THM405120ASG-70, 80,10 

FAST PAGE MODE WRITE CYCLE 

RAS 

CAS 

VIH 
AO-A8 

VIL 

VIH 
WR'i"IT 

VIL 

-

~: "H" or "L" 

9-284 



FAST PAGE MODE READ-MODIFY-WRITE CYCLE 

THM405120BSG-60 
THM405120ASG-70, 80, 10 

RAS VIH -

VIL - l~~=:;=====i::~==l;::;---""j--------~---r.;;::;----r 

DQO- VI/Oli'
DQ39 VI/OL- -----f-@ . .,~},~~-.-I_,:r__""__ __ T" 

~: "H· or "L" 
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THM405120BSG·60 
THM405120ASG-70, 80,10 

RAS ONLY REFRESH CYCLE 

CAS BEFORE RAS REFRESH CYCLE 

VOH 

--

DQO-DQ39 -----------OPEN --------
VOL - ___ ----.;J 

~: "H~ or "LH 
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HIDDEN REFRESH CYCLE (READ) 

VIH 

AO-A8 
VIL 

VIH 

WRITE 
VIL 

V 1H -

err 
VIL -

VOH -
OQO-OQ39 ---------< 

VOL -
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THM405120BSG-60 
THM405120ASG-70,80,.10 

HIDDEN REFRESH CYCLE (WRITE) 

VIH 

AO-A8 
VIL 

VIH 

WRTi'E 
VIL 

~: "H" or "L" 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 

CAS 

VIH 
AO-A8 

V1L 

READ CYCLE 

VIH 

WRiff 
VIL 

VIH-

OE 
VIL -

DQD VOH -
OPEN 

-OQ39 VOL -

WRITE CYCLE 

V1H 
WRITE 

VIL 

OE 

DQD 

VIH 
WRITE 

V1L 

OE 
VIH-

V 1L -

DQD VIIOH -

-DQ39 VIIOL -
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OUTLINE DRAWINGS 

• THM405120ASGIBSG (JEDEC OUTLINE) 

o 0 
+1 +1 
o III 

<of "'! 
.,.; ID 
N 
-1.-4--1-

2.03 ± 0.13 

6.35 ± 0.13 

3.38 ± 0.13 

BACK SIDE 

Contacts: Gold 

6.35±0.08 

95.25± 0.08 

101.19±0.13 

x 
~ 
III 
N 

o 

I~ 
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131, 072WORDS X SBITS MULTIPORT DRAM 

9ESCRIPTION 

PRELIMINARY 

The TC528126BJIBZ is a CMOS multiport memory equipped with a 131,072-words by 8-bits dynamic random 

access memory (RAM) port and a 256-words by 8-bits static serial access memory (SAM) port. The 

TCi28126BJIBZ supports three types of operations: random access to and from the RAM port, high speed 

serial access to and from the SAM port and bidirectional transfer of data between any selected row in the RAM 

port and the SAM port. The RAM port and the SAM port can be accessed independently except when data is 

being transferred between them internally. The TC52812GB.JIBZ is fabricated using Thshiba's CMOS silicon 

gate process as well as advanced circuit. designs to provide low power dissipation and wide operating margins. 

FEATURES - -._-- -~--

ITEM 
T(5281268J/8Z 

1----
- 80 - 10 

~R/I( RAS Access Time (Max.) 80ns lOOns 

.!4A~ CAS Access Time (Max.) 2Sns 25ns 

tAA Column Address Access Time (Max.) 45ns SOns 

_tR~ C~cle Time (Min.) 150ns _ lS0n~_ 

tp( Page Mode Cycle Time (Min.) SOns 55ns 

~;(A Serial Access Time (Max.) 25m 2Sm 

tsq; Serial Cycle time (Min.) 30ns 30ns 

I eel RAM Operating Current 90rnA 7SmA 

-- (SAM: Slandb>:) 
-I---

leGA SAM Operating 'Current SOmA SOmA 

(RAM: Standby) 

1(("2 Standby Current lOrnA lOrnA 

• Single power supply of 5V± 10% with a built-in 
VBE generator 

• All inputs and outputs: TIL Compatible 

PIN NAME 

• Organization 
HAM Port : 131,072wordsX8bits 
SAM Port : 256wordsX8bits 

• RAM Port 
Fast Page Mode Read - Modify - WriLe 
CAS before RfS' Refresh, Hidden Refresh 
RAS only Refresh, Write per Bit 
512 refresh cycles/8ms 

• SAM Port 
High Speed Serial Read/Write CapabiliLy 
2(;6 Tap Locations 
Fully Static Register 

• RAM - SAM Bidirectional Transfer 
Read 1 Write 1 Pseudo Write Transfer 
Real Time Read Transfer 

• Package 
TC528126BJ : SOJ40 - P - 400 
TC528126BZ : ZIP40 - P- 475 

PIN CONNECTIO~ 

r----.-------~----~------------~ 
TC52812GBJ TC528126BZ 

AD-A8 Address inputs 

RAs Row Address Strobe 

.CAS· Column Address ~lrobe 

of tOE ___ • Data Transfer/Output En<Jble 

SC 
SIOl 
5102 
SI03 
Sl04 

'Dr/OE 
~J~E-__ ~.J?pr Sit /Wr~_ En'lE~_ 
~'Y..'1.!£!.:::W8!1(~_ ~.!J1asl.1 Dat,) IN, OuT 

- Wl/IOl 
~.s ______ ~.rial.E?5._k _______ -l W2/102 

~.~ ____ . ___ ~~~~ ______ W3/103 

SI0.2.::.~_.S.~rial InputlOu~t W4/104 
~ Power (5V) / Ground VCCl 
N. C. No Connection WB IWe 

NC 
RAS 

NC 
AS 
AG 
AS 
A4 

C-1 

VSSl 
SIOS 
SI07 
SI06 
5105 
'SE 
WS/IOS 
W7/107 
WG/IOG 
WS/IOS 
VSS2 
NC 
NC 
CAS 
NC 
AO 
Al 
A2 
A3 
A7 

WI os WI06 
WI07 WI08 

S'E SI05 
5106 5107 
SIOS V,S1 

SC 
SI02 

5101 
510.3 

SI04 "Df /ol 
WIOl WIOl 
WI03 VSS2 
WI04 

Voo 1 
WB/WE RAS 

AS A6 
VSS3 NC 

AS A4 
NC VOO2 
A7 
A2 

A3 
Al 

AO NC 
CAS NC 



,---_." ..... ',-_ .. -_ .. " .. ------

BLOCK DIAGRAM 
S101-S108 

1 1 
Vee Vss 

AO-A8 
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TC528126BJ/BZ-80, TC528126BJ/BZ-1 0 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT NOTE 

VIN. Your Input Output Voltage -1.0-7.0 V I 

Vee Power Supply Voltage - 1.0-7.0 V 1 

TOPR Operating Temperature 0-70 ·C 1 

Tsra Storage Temperature - 55-150 'C 1 

TSOLOER Soldering Temperature' Time 260'10 'C'sec 1 --_. 
PD Power Dissipation 1 W 1 

.. _-_._ .. 
~~------.•.. --t-- --

lour Short Circuit Output Current 50 mA 1 

RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0--70°C) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTE 

Vee Power Supply Voltage 4.5 5.0 5.5 V 2 
-

VIH Input High Volti.'lge 2.4 - 6.5 V 2 

VIL Input Low Voltage -1.0 - 0.8 V 2 

CAPACITANCE (Vee = 5V, f = 1 MHz, Ta = 25°C) 

SYMBOL I PARAMETER MIN. MAX. UNIT 

C1 Input Capacitance - 7 -------_ ... pF 
CIO Input I Output Capacitance - 9 ...... _. 

l<c~e : Thi:; p:ll"'.llUdu· is p.~riodjcnl.ly sUlnpkd and i:; not 100% tested. 
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D.C. ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70°C) 

TCs281268) I BZ-OO TC~28126B) I BZ-I 0 
ITEM (RAM PORT) SAM PORT SYMBOL UNIT NOTE 

MIN. MAX. MIN. MAX. 

OPERATING CURRENT Standby IcC! - 90 - 75 3,4 

C~AS, CAS ~ycling ) r----
tRe = tRC min. Active ICCIA - 130 - 115 3,4 

-- r----
STANDBY CURRENT Standby ICC2 - 10 - 10 

(AA'S, CAS = V1H) t---

Active ICC2A - 50 - 50 3,4 

-
i~AS ONLY REFRESH CURRENT Standby Ico - 90 - 75 3,4 

(RAS Cy(lin~, CAS=VIH ) mA -
tRC=tRC min. 

Active lenA - 130 - I IS 3,4 

-
PAGE MODE CURRENT Slundby Icc4 - 80 - 65 3,4 

(RAS = Vll, ~A5 CYCling) 
-

Active ICC4A - 120 - 105 3,4 
tpc = tpc min. 

-
CAS BEFORE AA'S REFRESH CURRENT Standby Iccs - 90 - 75 3,4 

(AAS Cycling, CAS Before RAS) -
tRC = tRC mm. 

Active ICCsA - 130 - 115 3,4 

-- ------~ ... ---.----"-1--'- -._-- -
DATA TRAf\j~;rER CURRENT Standby lee6 - 110 - 95 3,4 

(RAS, c"As ~Ycling) -
Active lee6A - 150 - 135 3,4 

tRC = tRC mm. 

ITEM SYMBOL MIN. MAX. UNIT NOTE 

INPUT LEAKAGE CURRENT 
II(l) -10 10 IJA 

OV ~ V1N:si 6.SV, All other pins not under test = OV 

OUTPUT LEAKAGE CURRENT 
IO(l) -10 10 IJA 

OV:;; VOUT ~ 5.5V, Output Disable 

OUTPUT "W LEVEL VOLTAGE 
VOH 2.4 - V 

10UT= - 2mA 

OUTPUT "LH LEVEL VOLTAGE 
VOL - 0.4 V 

IOUT= 2mA 
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TC528126BJ/BZ-80, TC528126BJ/BZ-1 0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS 

(Vee = 5V ± 10%, Ta = 0-70°C) (Notes: S, 6, 7) 

TC528126BJ I BZ·80 TC528126BJ I BZ·l 0 
SYMllOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. 

t~c R,mdnm Read or Write ~ycle Time 150 180 ------ -. 
IR~IW 1~1:!E..:.t~~~y.Wrile Cycle ]ime 195 235 ----_ .. -.-- - I--
tpc _~i1st !~2=-~ode Cycle Time 50 55 ,--- --- t--

Ip",' .. 1W 
FJst Pa<)€ r'llod/;) Read· Modify. Write Cycle 90 100 

Time 
1-

tRAC Access Time from iU;:5 80 100 ~~ ---
tAA Access Time from Column Address 45 SO ~ •. 
tCAC Access Time from CAS 25 25 ~. ._----
tu/< Access Time from CAS Precharge 45 50 8,15 

t--
tOFF Output Buffer Turn· Off Delay 0 20 0 20 10 

t--
tT Transition Time (Rise and Fall) 3 35 3 35 7 r---
tRP RA'S Precharge Time 60 70 

I-----
tRAS RAS Pulse Width 80 10000 100 10000 r---
tRASP RAS Pulse Width (Fast Page Mode Only) 80 100000 100 100000 - I-----
tRSH RAS Hold Time 25 25 --_ .... - t--
tCSH CAS Hold Time 80 100 ns -- t--
tCAS CAS Pulse Width 25 10000 25 10000 ---t-. I-----
tRCD RAS to CAS' Delay Time 20 55 20 75 14 - I-----
tRAD RAS to Column Address Delay Time 15 35 15 50 14 

t--
tRAl Column Address to RAS Lead Time 45 50 

r----
tCRP CAS to RAS Pre charge Ti me 10 10 - r---
tCPN CA"s Precharge Time 10 10 

t--
tcp CAS Precharge Time (Fast Page Mode) 10 10 

r----
tASR Row Address Set· Up Time a a 

1----- I--
tRAH Row Address Hold Time 10 10 r-
tAse 

1--
Column Address Set· Up Time 0 0 r-

leAH Column Address Hold Time 15 15 r-
tAR Column Address Hold Time referenced to RAS 55 70 

I--
tRCS Hend Command Set· Up Time 0 0 

r----
tRCH Read Command Hold Time 0 0 11 

/-. r-
tRRr! Read Command Hold Time referenced to RAS 0 0 11 r--
tWCH Write Command Hold Time 15 15 r---
tWCR Write Command Hold Time referenced to RAS 55 70 

t--
twp Write Command Pulse Width 15 15 r---
tRWl Write Command to AAS Lead Time 20 25 

I-----
tCWl Write Command to CAS Lead Time 20 25 
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--r----
TC5281268J I BZ-SO TCS28126BJ I BZ-l 0 

SYMBOL PARAMETER ------r-- UNIT NOTE 
MIN . MAX. MIN. MAX. 

tos . Date1 $f,!:t:JP TillIe 0 0 12 .------ - I--
tl'H D.)I.,.1 Hold Time 15 15 12 

"--'--'- _ ..... __ . __ ._------_. - 1-
t(AIK D.:lta Hold Time referenced to RAS 55 70 

- I---
twcs Write Comm.:lnd Set-Up Time 0 0 13 

I--
tWvVD RAS to We Delay Time 100 130 ns 13 _0 
tAWD Column Addre~s tl) VV[ Delay Time 65 80 13 

1-
tewD CAS to WE Delay Time 45 55 13 

I--
toze Data to CAS Delay Time 0 0 --- - 1---
tozo rP-atato OE Delay Time 0 0 

I--
tOEA Ac(ess Time from 01: 20 25 8 _. __ 0·.-1-. -
tOEZ _Output Buffer Turn - off Delay from OE 0 10 0 20 10 --- -
tOED OE to Data Delay Time 10 20 - -
tOEH OE Command Hold Time 10 20 -
tROf! RAS Hold Time referenced to DE 15 15 --
tcsn ~ Set - Up Time ior c"As 8efore RAS Cycle 10 10 
'--- -

tOIR CAS Hold Time for CAS Before RAS Cycle 10 10 -
tRPC RAS Prechnrge to CAS Active Time 0 0 

tREF Refresh Period 8 8 ms -_._-
tWSR Ws Set-Up Time 0 0 -
tRwH Wa Hold Time 15 15 -
tMS Write - Per - Bit Mask Data Set - Up Time 0 0 -
tMH Write-Per-BitMask Data Hold Time 15 15 --
tTHS Dr High Set - Up Time 0 0 -
trHH 'p1' High Hold Time 15 15 ---- - -
tns 5Y Low Set- Up Time 0 0 ns --
trw 6T Low Hold Time 15 10000 15 10000 - -
tRTH 0'( Low Hold Time referenced toRAS 65 10000 80 10000 

-"--_. (Real Tilne RCild Transfer) --i-' -'--
tATH 151' Low Hold Time referenced to Column 30 30 

Address (Real Time Read Transfer) -
tCTH Dr Low Hold Time referenced to CAS 25 25 

(Real Time Read Transfer) 
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TC528126BJ/BZ-80, TC528126BJ/BZ-1 0 

TC528126BJ J BZ-BO TC528126BJ I BZ-l 0 
SYMBOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. 

~ sI SeL-Up Time referenced to if A 5 0 0 
I--

tREH !a,· Hr."d Time referenced to RAS 15 15 
--'-~'-1-.--.-------------.- l"-

t .!.!\ ~. [iT to itti-s Prech,Hge Time 60 70 ---r·------- I--
tIP .~)f Precharge Time 20 30 _._- I--
tp,sD r{i~:S· to Fir~t SC Delay Time (Read Transfer) 80 100 

1--1--
tASt) Column Address to First SC Delay Time 45 50 

i.~e<ld Transfer) 
I"-

t(SD CAS to First SC Delay Time (Read Transfer) 25 25 
I--

t r~L Last SC to D1' Lead Time 5 5 

(Real Time Read Transfer) 
I--

tW) of to Fir~t SC Delay Time (Read Transfer) 15 15 --_. I--
tSRS Last SC toRAS Set - Up Time (Serial Input) 30 30 

t---
tSflO R.<\S to First SC Delay Time (Serial Input) 25 25 

I--
tSDD RAS to Serial Input Delay Time 50 SO 

1-- I--

tsoz Serial Output Buffer Turn - off Delay from RAS 10 50 10 50 10 

(Pseudo Write Transfer) ns 
I--

tsec SC Cycle Time 30 30 r---
tsc SC Pulse Width (SC High Time) 10 10 r-
tsel> SC Precharge Time (SC Low Time) 10 10 r---
tseA Access Time from SC 25 25 9 r---
t5011 Serial Output Hold Time from SC 5 5 

I--
tSDS Serial Input Set - Up Time 0 0 

I--
tSOH Serial Input Hold Time 15 15 -- r---
tSEA Access Time from s-e 25 25 ~ -----
tSE Sf Pulse Width 25 25 -- '---

tSEP SE Precharge Time 25 25 
---~ -

tSEZ Serial Output Buffer Turn - off Delay from $I 0 20 0 20 10 -
tSZE Serial Input to SE De~ay Time 0 0 

r--.' --
tszs Serial Input to First SC Delay Time 0 0 --- -
t~,,\ S Serial Write Enilble Set-Up Time 0 0 

~ 
tSWH Serial Write Enable Hold Time 15 15 r-- I--
tSWIS Serial Write Disable Set - Up Time 0 a 

I--
tSWlli Seriill Write Disable Hold Time 15 15 
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NOTES: 

1. Strcsses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltage are refcrenced to VSS. 

3. The::;e parameters depend on cycle rate. 

4. These parameters depend on output loading. Specified values are obtained with the 

ouLJ-lut open. 

5. All initial pause of 2001lS is required after power-up followed by any 8 RAS cycles (DT/e,:m 
"higH') and any 8 SC 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. 

6. AC measurements assume t'l' = 5ns. 

7. Vm (min.) and VIL (max.) are reference levels for measuring timing of input signals. Also, 

transition times are measured between VIII and VIL. 

8. RAM port outputs are measured with a load equivalent to 1 TTL load and lOOpF. 

DOU'l' reference levels : VOH I VOL = 2.0V I O.8V. 

9. SAM port outputs are measured with a load equivalent to 1 TTL -load and 30pF. 

Dou'r reference levels: VOH 1VOL=2.0V IO.BV. 

10. tOFF (max.), tOEZ (max.), tSDZ (max.) and tSEZ (max.) define the time at which the outputs 
achieve the ope.n circuit condition and are not referenced to output voltage levels. 

11. Either tltCH or tRIm must be satisfied for a read cycles; 

12. These parameters 'are referenced to CAS leading edge of early write cycles and to WB IWE 
leading edge in DE-controlled writ~ cycle and read-modify-write cycles. 

13. twcs, tltWD, tCWD and tAWD are not restrictive operating parameters. They are included 

in the data sheet as electrical characteristics only. If twcs~ twcs (min.). the cycle is an 
early write cycles and the data out pin will remain open circuit (high impedance) 

throughout the entire cycle; If tnWD;?; tRWD (min.), tCWD;?; tCWD (min.) and tAWD;?; tAWD (min.) 

the cycle is a read-modify-write cycle and the data out will contain data read from the 

selected cell: If neither of the above sets of conditions is satisfied, the condition of the 
data out (at ~ccess time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 
tHCD (max.) is specified as a reference point only: If tHCD is greater than the specified 
tHCD (max.) limit, then access time is controlled hy tCAC. 

15. Operation within the tRAD (max.) limit insures that tIlAC (max.) can be met. tHAD (max.) is 
specified as a reference point only: If tItAD is greater than the specified tHAD (max.) limit, 
then access time is controlled by tAA. 
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TC528126BJ/BZ-80, TC528126BJ/BZ-1 0 

VIr! -
RA5 

VIL --

CAS VtH 

VIL 

AO-A8 
Vlfj 

IJIL 

VVS/Wr. VIH 
V IL 

b1"/'01" VIIi 
VIL 

IN 
VII-i 

r- VIL 

Vl11101 
-WS/IOS 

VALID DA 
l __ 

OUT 
VOH -

VOL -
------- OPEN -----(I 

_ : "W or "L" 

C-9 



Tl,;528 i 26IjJilj£-80, TC528 i 26BJi~£· 10 

V 1H HAS 
V1L 

V 1H -(:;,-s 
V 1L --

A,i-f..8 
Viii 

VIL 

WIT/WE VIH 

V1L 

DT/N VIH 
V IL 

IN 
V1H 

I V 1L 

WI/IOI 
-WS/IOS 

L_ OUT 
VOH-

VOL -

~ 

OPEN 

*1 ws/WE WI/lOI-WS/IOS 

0 WMI data 

I Don't Care 

WM I data: 0: Write Disable 
I : Write Enable 

C-10 

Cycle 

Write per bit 

Normal Write 

rml : "HH or "LH 



TC528126BJ/BZ-80, TC528126BJ/BZ-1 0 

'VRI~r, CYCLE_LOT~ CONTROLLED WRITE) 

1\/"3 

CAS 

A,)-A8 

i;Vs/W"E 

Df/OE 

I 
IN 

Wl/I01 
-WB/I08 

L ___ 
OUT 

V IH -
V IL -

VIr-! 

'IlL 

V IH 
\I,L 

V IH 
\1 
" :L 

V IH 
V IL 

V IH 
V IL 

VOH -

VOL -
------------- OPEN -------------

"1 WO/WE W11101-W8/10S Cycle 

o WM1 data 

Don't Care 

WM 1 data: 0: Write Disa~le 
1: Write Enable 

C-11 

Write per bit 

Normal Write 



TC528126tsJitsL-80, TC528 t26tsjitsL-1 0 

i~i~S 
VI>I 

'Iii .. 

'CA~ 
VIH 

Vic 

AO-AfJ 
'VIH 

\Ill. 

VJ('.;IWr. 

IN 

':11,' 101 
-W8: 108 

L._ OU;-

I--··-·--------·!'·!!---------·-... 

. OPEN ----<1 

·1 WO/W"E W1/i01-W8/108 
=. -- - .- -

0 WM1 data 

1 Don't Care 

Wr./11 diicJ: 0: Write'Dilable 
1: Write EnJble 

C-12 

_: "H" or"L" 

Cycle 
--

Write ptlr bit 

Norrnal Write 



TC528126BJ/BZ-80, TC528126BJ/BZ-1 0 

Rf~S 

(t.-S VII, 
VIL 

AO~A8 VIH 

VIL 

WBIVlE VIIi 

VIL 

[)f I (5E VIH 

VIL 

r- IN VIH 
V 1L 

W1/101 
-\,\'3/108 

L-OUT 

IH : "H" or "L" 
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TC528i 26BJitSZ-80, TC528; 26tJjiBz .. ; 0 

lYr/OE 

r-I~J 

WI/IOI 
-WS/I08 

L_OUT VOH ----_._---
VOL -

--------OPEN--------·--------

*1 INS/WI Wl/101-Wa/IOS .-
0 WMI data - .. 
1 Don't Care 

WMl data: 0: Write Disable 
1: Write Enable 

C-14 

_ :"W or"L" 

Cycle 
-
Write per bit 

Normal Write 



CAS 

AO-A8 

INS/WE 

151' I ere 

r-
'/11/101 
-wa/IOS 

IN 

L._ OUT 

TC528126BJ/BZ-80, TC528126BJ/BZ-1 0 

V1H 

VII, 

V1H 

V 1L 

VIH 

V,L -

VOH ---+------(1 
VOL -

*1 WTJfWf.- W1/101-WS/108 
- -

0 WM1 data 
1---------

1 Don't Care 
'---

WM 1 data: 0: Write Disable 
1: Write Enable 

C-15 
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Cycle 

Write per bit 

Normal Write 



TC528 i 26BjiBZ-80, TC528126BjiBz-1 0 

RAS VIH 

VIL --

CAS VIH 

V1L 

AO-A8 
VIH 

V1L 

vTs/We VIH 

VIL 

DT/OE 

Wl/101 VOH-

-W8/IOa VOL -
·-----------·OPEN -----------

_ : "H"or"L" 
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TC528126BJ/BZ-80, TC528126BJ/BZ-1 0 

CAS V 1H -
V1L - __ ----I 

V\!s/WI V1H 

V 1L 

br/OE VIH 

VIL 

Wl/101 VOH -

--wa/IOS VOL -
_-------- OPEN ---------

Note: AO -A8 :: Don't Care ("H" or "L") _ :"H"or"L" 
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TC528126BJ/BZ-80, TC528126BJ/BZ-10 

HIDDEN REFRF:SH CYCLE 

VIH -
RAS 

VIL -

cAs 

AD-AS VIM 

VIL 

Wa/WE VIH 

VIL 

VIH -
Fffo£. 

VIL -

IfJl/IOl VOH 
-WiJ/I08 VOL 

_ : "H" or "LH 
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TC528126BJ/BZ-80, TC528126BJ/BZ-1 0 

HT'~AD TRANSFER CYCLE (Previous Transect is WRITE TRANSFER CYCLE) 

W1/IQ1 vOH 
-W8/10S VOL ----0{' 

5i01 
-::'108 

5C 

1 ~'J 

L- OUT 

Inhibit Rising Transient 

VOH-________________________________ --------~ 

VOL - I'--__ ~. 

Note : SE = VIL 

1m! : "H" or "L" 
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TC528126BJiBZ-80, TC528126BJiBZ-1 0 

Viii -
RA~ V IL -

CAS 
Vii, 
V IL 

AO-A8 
Viti 

VIL 

Via/WE 
Viti 

VIL 

D)'/OE 
V 1H 

VIL 

Wl/101 V OH 
-W8/108 VOL 

sc 

VIH ------1-------r-- IN VIL -

5101 
-~SJ08 

L- OUT 

, 
------ PreViOlJS Row Data --------~ i--- New Row Data 

Note : 51 = VIL 

1m] : "W or "L" 
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TC528126BJ/BZ-80, TC528126BJ/BZ-1 0 

VIr! -
R7~s 

\IlL -

CAS 
V IH 
V ll 

}-\O-A3 
VIH 
VIL 

\'Ii3/W~ 
VIH 

VIL 

-CiT/DE VIH 

VIL 

Wl1101 
-INS/lOB >++----------- OPEN -----+--------

SC Inhibit Rising Transient 

Sf VIH 
Vll 

IN 
VIH -

I VIL -
SIOl 
-S108 

L_ 
OUT 

VOH 

VOL 
r--'---'---- OPEN --+--------

Seri,d OutPlJt D:lla .... --- -_ Serial Input Data 

1M :"H"or"L" 
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TC528126BJ/BZ-80, TC528126BJ/Bz-1 0 

vVRtTE TRANSfER QYj:!LE 

RAS V1H 

V'L 

cl'~s 
V 1H 

VIL 

AD-An 
V 1H 
V 1L 

WS/Wr. VIH 

VIL 

b-[loE" 'v"H 

VIL 

W1/101 VOH 

-WS/IOB VOL 

SC VIH 

V1L 

SE VIH 
V 1L 

IN 
V1H ,-- VIL 

SI01 
-S108 

l_ 
OUT 

VOH -

VOL - -------------------OPEN--------------------~---------------

Previo!Js - New Row Data 
Row Data 

1m :"H"or"L" 
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TC5281 26BJ/BZ-80, TC528126BJ/BZ-1 0 

lli~FrAL READ CYCLE (SE.=.YlLl 

RA5 VIII 

VIL 

Dr/O! VIH 

V1L 

SC V 1H 
V 1L 

SIOl 
-5108 

Note: $I" V 1L 
_:"H"or"L" 

AA5 

of IOE 
VII~ 
V1L 

SC 
VIH 
VIL 

S! 
V 1H 
V1L 

IN 
V1H 

I V 1L 

5101 
-5108 

1- OUi 
VOH 

VOL 

"H" or "L" 
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TC528 i 26BJiBZ-80, TC528126BJ/BZ-l 0 

TC'.;s VIH 
V IL 

151foI ViH 
V ,L 

SC 
V IH 
V,L 

5101 VIH 
-SlOB VI:' 

Note : sf:: VIL _ :"H"or"L" 

RAS V,r! 

V IL 

CHlOE- VIH 

VIL 

SC 
VIH 
V IL 

SE 
VIH 

VIL 

IN 
V1H 

r-- VIL 

S:Ol 
-5108 

L OUT 
VOrl-

VOL --.------------------------------------ OPEN --------------------------------

"H" or "L" 
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TC528126BJ/BZ-80, TC528126BJ/BZ-10 

The 17 address bits required to decode 8 bits of the 1,048,576 cell locations within the dynamic 

HAM memory array of the TC52812GBJ / BZ are multiplexed onto 9 address input pins (Ao-AS). 

Nine row address bits are latched on the falling edge of the row address strobe (RAS) and the 

following eight column address bits are latched on the falling edge of the column address strobe 

(CAS). 

En':,v AnmmSS STROBE : R~ 

A random access cycle or a data transfer cycle begins at the falling edge of RAS. HAS is the 

control input that latches the row address bits and the states of CAS, DT/OE, WB/WE and SE to 

invoke the various random access and data transfer operating modes shown in Table 2. 

RAS has minimum and maximum pulse widths and a minimum pre charge requirement which must 

be maintained for proper device operation and data integrity. The RAM port is placed in standby 

mode when the Rl~S control is held "higoh". 

COLUMN ADDHESS STROBE : C~S 

CJ\S is the control input that latches the column address bits. CAS has minimum and 

maximum pulse widths and a minimum prccharge requirement which must be maintained for 

proper device operation and data integrity. CAS also acts as an output enable for the output 

buffers on the RAM port. 

DATA TRANSFER/OUTPUT ENABLE: 15'J'/OE 

The IYr / OE input is a multifunction pin. When DT rOE is "high" at the falling edge of RAS, 

RAM port operations are performed and 151'/ OE is used as an output enable control. When the 

DT / OE is "low" at the falling edge of I~AS, a data transfer operation is started between the RAM 

port and the SAM port. 

\VlUTE PER BIT / \VRrm ENABLE : WIT /WT~o 

The WB /WE input is also a multifunction pin. When WB /WE is "high" at the falling edge of 

RA~3, during RAM port operations, it is used to write data into the memory array in the same 

manner as a standard DRAM. When vVB /WE is "low" at the falling edge of RAS, during HAM 

port operations, the write-per-bit function is enabled. The WB /WE input also determinp.s the 

direction of data transfer between the RAM array and the serial register (SAM). 

When WB /WE is "high" at the falling edge of RAS, the data is transferred from HAM to SAM 

(read transfer). When WB /\VE is "low" at the falling edge of RAS, the data is transferred from 

SAM to RAM (write transfer). 
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WRITE ?\fASI<;. D:''.TA,'DATA TNPUT AKD OUTPUT: WJ IIO,-W.a.LlQ.a 

When the write-per-bit fundion is enabled, the mask data on the Wi/IOi pins is latched into 

the write mask register (WM1) at the falling edge of RAS. Data is written into the DHAM on 

data lines where the write-mask data is a logic "I". Writing is inhibited on data lines where the 

write-mask data is a logic "0". The write-mask data is valid for only one cycle. Data is written 

into the I{AivI port during a write or read-modify-write cycle. The input data is latched at the 

falling edge of either CAS or WE / WE, whichever oceurs hte. During an early-write cycle, the 

outputs are in the high-impedance state. Data is read out of the RAM port during a read or 

read-modify-write eycle. The output data becomes valid on the Wi IIOi pins after the specified 

access times from HAS, CAS, DT / OE and column address are satisfied and will remain valid as 

long as CAS and DT / OE are kept "low". The outputs will return to the high-impedance state at 

the !'ising edge of either CAS or iYi' I GE, whichever occurs first. 

All operations of t.he SAM port are synchronizcd with the serial clock SC. Data is shifted in 

or out of the SAM registers at the risinG edge of se. In a serial read, the output data becomes 

valid on tllC SIO pins after the maximum :;peeitied serial access time tSCA from the rising edge of 

se. The serial clock SC also increments the 8-bits serial pointer which is used to select the SAM 

acirlrcss. The pointer address is incremented in a wrap-around mode to select sequential locations 

after the starting location which is determined by the column address in the read transfer cycle. 

When the pointer reaches the most significant address location (decimal 255), the next SC clock 

will place it at the least significant address location (decimal 0). 

The serial clock SC must be held at a constant Vm or VIL level during read transfer / pseudo write 

trunsft.:r I write transfer operations and should not be clocked while the SAM port is in the standby 

mode t.o prevent the SAM pointer from being incremented. 

The SE input is used to enable serial access operation. In a serial read cycle, SE is used as 

an outP"J.t control. In a serial write cycle, SE is used as a write enable control. When SE is 

"high", serial acceS;;i is disabled, however, the serial address pointer location is still incremented 

when SC is clocked even when SE is "high". 

§.ERIAL INPUT / OUTPUT: SIOl-SI08 

Seri:tl input and serial output share common L'O pins. Serial input or output mode is 

d,~tennined by the most recent read, write or pseudo write transfer cycle. When a read transfer 

cycle is IH;rL'rmcd, t.he 81\M port is in the OU~l)ut mode. \Vhen a write or pseudo write transfer 

cycle is performed, the SAM port is switched from output mode to input mode. During subsequent 

write transfer cycle, the SAM remains in the input mode. 
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9PERATION MODE 

The RAM port and data transfer operating of the TC528126BJ / BZ are determined by the state 

of CAS, D1'/7.:JE, WE/WE and SE at the falling edge of HAS. The Table 1 and the Table 2 show 

the operation truth table and the fUllctional truth table for a listing of all available RAM port and 

transfer operation, respectively. 

Table 1. Operation Truth Table 

RAS falling edge t .I Function ---
CAS lYffoE INS/WE s"E 

0 " " " CAS before RAS Refresh -
1 0 0 0 Write Transfer 

1 0 0 1 Pseudo Write Transfer 

1 0 1 " Read Transfer 

1 1 0 " Read / Write per Bit 
-

1 1 1 " Read/Write 

Table 2. Functional Truth Table 

"RAS --L Address W/IQ Write Mask 

Function CAS L 
CAS CiffoE WsiiNr: SE 'RAS "t- CAS L RAS L we"L WMl 

CAS before "RAS Rdresh 0 " " " " - " - -
Write Transfer 1 0 0 0 Row TAP " " -
PseucfoWrite Transfer 1 0 0 1 Row TAP " * -

Read Transfer 1 0 1 " Row TAP * " -
INrite per Bit 1 1 0 " Row Column WMl DIN Load use 

Reild IWrite 1 1 1 " Row Column * DIN -.... I 

* : "0" or "1" , TAP: SAM start address - : not used 
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HAM pain OPERATION 

fAST PAGE MODE CYCLE 

Fast page mode allows data to be LI'unsferl'ed into or out of multiple column locations of the 

same row by performing mUltiple CAS cycle during a single active RAS cycle. During a fast page 

cyde, the RAS signal may be maintained active for a period up to 100 llseconds. For the initial 

fast page mode aceess, the output data is valid after the specified access times from RA'S, CAS, 

column address and D'l' / OE. For all subsequent fast page mode read operations, the output data 

i:.; valid after the specified access times from CAS, column address and DT / OE. When the 

write-per-bit funl.:tion is enabled, the mask data latched at the falling edge of fiiffi is maintained 

throughout the fast page mode write or read-modify-write cycle. 

n,<\s-ONLY R1~FRESH 

The data in the DRAM requires periodic refreshing to prevent data loss. Refreshing is 

accomplished by performing a memory cycle at each of the 512 rows in the DltAM array within 

the specified 8m8 refresh period. Although any normal memory cycle will perform the refresh 

operation, this function is most easily accomplbhed with "ItAS-Only" cycle. 

CAS:-BEFORE-·RAS gEFRESH 

The 'l'C528126B.r / BZ also offer::; an internal-refresh function. When CAS is held "low" for a 

specified period (tCSJ\) before RAS goes "low", an internal refresh address counter and on-chip 

refn:sh control clock generators are enabled and an internal refresh operatiun takes place. When 

the refresh operation is completed, the internal refresh address counter is automatically 

incrcmented in preparation for the next CES-before-lfAS cycle. For successive· CAB-before-HAS 

refresh cycle, CAS can remain "low" while cycling RAS. 

A hidden refresh is a CAS-bcfol'c-RAS refresh performed by holding CAS "low" from a previous 

read cYcle. This allows for the output data fr0111 the previous memory cycle to remain valid while 

performing a refresh. The internal refresh address counter provides the address and the refresh is 

accomplished by cycling R1\S after the specified RAS-prccharge period (Refer to Figure 1). 

RAS I'" \ Memory Cycle ----;t~resh Cycle ~ Refresh Cycle ----rt--
CAS 

Wl/101 
\ 

W81108 

-~ 

----«'---- Valid Data Output >--
--------' 

Figure 1. Hidden Refresh Cycle 
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WElTE-FER-HI'r FUNC'I'ION 

The write-per-bit function selectively controls the internal write-enable circuits of the RAM 

port. When W13/WE is held "low" at the falling edge of RAS, during a random access operation, 

the write-mask is enabled. At the sallle time, the mask data on the Wi / IOi pins is latched onto 

the write-mask register (WMl). When a "0" is sensed on any of the Wi /IOi pins, their 

corrcspllnding write circuits arc disabled and new data will not be written. When a "1" is sensed 

on a lly of the Wi IIOi pins, their corresJlonding write circuits will remain enabled so that new data 

is written. The truth table of the write-per-bit function is shown in Table 3. 

Table 3. Truth table for write-per-bit function 

At the falling edge of RAS 
Function 

CAS DT/OE WB/WE WiliOi (i = 1-8) 

H H H 1< Write Enable 
--------1----1---

1 Write Enable 
H H L -

0 Write Mask 

An example of the write-per-bit function illustrating its application to displays is shown in 

Figures 2 and ~~. 

RAS ~ r-
Iii : 
:H ~ r--
E~ ---t-H --

Ao-Aa 

':/s I WE ~;\ ~ L f}fffi;;;~\ 

WS/IOS 

We/lOG 

~ M~>k k~??{~~$,$ 
~~J7.~77777·m I:! m00V.&?/~ 
':Z:Jwr:te ~£/ ·'''yvrite~~ 

% ~/;iSk !{0:~zwr~~ 

~~k ~2$;,???$'i%,(~/f&! 

~1 wr;te Vi?i@f .. , .. ~Vrite W'/:%t{~ 
ID M~s~%%@0W;%m 
Ww~~ "O"~rite,W~ 

L L::: __ write 
Wi IIO j = L : Write Ma~k 
'IIi"O,;H: Write 

Figure 2. Write-per-bit timing cycle 
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CRT Display 

00 00 00 00 00 00 
00 00 00 00 00 00 
00 00 00 00 ee eo 
00 00 00 oe oe 00 
00 00 00 eo oe 00 
0 ~s;?t-~ C2fQ ~~ ee eoo 

-6 00 oe 00 00 .00 
00 oe oeo oe o~ 
00 .0 00 00 00 00 

lol-loTolol-lolol 

~~
L"o"write 

No w" .. te (Masked) 

.," Write 

-- No Write (Masked) 

"0" Write 
L-________ No Write (Masked) 

~--------- .," Write 

'-------------- No Write (Masked) 

Figure 3. Corresponding bit-map 



2~\!~!~~LrORT OPERATION 

The TC528126BJ fBZ is provided with a 256 words by 8 bits serial access memory (SAM). 

High speed serial read or write operations can be performed through the SAM port independent of 

the RAM pOl'topel'ations, except during read transfer / write transfer / pseudo-wri te transfer cycles. 

'I'he preceding transfer operation determines the direction of data flow through the SAM port. 

If the preceding transfer operation is u read transfer, the SAM port is in the output mode. 

l[ the preceding transfer operation is a write or pseudo write transfer, the SAM port is in the 

input mode. The pseudo write transfer operation only switches the SAM port from output mode to 

input mode; Data is not transferred from SAM to RAM. 

Serial data can be read out of the SAM port after a read transfer (RAM-SAM) has been 

performed. 'rhe data isshifted out of the SAM port starting at any of the 256 bits locations. 

