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A. DYNAMIC RAM

1. Standard DRAM

TOSHIBA

Access Time Cycle Po'l‘ner gigsl pation o
.
Capacity Part Number Org jon Max (ns) T,',.T: Process ax S/8 (mW) Pins p“:‘r:,éng
TRAC TCAC (ns) Active |Standby
[TC511000AP/AJ/AZ-70 70 | 20 130 240
TC511000AP/AJ/AZ80  |1,048676 X1| 80 | 20 150 | cmos | 385 | 55 | 18/26/20 | FastPage
ITC511000AP/AJ/AZ-10 100 | 25 180 330
ITC511000APL/AJL/AZL-70 70 | 20 130 440 Fast Page
TC511000APL/AJL/AZL-80 [1,048576 X 1| 80 | 20 150 | cmos | 385 | 11 | 18/2e/20 |FastPage
TC511000APL/AJL/AZL-10 100 | 25 180 330
TC511001AP/AJ/AZ-T0 70 | 20 130 440
TC511001AP/AJ/AZ80  [1,048576X1| 80 | 20 150 | cMos | 385 | 55 | 18/26/20 | Nibble
TC511001AP/AJ/AZ-10 100 | 25 180 330
TC511002AP/AJ/AZ-70 70 | 20 130 440 Static
TC511002AP/AJ/AZ-80 (1048576 X1| 80 | 20 150 | cmos | 385 | 55 | 18/28/20 | Static
1M [TC511002AP/AJ/AZ-10 100 | 25 180 330
Bit  lrcs14256AP/AlAZTO 70 | 20 130 440
TC514256AP/AJ/AZ80 | 262144X4 | 80 | 20 150 | cMos | 385 | 55 | 20/26/20 | FastPage
TC514256AP/AJ/AZ-10 100 | 25 180 330
TC514256APL/AJL/AZL-70 70 | 20 130 440 Fast Page
TC514256APL/AJL/AZL-80 | 262,144X4 | 80 | 20 150 | cmos | 385 | 11 | 202620 [FastPage
ITC514256APL/AJL/AZL-10 100 | 25 180 330
TC514266AP/AJ/AZ-70 70 | 20 130 440 Fast Page
TC514266AP/AJ/AZ-80 | 262144X4 | 80 | 20 150 | cmos | 385 | 55 | 20/26/20 | write-
ITC514266AP/AJ/AZ-10 100 | 25 180 330 Per-Bit
TC514258AP/AJ/AZ-70 70 | 25 130 440 Stati
TC514258AP/AJ/AZ-80 | 262144X4 | 80 | 25 150 | cmos | ass | 55 | 20/26/20 | Stafic
TC514258AP/AJ/AZ-10 100 | 30 180 330
TC514268AP/AJ/AZ-70 70 | 25 130 440 Static Cok
[TC514268AP/AJ/AZ-80 | 262,144X4 | 80 | 25 150 | cMos | 385 | 55 | 20/26/20 |umn, Write-
ITC514268AP/AJ/AZ-10 100 | 30 180 330 Per-Bit
[TC514100J/2-80 80 20 150 550
ITC5141004/2-10 4,194,340 X 1 100 25 180 CMOS 468 55 26/20 Fast Page
TC5141014/2-80 80 | 20 150 578 Nibble
ITC514101J/2-10 4194304 X1| 440 25 180 | CMOS | 495 | 55 26/20 Mode
TC5141024/2-80 80 | 20 150 550 Static
am  [TC5141024/2-10 4194304 X 11 450 25 180 | OMOS | 468 55 26/20 | Golumn
Bit
TC5144004/2-80 g0 | 20 150 578
ITC5144004/2-10 1048576 X4 | 1656 | 25 180 | OMOS | 495 55 26/20 | Fast Page
TC5144024/2-80 80 | 20 150 578 Static
TC5144024/Z-10 1048576 X4| 400 | 25 180 | CMOS | 495 55 26/20 | Gojumn
TC514410J/2-80 80 | 20 150 578 Write-Per-Bit
TC5144104/2-10 1048576 X4 490 | 25 180 | OMOS | 495 55 26/20  ["rast Page




TOSHIBA

2. CMOS Video Ram

Random SF?:;EI S:gi:l Cycle Pﬂner Dissipation ;
Capacity Part Number Organization A((:rt]::)ss 1;‘"";’ A{_:ﬁ::s Thln’::xe 2x S8 (W) Pins O;ﬁ;%t;ng
ns, "
TRAC TCAC (ns) _ (ns) Active |Standby
ITC521000P/J 32K X8X4 20 190 550 110 40/40 Serial-In
180 Serial-Out
ITC524256P/Z/J-10 RAM PORT: 262,144 X 4| 100 50 25 190 550 110 28/28/32 Random Port
TC524256P/Z/J-12 SAM Port: 512 X 4 120 60 35 220 495 Page Mode
Write-Per-Bit
Serial Port
Serial Input
1M Serial Output
Bit ITC524257P/Z/J-10 RAM Port: 262,144 X4 | 100 50 25 190 550 110 28/28/32 | Random Port
ITC524257P/Z/J-12 SAM Port: 512 X 4 120 60 35 220 495 Page Mode
Write-Per-Bit
Serial Port
Serial Input
Serial Output
With Raster
Operation

NOTE: Package P: Plastic Dip Z: Plastic Zip J: SOJ

N




TOSHIBA

3. DRAM Modules

Organization Part Number Af:;s.l?g Ac | Pins ASSS?"";NV Pin Type M'::'(g;":n) Comments
THM81000AS-70 70
THM81000AS-80 80 Socket 20.45
THM81000AS-10 100
; 30 Single
THM81000AL-70 70
1MX8 THM81000AL-80 80 Pin 22.60 Fast Page
THM81000AL-10 100
THM81020AL-70 70
THM81020AL-80 80 30 Double Pin 12.64
THM81020AL-10 100
THM91000AS-70 70
THM91000AS-80 80 Socket 2045
THM91000AS-70 100
30 Single Fast Page
THM91000AL-70 70
1M X9 THMS1000AL-80 80 Pin 22.60
THM91000AL-10 100
THM91010AS-70 70
THMS1010AS-80 80 Socket 20.32
THM91010AS-10 100
30 Double Fast Page
THM91020AL-70 70
THM91020AL-80 80 Pin 12.64
THM91020AL-10 100
THM362500AS-70 70
256K X 36 | THM362500AS-80 80 Single 254
- 100
THM362500A5:10 72 Socket Fast Page
THM365120AS-70 70
512K X 36 THM365120AS-80 80 Double 254
THM365120AS-10 100




TOSHIBA

B. STATIC RAMS

1. Standard SRAM

Organi- |Access Time | Cycle Time Power Dissipation Max (mW) Package
Capacity Part Number Zzation Max (ns) Min (ns) Process Pins Width (inch)
Active Standby
TC5563APL-10 100 100
64K Bit | TC5563APL-12 120 120 0.5
TC5563APL-15 150 150
8,192 X8 CcMOS 220 28 0.3
TC5563APL-10L 100 100
TC5563APL-12L 120 120 0.165
TC5563APL-15L 150 150
TC5665APL/AFL-10 100 100
TC5565APL/AFL-12 120 120 0.56
TC5565APL/AFL-15 150 150 086
8,192 X 8 CMOS 220 28 .6 (P)
TC5665APL/AFL-10L 100 100 0.45 (F)
TC55685APL/AFL-12L 120 120 0.185
TC5585APL/AFL-15L 150 150
TC55257APL/AFL-85 85 85
TC55257APL/AFL-10 100 100 0.55
TC55257APL/AFL-12 120 120
1G35257BPL/BFL/BSPL-65 2 o 0ss 08 ()
5257BPL/BFL/BSPL-85 5 -
TC55257BPL/BFL/BSPL-10 | 32768X 8] 499 100 cMmos 330 28 835(3(3
TC55257APL/AFL-85L 85 85
TC55257APL/AFL-10L 100 100 0.165
TC55257APL/AFL-12L 120 120
265K Bit
TC56256PL/FL-10 100 100 08P
TC55256PL/FL-12 32768X8 | 120 120 cMOos 330 0.005 28 045 ()
TC55256PL/FL-15 150 150 -
TC56258PL/FL-10 100 100 06 (P
TC55258PL/FL-12 32,768X8| 120 120 cMos 330 0.005 28 045 (1)
TC55258PL/FL-15 150 150 -
TC551001PL/FL-70 70 70
1M Bit | TC551001PL/FL-85 131,072X8| 85 85 cMos 330 0.55 32 gg‘f,_!)
TC551001PL/FL-10 100 100 -

Note: Package Material: P-Plastic Dip F-Flat Package (SOP) SP-Skinny Plastic Dip




2. CMOS Pseudo Static RAM

TOSHIBA

Access Cycle Power Dissipation Package
Capacity Part Number Organization | ime | Time Max 8/8 (mW) Pins | Width | Comment
(ng) ine) Active | Standby (inch)
TC51832P/SP/F-85 85 135 303
TC51832P/SP/F-10 100 160 248 55
TC51832P/SP/F-12 120 190 220 06 (P)
256K Bit 32,768 X8 28
TC51832PL/SPL/FL-85 85 135 303 0.3(SP)
TC51832PL/SPL/FL-10 100 160 248 055 045(F) | Low Power
TC51832PL/SPL/FL-12 120 190 220
TC518128AP/ASP/AF-80 80 130 385 06 (P) th
TC518128AP/ASP/AF-10 131,072X8 | 100 160 330 55 32 | o3P o
TC518128AP/ASP/AF-12 120 190 275 0.45 (F)
TC518128APL/ASPL/AFL-80 80 130 385 0.6(P) |With CE1/CE2
TC518128APL/ASPL/AFL-10 | 131,072X8 | 100 160 330 11 32 | 03(SP | AndLow
e | TCE18128APL/ASPLIAFL 12 120 190 275 0.45(F) Power
TC518129AP/ASP/AF-80 80 130 385 06 (P) —
TC518129AP/ASP/AF-10 1310728 | 100 160 330 55 32 | 03P | witnCE/cs
TC518120AP/ASP/AF-12 120 190 275 0.45 (F)
TC518129APL/ASPL/AFL-80 80 130 385 06(P) | withCE/CS
TC518129APL/ASPL/AFL-10 | 131,072x8 | 100 160 330 11 a2 | 035" | AndLow
TC518129APL/ASPL/AFL-12 120 190 275 0.45(F) Power
3. High Speed Static RAM
o A_(I:_oess %ydo b Pwagtziss%alion Package
" rganization ime ime ower (m
Capacity Part Number And Process Max Min Supply m’; Comment
(ns) (ns) Active Standby
TMM2018P-25 2048 X8 25 25 825
16K Bit | TMM2018P-35 s 35 35 |sveiom | 7425 55 24 03
TMM2018P-45 a5 15 7425
TC5561P/J-35 35 35
TC5561P/)-45 B et a5 a5 |sviiom | 550 oss |23 ‘3 o3 g’) Low Power
1C5561P/J-70 70 70
TC5562P/J-35 as a5
65,536 X 1 2 | 03(P)
TC5562P/J-45 15 35 [sveio% | 550 55
1C5562P/J-70 CMos 70 70 240 | 0319
TC55416P-20 20 20 | 5vis% | 660
1C55416P-25 1e38ix4 | 25 25 |svi10% | €60 55 2 (‘?) 03(P)
TC55416P-35 35 35 |sveiom | 550
| Tc55416P-15H 16384X4 | 15 15 |5vt10% | 660
64K Bit | yC55416P-20H CMOS 20 20 |svi10% | 550 55 22 03
TC55417P/J-20 20 20 |svis% 660 —
1C55417P/J-25 1esedx4 | 25 25 |s5viiom | 660 55 2 ‘S’) o3 {?) With OF
1C55417P/)-35 35 a5 |sveiom | 550 -
TC55417P/J-15H 16384X4 | 15 15 |sve10% | 550 03(P) =
TC55417P/J-20H CMOS 20 20 |svio% | 550 55 24 | g3( | WthOE
TC5588P/J-15 15 15 660 =
TC5588P/J-20 8lo2 X8 20 20 |svtiom| ss0 55 28 3 {?) With CE1
TC5588P/J-25 25 25 550 -
TC5580P/4-15 15 15 660 =
72K Bit | TC5580P/J-20 8lo2X9 | 20 20 |svx10% | 550 55 28 | 0300 | NmcEd
TC5589P/J-25 25 25 550 -
TC55464P/J-20 20 20 660
TC55464P/J-25 63538%4 | 25 25 |svt10% [ 660 55 24 b4 f?)
TC55464P/J-35 35 35 550
TC55465P/J-20 20 20 660 —_
256K Bit | TC55465P/J-25 65500X4 | 25 25 |[svtio% | 660 55 28 | 93 g’, With OF
TC55465P/J-35 35 35 550
TC55328P/J-20 20 20 660
TC55328P/J-25 32768%X8 | 25 25 |svi10% | 660 55 s | 93 g’)
TC55328P/J-35 35 35 550
TC55329P/J-20 20 20 660
288K Bit | TC55329P/J-25 s27e8X9 | 25 25 |sve1o% | 660 55 a2 | 930 | N e
TC55329P/)-35 35 35 550

Note: Package Material: P-Plastic Dip F-Flat Package (SOP) SP-Slim Plastic Dip
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C. Non-volatile

1. Standard EPROM

Access Cycle Power Dissipation
L . 7 Power Program-
i Organization Time Time Temperature Max (mW) =
Capacity Part Number &Process | Max Min 5“(\9,)9'3/ Range (C) Pins | ,ming
(ns) (ns) Active Standby 9
TMM27256BD-15 150 150
TMM27256BD-20 200 200 o-70 525 158
TMM27256BDI-15 | 32768X8 | 459 150 |5V 5%
256K | TMM27256BDI-20 NMOS 200 200 —40-85 630 184 28 torll
TC57256AD-12 120 120
TC57256AD-15 82768%8 | 150 150 0-70 158 0525
TC57256AD-20 200 200
TMM27512AD-17 170 170 630 184
TMM27512AD-20 200 200 |5VE5% 0-70 630 184 28 Torll
TMM27512AD-25 250 250 630 184
. | TMM27512AD-200 200 200 715 220
512K Bit | TMoT2 1 aAD 220 ssﬁag ;( 8 | 329 220 [svxiom 0-70 ns 2 28 lorll
TMM27512ADI-20 200 200 683 210
TMM27512ADI-25 250 250 |SVE5% | -40-85 683 210 28 torll
TC57512AD-15 65536 X8 | 150 150 158
TC57512AD-20 €MOS 200 200 |5VE5% 0-70 158 0525 28 lorll
TC571000D-15 131072x8 | 150 150 0-70 158 0525
TC571000D-20 Lo 200 200 |5VE5% | -40 -85 158 0525 32 1
TC571000D-25 250 250 -40 - 85 158 0525
TG571000D-200 200 200 | sv+10% 0-70 165 055 32 i
TC571001D-15 131072x8 | 180 150 0-70 158 0525
1M Bit | TC571001D-20 R 200 200 |sv5% | -40-85 158 0525 32 1
TC571001D-25 250 250 -40 - 85 158 0525
TC571001D-200 200 200 | 5VE10% 0-70 165 055 32 I
TC571024D-15 65536 X 16 | 150 150 0-70 158 0525
TC571024D-20 A 200 200 |5Vt5% | -40-85 158 0525 40 1
TC571024D-25 250 250 -40 - 85 158 0525
TC571024D-200 200 200 |5vE10% | -40-85 220 055 40 I




TOSHIBA

2. High Speed Eprom

Access Cycle - Power Dissipation Program-
" Organization Time Time Power [Temperature Max (mw) "
Capacity Part Number & Process Max Min Supply | Range (C) Ping Al ":r'i'tghm
(ns) (ns) Active | Standby 9
TC57H256D-70 32,768 X 8 70 70 5V£5% 210 0.525
256K Bit | 1C571256D-85 EMOS 85 85 |svitom | O70 220 055 28 tor
TC57H1024D-85 65,536 X 16 85 85 5V+5% 210 0.525
1M Bit TC57H1024D-10 bMOS 100 100 5V+5% 0-70 210 0.525 40 ]
TC57H1024D-100 100 100 5V+10% 275 0.55
3. Flash EEPROM
A%cess Cycle P L Power Dissipation Progra:v-
" o ime Time ower [Temperature Max (mw) ming
Capacity Part Number Organization Max Min Supply | Range (C) Pins Erase
(ns) (ns) Active Standby Voltage
TC58257AP-17LV 170 170 12.0V
256K Bit | TC58257AP-20LV 65,536 X 8 200 200 5V+10% 0-70 165 0.55 28 :l:é 5
TC58257AP-25LV 250 250 :
4. One Time PROM
Organ- A.‘r’f"?:s {:ny’::‘l: Power | Temper- PW&;B‘:‘;%’“C‘" Program-
Capacity Type No. ization Max Min Supply ature Pins ming
& Process (ns) (ns) (%] Range (C) Active Standby Algothrim
. | TMM24256BP/BF-17| 32,768 X8 170 170
256K Bit | 1MM24256BP/BF-20]  NMOS 200 200 |SVE5% | 070 525 158
32,768 X 8 28 lorll
TC54256AP/AF-150 SMOS 150 150 5V+10% | -40-85 165 55
TMM24512AP/AF-20 | 65,536 X 8 200 200
TMM24512AP/AF-25 NMOS 250 250 070 630 184
512K Bit 5V+5% 28 lorl
TC54512AP/AF-17 65,536 X 8 170 170 .
TC54512AP/AF-20 CMOS 200 200 ~40-85 158 0525
TC541000P/F-20 200 200
TC541000P/F-25 131,072 x8|_ 250 250 a2
. | TC541001P/F-20 CMos 200 200
1M Bit 7C541001P/F-25 250 250 5V+5% -40 - 85 158 0.5625 n
TC541024P-20 65,636 X 16 200 200 40
TC541024P-25 CMOSs 250 250
5. Mask ROM
Access Cycle Power Dissipation
Capacity Type No. Organization 1&'2: T'L,T: Process Max (mW) Pins
(ns) (ns) Active Standby
TC531000CP/CF-12 120 120 220
TC531000CP/CF-15 131072 X8 150 150 CMOS 193 0.11 28
1M Bit TC531001CP 150 150 193
TC531024P-12 120 120 220 0.11 40
TC531024P-15 65536 X 16 150 150 193 0.11 40
4M Bit TC534000P 524,288 X 8 250 250 CMOS 220 0.11 32

Note: Package Type: P:Plastic Dip F: Flat Package (SOP)
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1. 1Mx1 CMOS Dynamic RAM

Organization 1MBX (Fast page mode) 1MBX1 (Nibble mode) 1MBX1 (Static Column Mode)
SUPPLIER PART # PART # PART #

TOSHIBA TC511000 TC511001 TC511002
FUJITSU MB81C1000 MB81C1001 MB81C1002
HITACHI HM511000 HM511001 HM511002
MITSUBISHI M5M4C1000 M5M4C1001 M5M4C1002
NEC pn PD421000 n PD421001 n PD421002
T TMS4C1024 TMS4C1025 TMS4C1027
NMB AAATM100 AAATM101 AAATM102
SAMSUNG KM41C1000 KM41C1001 KM41C1002
OKI MSM511000 MSM511001 MSM511002
MOTOROLA MCM511000 MCM511001 MCM511002
MICRON MT4C1024

SIEMENS HYB511000 HYB511002
VITELIC V51C1000

HYUNDAI HY51C100

2. 256KX4 CMOS Dynamic RAM

Organization 256KX4 (Fast page mode) 256KX4 (Static column mode) 256KX4 (Fast page, WPB) 256KX4 (Static column, WPB)
SUPPLIER PART # PART # PART # PART #
TOSHIBA TC514256 TC514258 TC514266A TC514268A
FUJITSU MB81C4256 -
HITACHI HM514256 HM514258
MITSUBISHI M5M44C256 M5M44C258
NEC u PD424256 u PD424258
Tl TMS44C256 TMS44C257
SHARP LH64256 LH64258
NMB AAATM104 AAATM105
OKI MSM514256 MSM514258
MOTOROLA MCM514256 MCM514258
|_MICRON MT4C4256
3. 2566KX4 CMOS Video RAM
Organization 256KX4 (w/O Raster) 256KX4 (w/Raster) 256KX4 (Field Memory)
SUPPLIER PART # PART # PART #
TOSHIBA TC524256 TC524257 TC521000
FUJITSU MB81C4251 MB81C4252
MITSUBISHI M5M442256
HITACHI HM534251 HM534252
T TMS44C251
NEC n PD42274




4. DRAM Hybrid Module

TOSHIBA

Organization 1MX8 1MX8 (Low Profile) 1MX9 1MX9 (Common 1/O)
TOSHIBA THM81000A THM81020A THM91000A THM91010A
HITACHI HB56A18 HB56A19
MITSUBISHI MH1MO8 MH1MO9J
OKI MSC2311Y8/K58 MSC2310Y59/K59
MICRON MT8C8024 MT8C9024
NEC MC421000A8 MC421000A9
T TM024GAD8 TM024GAD9

Organization 1MX9 (Low Profile) 256KX36 512KX36
TOSHIBA THM91020A THM362500A THM365120A

8. Standard CMOS Static RAM
Organization 8KX8 32KX8 | 128KX8
Package Width 0.6 inch/0.45 inch/0.3 inch . 0.6 inch/0.45 inch
TOSHIBA TC5565APL/AFL TC5568APL TC55257AP/AF TC55256PL/FL TC551001P/F
FUATSU MB8464 MB84256
HITACHI HM6264 HM6264ASP HM6256 HM658128
MITSUBISHI M5M5165 M5M5256 M5M51000
NEC uPDA4364C u PD4364CX uPD43256 uPD44256
OKI MSM5165
IDT IDT7164
VITELIC
SAMSUNG KM6264
SMOS SRM2264 SRM20256
GE/RCA CDM6264
MOTOROLA MCM6064 MCM60256
THOMSON MK48208
INOVA S$128K8




TOSHIBA

6. CMOS Pseudo Static RAM

Organization 32K'X 8 128K X 8
Package Width 0.6 inch/0.3 inch/0.45 inch 0.6 inch/0.3 inch/0.45 inch 0.8 inch/0.3 inch/0.45 inch
TOSHIBA TC51832P/PL/SP/SPL/F/FL  |[TC518128AP/APL/ASP/ASPL/AF/AFL| TC518129AP/APL/ASP/ASPL/AF/AFL
HITACHI HM65256 HM658128
NEC n PD42832 n PD428128
SHARP LH62258
7. High-Speed Static RAM - Common /0O ()
Organization 2KX8 8KX8 8Kx9 64K X 1 16K X 4 (W/O OE) |716K X 4 (w/OE)
Type NMOS CMOS
Package Width 0.3 inch
TOSHIBA TMM2018AP TCC5588 TCC5589 TC5561/2 TC55416 TC55417
FUJITSU MB81C78 MB81C79 MB81C71A MB81C74 MB81C75
HITACHI HM6287 HM6288
CYPRESS CY7C185 CY7C186 CY7C187 CY7C164 CY7C166
MITSUBISHI M5M5178 M5M5179 M5M5187 M5M5188 M5M5189
MOTOROLA MCM2016H/18 MCM6264 MCM6287 MCM6288/9 MCM6290
INMOS IMS1630 IMS1600/1 IMS1620 IMS1624
IDT IDT7164 IDT7187 IDT7188 IDT7198
NEC p PD4361 n PD4362 u PD4363
OKI MSM5188US
SARATOGA SSM7164 SSM7169 SSM7187 SSM7188 SSM7166
PERFORMANCE P4C164 P4C187 P4C188 P4C198
AMD AM9128 AM99C88H
VTl VT20C98 VT8K9 VT62KS4 VT63KS4
THOMSON MK48H65 MKB41H87
HYUNDAI HY62C64 HY62C88
GOLDSTAR GM76C64 GM76C164
MICRON MT5C6408 MT5C6401 MT5C6404 MT5C6405
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TOSHIBA