The TAP loca.tion corresponds to the column address selected at the falling edge of CAS during the 

read transfer cycle. The SAM registers are configured as circular data registers. The data is 

shifted out sequentially starting from thesclected tap location to the most significant bit and then 

wraps around to the least significant bit, as illustrated below. 

start; (.lddress : Tap I()cation 

[r--TI 0 1--'-, 1-02 1 ---------'-+-1 ~±r--1~ 1 
_-------------------------------1

253
1

254
1

255 rl 

Subsequent real-Lime read transfer may be performed on-the-fly as many times as desired, 

within the refresh consLraints of the DRAM array. Simultaneous serial read operation can be 

performed with some timing restrictions. A pseudo write transfer cycle is performed to change the 

SAl\1 port from output mode to input mode in order to write data into the serial registers through 

the SAM port. A write transfer cycle must be used subsequently io load the SAM data into the 

RAM row selected by the row address at the falling edge of RAS. The starting location in the 

SAM re.gisters for the next serial write is selected by the column address at the falling edge of 

C1~. The truth table for single register mode SAM operation is shown· in Table 4. 
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Table 4. Truth Table for SAM Port Operation 

SAM PORT DT/DE" at the 

OPERATION falling edge of RAS 
SC Sf FUNCTION Preceded by a 

: --- -
L Enable Serial Read 

JL Read Transfer Serial Output Mode 
H Disable Serial Read 

L Enable Serial Write 

JL Write Transfer Serial Input Mode H H Disable Serial Write 

--
L Enable Serial Write 

JL Pseudo Write Transfer Serial Input Mode 
H Disable Serial Write 

l1EFRESH 

The SAM data I"cbistCI'S are stati\.! flip-flop, therefore a refresh is not required. 

DATA TRANSFER OPERATION 

The TC528126BJ I BZ features internal bidirectional data transfer capability between RAM and 

the SAlVI, as shown in Figure 4. During a transfer, 256 words by 8 bits of data can be loaded from 

RAM to SAM (Read Transfer) or from SAM to RAM (Write Transfer). 

__ 256 columns 

I 
512 512x256x8 
rows Memory Cell Array 

256x8 ~ L...--______ ~/ 

Figure 4. Data Transfer 
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As shown in Table 5, the TC528126BJ I BZ supports three types of transfer operations: Read 

transfer, Write transfer and Pseudo write transfer. Data transfer operations between RAM and 

SAM are invoked by holding t.he DT I OE signal "low" at the falling edge of RAS. The type of 

data transfer operation is determined by the state of CAS, WB IWE and SE latched at the falling 

cd\;c of HAS. During datn transfer operations, the SAM port is switched from input to output 

mode (Read transfer) or output to input mode (Write transfer I Pseudo write transfer). During a 

data transfer cycle, the row address Ao-A8 select one of the 512 rows of the memory array to 01' 

from which data will be transferred and the column address Ao-A7 select one of the tap locations 

in the serial register. The selected tap location is the start position 'in the 8AM port from which 

the first serial data win be read out during the subsequent serial read cycle or the start position in 

the SAM port into which the first serial data will be wriLten during the subsequent serial write 

cycle. 

Table 5. Transfer Modes 

at the falling edge of RA'S 
Transfer Mode Transfer Direction Transfer Bit SAM Port Mode 

CAS DT/DE WBIWE SE 

H L H * Read Transfer RAM ~ SAM 256x8 Input ~ Output 
e---

H L L L Write Transfer SAM -) RAM 256x8 Output ~ Input 

H L L H' Pseudo Write Transfer - - Output ~ Input 

* : "U" or "L" 

READ ,!'RANSl"ER CYCLE 

A read transfer consists of loading a selected row of data from the RAM array into the SAM 

register. A read transfer is invoked by holding CAS "high", DT I OE "low" and WB/WE "high" at 

the falling edge of RAS. l'he row address selected at the falling edge of RAS determines the RAM 

row to be transferred into the SAM. The transfer cycle is completed at the rising edge of DT IOE. 
When the transfer is completed, the SAM port is set into the output mode. In a read I real time 

read transfer cycle, the transfer of a new row of data is completed at the rising edge of D'r I DE 
and this data becomes valid 011 the 810 lines after the specified access time tSCA from the rising 

edge of the subsequellt serial clock (SC) cycle. l'he start address of the serial pointer of the SAM 

is determined by the column address selected at the falling edge of CAS. 
'Figure 5 shows the operation block diagram for read transfer operation. 
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SAM Start Addressr~ ____ --1I 

~l~~~-' 
~~~~~--------~~.~ 

512x256x8 bits 
Memory Cell Array 

Serial Read 

Figure 5. Block Di(lgram for Read Transfer Operation 

In a read transfer cycle (which is preceded by a write transfer cycle), the 8e clock must be 

held at a constant VII, or VIII. after the se high time has been satisfied. A rising edge of the se 
clock must not occur until after the specified delay tTSD from the rising edge of DT I OE, as shown 

in Figure 6. 

RAS ------1 

CAS~H ~--------------~ 
All-AS %%:;;%~MSta~ 

""7."-nn~~~~~ ·nn~nn~'n7nn~·~""7."-nnn7-~~ 
WS/WE ~@t~] : H \'%~d@X1%'@!%'@@'4%iW%~ 

Of/De W'~ ~L I r W~ 
sc ~.;. lnhibit Rising Transition; \ ~ 

:~: y 
510 : . ~ 

Figure 6. Read Transfer Timing 

Ina real time read transfer cycle (which is preceded by another read transfer cycle), the 

previous row data appears on the 8ra lines until the IYr I OE signal goes "high" and the serial 

access time tSCA for the following serial clock is satisfied. This feature allows for the first bit of 

the new row of data to appear on the serial output as soon as the last bit of the previous row has 

been strobed without any timing loss. '1'0 make this :=olltinuous data flow possible, the rising edge 

of TIT 1 ~ must be synchronized with RAS. CAS and the subsequent rising edge of se (tR'l'Il, tc'l'lI, 

and t'l'SLltTSD must be satisfied), as shown in I~igure 7. 

The timing restriction t'l'SI, 1 tTSD are 5ns min 1 15ns min. 
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... ",."'''' .. "'" .... , ....... ",." -""--_ ... -_ .... ,-- ... -
I UO~O I ~OD\J/DL-OU, I \.,O~O I ~O~"'/~L-l U 

RAS ~ -- f::= ____ tRTH _ 

AO-AS 

sc 

Previous Row Data -~~_ New Row Data 

Figure 7. Real Time Read Transfer 

WRITE TRANSFER CYCLE 

A write transfer cycle consist of loading the content of the SAM register into a selected row of 

the RAM array. If the SAM data to be transferred must first be loaded through the SAM port, a 

pseudo write transfer operation must precede the write transfer cycles. However, if the SAM port 

data to be transferred into the RAM was previously loaded into the SAM via a read transfer, the 

SAM to RAM transfer can be executed simply by performing a write transfer directly. A write 

transfer is invoked by holding CAS "high", ITT / OE "low", WB /WE "low" and BE "low" at the 

falling edge of HAS. 

Figure 8 and 9 show the timing diagram and block diagram for write transfer operations, 

respecti vely. 
RAS -.I ~ 

r-------~~ .r-----------------1 jH ~ f 
Ao-As 

Ws/W! 

~SAM Start Xrn~"777?77'T7""';""'''777?77'T77'77''7.'1777:=~ 

~~L ~~ 

OliN ~~ tL 

~~@\=_"'"~ L~tu.1«"";;;:<:;.::@;u:;W=~:.:t;~ .. .:;"'==:.::.<~:.::.:=:£.:l.__:.~_ls_R_D • ..;..,1 __ . __ _ 

sc ~ l' \\... __ -:.:.In::..;h.:..::ib:.:..:it:...:R.:.:.is~in~ga.....:.:Tr..:::.a:.:.;ns:.:..:it::.::io::..;n:'''-__ ...l-___ f\---J\-
~----------------------i]~~XQ~~K:: 

Figure 8. Write Transfer Timing 
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The row address selected at the falling edge of RAS determines the RAM row address into 

which the data will be transferred. The column address selected at the falling edge of CAS 
determines the start address of the serial pointer of the SAM. After the write transfer is 

completed, Lhe SIO lines are set in the input mode so that serial data synchronized with the SC 

clock can be loaded. 

SAM Start Address ~F __ (::J D r SIO,-SIOa 

~ , ON w---------- ---

Row 

Figure 9_ Block Diagram for Write Transfer Operation 

'When consecutive write transfer operations are performed, new data must not be written into 

the serial register until the UAS cycle of the preceding- write transfer is completed. Consequently, 

the SC clock must be held at a constant VIL or VIII during the i~AS cycle. A rising edge of the 

se clock is only allowed after the specified delay tSIW from the rising edge of RAS, at which time 

a new row of data can be written in the serial register. 

PSgUDO WRITE '{'RANSFER CYCLE 

A pseudo write transfer cycle must be performed before loading data into the serial register 

after a read transfer operation has been executed. The only purpose of a pseudo write transfer is 

to change the SAM port mode from output mode to input mode (A data transfer from SAM to RAM 

docs not occur). After the serial register is loaded with new data, a write transfer cycle must be 

performed to transfer the data from SAM to H.AM. A pseudo write transfer is invoked by holding 

CAS "high", DT JOE "low", W13J'vlE "low" and SE "high" at the falling edge of RAS. The timing 

conditions are the same as the one for the write transfer cycle except for the state of SE at the 

fallin.b edge of HAS. 
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REGlf?T..~R OPERATION SEQUENCJ!~ (l~XAMPLE) 

Figure 10 illustrates an example of register operation sequence after device power-up and 

initialization. After power-up, a minimum of 8 fi"7\S and 8 SC clock cycles must be performed to 

properly initialize the device. A read transfer is then performed and the column address latched 

at t.he falling edge of CAS sets the SAM tap pointer location which up to that point was in an 

undefined location. Subsequently, the pointer address is incremented by cycling the serial clock 

SC from the starting location to the last location in the register (address 255) and wraps around to 

the least significant address location. The SAlI1 address is incremented as long as SC is clocked. 

Vee -..!.. Pseudo Pause Dummy Read Write 
(200)ls) Cy'cie Transfer Transfer 
,..;-.:,~ ~ ,----A--, 

Add. __ ~ 
. ~ ; ~ ; \" 

AAS ~JlftJ~1JIi!---;.....:.ll---l LLJ""""'" -;-----

fLU 
i"'OE~ 

WBlWr::-.I t 

hJ 
~ 1 

w~l----!--
: : 

W~i--+--

CAS _-.I 

sc __ lllmrJ1JUIflL-__ ---o. . ..;.... --~~-m:;~~~~~~MruUf[ ~ 

t 2SS~-----------------~·~:-------

../:~~Vi:,.'(l~:lj ~ SAM 
Pointe, 

........ Devices (2) t------/ Reset I Set SA ..: 
i······R·~~et/SetSAM 7i pointer" ..... .... 

o~. __ ~()~ir~)t~e~r--------_4:----------------------~~-------------------~~~='==~ ____ _ 
Pointer Location 
Undefined 

Figure 10. Example of SAM Register Operation Seguence 
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The next operation is a pseudo writ.e transfer which switches the SAM port from output mode 

to input mode in preparation for writ.e transfers. 'rhe column address latched at t.he falling edge 

of "CAS during the pseudo write transfer set.s the serial register tap location. Serial data will be 

written into the SAM starting from this location. 

'rRANSFER OPERATION WrrHO UT ~ 

During all transfer cycles, the CAS input clock must be cycled, so that the column address are 

latched at the falling edge of CAS, to set the SAM tap location. If CAS was maintained at a 

constant "high" level during a transfer cycle, the SAM pointer location would be undefined. 

Therefore a transfer cycle with CAS held "high" is not allowed (Refer to the illustration below). 

RAS --~ r--
} "OP" CAS r-- Transfer 

Cycle 

Address ~MStart ~ 

RAS r--
CAS }NOI 

Allowed 

Address W~@}3~ Row ~~ 

READ TRANSFER CYCLE AFTER HEAD 'rRANSFER CYCLE 

Another read transfer may be performed following the read transfer provided that a minimum 

delay of 30ns from the rising edge of the first clock SC is satisfied (Refer to the illustration shown 

below), 

DTIOE 

SC 

L-J 1 

~'-----
1 
1 
I 
1 
1 
1 

~\..._---

---~--;.i--nILfLfULJUl-------_ 
I I' 

Trnnsfer Operation: :30ns: 
-I I~I I I: 

; ot
Next Transfer :..oIO(~---- Next Transfer Operation is allowed. 

1 Not Allowed : 
: ' 
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POWER-UP 

Power must be applied to the RAS and DT lOE input signals to pull them "high" before or at 

the same time as the Vee supply is turned on. After power-up, a pause of 200 llseconds minimum 

is required with RAS and ITT lOE held "high". After the pause, a minimum of 8 RAS and 8 SC 

dummy cycles must be performed to stabilize the internal Circuitry, before valid read, write or 

transfer operations can begin. During the initialization period, the DT IOE signal must be held 

"high". If the internal refresh counter is. used, a minimum 8 CAS-before-RAS initialization cycles 

are required instead of 8 RAS cycles. 

INITIAL STATE AF1'ER POWER-UP 

When power is achieved with RAS, CAS, DT / OE and WB I'WE held "high", the internal state 

of the TC528126BJ I BZ is automatically set as follows. 

However, the initial state can not be guaranteed for various power-up conditions and input 

signal levels. Therefore, it is recommended that the initial state be set after the initialization of 

the device is performed (200 llseconds pause followed by a minimum of 8 RAS cycles and 8 SC 

cycles) and before valid operations begin. 

State after power-up 

SAM port Input Mode 

WM1 Register Write Enable 

TAP pointer Invalid 
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131, 072WOl\DS x 881T5 MULTIPORT DRAM 
DESCRIPTION 

PRELIMINARY 

The TC52R 128B.JIBZ is a CMOS multipart memory equirped with a 131,072-words by 8-bits dynamic random 
access memory (HAM) port and a 25G-words by 8-bi~s static serial access memory (SAM) port. The 
TC528128BJIBZ supports three types of operations: random access to and from the RAM port, high speed 
serial access to and from the SAM port and bidirectional transfer of data between any selected row in the 
HAM port and the SAM port. The RAl\l port and the SAM port can be accessed independently except when 
data is being transferred between them internally. In addition to the conventional multiport video RAM 
operating modes, the TC528128BJIBZ features the block write and flash write functions on the RAM port and a 
split register data transfer capability on the SAM port. The TC528128BJIBZ is fabricated using Toshiba's 
CMOS silicon gate process as well as advanced circuit designs to provide low power dissipation and wide 
operating margins. 

FEATURES -----
ITEM 

TC5281 ~ 181 / BZ 
- 80 -10 

3&'\.( -r~AS Access Time (Max.) 80ns lOOns 

!c,\C CAS Access Time (Max.) 25m 25ns 

~_ Column _Address Access Time (Max,) 45ns SOns 

tRC Cycle Time (Min,) IS0ns 180ns 

tp!;; Pa2e Mode Cycle Time (Min,) Sans 55n5 

tKA Serial Access Time (Max.) - 25ns 25ns 

.t;((' Serial C~cle time (Min,) 30ns ~~ 
ICCl RAM Operating Current g'OmA 75mA 

(SAM: Standby) -
1 (C2I< SAM Operating Current SOmA SOmA 

(RAM: Standby) 

l(r2 Standby Currf:nt lOrnA lamA 

• Single power supply of 5V± 10% with a built-in 
V BB generator 

• All inputs and outputs: 'tTL Compatible 

PIN NAME 

• Organization 
HAM Port : 131,072wordsX8bits 
SAM Port : 256wordsX8bits 

• RAM Port 
Eg§t Page ModEL Read - Modify - Write 
_CAS before RAS Refresh, Hidden Refresh 
RAS only Refresh, Write per Bit 
Flash Write, Block Write 
512 refresh cycles/ Bms 

• SAM Port 
High Speed Serial Read/Write Capability 
256 'rap Locations 
Fully Static Register 

• RAM - SAM Bidirectional Transfer 
Read I Write I Pseudo Write 'rransfer 
Real Time Read Transfer 
Split Read/Write Transfer 

• Package 
TC528128BJ : SOJ40 - P - 400 
TC528128BZ : ZIP40 - P- 475 

PIN CONNECTION 

AO-t .. fl Address inputs 
TC5281288) TC528128BZ 

;.--
RAS Row Address Strobe 

CAS' CO~~~E./)e 15'T,-ife--- Data Transfer / Out~ut Enal}le 

WB/'NE Write rer Bit/Write Enilble 

DSF Special Function Control 

Wl1101-W81108 Write Mask / Data IN. OUT 

SC Seriill Clock 
S'E --- Serial Enable -
_~'?1.::.W?8 ___ Seri<!!....!nput/ Output 

QSF' Special Flag Output 

:f..~ Power (SVj / Ground 

N. C. No Connection 

sc VSSl WIOs WI06 
5101 5108 WJ07 WI08 
5102 5107 re 5105 
5103 5106 5106 5107 
5104 5105 5108 

VSS1 Of/OE Sf sc SIOI 
WIIIOI W81108 5102 5103 
W2/102 W7/107 5104 5i/OE 
W3/103 W6/106 WIOI WI02 
W4/104 WS/IOS WI03 VSS2 

Vcel VSS2 WI04 
VOOl WS/We' DSF WB/W-r 

NC A8 ru 
CAS Vm 

AS 
NC 

QSF AS A4 
AO NC 

VOO2 Al A7 A3 A2 A2 Al 
A3 AO QSF 

VCC2 A7 tA"S' DSF 
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I 
~ 

~--------------------------------~----------------------------------------------~ 

BLOCK DIAGRAM 

5101-5108 

QSF 

1 1 
Vee Vss 

l ! ! ! ! ! ! ! ! 
AO-A8 
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ABSOLUTE MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT NOTE 

VIN• VOUT Input Output Voltage -1.0-7.0 V 1 

Vee Power Supply Voltage - 1.0-7.0 V 1 

TOPR Oper<lting Temperature 0-70 ·C 1 

TSTG Storage Temperature - 55-150 ·C 1 

TSOlDER Soldering Temperature' Time 260·10 ·C·see 1 

Po Power Dissipation 1 W 1 
-

lOUT Short Circuit Output Current 50 mA 1 

RECOMMENDED D.C. OPERATING CONDITIONS (Ta::: 0-70De) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTE 

Vee Power Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 - 6.5 V 2 

VIL Input Low Voltage -1.0 - 0.8 V 2 --
CAPACITANCE (Vee::: 5V, f::: 1 MHz, Ta = 25°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

C1 Input Capacitance - 7 

CIO Input I Output Cap<lcitance - 9 pF 

Co Output Capacitance (QSF) - 9 

Note : This panuneter is periodically sampled and is not 100% tested. 
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D.C. ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70°C) 

TC5281289J I BZ-60 TC528128BJ I BZ-l 0 
ITEM (RAM PORT) SAM PORT SYMBOL UNIT NOTE 

MIN_ MAX. MIN. MAX. 
f--. 

OPERATING CURP.ENT Standby ICC1 - 90 - 75 3,4 

C~AS, CAS ~Ycling ) t--

tRC '" tRC min. Active I(CIA - 130 - 115 3,4 

- t--

STANDBY CURRENT Standby ICO' - 10 - 10 

(MS, CAS:: VIH) t--

Active ICGA - 50 - 50 3,4 
-- -I-' 1--

RAS ONLY REFRESH CURRENT Standby ICCl - 90 - 75 3,4 

(RAS Cyclin~, CAS:: VIIi) 
f----

tRC:: tRC min. 
Active ICClA - 130 - 115 3,4 

t--

PAGE MODE CURRENT Standby ICC4 - 80 - 65 3,4 

eRAS:: VIL, ~AS Cycling ) 
f--. --

Active ICC4A - 120 - 105 3,4 
tpc:: tpc mll1. 

----~.- mA t--

CAS BEFORE RAS REFRESH CURRENT Stilndby Ice5 - 90 - 75 3,4 

CAS Cycling, CAS Before RAS) ----1-._---1--. t--

tRe:: tRe min. 
Active leesA - 130 - 115 3,4 

• t--

DATA THANSFER CURRENT Standby , ICC6 - 110 - 95 3,4 

( RAS, CAS. ~ycling ) I---
Active lee6A - 150 - 135 3,4 

tRC:: tRC min. 
-- r---

FLASH I,VRITE CURRENT Standby ICC7 - 100 - 75 3,4 

(RM, CAS ~ycling ) I---

tRC = tRC min. Active ICGA - 130 - 115 3,4 
... _- ~ 

BLOCK WRITE CURRENT Standby Ices - 100 - 85 3,4 

(RAS, CAS ~Ycling) I-- I---

tRe:: tRe min. Active leesA - 140 - 125 3,4 

ITEM SYMBOL MIN. MAX. UNIT NOTE 

INPUT LEAKAGE CURRENT 
II(L) 

OV~VIN~6.SV, All other pins not under test::OV 
-10 10 pA 

--f-. 

OUTPUT LEAKAGE CURRENT 
IO(L) -10 10 IlA 

OV;i Vour;;O 5,5V, Output Disilble 
-

OUTPUT "H" LEVEL VOLTAGE 
VOH 2.4 V 

lour= -2mA 
-

OUTPUT "L" LEVEL VOLTAGE 
VOL 0.4 V -

lOUT = 2mA 
10--. 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.c. OPERATING CONDITIONS 

(Vee =: 5V ± 10%, Ta = 0-70 0 e) (Notes: 5, 6, 7) 

TC528128BJ / BZ-80 TC528128BJ / BZ-l 0 
SYMBOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. 

tRC Jlilndom Read or Write Cycle Time 150 180 --- ---
tRMw Read - Modify - Write Cycle Time 195 235 _. -
tpc Fast Page Mode Cycle Time 50 55 -- -
tpRMW Fast Page Mode Read - Modify - Write Cycle 90 100 

Time -- -
tRAe Access Time from 'RAS 80 100 8,14 

tAA Access Time from Column Address 4S 50 8,14 ---- -
teAe Access Time from CAS 25 2S ~. f---
tePA Acce~s Time from CAS Precharge 45 50 ~ -
tOFF Output Buffer Turn - Off Delay 0 20 0 20 10 

I--
tT Transition Time (Rise and Fall) 3 3S 3 35 7 --
tRP RAS Precharge Time 60 70 

t-- -
tRAS RAS Pulse Width 80 10000 100 10000 -
tRASP RAS Pulse Width (Fast Page Mode Only) 80 100000 100 100000 -
tRSH RAS Hold Time 25 25 -- I--
tesH CAS Hold Time 80 100 ns I--
teAS CAS Pulse Width 25 10000 25 10000 

t---
tRCD RAS to CAS Delay Time 20 55 20 75 14 

I--
tRAD RAS to Column Address Delay Time 15 35 15 50 14 

I--
tRAL Column Address to RAS Lead Time 45 50 

I--
tCRP CAS to RAS Precharge Time 10 10 -
tePN CAS Precharge Time 10 10 -
tep CAS Precharge Time (Fast Page Mode) 10 10 -- -
tASR Row Address Set- Up Time 0 0 -- --
tRAH Row Address Hold Time 10 10 

t-- -
tAse Column Address Set-Up Time 0 0 -
teAH Column Address Hold Time 1 S lS -
tAR Column Address Hold Time referenced to Ri;:S 5S 70 -
tRes Read Command Set-Up Time 0 0 -
tReH Read Command Hold Time 0 0 11 -
tRRH Read Command Hold Time referenced to RAS 0 0 11 -
tweH Write Command Hold Time 15 15 --
tWCR Write Command Hold Time referenced to RAS 55 70 

I--
twP Write Command Pulse Width 15 15 

I--
tRwL Write Command to RAS Lead Time 20 25 

t---
tewl Write Command to CAS Lead Time 20 25 
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TC528128BJ I BZ-80 TC528128BJ I BZ-l 0 
SYMBOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. 

tos Data Set-Up Time 0 0 12 -
tOH Data Hold Time 15 15 12 -
tOHR Data Hold Time referenced to RAS 55 70 -
twes Write Command Set-Up Time 0 0 13 

;---
tRwD W to WE' Delay Time 100 130 ns 13 _. r---
tAWO Column Address to WE Delay Time 65 80 13 - I---
tewD CAS to WE Delay Time 45 55 13 - r---
toze Data to e"AS Delay Time a 0 

r---
tozo Data to OE Delay Time 0 0 

I---
tOEA Access Time from DE 20 25 8 

r---
tOEZ Output Buffer Turn- off Delay from bE 0 10 0 20 10 

f-
to En DE to Data Delay Time 10 20 

r---
tOEH DE Command Hold Time 10 20 

I---
tllOH RAS Hold Time referenced to OE 15 15 

I---
tesR CAS Set· Up Time for CAS Before RAS Cycle 10 10 

I--
tCHR CAS Hold Time for CAS Before RAS 9'c1e 10 10 

r---
tRPC RAS Precharge to CAS Active Time 0 0 

tREF Refresh Period 8 8 ms 

tWSR WB Set-Up Time 0 0 -
tRWH We Hold Time 15 15 -
tFSR DSF Set· UP Time referenced to "RAS' 0 0 -
tRFH DSF Hold Time referenced to RAS(I) 15 15 

f-
tFHR DSF Hold Time referenced to RAS (2) 55 70 

I---
tFse DSF Set· Up Time referenced to CAS 0 0 

t-
teFH DSF Hold Time referenced to CAS 15 15 

~ 
tMS Write· Per- Bit Mask Data Set - Up "!ime 0 0 ns 

I---
tMH Write· P,er - Bit Mask Data Hold Time 15 15 

I---
tTHS Dr High' Set· Up Time 0 0 

t-
tTHH of High Hold Time 15 15 -
tns Df low Set· Up Time 0 0 -
tTLH DT Low Hold Time 15 10000 15 10000 -
tRTH DT Low Hold Time referenced to RAS 65 10000 80 10000 

(Real Time Read Transfer) -
tATH of Low Hold Time referenced to Column 30 30 

Address (Real Time Read Transfer) -
tCTH i5'f Low Hold Time referenced to CAS 25 25 

(Real Time Read Transfer) 
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TC5281288J I 8Z-80 TC5281288J I 8Z-1 0 
SYMEiO:.. PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. 

tF.SR sf: Set-Up Time referenced to RAs 0 0 
t-

tREH SE Hold Time referenced to RAS 15 15 
f---

tTRP Df to RAS Precharge Time 60 70 -- f---
tTP Dr Precharge Time 20 30 

f---
tRSD AAS to First SC Delay Time (Read Transfer) 80 100 

f---

tASD Column Address to First SC Delay Time 45 50 

(Read Transfer) 
I--

tCSD CAS to First SC Delay Time (Read Transfer) 25 25 
f---

tTSL Last SC to D'f Lead Time 5 5 

(Real Time Read Transfer) 
I--

trSD lIT to First SC Delay Time (Read Transfer) 15 15 
t-

tSRS Last SC to RAS Set - Up Time (Serial Input) 30 30 
t-

tSRD I RAS to First SC Delay Time (Serial Input) 25 25 
I--

tSDD RA5 to Serial Input Delay Time 50 50 
I--

tSDZ Serial Output Buffer Turn - off Delay from RAS 10 50 10 50 10 

(Pseudo Write Transfer) 
f---

tscc SC Cycle Time 30 30 ns --_.- i-
tsc SC Pulse Width (SC High Time) 10 10 

I--
tscP SC Precharge Time (SC Low Time) 10 10 

I--
tSCA Access Time from SC 25 2S 9 

I-
tSOH Serial Output Hold Time from SC 5 5 

tSDS Serial Input Set - Up Time 
I--

0 0 
I--

tSDH Serial Input Hold Time 15 lS -
tSEA Access Time from SE 2S 25 9 

r---
tSE S1" Pulse Width 25 25 r---
tSEP 51 Precharge Time 25 25 - r---
tSEZ Serial Output Buffer Turn - off Delay from SE 0 20 0 20 10 

r---
Serial Input to SE Delay Time tszE 0 0 

I-
tszs Serial Input to First SC Delay Time 0 0 

r---
tsws Serial Write Enable Set-Up Time 0 0 

I-
tSWH Serial Write Enable Hold Time 15 15 r---
tSWIS Serial Write Disable Set- Up Time 0 0 

r---
tSWIH Serial Write Disable Hold Time 15 15 

I-
tns Split Transfer Set-Up Time 30 30 r---
tSTH Split Transfer Hold Time 30 30 

f---
tSQr) SC - QSF D.elay Time 25 25 

t-
o 

troD of - QSF Delay Time 25 25 
I--

tCOD CAS· QSF Delay Time 35 35 
1--

tROD RAS - QSF Delay Time 75 90 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 

permanent damage to the device. 

2. All voltage are referenced to VSS. 

3. These parameters depend 011 cycle rate. 

4. These parameters depend on. output loading. Specified values are obtained with the 

output open. 

5. An initial pause of 20011S is required after power-up followed by any B RAS cycles (D'l'/OE 

"high") and any 8 SC 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 arc required. 

6. AC measurements assume t'r = 5n5. 

7. V IH (min,) and VIL (max,) are reference levels for measuring timing of input signals. Also, 
transition times are measured between Vm and VIL. 

8. RAM port outputs are measured with a load equivalent to 1 'rrL load and 100pF. 

DOUrr reference levels : VOH I VOL = 2.0V I O.BV. 

9. SAM port outputs are measured with a load equivalent to 1 'l'TL load and 30pF. 

Dou'!' reference levels: VC)H/VOL=2.0V/O.8V. 

10. tOl"I? (max.), tOEZ (max,), tSDZ (lllax,) and tSEZ (max.) define the time at which the outputs 
achieve the open circuit condition and are not referenced to output voltage levels. 

11. Either tRCll or tRRH must be satisfied for a read cycles. 

12. These parameters are referenced to CAS leading edge of early write cycles and to WE /WE 

leading edge in 'DE-controlled write cycle and read-modify-write cycles. 

13. twcs, tn.WD, tCWD and tAwD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs~ twcs (min.). the cycle is an 
early write cycles and the data out pin will remain open circuit (high impedance) 

throughout the entire cycle: If, tRWD~ tRWD (min.). tCWD~ tCWD (min.) and tAWD~ tA WI) (min.) 

the cycle is a read-modify-write cycle and the data out will contain data read from the 

selected cell: If neither of the above sets of conditions is satisfied, the condition of the 
data out (at access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 
tRCD (max.) is specified as a reference point only: If tHeD is greater than the specified 
tRCD (mux.) limit, then access time is controlled by tCAC. 

15. Operation within the tItAD (max.) limit insures that tRAC (max.) CEln be met. , tRAD (lnax.) is 

specified as a reference point only: If tHAD is gl'eatel' than the specified tItAD (mAX.) limit, 
thun access tin~c is controllod by tAA. 
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TIMING vVAVEFORM 

BEAD CYCLE 

-ffAs VIH -

VIL -

CA5 VIH 
V IL 

AQ-A8 
VIH 
V iL 

WB liNE 
vlfj 

V IL 

Dr/OE 
VII~ 
V 1L 

DSF 
V IH 
V IL 

IN 
V IH 

I VIL 

W1/101 tAA 

-wa/IOS 

L- OUT 
Vo H -

OPEN 
VOL -

_ : .i"H" or "L" 
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WRITE CYCLE (EARLY WRITE) 

RAS 

c~~s 

AO-A8 

\,yS/WE 

'OrlOE 

DSF 

I 
IN 

W11101 
-W8110a 

L- OUT 

VIH ;:-

V 1L -

V1H 

VIL 

VIH 

V 1L 

V 1H 

V1L 

VIH 

VIL 

V1H 

V 1L 

V 1H 
V 1L 

VoH -

VOL -
OPEN 

*1 WS/WE W11101-W8/108 
-

0 WM1 data 

1 Don't Care 

WM 1 data: 0: Write Disable 
1: Write Enable 
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Cycle 

Write per bit 

Normal Write 

ImI : "H" or "L" 
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WRITE CYCLE (aE CONTROLLED WRITE) 

Rf\,S 

CAS 

AO-A8 

WB/VijE 

Bf/OE 

DSF 

r- IN 

Wl1101 
-W8110S 

L- OUT 

V'H -
V'L -

V'H 

V1L 

VIH 

V1L 

V'H 
V 1L 

V1H 
V 1L 

V 1H 

V1L 

V'H 

VIL 

VO H -

VOL -
---------------------------OPEN--------------------______ __ 

"1 INB/WE Wl/I01-WaIlOa 

0 WM1 data 

1 Don't Care 

WM 1 data: 0: Write Disable 
1: Write Enable 
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_ : "HH or "L" 

Cycle 

Write per bit 

Normal Write 



READ - MODIFY - WRITE CYCLE 

RAS 

C-;'\5 

AD-AS 

WB/Ilif 

DT/OE 

DSF 

1- IN 

WI/IOI 
-W8/IOa 

L- OUT 

V\H 
V 1L 

VIH 

VIL 

V IH 
VIL 

VIH 

VIL 

VIH 

VIL 

VIH 
V 1L 

VIH 
V 1L 

VOH -

VOL -
OPEN 

*1 WS/WE Wl/101-W8/J08 

D WMI data 

I Don't Care 

WM 1 data: D: Write Disable 
I: Write Enable 
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Cycle 

Write per bit 

Normal Write 
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PJi.S 

e"AS V IH 
VIL 

AO~AS 
VIH 

'IlL 

INS/WE. VIH 
V IL 

N(oC V:H 
\IlL 

DSF VII~ 
V IL 

i-- IN 
V IH 
'.IlL 

Wl/I01 
-W8//08 

LOUT VOH -

VOL -

IB : "H" or "L" 
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AO'~A8 

VIS/WE 

D5r· 

,-IN 
WI 1101 
~W8/I08 

L-OUT VO
H 
----------------- OPEN ---------------

VOL -

·1 WB/We WI /IOI-W8/108 

0 WMI data 
------._-

1 Don't Care 

VIM 1 data: 0: Write Disable 
1: Write Enable 

C-S2 

fm!:"H"or"L" 

Cycle 
-

Write per bit 

Normal Write 
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FAST PAGE MODE READ - MODIFY - WRITE G'(CLE 

V1H 
RAS 

VIL 

CAS 

AO-A8 
V1H 

VIL 

wB/WI 
V1H 
VIL 

DT/OE VIH 

VIL 

DSF 
VIH 

VIL 

IN 
VIH 

I VIL 

Wl/IOl 
-W8l1oa 
l_ 

OUT 
VOH-

VOL -

"1 WS/WE W1/101-WS/IOS 

0 WMl data 

1 Don't Care 

WM 1 data: 0: Write Disable 
1: Write Enable 
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Cycle 

Write per bit 

Normal Write 
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'CAS BEFORE RAS REFRESH CYCLE 

WS/WE V1H 

VIL 

DT/OE VIH 

VIL 

DSF 
V 1H 

V1L 

Wl/101 vOH 
-W8/108 VOL -

----------- OPEN -----------

Note: AO-AS = Don't Care {"H" or "L"} rmJ : "H" or "L" 
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R:AS ONLY REFRESH CYCLE 

RAS 
V1H -

V 1L -

CAS 
VIH 
V 1L 

AO-AS 
VIH 
V 1L 

WB/WE 
V1H 

VIL 

Of/OE 
V 1H 

VIL 

DSF 
VIH 

V 1L 

WI 1101 VOH-
OPEN -W8/10S VOL - - : "H" or "L" 
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HIDDEN REFR1~SH CYCLE 

Viii -RAS 
VI. -

CAS VIH 

VIL 

AD-AS 
VIII 

VIL 

lira IWE 
VIH 

VI. 

Dr/oE 

DSF 
VIH 

VIL 

W1/101 vOH 
-walloa VOL 

,. : "W or "LH 
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LOAD COLOR REGISTER CYCLE 

V 1H -
RAS 

V1L -

CAS 
V 1H -

VIL -

AO-A8 
V1H 

V 1L 

WB/iNE 
VIH 

V1L 

DT/OE 
V 1H 

VIL 

D)F 
VIH 

VIL 

V 1H 

I VIL 

Wl/101 
-W8/108 

L_ VIH 

VIL 

(Early Write) 
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IillA D COLOR I1EGTSTER CYCLE 

Viti -
RAS V IL -

CAS 
V IH 

VIL 

/,0-1,8 
VIH 

V IL 

DT/CE 
VII-! 

VIL 

WB/WE 
VIH 
V 1L 

DSF 
V 1H 
V 1L 

Wl1101 VOH -

-W8/108 VOL -

m : "W or "L" 
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:Ct\~~ 

CAS VIH 
VIL 

AO-A8 
VIH 
VIL 

\vS/WE 
VIH 
VIL 

DT/OE 
VIH 
VIL 

DSF 
VIH 
VIL 

iI'J 
ViH 

r--- VI" 
I 

WI/IO, 
-W8/IOS 

L- OUT 
VOH-

VOL - ------------------------OPEN-------------------------

1m : "H" or "L" 

WMl DATA CYCLE 

0 Flash Write Disable 

1 Flash Write Enable 
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BLOCIS WRITr~ CYCLE 

I~AS 

{;\S 

AO-AB 

VTB/WE 

D(IOT 

DSF 

I 
IN 

VJ1/101 
-W8/108 

L- OUT 

V 1H 

V1L 

VIH 

V: t 

V 1H 
1J 1L 

VIH 

V1L 

V1H 
V 1L 

V1H 

V1L 

V1H 

VIL 

VOH -

VOL -
-------------------------------OPEN-------------------------------

~~~~B/~~2 ~~~~~:~~~~~- 0 CYCLE 

o J '11M 1 Dutil Mil~ked Block Write 

_. __ o--;---lo Don't Care Block Write (Non Mask) 

WM 1 data: 0: Write Disable 
1: Write Enable 

*3) COLUMN SELECT 

Wl/101 - ColumnO (Ale=O. Aoe=o)} 
W21102 - Column 1 (A1C=0. Aoe= 1) WnllOn_ 
W31103 - Column 2 (Ale= 1, Aoe= 0) = 0 : Disable 
W41104 - Column 3 (Ale = 1, Aoe = 1) = 1 : Enable 

C-60 



TC528128BJ/BZ-80, TC528128BJ/BZ-1 0 

PAGE MODE BLOCK WRITE CYCLE 

RAS V 1H 
V 1L 

eM VIH 

VIL 

AO-AS ViH 

VIL 

DT/DE VIH 

VIL 

WB/WE V 1H 

VIL 

DSF VIH 

VIL 

W1/101 V 1H 

-Wa/ioa V1L 

_ :"H"or"L" 

*1 WB/WE *2 W1/101-WS/IOS CYCLE 

0 WM1 Data Masked Block Write 

1 Don't Care Block Write (Non Mask) 

WM 1 data: 0: Write Disable 
1: Write Enable 

.:2Lf0LUMN SELECT 

Wl/101 
W2/102 
W3/103 
W4/104 

- Column 0 (A,e = 0, Aoe = O) 
- Column 1 (A,e = 0, Aoe = 1) 
- Column 2 (A,C = 1, Aoe = 0) 
- Column 3 (A,C = 1, Aoe = 1) 
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READ TRANSFER CYCLE (Previous Transfer is WRITE TRANSFER CYCLE) 

Wl/IOl VOH 

-W8110a VOL 

V'H I IN V'L 

SI01 
-sioa 
l- our VOH-________ ~~------------------------------~----~ 

VOL- ~.;.;.;.....;;..;,~ 

QSF 

Note : SE :; VIL 

_ :"Wor"l" 
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Hr~;\L Tnm READ TR;\NSFER CYCU~ 

RAS 

1Sf (DE NIH 

VIL -"'F'lI"--++------------_"\' 

Wl/101 
-VIB/I08 

VIH -I IN VIL ------+-------
$101 
-5108 

L-. OUT 

------ Previous Row Data ------if-----I-+---

QSF 

Note: SE = VIL 

_ : "H"or"L" 
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SPLIT READ TRANSFER CYCLE 

RAS VIH 
V 1L 

CAS 
V 1H 
V 1L 

AO-A8 
V 1H 
V 1L 

WB/WE 
V 1H 
V 1L 

DT/OE 
V 1H 
V 1L 

DSF 
V 1H 

V1L 

5C V1H 
V 1L 

SIOl V 1H 
-5108 V 1L 

QSF 
V OH -

VOL -; ......... 

Lower SAM 0 - 127 

_ :"H" or "L" 

Note: sE" = V1L 
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PSEUDO WRITE TRANSFER CYCLE 

W1/101 
-W8/108 

sc 

VIH -'-...!=::t:4=4===~~~-~ I IN VIL-

5101 
-5108 

L- OUT 
VOH

VOL-~ __ ~ __ ~ ~ __ ~ 

VOH 
QSF VOL 

I 

Serial Output Data -! 
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WRITE TRANSFER CYCLE 

AO-A8 

OT/DE 

DSF 

Wl/IOl 
-W8/108 

5101 
-5108 

SC 

IN 

L- OUT VOH-____________ -------- OPEN --------~------------~-----------------
VOL -

QSF 
VOH 
VOL-___________ -+ __________________ -J 

Previous 
Row Data - I 

WMl data: 0: Transfer Disable 
1: Transfer Enable 
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SPLIT WRITE TRANSFER CYCLE 

RAS 
V 1H 
V 1L 

W V 1H 
V 1L 

AO-A8 VIH 

V1L 

WB/WE V1H 

V1L 

DT/OE V1H 
V 1L 

DSF VIH 

VIL 

Wl/IOl 
-W8/108 

SC VIH 
V 1L 

5101 VIH 
-S108 V1L 

QSF VOH -

VOL --; ......... 

Note: SE :: V1L 

TC528128BJ/BZ-80, TC528128BJ/BZ-1 0 

Lower SAM 0 - 127 

Upper SAM 128 - 25S 
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SERIAL READ CYCLE (SE=VI!) 

RAS V 1H 

VIL 

DT/OE VIH 

VIL 

SC 
V 1H 

V1L 

SIOI 
-S108 

Note: SE = VIL 
iMI:"H"or"L" 

SERIAL READ CYCLE (SE Controlled Outputs) 

OTIN 
VIH 

V1L 

SC 
V1H 
V 1L 

SE V1H 

VIL 

IN 
VIH 

I V1L 

SIOl 
-5108 

L OUT 
VOH 

VOL 

iMI : "H"or"L" 
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SERIAL WRITE CYCLE (SE=Vll,) 

RAS VIH 

VIL 

OT/N 
V 1H 

VIL 

SC V1H 
V 1L 

5101 V 1H 
-5108 V1L 

Note: SE::: V1L 1m] :"H" or"L" 

SERIAL WRITE CYCLE (BE Controlled Inputs) 

RAS 
V1H 

VIL 

Dr/OE 
VIH 

VIL 

SC 
V 1H 

VIL 

SE 
VIH 

VIL 

IN 
VIH 

I VIL 

5101 
-5108 

L OUT 
V OH -

VOL -
-----------------------------------OPEN -------------------------------

1m] "H"or"L" 
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PIN FUNCTION 

ADDRESS INPUTS : An - As 

The 17 address bits required to decode 8 bits of the 1,048,576 cell locations within the dynamic 

RAM memory array of the TC528128BJ fBZ are multiplexed onto 9 address input pins (Ao-As). 

Nine row address bits are latched on the falling edge of the row address strobe (RAS) and the 

following eight column address bits are latched on the falling edge of the column address strobe 

(CAS). 

ROW ADDRESS STROBE : RAS 

A random access cycle or a data transfer cycle begins at the falling edge of RAS. RAS is the 

control input that latches the row address bits and the states of CAS, DT I OE, WB IWE, SE and 

DSF to invoke the various random access and data transfer operating modes shown in Table 2. 

RAS has minimum and maximum pulse widths and a minimum precharge requirement which must 

be maintained for proper device operation and data integrity. The RAM port is placed in standby 

mode when the RAS control is held "high". 

COLUMN ADDRESS STROBE: CAS 

CAS is the control input that latches the column address bits and the state of the special 

function input DSF to select, in conjunction with the RAS control, either read / write operations or 

the special block write feature on the RAM port when the DSF input is held "low" at the falling 

edge of R7i:S'. Refer to the operation truth table shown in Table 1. CAS has minimum and 

maximum pulse widths and a minimum 'precharge requirement which must be maintained for 

proper device operation and data integrity. CAS also acts as an output enable for the output 

buffers on the RAM port. 

PATA TRANSFER/OUTPUT ENABLE: DT/OE 

The DT fOE input is a multifunction pin. When DT / OE is Uhigh" at the falling edge of RAS, 

RAM port operations are performed and DT / OE is used as an output enable control. When the 

DT / OE is "low" at the falling edge of RAS, a data transfer operation is started between the RAM 

port and the SAM port. 
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WRITE PER BIT/WRITE ENABLE: WE/WE 

The WB /WE input is also a multifunction pin. When WB /WE is "high" at the falling edge of 

RAS, during RAM port operations, it is used to write data into the memory array in the same 

manner as a standard DRAM. When WB /WE is "low" at the falling edge of RAS, during RAM 

port operations, the write-per-bit function is enabled. The WB /WE input also determines the 

direction of data transfer between the RAM array and the serial register (SAM). 

When WB /\VE is "high" at the falling edge of RAS; the data is transferred from RAM to SAM 

(read transfer). When WB /WE is "low" at the falling edge of RAS, the data is transferred from 

SAM to RAM (masked-write transfer). 

WRITE MASK DATA/DATA INPU'r AND OUTPUT: W, /IO,-Ws/IQa 

When the write-per-bit function is enabled, the mask data on the Wj/IOj pins is latched into 

the write mask register (WM1) at the falling edge of RAS. Data is written into the DRAM on 

data lines where the write-mask data is a logic "1". Writing is inhibited on data lines where the 

write-mask data is a logic "0". The write-mask data is valid for only one cycle. Data is written 

into the RAM port during a write or read-modify-write cycle. The input data is latched at the 

falling edge of either CAS or WB / WE, whichever occurs late. During an early-write cycle, the 

outputs are in the high-impedance state. Data is read out of the RAM port during a read or 

read-modify-write cycle. The output data becomes valid on the Wj/IOi pins after the specified 

access times from RAS', eM, DT / OE and column address are satisfied and will remain valid as 

long as CAS and D'r /OE are kept "low". The outputs will return to the high-impedance state at 

the rising edge of either CAS or Dr!, / OE, whichever occurs first. 

SERIAL CLOCK : SC 

All operations of the SAM port are synchronized with the serial clock SC. Data is shifted in 

or out of the SAM registers at the rising edge of SC. In a serial read, the output data becomes 

valid on the SIO pins after the maximum specified serial access time tSCA from the rising edge of 

SC. The serial clock SC also increments the 8-bits serial pointer (7-bits in split register mode) 

which is used to select the SAM address. The pointer address is incremented in a wrap-around 

mode to select sequential locations after the starting location which is determined by the column 

address in the read transfer cycle. When the pointer reaches the most significant address location 

(decimal 255), the next SC clock will place it at the least significant address location (decimal 0). 

T~eserial clock SC must be held at a constant Vm or VIL level during read/pseudo write/write 

transfer operations and should not be clocked while the SAM port is in the standby mode to 

prevent the SAM pointer from being incremented. 

C-71 



SERIAL ENABLE : ~';'-E 

The 88 inpuL is used to enuble serial access opcruLion. In a serial read cycle, SE is used as 

an olltput conLrol. In a serinl write cycle, SE is used as a write enable control. When SE is 

"high", serial access is disabled, however, the serial address pointer location is still incremented 

when SC is clocked even when SEis "high~'. 

SPECIAL FUNCTION CONTROL INPUT: nSF 

The DSF input is latched at the falling edge of RAS and CAS and allows for the selection of 

various random port and data transfer operating modes, In addition to the conventional multipart 

DRAM, the special features consisting of flash write, block write, load color register and split 

read / write transfer can be invoked. 

SPBCll\I, FUNCTION OUTPUT: QSF 

QSF is an output signal which, during split register mode, indicates which half of the split 

SAM is being accessed. QSF "low" indicates that the lower split SAM (Bit 0-127) is being 

accessed and QSF "high" indicates that the upper split SAM (Bit 128-255) is being accessed. QSF 

is monitored so that after it toggles and after allowing for a delay of tSTS, split read / write transfer 

operation can be performed on the non-active split SAM. 

SERIAL INPUT / OUTPUT: SIOI-SIOS 

Serial input and serial output share common I/O pins., Serial input or output mode is 

determined by the most recent read, write or pseudo write transfer cycle. When a read transfer 

cycle is performed, the SAM port is in the output mode. When a write or pseudo write transfer 

cycle is performed, the SAM port is switched from output mode to input mode. During subsequent 

write transfer cycle, the SAM remains in the input mode. 
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The IU\1\I pori nnd data t)'[ln~ofer opcraLint~ of the 'l'C52812813J fEZ are determined by the state 

of (,;1\8, tni foE, WE /Wl~-, BI~ nne! DSF at the falling edge of nAS und by the state of DSF at the 

falling edge of CA-s. The Table 1 and the Table 2 show the operation truth table and the 

fundional truth Llble f,)r a li:;ting of all available RAM port and transfer operation, respectively. 

Titblc 1. Operiltion Truth Table 

Split Wma Transfer with Masked Write Transfer Split Write Transfer with 

o o Pseudo Wme Transfer Mask Pseudo Write Transfer Mask 

Split Read Transfer Read Transier Spilt Read Transfer 1 0 Read Transfer 
-----I----~--_4-----+-~----~------_+~--------------+_~------------_+~------------~ 

1 Read IWrile per Bit Masked Flash Write Masked Blo(k Write Masked Flash Write 

R~ad/Write Load Color Block Write Load Color 

Table 2. Functional Truth Table 

R~\SL -CA$L Address WIlD 
Write 

Register 

Function CASt.. Mask 
CAS Dr/ill WB/WE DSF SE DSF RASt.. CASt.. RASt.. CASt.. WEl: WMl Color 

U,S before R"l\s [(efresh 

0 0 Row TAP WMl WMl 
Load 

Ma~b:d \'../rir,?' rrar'der use ---,._----- -
Pseudo \~/rite Trdnsfer 1 0 Row TAP 

0 0 Row TAP WMl WMl 
Load 

Split Write Tronsfer use 

Read Transfer 0 0 Row TAP 
--------f--- ----' 
Split RCdd T(an~ft:r 1 I Row TAP 

--r------r------I--
Load 

\\'nte per Bit 1 1 0 0 0 Row Column WMl DIN WMl use 

0 0 
Column 

WMl 
Column 

WMl 
Load 

,·;1c.~k(·d Bleck 'Nllte Row A2C-7C Select use use 

r.'~\ked rl~sh Wr,te Row WMl WMl 
Load 
use use 

Read Write 0 0 Row Column DIN 

0 Row 
Column Column 

Block Write A2C-7C Select use 

,-
~~ :.,)0 ((III,' Row Color 'Load 

"0" or "I" TAP SAM start address not used 

If the special function control input (DSF) is in the "low" state at the falling edges of RAS and 

CAS, only the conventional multipart DUAM operating features can be invoked: CAS-before-RAS 

refresh, write transfer, pseudo-write transfer, read transfer and read write modes. If the DSF input is 

"high" at the falling edge of RAS, special features sueh as split write transfer, split read transfer, flash 

write and load color register can be invoked. If the DSF input is "low" at the falling edge of RAS 

and "high" at the falling edge of CAS, the block write special feature ean be invoked. 
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RAM PORT OPERATION 

FAST PAGE MODE CYCLE 

Fast page mode allows data to be transferred into or out of mUltiple column locations of the 

same row by performing multiple CAS cycle during a single active RAS cycle. During a fast page 

cycle, the liAS signal may be maintained active for a period up to 100 J..lscconds. For the initial 

fast page mode access, the output data is valid after the specified access times from RAS, CAS, 

column address and DT / OE. For all subsequent fast page mode read operations, the output data 

is valid after the specified access times from CAS, column address and DT / OE. When the 

write-per-bit function is enabled, the mask data latched at the falling edge of RAS is maintained 

throughout the fast page mode write or read-modify-write cycle. 

RAS-ONL Y REFRESH 

The data in the DRAM requires periodic refreshing to prevent data loss. Refreshing is 

accomplished by performing a memory cycle at each of the 512 rows in the DRAM array within 

the specified 8ms refresh period. Although any normal memory cycle will perform the refresh 

operation, this function is most casily accomplished with "RAS-Only" cycle. 

CAS-BEFORE-RAS REFRESH 

The TC528128BJ / BZ also offers an internal-refresh function. When CAS is held "low" for a 

specified period (tCSR) before RAS goes "low", an internal refresh address counter and on-chip 

refresh control clock generators are enabled and an internal refresh operation takes place. When 

the refresh operation is completed, the internal refresh address counter is automatically 

incremented in preparation for the next CAS-before-RAS cycle. For successive CAS-before-RAS 

refresh cycle, CAS can remain "low" while cycling RAS. 

HIDDEN REFRESH 

A hidden refresh is a CAS-before-RAS refresh performed by holding CAS "low" from a previous 

read cycle. This allows for the output data from the previous memory cycle to remain valid while 

performing a refresh. The internal refresh address counter provides the address and the refresh is 

accomplished by cycling RAS after the specified RAS-precharge period (Refer to Figure 1). 

RAS I E \ Memory Cycle / ~ I E L Refresh Cycle ~ Refresh Cycle ~ 

CAS ~~ ________________________________ ~;-----

Wl/\IOl ------:( .... _____________________ --1)--walloa _ Valid Data Output . 

Figure 1. Hidden Refresh Cycle 
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WRITE-PER-BIT FUNCTION 

'1'he write-per-bit function selectively controls the internal write-enable circuits of the RAM 

port. When WB / WE is held "low" at the falling edge of RAS, during a random access operation, 

the write-mask is enabled. At the same time, the mask data on the Wi /IOi pins is latched onto 

the write-mask register (WMl). When a "0" is sensed on any of the Wi I IOi pins, their 

corresponding write circuits are disabled and new data will not be written. When a "1" is sensed 

on ,iny of the Wi ;rOj pins, their corn.:sponding write circuits will remain enabled so that new data 

is \'iriUen. The truth table of the write-rer-bit function is shown in Table 3. 

Table 3. Truth table for write-per-bit function 
-

At the falling edge of RAS 
Function 

CAS DT IOE VilS/WE Wi/iOi (i = 1-8) 

H H H * Write Enable 

1 Write Enable 
H H L 

0 Write Mask 

An example of the write-per-bit function illustrating its application to displays is shown in 

Fi!illreS 2 and 3. 

RAS ~ __________ ~r--
~ . 
:H ~ r--

Ao-Aa ~R*tfi? 
~ : 

DSF 

VTSIWE ~-~ 
W,IIO, f;?j M~\k 1%%_ 

Q 0 

W 2 /1 02 '21write f:!:!l:ffiJ "'''~Jrite~..#L% 
: : 

Wa/iOa 

%\ Mik t%@W~~ 
~ ! 

'{ljJWr~te ~ "o"~rite~ 
: : 

~ M~lk t'{%?~ 

~~r~,·t"te0:?M%~ 
~M~Skh~~~ 

9 : 
'fjJwrite \~ "O·i,vrite.tJ%~$@ 

L ~te 
W,/IOj=L : Wflte Mask 
Wj/IO,=H : Write 

Fi0uro 2. Write-per-bit timinG cycle 
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CRT Display 

00 00 00 00 00 00 
00 00 00 00 00 00 
00 00 00 00 ee eo 
00 00 00 oe oe 00 
00 00 00 eo oe 00 
00 00 oe ee ee 00 
00 00 eo 00 oe 00 
00 oe oeo oeo 
00 eo 00 00 00 00 

'11 

/ 
01_ 0 010 - 010 

~:~: 
No 

"" 

No 

Write 

Write (Masked) 

Write 

Write (Masked) 

Write 

Write (Masked) 

Write 

Write (Masked) 

Figure 3. Corresponding bit-map 



LOAD COLOR REGISTER I READ COLOR REGISTER 

. The TC528128BJ IBZ is provided with an on-chip 8-bits regist~r(color register) for use during 

the flash write or block write operation. Each bit of the color register corresponds to one of the 

DRAM I/O blocks. The load color register cycle is initiated by holding CAS, WB I WE, DT I OE 
and DSl" "high" at the falling edge of RAS. The data presented on the Wi/IOi lines is 

subsequently latched into the color register at the falling edge of either 'CAS or WB I WE, 

whichever occurs last. The data stored in the color register can be read out by performing a read 

color register cycle. This cycle is activated by holding CAS, WB / WE, DT / OE and DSF "high" at 

the falling edge of RAS and by holding WB IWE "high" at the falling edge of CAS and throughout 

the remainder of the cycle. The data in the color register becomes valid on the Wi/IOi lines after 

the specified access times from RAS and DT I OE are satisfied. During the load / read color register 

cycle, valid Ao-As row addresses are not required, but the memory cells on the row address 

latched at the falling edge of RAS are refreshed. 

FLASH WRITE 

Flash write is a special RAM port write operation which in a single RAS cycle, allows for the 

data in the color register to be written into all the memory locations of a selected row. Each bit 

of the color register corresponds to one of the DRAM I/O blocks and the flash write operation can 

be selectively controlled on an I/O basis in the same manner as the write-per-bit operation. 

A flash write cycle is performed by holding CAS "high", WB IWE "low" and nSF "high" at the 

falling edge of RAS. The mask data must also be provided on the Wi / IOi lines at the falling edge 

of RAS in order to enable the flash write operation for selected I/O blocks (Refer to Figure 4 and 5). 

Flash write is most effective for fast plane clear operations in frame buffer applications. 

Selected planes can be cleared by performing 512 flash write cycle and by specifying a different 

row address location during each flash write cycle (Refer to Figure 6). Assuming a cycle time of 

180ns, a plane clear operation can be completed in less than 92.2 llseconds. 

RAS --1 r--
CAS ~\ r--

Ao-Aa 

WB/WE~~L~ 

DSF7lfj tH~ 
Wi/IOi~ 

WMI H: Write 

L : Write Inhibit 

Figure 4. Flash Write Timing 
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~~I:cted __ g D E1 D E1 D E1 D 
Cvlor 
Register________ O. 0 0 0 

I e r I ( I I 
Write Enable 

BLOCK WRITE 

Write Disable 

Figure 5. Flash Write 

I 

Frame 
Buffer 

I 

I 

Figure 6. Plane clear application example 

Block write is also a special RAM port write operation which, in a single RAS cycle, allows for 

the data in the color register to be written into 4 consecutive column address locations starting 

from a selected column address in a selected row. The block write operation can be selectively 

controlled on an I/O basis and a column mask capability is also available. 

A block write cycle is performed by holding CAS, DT / OE "high" and DSF "low" at the falling 

edge of RAS and by holding DSF "high" at the falling edge of CAS. The state of the WB I WE 

input at the falling edge of RAS determines whether or not the I/O data mask is enabled (WB /WE 

must be "low" to enable the I/O data mask or "high" to disable it). At the falling edge of RAS, 

a valid row address and I/O mask data are also specified. At the falling edge of CAS, the starting 

column address location and column mask. data must be provided. During a block write cycle, the 

2 least significant column address locations (AOC and Ale) are internally controlled and only the 

six most significant column addresses (A2C-A 7C) are latched at the falling edge of CAS. 

(Refer. to Figure 7). 

An example of the block write function is shown in Figure 8 with a data mask on WI/IOI, 

W41I04, W6/I06, W7II07 and column 2. Block write is most effective for window clear and fill 

operation in frame buffer applications, as shown in the examples in Figure 9. 
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CAS ----~rH--------~ I 
Ao-AS ~ Colu~n A2C-ABC ~'777;'777:n7777n='777:'1'7: 

I'rH" .... , ~ 
~""'777.'f777',.".,.,"77n'77'7:'7T7rrn"77n"""">-rTT7777777?= 

,~':.. ... / ~ 

DT/OE 

DSF 

Wi/iOi 

~~ ~ :g~ ~~:~~~ ~} H : Write 
W3/103 Column 2 L: Write Mask 
W41104 Column 3 

[ 
H : No Mask J 
L : Mask Enable 

Figure 7. Block Write Timing 

Column Color 
Mask Data Select Resister 

Data 

Wl 1101 0 1 0 Mask 

W2 1102 1 1 a <> 1---1------+-----
W3 /103 1 a 1 

W41104 a 1 1 Mask 

WsIIOs 1 - 1 

W6/106 0 - 1 

W7 /107 a - 0 

Ws/IOs 1 - 0 

Mask 

Figure 8. Example of Block Write Operation 
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Figure 9. Examples of Block Write Application 

FAST PAGE MODE BLOCK WRITE CYCLE 

Fast page mode block write can be used to perform high speed clear and fill operations. 

The cycle is initiated by holding the DSF signal "low" at the falling edge of RAS and a fast page 

mode block write is performed during each subsequent CAS cycle with DSF held "high" at the 

falling edge of CAS. 

If the DSF signal is "low" at the falling edge of CAS, a normal fast page mode read / wri te 

operation will occur. Therefore a combination of block write and read / write operations can be 

performed during a fast page mode block write cycle. Refer to the example shown in Figure 10. 

RAS ~ / 
.~------------------------~'~-------------------' 

~ 
DSF 

'------v-----' '-------------v-----------"''----y-----' 

Block Write Cycle Read I Write Cycle Block Write Cycle 

Figure 10. Fast Page Mode Block Write Cycle 
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SAM PORT OPERATION 

The TC528128BJ / BZ is provided with a 25G words by 8 bits serial access memory (SAM) which 

can be operated in the single register mode or the split register mode. 

SINGLE REGISTER MODE 

When operating in the single register mode, high speed serial read or write operations can be 

l"'l'[';'~'l1ll<"l Llll'l)liir,h thi) SJ\~l port independent of the RAM port operations, except during 

relld (wrile / p:;;cud(j-wl'ite tran.;;fer c:;,'de!:i. The preceding transfer operation determines the direction 

of data flow through the SAM port. If the preceding transfer operation is a read transfer, the 

SAM port is in the output mode. If the preceding transfer operation is a write or pseudo write 

transfer, the SAM port is in the input mode. The pseudo write transfer operation only switches 

the SAM port from output mode to input mode; Data is not transferred from SAM to RAM. 

St'rihl data cnll b(! reau out of the SAM POl't aner a read transfer (RAM-SAM) has been 

pt:rformcd. The data is shihed out of the SAU port starting at any of the 256 bits locations. 

The TAP location corresponds to the colu~n address selected at the falling edge of CAS during the 

rend transfer cycle. The SAM registers are configured as circular data registers. The data is 

shifted out sequentially starting from the selected tap location to the most significant bit and then 

wraps around to the least significant bit, as illustrated below. 

stilr\ address: Tap location 

r[C--.'-1-r'2-r'----:-,------.... , ~H -----------------------------.-'2-53--.'-25-4-,-'-25--,5 f--I 

Subsequent real-time rend transfer may be performed on-the-Dy as many times as desired, 

within the refresh constraints of the DRAM array_ Simultaneous serial read operation can be 

performed with some timing restrictions. A pseudo write transfer cycle is performed to chhnge the 

SA~,r port from out.put mode to input mode in order to write data into the serial registers through 

~Li' ::;i\:\[ p()rL A write transfer cycle must be used subsequently to load the SAM data into the 

HA{;I row selected by the row address· at the falling edge of 1~.AS. 'rhe starting location in the 

SA;\l regislcrs lor the next serial write is selecteu by the column address at the falling edge of 

CAS. The truth table for single register mode SAM operation is shown in Table 4. 

C-80 



TC528128BJ/BZ-80, TC528128BJ/BZ-1 0 

Table 4. Truth Table for SAM Port Operation 

SAM PORT DT fOE at the 

OPERATION falling edge of RAS 
SC SE FUNCTION Preceded by a 

L Enable Serial Read 

SL Read Transfer 
Sui"i OIJtput Mode 

H Disilble Serial Read 

-.-
L Enable Serial Write 

Sl_ Write Transfer Serial Input Mode H H Disilble Serial Write 

L Enable Serial Write 

Sl...: Pseudo Write Transfer Serial Input Mode 
H Disable Serial Write 

SPLIT nr;C1STEH lVIOTJE 

In split register mode, data can be shifted into or out of one half of the SAM while a split 

r~atl u!' split write transfer is being performed on the other half of the SAM. A normal (Non-split) 

read/write/pseudo write trallsfer operalion must precede any split. read/write transfer operation. 

The non-split read, write and pseudo write transfer will set the SAM port into output mode or 

input mode. The split read and write transfers will not change the SAM port mode set by 

pt'ccedinr, normal transfer operation. RAM port operation may be performed independently except 

during split transfers. In the spli t register mode, serial data can be shifted in or out of one of the 

split SAlvI registers starting from any at the 128 tap locations, excluding the last address of each 

split SAI\f, data is shifLcd in or out sequentially starling from the selected tap location to the most 

siG:lificant bit (127 or 255) of the first split SAM and then the SAM pointer moves to the tap 

lfjc~lti(ln "elccLl'u for lhe "e':ol1,[ split SA~v1 to shift data in or out sequentially starting from this tap 

location to the most significant bit (255 01' 127) and finally wraps around to the least significant 

bit, as illustraled in the example below. 

r I I I ____ u IFf I -----±H;n o 1 2 127 
I I I I ------ I fF I ----- I I f ~ 
128 25S 

TIEFRESH 

The SAM data registers are static flip-flop, therefore a refresh is not required. 
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DATA TRANSFER OPERATION 

The TC528128BJ I BZ features two types of internal bidirectional data transfer capability 

between RAM and the SAM, as shown in Figure 11. During a normal (Non-split) transfer, 

25G words by 8 bits of data can be loaded from RAM to SAM (Read Transfer) or from SAM to RAM 

(Write 'l'ransfer). During a split transfer, 128 words by 8 bits of data can be loaded from the 

lower I upper half of the RAM into the lower I upper half of the SAM (Split Read Transfer) or from 

the lower I upper half of the SAM into the lower I upper half of the RAM (Split Write Transfer). 

The normal transfer and split transfer modes are controlled by the DSF special function input 

signal. 

256 columns 

512x256x8 
Memory Cell Array 

~ ____ 2_5_6X_8 ____ ~k=> 

Figure 11. (tl) Normal (Non-split) Transfer 

128 columns 

( 512xl28x8 
512 Memory 
rows Cell ArriJY 

\ 

128 columns 

512x 128x8 
Memory 
Cell Array 

~--------~--------~ 

(b) Split Transfer 

As shown in Table 5, the TC528128BJ I BZ supports five types of transfer operations: Read 

transfer, Split read transfer, 'Write transfer, Split write transfer and Pseudo write transfer. Data 

transfer operations between RAM and SAM are invoked by holding the DT I OE signal "low" at the 

falling edge of RAS. The type of data transfer operation is determined by the state of CAS, 
\V13/WE, 'ErE and nSF latched at the falling edge of HAS. During normal (Non-split) data transfer 

operations, the S/l.7\1 port Is switcLerl from input Lo output mode (Read transfer) or output to input 

lnf;<le (\Vri It; transfer / P,;eudo wri lc transfer) whereas it remains unchanged during split transfer 

operations (Split read or split write transfers). During a data transfer cycle, the row address 

Ao-As select one of the 512 rows of the memory array to or from which data will be transferred 

and the column address Ao-A7 select one of the tap locations in the serial register. The selected 

tap location is the start position in the SAM port from which the first serial data will be read out 

during the subsequent serial read cycle or the start position in the SAM port into which the first 

serial data will be written during the subsequent serial write cycle. During split data transfer 

cycles, the most significant column address (A 7C) is controlled internally to determine which half 

of the serial register will be reloaded from the RAM array. 
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Table 5. Transfer Modes 

at the falling edge of AAS 
-,-- Transfer Mode Transfer Direction Transfer Bit SAM Port Mode 

CAS DT/OE WBrNE SE DSF 

H L H · L Read Transfer RAM ~ SAM 256x8 Input ~ Output 

H L L L L Write Transfer SAM -) RAM 2S6x8 Output ~ Input 

H L L H L Pseudo Write Transfer - - Output ~ Input 

H L H · H Split Read Transfer RAM -) SAM 128x8 Not changed 
--'-' 

H L L · H Split Write Transfer SAM -) RAM 128x8 Not changed 

.. : "11" or "L" 

READ 'l'RANSFER CYCLE 

A read transfer consists of loading a selected row of data from the RAM array into the SAM 

register. A read transfer is invoked by holding CAS "high", DT / OE "low" WB /WE "high" and 

DSF "low" at the falling edge of RAS. The row address selected at the falling edge of RAS 

determines the RAM row to be transferred into the SAM. The transfer cycle is completed at the 

rising edge of DT / OE. When the transfer is completed, the SAM port is set into the output mode. 

In a read / real time read transfer cycle, the transfer of a new row of data. is completed at the 

rising edge of DT I OE and this data becomes valid on the sra lines after the specified access time 

tSCA from the rising edge of the subsequent serial clock (SC) cycle. The start address of the serial 

pointer of the SAM is determined by the column address selected at the falling edge of CAS. 

Figure 12 shows the; operation block diagram for read transfer operation. 

SAM Start Address ~ ON 

~ ,re-~J-F -------'0 510,-8 

QJ 
-0 
o 

(; 

~ 
'" 

'11·· .. ··········· .. ····· .. 11 c=> 

512x256x8 bits 
Memory Cell Array 

Serial Read 

Figure 12. Block Diagram for Read Transfer Operation 

In a read transfer cycle (which is preceded by a write transfer cycle), the se clock must be 

held at a constant VIL or VIII, after the SC high time has been satisfied. A rising edge of the se 
clock must not occur until after the specified delay tTSD from the rising edge of DT / OE, as shown 

in Figure 13. 

C-83 



"""r!nn ... non 1/1""-' 01'\ """r!no ... non 1/1""-' ... " 
I "'~~OI~OD"'/DL-OU, I "'~~O I ~OD"'/DL- I U 

e ,-----
CAS _..-1 1 H \\...----------, 

AO-All ~~I....---'S~A~M~St~a!.!rt'_...JX"«~~~:u~~~(4(4(4(4(4CLLL.CLLL.~<:.::~<:.::~ 

WS/WE ~ lH W$"_ 

DT/OE ~~ ~L C 1 ~ 
t L 

\J6liii?it Rising Transition lJ-~ 
:~~: )-.. CD~ SIO 

Figure 13. Read Transfer Timing 

In a real time read transfer cycle (which is preceded by another read transfer cycle), the 

previous row data appears on the SIO lines until the DT / OE signal goes "high" and the serial 

access time tSCA for the following serial clock is satisfied. This feature allows for the first bit of 

the new row of data to appear on the serial output as soon as the last bit of the previous row has 

been strobed without any timing loss. To make this continuous data flow possible, the rising edge 

of in IOE must he synchronized with RAS, CAS and the subsequent rising edge of SC (tRTII, tC'I'lI. 

and tTSL! t'l'SD must be satisfied), as shown in Figure 14. 

The timing restriction tTSLI tTSD are 5ns min I 15ns min. The split read transfer mode eliminates 

these timinrr restrictions. 

MS ----

sc 

SIO,-SIOa 

Previous Row Data -i-New Row Data 

Figure 14. Real Time Read Transfer 
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A write transfer cycle consist of loading the content of the SAM register into a selected row of 

the H.AM array. If the SAM data to be transferred must first be loaded through the SAM port, a 

pseudo write transfer operation must precede the write transfer cycles. However, if the SAM port 

data to be transferred into the RAM was previously loaded into the SAM via a read transfer, the 

SA~1 to RAM transfer can be executed simply by performing a write transfer directly. A write 

transfer is invoked by holding CAS "high", bT I OE "low", WB I\VE "low", SE "low" and DSF "low" 

at the falling edge of RAS. This write transfer is selectively controlled per RAM I/O block by 

setting the mask data on the Wi/IOi lines at the falling edge of HAS (same as in the write-per-bit 

operation). Figure 15 and 16 show the timing diagram and block diagram for write transfer 

operations, respectively. 

RAS _-1 ~--------------~r 
~H L-____ ----'r-

Ao-Aa ~M Start ~-
WEi/WE ::~W.@. eL W-~~~ 

DTIOE" .?ft0t:%W4 ~l l?~~~~ 

Wl/101-W8"08 --~~}---------------i>----------

sc 

S101-S108 

Mask Data (~ 

Figure 15. Write Transfer Timing 

Not Transferred 
Transferred 

The row address selected at the falling edge of RAS determines the RAM row address into 

which the data will be transferred. The column address selected at the falling edge of CAS 

determines the start address of the serial pointer of the SAM. After the write transfer is 

completed, the SIO lines are set in the input mode so that serial data synchronized with the SC 

clock can be loaded. 
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AO-AS 

Mask "1" 
Data 

SAM Start Address ~ SI01-SIOe 

~ I ~m/ LJ 

"0 
0 .. 
0 

;: 
~ 

"I" 

o 

256 x 8bits 

512 x 256 x 8bits 
Memory Cell Array 

"Q" 

Transfer operation 
is inhibited. 

"1" "I" 

- Selected 
Row 

"I" "Q" "'" 
Transfer operation 
is inhibited. 

Figure 16. Block Diagram for Write Transfer Operation 

When consecutive write transfer operations are performed, new data must not be written iuto 

the serial register until the RAS cycle of the preceding write transfer is completed. Consequently, 

the SC clock must be held at a constant VIL or Vm during the RAS cycle. A rising edge of the 

SC clock is only allowed after the specified delay tSRD from the rising edge of RAS, at which time 

a new row of data can be written in the serial register. 

PSEUDO WRITE TRANSFE;R CYCLE 

A pseudo write transfer cycle must be performed before loading data into the serial register 

after a read transfer operation has been executed. The only purpose of a pseudo write transfer is 

to change the SAM port mode from output mode to input mode (A data transfer from SAM to RAM 

does not occur). AftEor the serial register is loaded with new data, a write transfer cycle must be 

performed to transfer the data from SAM to RAM. A pseudo write transfer is invoked by holding 

CAS "high", DT IOE "low", WB /WE "low", SE "high" and DSF "low" at the falling edge of RAS. 

The timing condit.ions are the same as the one for the write transfer cycle except for the state of 

SE at the fulling edge of RAS. 
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SPLIT DATA TRANSFER AND QSF 

The TC528128BJ / BZ features a hi-directional split data transfer capability between the RAM 

and the SAM. During split data transfer operation, the serial register is split into two halves 

which can be controlled independently. Split read or split write transfer operations can be 

performed to or from one half of the serial register while serial data can be shifted into or out of 

the other half of the serial register, as shown in Figure 17. The most significant column address 

location (A 7C) is controlled internally to determines which half of the serial register will be 

reloaded from the RAM array. QSF is an output in which indicates which half of the serial 

register is in an active state. QSF changes state when the last SC clock is applied to active split 

SAM, as shown in Figure 18. 

128 columns 128 columns 

Active SAM QSF Level 

lower SAM "Low" 

upper SAM "High" 

Active Non-Active 

Figure 17. Split Register Mode 

La~st SC First SC La~st SC First SC 
(127) (255) 

sc ---u-LJLJ~ _____________ ---ILJ"L. 
~ "high" ). 

QSF ______ ~ .. I~ow~·_· ____ ~1 \~ ____ .. ~IO~w_" __ __ 

lower SAM : Active upper SAM : Active lower SAM: Active 

Figure 18. QSF Output State During Split Register Mode 
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SPLIT READ TRANSFER CYCLE 

A split read transfer consists of loading 127 words by 8 bits of data from a selected row of the 

split RAM array into the corresponding non-active split SAM register. 

Serial data can be shifted out of the other half of the split SAM register simultaneously. The 

block diagram and timing diagram for split read transfer mode are shown in Figure 19 and 20, 

respectively. During split read transfer operation, the RAM port input clocks do not have to be 

synchronized with the serial clock SC, thus eliminating timing restrictions as in the case of 

on-the-fly read transfers. A split read transfer can be performed after a delay of tSTS, from the 

change of state of the QSF output, is satisfied. 

128x8 

SIO 

Figure 19. Block Diagram for Split Read Transfer 

RAS ----1 
CAS ---1 '" jH 

~SAMStart _ 
: H Ao-A6 : 

WB/WE 

DT/OE 

DSF ~tH. 
: t5T5 : ~~: 

QSF ~~~---' ------~~~----------~f------
Figure 20. Timing Diagram for Split Read transfer 
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A normal (Non-split) read transfer operation must precede split read transfer cycles as shown 

in the example in Figure 21. 

sc 

QSF 

Read 
Transfer 
(/~--~------~~~ . . . 

. ........... ~ ............. -. : ........................................ -. : .' ..................................... -. :., ............ .. 
~VWV\fV\J\J\MfVVW\J\J\N\JVVWJVli\MN ==:::0=\ I .............................. 'j" .. · .. · .......... I ........ · .......... ·~·· .. , ............... 1"' ..................... ' ''r 

j' '~ 

~\~ "TAP _ :_ _ _ L-_---I-f--I 

,r T~rr'~) 
Figure 21. Example of Consecutive Read Transfer Operations 

SPLIT WRITE TRANSFER CYCLE 

A split write transfer consists of loading 128 words by 8 bits of data from the non-active split 

SAM register into a selected row of the corresponding split RAM array. 

Serial data can be shifted into the other half of the split SAM register simultaneously. The 

block diagram and timing diagram for split write transfer mode are shown in Figure 22 and 23, 

respectively. During split write transfer operation, the RAM port input clocks do not have to be 

synchronized with the serial clock SC, thus allowing for real time transfer. A split write transfer 

can be performed after a delay of tSTS, from the change of state of the QSF output, is satisfied. 

Figure 22. Block Diagram for Split Write Transfer 
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RAS ~ ~ 
CAS ~ 

e 
~H 

~ SAA~_s~:rt ~ 
~ ~L 

~ ~L. 
:H 

DT/OE 

DSF ~r 
WI/IOI-Wa/IOa ( Mask Data ) ! 

QSF 

Figure 23. Timing Diagram for Split Write Transfer 

A pseudo write transfer operation must precede split transfer cycles as shown in the example 

in Figure 24. The purpose of the pseudo write transfer operation is to switch the SAM port from 

output mode to input mode and to set the initial tap location prior to split write transfer 

operations. 

~~ 
SC 

QSF 

! \ 
'---v---' 

~ 
TAP -t __ 

Figure 24. Example of Consecutive Write Transfer Operations 
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SPLIT-REGISTER OPERATION SEQUENCE (EXAMPLE) 

Split read/ write transfers must be preceded by a normal (Non-split) transfer such as a read, 

write or pseudo write transfer. Figure 25 illustrates an example of split register operation 

sequence after device power-up and initialization. After power-up, a minimum of 8 RAS and 8 SC 

clock cycles must be performed to properly initialize the device. A read transfer is then performed 

and the column address latched at the falling edge of CAS sets the SAM tap pointer location which 
up to that point was in an undefined location. Subsequently, the pointer address is incre+nented 

by cycling the serial clock SC from the starting location to the last location in the register (aadress 

255) and wraps around to the tap location set by the split read transfer performed for the lower 

SAM while the upper SAM is being accessed. The SAM address is incremented as long as SC is 

clocked. The following split read transfer sets a new tap location in the upper split SAM register 

address 127 in this example and the pointer is -incremented from this location by cycling the SC 

clock. 