8. High-Speed Static RAM - Common 1/0 (1)

Organization B4KX4 (W/OOE) | 64K X4(W/OF) 32K X 8 32K X 9
TYPE cMOS
Package Width 0.3 inch
TOSHIBA TC55464 TC55465 TC55328 TC55329
CYPRESS CY7C194 CY7C196 CY7C199
MITSUBISHI M5M5258
MOTOROLA MCM6208 MCM6205
DT IDT71258 IDT712565
INMOS IMS1820
MICRON MT5C2564 MT5C2565 MT5C2568
FUJITSU M881C84
PERFORMANCE P4C1258
SHARP LH52252 LH52256 LH559




TOSHIBA

9. Standard EPROM/OTP (1)

Organization 32KX 8 84K X 8
EPROM/OTP EPROM ot EPROM orP
Process NMOS CcMOS NMOS CcMOS NMOS CMOS NMOS CcMOS
TOSHIBA TMM272568D TC57256AD TC TMM27512AD/01 TC57512A0 TMM24512AP/AF TC54512AP/AF
AMD Am27256 Am27512
ATMEL AT27C256 AT27C512
FUJITSU MBM27256 MBM27C256 MBM27C512
Gl 27256 27C256 27C512
INTEL 27256 i27C256 P27256A P27C2568 27512 P27512
MITSUBISHI M5L27256K M5M27C256 M5M27256P M5M27C256P M5M27512 M5M27512P
NEC u PD27256 4 PD27C256A u PD27266C 1 PD27C256C u PD27C812
OKI MSM27C256 MSM28512
HITACH! HN27256G HN27C256G HN4827256P HN27612G
T TMS27C256 TMS27PC256 TMS27C512 TMS27PC512
NSC NMC27C256 NMC27C812
10. Standard EPROM/OTP (Il)
Organization 128K X 8 64K X 16
EPROM/OTP EPROM l OTP EPROM
Process CMOS CMOS
TOSHIBA TC5710000 TC571001D TC541000P TC541001P TC571024D
FUJITSU MBM27C1000 MBM27C1001 MBM27C1028
HITACHI HN27C101 HN27C301
INTEL 27010 27210
MITSUBISHI M5M27C100 M5M27C101 M5M27C102
NEC uPD27C1000 uPD27C1001 uPD27C1024
OKI MSM271000
NSC NMC27C1023 NMC27C1024
Tl TMS27C010 TMS27C210
ATMEL AT27C010 AT27C1024
AMD Am27C1024
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11. High-Speed CMOS EPROM

Organization 32K X 8 64K X 16
Supplier Part # Part #
TOSHIBA TC57H256D TC57H1024D
ATMEL AT27H256 AT27C1024

G.l. 27HC256
HITACHI HN27C256H
WAFERSCALE WS57C256 WS57C210F

12. Flash Electrically - Erasable (CMOS) PROM

Organization 32K X 8
Supplier Part #
TOSHIBA TC58257AP/AF
INTEL 28F256
13. CMOS MROM

Organization 128K X 8 512K X 8
TOSHIBA TC531000AP/AF TC531001AP/AF TC534000P
TI TMS47C1024
FUJITSU MB831124
HITACHI HN62301
MOTOROLA
MITSUBISHI M5M23C100 M5M23C400
NEC uPD23C1000 uPD23C1001 uPD23C4001
OKI MSM531000
Gl RO9100XD

13
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TOSHIBA

MEMORY SELECTION GUIDE (1) — ACCESS TIME VS. CAPACITY

250

200

*Preliminary
TC58257A-25LV TMM27512A-25 TC571000/1-25 TC534000
TMM24512A-25 TC571024-25
TC541000/1-25
TC58257A-17/20 TMM27512A-20 TC571000/1-20
TCsT256A 20 TMM24512A-20 TesTI02420
TMM272568-20 - 41000/1-20/200
ToaToeoA 2 TC57512A-20
TMM242568-17/20
TC5563A-12/15 TeaszsTatz TMM27512AV-15 TCsu2se12
TC5565A-12/15 Fcanzot 12 TC57512A-15 Cs18128-12
TMM272568-15 TC518129-12
TC57256A-12/15 TC571000/1-15
TC55256-12 TC531000/1A
TC54256A-15 TC571024-15
TC5563A10 TC55257A-85/10 TG511000-70/80/10 7C514100-80/10
TC5565A-10 TC57H256-70/85 TC511001-70/80/10 7C514101-80/10
TC5561-55/70 TC552578:70/85 1C51 10 TC514102-80/10
TC55256-10 C51 10 TC514400-80/10
TC51832-85/10 TC514266-70/80/10 7C514402-80/10
TC5 10 TC514410-80/10
TC51 10
TC524256-10
TC524257-10
TC551001-70/80/10
TC518128-80/10
TC518129-80/10
TC57H1024-85/10/100
TMM2018A-25/35 TC588-15/20/25 TC5889 15/20/25 TC! TC55329-21 7C521000
TC5561-4: TC55465-20/25/35
TC5562-35/45 TC55328-20/25/35
TC55416-15/20/25/35
C55417-
16K Bit 64K Bit 72K Bit 256K Bit 288K Bit 512K Bit 1M Bit 4M Bit
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TOSHIBA

MEMORY SELECTION GUIDE (2) — TYPE OF MEMORY VS. CAPACITY *Preliminary
Memory Capacity
Memory Type
16K Bit 84K Bit 72K Bit 256K Bt 288K Bit 512K Bit 1M Bit 4M Bit
TC511000AP/AJ/AZ | TC514100J/Z
TC511001AP/AJ/AZ | TC514101J/Z
ISR | et
14256AP/AJ/ 14400J/:
CMOS Dynamic RAM TC514266AP/AJ/AZ | TC5144020/Z
TCS514258AP/AJ/AZ | TC5144104/2
TC514268AP/AJ/AZ
TC524256P1)IZ
e
1
RAM A
NMOS Static Ram TMM2018AP
TC5563APL TC5589P/J TC55257AP/AF TC518128AP/AF
TC5565APL/AFL TC55257BP/BF/BSP TC518129AP/AF
TC5561P/J TC55256P/F TC551001PL/FL
TC5562P/J TC51832P/SP/F
CMOS Static RAM TC55418P TC51832PL/SPL/FL
TC55417P/J TC55484P/J
TC5588P/J TC55465P/J
TC55328P/J
TC55329P/J
NMOS EPROM TMM27256BD/BDI TMM27512A0/AD!
CMOS FEEPROM TC58257AP/AF
TC57256AD TC57512AD TC571000/1D
CMOS EPROM TC57H256D TC571024D
TC57H1024D
ROM CMOS Mask ROM TC531000/1CP/CF TC534000P
NMOS OTP TMM24256BP/BF TMM24512AP/AF
CMOS OTP TC54256AP/AF TC541000/1-P

4Cc



TOSHIBA

MEMORY SELECTION GUIDE (3) — WORD BY BIT

"Word Bit 1 4 9 16
2K TMM2018AP
TC5563APL TC5589P/J
8K TC5565APL/AFL
TC5588P/J
TC55416P
16K TC55417P/J
TC55256P/F TMM272568D/8DI
TC55257AP/AFL TC57256AD
32K TC55257BP/BF/BSP  TC57H256D
TC51832P/SP/F TC58257AP/AF
TC54256AP/AF
TMM24256BP/BF
TC5661P/J TMM24512AP/AF TC57512AD TC571024D
64K TC5562P/J TMM27512AD/ADI TC57H1024D
7C531024D
TC518128AP/AF
TC518129AP/AF
TC271000/1D
571 1
128K TC541000/1P
TC571024D
TC531000CP/CF
TC531001CP
TC514256AP/AJ/AZ
TC514258AP/AJ/AZ
TC514266AP/AJ/AZ
256K T0515268AF/AJ/AZ
TC524256P/J/Z
TC524257P/J/Z
TC521000P
512K TC534000P
TC511000AP/AJ/AZ TC5144004/Z
™ TC511001AP/AJ/AZ TC514402J/2
TC511002AP/AJ/AZ TC514410J/Z
TC5141000/Z
am TC514101J/Z
TC514102J/Z
MEMORY SELECTION GUIDE (4) — HIGH DENSITY PACKAGE
Package SOJ ZIP SOG
Pin 24 26/20 28 32 18 20/19 28 28 32
TC511000AJ TC511000AZ
e R
Dynamic ™ TC514256AJ TC514
TC514258A0 TC514258A2
TC514266AJ TC514266A2
TC514268AJ TC514268A2
M TC514100J 105141002
TC514101J TC514101Z
TC514102) TC514102Z
TC514400J TC514400Z
TC514402J TC514402Z
TC514410 TC514410Z
TC5561J TCs588J TC5565AFL
64k | TC5562)
TC5417J
Static 72K TC5589J
RAM 256K | TC5464 TC55465 TCs55320 TC5256FL
TC55328) TC55257AFL
M TC518128FL
(SRAM) TC561001F
Mask 1M TC531000AF
TMM24258AF/BF
orp 256K TC54256AF
512K TMM246512F/AF
TC5242564 TC524256Z
VRAM ™ 10524257) 105242572




TOSHIBA

TOSHIBA BYTE-WIDE MEMORY PIN OUT FOR 28/32 PIN DEVICES

] ]
25 MROM TC534000 2= ! 1\ ! IR K
MROM TC531001 2
oTP 7541001 ]
= | EPROM TC571001
M 76541000
EPROM TC571000 S [ g o
MROM 7C531000 z
5o |0 TMM24512/1C54512 !
— @
* EPROM TMM27512/TC57612
QO < o - o
Sz 22l 8B & & &5CE
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TOSHIBA

TOSHIBA BYTE-WIDE MEMORY PIN OUT FOR 24/28 PIN DEVICES

- Y Y O O P O O O O O W}
== MROM 1C531000 7
» oTP TMM24512/TC54512
o~ =
5% EPROM TMM27512/TC57512
FEEPROM TC58257
x 0TP TC54256/TMM24256
o=
& EPROM TC57256/TMM27256 z
CRAM TC55257/1C55256 = 8 & & & &5 &
S5 H.S. SRAM TMM2089/TC5589 L 8 2 2 Sy gg s g g
35 [cham TC5563/65/TC5588 g 2 &4 4 = M
35 H.S. SRAM TMM2018 ‘
Q o
S22kl BS &L IS
g 3 8 g 2 2 e
2 8 S ® £ g I
5¢ 23 28§ g
F e 22 28 22 &8s & ¢
S5 | HS SRAM TMM2018
X
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TOSHIBA MOS MEMORY PRODUCTS

TG511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80
TG511000AP/AJ/AZ-10

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 intermally
and to the system user. Multiplexed address inputs permit the TC511000AP/AJ/AZ to be
packaged in a standard 18 pin plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic
2IP. 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 per-
formance logic families such as Schottky TTL.

FEATURES
+ 1,048,576 word by 1 bit organization *« Low Power
+ Fast access time and cycle time 440mW MAX. Operating(TCS511000AP/AJ/AZ-70)
TC5110004B/8T/£2-70/60,/10 285mW MAX. Operating(TC511000AP/AJ/AZ-80)
CRAC RAS Access Time | 70ns 80ns | 100ns 330mW MAX. Operating(TC511000AP/AJ/AZ-10)
tan Column Address 35ns 40ns 50ns 5.5mW MAX. Standby
Access Time - Output unlatched at cycle end allows
tCcAC CAS Access Time | 20ns 20ns 25ns two-dimensional chip selection
tRC  Cvcle Time 130ns | 150ns | 180ns - Common 1/0 capability using "EARLY WRITE"
Fast Page Mode operation
*PC  Cycle Time 40ns i5ns sms | Read-Modify-Write, CAS before RAS refresh,
- Single power supply of 5Vz10% with a built- RAS-only refresh, Hidden refresh, Fast
in Vgp generator Page Mode and Test Mode capability
+ All inputs and output TTL compatiblc
PIN CONNECTION » 512 refresh cycles/8ms
Plastic DIP Plastic SOJ Plastic z7p  ~ ‘ackage  Plastic DIP: TC5110004P

Plastic SOJ: TC511000AJ
ks Plastic ZIP: TC511000AZ
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[
m W

o]

WRITE BLOCK DIAGRAM
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TF VEITE o—t:1::{:>
== DATA N DIy
NO.Z CLOCK. v
GRIERATOR [ — | T
TF O 1 -]
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0 o—{ 10 .ADDF\ESS( COLUMN
BUFFERS(10) DECOLER
PIN NAM AL O
ES h2 o— p— SERE AL,
AQ v A9 |Address Inputs A3 0 CONTROLLER L0 GATING
A4 O
RAS Row Address Strobe a5 o prem— 1}“mwn1{
DIn Data In a6 0— COBTER(S)
Dout Data Out A7 07 L] MEMORY
CAS Column Address Strobe z: T obsEss ARRAY
VRITE |Read/Write Input 7| BUEFERE(10)
vee Power (+5V) —
Vss Ground RAS 0— GENERATQR
TF Test Function SUBSTRATE BIAS Vee
N.C. No Conmnection 707 ves




TC511000AP/AJ/AZ-70, TG511000AP/AJ/AZ-80

TC511000AP/AJ/AZ-10
ABSOLUTE MAXTIUM RATINGS
ITEM SYMBOL RATING UNITS NOTES
Input Voltage VIN =17 v 1
Test Function Input Voltage VIN(TF) -1~10.5 \Y 1
Output Voltage VouT -1~ 7 v 1
Power Supply Voltage Vee -1~ 7 \i 1
Operating Temperature TOPR 0~ 70 °C 1
Storage Temperature TsTG -557%150 °C 1
Soldering Temperature - Time TSOLDER 260 - 10 °C - sec 1
Power Dissipation Pp 600 mi 1
Short Circuit Output Current louT 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=0~ 70°C)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTES
Vce 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 \Y 2
VI4(TF) | Test Enable Input High Voltage | V¢C+4.5 - 10.5 \Y 2
VIL(TF) | Test Disable Input Low Voltage -1.0 - Vee+1.0 \Y 2
DC ELECTRICAL CHARACTERISTICS (Vce=5V210%, Ta=0~70°C)
SYMBOL PARAMETER MIN.IMAX.|UNITS|NOTES
OPERATING CURRENT Te5110008B/87 270 = | 80
Igcy |Average Power Supply Operating Current TC5110004R/47/82-80| = | 70 | mA 3,4
(RAS, CAS, Address Cycling: tRC=tRC MIN.) TC5110004B/47/42-10] = | 60
STANDBY CURRENT
Icco Power Supply Standby Current - 2 mA
(RAS=CAS=V1H)
RAS ONLY REFRESH CURRENT o TC5110004B/4T/42-70| - | 80
Ices Ay_e}'_age Power &\_P_ply Current, RAS Only Mode TC511000AB/AT/AZ-80| = 70 | mA 3
(RAS Cycling, CAS=Viy: trc=trc MIN.) TC51MA00AB/AT/4Z-10| = | 60
FAST PAGE MODE CURRENT TC5110004B/AT42-70| = | 60
Iccs Average Power Supply Current, Fast Page Mode [mosjiopoapad az-s0| - 50 | mA 3,4
(RAS=V1p, CAS, Address Cycling: tpc=tpc MIN.) [TUS110004B/AT/2z-10| - | 40
STANDBY CURRENT
Ices Power Supply Standby Current - 1 mA
(RAS=CAS=V((c-0.2V)
CAS BEFORE RAS REFRESH CURRENT TC811000£B/47/42-70| - | 80
Icce Average Power Supply Current, CAS Before TCS11000AE/AT/AZ-80 | - 70 mA 3
RAS Mode (RAS, CAS Cycling: tpe=tge MIN.) TC5110004B/A/A2-10| — | 60
INPUT LEAKAGE CURRENT (any input except TF)
II(L) Input Leakage Current, any input (0Vg Vins 6.5V, All Other -10/| 10 HA
Pins Not Under Test=0V)
. |INPUT LEAKAGE CURRENT (only TF
TP oy £ \7I§?TF) §vcc+g.5v,( Al Otl)uer Pins Not Under Test=0V) J10j 10 | va
OUTP L G
Tow) (DgggTisE?ﬁa&gg]fRomng VoUT £ 5.5V) 1010 v
N N N
e[ IO TRV aRE
Vog  |OUTPUT LEVEL sl - v
Output "H" Level Voltage (IouT=-5mA)
OUTPUT LEVEL
VoL Output "L" Level Voltage (Igyr=4.2mA) T osY
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

TC511000AP/AJ/AZ-10, TCS1 WOOAI'/AJ/AZ -80
TC511000AP/AJ/AZ-10

(Vog=5V+10%, Ta=0~70°C) (Notes 5, 6, 7)
TC511000AP/ | TC511000AP/ TC511000AP/
SYMBOL PARAMETER AJ/AZ-70 AJ/AZ-80 AJ/AZ-10 UNIT|NOTES
MIXN. MAX. MIN.| MAX. MIN.| MAX.
trRC Random Read or Write Cycle Time | 130 - 150 - 180 - ns
tpwc |Read-Write Cycle Time 155 - 175 - 210 - ns
tpe Fast Page Mode Cycle Time 40 - 45 - 55 - ns
tPRWC Fést Page Mode Read-Write Cycle 65 _ 70 _ 85 _ ns
Time
tRAC |Access Time from RAS - 70 - 80 - 100 ns (8,13
LCAC |Access Time from CAS - 20 - 20 - 25 ns |8,13
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 Z ns |8
tOFF Output Buffer Turn-off Delay 20 20 0 20 ns |9
tr Transition Time (Rise and Fall) 50 50 3 50 ns |7
trp RAS Precharge Time 50 - 60 - 70 - ns
tRrAS RAS Pulse Width 70 10,000 80 10,000 {100 10,000 | ns
tRASP |RAS Pulse Width (Fast Page Mode)| 70| 100,000 80 |100,000|100 |100,000 | ns
tpsy |RAS Hold Time 20 - 20 - 25 - ns
tecsy | 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 §§§;to Column Address Delay 15 35 15 40 20 " s l1s
tCRP |CAS to RAS Precharge Time 5 - 5 - 5 - ns
R o = [ - [w] - [w
tASR |Row Address Set-Up Time 0 - 0 - 0 - ns
tRAH |Row Address Hold Time 10 - 10 - 15 - ns
tASC |Column Address Set-Up Time 0 - 0 - 0 - ns
tcan Column Address Hold Time 15 - 15 - 20 - ns
S LR DR R
tRAL |Column Address to RAS Lead Time | 35 - 40 - 50 - ns
tRCS |Read Command Set-Up Time 0 - 0 - 0 - ns
tRCE |Read Command Hold Time o| -~ 0| - o - ns |10
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TG511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued)
TC511000AP/ | TC511000AP/ | TC511000AP/
SYMBOL PARAMETER AJ/AZ-70 AJ/AZ-80 AJ/AZ-10 | yn1Ts| NOTES
MIN. MAX. | MIN, MAX. | MIN. MAX.
Read Command Hold Time
t — - - -
RRH referenced to RAS 0 0 0 ns 10
LWCH |Write Command Hold Time 15 - 15 - 20 - ns
Write Command Hold Time
t - - -
WCR referenced to RAS 35 60 75 ns
typ Write Command Pulse Width 15 - 15 - 20 - ns
Write Command to RAS Lead _ _
tRWL Time 20 - 20 25 ns
Write Command to CAS Lead
touL Time 20 - 20 25 ns
tps Data Set-~Up Time 0 - 0 - 0 - ns |11
tou Data Hold Time 15 - 15 - 20 - ns 11
Data Hold Time referenced to
t 55 - 60 - 75 - ns
DHR RES
tREF Refresh Period - 8 - 8 - 8 ms
tycs |Write Command Set-Up Time 0 - 0 - 0 - ns |12
tewn CAS to WRITE Delay Time 20 - 20 - 25 - ns |12
tRWD |RAS to WRITE Delay Time 70 - 80 - 100 - ns |12
——
tAWD C?lumn Address to WRITE Delay 35 _ 40 _ 50 _ ne 12
Time
tosr CAS Set-Up Time 10 - 10 _ 10 _ ns
(CAS before RAS Cycle)
CAS Hold Time
t plsiy - 30 - 30 - 30 - ns
CHR (CAS before RAS Cycle)
tRPC |RAS to CAS Precharge Time 0 - 0 - 0 - ns
tepT CAS Precharge Time (CAS be- 40 _ 40 _ 50 _ ns
fore RAS Counter Test Cycle)
tcpN  |CAS Precharge Time 10 - 10 - 15 - ns
¢ Test Mode Enable Set-Up Time
TES |referenced to RAS 0 - 0 - 0 - ns
t Test Mode Enable Hold Time 0 0 0 _ ns
TEHR |referenced to RAS
¢ Test Mode Enable Hold Time
TEHC |;cferenced to CAS 0 - 0 - B - ns
CAPACITANCE (Voe=5V#10%, f=1MHz, Ta=0 70°C)
SYMBOL PARAMETER MIN. MAX. UNIT
C11 Input Capacitance (AOVA9, DIN) - 5
C12 Input Capacitance (RAS, CS, WRITE, TF) - 7 pF
Co Output Capacitance (DouT) - 7




TC511000AP/AJ/AZ 70, TC511000AP/AJ/AZ 80
TC511000AP/AJ/AZ10

NOTES:

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

2. All voltages are referenced to Vgg.

3. Iccis Tecss Iccys Icce depend on cycle rate.

4. Icc1ls Iccy depend on output loading. Specified values are obtained with the
output open.

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

6. AC measurements assume tr=5ns.

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

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

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

10. Either tgrcHy or tgRRH must be satisfied for a read cycle.

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

12. tycs, trRwDs tcwp and tpayp are not restrictive operating parameters. They are
included in the data sheet as electrical characteristics only. If tycg2 tycs
(min.), the cycle is an early write cycle and data out pin will remain open
circuit (high impedance) throughout the entire cycle; If tgyp2tpyp(min.),
tecwp 2 tewp(min.) and tapp2 tayp(min.), the cycle is a read-write cycle and data
out will contain data read from the selected cell: If neither of the above
sets of conditions is satisfied, the condition of the data out (at access time)
is indeterminate.

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

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

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



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

TIMING WAVEFORMS

READ CYCLE
TRC
RP
- Vig — ) TRAS
= \ /
Vi, —
tCSH
T
< RSH toRp

_CR;-P;JF__ “RCD

Vig — 3 toas
TAS 8 / \\7
Vi, —

/)

TAR

tRAD “RAL

TASR TRAY tasc tcaH

S/ R 1) S

LRCH
_1 [*Rcs *RRH
Vig — =
VI e LTI N
Vip, — tCAC
taa
oLz
TRAC LOFF
_ i =
Dout oH OPEN -—————<%< VALID DATA >———
Vor — Y

: "g" oor "LV

NOTE: "TF" pin should be connected to Vyp(TF) level or open, if

"Test Mode'" is not used.

— A8 —



TC511000AP/AJ/AZ-70, 7651 l MDM'I AJ/ Az-an
‘TC511000AP/AJ/AZ-10

WRITE CYCLE (EARLY WRITE)

A0~AQ

Drn

Doyt

_ Viz

- / \_
toRP ;E | ‘osH | . . tCRP

Viz — ! ’ TCas | —

VIL ——___/7 JF\,\X // 4/7r

ve LR R I

vew — LN LU

iii ::,/ //C// //?/;;f/ffé/{;>< VALID DATA Aqgééé/y/ /§;é§§§4¢§§§;§§§§§§§¢ééé

Vos

VoL

NOTE:

is not used.

— A9 —

OPEN

llHll or ”Lll

V///) -

"TF" pin should be connected to Vyp(TF) level or open, if
"Test Mode"



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

READ-WRITE CYCLE

AQ~A9

WRITE

Doyt

TRWC
IRP
vin _—‘N- - j:
Vi, — || ; R\_____
TRSH
tCRE YRCD TRWL TCRP
Vig — <= tcas
./ L\ /
CSH
AR towL
TReD “RAL
TSR (ERaH| tasc tcad
Vig —7 { '
. _// | RoOW | COLUMN ///// / /////
IL
TawD
TRWD
tcwp
7 7, =TT
7 i ] =
DS DH

/A,

K

CAC

- QPEN
- tcLz
|

"Test Mode" is not used.

— A10 —

TOFF

VALID DATA

}_____.

. "H" or llLll

NOTE: "TF" pin should be connected to Vip(TF) level or open, if




TC511000AP/AJ/AZ-10, TCS1 lﬂﬂﬂAI’/ AJ/ Az-80
TC511000AP/AJ/AZ-10

FAST PAGE MODE READ CYCLE

AQ~AQ

Dourt

Vel

‘oL

tRP
—_— TRasP r
= / N
TcsH TPC TRSH
ICRP ! TRCD tces|  Tep tCP |
L H o e
|
— — toas ITcas | -+
\ \ |
— - -
TAR ,{ | I:RAL
ThoR TRen, tasc Tcoas Trsc [‘CLE tasc FCAL
il i 0 A S e O N i

=TI XD = W= YT = W

TR4D TRCE LRRH

TRCS LRCH

/L R A WA WY I/

TRaC

: 'IHH or "L”

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

— A1 —



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

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

tRP
Vig —— CRASP n
s \ \
Vi —
trc tRSH
toRp RCD tcas top top
Vig — - teas | Je tcas
/ \\ \X N’
vVip, —
t
t RAL
AR tasc tasc
TASR YRAH , tasc TcAH tcaH [tcAH
Vig — 1 = E
a0~a9 ROW | coL | coL CoL _>Q?]/§§§/ ///7/
TRAD
twcR twcH
twes twes tweH
twes tweH
twp Twp
Vig — fwe /2
WRITE //
ViL — - =
tps ‘o, tDs pH , Tps tpH
Vin —7 o 3 v, R
Dy 11111 R o o VALID DATA win w1111/
Vi, — r p Y A
*DHR
Voyg —
Doyt v OPEN
oL —

: "y oor "LV

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

— A2 —



TC511000AP/AJ/AZ-70, TCS1 IUOOAP/ M/ AZ-80
TG511000AP/AJ/AZ-10

FAST PAGE MODE READ-WRITE CYCLE

tRP
v —_——
—_ IH TRASP |
Vip — ,Z \
tcsx Tprws
“CRPI TRCD tcp tcr ‘Red :
il !
Viyg e—
s A 7 % Toss 7t ;\ Toas [ \tCAs /l
Vip, — S
| tRAL
N
TASR, “RaE, tASC, Toay | Tasc fcxm tasc ‘c;m‘
[ann S g ' ‘

N/ Y R 1 ),

|
TRAD Tewp esits) WD towl
| Iy
- L TawD - -
‘RCSy F “AWD £ WD RWL
H 1

v — . A -

IH 7 X wy Atowy
WRITE /:iﬁ:iﬁzzszx/ [ / \ v/

Vip — ) ! !
RWD ‘twp Twp o

*py Tpg [*pz ’*DH

=TT T

o T //////////////xfm: XN %:%EW///// &%//////////////

|

g

,tenz To tcLz
|_ tcac Tcac tcac
|
Taa Ten Tar
TRAC Tope Topa
| ]
Vop — -
Y e
D, ALID VALID @______
ouUT | .,
Vor — // DaTh // DiTh ATA
‘ ] SOFF ToFF TOFF

[
: "H'" or "L"

NOTE: "TF" pin should be connected to V11 (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

RAS ONLY REFRESH CYCLE

trC

‘g
(o]

s , \—/
Vi, —

“ASR|

et

w3 TN o W,

Vogp —
Doyt OPEN

VoL

m . an or nLn

NOTE: WRITE="E" or "L" A9="E" or "L"

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

— A14 —



TC511000AP/AJ/AZ-70, TC51 1000Al'l A/ AZ-80
TC511000AP/AJ/AZ-10 -

AS BEFORE RAS REFRESH CYCLE

‘Re

Vig —
FAS
Vip —

TRAS

\_

VIH —
TAS
Vi —
Vo —
Doyt
oL —

T

OPEN

<

m . IIHII or HL!I

NOTE: WRITE="H" or "L", AO~ A9="H" or "L"

"TF" pin should be connected to VIL(TF) level or open, if

"Test Mode'" is not used.

— A15 —



TG511000AP/AJ/AZ-70, TCS11000AP/ AJ/ AZ-80
TC511000AP/AJ/AZ-10

HIDDEN REFRESH CYCLE (READ)

l

Q
»
%)

AO0~A9

WRITE

Dout

TRC

tRP

Vig __.————————a\x tRas

Vi, —

Vig —
viy —_/

Vin

Vig

VIL

Vor

VoL

X tRas

tOFF

- \ - tCHR /,________._
T XY e XTI
7/////(/?7/ T

NOTE:

VALID DATA

E_

tcLz
.____j%??

. "H" or I'L"

"TF" pin should be connected to Vi1 (TF) level or open, if
"Test Mode" is not used.

— A16 —



TG51 lOﬂﬂAPIﬁJ/ AZ-10, TGEI IOBWIAJ/ AZ-M
TG5IIMOAP/AJ/AZ~IB S

HIDDEN REFRESH CYCLE (WRITE)

Vip — ]
crP! TRCD | *rsy |
T | TCHR |
Vig — ’ B !
TAS \| |
\IL —
AR | ! !
‘R&D ' ! “RAL I
. I
TASR| TRaY | Tasc |Soan |
20~

FRIT=

o 2 D YD e T

TWCR i

L “RWL l

-

T —L=— T,

e T

‘Ds, tDE

7, K D }(///// W

Vog —

OPEN

Voo —

NOTE: "
"Test Mode" is not used.

: "H" or lell

TF" pin should be connected to Vip(TIF) level or open, if

— A17 —



TG511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80

TC511000AP/AJ/AZ-10

o Tras _.ti};!
RES Z;z :: I tReH r_—ﬂR\
S/ S Y,
READ CYCLE - [RaL !
/ o Tas ! TOFF
DouT VZ;— OPEN l %u:@@ VALID DATA _}—
= =77 T e N
-
e . = 1//////|/ 7
oo T ‘ = T,
oyt Vo; . OPEN IAA@% -:/:;ilmu 5__
“AWD ! RWL
w2 T s N,
I/ T

E

"y or npn "CDQ !tD_L:

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

— A18 —



TC511000AP/AJ/AZ-170, TCS1 IOUOAP/AJ/ AZ-80
TG511000AP/AJ/AZ-10 -

TEST MODE

The TC511000AP/AJ/AZ is the RAM organized 1,048,576 words by 1 bit, it is inter-
nally 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.l shows the block diagram of TC511000AP/AJ/AZ including its
truth table when "Test Mode" is used.

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

Block Diagram in Test Mode

An,Am
————0
— A —— 0 NORMAL °
An,An 256K ———0
BLOCK —
A i
N TF
An,Am . — B AJ [: Nch
I An,Am 256K
'“_"'*_—_J Drock B An,Am
— 0
D.
— —————0
e AN, Am \0—-‘_0 1 Dout
- c — —°
256K —o0
L

BLOCK |—
c TF
E Nch
xn,Ai8 b

256K

BLOCK ——-——-——17

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

Truth Table in Test Mode Function

A B C D DouT

0 0 0 0 0

1 1 1 1 1
Otherwise Hi-Z

Fig. 1

— A19 —



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

"Test Mode" function is performed on any of the timing cycles including fast
page mode when "TF" pin is held on "super voltage (Vcc+é.5V(Vee=5V:10%), max.
voltage=10.5V)" for the specified period (tTES’ tppgr and toppes 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).

Vg ——— 4
RAS \ J/
VIL —
g — -
Vin \\ 4/
CAS
Vip — trgHC (0 ns)
L7153 |(0 ne) YTEHR(O ns)
VIE(TF) —
VIL(TF) — e/ \

Fig.2 Test Mode Cycle

— A20 —



TG511000AP/AJ/AZ-10, TBSI IllﬂllAI'/AJ/ AZ-80
TC511000AP/AJ/AZ-10

OUTLINE DRAWINGS

+ Plastic DIP

Unit in mm

18 17 16 15 1¢ 13 12 11 10
P B e WS cmevee S s S ommes SIS v SN cussoes S e S e 3
>
2) K
R1.0 4 :
s e e B —
1z 3 ¢ 5 6 7 8 9
| 228 MAX, - 7621025
=
| = —
i { — S §
| S =
L. O
WARY ( % 0~15°
Vv Y VY %V 401 I
. 0.25-005 \
2544025 144015 e 2
5440 | 4+o0. 2 2
&
05+015

Note: Each lead pitch is 2.54mm.
All leads are located within 0.25mm of their true longitudinal position
with respect to No.l and No.18 leads.

All dimensions are in millimeters.
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TG511000AP/AJ/AZ-70, TC511000AP/AJ/AZ-80
TG511000AP/AJ/AZ-10

+ Plastic SOJ

Unit in mm

1702 ~1727

0.9 TYP.

26 25 24 23 22
Aaoono minininink —
<
R ol Al o
; < ~ ©
z o
«N
INDEX DOT ! 2 S I -
\({/—— CI
J g g ARN——
5 9 10 11 1213

041~0.50 ||
T

Note: Each lead pitch is 1.27mm.
All dimensions are in millimeters.
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TC511000AP/AJ/AZ-70, TCS1 IODOAI‘/ AJI AZ-80
TC511000AP/AJ/AZ-10

* Plastic ZIP

Unit in mm

285 MAX __I 2.0 MAX.
1
T
32
5 i
INDEX DOT o a
@
e
o
-
- 1L
I =
-
=
v O.
— +Q07
0252405
05401 1.27 TYP. I
1L 127 TYP.
2.54 TYP.

Note: Each lead pitch is 1.27mm.
All dimensions are in millimeters.
Toshiba does not assume any responsibility for use of any circuitry
described; no circuit patent licenses are implied, and Toshiba
reserves the right, at any time without notice, to change said

circuitry.
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TOSHIBA M0S MEMORY PRODUCTS

TC511000APL/AJL/AZL-70, TC511000APL/AJL/AZL-80 |
TG511000APL/AJL/AZL-10
DESCRIPTION

The TC511000APL/AJL/AZL is the new generation dynamic RAM organized
1,048,576 words by 1 bits. The TC511000APL/AJL/AZL utilizes TOSHIBA's
CMOS Silicon gate process technology as well as advanced circuit
techniques to provide wide operating margins, both internally and to the
system user. Multiplexed address inputs permit the TC511000APL/AJL/AZL
to be packaged in a standard 18 pin plastic DIP, 26/20 pin plastic SOJ
and 20/19 pin plastic ZIP. The package size provides high system bit
densities and is compatible with widely available automated testing and
insertion equipment. System oriented features include single power
supply of 5Vt10% tolerance, direct interfacing capability with high per-
formance logic families such as Schottky TTL.

FEATURES
* 1,048,576 word by 1 bit organization * Low Power
* Fast access time and cycle time 440mW MAX. Operating(TCS11000APL/AJL/AZL-T70
TCS511000APL/AJL/AZL-70/80/10 385mW MAX. Operating(TC511000APL/AJL/AZL-80
CRAC RAS Access Time 70ns 80ns 100ns 330mW MAX. Operating(TC511000APL/AJL/AZL-10
Column Address 1.1mW MAX. Standby
tAA  Access Time 35ns 40ns 30ns e OQutput unlatched at cycle end allows
tCAC CAS Access Time | 20ns 20ns 25ns tvo-dimensional chip selection
trRc Cycle Time 130ns | 150ns | 180ns | * Common I/0 capability using "EARLY WRITE"
Fast Page Mode operation
FPC  cycle T%me 40ns 45ns sns | Rezd-Wodify—Nrite, CAS before RAS refresh,
* Single power supply of 5Vx10% with a built- RAS-only refresh, Hidden refresh, Fast
in Vgp generator Page Mode and Test Mode capability
» All inputs and outputs TTL compatible
PIN CONNECTION » 512 refresh cycles/64ms
. « Package Plastic DIP: TC511000APL
rastic P e Flastic LIP Plastic SOJ: TC511000AJL
w=dz =hoer iy (g5 Plastic ZIP: TC511000AZL
S = 3 L47ss
o 3 (=T BLOCK DIAGRAN
acls  1fas . 5931 :_.8W iF TRI=
ngs  wfar bt el -cx:—_—‘—ﬁ}
a0~ 1276 :];'3} .‘;:;
AQs  npas IS
veeQ9 0Das [l 2 A T oon
157 EyAS coLtal
=4 D)as Aoo_1 10 iJ.‘:_.;.:Z
PIN NAMES Al o— BUFFERS(10)
A0 v A9 | Address Inputs A3 0
RAS Row Address Strobe :;Z: e
DIN Data In ou 20NTER(R)
Doyt Data Out A7 04 MIMORY
Tas Column Address Strobe o o S Sezes
WRITE |Read/Write Input ) = El?ﬁ-;“m)
vVce Power (+5V) _ SR
Vss Ground 245 0~ oovERaTeR
TF Test Function v
N.C. No Connection Vs
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TC511000APL/AJL/AZL-70, TCS511000APL/AJL/AZL-80
TG511000APL/AJL/AZL-10

ABSOLUTE MAXIMUM RATINGS

| Qutput "L" Level Voltage (IQUT=4.2mA)

ITEM | SYMBOL | RATING UNITS | NOTES
Input Voltage VIN -1~7 Vv 1
Test Function Input Voltage VIN(TF) -1~10.5 v 1
Qutput Voltage VOUT -1~7 v 1
Power Supply Voltage vVce -1~7 v 1
Operating Temperature TOPR 0~70 C 1
Storage Temperature TSTG -55~150 T 1
Soldering Temperature -Time TSOLDER 260 - 10 °C - sec 1
Power Dissipation PD 600 mly 1
Short Circuit Output Current T0UT 50 | mA 1
RECOMHMENDED DC OPERATING CONDITIONS (Ta=0~70C)
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
VIH(TF) ITest Enable Input High Voltage | Vcc+4.5| - 10.5 ] 2
VIL(TF) {Test Disable Input Low Voltage | -1.0 - Vee+1.0 v 2
DC ELECTRICAL CHARACTERISTICS (Vcc=5V+10%, Ta=0 ~70°C)
SYHBOL PARAMETER HIN. | MAX. | UNITS | NOTES
OPERATING CURRENT 1C511000APL/AJL/AZL-TO ] - 80
Tect Average Power Supply Operating Current TC511000APL/AJL/AZL-80) - | 70 | mA | 3,4
(RAS, TAS, Address Cyciing: TRC=tRC MIN.) TC511000APL/AJL/AZL-101 - 60
STANDBY CURRENT
Icc2 Power Supply Standby Current - 2 mA
(RAS=CAS=VIH)
RAS ONLY REFRESH CURRENT TC511000APL/AJL/AZL-T0} - 80
Icc3 Average Power Supply Current, RAS Only Mode TC511000APL/AJL/AZL-801 - | 70 mA 3
(RAS Cvcling, CAS=VIH: tRC=tRC MIN.) TC511000APL/AJL/AZL-10] - 60
FAST PAGE MODE CURRENT TC511000APL/AJL/AZL-T0{ - 60
Iccd Average Power Supply Current, Fast Page Mode | TC511000APL/AJL/AZL-80] - | 50 mA 3.4
(RAS=VIL, CAS, Address Cycling: tPC=tPC MIN.) [TC5110004PL/AJL/AZL-10] - 40
STANDBY CURRENT
Iccs Power Supply Standby Current - {200 uA
(RAS=CAS=Vcc-0.2V)
CAS BEFORE RAS REFRESH CURRENT 1C511000APL/AJL/AZL-T0 | - | 80
Ices Average Power Supply Current, CAS Before TC511000APL/AJL/AZL-80 | - | 10 mA 3
RAS Mode (RAS, TAS Cycling: tRC=tRC MIN.) TC511000APL/AJL/AZL-10 - 60
BATTERY BACK UP CURRENT
Average Power Supply Current, BATTERY BACK UP MODE
Icc? (CAS=CAS Before RAS Cycling or 0.2V, WRITE=Vcc-0.2V or 0.2V, AQ ~9= - 1200 | uaA 3,5
Vee-0.2v or 0.2V, DIN=Vcc-0.2V, 0.2V or OPEN:
tRC= 1254s, TRAS=tRAS MIN.~ 1ps)
INPUT LEAKAGE CURRENT (any input except TF)
(L) Input Leakage Current, any input (OVSVIN = 6.5V, All Other Pins Not | -10| 10 |
Under Test=0V)
- . | INPUT LEAKAGE CURRENT (only TF)
HTF(U | (v <VIN(TF) =Vcc+0.5V, Al Other Pins Not Under Test=0v) 0] 10| «a
OUTPUT LEAKAGE CURRENT
10| (hout is disabled. 0V <VOUTS 5.5V) 0] 10 ua
ITF TEST FUNCTION INPUT CURRENT - 1 A
'(()\(;%Lg.gVﬁVIN(TF) =10.5V) ,
VO output "H" Level Voltage (I0UT=-5nd) | 2.4 v
VoL 1 OUTPUT LEVEL I' | 0.41 Vv

— A-26 —




TC511000APL/AJL/AZL-70, Tcﬁl IOUOAPUAJUAZI.-BU
TC511000APL/AJL/AZL10 -~ ..

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

TC511000APL/ | TCS11000APL/ | TCS11000APL/
SYMBOL PARAMETER AJL/AZL-70 AJL/AZL-80 AJL/AZL-10 |UNIT|NOTES
MIN.| MAX, MIN.] MAX. MIN.| MAX.

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

tRWC |Read-Write Cycle Time 155 - 175 - 210 - ns

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

tPRUC Fast Page Mode Read-Write Cycle 65 _ 70 - 85 - ns

Time

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
CCPA |Access Time from CAS Precharge - 35. - 40 - 50 ns |8
tcLz |TAS to Output in Low-2 - - 0 - ns |8
COFF |Output Buffer Turn-off Delay 20 20 0 20 ns {9
tT Transition Time (Rise and Fall) 3 50 50 50 ns |7
tRp  |RAS Precharge Time 50 - 60 - 70 - us

CRAS |RAS Pulse Width 70 {10,000 | 80| 10,000 |100 | 10,000 | mS
tRASP |R3S Pulse Width (Fast Page Mode)| 70]|1¢9,000| 80 |100,000 [100 100,000 | ns

tpsy |RAS Eold Time 20 - 20 - 25 - ns

tcsy  {CAS Hold Time 70 - 80 - 100 - ns

tcas |TaS Pulse Width 20| 10,000 20 | 16,000 | 25| 10,000 ! ns

tRCD |RAS to Cas Delay Time 20 50 20 60 25 75 ns |13
t2ap 'l;\-.;eto Colunn Address Delay 15 35 15 40 20 50 s |14
tCRP |CaS to RAS Precharge Time S - 5 - 5 - ns

o | e e W - Ju| - [0] - |-

CASR |Row Address Set-Up Time 0 - 0 - o] - ns

CRAH |Row Address Hold Time 10 - 10 - 15 - ns

€ASC |Column Address Set-Up Time 0 - 0 - 0 - ns

Ccag |Column Address Hold Time 15 - 15 - 20 - ns

tar Column Address Hold Time 55 _ 60 _ 75 _ ns

referenced to R3S

CRAL |Column aAddress to R3S Lead Time | 35 - 40 - 50 - ns

ERCS |Read Command Set-Up Time 0 - 0 - 0 - ns

CRCZ  |Read Command Eold Time o| - ol - o| - ns |10
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TG511000APL/AJL/AZL-70, TC511000APL/AJL/AZL-80

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS  (Continued)
TC511000APL/ | TC511000APL/ | TCS11000APL/
SYMBOL PARAMETER AJL/AZL-70 AJL/AZL-80 AJL/AZL-10 GNITS| NOTES
MIN. MAX, | MIN. MAX., | MIN. MAX.
Read Cormand Hold Time
t — - - - 10
RRE  |referenced to K33 0 0 0 ns
tycH |Write Command Hold Time 15 - 15 - 20 - ns
Write Cormand Hold Time
t - - -
WCR | eferenced to KaS 33 60 73 ns
typ Write Command Pulse Width 15 - 15 - 20 - ns
tRUL ;{g:e Command to RAS Lead 20 - 20 _ 25 - ns
Write Command to CiS Lead - - _
P 20 20 25 ns
tps Data Set-Up Time 0 - 0 - 0 - ns |11
tpy Data Hold Time 15 - 15 - 20 - ns |11
t Data Hold Time referenced to 55 - 60 _ 75 - ns
DER  Imxm
tReF |Refresh Period - 64 - 64 | - 64 ns
twcs |Write Command Set-Up Time 0 - 0 - i 0 - ns |12
tewp  |CAS to WRITE Delay Time 20 - 20 - 25 - ns |12
tRyD |RAS to WRIIE Delay Time 70 - 80 - | 100 - ns |12
Col id to WRIT
€AWD olumn Address to E Delay 35 _ 40 - 50 _ ns 12
Tine
CAS Set-Up Time
tc pu— 10 - 10 - 10 - ns
SR (C3S before RAS Cycle)
C3S Hold Time
texy pladlily 0 - 30 - 30 - ns
CER | (T3S before RAS Cycle) 3
tRPC |RAS to CAS Precharge Time 0 - 0 - 0 - ns
tepr CAS Precharge Time (CAS be- 40 - 40 - 50 _ ns
fore RAS Counter Test Cycle)
tcpy  |CAS Precharge Time 10 - 10 - 15 - ns
e Test Mode Enable Set-Up Time
TES |referenced to K33 0 - 0 - 0 = ns
e Test Mode Enable Eold Time 0 0 0
TERR |referenced to Ras ns
o Test Mode Enable Eold Time
TEEC | eferenced to Cas 0 - 0 - 0 - ns
CAPACITANCE (Vee=5V=10%, £=1M¥z, Ta=04 70°C)
SYM30L PARAMETER MIN. MAX. UNIT
Cr1 Input Capacitance (A0VA9, D1Y) - 5
Cr2 Input Capacitance (RAS, CS, WRILlE, IF) - 7 pF
Co Output Capacitarce (DopT) - 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 Vgs.

3. Iccis Icc3s Iccar Igce depend on cycle rate.

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

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

6. AC measurements assume tp=5ns.

7. Vig(min.) and Vyp(max.) are reference levels for measuring timing of input
signals. Also, transition times are measured between Vyy and Vpy..

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

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

10. Either trcy or tgyRY must be satisfied for a read cycle.

11. These parameters are referenced to CAS leading edge in early write cycles =nd
to WRITE leading edge in read-write cycles.

12, tyes, tRWDs tCWD and tayp are not restrictive operating parameters. They are
included in the data sheet as electrical characteristics only. If thc3= twcs
(min.), the cycle is an early wirte cycle and data out pin will remain open
circuit (high impedance) through the entire cycle; If tgyp2 tyyp(min.),
tcwd 2 tewp(min.) and tayp 2 tayp(min.), the cycle is a read-write cycle and data
out will contain data read from the selected cell: If neither of the above
sets of conditions is satisfied, the condition of the data out (at access time)
is indeterminate.

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

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

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

READ CYCLE

t=c )
\ txp l
N Y S
i ]
Vgg — T 24aS ] ’
! /
Vyy, —
tnsg
trey -
Tomp trep “CRP
i ;
Vig — ’\\ Tcas [ /
Cas
Vin ——u/ =
Tax I !
T2aD ' | | Szan
Tagm, TRag | ’?xsc Scax
!