Vee ---.I . d Pseudo Pause Dummy Read SpIlt Read Split Rea Write 

Add. 

~~~ ~ ~ ~ 

r--,n,nnnn,nnr--;: : Ii: I \\! : '\f : I \'r-\~---
i i 
i i 
i i 

i 6 LJrt"I--l----€~~-iU 
i 
! 

,LU LUi W.:.l 
I e I 

WBANE ~r-----------ef--~~--------~:--~e~------~r---e-----~:~--~~r~-~---

i ! 
i I 

i "High" i n "Low' y,..----....;..;.;.:..:...:.---+-<:\--------i( i \ .... -'----

SC _JJlJUllIJljL----LL-.. n §+§ ~ 

High·Z 
QSF ( 

Serial outpu0 ! ! ..: j j Serial 
: ! .... 1:: i i Input 

b,~;;: ~~~~~~~~~~~~.~.r?-.::_:~~.~.-i_:_:.~-e_:_: .. s-·::_:·(-·::_:!·-)_:_:··~i~:~~~~~~~~~:~~~~~~~~~~~~~~~~~~~~~~~~ .. :!:~-A-p:-~~-e~-r~--~~_-~~_-~~_~~--------~~--~~:~~~e~r 
:'~ ......... Devices (2) .{..: ____ / 

· ...... R·~~etlSetSAM 7: ;~~r 
o pointer : 

Pointer Location 
Undefined 

Figure 25. Example of Spilit SAM Register Operation Seguence 
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The next operation is a pseudo write transfer which switches the SAM port from output mode to 

input mode in preparation for either write transfers or split write transfers. The column address 

latched at the falling edge of CAS during the pseudo write transfer sets the serial register tap 

location. Serial data will be written into the SAM starting from this location. 

TRANSFER OPERATION WITHOUT CAS 

During all transfer cycles, the CAS input clock must be cycled, so that the column address are 

latched at the falling edge of CAS, to set the SAM tap location. If CAS was maintained at a 

constant "high" level during a transfer cycle, the SAM pointer location would be undefined. 

Therefore a transfer cycle with CAS held "high" is not allowed (Refer to the illustration below). 

~ __________________ ~r----
~ __________ ~r----

Address ~ ___ -=S::.:.A:.:.!M:...::..:.St:::.a:....::rt_.J~'C<:====== 

~ __________________ ~r----

Address Row -
) 

Proper 
Transfer 
Cycle 

) 

Not 
Allowed 

TAP LOCATION SELECTION IN SPLIT TRANSFER OPERATION 

(a) In a split transfer operation, column addresses AOC through A6C must be latched at the 

falling edge of CAS in order to set the tap location in one of the split SAM registers. During 

a split transfer, column address A 7C is controlled internally and therefore it is ignored 

internally at the falling edge of CAS. 

Addresses ~ 
t 

AOR-A8R 

Tap address _ 

t 
AOC-A6C (A7C is don't care:High or Low) 

During a split transfer, it is not allowed to set the last address location (AOC-A6C=7F), in 

either the lower SAM or the upper SAM, as the tap location. 
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(b) In the case of multiple split transfers performed into the same split SAM register, the tap 

location specified during the last split transfer, before QSF toggles, will prevail. In the 

example shown below, multiple split transfers are performed into the upper SAM (Non-active) 

while the lower SAM (active) is being accessed at the time when QSF toggles, the, first SC 

serial clock will start shifting serial data starting from the Tap N address location. 

Address -~~~~------------------------
lower SAM: Active 

___ ...:u:::..tp::.t:p:..::e.:..r ::.:.SA.:.::M.!.!....:.:..!.:N'-"o"-'n-'-a'-"c-'.!.ti.:.:ve=--__________________ ~,:;../-',--J~ ~ lower SAM: Non-active 
I Last First upper SAM: Active 

QSF 

\ Clock Clock 

SC ~-------S)-------JULJLjL0LJLfLJ 
I I 

i Of Multiple Split transfer into upper SAM ~ i Serial access of upper SAM 

: Serial access of lower SAM : starting at Tap N location 
I 0 

SPLIT READ/WRITE TRANSFER OPERATION ALLOWABLE PERIOD 

Figure 26 illustrates the relationship between the serial clock SC and the special function 

output QSF during split read/write transfers and highlights the time periods where split transfers 

are allowed, relative to SC and QSF. 

SC 

QSF 

Split 
ReadIVVrite 
Transfer 
allowed. 

Last First Last First Last First 
Clock Clock Clock Clock Clock Clock 

--.ru~~)-_f\U~)_J~U---U-

-it1~~1 1~1~1 I~~I 
y~~ Of YES ~ ~ ( YES ~ ~""(c---:-Y:-::E~S-

Figure 26. Split Transfer Operation Allowable Periods 

As indicated in Figure 26, a split read / write transfer is not allowed during the period of 

tSTII + tSTS. 
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SPLIT TRANSFER CYCLE AFTER NORMAL TRANSFER CYCLE 

A split transfer may be performed following a normal transfer (Read / W ri te / Pseudo-Write 

transfer) provided that a minimum delay of 30ns from the rising edge of the first clock SC is 

satisfied (Refer to the illustration shown below), 

DT IOE ~I..... ____ -' 

DSF 

QSF 

SC 
: I I 

....;T...;..ra",-n;.o.sf;..;:e.;...r -"O"!;;,p-,,e r..;:;.at.;:,;..i o;;:..;.n,,--_: :30ns: 
- - ~ I I~I 

1 I 1 

: Next Transfer:, 
1 t J ~ot----- Next Transfer Operation is allowed. 
: Not Allowed 1 

NORMAL READ TRANSFER CYCLE AFTER NORMAL READ TRANSFER CYCLE 

Another read transfer may be performed following the read transfer provided that a minimum 

delay of 30ns from the rising edge of the first clock SC is satisfied (Refer to the illustration shown 

below), 

DT/OE 

DSF 

QSF 

SC 

1 
1 
1 

~ 
1 

1 
1 1 0 

Transfer Operation J i i~i 
1 I: 
: Next Transfer 1 

:' .... "',:.;N~ot;.;.;;...A~lIo~w~ed-=:i .. ~'i' .... oo(;------ Next Transfer Operation is allowed. 
I , 
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NORMAL TRANSFER AFTER SPLIT TRANSFER 

A normal transfer (read I wri te / pseudo write) may be performed following split transfer 

operation provided that a 30ns minimun delay is satisfied after the QSF signal toggles. 

QSF i ______________ ~,L-----------~,------------------------------
I I 

Split Transfer_!,~ ... ---=:3:...;.0:..:.;ns:....;M..;.;,;.;.;in;;,... --,.~!_Normal Transfer Operation Allowed 

I ~ 

POWER-UP 

Power must be applied to the RAS and DT / OE input signals to pull them "high" before or at 

the same time as the Vee supply is turned on. After power-up, a pause of 200 llseconds minimum 

is required with RAS and DT I OE held "high". After the pause, a minimum of 8 RAS and 8 SC 

dummy cycles must be performed to stabilize the internal circuitry, before valid read, write or 

transfer operations can begin. During the initialization period, the DT I OE signal must be held 

"high". If the internal refresh counter is used, a minimum 8 CAS-before-RAS initialization cycles 

are required instead of 8 RAS cycles. 

INITIAL STATE AFTER POWER-UP 

When power is achieved with RAS, CAS, DT / OE and WB /WE held "high", the internal state 

of the TC528128BJ I BZ is automatically set as follows. 

However, the initial state can not be guaranteed for various power-up conditions and input 

signal levels. Therefore, it is recommended that the initial state be set after the initialization of 

the device is performed (200 llseconds pause followed by a minimum of 8 RAS cycles and 8 SC 

cycles) and before valid operations begin. 

State after power-up 

SAM port Input Mode 

QSF High-Impedance 

Color Register all "0" 

WM 1 Register Write Enable 

TAP pointer Invalid 

C-95 



NOTES 



262, 144WORDSx4BITS MULTIPORT DRAM 

DESCRIPTION 

PRELIMINARY 

The TC524256BJIBZ is a CMOS multiport memory equipped with a 262,144-words by 4-bits dynamic random 

access memory (RAM) port and a 512-words by 4-bits static serial access memory (SAM) port. The 

TC524256B.JIBZ supports three types of operations: random access to and from the RAM port, high speed 

serial access to and from the SAM port and bidirectional transfer of data between any selected row in the RAM 

port and the SAM port. The RAM port and the SAM port can be accessed independently except when data is 

being transferred between them internally. The TC524256BJIBZ is fabricated using 1bshiba's CMOS silicon 

gate process as well as advanced circuit designs to provide low power dissipation and wide operating margins. 

FEATURES 

ITEM 
TC524256BJ/BZ 
-80 -10 

tRAC RAS Access Time (Max.) 80ns lOOns 

tCAC CAS Access Time (Max.) 25ns 25ns 

tAA Column Address Access Time (Max.) 45ns SOns 

tHe Cycle Time (Min.) 150ns 180ns 

tpc Page Mode Cycle Time (Min.) SOns 55ns 

tSCA Serial Access Time (Max.) 25ns 25ns 

tscc Serial Cycle time (Min.) 30ns 30ns 

lecl RAM Operating Current SSmA 70mA 

(SAM: Standby) 

leGA SAM Operating Current SOmA SOmA 

(RAM: Standby) 

Iro Standby Current IOmA IOniA 

• Single power supply of 5V± 10% with a built-in 
VB13 generator 

• All inputs and outputs: TIL Compatible 

PIN NAME 

AO-AS Address inputs 
"RAS Row Address Strobe 

CAS Column Address Strobe 

DT/OE Data Transfer I Output Enable 

WS/WE Write per Bit/Write Enilble 

WlII01-W4/104 Write Mask/ Data IN. OUT 

SC Serial Clock 

SE Serial Enable 

'5101-5104 Serial Ineut / Outeut 

Vee/Vss Power (SV) I Ground 

N. C. No Connection 

SC 
5101 
5102 

Of/DE 
WI/IOI 
W2/102 
WSrwE 
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NC 
RAS 
AS 
A6 
A5 
A4 

Vee 

• Organization 
RAM Port : 262,144wordsX4bits 
SAM Port : 512wordsX4bits 

• RAM Port 
Fast Page Mode Read - Modify - Write 
CAS before RAS' Refresh, Hidden Refresh 
RAS only Refresh. Write per Bit 
512 refresh cycles I 8ms 

• SAM Port 
High Speed Serial Read/Write Capability 
512 Tap Locations 
Fully Static Register 

• RAM - SAM Bidirectional Transfer 
Read/Write/Pseudo Write Transfer 
Real Time Read Transfer 

• Package 
TC524256BJ : SOJ28 - P - 400 
TC524256BZ : ZIP28 - P . 400 

PIN CONNECTION 
TC524256BJ TC524256BZ 

Vss NC 

5104 W41104 

5103 5103 

Sf Vss 

W41104 SIOI 

W3/103 [)flOE 

NC W2/102 

CAS NC 

NC A8 

AO A5 

AI Vee 

A2 A3 

A3 A1 

A7 NC 

W31103 
Sf 
5104 
SC 
SI02 
WlII01 
WstWE 
RAS 
A6 
A4 
A7 
A2 
AO 
CAS 

28Pin 400mil SOJ 
JEDEC Standard 

28Pin 400mil height ZIP 
JEDEC Standard 



~---"' ... -----,---"----,----,-----------------

I 
I~ 

BLOCK DIAGRAM 

W11101-W4/104 5101-5104 

1 1 
Vee Vss 

AO-A8 
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ABSOLUTE MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT NOTE 

V,N. VOlJT Input Output Voltage -1.0-7.0 V 1 

Vee Power Supply Voltage -1.0-7.0 V 1 

TOPR Operating Temperature 0-70 ·C 1 

TSTG Storage Temperature -55-150 ·C 1 

TSOLDER Soldering Temperature' Time 260'10 ·C·sec 1 

Po Power Dissipation 1 W 1 

lOUT Short Circuit Output Current 50 mA 1 

RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0-70°e) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTE 

Vee Power Supply Voltage 4.5 5.0 5.5 V 2 

V,H Input High Voltage 2.4 - 6.5 V 2 

V,L Input Low Voltage -1.0 - 0.8 V 2 

CAPACITANCE (VCC=5V, f=1MHz, Ta=25°C) 

SYMBOL PARAMETER MIN. MAX. UNIT 

C, Input Capacitance - 7 
pF 

C,o Input I Output Capacitance - 9 

Note: This parameter is periodically sampled and is not 100% tested. 
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D.C. ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70°C) 

TC5242560J IOZ·80 TCS242560Jl nZ·l0 
ITEM (~AM POI\T) SAM PORT SYMIlOL UNIT NOTE 

MIN. MAX. MIN. MAX. 

OPERATING CURRENT Stilnclby ICCI - 85 .. 70 3,4 

(MS, CAS ~Y'ling ) -- I---

tRC = tRC min. Active ICCIA - 125 - 110 3,4 
-

STANDBY CURRENT Standby ICC2 - 10 - 10 

(RAS, CAS = VIH) -
Active ICC2A - 50 - 50 3,4 

-
RAS ONLY REFRESH CURRENT Standby leel - 85 - 70 3,4 eM Cyclin?, CAS=V,H ) mA -

tRC = tRe min. 
Active ICC3A - 125 - 110 3,4 

-
PAGE MODE CURRENT Standby ICC4 - 75 - 60 3,4 

(RAS=VIL, ~S CYcling) -
Active ICC4A - 115 - 100 3,4 

tpc = tpc min. 
-

CAS BEFORE RAS REFRESH CURRENT Standby Ices - 85 - 70 3,4 

(RAS Cyclin~, CAS Before RAS) r----

tRC = tRC min. 
Active ICCSA - 125 - 110 3,4 

t--
DATA TRANSFER CURRENT Standby ICC6 - 105 - 90 3,4 

(RAS, CAS ~ycling ) t--
Active ICC6A - 145 - 130 3,4 

tRC = tRC min. 

ITEM SYMBOL MIN. MAX. UNIT NOTE 

INPUT LEAKAGE CURRENT 
II(~) -10 10 VA 

OV~VIN~6.SV, All other pins not under test=OV 

OUTPUT LEAKAGE CURRENT 
IO(~) -10 10 IJA 

OV~VOUT~S.SV, Output Disable 

OUTPUT "H" LEVEL VOLTAGE 
VOH 2.4 - V 

lOUT: -2mA 

OUTPUT "L" LEVEL VOLTAGE 
VOL - 0.4 V 

lour=2mA 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS 

(Vee = 5V ± 10%, Ta = 0-70°C) (Notes: 5, 6, 7) 

TC5242568J I BZ·SO TC524256BJ I BZ-l 0 
SYMBOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. 

tRC Random Read or Write Cycle Time 150 180 -
tRMW Read· Modify· Write Cycle Time 195 235 --
tpc Fast Page Mode Cycle Time 50 55 

t----
tpRMW Fast Page Mode Read - MOdify· Write Cycle 90 100 

Time 
t----

lHAC Access Time from RAS 80 100 ~ 
tAA Access Time from Column Address 45 50 ~ 
teAc Access Time from CAS 25 25 ~ 
tCPA Access Time from CAS Precharge 45 50 ~ 
tOFF Output Buffer Turn - Off Delay 0 20 0 20 10 

t----
tT Transition Time (Rise and Fall) .3 35 3 35 7 

t----
tRP RAS Precharge Time 60 70 

f-
tRAS RAS Pulse Width 80 10000 100 10000 

f-
tRASP m Pulse Width (Fast Page Mode Only) 80 100000 100 100000 

f-
tRSH m Hold Time 2S 25 

t----
tCSH CAS Hold Time 80 100 ns f-
tCAS CAS Pulse Width 25 10000 25 10000 

RAS to CAS Delay Time 
f-

tReD 20 55 20 75 14 
I---

tRAD RAS to Column Address Delay Time 15 35 15 50 14 
I---

tRAL Column Address to AA5 Lead Time 45 50 
~ 

teRP CAS to AA5 Precharge Time 10 10 

~ Precharge Time 
~ 

tCPN 10 10 -
tep CAS Precharge Time (Fast Page Mode) 10 10 -
tASR Row Address Set-Up Time 0 0 -
tRAH Row Address Hold Time 10 10 -
tASC Column Address Set· Up Time 0 0 -
teAH Column Address Hold Time 15 15 -
tAR Column Address Hold Time referenced to AA5 55 70 -
tRes Read Command Set- Up Time 0 0 -

. tReH Read Command Hold Time 0 0 11 -
tRRH Read Command Hold Time referenced to RAS 0 0 11 -
tWCH Write Command Hold Time 15 15 -
tweR Write Command Hold Time referenced to ·RAS S5 70 -twp Write Command Pulse Width 15 15 

tRWL 
r--

Write Command to RAS Lead Time 20 25 

tewL Write Command to CAS Lead Time 
r--

20 25 
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SYMSOL I TC524256BJ I BZ·80 TC524256BJ I BZ- 10 
PARAMETER UNIT NOTE 

I MIN. MAX. MIN. MAX. 

tos I Data Set-Up Time 0 0 ~ 
t::JH Data Hold Time 15 15 12 -:...-
to>;R Data Hold Time referenced to RAS 55 70 

----' 

twes Write Command Set-Up Time 0 0 13 -
tRwO m to WE Delay Time 100 130 ns 13 -
tA'I.' 0 Column Address to iflt Delay Time 65 80 13 -
tewo 'CAS to WE Delay Time 45 55 13 ..--. 
toze Data to CAS Delay Time 0 0 

r--
tozo Data to be Delay Time 0 0 

~ 
tCEA Access Time from DE 20 25 8 

i----
tCEZ , Output Buffer Turn - off Delay from DE 0 10 0 20 10 

----' 
teE:) DE to Data Delay Time 10 20 -
tCEH OE Command Hold Time 10 20 

r--
tRQ;" m Hold Time referenced to DE 15 15 

I---
tesR CAS Set - Up Time for CAS Before RAS Cycle 10 10 

I-
tCf,R CAS Hold Time for 'CAS Before m Cycle 10 10 

I-
t~pc m Precharge to CAS Active Time 0 0 

tREF Refresh Period 8 8 ms 

t'lIS~ WB Set-Up Time 0 0 
I-

tR·N,.; WB Hold Time 15 15 
I---

t~. ~ S Write - Per - Bit Mask Data Set - Up Time 0 0 
I-

tM>; Write - Per - Bit Mask Data Hold Time IS IS 

1D'f High Set-Up Time 
r---

toMs 0 0 
I---

t~f-oH D'f High Hold Time 15 15 
r---

tns DT Low Set - Up Time 0 0 
ns r--

tnH DT Low Hold Time 15 10000 15 10000 
:----

tR,H DT Low Hold Time referenced to RAS 

I (Real Time Read Transfer) 

65 10000 80 10000 

-------: 
tAT" 'Of Low Hold Time referenced to Column 30 30 

Address (Real Time Read Transfer) 

teH D'f Low Hold Time referenced to CAS 25 
r--

25 

(Real Time Read Transfer) 
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TCS242S6BJ I BZ-80 TCS242S6BJ I BZ·l 0 
SYMBOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. 

tesR SE Set-Up Time referenced to RAS 0 0 
I---

tREH SE Hold Time referenced to RAS 15 15 
I---

tTRP Of to RAS Precharge Time 60 70 
I---

trp Of Precharge Time 20 30 
I---

tRso RAS to First SC Delay Time (Read Transfer) 80 100 
I---

tASO Column Address to First SC Delay Time 45 50 

(Read Transfer) 
I---

tesD CAS to First SC Delay Time (Read Transfer) 25 25 
I---

trsL Last SC to Of Lead Time 5 5 

(Real Time Read Transfer) 
f---

tTSO DT to First SC Delay Time (Read Transfer) 15 15 
:---

tSRS Last SC to m Set· Up Time (Serial Input) 30 30 
i---

tSRO RAS to First SC Delay Time (Serial Input) 25 25 
,---

tSDO RAS to Serial Input Delay Time 50 50 
r--

tsoz Serial Output Buffer Turn - off Delay from RAS 10 50 10 50 10 

(Pseudo Write Transfer) 
:---

tsee SC Cycle Time 30 30 ns -
tse SC Pulse Width (SC High Time) 10 10 -
tscp SC Precharge Time (SC low Time) 10 10 

'--

tSCA Access Time from SC 25 25 9 -
tSOH Serial Output Hold Time from SC S 5 -
tSDS Seriill Input Set - Up Time 0 0 -
tSDH Serial Input Hold Time 15 15 -
tSEA Access Time from SE 25 25 2-
tSE SE Pulse Width 25 25 -
tSEP Sf Precharge Time 25 25 -

Serial Output Buffer Turn - off Delay from SE tSEZ 0 20 0 20 10 

Serial Input to SE Delay Tim'e 
I---

tSZE 0 0 r-
tszs Serial Input to First SC Delay Time 0 0 r-
tsws Serial Write Enable Set-Up Time 0 0 

I---
tSWH Serial Write Enable Hold Time 15 15 

r-
tSWIS Serial Write Disable Set- Up Time 0 0 

I---
tSWIH Serial Write Disable Hold Time 15 15 
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NOTES: 

1. Stresses greater than those ·listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltage are referenced to VSS. 

3. These parameters depend on cycle rate. 

4. These parameters depend on output loading. 
output open. 

Specified values are ob.tained with the 

5. An initial pause of 20011S is required after power-up followed by any 8 HAS cycles eDT lOE 
"high") and any 8 SC 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. 

6. AC measurements assume tT=5ns. 

7. Vm (min.) and VIL(max.) are reference levels for measuring timing of input signals. Also. 
transition times are measured between Vm and VIL. 

8. RAM port outputs are measured with a load equivalent to 1 TTL load and lOOpF. 
DOU'l' reference levels: VOIl/VOL=2.0V IO.BV. 

9. SAM port outputs arc measured with a load equivalent to 1 TI'L load and 30pF. 
DOUT reference levels: VOH IVOL=2.0V IO.BV. 

10. tOFF (max.). tOEZ (max.). tSDZ (max.) and tSEZ (max.) define the time at which the outputs 
achieve the open circuit condition and are not referenced to output voltage levels. 

11. Either tRCH or tRRH must be satisfied for a read cycles. 

12. These parameters are referenced to CAS' leading edge of early write cycles and to WB lWE 
leading edge in OE-controlled-write cycles and read-modify-write cycles. 

13. tWCS. tRWD. tcWD and tAWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs~ twcs (min.). the cycle is an 
early write cycles and the data out 'pin will remain open circuit (high impedance) 
throughout the entire cycle; IftRWD~tRWD(min.). tCWD~tcWD(min.) and tAWD~tAWD(min.) 
Lhe cycle is a read-modify-write cycle and t.he data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied. the condition of the 
data out (at access time) is indeterminate. 

14. Operation within the tRCD(max.l limit insures that tRAC(max.) can be met. 
tRCD (max.) is specified as a reference point only: If tRCD is greater than the specified 
tRCD (mux.) limit. then access time is controlled by tcAC. 

15. Operation within the tRAD(max.) limit insures that tRAC(max.) can be met. tRAD(max.) is 
specified as a reference point only: If tHAD is greater than the specified tHAD (max.) limit, 
then access time is controlled by tAA. 
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TIMING WAVEFORM 

READ CYCLE 

RAS 

00 
VIH 

VIL 

AO-A8 
VIH 
V 1L 

WB/WE 
VIH 
V 1L 

DT/OE 
V 1H 

VIL 

IN 
V1H 

I VI~ 

Wl/101 
-W41104 

L- OUT 

Bl :"W or "L" 
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WRITE CYCLE (EARLY WRITE) 

RAS 

CAS 

AD-AS 

WB/'ifJE 

i5T I OE 

I 
IN 

Wl/101 
-W4/104 

L- OUT 

V,H 
V,L 

V,H 
V,L 

V,H 
V,L 

V,H 
V'L 

V,H 
V'L 

V'H 
V'L 

VOH -

VOL -
OPEN 

"1 WB/WE Wl/101-W4/104 

D WM1 data 

1 Don't Care 

WM 1 data: 0: Write Disable 
1 : Write Enable 

C-106 

~ : "H" or "l" 

Cycle 

Write per bit 

Normal Write 
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WRITE CYCLE (oE' CONTROLLED WRITE) 

RAS 

CAS 

AO-A8 

WB/WE 

[)flOE 

I 
IN 

WI/IOI 
-W4/I04 

L- OUT 

V1H 

VIL 

VIH 

VIL 

V 1H 

VIL 

V1H 

V1L 

V1H 

VIL 

VOH -

VOL -
------------- OPEN --------------

*1 WB/WE WIIIOI-W4/I04 

0 WMI data 

I Don't Care 

WM 1 data: 0: Write Disable 
1: Write Enable 

C-107 

~:"H"or"L" 

Cycle 

Write per bit 

Normal Write 



READ - MODIFY - WRITE CYCLE 

RAS 

CAS 
V1H 

VIL 

AD-AS V'H 

V'L 

VilS/WE V'H 

V1L 

DTIOE 
VIH 

V1L 

IN 
V 1H 

I V1L 

WI 1101 
-W4/104 

L- OUT 

*1 WB/WE WI/l01-W4/104 

0 WMI data 

I Don't Care 

WM 1 data: 0: Write Disable 
1: Write Enable 

C-108 

~ : "H N or "L N 

Cycle 

Write per bit 

Normal Write 
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FAST PAGE MODE READ CYCLE 

m 

ro V,H 
V,l 

AO-A8 V,H 
V,l 

WB/WE 
V'H 
V,l 

DT/OE Vlloi 

V,L 

r- 1N V,H 
V'L 

W1/101 
-W4/104 

LOUT VO H -

VOL -
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE) 

AO-A8 

WB/WE 

r- IN 

W11101 
-W4/I04 

LOUT 
VOH - _______________ OPEN ____________ _ 

VOL -

*1 WB/WE Wl1101-W41104 

0 WMI data 

1 Don't Care 

WM 1 data: 0: Write Disable 
1: Write Enable 

0-110 

~ :"H" or "L" 

Cycle 

Write per bit 

Normal Write 
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FAST PAGE MODE READ - MODIFY - WRITE CYCLE 

m 

CAS 

AO-A8 
VIH 
V 1L 

WB/WE 
V 1H 

VIL 

DT/OE 
VIH 

VIL 

IN 
VIH 

I V1L 

Wl/101 
-W4/I04 

'-- OUT 

*1 WB/WE Wl/101-W4/104 

0 WM1 data 

1 Don't Care 

WM 1 data: 0: Write Disable 
1: Write Enable 

C-111 

IBI : "H" or "L" 

Cycle 

Write per bit 

Normal Write 
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RAS ONLY REFRESH CYCLE 

V1H 
AO-A8 VIL 

Wl/101 VOH - ___________ OPEN _________ _ 
-W4/104 VOL-

~ : "H"or"L" 
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CAS BEFORE RAS REFRESH CYCLE 

CAS V 1H 

VIL 

WB/WE VIH 

V 1L 

DT/OE V1H 

VIL 

WI/IOI VOH 
-W4/J04 VOL 

Note: AO-A8 :; Don't Care ("H" or "L") 1m : "H" or "I." 
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HIDDEN REFRESH CYCLE 

RAS 

~~ 

AD-A8 
V 1H 

V1L 

WB/WE 
VIH 

VIL 

Of/OE 

W1/I01 VOH 
-W4/I04 VOL 

~ : "H" or"L" 
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READ TRANSFER CYCLE (Previous Transfer is WRITE TRANSFER CYCLE) 

V1H 
AO-A8 V1l 

Wl/101 VOH 

-W4/104 VOL ~~----"f 

sc 

VIH I IN Vil 

5101 
-5104 

L- OUT 

Note : SE" = V1L 

~ : "W or"L" 

C-11S 



REA L TIME HEAD TRANSFER CYCLE 

RAS 
VIH 
V1L 

CAS 
V1H 
VIL 

AO-A8 
VIH 
V1L 

WB/WE 
V1H 
VIL 

Di/N 
V1H 
VIL 

Wl/101 VOH 
-W4/104 VOL 

SC 

I 
IN 

5101 
-5104 

L- OUT 
VOH 
VOL 

I 

------ Previous Row Data -------__ i~c--- New Row Data 

Note : SE = VIL 

~ : "HH or "L" 
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PSEUDO WRITE TRANSFER CYCLE 

Wl/101 VOH 
-W4/104 VOL 

SC 

I IN 

SIOl 
-SI04 

L- OUT VOH 
VOL 

Serial Output Data _ - Serial Input Data 
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WRITE TRANSFER CYCLE 

RAS 

CAS V'H 
V,l 

AD-AS 
V,H 
V,l 

WB/WE 
V,H 
V,l 

DT/OE 
V,H 
V,l 

Wl/IOl VOH 
-W4/104 VOL 

SC 

SE 
V,H 
V,l 

IN 
V,H 

I V,l 

5101 
-5104 

L- OUT 
VOH-

OPEN 
VO~ -

Previous _ New Row Data 
Row Data 

rBl : "W or "L" 
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SERIAL READ CYCLE (SE=Vn) 

RAS V 1H 
VIL 

Of/a! VIH 
VIL 

SC 
V 1H 
VIL 

5101 
-5104 

Note : SE = VIL 
~:"H"or"L" 

SERIAL READ CYCLE (SE Controlled Outputs) 

"---____ --1/ 

DT/OE 

sc 

IN 
VIH 

r VIL 

5101 
-5104 

L OUT 
VOH 

VOL 

IBl : "H" or "L" 
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SERIAL WRITE CYCLE (S'E=Vu) 

RAS V'M 
V'L 

Of/OE 
'l,n 
V,L 

SC V'H 
V'L 

SIOl V,H 
-5104 V,L 

Note: SE = V1L rB : "H" or "LH 

SERIAL WRITE CYCLE (SE Controlled Inputs) 

RAS V'H 
V,L 

Of/OI 
V1H 
V ,L 

SC 
V,H 
V'L 

SE 
V,H 
V ,L 

IN 
V,H 

I \i'L 

SIOl 
-5104 

L OUT 
VOH -

VOL - ------------------------------OPEN---------------------------

rB : "H" or "LH 
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PIN FUNCTION 

ADDRESS INPUTS: An - As 

The 18 address bits required to decode 4 bits of the 1,048,576 cell locations within the dynamic 

RAM memory array of the TC524256BJ /BZ are multiplexed onto 9 address input pins (Ao-As). 

Nine row address bits are latched on the falling edge of the row address strobe (llAS) and the 

following nine column address bits nre latched on the falling edge of the column address strobe 

(CAS). 

ROW ADDRESS STROBE : RAS 

A random access cycle or a data transfer cycle begins at the falling edge of RAS. RAS is the 

control input that latches the row address bits and the states of CAS, DT / OE, WB / WE and SE to 

invoke the various random access and data transfer operating modes shown in Table 2. 

RAS has minimum and maximum pulse widths and a minimum precharge requirement which must 

be maintained for proper device operation and data integrity. The RAM port is placed in standby 

mode when the RAS control is held "high". 

COLUMN ADDRESS STROBE : CAS 

CAS is the control input that latches the column address bits. CAS has minimum and 

maximum pulse widths and a minimum precharge requirement which must be maintained for 

proper device operation and data integrity. CAS also acts as an output enable for the output 

buffers on the RAM· port. 

DATA TRANSFER/OUTPUT ENABLE: DT/OE 

The DT / OE input is a multifunction pin. When DT /OE is "high" at the falling edge of RAS, 
RAM port operations are performed and DT / OE is used as an output enable control. When the 

DT / OE is "low" at the falling edge of RAS, a data transfer operation is started between the RAM 

port and the SAM port. 

WRITE PER BIT/WRITE ENABLE: WE/WE 

The WB /WE input is also a multifunction pin. When WB /WE is "high" at the falling edge of 

nAS, during RAM port operations, it is used to write data into the memory array in the same 

manner as a standard DRAM. When WE/WE is "low" at the falling edge of MS, during RAM 

port operations, the write-per-bit function is enabled. The WE/WE input also determines the 

direction of data transfer between the RAM array and the serial register (SAM). 

When WB / WE is "high" at the falling edge of RAS, the data is transferred from RAM to SAM 

(read transfer). When WB /WE is "low" at the falling edge of RAS, the data is transferred from 

SAM to RAM (write transfer). 
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WRITE MASK DATA/DATA INPUT AND OUTPUT: WlII01-W4/I04 

When the write-per-bit function is enabled, the mask data on the Wi/IOi pins is latched into 

the write mask register (WMl) at the falling edge of RAS. Data is written into the DRAM on 

data lines where the write-mask data is a logic "I". Writing is inhibited on data lines where the 

write-mask data is a logic "0". The write-mask data is valid for only one cycle. Data is written 

into the RAIVI port during a write or read-modify-write cycle. The input data is latched at the 

falling edge of either CAS or WB /WE, whichever occurs late. During an early-write cycle, the 

outputs are in the high-impedance state. Data is read out of the RAM port during a read or 

read-modify-write cycle. The output data becomes valid on the Wi fIOi pins after the specified 

access times from RAS, CAS, DT fOE and column address are satisfied and will remain valid as 

long as CAS and DT /OE are kept "low". The outputs will return to the high-impedance state at 

the rising edge of either CAS or DT /OE, whichever occurs first. 

SERIAL CLOCK : SC 

All operations of the SAM port are synchronized with the serial clock SC. Data is shifted in 

or out of the SAM registers at the rising edge of SC. In a serial read, the output data becomes 

valid on the SIO pins after the maximum specified serial access time tSCA from the rising edge of 

SC. The serial clock SC also increments the 9-bits serial pointer which is used to select the SAM 

address. The pointer address is incremented in a wrap-around mode to select sequential locations 

after the starting location which is determined by the column address in the read transfer cycle. 

When the pointer reaches the most significant address location (decimal 511), the next SC clock 

will place it at the least significant address location (decimal 0). 

The serial clock SC must be held at a constant Vm or VIL level during read transfer I pseudo 

write transfer / write transfer operations and should not be clocked while the SAM port is in the 

standby mode to prevent the SAM pointer from being incremented. 

SERIAL EN ABLE : SE 

The SE input is used to enable serial access operation. In a serial read cycle, SE is used as 

an output control. In a serial write cycle, SE is used as a write enable control. When SE is 

"high", serial access is disabled, however, the serial address pointer location is still incremented 

when SC is clocked even when SE is "high". 

SERIAL INPUT/OUTPUT: SI01-SI04 

Serial input and serial output share common I/O pins. Serial input or output mode is 

determined by the most recent read, write or pseudo write transfer cycle. When a read transfer 

cyc1e is performed, the SAM port is in the output mode. When a write or pseudo write transfer 

cycle is performed, the SAM port is switched from output mode to input mode. During subseque.nt 

write transfer cycle, the SAM remains in the input mode. 
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OPERATION MODE 

The RAM port and data transfer operating of the TC524256BJ / BZ are determined by the state 
of CAS, DT / OE, WB / WE and SE at the falling edge of MS. The Table 1 and the Table 2 show 
the operation truth table and the functional truth table for a listing of all available RAM port and 

transfer operation, respectively. 

Table 1. Operation Truth Table 

RAS falling edge r 
Function 

CAS DT/OE WBrNE SE 
0 * * * CAS before RAS Refresh 

1 0 0 0 Write Transfer 

1 0 0 1 Pseudo Write Transfer 

1 0 1 * Read Transfer 

1 1 0 * Read I Write per Bit 

1 1 1 * Read I Write 

Table 2. Functional Truth Table 

RAS L Address W/IO Write Mask 

Function CASL 
CAS DT/OE WBrNE SE . RAS L CAS L RASL WE L WMI 

CAS before RAS Refresh 0 * * * * - * - -
Write Transfer 1 0 0 0 Row TAP * * -
Pseudo Write Transfer 1 0 0 1 Row TAP * * -
Read Tr'lnsfcr 1 0 1 * How TAP * . -
Write per Bit 1 1 0 * Row Column WMI DIN Load use 

Read/Write 1 1 1 . Row Column * DIN -
* : "0" or "1" , TAP: SAM start address , -: not used 
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RAM PORT OPERATION 

FAST PAGE MODE CYCLE 

Fast page mode allows data to be transferred into or out of multiple column locations of the 

same row by performing multiple CAS cycle during a single active RAS cycle. During a fast page 

cycle, the IfA8 signal may be maintained active fol' a period up to 100 llseconds. For the initial 

fast page mode access, the output data is valid after the specified access times from RAS, CAS, 
column address and DT / OE. For all subsequent fast page mode read operations, the output data 

is valid after the specified access times from CAS, column address and DT I OE. When the 

write-per-bit function is enabled, the mask data latched at the falling edge of RAS is maintained 

throughout the fast page mode write or read-modify-write cycle. 

RAS-ON"L Y REFRESH 

The data in the DRAM requires periodic refreshing to prevent data loss. Refreshing is 

accomplished by performing a memory cycle at each of the 512 rows in the DRAM array within 

the specified 8ms refresh period. Although any normal memory cycle will perform the refresh 

operation, this function is most easily accomplished with "RAS-Only" cycle. 

CAS-BEFORE-RAS REFRESH 

The TC524256BJ I BZ also offers an internal-refresh function. When CAS is held "low" for a 

specified period (tCSR) before RAS goes "low", an internal refresh address counter and on-chip 

refresh control clock generators are enabled and an internal refresh operation takes place. When 

the refresh operation is completed, the internal refresh address counter is automatically 

incremented in preparation for the next 'CAS-before-RAS cycle. For successive CAS"-before-RAS 

refresh cycle, CAS can remain "low" while cycling RAS. 

HIDDEN REFRESH 

A hidden refresh is a CAS-before-RAS refresh performed by holding CAS "low" from a previous 

read cycle. This allows for the output data from the previous memory cycle to remain valid while 

performing a refresh. The internal refresh address counter provides the address and the refresh is 

accomplished by cycling RAS after the specified RAS-precharge period (Refer to Figure 1). 

-Memory Cycle - - Refresh Cycle - - Refresh Cycle -

CAS ~~ __________________________________ ~;-----

Wl/\IOl ------«L _____________________ -.J>--W4/104 ~ Valid Data Output . 

Figure 1. Hidden Refresh Cycle 
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WRITE·PER·BIT FUNCTION 

The write·per-bit function selectively controls ihe internal write-enable circuits of the RAM 

P01't. When WlJ ,WE is held "low" ui the fulling edge of ItAS, during U I'Undom (lccess operation, 

the write-mask is enabled. At the same time, the mask data on the Wi / rOi pins is latched onto 

the write-mask register (WMl). When a "0" is sensed on any of the Wi / IOi pins, their 

corresponding write circuits are disabled and new data will not be written. When a "I" is sensed 

on any of the Wi /lOi pins, their corresponding write circuits will remain enabled so that new data 

is written. The truth table ofthe write-per-bit function is shown in Table 3. 

Table 3. Truth table for write-per·bit function 

At the falling edge of RAS 
Function 

CAS DT/OE WB/WE Wj/lOj (i = 1-4) 

H H H * Write Enable 

1 Write Enable 
H H L 

0 Write Mask 

An example of the write-per-bit function illustrating its application to displays is shown in 

Figures 2 and 3. 

~ ~, ____________ ~r---
e :i.;, r----
~H '------' 

AO-A8~ 
r ; 
~H 

WB/WE m. ~L~ ~ 
~ . 

W,/IO, ~M~Sk_ 
: : 

W2"0 2 Wwt 'W%1fij "+rjte~ 
W3 /103 mM2sk~ 

~ 1 
W4/104 '@jwrite ~ ·o·l'rite~ 

L L w,,,. 
Wi 1101 • L ; Write Mask 
WI/IOI~H; Write 

Figure 2, Write-per-bit timing cycle 

C-12S 

CRT Display 

00 00 00 00 00 00 
00 00 00 00 00 00 
00 00 00 00 ee eo 
00 00 00 oe oe 00 
00 00 00 eo oe 00 
00 00 oe ee ee 00 
00 00 eo 00 oe 00 
00 oe 00 00 oe o J 
00 eo 00 00 00 00 

Figure 3. Corresponding bit-map 



SAM PORT OPERATION 

The TC524256BJ / BZ is provided with u 512 words by 4 bits serial access memory (SAM). 

High speed serial read or write operations can be performed through the SAM port independent of 

the RAM port operations, except during read transfer / wdte transfer / pseudo-write transfer cycles. 

The preceding transfer operation determines the direction of data flow through the SAM port. 

If the preceding transfer operation is a read transfer, the SAM port i~ in the output mode. If the 

preceding transfer operation is a write or pseudo write transfer, the SAM port is in the input 

mode. The pseudo write transfer operation only switches the SAM port from output mode to input 

mode; Data is not transferred from SAM to RAM. 

Serial data can be read out of the SAM port after a read transfer (RAM-SAM) has been 

performed. The data is shifted out of the SAM port starting at any of the 512 bits locations. 

The TAP location corresponds to the column address selected at the falling edge of CAS during the 

read transfer cycle. The SAM registers are configured as circular data registers. The data is 

shifted out sequentially starting from the selected tap location to the most significant bit and then 

wraps around to the least significant bit, as illustrated below. 

Star\ address : Tap location 

col' 1,1 _m __ I+-I _mm_m________ 1509 151 0 1511 1 
Subsequent real-time read transfer may be performed on-the-fly as many times as desired, 

within the refresh constraints of the DRAM array. Simultaneous serial read operation can be 

performcd with some timing restrictions. A pseudo write transfer cycle is performed to change the 

SAM port from output mode to input mode in order to write data into the serial ~egisters through 

the SAM port. A write transfcr cycle must be uscd subsequcntly to loud the SAM dutu inLo Lhe 

RAM row selected by the row address at the falling edge of RAS. The starting location in the 

SAM registcl's for the next sedal write is sclected by the column uddress lit the fulling edge of 

CAS. The truth table for single register mode SAM operation is shown in Table 4. 
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Table 4. Truth Table for SAM Port Operation 

SAM PORT 151 I 'Or at the 

OPERATION falling edge of ro SC ~ FUNCTION Preceded by a 

L Enable Serial Read n Read Transfer Serial Output Mode 
H Disable .Serial Read 

L Enable Serial Write 

n Write Transfer Serial Input Mode H H Disable Serial Write 

L Enable Serial Write 

n Pseudo Write Trilnsfer Scri(ll Input Mode 
H Disable Serial Write 

REFRESH 

The SAM data registers are static flip-flop, therefore a refresh is not required. 

DATA TRANSFER OPERATION 

The TC524256BJ / BZ features the internal bidirectional data transfer capability between RAM 

and the SAM, as shown in Figure 4. During a transfer, 512 words by 4 bits of data can be loaded 

from RAM to SAM (Read Transfer) or from SAM to RAM (Write Transfer). 

512 columns 

512x512x4 
Memory Cell Array 

512x4 ~ 
'---------'~ 

Figure 4. Data Transfer 
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As shown in Table 5, the TC524256BJ I BZ supports three types of transfer operations: Read 

transfer, Write transfer and Pseudo write transfer. Data transfer operations between RAM and 

SAM are invoked by holding the DT I OR signal "low" at the falling edge of RAS. The type of 

data transfer operation is determined by the state of CAS, WB 1m and SE latched at the falling 

edge of RAS. During data transfer operations, the SAM port is switched from input to output 

mode (Read transfer) or output to input mode (Write transfer/Pseudo write transfer). During a 

data transfer cycle, the row address Ao-As select one of the 512 rows of the memory array to or 

from which data will be transferred and the column address Ao-AS select one of the tap locations 

in the serial register. The selected tap location is the start position in the SAM port from which 

the first serial data will be read out during the subsequent serial read cycle or the start position in 

the SAM port into which the first serial data will be written during the subsequent serial write 

cycle. 

Table 5. Transfer Modes 

at the falling edge of m 
Transfer Mode Transfer Direction Transfer Bit SAM Port Mode 

CAS D'f/CE WBMlE « 
H L H * Read Transfer RAM -+ SAM 512x4 Input -+ Output 

H L L L Write Transfer SAM -+ RAM 512x4 Output -+ Input 

H L L H Pseudo Write Transfer - - Output -+ Input 

• : "II" or "I," 

HEAn 'I'RANSFTm CYCLE 

A read transfer consists of loading a selected row of data from the RAM array into the SAM 

rcg-isLcl·. A reud tnllll:lfcl' il:l invultct! by hulding- 'CAB "high", l)'l'/Ol!! "low" und Wil/Wl!! "high" ut 

the falling edge of RAS. The row address selected at the falling edge of RAS determines the RAM 

row to be transferred into the SAM. The transfer cycle is completed at the rising edge of lYl'/0E. 

When the transfer is completed, the SAM port is set into the output mode. 

In a read I real time read transfer cycle, the transfer of a new row of data is completed at the 

rising edge of DT I OE' and this data becomes valid on the SIO lines after the specified access time 

tSCA. from the rising edge of the subsequent serial clock (SC) cycle. The start address of the serial 

Pointer of the SAM is determined by the column address selected at the falling edge of CAS. 
Figure 5 shows the operation block diagram for read transfer operation. 
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512x512x4 bits 
Memory Cell Array 

Serial Read 

Figure S. Block Diagram for Read Transfer Operation 

In a read transfer cycle (which is preceded by a write transfer cycle). the SC clock must be 

held at a constant VIL or VIH. after the SC high time has been satisfied. A rising edge of the SC 

clock must not occur until after the specified delay t'l'SD from the rising edge of DT lOE. as shown 

in Figure 6. 

RAS ----1 1~-------------------------J 
Q 

CAS --.! 1H 

Ao-As ~ SAM Start _ 

~ 
WB/WE~~H~ 

Df/OE~ ~L 1 ~ 
sc ~"'---:--"I'"--:I:-n-;-hi;-;-b-;-it-::R:-:-is-:-in-g-T=-r-a-ns-:-:it-;-io-n~~ , .~ 

:~:"""" y 
510 -------------------.----.---~ 

Figure 6. Read Transfer Timing 

In a real time read transfer cycle (which IS preceded by another read transfer cycle). the 

previous row data appears on the SIO lines until the DT lOE signal goes "high" and the serial 

·access time tSCA for the following serial clock is satisfied. This feature allows for the first bit of 

the new row of data to appear on the serial output as soon as the last bit of the previous row has 

been strobed without any timing loss. To make this continuous data flow possible. the rising edge 

of DT / OE must be synchronized with RAS. CAS and the subsequent rising edge of SC (tRTH. tCTII. 

and tTSL/tTSD must be satisfied), as shown in Figure 7. 

The timing restriction tTSLI tTSD are 5ns min I 15ns min. 
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Ao-Ae 