A0~a9 :i: :////X acw. '| coLuua w////y////////l////////////////
R

~5CH

‘ , (tscs ,‘553 I
- -

= = 27T | e -

T2aC

Vo =— _
Tovt o —_—_— 0N ———@{ VALID DATA }———
Voo — { \ /

: "g' or "L"

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

Viz
FAS .
VIL
Viz
=
= 7L
Viz
AQ~AS
Vin
e (1H
WEITD
L
Viz
Pry
ViL
7oz
Lol
VoL

1
———ﬁl Tras
TrCD T=sy ‘
Tcsy .teae
TCRP : kol
!
—_ 7 \\ tcas /
TR | | '
1
traD | I‘RAL
TiSE | Taag lt.ﬂscl Ccazs

ZTR_= XN

| |
s XTI

- l town
| tics ! ey |
T e ////// T,

"fcql

-
Tne
| u"

////////////////,///////X; FALID DATA

S,

thq

02z

2K

IIH"

or "L"

NOTE: "TF" pin should be connected to Vp(TF) level or open, if
"Test Mode" is not used.
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READ-WRITE CYCLE

<=me ,
e T2 i
‘fIH —_— | Tmas m
RAS . (
Vi, — £
|
=Sy
Toxe tzcD P—— tcmp
1 i
Vig — v = *cas e
= / A\ / /
/IL —
tosE
| Tar l , tom, l
t2:D o ‘ Toaan | |
Sisae | lTeim tasel N | ‘
Vig —7 - f : - T T T i T
SN I ) = /i
l . !‘A'.'r:) !
TRWD '

| | Rdox:s0)
| [}

T e T ] e LT

s TN = == ST
a Tas orr l |

00T ‘,: : 0P=EN - I %Z//XI VALID DATA E__
ez Ly '

. "H" or "L"

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

|
tosz |
tczp, tcp 1 I
T .y '
Iz — 1-2AS N
Tas /" i |
Vi, —
' Toar
;_.__._.g__
L] '
Tyiso, ®ascl {Pcam,
as? = ].__

s ¥ T Y = = XX = X,

t2aD TecEd, ! __._l
kol A i
zcs, ’ ltzcs| Zeczii | 'tacs e _!
== T | e [ o Lol N
ci — b

: uHu or nyn

NOTE: "TF" pin should be connected to ViL(TF) level or open, if
'Tu:NM€'m:w:u%d
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FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

—_— Vme_T “aase | zP-ﬁr-——-:i
Fas Vig — . R
T=c , txsE
Tcr2| t2eD  ZCAS ) tee tos i '
&3 fIi —_ i
/1L
1y
£0~a3 o
| %
| ]
oo e
15 — 777/ ?‘771-,;: : ,-j : : T
== N TN //M! LI,
' S l S i |
Viz =T\
Pz II _//,,////'///////I'- D DaTa ?@Qum 7ALED 3 *5@’/////////// i
VOH —_—
TorT 0=z

: "y oop LY

NOTE: "TF" pin should be connected to VirL(TF) level or open, if
"Test Mode" is not used.
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PAGE MODE READ-WRITE CYCLE

===
-----

.....

tes
' { i
Vrg — taasp 1 / K
iL — i
tcsz Soswe
tzcp Tco top “sy

1
Viz — "\\ tcas / N tcas v/ Nteas
Vi —

“2CS

= T

: "H" or IILII

NOTE: "TF" pin should be connected to ViL(TF) level or open, if
"Test Mode" is not used.
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R3S ONLY REFRESH CYCLE

t=e

tge

|

— e
Viz — [ “aas -
EXE AN
Vin —
]

TEEC |

Tore

Vig —
Ve  o——
pas

O
t]

T 3

LY

I

s 1 D NI

2au7 o=y

: "H'" or "L"
NOTE: WRITE="H" or "L" A9="H" or "L"

"TF" pin should be connected to VIL(TIF) level or open, if
"Test Mode" is not used.
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CiS BFFORE RAS REFRESH CYCLE

Tec

P
Vig — { tRAS | )
= \C y
71, — i 1
tazc |

= e VI,

TaFe
C3T3

VA sy o e ————— U
- voH N oPEN

Sout !
7, —
oL _______{

. o "H" or "L
NOTE: WRITE="H" or "L", A0~ A9="H" or "L"

"IF" pin should be connected to ViL(TF) level or open, if
"Test Mode" is not used.
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HIDDEN REFRESH CYCLE (READ)

A e I e A
)
= = | | i,
leas
D07 V,:‘; : .@qj VALID TATA 1;}_._.
: "H" or "L"

NOTE: "TF" pin should be connected to ViL(TF) level or open, if
"Test Mode" is not used.
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EIDDEN REFRESH CYCLE (WRITE)

=C -
l Teo —_I
| — .
_ Via __-——————H\J 248 JFFTTTX A lzf—______
JAS
ViL — |
Sexol teco | tasz l
’ T
Vig — | 2 !
Ca | ] |
L = ; Tar !
1 A
Teap | AL ‘
TasR| T2z tasc | SAZ i ‘

Vis
A0~A9

VEliZ
Dry
| —
o=
Doyt
Vor —

e ,,,y//////////// T,

TCR |

L

|
| = [Zacs)

///////////////\L I ,////////////////// T

:’/////////////M AL ;IEQ///////////////////Z/Z//"///////,

b iatis ]

-

CPIN

: "H or ML

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

TRas

= o -
Vix < touy — teas
- .y
S/ A R
READ CYCLE — Bl
™ | 1077
- Vor — opzy | j VALID DATA |>——
VoL — tcs !3'“_,;@4: I ta%[

TETES

I

WRITE CYCLE

Vo —

Doyt Vor — L i _ CPE)
5 ’C'vcs c:-l-‘:c:.
= “////////////////////////x "L il l// /f///////////,
v; :///////////////////////@4 ws e XTI,

READ-WRITE CYCLE

VA ——
o=

.
‘0L

(30':‘:
'
i

.....

_ /////////////////// ]

T

;.E_z_;—I‘ toss';
/// | VALID mml TQ——
Sa%D .l -
JCS _ —\r -///////////////

o ://////////////////////////////////////><£ALm 2434 ///////////////,

"E" or "L"

| I

NOTE: TF pin should be connected to VIL(T‘) level or open, if

Test Mode'" is not used.
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TEST MODE

The TC511000APL/AJL/AZL is the RAM organized 1,048,576 words by
1 bit, it is internally organized 262,144 words by 4 bits. 1In "Test
Mode", data is written into a number of sectors (4 sectors) in
parallel and retrieved the same way. If, upon reading,

equal (all "H" or "L"),

all bits are
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 compiementary

data for bad parts. And also, if any of the bits differed, the data
output pin would indicate a high impedance state for bad parts. Fig.1
shows the block diagram of TC511000APL/AJL/AZL including its truth
table when "Test Mode" is used.

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

Block Diagram in Test Mode

An,An
Y
)
a — HCAAL 1)
An,A3 233X )
3LCCX [—
A

AC,AD
1 an, 33 232K
| ~ l DLCCE =

SLCCE b=
C ‘
bl

283%

3Locx -_—_—"—r
D

Mea

Q

TF Pin=Super voltage; Test Mode
TF Pin=V1p(TF) level or High-Z; Normal

Truth Table in Test Mode Function

A 3 C D Doyt

0 0 0 0 [¢]

1 1 1 1 1
Otherwise Ei-Z
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"Test Mode" function is performed on any of the timing cycles including fast
page mode when "TF" pin is held on "super voltage (Vcctéd.5V(Vec=5V:10%), max.
voltage=10.5V)" for the specified period (tygg, trpur and trepcs 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).

=3 /

1L —

. !
Viz — X F—
ViL — I 1©r220(0 29)

1

7 i'—_.;-‘(o ns) TTZER(0 as)
— Vii(tr) —
T Viy(rs) ——/ -

Fig.2 Test Mode Cycle

g

>
Uil

ct
»3

U]
n

vy
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OUTLINE DRAWINGS

¢ Plastic DIP

12 17 15 5 14 13 12 1 0
e S e S e, S e
>
L s
v - P
R1.0 Z
R —— —— gy —— pay ~—— gy e gy gy e
1 2 3 4+ 5 5 7 3 3
| 223 MAX. =
; R
' 3
| : ‘
Yy VA X Y Y l i
i .
253=025 I. 14£0.15 3z
lli I =
3
[ 05=015
—_——
Note: Each lead pitch is 2.54om.

All‘leads are located within 0.25rm of their
#ith respect to No.l and No.1l8 leads.

All dimensions are in millimeters.
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+ Plastic SOJ

Unit in mm

1702~1727

|1 29 TYD,
— 129 s
25 25 24 23 22 18 17 15 15 12
pulalalalal [mEminnls] v —
-
S =
! 1
INDEX LOT . 2 e
C l ) B
[y o ; | g 0 g g i A
1 23 1 5 5 1011 213
066~0.91

Note: -Each lead pitch is 1.27mm.

All dimensions are in millimeters.
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* Plastic ZI?P

Cnit in =

283 MAX | SOuaT.
' l
. N
22
<
sl 2
I¥DEX DoT b
]

|_4Q_MIN|

[

E E E /{
— i ~207
Il e28°23s
95+01 1.27 773, —
[ 732,
-_—

Note: Each lead pitch is 1.27mm.
All dimensions are in millimeters.
Toshiba does not assume any responsibility for use of any circuitry
described; no circuit patent licenses are implied, and Toshiba

reserves the right, at any time without notice, to change said

circuitry.
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TOSHIBA MOS MEMORY PRODUCTS

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

« Low Power:

-+ 1,048,576 word by 1 bit organizetion 440mly MAX. Operating(TC511001AP/AJ/AZ-70)
« Fast access time and cvcle time 385miW MAX. Operating(TC511001AP/AJ/AZ-80)
15110014223 /457-70~83/- 1) 330mW MAX. Operating(TC511001AP/AJ/AZ-10)
CRAC RAS Access Time | 70ns | 80ns{100ns 5.5mi HAX. Standby ¢ o
Column Address + Output unlatched at cycle end allows two-
“AA pccess Time 35ns | 40ns| 50ns dimensional chip selection
TCAC CAS Access Time | 20mns 20ms| 25ns | ° Common 1/0 capability using "EARLY WRITE"
t Cycle Time 130 150ns |180ns operation _
e 30ns | 150ns|180ns | 4o d-Modify-Urite, CAS before RAS refresh,
INCAC Access Time 20ns | 20ns | 20ns RAS-only refresh, Hidden refresh, Nibble
& Py Mode and Test Mode capability
Nibble tlo y oo
tNe cicleeTEmge 40ns | 40ns| 40ns | - All inputs and output TTL compatible

- 512 refresh cycles/8ms
- Package Plastic DIP: TC511001AP
Plastic SOJ: TC511001AJ

- Single power supply of 5Vz107% with a
built-in VBp generator

PIN CONMECTICN (TOP VIEW) Plastic ZIP: TC511001AZ
. . . >
Pé;iilc EEESS Plastic SOJ Pl?stlc Z1F BLOCK DIAGRAN
2  17phour
3 18pT=S Vee Vss
TFO¢  15D:zc
2005 14028
ads gpe 20
£207 12048 et
2308 11p45 23012
Vecge 100 as Veegis

PIM NAMES
AOVA9 |Address Inputs

CAS |Column Address Strobe
DIx |Date Inm

DOUT |Data Out

RAS |Row Address Strobe
WRITE |Read/Write Input

Vce Power (+5V)

VSS |Ground

TF Test Function

N.C. |No Connection
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ABSOLUTE MAXTiMUIM RATINGS

ITEM SYMBOL RATING UNITS NOTES
Input Voltage VIn >y \Y 1
Test Mode Input Voltage VIN(TF) -1v10.5 v 1
Output Voltage VouT ~1Vv7 v 1
Power Supplv Voltage vce =17 / 1
Operating Temperature TOPR 0v70 °C 1
Storage Temperature TsTG -55v150 °C 1
Soldering Temperature.Time TSOLDER 26010 °C.gec 1
Power Dissipation Fp 600 mW 1
Short Circuit Output Current Tout 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=0v70°C)
SYMBOL PARAMETER T MIx. TYP. MAN. UNIT [NOTES
Vee Supply Voltage 4.5 5.0 5.5 Y 2
VIE Input High Voltage 2.4 - 6.5 \Y 2
VIL Input Low Voltage -1.0 - 0.8 vV 2
VIH(TF) Test Enable Input High Voltage | Vgoté.5 - 10.5 v 2
VIL(TF) Test Disable Inpur Low Voltage -1.0 - Vee+1.0 ki 2
DC ELECTRICAL CHARACTERISTICS (Vce=5%10% Ta=0v70°C)
SYMBOL PARAMETER | MIN. MAX.|UNITSINOTES
OPERATING CURRENT TC511001 47 /%J/l zvel = 80
Iccy Azgzagg_gower Supply Operating Current TCE11001 AR AT AZ2-80| - 70 mA 3,4
(RAS, TAS, Address Cycling: tre=trc MIN.) TCillOOiAP 41/42-10] - 60
STANDBY CURRENT
Iccy | Power Supply Standby Current - 2] mA 3
(RAS=CAS=V1R)
RAS ONLY REFRESH CURRENT TC5110014P/57/42-70 ]| - 80
Icc3 | Average Power Supply Current, RAS Only Mode|TC3110014274J/4Z-80| - 70 | mA 3
(RES Cycling, CAS=Vrgy: trc=tre MIN.) TC5110014F/47,/42-10] - 60
NIBBLE MODE CURRENT TCS110014P/87/A2-70] - 60
Iccs | Average Power Supply Current, Nibble Mode |[TC51100142/23/4 - 50| ma | 3,4
(RBS=vyp, CAS Cycling: tyc=tnc MIN.) TC5110014F/43/42-10| — 40
STANDBY CURRENT
Iccs | Power Supply Standby Current - 1| mA
(RAS=CAS=V((-0.2V)
C4S BEFORE R&S REFRESH CURRENT PC51100142/47,/42-70| — 80
Icce | Average Power Supply Current, CAS Before TC21100122/43/42-80| - 70 mA 3
RAS Mode (R4S, CAS Cvcling: tre=tre MIN.) |rcs110018P/23/22-0] - 60
INPUT LEAKAGE CURRENT (any input except TF)
I1(r)| Input Leakage Current, any input (OVSVINs6.5V, -10 10 LA
All Other Ping Not Under Test=0V)
1 INPUT LEAKAGE CURRENT (only TF)
ITF(LY (OVSVIN(TF)SVCct0.5V, All Other Pins Not Under Test=0V) =10 | 10| waA
1 OUTPUT LEAKAGE CURRENT 1
0(L)| (DouT is disabled, OVEVOUTE+S.5V) 0} 10} ua
TES N N INPUT CURREN
e | BELIAEIOY BT e [ =
OUTPUT LEVE ;
Vo Output "'H" kevel Voltage (IpyT=-5mA) 2.4 - v
7 OUTPUT LEVEL
VoL Ouzput "L'" Level Voltage (IpoyuT=4.2mA) - 0.4 v
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

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

6
TCSTT00L:P/ [ TC5 1100127/ 71100157/
SYMBOL PARAMETER 4J/AZ-70 AZ-80 | AJ/AT-10 U\IT.\OTES
MIN. | MAX. | MIN. | MAX. MIN. | MAX.

tRrC Random Read or Write Cycle Time 130 - 150 - 180 - ns i

tLivC |Read-Write Cvcle Time 155 - 175 - 210 - ns

ENC |Nibble Mode Cycle Time 0 | - 40 - 4 - ns
Cu;ﬂqjﬁiable Mode reac-Wrize Crcle Time 55 I - €3 - .65 - Ins

trac lAccess Time from RAS - 70 - 80 - 100 | ns 8,13
Ccac |Access Time from CAS - 200 | - 20 - 25 ns 8§.13
taa  iAccess Time from Column Address ! - 35 [ - 40 - 50 ns g,14
INCAC [Nibble Mode Access Time |- 20 | - 20 - 20 |ns | 8
terz ICAS to Output in Low-Z [ o - | o0 - ¢l - |mns | 8
torF  |output Buffer Turn-O0ff Delav | o |20 | o 20 0 20 |ns | 9
tr Transition Time (Rise and Fall) 3 50 i 3 50 3 50 |ns 7
Crp  |[RAS Precharge Time 50 | - 60 - 70 - ns

TRas |RAS Pulse Width 70 [10,000{ 80 10,000 100 [10,000 ns

CRsH |RAS Hold Time 20 | - 20 - 25 - |ns

tcsH |CAS Hold Time 70 - 80 - 100 - ns

tcas |CAS Pulse Widch | 20 10,000 20 0,000/ 25 ]10.000 ns

tRCD |RAS o CAS Delav Time 20 |50 20 1eo | 25 | 75 |lns | 13
trap |RAS to Column Address Delav Time 15 35 15 40 50 | ns 14
CCRP |CAS to RES Precharge Time 5 - 5 - 5 - ns

CCPN [CAS Precharge Time 10 - 10 - I 10 - ns

CASR |Row Address Set Time 0 i - C - 0 - ns

CRAH éRow Address Hold Time i0 - Z 10 - 15 - ns

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

CCAE [Column Address Hold Time 15 - 13 - 20 - |ns
N s [ o |- =] |
tRaL [Column Address to RAS Lead Time 35 | - 40 - 50 - ns

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

o [t o |- o[- [ o] =]
o s S e IEEEDENE
tycg [Write Command Hold Time 15 - 15 - 29 ns
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued)
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TC511001AP/ | TC511001AP/| TC511001AP/
SYMBOL PARAMETER AJ/42-70 AJ/A2-80 1 AJ/AZZ10 \ioirgivorEs
MIN. | MAX. | MIN. MAX. | MIN. | MAX.
typ |Write Command Pulse Width 15 - 15 - 20 - as
LRWL |[Write Command to RAS Lead Time 20 - 20 - 25 - ns
TCWL |Write Command to CAS Lead Time 20 - 20 - 25 - ns
tDS  |Data-In Set-Up Time 0 - 0 - 0 - ns 11
tpH Data-In Hold Time 15 - 15 - 20 - ns 11
Data-In Hold Time
Cpr i 3 - - - ns
DHR reference to RAS 33 60 73
tRer |Refresh Period - 8 - 8 - 8 ms
twcs |Write Command Set-Up Time 0 - 0 - 0 - ns 12
tecwp |CAS to WRITE Delay Time 20 - 20 - 25 - ns 12
tRWD [RAS to WRITE Delay Time 70 - 80 - |100 - ns 12
t AWD gg]igl;t}DTi\ggress to WRITE 35 _ 40 _ 50 _ ns 12
tcSR |CAS Set-Up Time (CAS before RAS) 10 - 10 - 10 - ns
tCHR [CAS Hold Time (CAS before RAS) 30 - 30 - 30 - ns
trpc |RAS Precharge to CAS Active Time - 0 - 0 - ns
CAS Precharge Time 4 B £0 _ 50 _
“CPT |(CAS before RAS Counter Test) 0 ns
ENCAS Nibble Mode Pulse Width 20 - 20 - 20 - ns
tNcp PNibble lode CAS Precharge Time 10 - 10 - 10 - ns
ENRSH |[Nibble Mode RAS Hold Time 20 - 20 - 20 - ns
Nibble Mode CAS to WRITE Delay ” _ - 2 -
CACWD [Time 20 20 0 ne
Nibble Mode WRITE Command to
o e - - 2 -
ENRWL |RES Lead Time 20 20 0 ne
Nibble Mode WRITE Command to
“NCWL G285 Lead Time 20 - 20 20 s
Test Mode Enable Set-Up Time
ETES referenced to RAS 0 0 0 e
tTEHR Test Mode‘Enable Hold Time 0 _ 0 - 0 _ ns
referenced to RAS
. |Test Mode Enable Hold Time _ 0 - -
"TEHC |referenced to CAS 0 0 ne
CAPACITANCE (Vee=5V£10%, f=1!Hz, Ta=0v70°C)
SYMBOL PARAMETER MIN. MAX. UNIT
C11 |Input Capacitance (A0vA9, Diy) - S pF
CI12  |Ipput Capacitance (RAS, CAS, WRITE, TF) - 7 of
Co lOutput Capacitance (DoUT) - 7 pF
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NOTES:

~4

10.

11.

12.

13.

14.

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

All voltages are referenced to Vgg.
Iccls Icc3s Iccss, Icce depend on cycle rate.

Icc1, Iccs depend on output loading. Specified values are obtained with the
output open.

An initial pause of 200us is required after power-up followed by any 8 RAS
cycles before proper device operation is achieved. 1In case of using internal
refresh counter, 2 minimum of 8 CAS Before RAS initialization cycles instead
of 8 RAS cycles are required.

AC measurements assume tT=5ns.

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

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

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

Either tpcy or tgrgy must be satisfied for a read cycle.

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

tycs, CRWD, tCwD and tayp are not restrictive operating parameters. They are
inciuded in the data sheet as electricel characteristics only. If tycs2 twcs
(min.), the cycle is an early write cycle and the date out pin will remain

cpen circuit (high impedance) throughout the entire cycle; If tryp 2 tryp(min.),
tcwp 2 teyp(min.) and tayp 2 tayp(min.), the cvcle is a2 read-write cycle and the
data out will contain data read from the selected cell: If neither of the above
sets of conditions is satisiied, the condition of the data out (at access time)
is indeterminate.

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

Operation within the trap(max.) limit insures that tgpc(max.) can be met.

trap(max.) is specified as a reference point only: If tgap is greater than
the specified tpap(max.) limit, then access time is controlled by Can-
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TIMING WAVEFORMS

READ CYCLE tre
TRAS
RAS vin \ AR / trp \
tcsH .
Sore || TRCD RSH CRE
— t
s Vi \ CAS
Vi — TRAD TRAL
TASR FRAH __|[ltasc | FcaH
Vig —
Ao~ag 1H ROW COLUMN / //@C
VI — ADDRESS ADDRESS
LRRH
EECS..[__..] TRCH
Vg —
IR e LT 240 aa W,
IL —
| tRAC
I t _._T_"‘.Q.EF_
Vg — - -
Dout o OPEN 4 VALID DATA >———-—-

VoL —

WRITE CYCLE (EARLY WRITE)

R S — -

lrore| |_tro o tRSH f=rCRE
TS :ii: “RAD \\ Toas /t-RAL
/) W ) C?//////[///// 770X
e =777 e WW/////I//W
“m-//////////////}/m o e X

VoL — m . an or "L"
NOTE: "TF" pin should be connected to Vyp(TF) level or open, if
"Test Mode" is not used.
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READ-WRITE CYCLE

CRWC
TRAS
s IH—— tar £ <
VIL— \ /
IR
LRSH
tCcsH
tcrP| | tRCD tcas ICRP
Vig —
o tman N\ /!
Vip— RAD E
N tascltcan
AS SRAH TRAL
Vig — L
. ssnass X/ K
AO~A9
Vg — //N\ADDRESS ADDRESS '/, /
“RWD TowL
T AWD
IRCS | tcwp CRWL
Vig—7 ) 7
w0 N i
IL™ t
24 twp LOFF
ez
Vog — OPEN 4 bl
Doyt VALID DATA
VoL — - p
C
tpg k3):d

S/ =
: "H" or "L

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

o

T
e~

oA viﬁ—_t/[RAH _t-_iw-l I .

oo o DR W l{//////WMWW/é

Dou1

1D\

Vo — PE @ VALID >__4 VALID >__<g
Vor — OPEN ATA ATA

taa

TrCS YRCH]|, tRCS

ATA / \DATA
TRRH

we ST @

NIBBLE MODE WRITE CYCLE (EARLY WRITE)

L

_ :ii—:_ﬂ\ — RAS
e Scrpi_ | tRctl;sH tca - !
/1)) e R

TWCR
twes twe WCS

wrre TN TN DTN LN

twp |
| town
1

1
Dry JIET fvaLip VALID VALID
VIiL — DATA ATA DATA

lDS.._LLEm. *ps) || | °DH

Vor™ TDER
Dout OPEN

> KLU

VoL —

: "H" or "L"

NOTE: "TF" pin should be connected to Vyp (TF) level or open.
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NIBBLE MODE READ-WRITE CYCLE

TRAS tRP

T NP ‘au
tcsH
teRP tRCD NRMW tNRsH
o ZIH: CRAH s
IL LaASR ltasc CoaH |TNCAS
somse 27N WX s /1 /////////////////////// Y,
trap | SCWD tcﬂ T
tawp |SEWD e (Bowp tye CNRWL
Vig—
o 175 \V/ L]Z VARV
ViL o |t
/I, sy T e Y R
T e | Sncac
TrRAC
Dout :Zi: !ZNZ?{*&D lDf\ﬁDHgﬁ’IfA gﬁ%?)'—
tcrz

m : "H" or "L"

NOTE: "TF" pin should be connected to VIL(TF) level or open.
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RAS ONLY REFRESH CYCLE

tRC

IRP
=3 Vig — \ tRAS :i/
ViL— { | W
tCcRP e IRPC

e /
IS/ e SIS
Dour Vor— 0PEN
T NOTE: WRTTE="E" or "L", A9="" or "L" [7: " or "

CAS BEFORE RAS REFRESH CYCLE
're
tRP
RAS zii: TRPC e
SCPN Losr tour
W \ Y
toFF

v — _———j
OH >— OPEN
o] A S—

- . g or "L"
NOTE: WRITE="H" or "L", AO~ A9="H" or "L" .

"TF" pin should be connected to V11, (TF) level or open, if
"Test Mode" is not used.

Dout
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

mE TR =
v ~CSR “CHR —— tcas
F o N ' |
o e T A eeet X7 T
Lﬁ.— v T, caes ]
{w o =TT el
o 2 T e X
VoL — tRCS tir:jw;] —El:‘l
o I N
o T K v X T

m : "H" Or I'Ll'
NOTE: "TF" pin should be connected to VIL(TF) level or open, if
"Test Mode" is not used.
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HIDDEN REFRESH CYCLE (READ)

w — A
= f‘ e —
. S I
e 3 = S //////////// /T
HIDDEN REFRESH CYCLE (WRITE)
= e e
- f,f;:/f ' Y
03 L
wr Y
DS_4 tDH

o A

Sl S,

Dogy VOH —

UDHR

VoL, —

NOTE: "TF" pin should be co

OPEN

s "

"Test Mode'" is not used.
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APPLICATION INFORMATION
ADDRESSING

its required to decode 1 of the 1,018,576 cell locations within

g
o*

The 20 addres
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 2ddress Strobe (RAS), latches the 10 row address bits
into the chip. The second clock, the Column Address Strobe (CAS), subsequently
latches the 10 column address bits into the chip. Each of these signals, RAS, and
CAS, triggers a sequence of events which are controlled by different delayed internal
clocks. '

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

been changed from Row address to Column address information.

DATA INPUT/OUTPUT
Data to be written into a selected cell is latched into an on-chip register by

a combination of WRITE and CAS while RAS is active. The later of the signals (WRITE

r CiS) to meke its negative transition is the strobe for the Data In (Dyy) register.
This permits several options in the write cyvcle timing. In a write cvcle, if the
TRITE input is brought low (active) prior to CAS, the Diy is strobed by CAS znd the
set-up and hold times are referenced to CiS. If the input date is not available at
CAS time or if it is desired that the cvcle be a read-write cycle, the WRITE signal
will be delayed until after CAS has made its negative transition. In this '"delayed
write cycle' the data input set-up and hold times are referenced to the negative
edge of WRITEZ rather than CAS. (To illustrate this feature, DiN is referenced to
WRITE in the timing diagrams depicting the read-write and nibble mode write cycles
while the '"early write" cycle diagram shows Dy referenced to CAS).

Data is retrieved from the memory in a read cvcle 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 avilable at the output

within the specified access time.
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DATA OUTPUT CONTROL

The normal condition of the Data Output (Doyr) 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 a2 logic O or logic 1 is at access time during a read cycle. DgyT will remain

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

NIBBLE MODE

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

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

r——(O, 0) (0, 1) (1, 0)—(1, l)———w

Address A9 determines the starting point of the circular 4 bits nibble. Row A9 and

column A9 provide the two binary bits needed to select one of four bits.
From then on, successive bits come out in a binary fashion; 00 - 01 - 10 - 11 with
A9 row being the least significant address.

A nibble cycle can be a read, write, or éelayed write cycle. Any conbinations
of reads and writes or late writes will be allowed. 1In 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 (AO07 AS8) within each 8 millisecond time intervel.
Although any normal memory cycle will perform the refresh operation, this function

is most easily accomplished with "RAS-only" cycles.

— A-60 —



TC511001AP/AJ/AZ-70, TC511001 AP/AJ/AZ-&B
TC511001AP/AJ/AZ-10

CAS BEFORE RAS REFRESH

CAS before RAS refreshing availalbe on the TC511001AP/AJ/AZ offers an alternate
refresh method. If TAS is held on low for the specified period (tggp) before RAS
goes to low, on chip refresh control clock generators and the refresh address counter
are enabled, and an internal refresh operation takes place. After the refresh op-

eration is performed, the refresh address counter is automatically incremented in

preperation for the next CAS befcore RAS refresh cperestion.

HIDDEM REFRESH

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

(see Figure below)

MEMORY CYCLE REFRESE CYCLE REFRESH CYCLE

N ! ! .|
e —_— "“l———/—'——
Doyt oFE i T

[

This feature allows a refresh cycle to be "hidden" among data cyvcles without

affecting the data avilabilirty.

— AB1 —



TG511001AP/AJ/AZ-70, TC511001AP/ AJ/ AZ-80
TC511001AP/AJ/AZ-10

AS BEFORE RAS REFRESH COUHTER TEST
The internal refresh operation of TC511001AP/AJ/AZ can be tested by CAS BEFORE

@]

RAS REFRESH COUNTER TEST. This cycle performs READ/WRITE operation taking the inter-
nal counter address as row address and the input address as column address.
The test is performed after a minimum of 8 CAS before RAS cycles as initializa-
tion cycles. The test procedure is as follows.
@ Write "0" into all the memory cells at normal write mode.
@ Select one certain column address and read "0" out and write "1" in each cell
by performing CAS BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE).
Repeat this operation 512 times.
@ Check "1" out of 512 bits at normal read mode, which was written at @
@ Using the same column as @, read '"1" out and write "0" in each cell performing
CAS BEFORE RAS REFRESH COUNTER TEST.
Repeat this operation 512 times.

@ Check "0" out of 512 bits at normal read mode, which was written at @

@ Perform the above @ to @ the complement data.
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TEST MODE

The TC511001AP/AJ/AZ is the RAM organized 1,048,576 words by 1 bit, it is inter-
nally organized 262,144 words by 4 bits. In '"Test Mode", data are writtem 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 im=-
pedance state for bad parts. Fig.l shows the block diagram of TC511001AP/AJ/AZ in-
cluding 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
PE— )
— 0
A ———0 NORMAL
An, Am 256K —
BLOCK |—
N -2
TF
An, Am — B Nch
An,Am 256K
BLOCK
— 5 An, Am
———
Din —— _ S
|~  Ei.am c ———0 NORMAL —|Pout
256K ——O
| BLOCK [
3 >
TF Ej
Nch
— — D
An ,Am 256K
BLOCK e[
D

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 Dout

0 0o 0 0

1 1 1 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 (Vgct+éd.5V (Vec=5V£10%), max. voltage=
10.5V)" for the specified period (tpgsg, tTpyr and trgyc; 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).

. VIH —
TR /
Vip —

- \ /A

Vi — TTEHC(Ons8)

tTES|(0Ons) CTEHR(Ous)

VIH(TF) — 7
’ ___
VIL(TF) —
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OUTLINE DRAWINGS

¢ Plastic DIP Unit in mm

18 17 15 15 14 L 2 plo}

7.4 MAX.

| 228MAX.

] T
O5IMIN
T
5.0MAX

L
' A'A X ') y
nE1+0.25 11015 ;3 =
=2
n
0.52215 2

Note: Each lead pitch is 2.54mm.
All leads are located within 0.25mm of their true longitudinal position
with respect to No.l and No.l1l8 leads.

All dimensions are in millimeters.

— A65 —



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

TG511001AP/AJ/AZ-10

e« Plastic SOJ

17.02 ~17.27
26 25 24 23 22 18 17 16 15 14
oanm [ BB s B B
%
<
>
™
- 0
(=]
0
INDEX DOT =
g | )

LRl A
1 2 3 4 5

o]
=3
=0
% [
0O

0.66 ~081

=)

o.4o~oiso] 12y TYR ‘
|

3.55MAX.

9.5 ~9.9

!

Note: Each lead pitch is 1.27mm.

All dimensions are in millimeters.
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¢ Plastic ZIP

Unit in mm

3.0MAX
263MAX

-

( |

Y 7).,

| ~-0.05

INDEX DOT

8502

1016 MAX

\

05+Q1 127TYP.
’_l ! 1L27TYP

2.54TYP

Note: Each lead pitch is 1.27mm.
All dimensions are in millimeters.
Toshiba does not assume any responsibility for use of any circuitry
described; no circuit patent licenses are implied, and Toshiba reserves

the right, at any time without notice, to change said circuitry.
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TOSHIBA MOS MEMORY PRODUCTS

TC511002AP/AJ/AZ-10, TC511002AP/AJ/AZ-80
DESCRIPTION TG511002AP/AJ/AZ-10

The TC511002AP/AJ/AZ is the new generation dynmamic RAM organized 1,048,576 words by
1 bit. The TC511002AP/AJ/AZ utilizes TOSHIBA's CMOS Silicon gate process technology as
well as advnaced circuit techniques to provide wide operating margins, both internally
and to the system user. Multiplexed address inputs permit the TC511002AP/AJ/AZ to be
packaged in a standard 18 pin plastic DIP, 26/20 pin plastic SOJ nad 20/19 pin plastic
ZIP. The package size provides system bit densities and is compatible with widely
available automated testing and insertion equipment. System oriented features include
single power supply of 5V+107% tolerance, direct interfacing capability with high perfor-
mance logic families such as Schottky TTL.

FEATURES
+ 1,048,576 word by 1 bit organization + Low Power
- Fast access time and cycle time 440mW MAX. Operating (TC511002AP/AJ/AZ-70)
TCS11002AB AT AZ-70/-80/~10 385mW MAX. Operating (TC511002AP/AJ/AZ-80)
tRAC RAS Access Time 70ns | 80ns [ 100ns 330mW MAX. Operating (TC511002AP/AJ/AZ-10)
Column Address 5.5mW MAX. Standby
taa Access Time 35ns 40ns 30ns | . Output unlatched at cycle end allows two-
tcac TS Access Time 20ns | 20ms | 25mns dimensional chip selection
tRC Cycle Time 130ns | 150ns | 180ns | ° Common I/O capability _
Static Column * Read-Modify-Write, CS before RAS refresh,
tsc Mode Cycle Time 40ns | 45ns | 55ns RAS-only refresh, Hidden refresh, Static

Column Mode and Test Mode capability.
» All inputs and output TTL compatible
* 512 refresh cycles/8ms

« Single power supply of 5V+10% with a
built-in Vpp generator

PIN CONNECTION (TOP VIEW) T Package  Blastic DR T loaany

Plastic DIP Plastic SOJ Plastic ZIP Plastic ZIP: TC511002AZ
- . ) oF

DouT [¥

onif3

A

BLOCK DIAGRAM
ke[

A0 (L

DATA IN
SUFFER

3
& H
?

Yo,2 CLOCZ }
GE: ERATOR
TF O i

PIN NAMES

] coumai COLUMY
A0~ A9 | Address Inputs 2 o D) —'—r—-lzﬂ' CEODER
RAS Row Address Strobe A2 O M f/jolséx%?s
DIN Data In Zi g - 2o4s-<1
DoyT | Data Out 45 0~
- - A6 O
CsS Chip Select Input A7 O 202y
e X 48 O~ oo Z HEHOR
WRITE | Read/Write Input A9 o ——EBEEES £ ABRAY
Vce Power (+5V) v STERs(10) ES
Vss Ground
TF Test Function

N.C. No Connection
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TC511002AP/AJ/AZ-10
ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL RATING UNITS NOTES
Input Voltage VIN -1~ 7 Y 1
Test Function Input Voltage VIN(TF) -17~10.5 \Y 1
Output Voltage Vout -1v7 \Y 1
Power Supply Voltage Vce -1~ 7 v 1
Operating Temperature Topr 0~ 70 °C 1
Storage Temperature TsTG -554.150 °C 1
Soldering Temperature - Time TSOLDER 260 ¢+ 10 °C + sec 1
Power Dissipation Pp 600 mW 1
Short Circuit Output Current IouT 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=0~ 70°C)
SYMBOL PARAMETER MIN. TYP, MAX. UNIT | NOTES
Vee Supply Voltage 4.5 5.0 5.5 v 2
Vi Input High Voltage 2.4 6.5 v 2
VIL Input Low Voltage -1.0 - 0.8 \ 2
VIH(TF)| Test Enable Input High Voltage Vee+s.s - 10.5 v 2
ViL(TF)| Test Disable Input Low Voltage -1.0 Vee+0.1 v 2
DC ELECTRICAL CHARACTERISTICS (Vgc=5+10%, Ta=0" 70°C)
SYMBOL PARAMETER MIN.|MAX.|UNITS| NOTES
OPERATING CURRENT TC5110024B/43,/42-70| - | 80
Icca Average Power Supply Operating Current TC5110028B/AJ,AZ-50] - | 70 | mA 3,4
(RAS, CS, Address Cycling: tgpe=trc MIN.) TC511002ABAJ,Az-10] - | 60
STANDBY CURRENT
Icco Power Supply Standby Current - 2 mA
(m=€§=VIH)
RAS ONLY REFRESH CURRENT TCEL10C2ARAT AZ-70] — | 80
Ices Average Power Supply Current, RAS Only Mode TC5110C2AR/AT, AZ-80] - 70 | mA 3
(RAS Cycling, CTS=VIH: tRC=tRC MIN.) TC5110024B/47,42-1d = | 60
STATIC COLUMN MODE CURRENT TC511002AE/AT, AZ~7q - 60
Icca Averaginﬁer Supply Current, Static Column TC511002AB/A0AZ80 - | 50 | mA 3,4
Mode(RAS=CS=Vyy, Address Cycling: tgc=tgc MIN.)[Tc51100288A7,AZ-10] ~ | 40
STANDBY CURRENT
Iccs Power Supply Standby Current - 1| mA
(RAS=CS=Vc-0.2V)
CS BEFORE RAS REFRESH CURRENT _ - TC5110024B°A342~70) - | 80
Icce Average Power Supply Current, CS Before RAS TC511002AB/AJ/AZ-80| - 70 | mA 3
Mode (RAS, CS Cycling: tpco=tge MIN.) TC51100288/A5/A2-10| _ | 60
INPUT LEAKAGE CURRENT (any input except IF)
I1(L) |Input Leakage Current, any input -10| 10| pA
(OV<Vrys 6.5V, All Other Pins Not Under Test=0V)
INPUT LEAKAGE CURRENT (only TF
LITF(LY (v $ Vyy(TF) & Vog+0.5V, ALL Other Pins fot Under Test=0Y) 710110 ua
To(L) OUTPUT LEAKAGE CURRENT _10! 10 A
(DoyT is disabled, OVE Voyur £ +5.5V) H
ITF TEST FUNCTION INPUT CURRENT _ 1 A
(Voots .5V S Vin(TF) £10.5V) m
Vs OUTPUT LEVEL
OH  loutput "H" Level Voltage (Igyr=-S5mA) 2.4 - | v
v OUTPUT LEVEL _
OL  loutput "L" Level Voltage (Iqyp=h.2mA) 0.4y Vv
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

TC511002AP/AJ/AZ-10, TC511002AP/AJ/AZ-80
TC511002AP/AJ/AZ-10

(Vee=5V+10%, Ta=0" 70°C) (Notes 5, 6, 7)

T3l TC511002 TC511002
SYMBOL PARAMETER AP/AJ/AZ—’70 AP/AJ/AZ—-80 AP/AJ/AZ-10 |UNIT |[NOTES
MIN. MAX. |MIN. MAX. [MIN. MAX.
tRC Random Read or Write Cycle Time |130 - 150 - 180 - ns
trwc |Read-Write Cycle Time 155 - 175 - 210 - ns
tsc Static Column Mode Cycle Time 40 - 45 - 55 - ns
Static Column Mode Read Write _ _
tsruC Cycle Time 70 80 - 100 ns
tRAC |Access Time from RAS - 70 - 80 - 100 ns | 8,13
tcaC |Access Time from CS - 20 - 20 - 25 ns | 8,13
tAA Access Time from Column Address - 35 - 40 - 50 ns 8,14
tALW |Access Time from Last Write - 65 - 75 - 95 ns | 8,15
tcrz |CS to Output in Low-Z 0 - 0 _ 0 _ s | 8
toFF |Output Buffer Turn-Off Delay 0 20 0 20 0 20 ns |9
N Qutput Data Hold Time from
AOH  |Column Address - - - ne
Output Data Enable Time from
t
OV RITE - 20 |- 20 | - 25 |ns
Output Data Hold Time from
tWOH TRITE 0 - 0 - 0 - ns
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
RAS Pulse Width
t 70 | 10
RASC (Static Column Mode) 0 100,000 | 80 {100,000 | 100 0,000 |mns
trSH |CS to RAS Hold Time 20 - 20 - 25 - ns
tCcSH |RAS to CS Hold Time 70 - 80 - 100 - ns
tcs  [CS Pulse Width 20 | 10,000 20 | 10,000 | 25] 10,000 |ns
tese %gtz‘éiieczﬁg Yode) 20 100,000 | 20 {100,000 | 25/100,000 |ns
tRCD  |RAS to CS 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 |CS to RAS Precharge Time 5 _ 5 Z B z os
CS pPrecharge Time -
t - - -
CP (Static Column Mode) 10 10 10 ns
taAsR |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 Z ns
tcAy |Column Address Hold Time 15 - 15 - 20 = s
Write Address Hold Time
t — - - -
AWR |referenced to RAS 33 60 75 ns
t Column Address Hold Time _ _
AR referenced to RAS 80 90 115 - ns
trRAL |[Column Address to RAS Lead Time 35 - %40 — 50 = ns
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued)
g}l}%ﬁ TC;llOO.? TC511002
SYMBOL PARAMETER AJ/AZ0 | ARFAT/AZ-80 | APZAIZAZ-10 JyNTTS|NOTES
MIN. MAX. | MIN. MAX. MIN.| MAX.
Column Address Hold Time
t o - - -
AH referenced to RAS Rise 5 5 10 ns 16
tcwL |Write Command to CS Lead Time 20 - 20 - 25 - ns
Last Write to Column Address
tLWAD Delay Time 20 30 20 35 25 45 ns 15
Last Write to Column Address
tAHLW Hold Time 65 - 75 - 95 -~ ns
Read Command Set-Up Time _ _ _
YRCS |referenced to CS 0 0 0 ns
Read Command Hold Time
— 0 - 0 - 0 - 10
ERCH referenced to CS ns
Read Command Hold Time
"RRH | eferenced to RAS 0 - 0 - 0 - ns | 10
tWyCcH |Write Command Hold Time 15 - 15 - 20 - ns | 12
Write Command Hold Time
ty~ — - - -
WCR | eferenced to RAS 55 60 75 ns
typ Write Command Pulse Width 15 - 15 - 20 -~ ns
twl Write Command Inactive Time 10 - 10 - 10 - ns
tRWL |Write Command to RAS Lead Time 20 - 20 - 25 - ns
tps Data-In Set-Up Time 0 - 0 - 0 - ns 11
tDH Data-In Hold Time 15 - 15 - 20 - ns | 11
Data-In Hold Time referenced
t - - -
DHR to RAS 55 60 75 ns
tREF |[Refresh Period - 8 - 8 - 8 ms
tycs |Write Command Set-Up Time 0 - 0 - 0 - ns | 12
€ CS to WRITE Delay Time B _ B
CWD |(READ-WRITE CYCLE) 20 20 25 ns | 12
RAS to WRITE Delay Time
t - - -
RWD | (READ-WRITE CYCLE) 70 80 100 ns |12
Col
tAWD Tgmtémn Address to WRITE Delay 35 _ 40 _ 50 _ ns | 12
tcSR |CS Set-Up Time (CS before RAS) 10 - 10 - 10 - ns
tCHR |CS Hold Time (CS before RAS) 30 - 30 - 30 - ns
KAS Precharge to CS Active
t - - -
RPC ' I1ine 0 0 0 ns
tcpr |CS Precharge Time _ _ _
(CS before RAS Counter Test) 40 40 0 .
tCPN |CS Precharge Time 10 - 10 - 15 - ns
Test Mode Enable Set-Up Time
t i . - - -
TES referenced to RAS 0 0 0 ne
Test Mode Enable Hold Time
t o= - - -
TEHR referenced to RAS 0 0 0 i
¢ Test Mode Enable Hold Time 0 0 _ 0
TEHC |referenced to €8 - ~ e
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TG511002AP/AJ/AZ-70, TCS11002AP/AJ/AZ-80
TG511002AP/AJ/AZ-10

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

SYMBOL PARAMETER MIN. MAX. | UNIT
C11 Input Capacitance (A0~ A9, D1yn) - 5
Cr2 Input Capacitance (RAS, CS, WRITE, TF) - 7 pF
Co Output Capacitance (DoyT) - 7

NOTES:

1. Stresses greater than those listed under "Absolute Maximum Ratings' may cause
permanent damage to the device.
2. All voltages are referenced to Vgg.
. Iccis Ice3s Iccss Icce depend on cycle rate.
« Igcis Iccs 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 any 8 RAS cycles
before proper device operation is achieved.
In case of using internal refresh counter, a minimum of 8 CS Before RAS initial-
ization cycles instead of 8 RAS cycles are required.
6. AC measurements assume tT=5ns.
7. Vig(min.) and Vyp(max.) are reference levels for measuring timing of input
signals. Also, transition times are measured between Viy and Vyp.
. Measured with a load equivalent to 2 TTL loads and 100pF.
. torr(max.) defines the time at which the output achieves the open circuit con-
dition and is not referenced to output voltage levels.

10. Either tpcy or tgrry must be satisfied for a read cycle.

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

12.  tycs, tryp, tCiyD and tawD are not restrictive operating parameters. They are
included in the data sheet as electrical characteristics onlv. If tycs2 twcs(min.),
the cycle is an early write cycle and data out pin will remain
open circuit (high impedance) throughout the entire cycle ; If tgyp2 tryp(min.),
tcwp 2 tewp(min.) and tawD 2 tawp(min.), the cycle is a read-write cycle and the
data out will contain data read from the selected cell: If neither of the above
sets of conditions is satisfied, the condition of the data out (at access time)
is indeterminate.

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

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

15. Operation within the tpyap(max.) limit insures that tary(max.) .can be met.
tryap(max.) is specified as a reference point only: If tpyap is greater than the
specified tpyap(max.) limit, then access time is controlled exclusively by tpa.