sc 

Previous Row Data -i_New Row Data 

Figure 7. Real Time Read Transfer 

WRITE TRANSFER CYCLE 

A write transfer cycle consist of loading the content of the SAM register into a selected row of 

the RAM array. If the SAM data to be transferred must first be loaded through the SAM port, a 

pseudo write transfer operation must precede the write transfer cycles. . However, if the SAM port 

data to be transferred into the RAM was previously loaded into the SAM via a read transfer, the 

SAM to RAM transfer can be executed simply by performing a write transfer directly. A write 

transfer is invoked by holding CAS "high", DT/CJE "low", WB/WE "low" and 'SE "low" at the 

falling edge of RAS. 
Figure 8 and 9 show the timing diagram and block diagram for write transfer operations, 

respectively. 

~ \ t 
~ -----------------

-.I iH r 
WB/WE 

~sAMStart ~ 
JJJ»/77/////7/ :L ~ 
W/tW//tW///4 r ~ 
~tL 

tL~ 
~-=lnh=ib=it~Ri=sin=g~Tr=an=sit=io~n __ ~ ___ ~ sc 

Data In Data In 

Figure 8. Write Transfer Timing 
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The row address selected at the falling edge of RAS determines the RAM row address into 

which the data will be transferred. The column address selected at the falling edge of CAS 
determines the start address of the serial pointer of the SAM. After the write transfer is 

completed, the SIO lines are set in the input mode so that serial data synchronized with the SC 

clock can be loaded. 

5AM 5tart Address ~~ 510,-5104 

~ I L-foti L-J 

o 

Ao-Aa 
., 

512 x 4bits -g 
., - Selected 
Cl Row 
s: 512x512x4bits 
0 

cr: Memory Cell Array 

Figure 9. Block Diagram for Write Transfer Operation 

When consecutive write transfer operations are performed, new data must not be written into 

the serial register until the MS cycle of the preceding write transfer is completed. Consequently, 

the SC clock must be held at a constant VIL or Vnr during the RAS cycle. A rising edge of the 

SC clock is only allowed after the specified delay tSIW from the rising edge of MS, at which time 

a new row of data can be written in the serial register. 

PSEUDO WRITE TRANSFER CYCLE 

A pseudo write transfer cycle must be performed before loading data into the serial register 

after a read transfer operation has been executed. The only purpose of a pseudo write transfer is 

to change the SAM port mode from output mode to input mode (A data transfer from SAM to RAM 

does not occur). After the serial register is loaded with new data, a write transfer cycle must be 

performed to transfer the data from SAM to RAM. A pseudo write transfer is invoked by holding 

CAS "high", DT / OE "low", WB / WE "low" and BE "high" at the falling edge of RAB. The timing 

conditions are the same as the one for the write transfer cycle except for the state of BE at the 

falling edge of RAS. 
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REGISTER OPERATION SEQUENCE (EXAMPLE) 

Figure 10 illustrates an example of register operation sequence after device power-up and 

initialization. After power-up, a minimum of 8 RAS and 8 SC clock cycles must be performed to 

properly initialize the device. A read transfer is then performed and the column address latched 

at the falling edge of u.AS sets the SAM tap pointer location which up to that point was in an 

undefined location. Subsequently, the pOinter address is incremented by cycling the serial clock 

SC from the starting location to the last location in the register (address 511) and wraps around to 

the least significant address location. The SAM address is incremented as long as SC is clocked. 

r 
~--~~~~I~----------------~--------~ 

~ .. J/ ! 

.. ff~ff~ 
i i Serial 

5C 

Serial Output l l Input 

t 511,----------o-e-v-iC-eS-(-1)~!~· ------------------~--------------------~--~----

!~~ter .......................................... \ 

..... ········~~~·i~~~·i2i·: L --

·· .. · .. R·~~et I Set SAM 7: 
ointer : 

Pointer Location 
Undefined 

Figure 10. Example of SAM Register Operation Seguence 
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The next operation is a pseudo write transfer which switches the SAM port from output mode to 

input mode in preparation for write transfers. The column address latched at the falling edge of 

CAS during the pseudo write transfer sets the serial register tap location. Serial data will be 

written into the SAM starting from this location. 

TRANSFER OPERATION WITHOUT CAS 

During all transfer cycles, the CAS input clock must be cycled, so that the column address are 

latched at the falling edge of CAS, to set the SAM tap location. If CAS was maintained at a 

constant "high" level during a transfer cycle, the SAM pointer location would be undefined. 

Therefore a transfer cycle with CAs held "high" is not allowed (Refer to the illustration below). 

~ __________________ ~r----
~ __________ ~r----

Address ~_...::S::...;A~M:...S::.:t:::.:ar~t_J'W,''''''~'''''''''''''''''''''''''''''''''''==," 

~ __________________ ~r----

Address Row 

READ TRANSFER CYCLE AFTER READ TRANSFER CYCLE 

} 

Proper 
Transfer 
Cycle 

} 

Not 
Allowed 

Another read transfer may be performed following the read transfer provided that a minimum 

delay of 30ns from the rising edge of the first clock SC is satisfied (Refer to the illustration shown 

below). 

sc 

Transfer Operation 
I • 

i30nsi ,-, 
I I 

Next Transfer: 
, I ''''''''t----- Next Transfer Operation is allowed. 
Not Allowed 1 
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POWER-UP 

Power must be applied to the ![Ag and DT I'OE input signals to pull them "high" before or at 

the same time as the Vee supply is turned on. After power-up, a pause of 200 lls~conds minimum 

is required with nAS and DT/nE held "high". After the pause, a minimum of 8 RAS and 8 SC 

dummy cycles must be performed to stabilize the internal circuitry, before valid read, write or 

transfer operations can begin. Dul'ing the initialization period, the M/OE signal must be held 

"high". If the internal refresh counter is used, a minimum 8 'CAS-before-RAS" initialization cycles 

are required instead of 8 RAS cyoles. 

INITIAL STATE AFTER POWER-UP 

When power is achieved with MS, CAS, DT fOE and WB fWE held "high", the internal state 

of the TC524256BJ I BZ is automatically set as follows. 

However, the initial state can not be guaranteed for various power-up conditions and input 

signal levels. Therefore, it is recommended that the initial state be set after the initialization of 

the device is performed (200 llseconds pause followed by a minimum of 8 RAS cycles and 8 SC 

cycles) and before valid operations begin. 

State after power-up 

SAM port Input Mode 

WM 1 Register Write Enable 

lAP pointer Invalid 
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262, 144WORDSx481TS MULTIPaRT DRAM 

DESCRIPTION 

PRELIMINARY 

The TC524258B.JlBZ is a CMOS multiport memory equipped with a 262, 144-words by 4-bits dynamic random 

access memory (RAM) port and a 512-words by 4-bits static serial access memory (SAM) port. The 

l'C52.1258BJISZ supports three types of operations: random access to and from the RAM port, high speed 

serial aceess t.o and from the SAM port and bidirectional transfer of data between any selected row in the RAM 

port and the SAM port. The RAM port and the SAM port can be accessed independently except when data is 

being transferred between them internally. In addition to the conventional multiport video RAM operating 

modes, the TC524258BJIBZ features the block write and flash write functions on the RAM port and a split 

register data transfer capability on the SAM port. The TC524258BJIBZ is fabricated using 'Ibshiba's CMOS 

silicon gate process as well as advanced circuit designs to provide low power dissipation and wide operating 

margIns. 

FEATURES -.. . .~ 

ITEM 
TC524258BJ/BZ 
-80 -10 

tRfI!: RAS Access Time (Max.) 80ns lOOns 
teN' CAS Access Time (Max.) 25ns 25ns 

tAA Column Address Access Time (Max.) 45ns SOns 

tRC Cycle Time (Min.) 150ns 180ns 
tpc Pa£le Mode Cycle Time (Min.) 50ns 55ns . 

tSCA Serial Access Time (Max.) 25n5 25n5 

tscc Serial Cycle time (Min.) 3005 30ns 

ICCl RAM Operating Current 85mA 70mA 
(SAM: Standby) 

leGA SAM Operating Current SOmA SOmA 
(RAM: Standby) 

Ico Standby Current lOrnA 10mA 

• Single power supply of 5V±lO% with a built-in 
VU13 generator 

• All inputs and outputs: 'lv:I'L Compatible 

PIN NAME 

AO-A8 Address inputs 
RAS Row Address Strobe 
CAS Column Address Strobe 
of /Ce Data Transfer I Output Enable 
VIis/We Write per Bit/Write Enable 
DSF Special Function Control 
Wl/101-W4/104 Write Mask / Data IN, OUT 
SC . Serial Clock 
~ Serial, Enable 
5101 ... 5104 Serial Input I Output 

I QSF Special Fila OutDut 
y".:.c/Vss Power (5V) I Ciround 

N. C. No COM.ctlon 
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SC 
5101 
5102 

i5'f/OE 
Wl/101 
W2/102 
r;mtWE 

NC 
ltb.~ 

A8 
A6 
AS 
A4 

Vee 

• Organization 
RAM Port : 262,144wordsX4bits 
SAM Port : 512wordsX4bits 

• H.AM Port 
l·'ast Page ModS' Read - Modify - Write 
CAS before RA Refresh, Hidden Refresh 
RAS only Refresh, W ri te per Bi t 
Flash Write, Block Write 
512 ,refresh cycles / 8ms 

• SAM Port 
High Speed Serial Read/Write Capability 
512 Tap Locations 
Fully Static Register 

• RAM - SAM Bidirectional Transfer 
Read/Write/Pseudo Write Transfer 
Real Time H.ead 'l'ransfer 
Split Read/Write Transfer 

• Package 
'l'C52425SDJ : SOJ2S - P - 400 
TC524258BZ : ZIP28 - P - 400 

PIN CONNECTION 
TC5242S8BJ TC524258BZ 

[ ~ 28 ~ 
27

0 [ 3 26 

I ~ 25 
24 

~ ; 23 
22 

8 21 
9 20 
10 19 
11 18 
12 17 
13 16 
14 15 

VS5 DSF 1 2 
5104 W4/104 3 4 
SI03 5103 5 6 
st Vss 7 8 
W4/104 SI01 9 10 
W3/103 ci'tIC5E 11 12 
DSF W2/J02 13 14 
m NC 15 16 
QSF A8 17 18 
AO AS 19 20 
Al Vee 21 22 
A2 A3 23 24 
A3 Al 2S 26 
A7 QSF 27 28 

W3/I03 
SE 
5104 
SC 
SI02 
Wl1101 
w'BIWr. 
m 
A6 
A4 
A7 
A2 
AO 
~"1 

20Pln 400mil SOJ 
JEOEC Stl.lndard 

2aPin 400mll height ZIP 
JEDEC Standard 
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----------

B LOCK DIAGRAM 
Wl1101-W4/104 

CI: 
LU 

8 u 
LU 
o 

~ .... 
o 
u 

AO-A8 

S101-S104 

512x512x4 

CELL 

ARRAY 

QSF 

1 1 
Vee Vss 
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ABSOLUTE MAXIMUM RATINGS 

SYMBOL ITEM RATING UNIT NOTE 

VIN. VOUT Input Output Voltage - 1.0-7.0 V 1 

Vee Power Sl,Ipply Voltage -1.0-7.0 V 1 

TOPR Operating Temperature 0-70 ·C 1 

TSTG Storage Temperature - 55-150 ·C 1 

TSOLOER Soldering Temperature' Time 260'10 ·C·sec 1 

Po Power Dissipation 1 W 1 

lOUT Short Circuit Output Current SO mA 1 

RECOMMENDED D.C. OPERATING CONDITIONS (Ta = 0-70°e) 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTE 

Vee Power Supply Voltage 4.5 5.0 5.5 V 2 

VIH Input High Voltage 2.4 - 6.5 V 2 

VIL Input Low Voltage -1.0 - 0.8 V 2 

CAPACITANCE (Vee = 5V, f=1MHz, Ta=25°e) 

SYMBOL PARAMETER MIN. MAX. UNIT , 
CI Input Capacitance - 7 

CIO Input I Output Capacitance - 9 pF 

Co Output Capacitance (QSF) - 9 

Note: This parameter is periodically sampled and is not 100% tested. 
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D.C. ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70°e) 

TC524258BJ I BZ-80 TC524258BJlBZ-l0 
ITEM (RAM PORT) SAM PORT SYMBOL UNIT NOTE 

MIN. MAX. MIN. MAX. 

OPERATING CURRENT Standby ICCI - 85 - 70 3,4 

eRAS, CAS ~YcJin9 ) -
tRC = tRC min. Active ICCIA - 125 - 110 3,4 

-
STANDBY CURRENT Standby ICC2 - 10 - 10 

(RAS, CAS = VIH) -
Active ICGA - 50 - 50 3,4 

-
RAS ONLY REFRESH CURRENT Standby ICC3 - 85 - 70 3,4 

(RAS Cyclin~, CAS = VIH ) -
tRC: tRC min. 

Active ICC3A - 125 - 110 3,4 

-
PAGE MODE CURRENT Standby Icc4 - 75 - 60 3,4 

( RAS : VIL, ~ Cycling ) -
Active ICC4A - 115 - 100 3,4 

tpc: tpc min. 
mA -

CAS BEFORE RAS REFRESH CURRENT Standby ICC5 - 85 - 70 3,4 

C'~AS Cyclin~, CAS Before AAS) -
tRC = tRC min. 

Active ICC5A - 125 - 110 3,4 

-
DATA TRANSFER CURRENT Standby ICC6 - 105 - 90 3,4 

(RAS, CAS ~yclin9 ) -
Active ICC6A - 145 - 130 3,4 

tRC = tRC min. 
,--

FLASH WRITE CURRENT Standby ICC7 - 85 - 70 3,4 

(if AS', CAS ~YCling ) --
tRC: tRC min. Active ICC7A - 125 - 110 3,4 

-
lllOCK WRITE CUHHENT Sl.lIldby I (.IJ - 95 - 80 ::1,4 

C~AS" c:As ~YcJing) -
tRC = tRC min. Active 1((8A - 135 - 120 3,4 

ITEM SYMBOL MIN. MAX. UNIT NOTE 

INPUT LEAKAGE CURRENT 
II(L) 

OV:iV,N::;;6.SV, All other pins not under test=OV 
-10 10 J.IA 

OUTPUT LEAKAGE CURRENT 
IO(L) -10 10 llA 

OV ~ VOUT:ii S.SV, Output Disable 

OUTPUT "H" LEVEL VOLTAGE 
VOH 2.4 V -

IOUT= - 2mA 

OUTPUT "LH LEVEL VOLTAGE 
VOL 0.4 V -

lOUT: 2mA 
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.C. OPERATING CONDITIONS 

(Vee = 5V ± 10%, Ta = 0-70°C) (Notes: 5, 6, 7) 

TC52<12SflBJ I BZ·BO TC52<1251111J I BZ·l 0 
SYMllOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. 

t,lC Random Read or Write Cycle Time 150 180 
I-

tRMw Read· Modify· Write Cycle Time 195 235 
I-- I-

tpc Fast Page Mode Cycle Time 50 55 
I-

tpRMW Fast Page Mode Read· Modify· Write Cycle 90 100 

Time 
I--

tRAC Access Time from ro 80 100 ~ 
tAA Access Time from Column Address 45 50 ~ 
tCAC Access Time from CAS 25 2S ~ 
tCPA Access Time from CAS Precharge 45 50 ~ 
tOFF Output Buffer Turn· Off Delay 0 20 0 20 10 .. 

"0' I--
tr Transition Time (Rise and Fall) 3 35 3 35 7 

I-
tRP RAS Precharge Time 60 70 

I-
tRAS m Pulse Width 80 10000 100 10000 

I--
tRASP RAS Pulse Width (Fast Page Mode Only) 80 100000 100 100000 

I-
trmi RAS Hold Time 25 25 

I-
tCSH CAS Hold Time 80 100 ns ,--- I-
tCAS CAS Pulse Width 25 10000 25 10000 

I--
tRCD RA5 to CAS Delay Time 20 55 20 75 14 

I-
tRAD RAS to Column Address Delay Time 15 35 15 SO 14 

I--
tRAL Column Address to 'RAS Lead Time 45 SO 

I-
tCRP CAS to RAS Precharge Time 10 10 

I--
tCPN CAS' Precharge Time 10 10 

I-
tcp CAS Precharge Time (Fast Page Mode) 10 10 

I-
tASR Row Address Set - Up Time 0 0 

I-
tRAH Row Address Hold Time 10 10 

I-
tASC Column Address Set - Up Time 0 0 

I-
LCAH Column Address Hold Time 15 15 

I-
tAR Column Address Hold Time referenced to RAS' 55 70 

I-
tRCS Read Command Set- Up Time 0 0 

I-
tRCH Read Command Hold Time 0 0 11 

I-
tRRH ~ Command Hold Time referenced to RAS 0 0 11 ---- I-
tWCH Write Command Hold Time 15 15 

r' I-
tWCR Write Command Hold Time referenced to RAS 55 70 

I-
twp Write Command Pulse Width 15 15 

I--
tRWL Write Command to RAS Lead Time 20 2S 

I--
tCWL Write Command to CAS Lead Time 20 25 
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SYMBOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. 

tps Data Set-Up Time 0 0 12 
r---

tpH Data Hold Time 15 15 12 
I--

tpHR Data Hold Time referenced to ~ 55 70 r---
twes Write Command Set-Up Time 0 0 13 

I--
tRWO RAS to WE Delay Time 100 130 ns 13 r---
tAWO Column Address to WE Delay Time 65 80 13 

r---
tcwo CM to wt Delay Time 45 55 13 r---
tOle Data to CA~ Delay Time 0 0 r---
tozo Data to O~ Delay Time 0 0 

r---
tOEA Access Time from <5t 20 25 8 

I--
tOEZ Output Buffer Turn - off Delay from DE 0 10 0 20 10 

I--
tOED DE to Data Delay Time 10 20 

I---
tOEH at Command Hold Time 10 20 

r---
tROH m Hold Time referenced to DE 15 15 

I---
tCSR CAS Set· Up Time for m Before m Cycle 10 10 

~ 

tCHR m Hold Time for m Before AAS Cycle 10 10 -tRPC AAS Precharge to CAS Active Time 0 0 

tREF Refresh Period 8 8 ms 

tWSR we Set-Up Time 0 0 
I---

tRWH we Hold Time 15 15 
I--

tFSR DSF Set· UP Time referenced toRAS 0 0 
I--

tRFH DSF Hold Time referenced to RAS(l) 15 15 
I--

tFHR DSF Hold Time referenced to RAS (2) S5 70 
r---

tFSC DSF Set· Up Time referenced to CAS 0 0 

tCFH DSF Hold Time referenced to m I--
15 15 -

tMS Write· Per - Bit Mask Data Set· Up Time 0 0 ns 
-

tMH Write· Per· Bit Mask Data Hold Time 15 15 -
tTHS bj High Set· Up Time 0 0 -
tTHH D'f High Hold Time 15 15 -
tns l5T Low Sot· Up Time 0 0 -
tTlH D'i' Low Hold Time 15 10000 15 10000 -
tRTH D'f Low Hold Time referenced to, RAS 65 10000 80 10000 

(Real Time Read Transfer) -
tATH. D'f Low Hold Time referenced to Column 30 30 

Address (Real Time Read Transfer) 

Of. Low Hold Time referenced to CAS 
r---

tCTH 25 25 

(Real Time Read Transfer) 
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TC524258BJ I BZ-80 TC524258BJ I BZ-l 0 
SYMBOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. 

t,C,R s-e Set-Up Time referenced to RAS 0 0 
r---

tkEH 51: Hold Time referenced to RAS 15 15 
r---

tTRP of to RAS Precharge Time 60 70 r--
tTP D'f Precharge Time 20 30 

I---
tkSD .i~AS to First SC Delay Time (Read Transfer) 80 100 

r---
tASD Column Address to First SC Delay Time 45 50 

(Read Transfer) 
r---

tCSD CAS to First SC Delay Time (Read Transfer) 25 25 -
tnL Last SC to of Lead Time 5 5 

(Real Time Read Transfer) -
trso DT to First SC Delay Time (Read Transfer) 15 15 -
tSRS Last SC to RAS Set - Up Time (Serial Input) 30 30 -
tSRD RAS to First SC Delay Time (Serial Input) 25 25 -
tSDD 'MS to Serial Input Delay Time 50 50 -
tSDZ Serial Output Buffer Turn - off Delay from RAS 10 50 10 50 10 

(Pseudo Write Transfer) -
tscc SC Cycle Time 30 30 ns -
tsc SC Pulse Width (SC High Time) 10 10 -
tscp SC Precharge Time (SC low Time) 10 10 -
tSCA Access Time from SC 25 25 9 -
tSOH Serial Output Hold Time from SC 5 5 -
tSDS Serial Input Set - Up Time 0 0 -
tSDH Serial Input Hold Time 15 15 -
tSEA Access Time from SE 25 25 9 

r---
tSE SE Pulse Width 2S 2S 

r---
tSEP 51: Precharge Time 25 25 

r---
tSEZ Serial Output Buffer Turn - off Delay from SE 0 20 0 20 10 

I---
tSZE Serial Input to SE Delay Time 0 0 

r---
tszs Serial Input to First SC Delay Time 0 0 

I---
tsws Serial Write Enable Set-Up Time 0 0 

r---
tSWH Serial Write Enable Hold Time 15 15 

I---
tSWIS Serial Write Disable Set- Up Time 0 0 

r---
tSWIH Serial Write Disable Hold Time 15 15 

r---
tSTS Split Transfer Set-Up Time 30 30 

r---
tSTH Split Transfer Hold Time 30 30 _. r---
tSQo SC - QSF Delay Time 25 25 

i----
t1QO DT - QSF Delay Time 25 25 

I---
tCQo CAS - QSF Delay Time 35 35 

I---
tRQD RAS - QSF Delay Time 75 90 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. 

2. All voltage are referenced to Vss. 

3. These parameters depend on.cycle rate. 

4. These parameters depend on output loading. 
output open. 

Specified values are obtained with the 

5. An initial pause of 20011S is required after power-up followed by any 8 RAS cycles (DT lem 
"high") and any 8 SO cycles before proper device operation is achieved. In case of using 
internal refresh counter. a minimum of 8 'OKS before UAS initialization cycles instead of 8 
RAS cycles are required. 

6. AC measurements assume trr = 5ns. 

7. VIH (min.) and VIL(max.) are reference levels for measuring timing of input signals. Also. 
transition times are measured between Vm and VIL. 

8. RAM port outputs are measured with a load equivalent to 1 '.l"rL load and 100pF. 
DoV'!' reference levels: VOU/VOL=2.0V IO.SV. 

9. SAM port outputs are measured with a load equivalent to 1 'ITL load and 30pF. 
DOV'l' reference levels: VOl-I IVOL=2.0V 10.BV. 

10. tOFF(max.). tOEZ(max.) , tSDZ(max.) and tSEZ(max.) define the time at which the outputs 
achieve the open circuit condition and are not referenced to output voltage levels. 

11. Either tneH or tRRH must be satisfied for a read cycles. 

12. 'rhese parameters are referenced to CAS leading edge of early write cycles and to WH IWE 
leading edge in OE-controlled-write cycles and read-modify-write cycles. 

13. twCS. tRWD. tcWD and tAWD are not restrictive operating parameters. They are included 
in the data sheet as electrical characteristics only. If twcs~ twcs (min.). the cycle is an 
early write cycles and the data out pin will remain ,open circuit (high impedance) 
throughout the entire cycle; If tHWD~ ~RWD (min.), tcWD~ tcWD (min.) and tAWD~ tAWD (min.) 
the cycle is a read~modify-write cycle and the data out will contain data read from the 
selected cell: If neither of the above sets of conditions is satisfied, the condition of the 
datu. out (at access time) is indeterminate. 

14. Operation within the tRCD (max.) limit insures that tRAC (max.) can be met. 
tRCD (max.) is specified as a refarellce point only: If tRco is greater than the specified 
tHCD (max.) limit. then access time is controlled by tcAC. ' 

15. Operation within the tRAD (max.) limit insures that tRAC (max.) can be met. tRAD (max,) is 
specified as a reference point only: If tRAD is greater than the specified tRAD (max.) limit. 
then access time is controlled by tAA. 
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TIMING WAVEFORM 

HEAD CYCLE 

V1H -m 
VIL -

CAS 
VIIi 

V 1L 

AO-A8 
V1H 
V 1L 

WB/~VE 
V 1H 
V 1L 

DTiOE 
V1H 

V 1L 

DSF 
V 1/-1 

VIL 

IN 
V 1H 

I VIL 

\//~ I iO 1 tAA 

-W4i104 

L- OUT 
VOH -

VOL -

fD : "W or "L" 
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wm'l'I~ CYCLE (gARL Y WRITE) 

RAS 

CAS 

AO-AS 

WS/WE 

DT/CE 

DSF 

I 
IN 

'111/101 
-W4/t04 

L_ 
OUT 

V,H 
V,\. 

V,H 
V,L 

V,H 
V,L 

V,H 
V,L 

V,H 
v,\. 

V,H 
VI\' 

V'H 
V,L 

VOH-
VOL -

OPEN 

*1 WB/W£ Wl/101-W4/104 

0 WMl data 

1 Don't Care 

WM 1 data: 0: Write Disable 
1 : Write Enable 
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Cycle 
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WRITE CYCLE (OE CONTROLLED WRITE) 

RAS 
V1H -

VIL -

V 1H CAS 
VIL 

AD-A8 
V!H 
V 1L 

we/WE 
V1H 

VIL 

DT/OE 
V1H 
V 1L 

DSF 
VIH 

VIL 

IN 
V 1H 

I VIL 

Wl/IOl 
-W4/104 

'-- OUT 
VOH-

VOL -
OPEN 

*1 WB/wt Wl/IOl-W4/I04 

0 WMl data 

1 Don't Care 

WM 1 data: 0: Write Disable 
1: Write Enable 
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Cycle 
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Normal Write 



T~~"4 ""AR_I/R7_An T~""4 ""AR_I/R7 _1 n . -..,-~-----. -- --, . ---~----_ . ..,- .-

READ - MODIFY - WRITE CYCLE 

-RAS 

CAS 

AO-A8 

ws/We 

"i5l/-o1 

DSF 

r- IN 

W1/101 
-W4/I04 

L_ 
OUT 

VIH 

VIL 

V IH 
V1L 

V 1H 
V IL 

V 1H 

VIL 

V IH 
V 1L 

V IH 
V IL 

VIH 

VIL 

VOH -

VOL -
OPEN 

*1 WB /WE W1/I01-W4/I04 

0 WM1 data 

1 Don't Care 

V/M1 data: 0: Write Disable 
1: Write Enable 
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Cycle 
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FAST PAGTD MODE READ CYCLE 

RAS 

CAS VIH 
V 1L 

AO-A8 VIH 
V 1L 

ViB/WE V 1H 

VIL 

bT/GE VIH 

VIL 

DSF V1H 
V 1L 

r- 1N VIH 
Vll 

W, /101 
-'N4/104 

LOUT VOH -

VOL -

_ :"H"or"L" 
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Tr.~~4~~AR_I/R7_An Tr~?4?~AR_I/R7_1n . --- . ----_. -- --, . -----------, -- .-

FAST PAGE :MODE WRITE CYCLE (EARLY WRITE) 

AO-AS 

WS/WE 

DSF 

r-- 'N 

WI 1101 
-W4/104 

LOUT VOH ------------------------------------------------OPEN-----------------------------------------------VOL -

*\ WB/WE Wl/IO\-W4/104 

0 WMI data 

1 Don't Care 

WMI data: 0: Write Disable 
1: Write Enable 
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Write per bit 
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FAs'r PAGt~ 'MODE READ· MODIFY· WHITE CYCLE 

RAS 

CAS 

AO-AS 
Viii 

VIL 

~'iB/WE 
VIH 
V 1L 

i5'f/OE 
VIH 

VIL 

DSF 
VIH 

VI~ 

IN 
V IH 

r-- VIL I 
W1/101 
-W41104 

L_ OUT 
VOH -

VOL -

*1 \VS/WE W1 I 101-W41 104 

0 WM1 data 

1 Don't Care 

WMI data: 0: Write Disable 
1 : Write Enable 
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Cycle 

Write per bit 

Normal Write 
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CAS BEFORE RAS REFRESH CYCLE 

CAS V,H 
V,L 

WB/m V,H 
V,L 

Df/DE V,H 
V'L 

DSF V,H 
V,L 

Wl1101 VOH 
-W4/104 VOL 

()--------- OPEN --~-----

Note: AO - AS = Don't Care (" H" or "L") _:"H"or"L" 
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HIDDEN REFRESH CYCI,E 

RAS 
V,H -
V'L -

cAs 

AO-A8 
V,H 
V,L 

WB/W~ 
V,H 
V,L 

Df(oE" 

DSF 
V,H 
V,L 

W11101 VOH 
-W4/10tl VOL 

ImI : "H" or "L· 
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LOAn COLOI1-'pJ~GISTER CYCLE 

RAS VIH -

VIL -

VIH -
CAS 

VIL -

AO-AS 
VIH 

VIL 

WB I VilE VIH 

VIL 

"()flOE 
VIH 

VIL 

DSF 
VIH 

VIL 

VIH 

I VIL 

Wl/101 
-W4/104 

L- VIH 

VIL 

(Early Write) 

_ : "H" or "L" 
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nI;;/\ n COLOR RgarSl'rm CYCLB 

VIH -
HAS V 1L -

V 1H CAS 
VIL 

AD-AS 
V1H 
V 1L 

Dr (OE 
V 1H 
V 1L 

INs/We V1H 
V 1L 

DSF 
V1H 
V 1L 

W1/101 VOH-
-W4//04 VOL -

- .: "HH or "L· 
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FLASH WRITE CYCLE 

VIH -
RAS 

\Ill -

CAS 

AO-A8 
V IH 
V IL 

WS/WE VI" 
Vil 

-Df/OE V: H 
Vil 

JSF 
V: H 
V il 

I 
I ~J WMl DATA 

Wl/101 
-W4/104 

L- OUT 
VOH -
Val - ------------------------OPEN------------------------

_ : "H"or"L" 

WMl DATA CYCLE 

0 Flash Write Disable 

1 Flash Write Enable 
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!JLOCK WHITE CYCLE 

RAS 
V 1H 

V1L 

CAS VIH 

V1L 

AO-A8 
V1H 

vlL 

WB/Wf 
VIH 

V1L 

DUOE VIH 

VIL 

DSF 
Viii 

VIL 

IN 
IIIH 

I V 1L 

Wl1101 
-W4/104 

L_ OUT 
VOH -

VOL -

·1 WS/We "2 Wl1101-W4/104 

0 WM1 Data 

1 Don't Care 

WM 1 data: 0: Write Disable 
1: Write Enable 

*31 COLUMN SELECT 

OPEN 

CYCLE 

Masked Block Write 

Block Write (Non Mask) 

W11101 - Column 0 (A,C=O, Aoe=o)~} 
W21102 - Column 1 (A,e=O, Aoe= 1) WnllOn 
W31103 - Column 2 (A,e= I, Aoe= 0) = 0 : Disable 
W4/104 - Column 3 (A,e= 1, Aoe= 1) = 1 : Enable 
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PAGE MODE BLOCK WRITE CYCLE 

RAS VIH 

VIL 

CAS V1H 

VIL 

AO-AS VIH 

VIL 

O"i'/OE VIH 
VIL 

INs/we VIH 

VIL 

DSF VIH 

VIL 

Wl/101 V1H 
-W4/I04 VIL 

*1 WlJ/VR. *2 W1/101-W41104 

0 WM1 Data 

t Don't Care 

WM 1 data: 0: Write Disable 
1: Write Enable 

*3) COLUMN SELECT 

B :"HH or "LH 

CYCLE 

Masked Block Write 

Block Write (Non Mask) 

W1/101 
W2/102 
W3/103 
W41104 

- Column 0 (AIC = 0, Aoe = 0) 
- Column 1 (Ale = 0, Aoe = 1) 
- Column 2 (Ale = 1, Aoe = 0) 
- Column 3 (Ale = 1, Aoe = 1) 

} 

Wn/iOn 
= 0: Disable 
= 1: Enable 
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READ TRANSFER CYCLE (Previous Transfer is WRITE TRANSFER CYCLE) 

Wl/101 VOH 

-W41104 VOL ----..:or 

sc 

VIH I IN VIL 

5101 
-5104 

L- OUT VOH-________ ~--______ ----__ ----------------~----_o 
VOL - ~:.:.::::.:;:,:;::.:.;t 

QSF 

Note : SE = VIL 

rmI : "W or "L·· 
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REAL TIME READ TRANSFER CYCLE 

Wl/101 
-W4/104 

sc 

V1H ------t-------I IN VIL-

5101 
-5104 

L- OUT 

QSF 

------ Previous Row Data ------I---,i----- New Row Data 

VOH - TAP MSS (AS) 
VOL-~ ___________________________ _J ~ ____ -----------------

Note : SE = V1L 
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BPLIT READ 'l'RANSFER CYCLE 

QSF VOH -

VOL ••••••••• 

Lower SAM 0 - 255 

_ ;"H" or OIL" 

Note: SE = V1L 
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~~IJDO~VRI1'E TRANSFER CYCLE 

RAS 

Wl/101 
-W4/104 

sc 

VIH -_...;..-+-+-+ ____ -+ __ +_< 
I IN V1L -

5101 
-5104 

L- OUT 

QSF 

VOH-

VOL-~ __ ~ __ ~~-~ ____ ~~i 

Serial Output Data 
I 
I -: 
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WRITE TRANSFER C_YCLE 

AO-A8 

WIT/WE 

DSF 

Wl/101 
-W4/I04 

5101 
-5104 

SC 

IN 

L __ OUT 

QSF 

VOH - -------"---- OPEN ----+----------.. -------
VOL ...: 

VOH 

VOL - _______ ~--------__ ---J ~-------_+-------___ 
Previous 
Row Data 

1 _I 
1 

WMl data; 0; Transfer Disable 
1: Transfer Enable 
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SPLIT WRITE 'rRANSFER CYCLE 

rfA5 V 1H 
VIL 

CAS V 1H 

VIL 

AO-A8 V 1H 

VIL 

WB/WE VIH 

VIL 

"!Sf/DE lilH 

VIL 

DSF VIH 

VIL 

Wl/IOl 
-W4/104 

SC VIH 

VIL 

5101 VIH 
-5104 VIL 

QSF VOH -

VOL --; ......... 

Note: SE = VIL 

TC524258BJ/BZ-80, TC524258BJ/BZ-10 

Lower SAM 0 - 255 

Upper SAM 256 - 511 
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RAS VIH 
VIL 

DTt'b-E" V IH 
VIC 

SC VIH 
VIL 

SIOl 
-5104 

Note: SE = VIL 
ImJ : "HI' or "L" 

SERIAL READ CYCLE (SE Controlled Outputs) 

DT/oE VIH 

VIL 

SC 
VIH 
V IL 

SE VIH 

VIL 

IN 
VIH 

r VIL 

SIOl 
-S104 

L. OUT VOH 

VOL 
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SE~.TAL WHITE CYCLE (SE
o

=VJ.L2. 

RAS VIH 
VJL 

Of/DE VIH 
V 1L 

5C ViH 

VIL 

5101 VIH 
-5104 VIL 

Note : s1" = VIL _ :"H" or"L" 

SERIAL WRITE CYCLE (SE Controlled I!lP-~ 

RAS 
VIH 

VIL 

DT/OE 
V1H 

VIL 

5C 
VIH 

VIL 

SE 
V1H 

VIL 

IN 
V1H 

r:- VIL 

5101 
-5104 

l_ 
OUT 

VOH-

VOL -
____ --0---------- OPEN ------_______ _ 

_ : "W or "L" 
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PIN FUNCTION 

AD.PRESS INPUTS : An - As 

The 18 address bits required to decode 4 bits of the 1,048,576 cell locations within the dynamic 

HAM memory array of the TC524258BJ /BZ are multiplexed onto 9 address input pins (Ao-AS). 

Nine row address bits are latched on the falling edge of the row address strobe (RAS) and the 

following nine column address bits are latched on the falling edge of the column address strobe 

(CAS). 

ROW ADDRESS STROBE: 'ilAS 

A random access cycle or a data transfer cycle begins at the falling edge of RAS. RAS is the 

control input that latches the row address bits and the states of CAS, ITT/GE, WEI WE, SE and 

DSF to invoke the various random access and data transfer operating modes shown in Table 2. 

RAS has minimum and maximum pulse widths and a minimum precharge requirement which must 

be maintained for proper device operation and data integrity. The RAM port is placed in standby 

mode when the RAS control is held "high". 

COLUMN ADDRESS STROBE: CAS 

CAS is the control input that latches the column address bits and the state of the special 

function input DSF to select, in conjunction with the RA'S control, either read I write operations or 

the special block write feature on the RAM port when the DSF input is held "low" at the falling 

edge of RAS. Refer to the operation truth table shown in Table 1. CAS has minimum and 

maximum pUlse widths and a minimum precharge requirement which must be maintained for 

proper device operation and data integrity. CAS also acts as an output enable for the output 

buffers on the RAM port. 

DATA '1'RANSFEI~/01JTPUT ENABLE: ITT/oR 

The D'l' (CfE input is a multifullction pin. When DT IOE is "high" at the falling edge of RAS, 

RAM port operations are performed and D'I' / OE is used as an output enable control. When the 

D'l' / OE is "low" at the falling edge of RAS, a data transfer operation is started between the RAM 

port and the SAM port. 
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WRITE PEll];!IT /WRITE ENAnLF; : WE/WE" 

'I'he Wn IWE input is also a multifunction pin. When WB /WE is "high" at the falling edge of 

Ri\S, during RAM port operations, it is used to write data into the memory array in the same 

manner as a standard DRAM. When WB / WI~ is "low" at the falling edge of RAS, during RAM 

port operations, the write-per-bit function is enabled. 'rhe WB / WE input also determines the 

direction of data transfer between the RAM array and the serial register (SAM). 

When WJJ /WFJ is "high" at the falling edge of MS, the data is transferred from RAM to SAM 

(read transfer). When 'WB /WE is "low" at the falling edge of RAS, the data is transferred from 

SAM to RAM (masked-write transfer). 

When the write-per-bit function is enabled, the mask data on the Wi/IOi pins is latched into 

the write mask register (WMl) at the falling edge of HAS. Data is written into the DRAM on 

data lines where the write-mask data is a logic "I". Writing is inhibited on data lines where the 

write-mask data is a logic "0". The write-mask data is valid for only one cycle. Data is written 

into the RAM port during a write or read-modify-write cycle. The input data is latched at the 

falling edge of either CAS or WE lWE, whichever occurs late. During an early-write cycle. the 

outputs are in the high·impedance state. Data is read out of the RAM port during a read or 

read-modify-write cycle. The output data becomes valid on the Wi/lOi pins after the specified 

access times from RAS. CAS, iYI' /efE and column address are satisfied and will remain valid as 

long as CAS and ])T / OE are kept "low". The outputs will return to the high-impedance state at 

the rising edge of either CAS or DT / ClE. whichever occurs first. 

SERIAl, CLOCK : SC 

All operations of the SAM port are synchronized with the serial clock SC. Data is shifted in 

or out of the SAM registers at the rising edge of SC. In a serial read. the output data becomes 

valid on the SIO pins after the maximum specified serial access time tSCA from the rising edge of 

SC. The serial clock SC also increments the 9-bits serial pointer C8-bits in split register mode) 

which is used to select the SAM address. The pointer address is incremented in a wrap-around 

mode to select sequential locations after the starting location which is determined by the column 

address in the read transfer cycle. When the pointer reaches the most significant address location 

(decimal 511). the next SC clock will place it at the least significant address location (decimal 0). 

The serial clock SC must be held at a constant Vur or VIL level during read/pseudo write/write 

transfer operations and should not be clocked while the SAM port is in the standby mode to 

prevent the SAM pointer from being incremented. 
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SgRIAL EN ABLE : SE 

The SE input is used to ~nable serial access operation. In a. serial read cycle, SE is used as 

an output control. In a serial write cycle, B"E is used as a write enable control. When SE is 

"high", serial access is disabled, however, the serial address pointer location is still incremented 

when SC is clocked even when SE is "high". 

SPECIAL FUNC'l'ION CONTROL INPUT: nSF 

The DSF input is latched at the falling edge of liAS and CAS and allows for the selection of 

various random port and data transfer operating modes. In addition to the conventional multiport 

DRAM, the special features consisting of flash write, block write, load color register and split 

read / wri te transfer can be invoked. 

SPECIAL FUNCTION ou'rpu'r : QSF' 

QSF is an output signal which, during split register mode, indicates which half of the split 

SAM is being accessed. QSF "low" indicates that the lower split SAM (Bit 0-255) is being 

a.ccessed and QSF "high" indicates that the upper split SAM (Bit 256-511) is being accessed. QSF 

is monitored so that after it toggles and after allowing for a delay of tS'fS, split read I write transfer 

operation can be performed on the non-active split SAM. 

SERIAI~ INPUT I OUTPUT: 8IOl-8I04 

Serial input and serial output share common I/O pins. Serial input or output mode is 

determined by the most recent read, write or pseudo write transfer cycle. When a read transfer 

cycle is performed, the SAM port is in the output mode. When a write or pseudo write transfer 

cycle is performed, the SAM port is switched from output mode to input mode. During subsequent 

write transfer cycle, the SAM remains in the input mode. 
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The RAM port and data transfer operating of the 'rC524258BJ / BZ are determined by the state 
of CAS, f5'l' / GE, WB / WE, SE and nSF at the falling edge of RAS and by the state of nSF' at the 

falling edge of "CAS. The Table 1 and the Table 2 show the operation truth table and the 
functional truth table for a listing of all available RAM port and transfer operation, respectively. 

Table 1 Operation Truth Table 
I CAS falling edge t... r 
~ LI~ 0 1 1 " RAS falling edge 0 
--- - .nSF 
~~/~f$r"S~ 0 1 0 1 OE WE 

0 k * * CAS before RAS Refresh - - - -- --= 
1 0 0 0 

r-
Masked Write Transfer Split Write Transfer with Masked Write Transfer Split Write Transfer with 

1 0 0 1 Pseudo Write Transfer M.sk Pseudo Write Transfer Mask. 

1 0 1 * Read Transfer Split Read Tfilnsfer Read Transfer Split Read Transfer 

1 1 0 * Read IWrite per Bit Masked Flash Write Masked Block Write Masked Flash Write 

1 1 1 * Read/Write Load Color Block Write Load Color 

Table 2. Functional Truth Table 

RASt... CAst. Address W/IO Register 
Write 

Function 
CAS 1:.... Mask CAs Dr/OE ~/We DSF Se DSF RAS t... illL RASL CAsL WEt... WMl Color 

CAS before Ms Refresh 0 .. * .. .. .. - - .. - - - - -
1 0 0 0 0 .. Row TAP WMl .. .. WMl 

Load 
r;."sked Write Transfer use -

Pseudo Writ" Transfer 1 0 0 0 1 .. Row TAP .. .. .. - - -

1 0 0 1 .. .. Row TAP WMl * WMl 
Load 

S~lit Write Transfer - use -
Read Transfer 1 0 1 0 .. .. Row TAP .. .. * - - -

Split Read Transfer 1 0 1 1 * .. Row TAP .. * * - - -

1 1 0 0 .. 0 Row Column WMl DIN WMl 
Load 

Write per Bit -" USe -

1 0 0 * 1 Row 
Column 

WMl 
Column 

WMl 
Load 

Masked Block Write 1 A2C-BC Select - use use 

1 1 0 1 .. .. Row .. WMl .. WMl 
Load 

Masked Flash Write - use use 

Read Write 1 1 1 0 .. 0 Row Column * - DIN - - -
1 1 1 0 .. 1 Row 

Column 
* 

Column 
Block Write A2C-BC Select - - - use 

Lo.,d Color 1 1 1 1 .. .. Row .. .. - Color - - Load 

* : "0" or "1" TAP : SAM start address - : not used 

If the special function control input (DSF) is" in the "low" state at the falling edges of RAS and 

CAS, only the conventional multiport DRAM operating features can be invoked: CAS-before-HAS 

refresh, write transfer, pseudo-write transfer, read transfer and read write modes. If the DSF input is 

"high" at the fa11ing edge of RAS, special features such as split write transfer, split read transfer, flash 

write and load color register can be invoked. If the DSF input is "low" at the falling edge of RAS 
and "high" at the falling edge of Ci\s, the block write special feature can be invoked. 
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RAM PORT OPERATION 

FAS'l' PAGE MQDJ~ CYCLE 

Fast page mode allows data to be transferred Into or out of multiple column locations of the 

same row by performing multiple CAS cycle during a single active IrAS .cycle. During a fast page 

cycle, the IlAEf signal may be maintained active for a period up to 100 llseconds. For the initial 

fa:;t page mode access, the output data is valid after the specified access times from RAS, CAS, 
column address and DT / OB. For all subsequent fast page mode read operations, the output data 

is valid after the specified access times from CAS, column address and DT IDE. When the 

write-per-bit function is enabled, the mask data latched at the falling edge of RAS is maintained 

throughout the fast page mode write or read-modify-write cycle. 

The data in the DRAM requires periodic refreshing to prevent data loss. Refreshing is 

accomplished by performing a memory cycle at each of the 512 rows in the DRAM array within 

the specified 8ms refresh period. Although any normal memory cycle will perform the refresh 

operation, this function is most easily accomplished with "RAS-Only" cycle. 

CAS-BEFORE-RAS REFRESH 

The TC524258BJ / liZ also offers an internal-refresh function. When CAS is held "low" for a 

specified period (tcsnJ before RAS goes "low", an internal refresh address counter and on-chip 

refresh control clock generators are enabled and an internal refresh operation takes place. When 

the refresh operation is completed, the internal refresh address counter is automatically 

incremented in preparation for the next CAS-before-RAS cycle. For successive CAS-before-RAS 

refresh cycle, CAS can remain "low" while cycling RAS. 

HIDDEN REFHESH 

A hidden refresh is a CAS-before-RAS refresh performed by holding CAS "low" from a previous 

read cycle. This allows for the output data from the previous memory cycle to remain valid while 

performing a refresh. The internal refresh address counter provides the address and the refresh is 

accomplished by cycling RAS after the specified RAS-precharge period (Refer to Figure 1). 

RAS -t~orycy~t\ Refresh Cycle ~ Refresh Cycle ~ 

CAS --\ / ~ ____________________________________________ --J 

Wl/\IOl -< >--
W4/104 -- '--____ v_alid_Da_ta_Ou_tpu_t ___ -', 

Figure 1. Hidden Refresh Cycle 
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WHTTE-PER-BIT FUNCTION 

The write-per-bit function selectively controls the internal write-enable circuits of the RAM 

port. When WB / WE is held "low" at the falling edge of nAS, during a random access operation, 

the write-mask is enabled. At the same time, the mask data on the Wi /IOi pins is latched onto 

the write-mask register (WMl). When a "0" is sensed on any of the Wi / IOi pins, their 

corresponding write circuits are disabled and new data will not be written. When a "1" is sensed 

on any of the Wi /IOi pins, their corresponding write circuits will remain enabled so that new data 

is written. The truth table ofthe write-pet-bit function is shown in Table 3. 

Table 3. Tnlth table for write-per-bit function 

At the falling edge of "RAs 
Function 

CAS of IOE WIT I WE Wi/iOi (i:: 1-4) 

H H H * Write Enable _. 

1 Write Enable 
H H L 

0 Write Mask 

An example of the write-per-bit function illustrating its application to display~ i5 shown in 

Figures 2 and 3. 

RAS -~ ____________ ~ 

eM --~e-H--~ ____ ~ 

Dr/OE 

DSF 

';7S/WE 

\!.I, I 10, 

:H 

: L 

~~I% ~ 

~¥~~~ 
~~~7~ 
:7t::/ Wr~te V::Z!£tZd .," rrite ~~ 