16. tpg is the condition to latch column address when RAS has rised up.
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TC511002AP/AJ/AZ-10, TC511002AP/AJ/AZ-80
TG511002AP/AJ/AZ-10

TIMING WAVEFORHMS

— A74 —

READ CYCLE tRC
tRP
_— Vv _— Yy t
A Vii = \\ - —t/ tcsH \\——
tasr tRAH “RAL ta
AQ~AD Xii : | ROW ADDRESS W COLUMN ADDRESS /// / / /)
TAR
o #EEE traD tRCD tHSHccs tCRP
cs VI __/r /tm.;
L Lezes tRRH ||
w2 T N
tRAC Cak toFF
Doyt ZOH - OPEN @{ VALID DATA
oL — tenz 1
WRITE CYCLE (EARLY WRITE) tro
F' tRP
== Vg — tRAS
RAS Vi — \¥47 : ‘\___
Ll tcsH,
TASR tRAH
AD~A9 :ii :@( ADgggSS W 28151%%’8 W // // / W L
tCRP tRAD tasc cCAi E§SH tcrP
. . cs
Ts Xii _ j _— N F
tewLn
twcs twcH
w2 7T —=—— T 777
e tps tDpH FRAL |
Vig —
RN/, T R Y,
o — ! tDHR ,1]
Doyt OPEN
VoL —

: HHII or "LII

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



READ-WRITE CYCLE

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

4
|

Trak

/

et
=\

N

RO% ADDRESS W///M COLUMN AT
TRCD
URAD

S

torp

/

w2 T

T,

e T

T

e TR

tRas

K

NOTE: "TF" pin should be connected to VIp(TF) level or open

"Test Mode'" is not us

/
X

ToFF

AA
TAQE
@( VALID DATA
tciz

i
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80
TG511002AP/AJ/AZ-10

STATIC COLUMN MODE READ CYCLE

RAS

AO0~A9

WRIT=

Doyt

VIH

ViIL

TRP
__-____——jis trasC zz X
TASR LRAH tsc tsc RAL tag
-/ 1 ROW COLUMN COLUMN COLUMN
. \| ADDRZSS ADDRESS ADDRESS ADDRZSS / /é
trRAD tcRrp _J
|
T
taAR tep RSH
— tese tcse
TRCS \ /
- T
- RRH
RCD
tcsH ItRcal tRes tRCH
L
tcac QZ; T
— ™ AA
TOFF
t E
AA LOFF tcac
tRAC | T AOH
_ 1

| VALID VALID
DATA

DATA

1
tcLz

{~ VALID
DATA
tcLz

[ " or "

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-10, TC511 002AP/ AJ/Az-80
TG511002AP/AJ/AZ-10

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)

trp
Vg et trasC ‘
me T e
IL—
tasm | [t TeaH CcaH TRAL
- Vig — el LUMN COLUMN LUMI
A0~AQ V;i-—— M ATTRESS ADIFESS g%mss)@[/////////
b 1
TAWR l tep tCPR J
tRaD |Pasq tas ,tcp  tRsH o
r 1
T VT N/ N/
Vi — LRCD
tgc CWL,
twes ties  twl CRWL

WL
warTe VIH — \ tWPJ ﬁ UWCH | wes
Vip — b

DHR T ¥
tps tpy tDs tpH
Vig —
D 7/ VALID ALID VALID
wo S R R BA1R saxa XL
Vor —
Pour Vor — OPEN

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)

LRP
Vig — —— TRASC
Tas H N\ /J \
Vg, —
tAsa tR_Aﬁ T
Ao~as VIH T ROW COLOMY I COLUMY COLUWY
‘ ATTRESS ATLEESS | ADDR=SS ADDRES S /
i

Vip —
Ltawr tcrP |
YRap | | |tasc  ["aSg tcP  tgsy
™ T N TTTTRES TN, ]
Vip — Taod !
t A
RCD __+_ tsc N
wes twr tycs wl CRWL
Vig — 1 2 t
wRiTE _H \ WPJ)_) h| ILEL /
Vi — . b I ]
DHR
Ips . | |*DH| _tps IDH
Vig — VALID ALID VALID
s E I, //X R, RN Y SN Y,
IL
Vor —
Dour OPEN-
VoL —

: " or "LV

NOTE: "'TF" pin should be connected to Vyp(TF) level or open,
if "Test Mode'" is not used.
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TC511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80
TG511002AP/AJ/AZ-10

STATIC COLUMN MODE READ-WRITE CYCLE

;&

v —_— t
&g VIH \ RASC N
Vi —
tASR tRAH tcaH CRWL tRAL
Vig — POoW COLUMN COLUMN
AD~A9 v _@< ADDRESS ADDRESS ADDRESS /// // /
IL
tRAD tSRWC tCRP
— -
<5 ViH towp tLWAD /|
Vip — tRcs :
TAWD towr
tRWD TAWD
twp
v J—
I/ Y N N/
IL
| TRCD tps 39)
-
Vig — VALID VALID
DIy Vii __W / / DATA //@(DA‘TJA
T
teac l‘_WOH tan |
CAcEC T )
t t t
tRAC AL tALW o OFF
pogr OE @(VALID DaTA E@{ VALID DATA —
Vor, — tong
STATIC COLUMN MODE READ/WRITE MIXED CYCLE
—
Tas VIHE \
Vir— tRCD
tRAD
tasy traH
—— g
— o p
A0~A9 XIH Xﬁ&sm COLUMN ADDRESS X//////)( COLUMN ADIFESS GoLuuy WZ“Z{
L
LAWR tsc tcaE
tasc tcp
— — tcse ;:ﬁx
s Vin ‘ A{ |
Vip— *
tWCR '
tawp
— wes tWP
wrTTE UM N1 \ Y
Vig I tLwAD
tps tpH tps tDH
pry VIE T q —7 <
N VALID DATA X// /, INVALID DaTa ////////// VALID DATA
ViL—
tDHR tcac
taa taoH | taa | woH
]
Vor — T fVALID
G —{ZX VALID DATA | ﬁﬁq‘{ﬁ/*/“ Dg%Aul
VoL — tary ] |
: IIHII or IILII

NOTE: "TF" pin should be connected to VipL(TF) level or open, if "Test
Mode'" is not used.
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TG511002AP/AJ/AZ-70, TC511002AP/AJ/AZ-80
TG511002AP/AJ/AZ-10

.RAS ONLY REFRESH CYCLE

tRC
RP
Vig — T
Ras I RAS /
Vi — e —
torp| REC
—CRPl__
— Vig — /
cs VL — \ /
TaSR tRAH
Vig —;
wose o T e om0
Vog — i
Doyt Vop — OPEN
NOTE: WRITE="H" or "L'", A9="H" or "L" 2: "a" or "L
CS BEFORE RAS REFRESH CYCLE
TRC
rP
Vg — tRAS
RAS
ViL — TRPC \
TCcPN
Vig cSR LCHR
o ‘1 —
cs
v — \ Y
TOFF
Vo — —————————
Dout i N— OPEN
VoL — /
NOTE: —FRITE:an or IILII, AO'\JA9="H" or npn : an or LAY

"TF" pin should be connected to ViL(TF) level or open, if

"Test Mode'" is not used.
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TC511002AP/AJ/AZ-10, TG511002AP/AJ/AZ-80
- TC511002AP/AJ/AZ-10

HIDDEN REFRESH CYCLE (READ)

tRC tRrC
tRP trP

Vig — = .
- t t
A RAS \x RAS J \\—__.

v

YRCD
tCRP

IL —

tCRP, ta
T
v —_
w o E T e /
VIL—*‘
t t

AO~A9VIH“ ‘f;%gg@( COLUMN ADDRESS ////// //////////////////

e e = ////// T

D Vo — N
ouT VALID DATA
VoL — tonz L
L

HIDDEN REFRESH CYCLE (WRITE)

i i T N
Y | ST /
s 2 ZEET O X,

I twes twcH

v ~rm |
/111 R

OH
Doyt v OPEN

m - llH" or "L"
NOTE: "TF" pin should be connected to Vyp(TF) level or open, if
"Test Mode" is not used.
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CS BEFORE RAS REFRESH COUNTER TEST CYCLE

TC511002AP/AJ/AZ-10, TCS11 O(IZAP/AJ/AZ -80
TG511002AP/AJ/AZ-10

— v
RS IR
ViL
v
oS 18
VIL
AO~AQ V1d
Vi
READ CYCLE
~
b Vou
oG T Vor,
vy
WRits _1H
L IL
WRITE CYCLE
~ Vin
AO~A9
Vi
VAo
Doyt oH
VoL
Vo
¥RITE ¢
VIiL
Vid
Drn .
L 1L

READ-WRITE CYCLE

- Vo
a0~as 1
VIiL
v
0H
Doyt
VoL
— v
WRitz 18
iL
Vrg
Din v
L IL

N tRAS tRP
- '— CRSH / \_
B . tCRP
— cs
o / tayg
_—_//// / / // @( COLUMN ADDRESS / /
Tan TRAL l
tcac LOFF
: VALID DATA }
TRes tcLz tRRH
— T 4 . 7
tasc caH
~7 YD . 7
“RWL
B - 0PEN
— ‘f."f% Taos, VL hj !
/I, It s 7
tps_| | tpg ‘ | '

— /L

bq;m LID DA TW

|

tcaH

— VLI

Cc

OLUMN ADDRZSS

X

il

U

Taa TOFF
tcac
VALID DATA }——————
TRCS tonz towWL
tawD RWL
tcwp TWos
/ / - j / //
t Tpe
Ds| | oy .
_//f// VALID
— DATA / //
: "H" or IILII

NOTE:

"Test Mode" is not sued.
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TG511002AP/AJ/AZ-10, TC511002AP/AJ/AZ-80
TC511002AP/AJ/AZ-10

TEST MODE

The TC511002AP/AJ/AZ is the RAM organized 1,048,576 words by 1 bit, it is
internally organized 262,144 words by 4 bits. In "Test Mode", data is writ-—
ten 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 in-
dicates 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 diagrem 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
————————O.
E——e)
A —————0
An,Am | 256K : NOR{AL o
H BLOCK —
A f -
TF
An,Am . B J E Neh
—Z An,Am 256K
| BLOCK
— B An,Am
0
D.
in - A—
An ,Am — D
- ' -~ c —o0 NORMAL out
l 256K 0
—- BLOCK
5 o
TP
— D E Nch
An,Am 256K
BLOCK _—l
D

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

Truth Table in Test Mode Function

A B C D DouT

0 0 0 0 0

1 1 1 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 (Vcctéd.5V(Vee=5V+10%),
max. voltage=10.5V)" for the specified period (tTgs, tTpyr and tTgHC; 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).

v —_—
H
RAS I \ /
Vi —
_ Vi — J—
Ts \
Vi — tTEHC(Ons)
tTES|(Ons) TTEHR(Ons)

VIH(TF)—
VIL(TF)— o

Fig.2 Test Mode Cycle
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TC511002AP/AJ/AZ-10, TC511002AP/AJ/AZ-80
TC511002AP/AJ/AZ-10

OUTLINE DRAWINGS

Plastic DIP
Unit in mm

18 17 16 15 14 13 12 11 10

I
Tr
7.4 MAX. |

T T 7 3 I 3 T I

1 2 3 4 5 6 7 8 9

22.8MAX. 7.62+025

T
%
S8
0.51MIN
1
5.0 MAX

0~15°
Y—V VvV
25410.25 14$015 ® Z
5] =
054015 0
o~

Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of
their true longitudinal position with respect to No.l and No.18 leads.

All dimensions are in millimeters.
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TC511002AP/AJ/AZ-10, TC511002AP/AJ/AZ-80
TG511002AP/AJ/AZ-10 o

Plastic SOJ

Unit in mm

17.02~1727

0.9 TYP.
26 25 24 B 22 18 17 16 15 14 I
[l o B o W aoonno) —_—
< - A
r el 4l o
~ <« ~ @®
! I !
o 134 2o} @
INDEX DOT 0 “| 2| =
ad © @
/ |
|55 1y o g J |
12 345 9 10 11 1213

066~0.81

3.5 5 MAX.

Note: Each lead pitch 1.27mm.

All dimensions are in millimeters.
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TG511002AP/AJ/AZ-10, TC51 1002AP/AJ/AZ-80
TC511002AP/AJ/AZ-10

Plastic ZIP

Note:

Unit in mm

2 6.3 MAX. ) SO0 MAX.
|
1 ’\
5
S
INDEX DOT bt H
o 7
/ — o
] ] 1 LN |
. ; I
14 e /r§
Z !
=
| o
o +007
N 025 005
|~ 7005
05+01 127 TYP. l 1 127 TYP.
t ——t———————
254 TYP.

Each lead pitch is 1.27mm.

All dimensions are in millimeters.

Toshiba does not assume any responsibility for use of any circuitry
described; no circuit patent licenses are implied, and Toshiba
reserves the right, at any time without notice, to change said

circuitry
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TOSHIBA MOS MEMORY PRODUCTS

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

DESCRIPTION

The TC514256AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by 4
bits. The TC514256AP/AJ/AZ utilizes TOSHIBA's CMOS Silicon gate process technology as
well as advanced circuit techniques to provide wide operating margins, both internally
Multiplexed address inputs permit the TC514256AP/AJ/AZ to be
packaged in a standard 20 pin plastic DIP, 26/20 pin plastic SOJ and 20/19 pin plastic
ZIP. The package size provides high system bit densities and is compatible with widely
available automated testing and insertion equipment. System oriented features include
single power supply of 5V+10% tolerance, direct interfacing capability with high per-
formance logic families such as Schottky TTL.

and to the system user.

FEATURES

262,144 word by 4 bit organization

+ Fast access time and cvcle time

+ Low Power
440mW MAY, Operating (TCS142564P/AJ/AZ-70)
385mW MAY. Operating(TC514256AP/AJ/AZ-80)
330mW MAY. Operating (TC514256AP/AJ/AZ-10)

TCEI4LS6 AE AT/ A2 -70

5.5ml MAX. Standby

Cycle Time

“RAC RAS ACCQ%S Time 70ns 80ns 100ne |, Outputs unlatched at cycle end allows two-
CAA gZiZZE éigzess 35ns | 40ns 50ns dimensional chip selection

i i - Read-Modifv-Write, CAS before RAS refresh,
CCAC CAS Access Time 20ns | 20ns 25ns RAS-only refresh, Hidden refresh, and
tRC_Cycle Time 130ns [ 150ns | 180ms Fast Page Mode capability
tpC Fast Pege Mode LOns 45ns 55ns | A1l inputs and outputs TTL compatible

+ 512 refresh cvcles/8ms

Single power supply of

built-in Vgp gcenerator

PIN CONNECTION (TOP VIEW)

Plastic DIP Plastic SOJ
01y TzopVss
ioafz 1epioe
vrmTEas 1epee
FASOé¢ - DTEE
],C.df‘ 1€ DTE
ADQG IS D AB
;_"L‘iT lébm
szlie JSPAG
£30 ¢ 12p a8
vccﬁm 1i P‘ At

5Vz10% with

A0 v A8 Address Inputs
R&S Row Address Strobe
CAS Column Address Strobe
WRITE Read/Write Input
93 Output Enzble
1/01 ~ I/04) Data Input/Output
Vee Power (+5V)
vVss Ground
N.C. No Connection

+ Package Plastic DIP: TC514256A7F
Plastic SCJ: TCS5142564J
Plastic ZIP: TC514256AZ

BLOCK DIAGRAM

1701 102 1032 1704
C v

N

L—=4}

COLUM?
ADDRESS
BUFFER(9)

£ ) peoomes
SENSE AMP
170 GATE £

bo- 512--4 j

X &

MEMORY
LRRAY
512X512X 4

GENERATOR
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TC514256AP/AJ/AZ-10, TGC514256AP/ l\.l/ AZ-80

TC514256AP/AJ/AZ-10
ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL RATING UNITS NOTES
Input Voltage VIN -1~ 7 \ 1
Output Voltage VouT -1n7 \ 1
Power Supply Voltage Vee -1n7 v 1
Operating Temperature ToPR 0~ 70 °C 1
Storage Temperature TsSTG ~55~150 °C 1
Soldering Temperature - Time TSOLDER 260 - 10 °C-sec 1
Power Dissipation Pp 600 oW 1
Short Circuit Output Current IouT 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=0~ 70°C)
SYMBOL PARAMETER MIN. TYP. MAX UNIT NOTES
Vee Supply Voltage 4.5 5.0 5.5 v 2
VIK Input High Voltage 2.4 - 6.5 v 2
Vip Input Low Voltage -1.0 - 0.8 \Y 2
DC ELECTRICAL CHARACTERISTICS (Vgg=5V+10%, Ta=0~ 70°C)
SYMBOL PARAMETER MIN.| MAX. UNITS|NOTES
OPERATING CURRENT TCRIRBAR/AI/B2-70 | = 80
Iccl Average Power Supply Operating Current TCE14256AF /AT /AZ-80 | — 70 mA 3,4
(RAS, CAS, Address Cycling: tgg=tgc MIN.) TORURBAR/AI/AZ-10 | — 60
STANDBY CURRENT
Iccy |Power Supply Standby Current - 2| mA
(m='C_AS-=VIH)
RAS ONLY REFRESH CURRENT TOSMRSSAR/AJ/AZ-70 | — 80
Iccy |Average Power Supply Current, RAS Only Mode |rcswesar/ai/az-go| - 70| mA 3
(RAS Cycling, CAS=Vyy: tpc=tgyc MIN.) TCSILRBAR/AI/AZ-10 | = 60
FAST PAGE MODE CURRENT TCSMURSBAP A5 /AZ-70 | = 60
Iccs Average Power Supply Current, Fast Page Mode |romezssnr asaz-80| - 50 mA 3,4
(RAS=Vyy, CZS, Address Cycling: tpe=tpc MIN.)|Tcswesear/a)/Az-10| - 40
STANDBY CURRENT
Iccs |Power Supply Standby Current - 1] mA
(RAS=CAS=V(-0.2V)
CAS BEFORE RAS REFRESH CURRENT TCS4RBARALAZ=70 | = 80
Icce |Average Power Supply Current, CAS Before TOSMZSEAR/AT/A2-80 | — 70| mA | 3
RAS Mode (RAS, CAS Cycling: tpe=tpe MIN.) TCSMZAS AL /210 | - 60
INPUT LEAKAGE CURRENT
I7(y) |Input Leakage Current, any input =10 | 10| wuaA
(OVSVIN< 6.5V, All Other Pins Not Under Test=0V)
OUTPUT LEAKAGE CURRENT
To(n) (Doyr is disabled, OVE Vgyrs 5.5V) -10) 101 wa
Vou OUTPUT LEVEL 2.4 _ v
Output "H" Level Voltage (Igyr=-5mA)
Vor 85253 EJ'E"\ZEII:,e'\rel Voltage (IpgyT=4.2mA) R R
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80
TC514256AP/AJ/AZ-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Vee=5V210%, Ta=0~ 70°C) (Notes 5, 6, 7)

TC51a2564F /] TC51256AF,] TCS1m256AF
SYMBOL PARAMETER AJ/AZ-70 AJ/AZ-80 AJ/AZ-10 URNIT|NOTES
MIN. ! MAX. |MIN. MAXY. |MIN. MAX.
LRC Random Read or Write Cycle Time | 130 - 150 - 180 - ns
tRMY  |Read-Modifv-Write Cvcle Time 185 - 205 - 245 - ns
tpc Fast Page Mode Cyvcle Time 40 - 45 - 55 - ns
TPRMY Ff;iepifilzoi;iead'”‘)dify" 95| - |100| - |11s i - ns
LRAC iéccess Time from RAS - 70 - 80 - | 100 ns [ 8,13
‘CaC laccess Time from CAS - 20 - 20 - 25 ns | 8,13
LAA ihccese Time from Cclumn Address - 35 - A - 50 ns | 8,14
tCP4  |Access Time from CAS Precharge - 33 - 46 | - | 30 ns | 8,14
tcrz  ICAS to output in Low-Z 0 - of - | o] - ns |5
tOFF  |Output Buffer Turn-off Delay ol 20 of 20 | 0o} 20 |mnslo9
tr Transition Time (Rise and Fall) 3 50 31 50 3 50 ns |7
trp [F2ZS Precharge Time 50 - 60 - ! 70 - ns
‘R4S |RAS Pulse Width 70| 10,000| 80 |10,000|100 | 10,000| ns
trasp |RAS Pulse Width (Fast Page Mode) 70]100,000| 80 00,000 |100 [100,000| ns
tRsy  |KAS Hold Time 20 - | 20 - 25 - ns |
tesy  |CES Hold Time 70] - so| - j100| - ns
tcas  |CAS Pulse Width 20| 10,000{ 20{10,000{ 251 10,000/ ns
tRrCD RZS to CAS Delav Time 20 50 20 60 25 75 ns |13
tRAD IRZS to Column sdéress Delev Time | 15 3 150 40 | 20 50 ns |14
tcrr  ICZS to TAT Precharge Time 5 - 1 sy - o] - ns
tcen |CES Precharge Time w0 - 10 - 15 - | ons
TASR |Row Address Set-Up Time 0 - 0 - 0 - ns
TRAE  [Row Address Hold Time 10 - 10 - 15 - ns
tASC  |Column Address Set-Up Time 0 - 0 - 0 - ns
LCARE Column Address Hold Time 15 - 15 - 20 - ns
AR Co%umn Adéres;nﬁg}d Time 55 _ 60 _ 75 _ ns
referenced to RAS
TRAL |Column Address to RAS Lead Time 33 - 40 - 50 - ns
tRCS |Read Command Set-Up Time 0 - - 0 - ns
tRCH |Read Command Hold Time 0 - - 0 - ns |10
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TG514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80
TC514256AP/AJ/AZ-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS  (Continued)
TC514256AP/ | TC514256AP/ TC514256AP/
SYMBOL PARAMETER AJ/£2-70 AJ/A2-80 | AJ/AZ-10 |yNITS|NOTES
MIN. | MAX.| MIN. | MAX. | MIN. | MAX.
Read Command Hold Time
CRRH referenced to RAS 0 - 0 - 0 - ns 10
twcH |Write Command Hold Time 15 - 15 - 20 | - ns
. [Write Command Hold Time - ~ 60 ~ 75 B e
WCR | cferenced to RE -
twp |Write Command Pulse Width 15 - 15 - 20 i - ns !
CRWL |Write Commané to RAS Lead Time | 20 - 20 - 25 ! - ns
tCWL  |Write Command to CAS Lead Time | 20 - 20 - 25 - ns
tps Data Set-Up Time 0 - 0 - 0 - ns 11
53] 51 {Data Hold Time 15 - 15 - 20 - ns 11
| ta H i Tim ferer i
CDHR 12;:1Q Hold Time referenced to 55 B 60 _ 75 _ ns
trer |Refresh Period - 8 - 8 - 8 ms
tWCS |Write Command Set-Up Time 0 - 0 - 0 - ns |12
tCcwD |[CAS to WRITE Delay Time 50 - 50 - 60 - ns |12
‘RWD |RAS to WRITE Delay Time 100 - 110 - 135 - ns |12
€AwD Sqlumn Address to WRITE Delay 65 _ 70 _ 35 _ ns 12
ime
c C&S Set—Up Time 10 _ 10 _ 10 _ ns
CSR (CAS before RAS Cycle)
topp | ol Tame 30 | - | 30| - | 30| - | us
: [(CAS before R4S Cycle)
tRPC  {RAS to CAS Precharge Time 0 - 0 - q - ns
iC-< D+ ree T3
tepT E\.. S Precharge Time (CAS before to | - 40 _ 50 _ ns
| Test vcle) |
“ROE  [Rac 10 - | 10| - 20 | - ns
tots |GE Access Time - 20 - 20 - 25 ns
Lor |0 to Data Delay 20 - 20 - 25 - ns
+ Output buffer turn off Delay
tor L i 3 2 n
05> O - 0 20 o | 20 0 | 25 s
toEh 0f Commanc¢ Holcé Time 20 - 20 - 25 - ns
CAPACITANCE (v 'cc=5V=z10%, £=1MHz, Te=0~70°C)
SYMBOL | PARAMETER mix. | wax. | verr
C1z Input Capacitance (AO0™ A8) - 5 pF
C1 Input Capacitance (R&S, CAS, WRITE, OF) - 7 pF
Co Input/Output Capacitance (I/01~ 1/04) - 7 pF
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80
TG514256AP/AJ/AZ-10

NOTES:

1.

w

o

13.

14.

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

All voltages are referenced to Vgs.
Iccrs Iccas Iccss Icce depend on cycle rate.

Tccls Igcs depend on output loading. Specified value are obtained with the
output open.

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

AC mezsurements assume tr=5ns.

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

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

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

fither tgpcp or trpy must be satisfied for a read cycle.

These parameters are referenced to CAS leading edge in early write cvcles and
! g g 3 )
to WRITE leacing edge in Reac-Mocdifv-Write cycles.

TWCS, CRWD, TCWD and tayp are not restrictive operating parameters. zﬁey are in-
cluded in the data sheet as electrical characteristics onlv. If tyce2 tycs(min.),
the cvcle is an earliv write cvcle and the date our pin will remein open circuit
(high inmpecance) through the entire cvcle; If tryp 2 tryD(min.), tcwD 2 tewp(min.)
and tayp 2 tayp(min.), the cvcle is & Read-Modify-Write cvcle and the datz out will
contzin cata reed from the selected cell: If neither of the above sets of con-
ditions ig satisfiec, the condition of the datea out (at access time) is in-
determinate.

Operation within the tpgp(max.) limit insures that tgpc(mex.) can be met.
tpep(mex.) is specified as a reference point only: IZ tgep is greater than the
specified tpep(max.) limit, then access time is controlled by tgac.

Operation within the tggp(mex.) limit insures that tpac(max.) can be met.

tpap(max.) is specified as a reference point only: If tgap is greater than the
specified tpap(max.) limit, then access time is controlled by typ.
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TC514256AP/AJ/AZ-10, TC514256AP/AJ/AZ-80

TC514256AP/AJ/AZ-10

READ CYCLE tRe
R == T
[LCRP_| TRCD : “RSH ‘CRP
w P77 [ NN e A
TasR _‘_BEA;SC ‘CAP e ‘
somse [T T 777K b WK SO }<// 7 e TIIIX
e . =TI R ——— | T
o Vi / T2 [T i_4// .
1,/01~1/0¢ :gi _ Oll’EN z—-@% VALID DATA-OUT::—?
T V7/): "H" or "L"
WRITE CYCLE (EARLY WRITE)
I TRAS - Vo rP —)
s ‘V’ii T s ’. JF_—T—
=
Las TASC I[_‘CA.P “RAL i
vose vox Z TN SEREE YOTTTTTTTTTTII
v O T .////////////Z/‘/////f////////////////////
w 32, ~ T,
l iDs o TDH i
1/01~1/04 Zzﬁ _ @ OPEN
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80
TC514256AP/AJ/AZ-10

WRITE CYCLE (OE CONTROLLED WRITE)

mE BT j \
o }_3_:_132_ TRCD - :RSH - tCcRP
TAS Vii—- TRAD "Qt — / ﬂ_
:7/777)% SRR X0/ TR
v Vi == T T
w v T NI
'Q.s_ oy
vorsos BT 7 s XL

m : "H" or "L"
READ-MODIFY-WRITE CYCLE
. i. TRAS - LIRP
= -
. jCRp! L TRCD f e TRSH fchita
o L - ‘/—/l’—
o tis_n;‘ RA!’-I TasC [LCAH | !
sose o~ K ust e WX SSEREE. WL ///M//////////j////////b(
T N2 7T
= TN
! tcac 1
Yoo | tRAC — lgn_:_zl r_n_g_ DB
e Sz o L I,
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TC514256AP/AJ/AZ-10, TC514256AP/AJ/AZ-80
TG514256AP/AJ/AZ-10

FAST PAGE MODE READ CYCLE

le]
k3
10}

AO~ASB

WRITE

1/01~1/04

FAST PAGE

RAS

|

I
>
[&]

AO~AB

3
fo!
=]
o

SI

1/01~1/0¢

e (-
v Mo /BN e 5

TRAH togw l_ TRAL ‘
. tasr, || |tas toap 480 ] [roan | jesd [roay
/) N U Y S ) S0
o s, [] S R I o
V;i""/ TaA \ Tan V Tap LRRE | W

LOEA I ToEA ‘1OEA
v LTI 0TI ,/////////)i** VI
]| tRAC “oa tt_ogg ttCAC t]_f_ng thAC . E__m
vor— —— V) o @«:b@—
: "H" or "L"

MODE WRITE CYCLE
s . N

t(lg{_& | TRCD r ) = Tap . . t"RSH mm
z;z: oo \w‘ CAS jF\l CAS [-; R CAS /7-—-
, -tAsR ASQW. ToAH l tpLSQ _E_QAI‘..II t;ﬁ&. ToAE
N R ) E B ] e XK

R ~' lwes :;wi I

: ii:W/lm, ) s Y e A
viii//////////t//// ////////////////L/J//////////////////////////////////////////

7/1/////7){ orEr By

D W =
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TG514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80
TG514256AP/AJ/AZ-10

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

t
— Vig — RASP
RE&S VIH S5 \
IL —
tcsH
TPRMW LRSH
tRep . tcp LCRP,
Vi — 3 CAS F o tCas | teas /
CAS Vo — tRAD \\ &r‘ 3 /
IRaH ‘ TRAL
tca
t ASC LCrH TaASC tasgl | oy
v A8 '( 7 g ! _L'ﬁﬂ
IH — - -
ROW coL /' coL coL
DRSNS W/ //1TR 586 UL IR sss WL
VIL -— d
TRWD ‘ lowD TRWL
Tt
tRCS TewD | rown TOWL towD CWL
i
— ViE— 1 \ &
WRITE VL — / TAWD \._. tAWD L L] tawp
T T
a we | L] Lo
T t T
OEA _ OEA onL.
_— Vig — l
o8 VIL \L-/ tcpa f "IN Ve
—_ toED ToED tcpe
tcaC teac i toac tonz
T {CAL ! -
AELL TOEZ s
trac ips
T‘DH‘
| A
1/01 VI/0E — ; F 3
*/S v ( IN
1/04 VI/OL T A d
fez] ouT
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80
TC514256AP/AJ/AZ-10

S ONLY REFRESH CYCLE

mT ) - -
Vig — ’lC_R}?— -
m o -/
O 1) s g
Note: WRITE, OE="H" or "L" : "H" or "L"

CAS BEFORE RAS REFRESH CYCLE

TRP RP
Vig — 1
—_— T
EAS S RAS j‘z \~
T
Vig, ___/ RPC

s PN

Note: WRITE, OE, A0~ A8="H" or "L" : "B or "L"
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80
TC514256AP/AJ/AZ-10

HIDDEN REFRESH CYCLE (READ)

trC tRC
TRAS T T
Vig — "& TAR tRAS
Vip — \

SRy e I s
.l :@?l (S N
= 2 T T I
I T
- —
o 12 0 T
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TC514256AP/AJ/AZ-10, TC514256AP/AJ/AZ-80
TC514256AP/AJ/AZ-10

HIDDEN REFRESH CYCLE (WRITE)

‘ ‘R4S - 'l “rRP | “RP |
w0 “_——‘F\[— iR yr—ﬂ\% = /
Vip — ’_‘————_"{ m_
ToRP tren | ‘ loEp 1’
= Vim T f: l ff' ’-—le 22 Vi :
Cag iL . ' : :‘;: f ‘
..M__L.. r°-—-f—‘ l
e TN x T,

! L

IJA,.L* we

vin |
WRITE vy, ___// ////// C

l/ I

|

Vip —

1 B
=

J
@4““/M%W%%W%%WMWW%%VWWMW%WMWMU

1/01~1/04 fu //////@( VALID DAT K/////// ///// ////

//// //////////////

Vip —
l TDEE I
T == 1 /// ¢ "H" or "L"
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TG514256AP/AJ/AZ-10,
TC514256AP/AJ/AZ-10

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

lRac

TC514256AP/AJ/AZ-80

ViL — \ i
; t Lterr ‘RSEH ||
Vi — toes | | TCoHK 17 x| ok j/_*__—
I s ) /
: ‘ L = |
ltpem i [ tops | | ! [
HO~hE \Ir : ; ,‘,',>L FPriEe X o I,
) — } | |
READ CYCLE 7 Sht f |
| megill fcec |
w0 T ol
w 2 T ™ LA
o [ | ' ; | itoFr
’ i 1oz | AT f
il ne \‘;; : OFEN [ } ‘ ; j‘ lzx VALID DATA»OTJT j—-—-——-
L R . |
i | LY !
WRITE CYCLE P -

TETTE 1IL _ // //// /1)1 .: ‘ ///////// / "/’/////,/////;//,///l’/ /']
| = \w“‘ //////,«/»f////////////////////w[,//;// ///,/,’//’//////// //////////////
1 1 i | v
. , Vig — l =l : By { E
 1/Ti~1/0e — v —————{ vaiiT DaTE-TN | -

§ - — £ Lon] |
READ-MODIFY-WRITE CYCLE AWD |
i =coi| oI | |
no__ i ELV.—_:l e
VEITE '11111111111/1111/, /”///f CA;; )}\ Y} 111117, ’//////
Thh i
|+ | . | ]
__ Viz — O"Ai i ]
= O T, T
K i
Vi tciz ’ byAv I ..LEEEL;D-‘C— t-*——ltr“ {
’ /05 — N ;*r‘
| 1/00~1/0¢ . i @{ , 'sz"f’f.ffrc}
V0L = . ,

Ny
VALID DATA-0UT

:

"E" oy A
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80
TC514256AP/AJ/AZ-10

OUTLINE DRAKINGS

- Plastic DIP

Unit in mm

2o 1e 1& 17 1€ 18 1¢ 1T 1z 11

s U v s U s U e S s O e S s U s B

Il IJL T LTI 0T

“ 2 4 & € 7 < ¢ 20

4

S4TMAN .

2.’)MlN1 5.0 MAX

Note: Eac
A1l leads are located within 0.25mm of their true longitudinal
position with respect to No.l and Nc.20 leads.

A1l dimensions are in millimeters.
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80
TC514256AP/AJ/AZ-10 |

*+ Plastic SOJ

1702 ~ 1727

| L& 20 22 16 I~ 16 18 12
Pulnlanlinlal ! oaimniian il an Bas! :
t
| |
N
; 1 7
INDEX DOT ! Q
i
i i
i {
0 O O 7 O OO
12 3 o& s ¢ 1611 1z 13
<
s
1%

Nete: EZach leac pitch is 1.27mm.

£11 cdimensione zre in millimeters.
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TG514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80
TG514256AP/AJ/AZ-10

* Plastic ZIP

Note:

Unit in mm

REIMAX, | 2

! |
| T =
{// INDEX DOT % p }:;

! Q5+G1 127TYE,

BLh1 2

7

| 1016MAX

<— -—1-]
=

ISOM[N

[

Each lead pitch is 1.27mm.

Al]l dimensions are in millimeters.

Toshiba does not assume any responsibility for use of any circuitry
described; no circuit patent licenses are implied, and Toshiba
reserves the right, at any time without notice, to change said

circuitry.

—A-102 —



TOSHIBA MOS MEMORY PRODUCTS

TG514256APL/AJL/AZL-70, TGC514256APL/AJL/AZL-80
DESCRIPTION TC514256APL/AJL/AZL-10

The TC514256APL/AJL/AZL is the new generation dynamic RAM organized
262,144 words by 4 bits. The TC514256APL/AJL/AZL utilizes TOSHIBA's CMOS
Silicon gate process technology as well as advanced circuit techniques to
provide wide operating margins, both internally and to the system user.
Multiplexed address inputs permit the TC514256APL/AJL/AZL to be packaged in a
standard 20 pin plastic DIP, 26/20 pin plastic S0J, 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 famillies such as Schottky TTL.

FEATURES +Low Power
©262,144 word by 4 bit organization 440mW MAX. Operating (TC514256APL/AJL/AZL-70)
'Fast access time and cycle time 385mW MAX. Operating (Tcs514256APL/AJL/AZL-80)
e A250R L/ A L/AZL-T0/-80/-10 330mW MAX. Operating (Tcs514256APL/AJL/AZL-10)
FAS Access Time 70ns | 80ns [ 100ns !-1mW MAX. Standby
Eggc Column Address Output unlatched at cycle end allows
e 35ns 40ns 50ns two-dimensional chip selection
Access Time Read-Modify-Write, CAS before RAS
tCAC TAS Access Time 20ns | 20ns gSnS' refresh, RAS-only refresh,Hidden
(RC_ Cycle Time 130ns | 150ns | 190ns refresh, and Fast Page Mode capability
tPC  Fast Page Hode 40ns A5ns 55ns *All inputs and outputs TTL compatible
Cycle Time |  +512 refresh cycle/64ms
-Single power supply of 5V 10% with - Package Plastic DIP:TC514256APL
a built-in VBB generater Plastic S0OJ:TC514256AJL

Plastic ZIP:TC514256AZL
BLOCK DIAGRAM

PIN COMMECTION (TOP VIEW)
Plastic DIP Plastic SOJ Plastic ZIP

101 102 L3 L04

i

2|
12 Z?—s L igj o V3
N as
1l e [ 1s
ops i |
11] A T
coLAN S ccen
a0 o—~{ _9 ) aprezss S EciER
Address Inputs :21 Z:_ STSE P A
RAS Row Address Strobe A3 O—f o
CAS Column Address Strobe At O X4
WRITE | Read/Write Input 22:
0E Output Enable A7 O] s;’f ’i‘:ﬁ?’
I/01 ~ I/04| Data Input/Output A8 O— 5; 512Xx512X4
Vece Power (+5V)
Vss Ground FaS
N.C. No Connection
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TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80

TC514256APL/AJL/AZL-10
ABSOLUTE MAXIMUM RATINGS
ITEM | SYMROL RATING T UNITS ! NOTES
Tnput Voltage . VIN -1~7 v 1
Qutput Voltage VoUT -1~7 Vv 1
Power Supply Voltage Vice -1~7 v 1
(Operating Temperature TOPR 0~70_ | T 1
Storage Temperature | TSTG -55~150 | C 1
Soldering Temperature - Time i TSOLDER 260 - 10 C - sec 1
power Dissipation PD 600 mh 1
Short Circuit Output Current 10UT 50 mA ! 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=0~70°C)
SYMEOL —_PARAPETER | MIN._ | TYp._ | MAX. | UNIT T NOTES
Ve Supply Vol tage I 50 5.5 Vv o] 2
VI 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=0 ~70°C)

SYMBOL " | PARAMETER I MIN. T MAX. | UNITS | NOTES
OPERATING CURRENT TC514256APL/AJL/AIL-TO | - 80
Icet Average Power Supply Operating Current TC514256APL/AJL/AZL-80 | - 70 | nA 3.4
(RAS, TAS, Address Cycling: tRC=tRC MIN.) TC514256APL/AJL/AZL-10 | - 60
STANDBY CURRENT
Icc2 Power Supply Standby Current - 2 | mA
(RAS=CAS=VIH)
RAS CNLY REFRESH CURRENT TC514256APL/AJL/AZL-TO | - 80
Iccd Average Power Supply Current, RAS Only Mode TC514256APL/AJL/AZL-80 | - 70 mA 3
(RAS Cycling, CAS=VIH: tRC=tRC MIN.) TC514256APL/AJL/AZL-10 | - 60
FAST PAGE MODE CURRENT TC514256APL/AJL/AIL-T0 | - 60
Icca Average Power Supply Current, Fast Page Mode | TC514256APL/AJL/AZL-801 - 50 .1 mA 3,4
(RAS=VIL, TAS. Address Cycling: tPC=tPC MIN.) |TC514256APL/AJL/AZL-10 | - 40
STANDBY CURRENT
Icch Power Supply Standby Current - 1200 LA
(RAS=CAS=Vcc-0.2V)
CAS BEFORE RAS REFRESIH CURRENT TC514256APL/AJL/AZL-TO | - 1:80
Iceh Average Power Supply Current, TAS Before TC514256APL/AJL/AZL-80 | - 70 mA 3
RAS Mode (RAS, TAS Cycling: TRC=tRC MIN.) TC514256APL/AJL/AZL-10] - [.60
BATTERY BACK UP CURRENT
TecT Average Power Supply Current, BATTERY BACK UP MODE - 1200 35
(CAS=CAS Before RAS Cycling or 0.2V, OF=Ycc-0.2V, WRITE=Vcc-0.2V or uUA ’
0.2V, A0-8=Vcc-0.2V or 0.2V, 1/01-4=Vcc-0.2v, 0.2V or OPEN:
tRC=125us, tRAS=tRAS MIN. ~ 1us)
INPUT LEAKAGE CURRENT
TI(L) Input Leakage Current, any input 10 10 1 ga
{0V <VIN < 6.5V, All Other Pins Not Under Test=0V)
OUTPUT LEAKAGE CURRENT
I0(L | (pout is disabled, 0V <VOUT=Vee) 10] 0] #A
OUTPUT LEVEL
Vot Output "H" Level VOLTAGE (I0UT=-5mA) 24y - Y
| OUTPUT LEVEL )
VOL 1 gutput "L" Level VOLTAGE (I0UT=4.2mA) 0.4, v
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TC514256AP/AJ/AZ-70, TC514256AP/AJ/AZ-80
TC514256AP/AJ/AZ-10

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

TC514256APL|TC514256APL| TC514256APL
SYMBOL PARAMETER -170 -80 -10 UNIT|NOTES
MIN. MAX. |MIN. MAX. [MIN.| MAX.
trC Random Read or Write Cycle Time | 130 - 150 - 180 - ns
tRMW |Read-Modify-Write Cycle Time 185 - 205 - 245 - ns
tpc Fast Page Mode Cycle Time 40 - 45 - 55 - ns
il i T e e e e
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
tCPA |Access Time from CAS Precharge - 35 - 40 - 50 ns |8,14
tcLz |CAS to output in Low-Z 0 - 0 - 0 - ns |5
LOFF |Output Buffer Turn-off Delay 0 20 9 20 0 20 ns |9
tr 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
trRsH |RAS Hold Time 20 - 20 - 25 - ns
tCSH |CAS EHold Time 70| - 80| - |100| - ns
tcas CAS Pulse Width 20| 10,000| 26| 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
tepy  |CAS Precharge Time 10 - 10 - 15 - ns
o[ T I EEEEE
CASR |Row Address Set-Up Time 0 - 0 - 0 - ns
trRAH |Row Address Hold Time 10 - 10 - 15 - ns
tasc |Column Address Set-Up Time 0 - 0 - 0 - ns
tCcAH |Column Address Hold Time 15 - 15 - 20 - ns
o [ Ei T [ ol - |n] - |-
tRAL |Column Address to RAS Lead Time 35 - 40 - 50 - ns
trcs Read Command Set-Up Time 0 - 0 - 0 - ns
trcHe |Read Command Hold Time 0 - 0 - 0 - ns |10
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TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80

TC514256APL/AJL/AZL-10
ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued)
TC514256APL| TC514256APL{ TC514256APL
SYMBOL PARAMETER -0 80 ~1°  luntrs |NoTES
MIN. MAX.| MIN. | MAX. | MIN. | MAX.
tRRH Reéd Command Hﬁ Time 0 _ 0 _ 0 _ ns 10
referenced to RAS
tycH |Write Command Hold Time 15 - 15 - 20 - ns
o e B ™ [ [ | 5] =
typ Write Command Pulse Width 15 - 15 - 20 - ns
tRWL |Write Command to RAS Lead Time | 20 - 20 - 25 - ns
ECWL |Write Command to CAS Lead Time | 20 - 20 - 25 - ns
tps Data Set-Up Time 0 - 0 - 0 - ns |11
tDH Data Hold Time 15 - 15 - 20 - ns |11
tDHR gk%a Hold Time referenced to 55 _ 60 _ 75 _ ns
tgpgr |Refresh Period - 64 | - 64 | - 64 | ms
tycs |Write Command Set-Up Time 0 - 0 - 0 - ns |12
tcwp |CAS to WRITE Delay Time 50 - 50 - 60 - ns |12
tRYD |RAS to WRITE Delay Time 100 - 110 - 135 - ns |12
tap [Column Address to WRITE Delay 65 _ 70 _ 85 _ ns |12
Time
¢ CAS Set-Up Time 10 - 10 | - 10 | - ns
CSR (CAS before RAS Cycle)
topr  |CaS _Hold Time 30 | - | 3| - |3 |- |nas
(CAS before RAS Cycle)
tRpc |RAS to CAS Precharge Time 0 - 0 - 0 - ns
topT C_‘_ﬁPrecharge Time (CAS before | , _ 40 _ 50 N ns
RAS Counter Test Cycle)
tROH |RAS Hold Time referenced to OE | 10 - 10 - 20 - ns
toEA |OE Access Time - 20 - 20 - 25 ns
toep |OE to Data Delay 20 - 20 - 25 - ns
toEz gnj:-;zu;rl;;f%r turn off Delay 0 20 0 20 0 25 ns
toEH |OE Command Hold Time 20 - 20 - 25 - ns
CAPACITANCE (Vcg=5V+10%, f=1MHz, Ta=0~ 70°C)
SYMBOL PARAMETER MIN. MAX. | UNIT
C11 Input Capacitance (AO~ A8) - pF
C12 Input Capacitance (RAS, CAS, WRITE, OE) - 7 pF
Co Input/Output Capacitance (I/01~ I1/04) - 7 pF
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TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80
TC514256APL/AJL/AZL-10 |

NOTES:

1.

10.

11.

12.

13.

14.

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

All voltages are referenced to Vss.
Iccis Ice3s Iccss Icce depend on cycle rate.

Iccys Iccy depend on output loading. Specified value
output open.

An initial pause of 200us is required after power-up followed by 8 RAS cycles

before proper device operation is achieved. In case of using internal refresh
counter, a minimum of 8 TAS Before RAS initialization cycles instead of 8 RAS

cycles are required.

AC measurements assume tT=5ns.

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

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

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

Either tpcy or trpy must be satisfied for a read cycle.

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

twcs, tRWD»> tcwp and tayp are not restrictive operating parameters. They are in-
cluded in the data sheet as electrical characteristics only. If tycg2 tycg(min.)
the cycle is an early wirte cycle and data out pin will remain open circuit

(high impedance) through the entire cycle; If tgyp2 trRwp(min.), tcwp 2 tewp(min.)
and tayp 2 tayp(min.), the cycle is a read-modify-write cycle and data out will
contain data read from the selected cell: If neither of the above sets of con-
ditions is satisfied, the condition of the data out (at access time) is in-
determinate.