~M~~k_ 

Wjwrtte t<:WA .o"~~h%%P~ 

L LW'i" 
Wj / 101 = l : Write Mask 
Wi/IO,"'H: Write 

Figure 2. Write-per-bit timing cycle 

C-171 

00 
00 
00 
00 
00 
00 
00 
00 
00 

CRT Display 

00 00 00 00 00 
00 00 00 00 '0'0-
00 00 00 ee eo 
00 00 oe oe 00 
00 00 eo oe 00 
00 oe ee ee 00 
00 eo 00 oe 00 
oe 00 00 oe o J 
eo 00 00 00 00 

IOI.(bIQl 
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Figure 3. Corresponding bit-map 



LOAD COLOR REGISTER/READ COLOR REGISTER 

The TC524258BJ / BZ is provided with an on-chip 4-bits register (color register) for use during 

the flash write or block write operation. Each bit of the color register corresponds to one of the 

DRAM I/O blocks. The load color register cycle is initiated by holding 'CAS, WE I WE, DT I OE 
and DSF "high" at the faUing edge of RAB. The data presented on the Wi/IOi lines is 

subsequently latched into the color register at the falling edge of either CAB or WB I WE, 
whichever occurs last. 'l'he data stored in the color register can be read out by performing a read 

color register cycle. This cycle is activated by holding CAS, WB /WE, DT I DE and DSF "high" at 

the falling edge of RAS and by holding WB I WE "high" at the falling edge of CAS and throughout 

the remainder of the cycle. The data in the color register becomes valid on the Wi/IOi lines after 

the specified access times from RAS and DT I OE are satisfied. During the loadl read color register 

cycle, valid Ao-As row addresses are not required, but the memory cells on the row address 

latched at the falling edge of RAS are refreshed. 

FLASH WRl'l'E. 

Flash write is a special RAM port write operation which in a single RAS cycle, allows for the 

data in the color register to be written into all the memory locations of a selected row. Each bit 

of the color register corresponds to one of the DRAM I/O blocks and the flash write operation can 

he selectively controlled on an I/O basis in the same manner as the write-per-bit operation. 

A flash write cycle is performed by holding CAS "high", WB /WE "low" and DSF "high" at the 

falling edge of RAS. The mask data must also be provided on the Wi/lOi lines at the falling edge 

of RAS in order to enable the flash write operation for selected I/O blocks (Refer to Figure 4 and 5). 

Flush write is most effective for fast plane clear opera lions in frame buffer applications. 

Selected planes can be cleared by performing 512 flash write cycle and by specifying a different 

row address location during each flash write cycle (Refer to Figure 6). Assuming a cycle time of 

180ns, a plane clear operation can be completed in less than 92.2 llseconds. 

AAS1 r-
CAS~ 
AO-A8~~ 

WB/WE%~L~ 

DSFWrH~ 

Wi/IOi~ 

WM1 H: Write 

L : Write Inhibit 

Figure 4. Flash Write Timing 
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W/////// % 

I ~ 
/. ;:;: 

~ 
Frame -
Buffer \ 
~ Clear 

Figure 6. Plane clear application example 

Block write is also a special RAM port write operation which, in a single RAS cycle, allows for 

the data in the color register to be written into 4 consecutive column address locations starting 

from a selected column address in a selected row. The block write operation can be selectively 

r-ontrolled on an I/O basis and a column mask capability is also available. 

A block write cycle is performed by holding CAS, DT / OE "high" and DSF "low" at the falling 

edge of RASand by holding DSF "high" at the falling edge of CAS. The state of the WB/WE 
input at the falling edge of RAS determines whether or not the I/O data mask is enabled (WB / WE 

must be "low" to enable the I/O data mask or "high" to disable it). At the falling edge of RAS, 

a valid row address and I/O mask data are also specified. At the falling edge of CAS, the starting 

column address location and column mask data must be provided. During a block write cycle, the 

2 least significant column address locations (AOC and Ale) are internally controlled and only the 

seven most significant column addresses (A2C-A8C) are latched at the falling edge of CAS. 
(Refer to Figure 7). 

An example of the block write function is shown in Figure 8 with a data mask on Wl IIOI, 

W 4/104 and column 2. Block write is most effective for window clear and fill operation in frame 

buffer applications, as shown in the examples in Figure 9. 

RAS --1 -'---'~-
CAS --Q-~H--'~ 

Ao-As ~~C()lu~nA2~~ 
/rH"', l 
~ff~~ 

~.:.. ':.. ..... ~ 

We/WE 

'oi/Ot ~ 

D$F 

( 
H : No Mask J 
L : Mask Enable 

Figure 7. Block Write Timing 
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Column Color 
Ma~k Data Select Resister 

r="--== - Data .:= 

W,/IO, 0 1 0 Mask 

-
W2 /1 02 1 1 0 91--+---1-
W3 /1 03 1 0 1 

W4 /1 04 0 1 1 Mask 

'--

Mask 

Figure 8. Example of Block Write Operation 

Figure 9. Examples of Block Write Application 

E..lb.~T PAGE MODE BLOCK WRITE CYCLE 

Fast page mode block write can be used to perform high speed clear and fill operations. 

The cycle is initiated by holding the nSF signal "low" at the falling edge of RAS and a fast page 

mode block write is performed during each subsequent CAS cycle with nSF held "high" at the 

falling edge of CAS'. 
If the nSF signal is "low" at the falling edge of CAS, a normal fast page mode read / write 

operation will occur. Therefore a combination of block write and read/write operations can be 

performed during a fast page mode block write cycle. Refer to the example shown in Figure 10. 

-~ ---(C ~ 

-.-t-l-fl--l!---.-n_JLY~~~ 
DSF L~__ .. 

L 
~~'~ __________ -,r-________ ~J~ 

Block Write Cycle Read I Write Cycle Block Write Cycle 

Figure 10. Fast Page Mode Block Write Cycle 
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lAM PORT OPERATION 

The TC524258BJ / BZ is provided with a 512 words by 4 bits serial access memory (SAM) which 

can be operated in the single register mode or the split register mode. 

SINGLE REGISTER MODE 

When operating in the single register mode, high speed serial read or write operations can be 

pl;rformed through the SAM port independent of the RAM port operations, except during 

read / write I pseudo-write transfer cycles. The preceding transfer operation determines the direction 

of data flow through the SAM port. If the preceding transfer operation is a read transfer, the 

SAM port is in the output mode. If the preceding transfer operation is a write or pseudo write 

transfer, the SAM port is in the input mode. The pseudo write transfer operation only switches 

the SAM port from output mode to input mode; Data is not transferred from SAM to RAM. 

Serial data can be read out of the SAM port after a read transfer (RAM--SAM) has been 

performed. The data is shifted out of the SAM port starting at any of the 512 bits locations. 

'rhe TAP location corresponds to the column address selected at the falling edge of CAS during the 

read transfer cycle. The SAM registers are configured as circular data registers. The data is 

shifted out sequentially starting from the selected tap location to the most significant bi t und then 

wraps around to the least significant bit, as illustrated below. 

Start. address: Tap location 

rl a l' 1'1 n ____ It I 15091510 1511 1-1 

Subsequent real-time read transfer may be performed on-the-fly as many times as desired, 

within the refresh constraints of the DRAM array. Simultaneous serial read operation can be 

performed with some timing restrictions. A pseudo write transfer cycle is performed to change the 

SAM port from output mode to input mode in order to write data into the serial registers through 

the SAM port. A write transfer cycle must be useu subsequently to load the SAM data into the 

H.AM row selected by the row address at the falling edge of IV':S". The starting location in the 

SAM registers for the next serial write is selected by the column address at the falling edge of 

CAS. The truth table fer single reghlter mode SAM operation is shown in Table 4. 
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Table 4. Truth Table for SAM Port Operation 

SAM PORT DT tOE at the 

OPERATION falling edge of RAS SC Sf FUNCTION Preceded by a 

L Enable Serial Read 

JL Read Transfer Serial Output Mode H Disable Serial Read 

L Enable Serial Write 

JL Write Transfer Serial Input Mode H 
H Disable Serial Write 

L Enable Serial Write 

JL Pseudo Write Transfer Serial Input Mode H Disable Serial Write 

SPLIT REGIS'rER MODE 

In split register mode, data can be shifted into or out of one half of the SAM while a split 

read or split write transfer is being performed on the other half of the SAM. A normal (Non-split) 

read/write/pseudo write transfer operation must precede any split read/write transfer operation. 

The non-split read, write and pseudo write transfer will set the SAM port into output mode or 

input mode. The split read and write transfers will not change the SAM port mode set by 

preceding normal transfer operation. RAM port operation may be performed independently except 

during split transfers. In the split register mode, serial data can be shifted in or out of one of the 

split SAM registers starting from any at the 256 tap locations, excluding the last address of each 

split SAM, data is shifted in or out sequentially starting from the selected tap location to the most 

significant bit (255 or 511) of the first split SAM and then the SAM pointer moves to the tap 

location selected for the second split SAM to shift data in or out sequentially starting from this tap 

location to the most significant bit (511 or 255) and finally wraps around to the least significant 

bit, as illustrated in the example below. 

Tap 'ration Tap Iration 

~m __ I ± l-m-~,----_~_56'. _, _, ---,I tEl m __ I 

The SAM data registers are static flip-flop, therefore a refresh is not required. 
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DATA TRANSFER OPERATION 

The TC524258BJ / BZ features two types of internal bidirectional data transfer capability 

between RAM and the SAM, as shown in Figure 11. During a normal (Non·split) transfer, 

512 words by 4 bits of data can be loaded from RAM to SAM (Read Transfer) or from SAM to RAM 

(Write Transfer). During a split transfer, 256 words by 4 bits of data can be loaded from the 

lower / upper half of the RAM into the lower/upper half of the SAM (Split Read Transfer) or from 

the lower I upper half of the SAM into the lower f upper half of the RAM (Split Write Transfer). 

The normal transfer and split transfer modes are controlled by the DSF special function input 

signal. 

__ 512 columns 256 columns 256 columns 

/ 512x256x4 512x256x4 

512x512x4 512 Memory Memory 

Memory Cell Array rows Cell Array Cell Array 

\ 
~ ~ ~ 

512x4 fd Liiql 256x4 l-~-O<==> 
J 

Figure 11. (a) Normal (Non-split) Transfer (b) Split Transfer 

As shown in Table 5, the TC524258BJ fBZ supports five types of transfer operations: Read 

transfer, Split read transfer, Write transfer, Split write transfer and Pseudo write transfer. Data 

transfer operations between RAM and SAM are invoked by holding the IYr / OE signal "low" at the 

falling edge of RAS. The type of data transfer operation is determined by the state of CAS, 
WBl\vE, BE and DSF latched at the falling edge of RAS. During normal (Non-split) data transfer 

operations, the SAM port is switched from input to output mode (Read transfer) or output to input 

mode (Write transfer / Pseudo write transfer) whereas it remains unchanged during split transfer 

operatiuns (Split read or split write transfers). During a data transfer cycle, the row address 

Ao'-As select one of the 512 rows of the memory array to or from which data will be transferred 

and the column address Ao-As select one of the tap locations in the serial register. The selected 

tap location is the start position in the SA},! port from which the first serial data will be read out 

during the subsequent serial read cycle or the start position in the SAM port into which the first 

serial data will be written during the subsequent serial write cycle. During split data transfer 

cycles, the most significant column address (A8C) is controlled internally to determine which half 

o[ the serial register will be reloaded [rom the RAM array. 
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Table 5. Transfer Modes 

at the falling edge of RAS 
Transfer Mode Transfer Direction Transfer Bit SAM Port Mode 

CAS DT/OE WSIWE SE DSF 

H L H " L Read Transfer RAM ~ SAM 512 x4 Input ~ Output 

H L L L L Write Transfer SAM -) RAM 512x4 Output ~ Input 

H L L H L Pseudo Write Transfer - - Output ~ Input 

H L H " H Split Read Transfer RAM ~ SAM 256x4 Not changed 

H L L . H Split Write Transfer SAM ~ RAM 256x4 Not changed 

* : "II" or "L" 

READ TRANSFER CYCLE 

A read transfer consists of loading a selected row of data from the RAM array into the SAM 

register. A read transfer is invoked by holding CAS "high", I)'l'/DE "low" WB/WE "high" and 

DSF "low" at the falling edge of RAS. The row address selected at the falling edge of RAS 

determines the RAM row to be transferred into the SAM. The transfer cycle is completed at the 

rising edge of ITT ICE. When the transfer is completed, the SAM port is set into the output mode. 

In a read I real time read transfer cycle, the transfer of a new row of data is completed at the 

rising edge of DT / DE and this data becomes valid on the SIO lines after the specified access time 

tSCA from the rising edge of the subsequent serial clock (SC) cycle. The start address of the serial 

pointer of the SAM is determined by the column address selected at the falling edge of CAS. 
Figure 12 shows the operation block diagram for read transfer operation. 

SAM Start Address 

~ OFF 
L111 ...... ·· .... ···· ........ ·111. 

512 x 512 x 4 bits 
Memory Cell Array 

Serial Read 

Figure 12. Block Diagram for Read Transfer Operation 

In a read transfer cycle (which is preceded by a write transfer cycle), the SC clock must be 

held at a constant VII. or Vm, after the SC high time has been satisfied. A rising edge of the SC 

clock must not occur until after the specified delay tTsv from the rising edge of DT I DE, as shown 

in Figure 13. 
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WB/WE 7/F~

DT/OE~ 

DSF ~~@@ 

5C-~ 

510 

TC524258BJ/BZ-80, TC524258BJ/BZ .. 10 

~~------------------------~ 
Q 

r
H%-

:L "I ~~ 
f --4 
fL ~iW; 

Figure 13. Read Transfer Timing 

In a real time read transfer cycle (which is preceded by another read transfer cycle), the 

previous row data appears on the S10 lines until the DT / OE signal goes "high" and the serial 

access time tSCA for the following serial clock is satisfied. This feature allows for the first bit of 

the new row of data to appear on the serial output as soon as the last bit of the previous row has 

been strobed without any timing loss. To make this continuous data flow possible, the ri~inl{ edl'C 

of DT / OE must be synchronized with RAS, CAS and the subsequent rising edge of SC (tlrt'll, tC'l'll, 

and t'l'SLI tTSD must be satisfied), as shown in Figure 14. 

The timing restriction tTSL/ t'l'SD are 5ns min / 15ns min. The split read transfer mode eliminates 

these timing restrictions. 

_tCTH _ 

Ao-As 

H 

DSF 

sc 

Previous Row Data _i_New Row Data 

Figure 14. Real Time Read Transfer 
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A write transfer cycle consist of loading the content of the SAM register into a selected row of 

the RAM array. If the SAM data to be transferred must first be loaded through the SAM port, a 

pseudo write transfer operation must precede the write transfer cycles. However, if the SAM port 

cia ta to be transferred into the RAM was previously loaded into the SAM via a read transfer, the 

SAM to RAM transfer can be executed simply by performing a write transfer directly. A write 

transfer is invoked by holding CAS "high", DT/OE "low", WB/WE "low", SE "low" and nSF "low" 

at the falling edge of RAS. This write transfcr is selectively controlled per RAM IJO block by 

setting the mask data on the Wi/ IOi lines at the falling edge of RAS (same as in the write-per-bit 

operation). Figure 15 and 16 show the timing diagram and block diagram for write transfer 

operations, respectively. 

WS/WE 

Of/o£' 

SE 

sc 

DSF 

e 'r---------
----1 l H ~--------'{ 
~~:-:M-:s:-:-ta-rt:---,-,n'777'77777.=;~'77777777.'7777.==== 

~fLtw:~~ 
W~lL &W!1&~~4W%~ 

--~~ .! 
W4@}/@, ~L ~ l~j 

~.~ln~h~ib~i~t~Ri~si~n~g~T~ra~n~si~tio~n~_~ __ ~ 

Data In Data In 

Mask Data (°
1 

Not Transferred 
: Transferred 

Figure 1 S. Write Transfer Timing 

The row address selected at the falling edge of HAS determines the RAM row address into 

which the data will be transferred. The column address selected at the falling edge of CAS 
determines the start address of the serial pointer of the SAM. After the write transfer is 

completed, the sro lines are set in the input mode so that serial data synchronized with the se 
clock can be loaded. 
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5AM 5tart Address ~---¢:J--iD 510
1

- 5104 

~ I ~od 
o 

512 x 512 x 4bits 
Memory Cell Array 

Row 
Milsk 
Data 

"1" "1" 

Figure 16. Block Diagram for Write Transfer Operation 

W3 /10 3 W4 /10 4 

D ~ 6 
"Q" "1" 

Transfer 
operation 
is inhibited. 

When consecutive write transfer operations are performed, new data must not be written into 

the serial register until the RAS cycle of the preceding write transfer is completed. Consequently, 

the SC clock must be held at a constant VIL or VIII during the RAS cycle. A rising edge of the 

SC dock is only allowed after the specified delay tSRD from the rising edge of RAS, at which time 

a new rnVi of data can be written in the serial register. 

PSEUDO WRITE TRANSFER CYCL~ 

A pseudo write transfer cycle must be performed before loading data into the serial register 

after a read transfer operation has been executed. The only purpose of a pseudo write transfer is 

to change the SAM port mode from output mode to input mode (A data transfer from SAM to RAM 

does not occur). After the serial register is loaded with new data, a write transfer cycle must be 

performed to transfer the data from SAM to RAM. A pseudo write transfer is invoked by holding 

CAS "high", D'f/OE "low", WB/WE "low", SE "high" and nSF "low" at the falling edge of RAS. 

The timing conditions are the same as the one for the write transfer cycle except for the state of 

BE at the falling edge of HAS. 

SPLIT DATA TRANSFER AND aSF 

The TC524258BJ / BZ features a bi-directional split data transfer capability between the RAM 

and the SAM. During split data transfer operation, the serial register is split into two halves 

which can be controlled independently. Split read or split write transfer operations can be 

performed to or from one half of the serial register while serial data can be shifted into or out of 

the other half of the serial register, as shown in Figure 17. The most significant column address 

location (A8C) is controlled internally to determines which half of the serial register will be 

reloaded from the RAM array. QSF is an output in which indicates which half of the serial 

register is in an active state. QSF changes state when the last SC clock is applied to active split 

SAM, as shown in Figure 18. 
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Active SAM QSF Level 

lower SAM "Low" 

upper SAM "High" 

Active Non-Active 

Figure 17. Split Register Mode 

La~st SC Firs.t SC Last SC ~irst SC 
(255) (511) 

sc L_ruLJ~ JL _____________ JUr:::J-j 
~ "high" } 

QSF "low" / ~~ 
lower SAM: Active upper SAM : Active lower SAM: Active 

Figure 18. QSF Output State During Split Register Mode 

5.PLIT READ TRANSFER CYCLE 

A split read transfer consists of loading 256 words by 4 bits of data from a selected row of the 

split RAM array into the corresponding non-active split SAM register. 

Serial duLa can be shifted out of the other half of the split SAM register simultaneously. The 

block diagram and timing diagram for split read transfer mode are shown in Figure 19 and 20, 

respectively. During split read transfer operation, the RAM port input clocks do not have to be 

synchronized with the serial clock SC, thus eliminating timing restrictions as in the case of 

on-the-fly read transfers. A split read transfer can be performed after a delay of tS'fS, from the 

change of state of the QSF output, is satisfied. 

256x4 

Figure 19. Block Diagram for Split Read Transfer 
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RAS ~ ) 

CAS _.-I :--~'---. ! I 

: : 

Ci'r'/OE W~~ ~l ~!!J!!${4!!%3~n;~'7777.;~m'7777.~m~'7777.m~'77='77.~== 

DSF ~----tH-~~@?~~U~ 

QSF =_im--~~ ______ -SL- !~~r= _-= 
Figure 20. Timing Diagri.lrn for Split Read transfer 

A normal (Non-split) read transfer operation must precede split read transfer cycles as shown 

in the example in Figure 21. 

sc 

/./'...------=i ~ ~ Read .-
Tra~~A_ Split Read Transfer Split Read Transfer 

-~;~~~\!\I\/~: --\ L ········ .. ·······~~~=~~··················-····L ............ r ...... · .... "-"',-

R!.:...S 

QSF 

,----I--,\ I \~~'----30--1 
: .~: :~: : .~~~ --=F" -- ---:~. -=- - : --- - . §:~ 

I : : : . : : 

'TTAP_~T~' r'~ \ 
FiGure 21. Example of Consecutive Read lransfer Operations 
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SPLIT WRITE TRA.NSfER CYCLE 

A split write transfer consists of loading 256 words by 4 bits of data from the non-active split 

SAM register into a selected row of the corresponding split RAM array. 

Serial data can be shifted into the other half of the split SAM register simultaneously. The 

block diagram and timing diagram for split write transfer mode are shown in Figure 22 and 23, 

respectively. During split write transfer operation, the RAM port input clocks do not have to be 

synchronized with the serial clock SC, thus allowing for real time transfer. A split write transfer 

can be performed after a delay of tSTS, from the change of state of the QSF output, is satisfied. 

CAS 

WB(ifiE 

Df/OE 

DSF 

Q5F 

Figure 22. Block Diagram for Split Write Transfer 

~-~ ~--

~ > "- -+' 
~~SAM Sta~t;r;' ==n77:"17777777777777~ 

. Ao-A7 : 

~)&{W$1 tL p,f'gAY_~ 

~~L_.·~ 
:H 

~r 

------{Ixask5-ata}-
:~~~ 

~:.-----s~ 
Figure 23. Timing Diagram for Split Write Transfer 
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A pseudo write transfer operation must. precede split transfer cycles as shown in the example 

in Fihure 24. 'fhe purpOBC of the pSCUdd write transfer opera Lion is to switch the SAM port from 

output mode to input mode and to set. the initial tap location prior to split write transfer 

operations. 

sc 

QSF 

Figure 24. Example of Consecutive Write Transfer Operations 

SPLIT-REGISTER OPERATION SEqUENC)~ (EXA],y[PLE) 

Split read / write transfers must be preceded by a normal (Non-split) transfer such as a read, 

write or pseudo wr~te transfer. Figure 25 illustrates an example of split register operation 

sequence after device power-up and initialization. After power-up, a minimum of 8 RAS and 8 SC 

clock cycles must be performed to properly initialize the device. A read transfer is then performed 

and the column address latched at the falling edge of CAS sets the SAM tap pointer location which 

up to that point was in an undefined location. Subsequently, the pointer address is incremented 

by cycling the serial clock SC from the sLarting location to the last location in the register (address 

511) and wraps around to the tap locatioll set by the split read transfer performed for the lower 

SAM while the upper SAM is being accc!5scd. The SAM address is incremented as long as SC is 

clocked. The following split read transfer seLs a new tap location in the upper split SAM register 

address 256 in this example and the pointer is incremented from this location by cycling the SC 

clock. 
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I),,:C --~,,~se D~;""'lr,)' Read S:~'i: F:eild S,,:i: R"ad P\;,j(~eO 
(2'4":~.SI Cyc;e Trarv:.f·~r ~·(..1nsfer Tr(Jnifer Trdf"tsft2i 
,.,--J- ~----, ,----'------,. ,.--"~.~,----'------. ,.--A--., 

/fY:TIf:}fo~,<": ~?,(7n7:?r>~:;O //{~~ft8?>~;~»~<~:}~<2~~X~t~:}}~::r 

~-------r--BO-----'-

w,~. r-'--

l i-'---'-

Le--J 

"';Sh-Z ,----___ -,\ : " : ( 
QS: --'--~ ____ --,-: \ .... ; ___ Lr;/~ I, 

"r1igh" 

~~ ___ -..,V: 
, . . .' 

SC ___ ~:::~~~;:~l'_, ________ ~;;;;;);,~-,-.-J~ X;:::"~-;~!C:~~:~~~~:~JJJ i:::C:~':~~~;l ______ : __ ~~ 
Ser;ill o'-!:pu~: : i : ': Serial 

: l 

Input 

DevicE,s(!), ' /1: : 
: L;p;:Jer 'V : I . I Upper 

'. ;~?i): I' , 'SAM Upper ... -"-' ----:-.---':~: ------, '~ : T SAM 

" ,q' .. D~~'i~~~'(2i·L~: :, I ~~~,er~ : ReSetiSetSA~':~~~~,er/ 
Reset/SetSAM/ LO ',1 ''''/J.., pOinter "'- I.· / 
(1(', Mer' : SMJl ,/ . '''''-It.::. __ / 

Pair,ter Location 
t,; n(~..:fi ;led 

--I 

Figure 25, Example of Spiiit S':"M RGgistGr Opera~ion Seguence 

T!,e r.";x~ operation is a pSeudo write transl'CI' which switches the SA:-.r port from output mode to 

il 1 jJUt mode in preparation for eithcr write tr~lI~srer;:; 01' split write transfcrs. The column addrcss 

Lt,;i~r~d ut the f::dlillg edge of CAS during the rseudo write transfer sets the serial register tap 

iocu;;ion, Sl!riul data will be written into the S'\'\l starting from this location, 

"1'1> :\:\,SFP,R OP:\EA'i'I0~ WITHOC'T J:XS 

D~ring all transfer cycles, the CAS injJut cloll{ must be cycled, so that the c,)iumn addrcss are 

b.~ched at the falling edge of CAS, to ~et the SA::'! tap location. If CAS was maintained at a 

C0r,StH:lt "high" level during a transfer cycle, the 8A.\1 pointer location would be undefined, 

'Lle;cfGrc a transfer cycle with CAS held "hi~h" is not allowed (Refer to the illustration below), 
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CAS 

Address 

RAS 

CAS 

Addr.:~s 

TC524258BJ/BZ-80, TC524258BJ/BZ-10 

-----\----_._----- ~ 
___ .F--------------~ 

'----------~ 

} 

Proper 
Transfer 
Cycle 

} 

Not 
Allowed 

TAP LOCATION" SELECTION IN SPLIT TRANSFER OPERATION 

(a) In a split transfer operation, column addresses AOC through A 7C must be latched at the 

falling edge of CAS in order to set the tap location in one of the split SAM registers. During 

a split transfer, column address ASC is controlled internally and therefore it is ignored 

internally at the falling edge of CAS. 

RA5 ---~ ________ ~ 

During a split transfer, it is not allowed to sct the last address location (AOC-A7C=FF), in 

either the lower SAtvI or the upper SAM, as the tap locaLion. 

(b) In the case of multiple split transfers performed into the same split SAM register, the tap 

location specified during the last split transfer, before QSF toggles, will prevnil. In the 

example shown below, multiple split transfers are performed into the upper SAM (Non-active) 

while the lower SAM (active) is being accessed at the lime when QSF toggles, the first SC 

serial clock will start shifting serial dala starting from the Tap N addref's location. 

-RAS --~-.r--\ __ ~'7,-- I 

CAS ----\---.-r-~~(~'--_---' 

Address 

QSF 
lower SAM: Active 
upper SAM; Noc-'-.;n-=-a:...:.(.:.:.li v.:..;:e=--___ . ___ -,.:."-~ lower SAM: Non-active 

\ i:r~~k tiWk upper SAM: Active 

SC ~1JLS1-------SS-------JLJLJLJLD~ 
: I 

: ....... _____ Multiple Split transfer Into upper SAM ~ i Serial access of upper SAM 

: Serial access of lower SArlll : starting at Tap N IOC<ltion 
I , 
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SPLIT READ/WRITE TRANSFER OPERATION t\LLOWAnLF. PERIOD 

Figure 26 illustrates the relationship between the serial clock SC and the special function 

output qSF rlurin~ split rend/write trnl1s{'ccl's and hig'hlig'ht:; llw Litllc pcriod:; where :;pJiL trnn:;fcrs 

llrc ,'llnwed, relative to SC and qSF, 

sc 

QSF 

~plit 
ReadfWrite 
Transfer 
allowed. 

Figure 26. Split Trnnsfer Operation Allownble Periods 

As indicated in Fig~ll'e 26, a split l'c.ud! write transfer is not allowed during the period of 

tSl'lI ,. tSTS· 

SPLIT TEANSFEH CYCLE AFTER NOT-UviAL 1'RANSFr:;lLQYCI& 

A split transfer may be performed following n normal transfer (Read / Write / Pseudo-write 

tl all ilfc 1') provided that a minimum delay of 30ns from the l'hing edge of Lho first clock SC is 

satisned (l\efer to the illustration shown below), 

CA5l 

DSF 

QSF 

sc 

, , 
---~_J:-

, 
I 

--.-----~--Jf 

------.~

"---1._-

--~L-----1'--r---------~.---
, 

~------------------r----~-, 
~-- ____ JC-: ~ ------------------

, 

--i ___ j-LJLJl~-l~n _______ . 
I I' 

Trar:.~:~peratjo..n __ .~i :30115: 
I :~~: 

: Next Transfer: . , 
:NOt·Allowed-l---- Next Transfer Operation IS allowed. 
I , 
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TC524258BJ/BZ-80, TC524258BJ/BZ-10 

NOR1IAL READ TRANSFER CYCLE AFTER NOH-MAL READ TRANSFER CYCLE 

Another read transfer may be performed following the read transfer provided that a minimum 

delay of 30ns from the rising edge of the first clock SC is satisfied (Refer to the illustration shown 

below), 

CAS 

DSF 

QSF 

sc 

, 
----~ r-

'----.r''f-i -----------~ 
: 

, 

-----------~-------------.------------, 

---------------I~-~ , " 
Transfer Operation: :30ns: 

..... --------... 1 ,--.' 
, I I 

: Next Transfer: 
, .. .. ' .... 0(;------- Next Transfer Operation is allowed. 
: Not Allowed 1 

NORMAL TRANSFER AFTER SPLIT TRANSFER 

A normal transfer (read/write/ pseudo write) may be performed following split transfer 

operation provided that a 30ns minimun delay is satisfied after the QSF signal toggles. 

QSF X 
----------,~-----'--~,---------------------------, , 

Split Transfer_:~~:_Normal Transfer Operation Allowed , , , , 
I , 
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Power must be applied to the lfAS and D'l'/OE input signals to pull them "high" before or at 

the same time as the Vee supply is turned on. 

is required with IrKS' and nT/nE held "high". 

After power-up, a pause of 200 llseconds minimum 

After the pause, a minimum of 8 RAS and 8 SC 

dummy cycles must be performed to stabilize the internal circuitry, before valid read, write or 

tram;fer operations can begin. During the initiulization period, the lYl; / bE signal must be held 

"high". If the internal refresh counter is used, a minimum 8 CAS-before-RAS initialization cycles 

are required instead of 8 RAS cycles. 

INITI~L STATE AFTER POWER-UP 

When power is achieved with RAS, CAS, DT I OE and WB I WE held "high", the internal state 

of the TC524258BJ I BZ is automatically set as follows. 

However, the initial state can not be guaranteed for various power-up conditions and input 

sig'nal levels. Therefore, it is recommended that the initial state be set after the initialization of 

the device is performed (200 llscconds pause followed by a minimum of 8 RAS cycles and 8 SC 

cycles) and before valid operations begin. 

State after power-up 

SAM port Input Mode 
1-----

QSF High-Impedance 

Color Register all "0" 

WM 1 Register Write Enable 

TAP pointer Invalid 
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262, 144WORDS x4BITS MULTIPaRT DRAM 

DESCRIPTION 

PRELIMINARY 

The TC524259BJIBZ is a CMOS multiport memory equipped with a 262,144-words by 4-bits dynamic random 

access memory (RAM) port and a 512-wonls by 4-bits static serial access memory (SAl\1) port. The 

TC524259BJ/BZ supports three types of operations: random access to and from the RAM port, high speed 

serial access to and from the SAM port and bidirectional transfer of data between any selected row in the RAM 

port and the SAM port. Tl)e RAM port and the SAM port can be accessed independently except when data is 

being transferred bet.ween~ them internally. In addition to the conventional multipart video RAM operating 

modes, the TC524259D.JIBZ features the block write and flash write functions on the RAM port and a split 

register data transfer capability on the SAM port. The TC524259B.JIBZ is fabricated using rIbshiba's CMOS 

silicon gate process as well as advanced circuit designs to provide low power dissipation and wide operating 

margins. 

FEATURES 

ITEM ~~52425~_ 
-80 -10 

tRAC RAS Access Time (Max.) 80n~_ -~ 
tCAC CAS Access Time (Max,) 2sns 2sns 

_tM Cl~umn Address Access Time (Max.) 4sns s_~ 

_~g,L~cle Time (Min.) 150ns 180ns 
~!)iJ/]e Mode Clele Time (Min.) SOns 55ns 

tSCA Serial Access Time (Max.) 25ns 25ns 

.!scc Serial C~cle time (Min.) 30ns 30m 

lecl RAM Operating Current 85mA 70mA 

(SAM: Standby) 

ICGA SAM Operating Current SOmA SOmA 

(RAM : S~andby) 

l.!:.I:.l ..... 2!.'lndby Current 10mA lamA 

• Single power supply of 5V±10% with a built-in 
VIm generator 

• All inputs and outputs : TI'L Compatible 

AO-A8 Address inputs 
'RA') __ Row Address Strobe 
'CAS Column Address Strobe 
Dr IO'E Data Transfer I Output Enable 

5!!...B/WE ___ Write per Bit/Write Enable 
DSF Special Function Control 

Wl/101-W4/104 Write Mask/ Data IN, OUT 
,)C Serial Clock 
s1' 
1----

Serial Enable 
5101--5104 Serial Input I Output 
QSF Special Flag Output 

Vr;.e/V~s Power (5V) / Ground 
N. C. No Connection 

--
SC 

5101 
5102 

OT/OE 
Wl/101 
W2/102 
WOIWE 

NC 
RAS 
A8 
A6 
AS 
A4 

Vec 
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• Organization 
RAM Port : 262,144wordsX4bits 
SAM Port : 512wordsX 4bits 

• RAM Port 
Fast Page Mode Read· Modify - Write 
CAS before RAS' Refresh I Hidden Refresh 
RAS only Refresh I Write per Bit 1&2 
Block Write I Block Write (Mul:ik 1&2) 
512 refresh cycles / 8ms 

• SAM Port 
High Speed Serial Read! Write Capabilit.y 
512 Tap Locations 
Fully Static Register 

• RAM - SAM Bidirectional Transfer 
Read/Write/Pseudo Write 'I'ransfer 
Real Time Read Transfer 
Split Read Transfer 

• Package 
'I'C524259BJ : SOJ28· P - 400 
TC524259BZ : ZIP28 . P - 400 

PIN CONNECTION 
TC524259BJ TC5242S9BZ 

Vss DSF 1 

5104 W4/104 3 4 
5103 5103 5 6 
SE Vss 7 8 
W4/104 5101 9 10 
W3/103 Dr/or 11 12 
DSF W2/102 13 14 
CAS NC 15 16 
QSF AS 17 18 
AO AS 19 20 
Al Vee 21 22 
A2 A3 23 24 
A3 A1 25 26 
A7 QSF 27 28 

W3/103 
Sf 
5104 
SC 
SI02 
Wl/IOI 
WBtWE 
RAS 
A6 
A4 
A7 
A2 
AO 
CAS 

28Pin 400mil SOJ 28Pin 400mil height ZIP 
JEDEC Standard JEDEC Standard 



BLOCK DIAGRAM 
5101-5104 

0:: 

a 
0 512x512x4 u 
UJ 
Q CELL 

~ Vee 
:::> ARRAY 

0 

Qs:J 
u 

r 1 
Vee Vss 
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TC524259BJ/BZ-80, TC524259BJ/BZ-10 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL ITEM RATING 

VIN. VOUT Input Output Voltage - 1.0-7.0 

Vee Power Supply Voltage -1.0-7.0 
f-- -

TOPR Operating Temperature 0-70 

TSTG Storage Temperature - 55-150 
-

rSOlilcH Soldering l<:!11 I fJ0ril lure . Time 260'10 

PD Power Dissipation 1 _ .. _--_._--_. 
lOUT Short Circuit Output Current SO 

RECOMMENDED D.C. OPERATING CONDITIONS (Ta = a-70°C) 

SYMBOL PARAMETER 

Vee Power Supply Voltage 

VIH Input High Voltage 

V1L Input Low Voltage 

CAPACITANCE (Vee =. 5V, f = 1 MHz, Ta = 25°C) 

1130L 

~
YI'vC 

I 

10 c 
C 0 

PAHAMETm 

Input Capacitance 

Input / Output Capilcitance 

Output Capacitance (QSF) 

MIN. TYP. 

4.5 5.0 

2.4 -
- 1.0 -

Nole : This parameter is periodically sampled and is not 100% tested. 
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UNIT NOTE 

V 1 

V 1 

·C 1 

·C 1 

·C·sec 1 

W 1 

mA 1 

MAX. UNIT NOTE 

5.5 V 2 

6.5 V 2 

0.8 V 2 

MIN. MAX. UNIT 

- 7 

- 9 pF 

- 9 



TC524259BJ/SZ,.80, TC524259BJ/BZ-10 

D.C. ELECTRICAL CHARACTERISTICS (Vee = 5V ± 10%, Ta = 0-70°C) 
T(S242S99J1 BZ·80 T(5242S99J I OZ·l 0 

ITEM (RAM PORT) SAM PORT SYMBOL UNIT NOTE 
MIN. MAX. MIN. MAX. 

OPI:RATING CURRENT Standby I(el - 85 - 70 3,4 

RAS, CAS Cyc:ling I-

tHC = tRe min. Active ICC1A - 125 - 110 3,4 -
STANDBY CURRENT Standby Ice2 - '10 - 10 

(RAs, CAS = VUi) I-

Active ICC2A - 50 - 50 3,4 
r---

RAs ONLY REFRESH CURRENT Standby ICC3 - 85 - 70 3,4 

RAS Cycling, cAS = VIH I-

tRe = tRC min. 
Active ICC3A - 125 - 110 3,4 

I---

P,\GE MODE CURRENT St<lndby ICC4 - 75 - 60 3,4 

"R.E;s = VIL, CAS Cycling 1---" I---

tpc = tpe min. 
Active leC4A - 115 - 100 3,4 

mA I---

CAS BEFORE RAs REFRESH CURRENT St<lndby Ices - 85 - 70 3,4 

RAS Cycling, CAS Before RAS I---

tRC=tRC min. 
Active I(CSA - 125 - 110 3,4 

I----
DATA TRANSFER CURRENT Standby ICC6 - 105 - 90 3,4 

W, CAS Cycling t--

tRC = tRe min. 
Active IC(6A - 145 - 130 3,4 

I----
BLOCK WRITE CURRENT Standby 'ec8 - 95 - 80 3,4 

RAS, CAS Cycling t--

tRC = trK min. Active '((BA - 135 - 120 3,4 

ITEM SYMBOL MIN. MAX. UNIT NOTE 

INPUT LEAKAGE CURRENT 
II(l) 

OV S VIN:;; 6.5V, All other pins not under test:; OV 
-10 10 }JA 

[--. 

OUTPUT LEAKAGE CURRENT 
IO(l) 

OV:l>VOUT:l>S.SV, Output Disable 
-10 10 }JA 

1-. 

OUTPUT "H" LEVEL VOLTAGE 
VOH 2.4 V -

IOUT= - 2mA 

OUTPUT "L" LEVEL VOLTAGE 
VOL OA V -

IOUT= 2mA 

OUTPUT "L" LEVEL VOLTAGE (QSF) 
VOL (QSF) - OA V 

IOUT=6mA 
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TC524259BJ/BZ-80, TC524259BJ/BZ-1 0 

ELECTRICAL CHARACTERISTICS AND RECOMMENDED A.c. OPERATING CONDITIONS 

(Vee = 5V ± 10%, Ta = 0"'" 70°C) (Notes: 5, 6, 7) 

T(524259B1 I BZ-SO T(524259B1 I BZ-l 0 
SYM130L PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. 

tRC Random Read or Write (ycle Time 150 ISO -- I---
tRMW Read - Modify - Write Cycle Time 195 235 

t--
tpc Fast Page Mode Cycle Time 50 55 

t--

tpRMW Fast Page Mode Read - Modify - Write Cycle 90 100 

Time 
t--

tRAC Access Time from RAS 80 100 ~ 
tAA Access Time from Column Address 45 50 ~ 
tCAC Access Time from CAS 25 25 ~ 
tePA Access Time from CAS Precharge 45 50 S,15 

t--
torr Oulput Buffer Turn - Off Delay 0 20 0 20 10 

t--
tr Transition Time (Rise and Fall) 3 35 3 35 7 

t--
tnr RAS Prechilrge Time 60 70 

f---

tf\AS RAS Pulse Width SO 10000 100 10000 
- r---

tRASP RA5 Pulse Width (Fast Page Mode Only) SO 100000 100 100000 
r---

tHSH RAS Hold Time 25 25 
I---

tesH (AS Hold Time 80 100 ns r---
t.eAS CAS Pulse Width 25 10000 25 10000 

I---
tRCD AAS to cAs Delay Time 20 55 20 75 ~ 
tRAD lfM to Column Address Delay Time 15 35 15 SO ,14 

r---
tHAL Column Address to RA~ Lead Time 45 50 

I---
teRP CAS to lfAs Precharge Time 10 10 - r---
tePN CAS Precharge Time 10 10 

10-
tcp CAS Precharge Time (Fast Page Mode) 10 10 

t---
tASR Row Address Set- Up Time 0 a 

t--
tRAH Row Address Hold Time 10 10 

10-
tAse Column Address Set - Up Time 0 0 

10-
tCAH Column Address Hold Time 15 15 

10-
tAR Column Address Hold Time referenced to RAS 55 70 

t--
tRCS Read Command Set - Up Time a a 
tRCft 

10-
Read Command Hold Time 0 0 11 

r---
tRRH Read Command Hold Time referenced to RAS a 0 11 r--
tweH Write Command Hold Time 15 15 

t--
tW(R Write Command Hold Time referenced to RAS 55 70 

I---
twp Write Command Pulse Width 15 15 

t--
tRWL Write Command to RAS Lead Time 20 25 

I---
tewL Write Command to CAS Lead Time 20 25 
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TC5242S9BJ I BZ-80 TC524259BJ I BZ, 10 
SYMBOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX. 

tos Data Set-Up Time 0 0 12 
I---

tDH Data Hold Time 15 15 12 
r--

tOHR Data Hold Time referenced to oRA$" 55 70 -
twcs Write Command Set-Up Time 0 0 13 -
tRWO RAS to WE Delay Time 100 130 ns 13 

~ 

tAwD Column Address to WE Delay Time 6S 80 13 -
tevlD cAs to WE Delay Time 45 55 13 -
tDZC Data to CAS Delay Time 0 0 -
tozo Data to oI Delay Time 0 0 -
tOEA Access Time from OE 20 25 8 -
tOEl Output Buffer Turn - off Delay from OE 0 10 0 20 10 -- -
tOE~ OE to Data Delay Time 10 20 -- -
tOEH OE Command Hold Time 10 20 

I----

tROH RAS Hold Time referenced to OE 15 15 -
tCSR CAS Set - Up Time for CAS Before RAS Cycle 10 10 

'---
tCrtF! CAS Hold Time for CAS Before ~S Cycle 10 10 -
tRPC RAS Precharge to CAS Active Time 0 0 

tRH Refresh Period 8 8 ms 

tWSR We Set-Up Time 0 0 -tRWH ViIs Hold Time 15 IS -
tFSR DSF Set - UP Time referenced to RAS 0 0 -
tRFH DSF Hold Time referenced to RAS (1) 15 15 -
tFHR DSF Hold Time referenced to RAS (2) 55 70 -
tFSC DSF Set - Up Time referenced to CAS 0 0 -
tCFH DSF Hold Time referenced to CAS 15 15 -
tMS Write - Per - Bit Mask Data Set - Up Time 0 0 ns 

-
tMH Write - Per - Bit Mask Data Hold Time 15 15 -
tTHS DT High Set - Up Time 0 0 -
tTHH DT High Hold Time 15 15 -
tns DT Low Set- Up Time 0 0 

I--
tTLH Df Low Hold Time 15 10000 15 10000 -
tRTH In Low Hold Time referenced to AAS" 65 10000 80 10000 

(Real Time Read Transfer) _. 
~ 

tA1H DT Low Hold Time referenced to Column 30 30 

Address (Real Time Read Transfer) 
,.....-

tCTH DT low Hold Time referenced to CAS 25 25 

(Real Time Read Transfer) 
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TC524259BJ I BZ-SO TC524259BJ I BZ-l 0 
SYMBOL PARAMETER UNIT NOTE 

MIN. MAX. MIN. MAX, 

~i2_R __ ~~JP Time referenced to RAS 0 0 
f---

tREH $I Hold Time referenced to RAS 15 15 
t-----r---- t--

tTRP Df to "f~AS Precharge Time 60 70 
t-

tTP DT Precharge Time 20 30 
f---

tRSD RAS to First SC Delay Time (Read Transfec) 80 100 
r----- f---

tASD Column Address to First SC Delay Time 45 50 

(Read Transfer) 
t-

tCSf) CAS to First SC Delay Time (Read Transfer) 25 25 
t-

tiSL LDst SC lo DT Lend Time 5 5 

(Real Time Read Transfer) 
I--

trso D'i' to First SC Delay Time (Re<ld Trnnsfer) 15 15 
I--

tSRS Last SC to RAS Set - Up Time (Serial Input) 30 30 
t-

tsnD RAS' to First SC Delay Time (Seri<ll Input) 25 25 
f---

tSOD RAS to Serial' Input Delay Time 50 50 
t-

tSDZ Serial Output Buffer Turn - off Delay from RAS 10 SO 10 50 10 

(Pseudo Write Transfer) 
io-

tscc SC Cycle Time 30 30 ns 
f---

tsc SC Pulse Width (SC High Time) 10 10 -tscP SC Precharge Time (SC Low Time) 10 10 -- -
tSCA Access Time from SC 25 25 9 --
tS(lH Serial Output Hold Time from SC 5 5 --
tSDS Serial Input Set - Up Time 0 0 -
tSOH Serial Input Hold Time 15 15 -
tSEA Access Tim.e from SE 25 25 9 

t-- -
tSE $I Pulse Width 25 25 -
tSEP SE Precharge Time 25 25 .-
tSEz Serial Output Buffer Turn - off Delay from $I 0 20 0 20 10 -
t~lE Serial Inpul to SE Delny Time 0 0 -
tszs Serial Input to First SC Delay Time 0 0 -
lsws Serial Wrile Enable Set-Up Time 0 0 -
tswH Serial Write Enable Hold Time 1S 15 

f---
tSWIS Serial Write Disable Set - Up Time 0 0 -
tSWIH Serial Write Disable Hold Time 15 15 

J-- -
t5TS Split Transfer Set-Up Time 30 30 -
tSTH Split Trnnsfer Hold Time 30 30 -
tSOD SC - QSF Delay Time 60 60 16 
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NOTES: 

1. Stresses greater than those listed under "Absolute Maximum Ratings" may cause 

permanent damage to the device. 

2. All voltage are referenced to VSS. 

3. These parameters depend on cycle rate. 

4. 'l'hese parameters depend on output loading. Specified values are obtained with the 

" u. 

output open. 

An initial pause of 200~s is required after power-up followed by any 8 nAS cycles (TIT lOE 
"high") and any 8 SC 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. 

6. AC measurements assume trr==5ns. 

7. VIH (min.) and VIL (max.) are reference levels for measuring timing of input signals. Also, 

transition times are measured between Vm and VII,. 

8. RAM port outputs are measured with a load equivalent to 1 'l'TL load and 100pF. 

DOUT reference levels: VOH/VOL=2.0V IO.BV. 

9. SAM port outputs are measured with a load equivalent to 1 Tl'L load and 30pF. 

Dou'!' reference levels: VOH / VOL== 2.0V / O.BV. 

10. tOFF (max.), tOEZ (max.), tSDZ (max.) and tSEZ (max.) define the time at which the outputs 
achieve the open circuit condition and are not referenced to output voltage levels. 

11. Either tRC'1l or tRRH must be satisfied for a read cycles. 

12. These parameters are referenced to C1\S leading edge of early write cycles and to WB IWE 

leading edge in OE-controlled-write cycles and read-modify-write cycles. 

13. twcs, tRWD, tCWD and tAWD are not restrictive operating parameters. They are included 

in the data sheet as electrical characteristics only. If twcs;;;; twcs (min.), the cycle is an 

early write cycles and the data out pin will remain open circuit (high impedance) 

throughout the entire cycle; If tRWD~ tRWD (min.). tCWD~ tCWD (min.) and tAwD~ tAWD (min.) 

the cycle is a read-modify-write cycle and the data out will contain data read from the 

selected cell: If neither of the above sets of conditions is satisfied, the condition of the 

data out (at access time) is indeterminate. 

H. Operation within' the tRCD (max.) limit insures that tRAC (max.) can be met. 

tHCD (max.) is specified as a reference point only: If tncD is greater than the specified 

tHC!) (max.) limit, then access time is controlled by tCAC. 

15. Operation within the tRAD (max.) limit insures that tHAC (max.) can be met. tHAD (max.) is 

specified as a reference point only: If tnAD is greater than the specified tHAD (max.) limit, 
then access time is controlled by tAA. 

16. This parameter measurement assumes Pull up resister 8200. 
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TIMING WAVEFORM 

Rf;.AD CYCL~ 

V 1H -
If As 

VIL -

VIH -
CAS 

V1L --

AO-A8 
Vlfj 

V1L 

WB/Wr. 
V 1H 

VIL 

"Cfi' (erE VIH 

VIL 

DSF 
V1H 

V1L 

IN 
V1H 

I VIL 

'N1/101 tAA 

-\'.14/104 

L_ 
OUT 

VOH -
OPEN 

VOL -

,. : "H" or "L" 
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WHITE CYCLE (EAnLY WRITE) 

RAs 

CAS 

AO-A8 

WOo/WE 

Br/OE 

DSF 

r-- IN 

Wl/IOl 
-WA/IOIl ., L ___ 

OUT 

V 1H 

VIL 

VIH 

VIL 

v1rl 

VIL 

VIH 
V 1L 

VIH 

VIL 

V 1H 

V1L 

VIH 
V 1L 

VOH-

VOL. - --------.----------------------- OPEN -------------------------------

*1 WS/WE *2 DSF *3 Wl/IOl - W4/104 

0 WMl data 
0 

1 Don't Care 

1 0 Don't Care 

WMl data: 0: Write Disable 
1 : Write Enable 

C-200 

lB : "H" or "L" 

Cycle 

Write per bit 1 (New Mask Mode) 

Write per bit 2 (Old Mask Mode) 

Normal Write (No Mask Mode) 
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WRITE CYCLR (O'E CONTROLLED WRI,!'E) 

itAs 

tAS 

AO-A8 

WS(WE 

DT/OE 

DSF 

r-- IN 

Wl/101 
-\","4/104 

L .. _ OUT 

VIII 

V1L 

V IH 
V IL 

VIH 

VIL 

V IH 
V1L 

VIH 
\IlL 

VIH 

VIL 

V IH 

VIL 

VOrl -

VOL -------------------------------OPEN-----------------------------

*1 WB(WE *2 DSF *3 Wl/I01 - W4/104 
= '" 

0 WMl data 
0 

1 Don't Care 

1 0 Don't Care 

WM 1 data: 0: Write Disable 
1: Write Enable 

C-201 

Cycle 

Write per bit 1 (New Mask Mode) 

Write per bit 2 (Old Mask Mode) 

Normal Write (No Mask Mode) 



READ· MODIFY - WRITE CYCLE 

-RAS v1H 

VIL 

VIH 
CAS 

VIL 

AO-A8 
VIIi 
V 1L 

WS/WE 
V 1H 

VIL 

[if/OE 
V1H 
V 1L 

DSF 
VIH 

VIL 

IN 
VIH 

I V1L 

_WI/I01 
-111'4/104 

L- OUT 
VOH-

VOL -
OPEN 

*1 WB/WE "2 DSF "3 W1/I01 - W41104 

0 WMl data 
0 

1 Don't Care 

1 0 Don't Care 

WM1 data: 0: Write Disable 
1: Write Enable 

C-202 

_ : "H" or "L" 

Cycle 

Write per bit 1 (New Mask Mode) 

Write per bit 2 (Old Mask Mode) 

Normal Write (No Mask Mode) 
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FAST PAGE MODE READ CYCLE 

RA~ 

CAS VIH 

VIL 

AO-A8 VIH 

VIL 

WB/WE VIH 

VIL 

oT/ill VIH 

VIL 

DSF 
V IH 
V IL 

i-IN 
VIH 

VIL 

Wl/IOl 
-W4/104 

LOUT VOH -

VOL -

_ ;"H U or "L" 
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fAST PAGE IvIODE WRITE CYCLE (EAR.LY WRITE) 

AO-AB 

v"lB/WE 

DSF 

r- 1N 

W1/101 
-W4/104 

LOUT 
VOH - ________________ OPEN _____________ _ 

VOL -

*1 WB/WI *2 DSF *3 W1/101 - W4/104 

0 WM1'data 
0 

1 Don't Care 

1 0 Don't Care 

Wllll1 data; 0; Write Disable 
1; Write Enable 

C-204 

_ ;"H"or"L" 

Cycle 

Write per bit 1 (New Mask Mode) 

Write per bit 2 (Old Mask Mode) 

Normal Write (No Mask Mode) 
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FAS1' PAGE MODE READ - MODIFY - WRITE CYCLE 

AO-A8 

WB/WE 

Di"/CE 

W11101 
-W4/104 

DSF 

IN 

L_ OUT 

VIH 
VIL 

VIH 
VIL 

VIH 
VIL 

VIH 

VIL 

VOH-____ ~--------~ 
VOL --

*1 WS/WE *2 DSF *3 W11101-W41104 

0 WMl data 
0 

1 Don't Care 

1 0 Don't Care 

WMl data: 0: Write Disable 
1 : Write Enable 

C-205 

Cycle. 

Write per bit 1 (New Mask Mode) 

Write per bit 2 (Old Mask Mode) 

Normal Write (No Mask Mode) 



RAS" ONLY lWFRESH CYCLE 

VIH -
RAS 

VIL --

CA"S VIH 
V1L 

AO~-A8 
VIH 
V 1L 

WB-/WE 
VIIi 

Vil. 

W1/101 VOH-_______________ OPEN ____________ _ 
-W4/104 Vo .. -

_ : "HH or "L" 
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1fAS 

CA~ 
V ,H -
V 1L -

v;s I ~\IE VtH 

V'L 

cHlOE V iH 
V1L 

DSF V1H 

\i,L 

W1/101 VO H -
-'N4/104 VOL - I}--------- OPEN -----------

Note: AO - A8 = Don't Care ("H" or "L") _ :"H" or"L" 
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BLOCK WRITE CYCLE 

RAS 
V 1H 
V 1L 

CAS 
V IH 
V IL 

AO-AS 
VIH 
V iL 

Wa/\!JE 
V 1H 

VIL 

('j"f ICYE 
V 1H 
V IL 

DSF 
VIH 

VI'-

IN 
V 1H 

r- V iL 
I 

Wl/101 
-W4/104 

L- OUT 
VCH -

VOL -
-------------------------OPEN------------------------------

_ :"H"or"L" 

*1 WB/WE *2 DSF *3 W1/101 - W4/104 Cycle 

0 WMl data Block Write (Mask 1) (New Mask Mode) 
0 

1 Don't Care Block Write (Mask 2) (Old Mask Mode) 

1 0 Don't Care Block Write (No Mask Mode) 

WM 1 data: 0: Write Disable 
1: Write Enable 

*4) COLUMN SELECT 

Wl1101 - ColumnO (A1C=O, AOC=O) } W2/102 - Column 1 (A1C=O, AOC= 1) Wn/iOn 

W3/103 -;- Colurnn2 (A1C= 1, AOC=O) = 0 : Disable 

W4/104 - Column3 (A1C= 1, AOC= 1) 
= 1 : Enable 
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RAS VIH 

VIL 

CAS VIH 

VIL 

AO-A8 VIH 

V 1L 

"Bf / OE VIH 

V 1L 

WIT/WE V 1H 

V1L 

DSF V 1H 

V1L 

WI/IOI VIt"i 

-W4/I04 V1L 

*1 WB/Wt *2 DSF *3 Wl/101 .... W4/104 Cycle 

0 WMI data Block Write (Mask 1) (New Mask Mode) 
0 

1 Don't Care Block Write (Mask 2) (Old Mask Mode) 

I 0 Don't Care Block Write (No Mask Mode) 

WM I data: 0: Write Disable 
1: Write Enable 

*4) COLUMN SELECT 

Wlli01 
W21102 
W3/103 
W4/104 

- Column O(AIC = 0, AOC = 0) 
- Column I (AIC = 0, AOC = 1) 
- Column 2 (AIC = I, AOC = 0) 
- Column 3 (AIC = I, AOC = 1) 
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Wn/iOn 
= 0: Disable 
= 1: Enable 
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m~AD TnANSFER CYCT.:E (Previous Transfer is WRITE TRANSFER CYCLE) 

VIH --
RAS 

VIL -

CAS 
VIH 
V IL 

AlJ~A8 
VII~ 
VIL 

"VB 1V>7f. 
VIH 
V IL 

"()flOE 
VIH 
V IL 

DSF 
Viti 
V 1L 

W1/101 vOH 
-W4/104 VOL 

SC 

IN 
Vn~ 

1- V IL 

5101 
--5104 

L_ 
OUT 

VOH -

VOL -

Note: SE = V1L 

1m) : "H" or "LH 
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rtf,AL TIME READ TRANSFER CYCLE 

AAS 
Vlfj 

VIL 

CAS 
V1H 

VIL 

AO-AS 
V1H 

V1L 

~VB/WE 
V 1H 
V 1L 

DT/OE 
VIH 

VIL 

DSF 
V1H 
V 1L 

WlII01 VOH 
-W4/104 VOL 

SC 
VIH 

VIL 

IN 
VIH r-- VIL 

5:01 
-5104 

L- OUT 

I 

---- Previous Row Data -------__ :""IIiE,-----New Row Data 

Note: SE = V 1L 

_ : "H" or "L" 
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§pLIumAD TRANSFER CYCLE 

Ri.\"S Vlrl 

VIL 

CAS VIH 

VIL 

AO~·/~8 VIIi 

VIL 

WB/WE VIH 
V IL 

DT/OE VIH 
V IL 

DSF VIH 

VIL 

5C VIH 
V IL 

5101 VIII 
-:'104 VIL 

QSF VOH -

VOL -; ••••••• : 

Note: SE = VIL 

TC524259BJ/BZ-80, TC524259BJ/BZ-10 

Lower SAM 0 - 255 

Upper SAM 256 - 51 1 
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FrAS 

CAS 

AO-A8 

i,'TS/WE 

Of/OE 

DSF 

Wl/IOl 
-W4/104 

SC 

S"t" 

I 
IN 

SIOl 
-$104 

L_ 
OUT 

V IH 
V ,L 

VIH 
VIL 

VIH 

VIL 

V IH 
Vil. 

\/'H 
VIL 

VIH 

V,L 

VOH 

VOL 

VHi 
V IL 

V,H 
V IL 

V IH 
VIL 

VOH-

VOL -

Irf-+-------------------------OPEN --------r----------------

Inhibit Rising Transient 

I 
I 
I 
I 
I 
I 

1)-------- OPEN ---+: -------
I 
I 
I 

: 
Serial Output Data _: 

I 

C-216 
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I 
I 
I 
I 
I 

: - Serial Input Data 
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WHITE 1'J1ANSF.E.!LCYC1~ 

RAS 
VIH 

V1L 

CAS 
V 1H 
V 1L 

AO-A8 
VIH 

V 1L 

WB/WE 
V1H 

V1L 

Dr/OE 
VIH 

VIL 

DSF 
V 1H 
V 1L 

W1/101 VOH 
-W4/104 VOL 

SC 
VIIi 

VIL 

IT 
V 1H 
V 1L 

IN 
V 1H 

I VIL 

SIOI I 
I 

-$104 I 

L- VOH- : 
OUT I 

VOL - I 
I 

----------~~------OPEN ----------------------~-----------------
I 
I 

Previous .-: - New Row Data 
Row Data 

·1 DSF *2 SE Cycle ImJ : "H" or OIL" 

0 0 Write Transfer 

1 * Write Transfer 
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SERIAL READ CYCLE ('SE=Vu) 

RAS VIH 
V1l 

15i loI V1H 
VIL 

~"SJ1t~t-T-HH----------------------------
---~ _I tscc~_~ 

7sc:-~:~ )0 :tSC. )0 ~tsC.. ) )SC.., )0 

SC 

SIOl 
-$104 

Note : $I = V1L 
_ :"H" or "L" 

filiRTAL R'f,:AD@ Cantrall Outputs) 

Of/of 

sc 

IN 
VIH 

I V1L 

SIOI 
-510.4 

L OUT 
VOH 
VOL 

_ :"H"or"L" 
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SERIAL WRITE CYCLE ("SE=Vu,) 

ru V 1H 
VIL 

01'/01 VIH 

VIL 

SC V 1H 

VIL 

SIOl VIH 
-S104 VIL 

Note : SE = VIL _ :"H" or"L" 

SERIAL WRITE (SE Controlled Input.§l 

RAS 
V1H 

VIL 

Of/Of 
VIH 

VIL 

SC 
V 1H 

Vil 

SE 
VIH 

V1L 

IN 
V1H 

I V1L 

SIOl 
-5104 

L OUT 
Vo H -

VOL -
------------------------~-------OPEN ------------------------------

_ : "H" or "LH 
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ADDRESS INPUTS: An - As 

The 18 address bits required to decode 4 bits of the 1,048,576 cell locations within the dynamic 

RAM memory array of the TC524259BJ /HZ are multiplexed onto 9 address input pins (AD-As). 

Nine row address bits are latched on the falling edge of the row address strobe (RAS) and the 

following nine column address bits are latched on the falling edge of the column address strobe 

(CAS). 

ROW ADDRESS STROBE : HAS 

A random access cycle or a data transfer cycle begins at the falling edge of RAS. RAS is the 

contrul input that latches the row address bits and the states of CAS, DT/DE, VlB/WE, SE and 

DSF to invoke the various random access and data transfer operating modes shown in Table 2. 

RAS has minimum and maximum pulse widths and a minimum pre charge requirement which must 

be maintained for proper device operation and data integrity. '1'he RAM port is placed in standby 

mode when the RAS control is held "high". 

COLU:MN ADDRESS STROBE: CI\-g 

CAs is the control input that latches the column address bits and the state of the special 

functiun input DSF to select, in conjunction with the RAS control, either read / write operations or 

the special block write feature on the RAM port when the DSF input is held "low" at the falling 

edge of RAS. Refer to the operation truth table shown in 'rable 1. CAS has minimum and 

maximum pulse widths and a minimum precharge requirement which must be maintained for 

proper device operation and data integrity. CAS also acts as an output enable for the output 

buffers on the RAM port. 

DATA TRANSFER/OUTPUT ENABLE: iYr/OE 

The DT / OE input is a multifunction pin. When DT / OE is "high" at the falling edge of RAS, 

RAM port operations are performed and DT / OE is used as an output enable control. When the 

Dr / OE is "low" at the falling edge of RAS, a data transfer operation is started between the RAM 

port and the SAM port. 
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FRITE PEl{ BIT I WRITE ENABLE: Wn IW~ 

The WB IWE input is also a multifunction !lin. When \VB /WI~ is "high" at the falling edge of 

RAS, during RAM port operations, it is used to write data into the memory array in the same 

manner as a standard DRAM. When \VB IWlf. is "low" at the falling edge of RAS, during RAM 

port operations, the wl'ite-per-bit function is enabled. The WB IWE input also determines the 

direction of data transfer between the RAM array and the serial register (SAM). 

When WB IWE is "high" at the falling edge of HAS, the data is transferred from RAM to SAM 

(read transfer). When WB IWE is "low" at the falling edge of RAS, the data is transferred from 

SAM to RAM (write transfer). 

WRITE MASK DATA/DATA INPUT AND OUTPUT: W,IIO,-W4/I04 

When the write-per-bit (New Mask Mode) function is enabled, the mask data on the Wi/IOi 

pins is latched into. the write mask register (WMl) at the falling edge of RAS. Data is written 

into the DRAM on data lines where the write-mask data is a logic "1". Writing is inhibited on 

data lines where the write-mask data is a logic "0". The write-mask data is valid for only one 

cycle. Data is written into the RAM port during a write or read-modify-write cycle. The input 

data is latched at the falling edge of either C"A-s or WB I WE, whichever occurs late. During an 

early-write cycle, the outputs are in the high-impedance state. Data is read out of the RAM port 

during a read or read-modify-wri te cycle. The output data becomes valid on the Wi I IOi pins after 

the specified access times from RAS, CAS, D'l' / OE and column address are satisfied and will 

remain valid as long as CAS and DT I 0'8 are kept "low". The outputs will return to the 

high-impedance state at the rising edge of either CAS or DT IOE, whichever occurs first. 

SERT AL CLOCK : SC 

All operations of the SAM port are synchronized with the serial clock SC. Data is shifted in 

or out of the SAM registers at the rising edge of SC. In a serial read, the output data becomes 

valid on the SIO pins after the maximum specified serial acceS::l time tSCA from the rising edge of 

SC. 'rhe serial clock SC also increments the 9-bits serial pointer (8-bits in split register mode) 

which is used to select the SAM address. The pointer address is incremented in a wrap-around 

mode to select sequential locations after the starting location which is determined by the column 

address in the read transfer cycle. When the pointer reaches the most significant address location 

(decimal 511), the next SC clock will place it at the least significant address location (decimal 0). 

'rhe serial clock SC must be held at a constant VIII 01' VIL level during readl pseudo wl'ile/wl'iLe 

transfer operations and should not be clocked while the SAM port is in the standby mode to 

prevent the SAM pointer from being incremented. 
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SERIAL EN ABLE : SE 

The SE input is used to enable serial access operation. In a serial read cycle, SE is used as 

an output control. In a serial write cycle, SE is used as a write enable control. When SE is 

"high", serial access is disabled, however, the serial address pointer location is still incremented 

when SC is clocked even when SE is "high". 

SPECIAL FUNCTION CONTROL INPUT: DSF 

The nSF input is latched at the falling edge of RAS and CAS and allows for the selection of 

various random port and data transfer operating modes. In addition to the conventional multi port 

DRAM, the special features consisting of write per bit 2, block write, block write (mask 1 & 2) ,load 

color / mask register and split read transfer can be invoked. 

QSF is an open drain output signal which, during split register op~ration, indicates which half, 

of the split SAM is being accessed. Since QSF is an open drain output, it must be pulled up to 

vee with an appropriate pull-up resistor. QSF "on" (low state) indicates that the lower split SAM 

(Bits 0 thru 255) is being accessed and QSF" off' (open state) indicates that the upper split SAM 

(Bits 256 thru 511) is begin accessed. After the QSF has toggled to either an open or low state, a 

delay of tSTS must be met before a split read transfer operation can be performed on the non-active 

half of the spli t SAM. 

SERIAL INPUT/OUTPUT: SI01-SI04 

Serial input and serial output share eommon I/O pins. Serial input or output mode is 

determined by the most recent read, write or pseudo write transfer cycle. When a read transfer 

cycle is performed, the SAM port is in the output mode. When a write or pseudo write transfer 

'cycle is performed, the SAM port is switched from output mode to input mode. During subsequent 

write transfer cycle, the SAM remains in the input mode. 
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OPERATION MODE 

The RAM port and data transfer operating of the rrC524259BJ I BZ are determined by the state 

of CAS, I.Ff (Of~, WB IWE, SE and DSF at the falling edge of RAS and by the state of DSF at the 
falling edge of CAS: The 'rable 1 and the ri'able 2 show the operation truth table and the 

functional truth table for a listing of all available RAM port and transfer operation, respectively. 

Table 1 Operation Truth Table 

I CA~S tailing edge L r 

l~ t~ 0 0 1 1 ~AS f(llli_'.~~ ed~_e__ - Sr 

·CA~_ DT/ci<w~ 51 0 1 0 1 

0 * * * CAS before RAS Refresh - -- --
1 0 0 0 Write Transfer Write Tramfer Write Transfer Write Transfer --f---
1 0 0 1 Pseudo Write Transfer Pseudo Write Transfer 

1 0 1 * Rpad Tramfer Split Read Transfer Read Transfer Split Read Transfer ---r-
* 1 1 0 Pead / Write per Bit I Read / Write per Bit 2 Block Write (Mask I) Block Write (Mask 2) 

1 1 1 * Read/Write l.oad Mask Block Write Load Color 

Table 2. Functional Truth Table 

RASL CAQ Address W/IO Register 
Write 

Function CAsL Mask CAs Di'/OE Ws/we DSF SE DSF RAs"L CASt.. RAS 1... CAst.. WeL 
WMI Color 

CAS before Ms Refresh 0 * * .. .. - .. - .. - - - - -
Write Transfer , 0 0 0 0 .. Row TAP .. .. * - - -- - - ----- --------- ---------------- .---
Pseudo Write Transfer 1 0 0 0 1 * Row TAP * .. .. - - -
Write Transfer 1 0 0 1 .. * Row TAP * * .. -- -

c--
Hcild Tran\fl?r 1 0 1 0 .. .. Row TAP .. .. .. - - -
Split Head Transfer 1 0 1 1 .. .. Row TAP .. .. .. - - -
Write per Bit 1 , 1 0 0 .. 0 Row Column WMI DIN WMI 

Load - use -

1 1 0 0 .. 1 Row 
Column 

WMI 
Column Load 

Bloc~ Write (Mask 1) ALC-8C Select - WMI use use 

Write per Bit 2 1 1 0 1 .. 0 Row Column .. - DIN WMI use -
1 1 0 1 .. 1 Row 

Column .. Column 
WMI Biock Write (Mask 2) A2C-8C Select - use use 

t--
Read Write 1 1 1 0 * 0 Row Column .. - DIN - - -

1 1 1 0 * 1 Row 
Column . Column 

illnck Writ~ A2C-8C Selecl - - - use ----- - -----------c-. 
Load Mask 1 1 1 1 .. 0 Row * .. - WMI - Load -

L'Md Color 1 1 1 1 ~ 1 Row .. .. - Color - - LOild 

* "0" or "1" TAP SAM start address - : not used 
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If the special function control input (DSF') is in the "low" state atthe falling edges of RAS and 
CAS, only the conventional multi port DRAM operating features can be invoked: "CAS-before-llXS 
refresh, write transfer, .pseudo-write transfer, read transfer and read write modes. If the nSF input is 
"high" at the falling edge of RAS, special features such as split read transfer, load mask, load color 
register, write per bit 2 and block write (Mask 2), can be invoked. If the nSF input is "low" at the 
falling edge of RAS and "high" at the falling edge of l:XS, the block write (No Mask, Mask 1) feature 
can be invoked. 

RAM PORT OPERATION 

FAST PA~g MODE CYCLE 

Fast page mode allows data to be transferred into or out of multiple column locations of the 

same row by performing multiple 'CAS cycle during a single active RAS cycle. During a fast page 

cycle, the JU\S' signal may be maintained active for a period up to 100 llseconds. For the initial 

fast page mode access, the output data is valid after the specified access times from 'RAS', CAS, 
column address and DT/OB. For all subsequent fast page mode read operations, the output data 

is valid after the specified access times from C'AS, column address and DT / 00. When the 

write-per-bit function is enabled, the mask data latched at the falling edge of RAS is maintained 

throughout the fast page mode write or read-modify-write cycle. 

RAS-ONLY REFRESH 

The data in the DR.AM requires periodic refreshing to prevent data loss. Refreshing is 

accomplished by performing a memory cycle at each of the 512 rows in the DRAM array within 

the specified 8ms refresh period. Although any normal memory cycle will perform the refresh 

operation, this function is most easily accomplished with "HAS-Only" cycle. 

PAS-BEFORE-RA.S REFRESH 

The TC524259BJ / BZ also offers an internal-refresh function. When CAS is held "low" for a 

specified period (tCSlt) before RAS goes "low", an internal refresh address counter and on-chip 

refresh control clock generators are enabled and an internal refresh operation takes place. ~ When 

the refresh operation is completed, the internal refresh address counter is automatically 

incremented in preparation for the nexL C'A"S-before-RAS cycle. For successive CAS-before-RAS 

refresh cycle, CAS can remain "low" while cycling RAS. , 

HIDDEN REFRESH 

A hidden refresh is a CAS-before-RAS refresh performed by holding CAS "low" from a pr~vious 

read cycle. This allows for the output data from the previous memory cycle to remain valid while 

performing a refresh. The internal refresh address counter provides the address and the refresh is 

accomplished by cycling RAS" after the specified RAS'-precharge period (Refer to Figure 1). 
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-Memory Cycle --- Refresh Cycle --- Refresh Cycle --

eM ~~ ________________________________ -J;-----

Wl/
j
lOl -----~<'------------------------'>---W41104 __ Valid Data Output . 

Figure 1. Hidden Refresh Cycle 

WRITE-PER-nIT FUNCTION 

The write-per-bit function selectively controls the internal write-enable circuits of the RAM 

port. Two types of write-per-hit may be utilized-"New Mask Mode" or "Old Mask Mode". The 

state of the signals required to select the modes of write-per-bit are shown in table 3. 

The write-per-bit 1 (New Mask Mode) function is enabled when WB IWE and nSF are held 

"low" at the falling edge of RAS in a random write operation. Also, at the falling edge of RAS, 
the mask data on the WilWi pins are latched into a write mask register (WMl). New write mask 

data must be presented at the Wil Wi pins at every falling edge of RAS. A "0" on any of the Wi 

/10 pins will disable the corresponding write circuits and new data will not be written into the 

RAM. A "1" on any of the Wi/Wi pins will enable the corresponding write circuits and new data 

will be written into the RAM. 

'rhe write-per-bit 2 (Old Mask Mode) function is enabled when WB / WE is "low" and nSF is 

"high" at the falling edge of RAS in a random write operation. 'l'his function does not use the 

data present on the Wi /lOi pins at the falling edge of RAS as write mask data. Therefore, data on 

the Wi / Wi pins at the falling edge of RAS is a don't care ("H" or ilL"). The write mask data 

which is utilized hy this function resides in the wriLe mask register (WMl). The mask data is 

placed into the "WM1" write mask register by using either the "Load Mask Register Cycle", 

''Write-per-bit 1 (New Mask Mode) Function", or "Block Write 1 (New Mask Mode) Function" 

Table 3. Write-per-bit function truth table 

At the falling edge of RAS (RAS~) CAS~ 
Function 

CAS DT/OE WB/WE DSF WIIO DSF 

H H H L * L Normal Write 

H H L L WMl L Write-per·bit 1 (New Mask Mode) 

H H L H * L Write·per-bit 2 (Old Mask Mode) 

* : don't care (H or L) 

An example of the write-per-bit function using a display application is shown in Figures 2 and 

3. 
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~ 
tH L~ 
~ 

~ ~ 
i5'f I OE 

AO-A8 

DSF 
: L 

WB/WEm iL~ ~ 
~ : 

Wl/101~ 

W2 1102 Wwrite VWdl%J .1.~rite~ 
W3/103 %M~Sk_ 

W41104 wwrtt~ .o.!vrite~ 
L LWrite 

WI "01 " L : Write Mask 

Wj/IOI"H: Write 

00 
00 
00 
00 
00 
00 
00 
00 
00 

CRT Display 

00 00 00 00 00 
00 00 00 00 00 
00 00 00 ee eo 
00 00 oe oe 00 
00 00 eo oe 00 
00 oe ee ee 00 
00 eo 00 oe 00 
oe 00 00 oeo 
eo 00 00 00 00 

Figure 2. Write-per-bit 1 timing cycle Figure 3. Corresponding bit-map 

LOAD COLOR REGISTER 

The TC524259BJ IBZ is provided with an on-chip 4-bits register (color register) which is used 

in the block write function. Each bit of the color register corresponds to one of the DRAM VO 

blocks. '1'he load color register cycle is initiated by holding CAS, D'!' I OE, WB I WE and DSF 

"high" at the falling edge of RAS and by holding DSi" "low" at the falling edge of CAS. The data 

'presented on the Wi/lOi lines are subsequently latched into the color register at the falling edge of 

CAS or Wn IWE, whichever occurs later. During the load color register cycle, a valid row address 

(Ao thru As) is not required. However, the memory cells of the row address which is latched at 

the falling edge of H.AS is refreshed. 
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LOA D MASK ,REGISTER 

The TC524259BJ / HZ has an on-chip 4 bit register (WMI register) which provides the I/O 

mask data during the writ.e-per-bit (New and Old Mask Mode) and Block Write (New and Old 

Mask Mode) functl~ns. Each bit of the mask register corresponds to one of the DRAM I/O blocks. 

The mask data must be specified in the WMI register by using the load mask register cycle prior 

to the execution of "Write-Per-Bit 2" and "Block Write 2" old mask mode functions. The load 

mask register cycle is initiated by holding CAS, DT/QE, WB/WE and DSF "high" at the falling 

udge of if AS and by DSF "high" at the falling edge of CAS. The data presented on the Wi / IOi 

lines are subsequently latched into the mask register at th,~ falling edge of either CAS or WB / WE, 

whichever occurs later. The mask data which is latched into the WMI register will also be 

updated by the write-per-bit 1 (New Mask Mode) or Block Write 1 (New Mask Mode) functions. 

During the load mask register cycle, a valid row address (Ao thru As) is not required. However, 

the memory cells of the TO\V address which is latched at the falling edge of RAS is refreshed. 

Block write is a special RAM port write operation which, in a single RAS cycle, writes the 

data in the color register into 4 consecutive column address locations starting from a selected 

column in a selected row. Three modes of block write operation may be selected-No Mask Mode, 

New Mask Mode, Old Mask Mode. Column mask capability is applicable on all three modes. The 

seven most significant column addresses (A2C-A8C) are latched at the falling edge of c:AS to 

designate the starting column address and the two least significant column addresses (AOC-AlC) 

are "don't care". The column mask data is also provided on the Wi / lOi pins at the falling edge of 

CAS. This column mask data will enable / disable the write operation on any of the 4 consecutive 

column address locations. 

A block write cycle is selected by holding CAS, and DT / OE "high" at the falling edge of RAS 

and DSF "high" at the falling edge of CAS. 'r'he state of the WB / WE and nSF inputs at the 

falling edge of RAS will select one of the three modes of block write as shown in the following 

table 4. 

When the DSF input at the falling edge of nAS is "low", the state of WB /WE selects either 

"No Mask Mode" or "New Mask Mode". If WB /WE is "high" at the falling edge of RAS, the 

block write (No Mask Mode) is selected. If WB /WE is "low" at the falling edge of RAB", the block 

write 1 (New Mask Mode) is selected and the mask data on the Wi / IOj pins are latched and used 

like the write-per-bit 1 (New Mask Mode) function. 

'If DSF is "high" and WB/WE is "low" at the falling edge of RAS, then the block write.2 (Old 

Mask Mode) is selected and the mask data stored in the "WMl" register is used. 'l'he I/O masking 

for this function is used in the same manner as the write-per-bit 2 (Old Mask Mode) .. 
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Table 4. B-Iock Write function truth table 

At the falling edge of RM' (RAS~) CAS~ 
Function 

CAS DT/DE WB/~ DSF Wi/iOi DSF Wi/iOi 

H H H L * H Column Mask Block Write (No Mask Mode) 

H H L L WM1 H Column Mask Block Write (Mask 1) (New Mask Mode) 

H H L H * H Column Mask Block write (Mask 2) (Old Mask Mode) 

* : don't care (H or L) 

An example using the block write 1 (New Mask Mode) function with a data mask on WIII01, 

W 4 I 104 and column 2 is shown in Figure 5. Also, an example using a window clear clear and fill 
application is shown in Figure 6. 

RAS ~. ________ ~ ________ ~ 

CAS --~r~H------~~ ~------

Ao-As ~ Colu~nA2C-AsC ~ 

WBIWE 

,r-li .... , ~ 
~~w==='777,======'77': 

':..';. ..... " ; 
Dr/DE ~~~~~~~~~~~~~~~~ 

DSF 

Wi/iOi 

( 
H : No Mask ) 
L : Mask Enable 

W,/IO, 
'-----------~ W2 /102 

W3 1103 
W4 /104 

Figure 4. Block Write Timing 
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Column Color 
M<lsk D<lt<l Select Resister 

Data 

W1! IOI 0 1 0 Mask 

W2/ I02 1 1 0 ¢ I---+---+---
W]/ I03 1 0 1 

--
W 4 J1 04 0 1 1 Mask 

Mask 

Figure 5. Example of Block Write Operation 

Figure G. Examples of Block Write Application 

FAST PAGl~ MODE ULOCK WRITE CYCLg 

Fast page mode block write can be used to perform high speed clear and fill operations. 

The cycle il:! initialed by holding the DSlc' signul "low" ut the fulling edge of HAS and a fast page 

mode block write is performed during each subsequent CAS cycle with nSF held "high" at the 

fulling edge of CAS. 

H t.he nSF signal is "low" at the falling edge of CAS, a normal fast page mode read I write 

operation will occur. Therefore a combination of block write and read I write operations can be 

performed during a fast page mode block write cycle. Refer to the example shown in Figure 10. 

RAS ~ ____________ ~(~__________ r-
u-~ 

DSF 

,--__ --.,-__ -",,1 ''-____ ---., _________ 1 "---y---' 

Block Write Cycle Read! Write Cycle Block Write Cycle 

Figure 7. Fast Page Mode Block Write Cycle 

C-229 



SAM PORT OPERATION 

The TC524259BJ I BZ is provided with a 512 words by 4 bits serial access memory (SAM) which 

call be operated in the single register mode or the split register mode. 

srr.:OLE REGISTER MODE 

When operating in the single register mode, high speed serial read or write operations can be 

performed through the SAM port independent of the HAM port operations, except during 

read / write / pseudo-write transfer cycles. The preceding transfer operation determines the direction 

of data flow through the SAM port. If the preceding transfer operation is a read transfer, the 

SAM port is in the output mode. If the preceding transfer operation is a write or pseudo write 

transfer, the SAM port is in the input mode. The pseudo write transfer operation only switches 

the SAM port from output mode to input mode; Data is not transferred from SAM to RAM. 

Serial data can be read out of the SAM port after a read transfer (RAM-SAM) has been 

performed. 'l'he data is shifted out of the SAM port starting at any of the 512 bits locations. 

The TAP location corresponds to the column address selected at the falling edge of CAS during the 

read transfer cycle. '1'ho SAM registers are, configured as circular data registers. The data is 

shifted out sequentially starting from the selected tap location to the most significant bit and then 

wraps around to the least significant bit, as illustrated below. 

start; address: Tap location 

[1 0 1'1'1 ___ ···1 H ..... --_--_--_--_--------_--_-_1_5°_9_15_,°_1_5'_' _~--,I 

Subsequent real-time read transfer may be performed on-the-fly as many times as desired, 

within the refresh constraints of the DRAM array. Simultaneous serial read operation can be 

performed wi th some timing restrictions. A pseudo wl'i te transfer cycle is performed to change the 

SAM port from output mode to input mode in order to write data into the serial registers through 

the SAM port. A write transfer cycle must be used subsequently to load the SAM data into the 

ItANf row selected by the row address at the falling edge of RAS. The starting location in the 

SAM registers for the next serial write is selected by the column address at the falling edge of 

CAS. 'fhe truth table for single register mode SAM operation is shown in Table 5. 
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Table 5. Truth Table for SAM Port Operation 
-

SAM PORT of JOE at the 

OPERATION falling edge of RAS SC SE FUNCTION Preceded by a 

L Enable Serial Read 

SL Read Transfer Serial Output Mode 
H Disilble Seriill Read 

--. 
L Enable Serial Write 

JL Write Transfer Serial Input Mode H 
H Disable Serial Write 

---
L Enable Serial Write 

JL Pseudo Write Transfer Serial Input Mode 
H Disable Serial Write 

SPLIT REGISTER MODE 

In split register mode, data can be shifted out of one half of the SAM while a split read 

transfer is being performed on the other half of the SAM. A normal (Non-split) read transfer 

operation must precede any split read transfer operation. The non-split read transfer will set the 

SAM port into output mode. The split read transfers will not change the SAM port mode set by 

preceding normal transfer operation. HAM port operation may be performed independently except 

during split transfers. In the split register mode, serial data can be shifted out of one of the split 

SAM registers starting from any at the 256 tap locations, excluding the last address of each split 

SAM, data is shifted out sequentially starting from the selected tap location to the most significant 

bit (255 or (11) of the first split SAM and then the SAM pointer moves to the tap location selected 

£'01' the second split SAM to shift data out sequentially starting from this tap location to the most 

significant bit (511 or 255) and finally wraps around to the least significant bit, as illustrated in 

the example below. 

Tap Iration Tap Iratior, 

~Ll+ 1 m_-+EthL..--12S_6' I_I ---,I F I-m-+Ff~ 

'I'he SAM data registers are static flip-flop, therefore a refresh is not required. 
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PATA TRANSFER OPERATION 

The TC524259BJ I BZ features two types of internal data transfer capability between RAM and 

the SAM, as shown in Figure 8. During a normal (Non-split) transfer, 512 words by 4 bits of data 

can be loaded from RAM to SAM (Read Transfer) or from SAM to RAM (Write Transfer), During 

a split read tran!>fer, 256 words by 4 bit!> of data can be loaded from the lower I upper half of the 

RAM into the lower / upper half of the SAM (Split Read Transfer), 'I'he normal transfer and split 

transfer modes are controlled by the DSF special function input signal, 

512 columns __ 

512x512x4 
Memory Cell Array 

r=~ ______ 51_2_X_4 ______ ~~ 

Figure 8. (a) Normal (Non-split) Transfer 

256 colum[Js 256 columns 
~ 

512x256x4512x256x4 
Memory 
Cell Array 

Memory 
Cell Array 

(b) Split Read Transfer 

As shown in Table 6, the TC524259BJ f BZ supports foul' types of transfer operations: Read 

transfer, Split read transfer, Write transfer, and Pseudo write transfer, Data transfer operations 

between RAM and SAM are invoked by holding the DT fOE signal "low" at the falling edge of 

,l~AS. The type of data transfer operation is determined by the state of CAS, WB IWE, SE and 

DSF latched at the falling edge of 'RA.S. During normal (Non-split) data transfer operations, the 

SAM port is switched from input to output mode (Read transfer) or output to input mode (Write 

transfer f Pseudo write transfer) whereas it remains unchanged during split read transfer operations, 

During a data transfer cycle, the row address Ao-As select one of the 512 rows of the memory 

array to or from which data will be transferred and the column address Ao-As select one of the 

tap locations in the serial register. The selected tap location is the start position in the SAM port 

from which the first serial data will be read out during the subsequent serial, read cycle or the 

start' position in the SAM port into which the first serial data will be written during the 

subsequent serial write cycle, During split read transfer cycles, the most significant column 

address (ABC) is controlled internally to determine which half of the serial register will be reloaded 

from the RAM array. 
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Table 5. Transfer Modes 

at the falling edge of RAS 
- Transfer Mode Transfer Direction Trilnsfer Bit SAM Port Mode 

CAS l5fiOE WaJWE $I DSF 

H L H * L Read Transfer RAM -+ SAM 512x4 Input -+ Output 
1-. --

H L L L L Write Transfer SAM -+ RAM 512x4 Output ~ Input 
--- -. 

H L L H L Pseudo Write Transfer - - Output -~ Input 

H L L . H Write Transfer SAM -+ RAM 256x4 Output ~ Input 

H L H * H Split Read Tramfer RAM ~ SAM 256x4 Not changed 

'i' : "!-1" or "L" 

READ THANSFEH CYCLE 

A read transfer consists of loading a selected row of data from the RAM array into the SAM 

register. A read transfer is invoked by holding CAS "high", DT / OE "low" WB / WE "high" and 

DSF "low" at the falling edge of RAS. The row address selected at the falling edge of RAS 

determines the RAM row to be transferred into the SAM. The transfer cycle is completed at the 

rising edge of DT / CE. When the transfer is completed, the SAM. port is set into the output mode. 

In a read / real time read transfer cycle, the transfer of a new row of data is completed at the 

rising edge of 1)'1' / OE and this data becomes valid on the SIO lines after the specified access time 

tSCA from the rising edge of the subsequent serial clock (SC) cycle. The start address of the serial 

pointer of the SAM is determined by the column address selected at the falling edge of CAS. 
Figure 9 shows the operation block diagram for read transfer operation. 

.. 
-0 

Serial Read 

Q: L+'~~~~~~~~~~~~ - r --- Selected Row 

:: 
~ 

512x512x4 bits 
Memory Cell Array 

Figure 9. Block Diagram for Read Transfer Operation 

In a read transfer cycle (which is preceded by a write transfer cycle), the SC clock must be 

held at a constant VIL or VII-I. after the SC high time has been satisfied. A rising edge of the SC 

clock must not occur until after the specified delay tTSD from the rising edge of DT I OE, as shown 

in Figure 10. 
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Ao-AS 

~ 
lH~~~ 
:L ~ ~ 
e ------1---------------

ViIS/WE 

DSF ~ ~L/& 

SC ~..RiSinqTr<lnsitiOn!\ -f~ 
: :~: y 

510 . - . (Dout 'r:=... 

Figure 10. Read Transfer Timing 

In a real time read transfer cycle (which is preceded by another read transfer cycle), the 

previous row data appears on the 810 lines until the TIT / OE signal goes "high" and the serial 

acc(~ss time tSCA for the following serial clock is satisfied. This feature allows for the first bit of 

the new row of data to appear on the serial output as soon as the last bit of the, previous row has 

been strobed without any timing loss. '1'0 make this continuous data flow possible, the rising edge 

of TIT / 0:8 mllst be synchronized with RAS, CAS and the subsequent rising edge of SC (tHTH, tC'l'H, 

and tTSLI VI'SD must be satisfied), as shown in Figure II. 

The timing restriction tTSL/ tTSD are 5ns min / 15ns min. The split read transfer mode eliminates 

these timing restrictions. 

WB/WE 

DT/OE 

Previous Row Data _:_ New Row Data 

Figure 11. Real Time Read Transfer 
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WRITE TRANSFER CYCLE 

A write transfer cycle transfers the contents of the SAM register into a selected row of the 

RAM array. If the SAM data to be transferred must first be loaded through the SAM port, a 

pseudo write transfer operation must precede the write transfer cycles. However, if the SAM data 

to be transferred into the RAM was previously loaded into the SAM via a read transfer, the SAM 

to RAM transfer can be executed simply by performing a write transfer cycle. A write transfer is 

invoked by holding CAS "high", DT/OE "low", WB/WE "low", SE "low" and DSF "low" at the 

falling edge of HAS. Also if DSF is "high" under the condition of a "high" CAS, "low" 151' / OE 

and "low", WlJ /WE at the falling edge of 11.AS, a write transfer is invoked independent of the state 

of SJ~. 

L. __ _ 

CAS _--1r--------~--------~~----------------~ 

SC 

DSF 

%TI%~ ~~~~ 

?:~#A ~ L [%@!%W 

( Mask DClt,,) 

~~~{~;$7L@/@/%%%@% 
1 

i~! 

~ j ~ __ ~I~nh~i~b~it~R~is~in~9~Tr~a~~n~si~ti~on~ __ ~ _____ ~ 

Data in Data In 

@?1?¥~.' ~~%~ 
Not Transferred 

1 : Transferred 

*1 DSF *2SE Operation 

L L Write Transfer 

H L or H Write Tramfer 

Figure 12. Write Transfer Timing 

The row address selected at the falling edge of RAS determines the RAM row address into 

which the data will be transferred. The column address selected at the falling edge of CAS 

determines the start address of the serial pointer of the SAM. After the write transfer is 

completed, the S10 lines are set in the input mode so that serial data synchronized with the SC 

clock can be loaded. 

C-235 



_~ __ • ____ 1/_-' __ ... ""',._ ~_,.,..~ I/~'" .. ,.. 

I \"~~4"~~D"'/DL-OU, I \"'O~q.~O~D"'/DL- I U 

256 columns 

Active SAM QSF Level 

lower SAM "Low· 

upper SAM "High" 

d~Ci5&bit ] 
Active Non-Active 

Figure 14. Split Register Mode 

La~st SC First SC ~Last SC First SC 
(255) (511) 

SC~ n n f 
LJ LJ U,,\ . ----:hi~-h:---- ~ 

QSF "low· I \ . "low" 

lower SAM : Active upper SAM: Active lower SAM: Active 

Figure 15. QSF Output State During Split Register Mode 

§PLI1~ HEAD TRANSFER CYCLE 

A split read transfer consists of loading 256 words by 4 bits of data from a selected row of the 

split RAM array into the corresponding non-active split SAM register. 

Sorial data can be shifted out of the other half of the split SAM register simultaneously. The 

block diagram and timing diagram for split read transfer mode are shown in Figure 16 and 17, 

respectively. During split read transfer operation, the RAM port input clocks do not have to be 

synchronized with the serial clock SC, thus eliminating timing restrictions as in the case of 

on-the-fly read transfers. A split read transfer can be performed after a delay of tS'l'S, from the 

change of state of the QSF' output, is satisfied. 

Figure 16. Block Diagram for Split Read Transfer 
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SAM Start Address dJlE.} .. --¢:l--O 510 1-5104 

~ r foNT 
111111-=-=--------

Ao-As 
., 

512 x 4bits "0 
0 
v '"' _ Selected Mask ., 
0 Row Data 
~ 
0 

512x512x4bits 

'" Memory Cell Array 

Figure 13. Block Diagram for Write Transfer Operation 

When consecutive write transfer operations are performed, new data must not be written into 

the serial register until the RAS cycle of the prcc(.!ding write transfer is completed. Consequently, 

the SC clock must be held at a constant VIL or VU-I during the RAS cycle. A rising edge of the 

SC clock is only allowed after the specified delay tSllD ~from the rising edge of RAS, at which time 

a new row of data can be written in the serial register. 

PSEUDO WRITE TRANSFER CYCLE 

A pseudo write transfer cycle must be performed before loading data into the serial register 

after a read transfer operation has been executed. 'fhe only purpose of a pseudo write transfer is 

to change the SAM port mode from output mode to input mode (A data transfer from SAM to RAM 

does noL occur). After the serial register is loaded with new data, a write transfer cycle must be 

p(~r[orll1ed to trunl)fer the data from SAM to RAM. A pseudo write transfer is invoked by holding 

CAS "high", 15'1.' / OE "low", WE IWE "low", SE "high" and nSF "low" at the falling edge of !{AS. 
The timing conditions are the same as the one for the write transfer cycle except for the state of 

SE at the falling edge of RAS. 

SPLIT READ TRANSFER AND QSF 

The TC524259BJ I BZ features a split read transfer capability between the RAM and the SAM. 

During l)plit read transfer operation, the serial register is split into two halves which can be 

conttoiled independently. Split read transfer operations can be performed to one half of the serial 

register while serial data can be shifted out of the other half of the serial register, as shown in 

Figure "14. The most significant column address location (A8C) is controlled internally to 

determines which half of the serial register will be reloaded from the RAM array. QSF is an 

output in which indicates which half of the serial register is ill an active state. QSF changes 

staLe when the lnst se clock is applied to active split SAM, as shown in Figure 15. 
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Of/OE 

DSF 

QSF 

~ ~~------------------~{ 
r-----..(; :.', / 

---' ~H . 

~SAMStart ~, 
: H AO-A7 . 

~F/!!ldr 
~~L~~_ 

w~r~ 
!~t L~ll4! 

=:=1 ~~ ~ 
Figure 17, Timing Diagram for Split Read transfer 

A normal (Non-split) read transfer operation must precede split read transfer cycles as shown 

in. the example in Figure 18. 

sc 

,...-_--\-____ -1r-S.;...pl_it-,R"d r"n".. , Split R"~ 
-LJ\f\jij\f\i\jV\N)/VVVVVV\f\~~VVW 
~I_~""'·"·"·"""""·····' ·j .... · ...... ·· .. · .. r· ............ · ...... ·_·· .. , ............... 1" ................... _ .. "r 

R'AS 

QSF 
'----

Figure 18. Example of Consecutive Read Transfer Operations 
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f,PLIT-REGISTER OPERATION SEQUENCE (EXAMPLE) 

Split read transfers must be preceded by a normal read transfer. Figure 19 illustrates an 

example of split register operation sequence after device power-up and initialization. After 

power-up, a minimum of 8 RAS and 8 SC clock cycles must be performed to properly initialize the 

device. A read transfer is then performed and the column address latched at the falling edge of 

CAS sets the SAM tap pointer location which up to that point was in an undefined location. 

Subsequently, the pointer address is incremented by cycling the serial clock SC from the starting 

location to the last location in the register (address 511) and wraps around to the tap location set 

by the split read transfer performed for the lower SAM while the upper SAM is being accessed. 

The SAM address is incremented as long as SC is clocked. The following split read transfer sets a 

new tap location in the upper split SAM register address 256 in this example and the pointer is 

incremented from this location by cycling the SC clock. 
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CAs~J 

Split Read 
Transfer 
~ 

Pseudo Write 
Transfer 
~ 

)@i'[§ 

Di/OEJ 
L! j : ,..-----!--, I 

i 
i 
i 
i 

i : i i 
j : i i 
i : i i 

I 0 : i e i 

High·Z . . ! "High" l( i ,.:.: _____ .--
QSF ('------'\-4i-~ 1 i\ V ~ ! \,--~. --

sc _-PJml@IIlJl'---_---'--"--_~~mruillM If ~If ~ 
i . Serial outPu~ l J ..... ' I I ~~~~! 

.. : I :, :: t 511 Devi ces (1) i ~ , 

POinter ... "" .' .............. ·· .. ·1 i l ~x~er ~x~er 
255+-~~~ ... -.. ·-··-···-D-·~-~~i~~~~~(~·2-i·~~7'-.---~;i~-------i~\.r~s~;~-w~-M-~er-if-~~--------r-~~----

... · .. ·R·~~~t I Set SAM 7~ ~~~er / )) 
O~--~r~o~ir~)t~er~--------~:----------------------------------------------~~~-----

~---P-o·~in-te-r~L-oc-a~ti~o-n~~1 

Undefined 

Figure 19. Example of Spilit SAM Register Operation Seguence 

The next operation is a pseudo write transfer which switches the SAM port from output mode to 

input mode in preparation for either write transfers or split write transfers. The column address 

latched at the falling edge of CAS during the pseudo write transfer sets the serial register tap 

location. Serial data will pe written into the SAM starting from this location. 

TRANSFER OPERATION WITHOU'l' CAS 

During a1l transfer cycles, the CAS input clock must be cycled, so that the column address are 

latched at the falling edge of CAS, to set the SAM tap location. If CAS was maintained at a 

constant "high" level during a transfer cycle, the SAM pointer location would be undefined. 

Therefore a transfer cycle with CAS held "high" is not allowed (Refer to the illustration below). 
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Address 

RAS 

CAS 

Address 

TC524259BJ/BZ-80, TC524259BJ/BZ-10 

~ __________________ ~r----
~ __________ ~r----
SAMS~ 

~ __________________ ~r----

) 

Proper 
Transfer 
Cycle 

) 

Not 
Allowed 

TAP LOCATION SELECTION IN SPLIT READ TRANSFER OPERATION 

(a) In a spli t read transfer operation, column addresses AOC through A 7C must be latched at the 

falling edge of CAS in order to set the tap location in one of the split SAM registers. During 

a split read transfer, column addrl:ss A8C is controlled internally and therefore it is ignored 

internally at the falling edge of CAS. 

~----------.~---

Addresses ~address ~ 

t t 
AOR-A8R AOC-A7C (A8C is don't care:High or Low) 

During a split transfer, it is not allowed to set the last address location (AOC-A7C=FF), in 

either the lower SAM or the upper SAM, as the tap location. 

(b) In the case of multiple split read transfers performed into the same split SAM register, the tap 

location specified during the last split read transfer, before QSF toggles, will prevail. In the 

example shown below, multiple split read transfers are performed into the upper SAM 

(Non-active) while the lower SAM (active) is being accessed at the time when QSF toggles, the 

first SO serial clock will start shifting serial data starting from the Tap N address location. 

RAS ~'--__ ---J 

~.~~I.-_---J 

Address -~~~------------------------
lower SAM: Active 

__ -,u"",p""p.;:.;er-,S:.:.,A,,-,M:.:...:.,;: N""o""n.:....a;::.:c:.:;ti:..:.v;:,.e _____________ ..,;/_ .. -:-~..J~ lower SAM: Non·active 
t er6~k Eil~~k upper SAM: Active 

QSF 

SC ~-------,»-------JLJlSlj-WJLJLJLJ 
I I 

:-. ___ Multiple Split read transfer into upper SAM ~! Serial access of upper SAM 
: Serial access of lower SAM ! starting at Tap N location 
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§.E1J,T DEAD TRANSFER OPERA'l'IO N ALLOWABLE PERIOD 

Figure 26 illustrates the relationship between the serial clock SC and the special function 

output QSF during split read transfers and highlights the time periods where split read transfer 

are allowed, relative to se and QSF. 

SC 

QSF 

Split 
ReadlWrite 
Transfer 
ililowed. 

Last First Last First Last First 
Clock Clock Clock Clock Clock Clock 

_-"ILr~LrL~Sr_J\LfLn---ss--t~LrLJ-

IJ~I I::~~I I~~I 
-V~~"~-""'VEs-~ t YES )0 ~I"'E!-""'Y;-;:E-;:-S-

Figure 20. Split Tr()mfer Operation Allowable Periods 

As indicated in Figure 20, a split read transfer is not allowed during the period of tS'l'H + tS'fs. 

SPLIT READ 'rRANSFEl1 CYCU~ AFTE~ NORMAL READ rrRANSFER CYCLE 

A split read transfer may be performed following a normal read transfer provided that a 

minimum delay of 30ns from the rising edge of the first clock se is satisfied (Refer to the 

illu;,tration shown below). 

RAS 

OT/OE 

DSF 

QSF 

SC 

I 

---'----It__ r--
1 

\.--.Ji---------~ 
1 

--~-
1 
1 
1 .--------------------t.--------

----------~.-----------------------------------------
I 
1 
I 
I 

: I I 

Transfer OpE~ration 1 :30ns: _: :-0(_: 
: Next Transfer: 1-0(-----· ... 1 ... Next Transfer Operation is allowed. I Not Allowed ; 
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TC524259BJ/BZ-BO, TC524259BJ/BZ-10 

NORMAL READ TRANSFER CYCLE AFTER NORMAL READ 'rRANSFER CYCLE 

AnotheJ' read il'all~fel' may be pel"fuJ'Jlled fulIuwing- UlC ruud Lmn~fur provided Lhut. u minimum 

delay of 30ns from the rising edge of the first clock SC is satisfied (Refer to the illustration shown 

below). 

DSF 

QSF 

SC 

'-1 i 
~i 

I 

: 
: 

------------~----~~ 
I , 
: I' 

Transfer Operation. ! l~~l 

i Next Tril~srer! 
1'- JI I ..... 
I Not Allowed 
I 

----- Next Transfer Operation is allowed. 

NORMAL TRANSFER AF'rER SPLIT READ TRANSFER 

A normal transfer (read / write / pseudo write) may be performed following split read transfer 

operation provided that a 30ns minimun delay is satisfied after the QSF signal toggles. 

QSF --------------~f~------------~:---------------------------------
Split Transfer~! ... oc::--.::.30.::.;n..:.:S:...M:..:.:.:.;in":':· __ ~.~:~Normal Transfer Operation Allowed 

: I 

I : 
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POWER-UP 

Power must be applied to the RAS and DT / OE input signals to pull them "high" before or at 

the same time as the Vee supply is turned on. 

is required with RAS and DT / OE held "high". 

After power-up, a pause of 200 llseconds minimum 

After the pause, a minimum of 8 RAS and 8 SC 

dummy cycles must be performed to stabilize the internal circuitry, before valid read, write or 

transfer operations can begin. During the initialization period, the DT / OE signal must be held 

"high". If the internal refresh counter is used, a minimum 8 CAS-before-RAS initialization cycles 

are required instead of 8 RAS cycles. 

INITIAL STATE AFTER POWER-UP 

When power is achieved with RAS, CAS, 1)11' 1m and WB /WE held "high", the internal state 

of the TC52425SBJ / BZ is automatically set as follows. 

However, the initial state can not be guaranteed for various power-up conditions and input 

signal l(,!vels. Therefore, it is recommended that the initial state be set after the initializution of 

the device is performed (200 llseconds pause followed by a minimum of 8 RAS cycles and 8 SC 

cyc!(,!s) and before valid operations begin. 

State after power-up 

SAM port Input Mode 

QSF High-Impedance 

Color Register all "0" 

WM 1 Register Write Enable 

TAP pointer Invalid 

C-244 







~-.. -----



I~ =, " ,'_ .':"~'~~,'~,"~~.;~,r,',;,',','~:,r, ',,' , •• _______ ~.~i;,'\;?i?,,'" 
_____________ ' ',i§·fi",;'::,. 

-I ____________ .lI.M~";?;;;,; 

I 

_____________ .n~:>;?"' 

_____________ ~m_"'~;h',X;';· 

_______________ tllj!i>Jf"l!"" " 

_____________ Ifiln_!!llln:~~~l:t,~,;(:· 

______________ Ulfi'i1ll*',·" 

_____________ llBrrMl1,n: 

_____________ tt_ll1lm~1:?;;-.' 

_____________ ~IWH<t;!\" 

____________ .,OIifII.lWMJ;i';';,;" 

_____________ ~D'~§llr~~,i.{·", 

_____________ I!Wf~~;;'.;, ' 

_____________ ~iEi8~£: 

_____________ III.il!~~!'·;I ... 

______________ ~~~ijk\; 

_____________ ili!_l.Ji~*~· 

______________ J~JD'if,i;'~"'" 

_______________ W\li:~;;;i·; 

.& 

" 
"'';:-'C' 

',f ~ 

TAEC REGIONAL 
SALES OFFICES 

NORTHWEST REGION 
490-B Lakeside Drive 
Sunnyvale, CA 94086-4705 
TEL: (408) 737-9844 
FAX: (408) 737-9905 

SOUTHWEST REGION 
15621 Redhill Ave., Suite 205 
Tustin, CA .92680 
TEL: (714) 259-0368 
FAX: (714) 259-9439 

NORTH CENTRAL REGION 
One Parkway North, Suite 500 
Deerfield, IL 60015-2547 
TEL: (708) 945-1500 
FAX: (708) 945-1044 

SOUTH CENTRAL REGION 
777 E. Campbell Rd., Suite 650 
Richardson, TX 75081 
TEL: (214) 480-0470 
FAX: (214) 235-4114 

NORTHEAST REGION 
25 Mall Road, 5th Floor 
Burlington, MA 01803 
TEL: (617) 272-4352 
FAX: (617) 27~-3089 

SOUTHEAST REGION 
WatedQr4Centm. '~,. 
5555Tria~le Patkway,-Suite 300 
Norcross, GA 30092 ' ~ 
TEL: (404) 368-0203 
FAX: (404) 368-0075 

TAEC DISTRICT 
SALES OFFICES 

PACIFIC NORTHWEST DISTRICT 
1700 N.W. 167th Place, Suite 240 
Beaverton, OR 97006 
TEL: (503) 629-0818 
FAX: (503) 629-0827 

MID-ATLANTIC DISTRICT 
303 Lippincott Center, Suite 120 
Marlton, NJ 08053 
TEL: (609) 985-3737 
FAX: (609) 985-6814 

SOUTHEAST DISTRICT I 
4020 Westchase Blvd., Suite 404 
Raleigh, NC 27607 
TEL: (919) 832-2600 
FAX: (919) 832-1429 

SOUTHEAST DISTRICT II 
600 S. North Lake Blvd., Suite 250 
Altamonte Springs, FL 32701 
TEL: (407) 332-0966 
FAX: (407) 339-3777 