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

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

trap(max.) is specified as a reference point only: If tpsp is greater than the
specified tgap(max.) limit, then access time is controlled by tpp.
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TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80
TC514256APL/AJL/AZL-10

N [ \
[ECRP tRCD : ‘RSH ] tcrp
I Il A I . L oy
sose [T R XL X
w2 ~ T A R,
s V= TN iz
1/01~1/04 zg: _ ovex — " vaLID DAT:-OUT ¥
m: "H" or "L”
WRITE CYCLE (EARLY WRITE)

- L TRaS - trp 1
N S
SIS ey Sy

TR/ ) 2 T —
cwes tw(::v:-lL ’
s o TN WP ——I////////////////////////////////////////
= o LTI, i’////’//////////////////////// LT
1/01~1/04 :Z : = {vaLio DA;AD.HIQ OPEXN
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TG914256APL/AJL/AZL-T0, T0514256AP|./AJ|./AZ|.-80
TC514256APL/AJL/AZL-10 |

WRITE CYCLE (OE CONTROLLED WRITE)

tRraS (. tRp
S — — /—
o |_t_cgg_ TRCD - :RSH . — tCcrP
cas Vii-——— IraD \\ :AS I‘-/ f
/1), = 0 = ) TITITTTIX
Wy — === L T
logl_;
= g, R
vt BT L7777 “ ST,

READ-MODIFY-WRITE CYCLE

"H" or IIL"

U/

treg 3 | 'RP ‘

t}_1_‘_='_3 D e trey FCRP!
oS Ul._ T"

SO/ T ) S /A //] 77X
w7 T

SR/ ), l
V104 — e 7 — !C_DS‘ —

vorsi/os VO : 1@‘23&.{%3}—@ SCER
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TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80
TC514256APL/AJL/AZL-10

FAST PAGE MODE READ CYCLE

TRASP

Irp
VIH—'—_—_"\ Tar
VIL—-— 71"
T
£C tRSH
TCRP TRCD top teRP
Vig— tcas tcas ¥ teas S
i tran | (\\ /N T N
T T
e toou [ TRAL N
.
tasc| [t t
v TASR tasg TCAR CAH ) ASC| [tcan
IH— ROW COLUMN X7 m COLUM f
E N COLUMN
VIL— ADD @( ADDRESS / ADDRESS X//////X ADDRESS ////////M
t T T t T
- |eros, L] zecul | 4| lres 1 lenes RCH
n— T N
Vip— Taa Taa \ Tan TRRY

LOEA

B
= oo TN BT

& I AN AT
! taan tCACL m toac mﬁ‘ teac L_m
Vor — —ol VAZ.C;EI:DZ' - vjx?riz - v:zfi )
1/01~1/0¢ Vop — @(DATA-OUT ?_% ATA- OUT %’%@_—
'III : "H" or "L"
FAST PAGE MODE WRITE CYCLE
SR — . N
"R rac Fcas — Tcas t:j:q ﬁgﬁz’—‘——-—
o T RE g =7
. TASR t;\s; toaH tascl [te ‘ ’ tr;g(; lig-ﬁﬁ—
somss v — /X80 KX SRERES WX l V118 S é@[/{_///@(__
E e ///4]727% e T e VAN i /1‘ I,
iy :’//I//{//c//// LI LR T L
= Eps| tDH Fps | | oy Itpg) | tpH

1/01~1,/04

IL

v
IR — / VALID
Ve — DATA-IN

Yy

VALID
DATA-IN

TR

NN
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TG514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80
TC514256APL/AJL/AZL-10

FAST PAGE MODE READ-MODIFY-WRITE CYCLE

—— Vig— ™" CRASP
RAS H X / .
Vip — L1 TRE |\
tcsH
CpaMw trey
taon : tcp TCRP
— ViE — \\ teas F& tcas /rﬂ\ teas - /
o o |
VIL— f;._n - |
RAH ' l TRAL
T
tasr | | fascll [tcan Tasc C”‘u tasgl L nony
Vig — ] . -
ROW COoL co coL
). &4 W )€ W/////X sss W/
IL
[ RWD tcwp tm_;
|
t
TRCS tewp TcwL TowL tcwp C¥L
i
- Vig—
WRITE Vi / TAWD \h/ tAWD \ TAWD \
B T T
As I WP |l twp
LoEs toza toEa
——-'—Ql —— e
Vo —
OF ) f hi vd
v J OE
L — [tosu “CPA toED tcpa —
toag teac | | toac ‘
- feos | T TOEZ
Rz — i toez LIV T
traC | H tps
_M_ tﬁQ .
| — t
“ =1 itpe | “DE
\ "‘("—' e | f
1,01 VI/0H —
/\ 4 —————@4 Iy | a1y p———
/04 VL/OL —

)
ko 0 b A
ferz oUT C_%._.om t_’b_l.._L. oUT
1 1 N

—A111 —



TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80
TC514256APL/AJL/AZL-10

S ONLY REFRESH CYCLE

e T U
S — ¥,
W11, 3
Note: WRITE, OE="H" or "L", : "H" or "L"

tRP tRp
Vg —
= 15 7 . i_ tRAS 1{- ;
Vip — RPC
T R

w /l’j \E T,

|

-/ Vou = OPEN
1,/01~1/04 +
VOL_'——-——-———=[
Note: WRITE, OE, A0~ A8="H" or "L" /) . "H" or "L"
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TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80
TC514256APL/AJL/AZL-10

HIDDEN REFRESH CYCLE (READ)

RO ! 20
TRAS 1535 ir
ViH taR Vel trag ]
— e \
ViL— =
1

TCRP TRCD tRsH tcap
| : ' Toux
Vig — i ’———j‘ 7
Cas I teap |
Vip— — ' !
t ~
ASC
TRAH

L _—_717};?; 7 iggaggz'X//////Z//__////f////////////////////////%
e T T,

‘ -

o = TN JT

tozac
17
! trac | toez
Vor — I v
1/01~1/0¢ ’ VALID DATA-OUT
VoL, — —
" or mny

—A113—



TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80

TC514256APL/AJL/AZL-10

= ¢ -
= —

I 1 v, S

wee 2 T =— T

T /////////////////////////////////////////////////////////////////////

vere B 7///////‘04L e Vi
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AS BEFORE RAS REFRESH COUNTER TEST CYCLE

TC514256APL/AJL/AZL-70,
TC514256APL/AJL/AZL-10

READ CYCLE

WR

~

—

L01~104

ITE CYCLE

o
VIH

T0514256AP|./AJ|./AZI. 80

Vi —

\-
_tceT

lj tRrP ‘

J
Vig — \ fcsR TCHR T ’\
Vi — ! ] N

S

tesg Tcad

TN

W/W//////////;//////// /

tRCH

—/////////ﬂ///////////////ﬁCs

_//////////////////////////////////ﬁzCOEA

l IcL

Vo —

VoL =

m VALID DATA-OUT

NI
Lhﬁ_tOFF

toEZ

3

o — LIRS

///////// [

. “//////////////////////////////////////7///////////////////////////

_—~.1

— OPEN ———lq VALID DATA-IN

READ-MODIFY-WRITE CYCLE

TRWL

TrCS
=

L ?////////////////ZZ///////{ g

TOEA

/I

el

o = T
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TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80
TC514256APL/AJL/AZL-10

OUTLINE DRAMWINGS

* Plastic DIP

Unit in mm

20 19 18 17 16 15 14 13 12 11
OO rim
L .
<
) - s
R10 r7 <
>~
O J J1J1J 000 d
1 2 3 4 5 6 7 8 9 10
7.62+025
247MAX ,
T =
2 ~
['e}
9 =
[fe] [l
i - ‘
=
=] i
= YV VvV Vv '
o @®
05%215 254025 O
14%015

Note: Each lead pitch is 2.54mm.
All leads are located within 0.25mm of their true longitudinal
position with respect to No.l and No.20 leads.

All dimensions are in millimeters.
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TG514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80
TC514256APL/AJL/AZL-10

* Plastic SOJ

1702 ~17.27

aoTYP.
25 25 24 23 22 18 17 16 15 12
y nfA mininlinin]

N © = <«

: 173§

- & T s g 3

INDEX_DOT 2 I T I

1 ' L
i | J St |

| SN Ny 0 Jy Ny O
1 2 3 45

o
a55~081
— .
[ V =
1 =
= I 2
a41~250l t 127TYP. )
" |

9.5 ~ 9.9

Note: Each lead pitch is 1.27mm.

All dimensions are in millimeters.
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TC514256APL/AJL/AZL-70, TC514256APL/AJL/AZL-80
TC514256APL/AJL/AZL-10

* Plastic ZIP

Note:

Unit in mm

263MAX

-] 30 MAX
=l
/ 17--17
Ej: «
g 2
INDEX DOT - ©
S @
4
Ll
.J\\
—
- 3
—
3
= +0.07
’ st-aos
Qs5+Ql 127TYP.
Tt — 127TYP.
254 TYP.

Each lead pitch is 1.27mm.

All dimensions are in millimeters.

Toshiba does not assume any responsibility for use of any circuitry
described; no circuit patent licenses are implied, and Toshiba
reserves the right, at any time without notice, to change said

circuitry.
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TOSHIBAMOS MEMORY PRODUCGTS

TC514266AP/AJ/AZ-T0, TC514266AP/AJ/AZ-80
DESCRIPTION TC514266AP/AJ/AZ-10

The TCS514266AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by &4
bit. The TC514266AP/AJ/AZ utilizes TOSHIBA's CMOS Silicon gate process technology as
well as advanced circuit techniques to provide wide operating margins, both intermally
and to the system user. Multiplexed address inputs permit the TC514266AP/AJ/AZ to be
packaged in a standard 20 pin plastic DIP and 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 S5V*107Z tolerance, direct interfacing capability with high perform-
ance logic families such as Schottky TTL.

FEATURES - Single power supplv of 5VZ10% with a
262,144 word Dby 4 bit organization built-in Vyp generator
Fast access time and cvele time + Low Power
TCO14266AF, AJ/ AL 440miW MAN. Operating(TC514266AP/AJ/AZ-70)
-70/-80/-10 3C5ml MAX. Operating(TCS 14766AP/AJ/AL 80)
TRAC RAS Access Time 70ns 80ns | 100ns 330mW MAX. Operating(TC514266AP/AJ/AZ-10)
Column Address ~ 5.5mW MaX. Standby
£ Access Time 35ns | 40ns | 50ns | . gyrpyc unlatched at cvele end allows two-
— — - — — dimensional chip selection
“CAC CAS Access Time 20ns | 20ns | 25ms - Read-Modify-Write, CiS before RAS refresh,
tRc Cycle Time 130ns | 150ne | 180ns FiS-only refresh, Hidden refresn, Write
Fast Page Mode . . Per Bit and Fast Page Mode capability
trC Cycle Time 40ns £ons sons + All inputs and ocutputs TTL Compatible

512 refresh cvcles/8ms

PIN CONNECTION (TOP VIEW) + Package Plastic DIP: TC514266AP
Pl o DIP X 0J P ic 71P Plastic SOJ: TC3142664]
astic DI Plastic S astic Z1IF Plastic ZIP: TC514266AZ
W1/IO d zap Ver
‘ W -
3, ELOCK DIAGRAM
- B3
06
£ ﬂ’?
2 (e
£ [& -
Voo 010 53]
PIN NAMES
A0 v A8 Address Inputs
RAS Row Address Strobe
CAS Column Address Strobe 4
= e Write Per Bit/Read/
WB/WE Write Input
[9)3) Output Enable
W 01~ Write Select/Date MEMORY
{1/101044 /104 Input/Output 512 ARRAY
Vee Power (+5V) 512X512x%
Vss Ground
N.C. No Connection
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TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80
TC514266AP/AJ/AZ-10

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES
Input Voltage VIN -1%7 \Y 1
Output Voltage Vour -1~ 7 v 1
Power Supply Voltage Vee -1~n7 v 1
Operating Temperature ToPr 0~ 70 °C 1
Storage Temperature TSTG -55 150 °C 1
Soldering Temperature . Time TSOLDER 260 - 10 °C . sec 1
Power Dissipation Pp 600 mW 1
Short Circuit Output Current lour 50 mA 1

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

SYMBOL| PARAMETER MIN. TYP. MAN . UNIT NOTES

Vee Supply Veltage 4.5 5.0 5.5 v 2

Vg Input High Voltage 2.4 - 6.5 v 2

VIL Input Low Voltage -1.0 = 0.8 v 2

DC ELECTRICAL CHARACTERISTICS (Ve=5V#10%, Ta=0770°C)

SYMBOL PARAMETER MIN. |MAX.|UNITS| NOTES
OPERATING CURRENT [TCOM4R 66K E/AYAZ-T0| — 80

Icc1 |Average Power Supply Operating Current TC51426648/4142-80] — 70 mA 3,4
(RAS, CAS, Address Cycling: tre=trc MIN.) TC5142664BA145-10] — 60
STANDBY CURRENT

Icc2 |Power Supply Standby Current - 2 mA
(RAS=CAS=V1p)
RLS ONLY REFRESH CURRENT iTCél&ZﬁSA_VAJ/AZ-’?O - 80

Iccs Average Power Supply Current, RAS Only Mode nosyzesupilsz-go| — 70 mA 3
(RAS Cycling, CAS=Vim: tre=trC MIK.) TC516266AB/AVAZ-10] — 60
FAST PAGE MODE CURRENT TOSX2664BAVAZ-70| — 60

Iccs |Average Power Supply Current, Fast Page Mode TCSMRESADATAI-80! ~ 50 mA 3,4
(RAS=V1p, CAS, Address Cycling: tpc=tpc MIN.) |TCz1426648/4342-10, — 40
STANDBY CURRENT

Iccs  |Power Supply Standby Current - 1 mA
(RaS=CaS=V(-0.2V)
CAS BEFORE RAS REFRESH CURRENT TCO%R664DAVAZ-70] — 80

Icce Average Power Supply Current, CAS Before RAS |Tcswuzesimaiaz-sol - 70 mA |3
Mode (RAS, CAS Cycling: CRC=LRC MIN.) TC514R66ADAIAZ-10] — 60
INPUT LEAKAGE CURRENT

II(L) Input Leakage Current, any input -10f 10 pA
(OVEVyx< 6.5V, ALl Other Pins not under Test=0V)
OUTPUT LEAKAGE CURRENT

fow) (DoyT is disabled, OV Vour< 5.5V) -10f 10 | ua
OUTPUT LEVEL

Yox Output "B" Level Voltage (IguT=-5mt) 2.41 = v

v OUTPUT LEVEL

OL  |output "L" Level Voltage (Igur=é.2mA) - loa| v
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TC514266AP/AJ/AZ-70, T0514266AP/AJ/AZ-80
TG514266AP/AJ/AZ-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Vee=5V£10%, Ta=0+70°C) (Notes 5, 6, 7)
TC51w206AF TC14 00AT [ TC514200AF |
SYMBOL PARAMETER -70 -80 -10 UNIT |NOTES
MIN. | MAX. | MIN. | MAX., | MIX .I Mad.
trC Random Read or Write Cvcle Time 130 - 150 - 180 - ne
tprie |Read-todify-Write Cycle Time 182 - 205 - 245 - ns
tpC Fast Pape Mode Cvcle Time 40 - 45 - 55 - ns
CPRMI Eii'laeP;ig;eMode Read-Mcedirv-Write 95 B 100 _ 120 _ ne
LRAC liccess Time from RAS - 70 i - 80 | - 100 | ns €,13
CCAC  |Access Time from CAS - 20 | - 20 | - 25 | ns 8,13
CAA hccess Time from Column Address - 35 | - 40 | - 50 | ns 8.14
“CPA |Access Time from CAS Precharge - 35 | - 40 1~ 50 | ns g,14
“CLZ CAS to Output in Low-2 0 - 0 - 0 - ns 5
TOFF Output Buffer Turn-0ff Delav 0 20 0 20 0 20 | ns 9
tT Transition Time (Rise and Fall) 3 50 3 50 3 50 | ns 7
LRP IRAS Precharge Time 50 - 60 - 70 - | ns
tRAS 1_5 Pulse Vidth 70 | 10000] 80 | 10000, 100 | 10000) ne |
TRASP |RES Pulse Width (Fast Page Mode) 70 hooooo| 80 [100000] 100 iyloolooo ne |
CRSE  |RES Eold Time 200 - 20 - 25 ., - ns |
ECSH  |CZS Hold Time 70 | - |80 | - 1100 I ns |
tCAS |CAS Pulse Width 20 10,()00! 20 | 100001 25 } 10.006 | 1S
tpep  IRES to CAS Delay Time | 20 50 | 20 6C 1 25 ] 75 | ns 13
tRAD |RAS tc Column Addrese Deler Time | 15 35 | as 0l 201 501 ns 1t
tcrr  ICAS te RAS Precharge Time J 5 1 - J 5 - 5| - ns
CCPK AT Precherge Time I 10 - ] 10 - 15 1 - ns
tCr ICAS Precherge Time (Fest Page Mode)| 10 - 10 - 10 | - ns
TASR  |Row Address Set-uUp Time 0 - 0 - 0| - 3
TRAE |Row Address Kold Time 10 - 10 - 15 | - s
TASC |Column Address Set-Up Time 0 - 0 - 0| - ns
CAE  |Column Address Kold Time 15 - 15 - 20 | - ns
tAR Column Ada:ressTEEld Time 55 _ 60 _ 55 _ ne
referenced to RAS
TRAL |[Column Address to RKAS Lead Time 35 - 40 - 50 | - ns
tRCS |Read Commancé Set-Up Time 0 - - - ne
tRCE |Reacd Command Hold Time 0 - - 0| - ns 10
] mmand Holcd Tim

e o[- ol- |= |
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TC514266AP/AJ/AZ-70, TC514266AP/AJ/AZ-80
TC514266AP/AJ/AZ-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Continued)

TC514266AP|TC514266AP| TC514266AP
SYMBOL PARAMETER -70 _s0 ~10 UNITS|NOTES
MIN. [MAX. | MIN.[MAX. |MIN. | MAX.
tycy |Write Command Hold Time 15 - 1 - 20 - ns
Jri ime 1 r i
tueR l;l;;gCommand Hold Time referenced 55 _ 60 B 75 _ e
typ Write Command Pulse Width 15 - 15 - 20 - ns
tRWL |Write Command to RAS Lead Time | 20 - 20 | - 25 | - ns
towr IWrite Command to CAS Lead Time 20 - 20 - 25 - ne
tps Date Set-Up Time 0 - o | - 0| - ns 11
tDH Data Hold Time 15 - 15 - | 20 - ns 11
tDHR |Data Hold Time rcferenced to RAS 55 - l 60 | - i 75 - ns |
tREF |Refresh Period - 8 - 8 - & | ms
twecs IWrite Command Set-Up Time 0 - ¢ - 0 - ns 12
tewp  |CAS to WE Delav Time 50 - 50 | - 60 | - ns 1z
tRWD |RAS to WE Delay Time 100 - 10 | - i35 | - ns 2
tAWD |Column Address to WE Delay Time 65 - 70 | - g5 | - ns 2
LesR |CAS Set-Up Time(CAS before RAS Cyvcle)l 10 - 10 | - 10 | - ns
tCER [CAS Hold Time(CAS before RAS Cycle)| 30 - 30 - 30 - ns
tRPC |RAS to CAS Precharge Time 0 - 0 |- 0| - ns
tepT CéE_PreihargE_Eime i 40 _ 40 _ 50 _ ns
(CAS before RAS Counter Test Cvcle)
TROE |RAS Hold Time referenced to OF 10 - | 10| - 20 | - ns
tops |OE Access Time - 20 | - 20 - 25 | ns
tOED |OE to Data Delav 20 - 20 | - 25 | - ns
o5z ?:gguéiBuffer Turn cff Deleay Time 0 20 0 20 0 25 ns
TOEE |OE Command Holc¢ Time 20 - 20 - 25 - ns
LtWBS |Write Per Bit Set-Up Time 0 - 0| - 0 - ns
YWBE |Write Per Bit Hold Time 10 - 10 | - 10 | - ns
typs |Write Per Bit Selection Set-Up Time 0 - 0 - 0 - ns
LWDE |Write Per Bit Selection Hold Time 10 - 10 | - 10 | - ns
CAPACITANCE (VcC=5V:10%, £=1MHz, Te=0~70°C)
SYMBOL PARAMETER 5 MIN. MaX UNIT
C13 Input Capacitance (A0 v AS8) - 5 pF
Ci2 Input Capacitance (R&S, CAS, WB/WE, OE) - 7 DF
Co Input/Output Capacitance (W1/I01 ~W&/104) - 7 pF
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NOTES:

1.

10.

11,

13.

14.

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

All voltage are referenced to Vggs.
Iccl, Ice3, Icc4d, Iccb depend on cycle rate.

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

An initial pause of 200us is required after power-up followed by 8 RAS cycles

before proper device operation is achieved. In case of using internal refresh
counter, a minimum of 8 CAS Before RAS initialization cycles instead of 8 RAS

cycles are required.

AC measurements assume tp=5ns.

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

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

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

Either tgcy or tgpry must be satisfied for a read cycle.

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

tycss tRwp: tcwp @nd tpyp are not restrictive operating parameters. They are
included the data sheet as electrical characteristics only. If tycs2 tycs(min.)

the cvcle is an early write cvcle and the data out pin will remain open circuit(high
impedance) throughout the entire cycle; If tgyp2 tgryp(min.), tcyp 2 tcyp(min.) and
tawp ¥ tawp(min.), the cycle is a read-modify-write cycle and data out will contain
data read from the selected cell: If neither of the above sets of conditions is
satisfied, the condition of the data out (at access time) is indeterminate.

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

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

trap(max.) is specified as a reference point only: 1If trap is greater than the
specified tpap(max.) limit, then access time is controlled by tpa.
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READ CYCLE

TrC

W1/I01~We/104 = . CPER
Vor, | tenz 00
WRITE CYCLE (EARLY WRITE) ROTE: Drx="E" or "L

/, / //,’//,”/' // ////’/’// /’/ /// / /

£0~2E
o= VI“ v . i . /
R = / LT

o [ , | I Itwes i

I ! ; ! IRuL 5
= IE iy //4/// 4/ /,/4/7///'/79/’7777”//3///7//7////”//7//4/// /

5 t |
¥ | ez ,Ls§ i Ltoe |

WL/I01~We 108 /77//42XT Tit "ngjggéﬁijfln DATA- -{32?// /11, /974/C//// iy

NOTE: Dgyp = OPE
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WRITE CYCLE (OE CONTROLLED WRITE)

‘re !
i T
I RAS — | 15583 _I
Voo P
Vip f/————ﬁT\___
i |
k . |
P ‘crp |
CLS VIn ]
Ch e
. - P
AQ~ALE B9 i/ Yy
- Vo /, //,

VB VE iE IRy
BAVE T LI
= IH T T T T T T
e SISl S T
It / / /17 ////// ///" /// / /// /7 // //// / // // /
Vry —— . .
W1,/I01~] —— VAR VSR Yy
‘/' - AL SR ~\: S ; /// 3 . / /// N /oy ,/ // /// ///" -

9B T I w/ _/
- | _Tomr

| TChc | —_— H
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FAST PAGE MODE READ CYCLE

tRASP LRP
— ]
- Vig— "b’—— taR 7
RES N /
L — —
‘Ee tRSH
CRP tRCD top ter
t t
S — — | tcas 4 = CAS ~— cas
oxs / tran, N\ / / -/
tcsH | ‘RAL |
tasr | [, | et tasc| | tean t;% - ‘
N IH ROW COLUMN CoLUMY N7/ 77 COLUMN ) f/ Qx
AO~A8 Vi — ADD W ADDRESS W/ /x ADDEESS &[{(v_@g ADDRESS /
l tﬂgs _‘ ERCH___{ itﬂcs ’ | tRcs ’ ’ 1LRCH
_ Vig — ' l ; T
WB/WE f“/ W <</ LRRH QQZ/{
Vi — taa v taa Taa I
* ROH
toEy I toEA o !
o T ) i A
= TN I N
t toFy T LOFF tcac | LOFF
tRaC cAC ‘___ CAC ]{__g_ £ OFF
torzl toEz| |WLz tOEZ tcLz YOEZ 1
Vo — ‘
W1/I01~Wa T04 OH VALID VALID VALID
Vor, — TATA-OUT. TWTA-OUT, DATA—OU
Note: DIN=”H" or "L" : nHu or "L"
FAST PAGE MODE WRITE CYCLE
tRASP tRP |
Vig — t
RAS 18 \———L—.—«l (
Vip — " f =
PC tRSH .
crE | 'RCD TcP CRF,
Vig — tcas —, T — t 7
CAS IH 1 \\ A Z x CAS x CAS / Z‘
Vi, — tcsH 3
_'RAH | tRAL
TASR ltAsc tcal tasc| | tcaH tasq | tcaH |
A0~a8 VIH — ROW 7 COLU‘MW COLUMN COLUMN \
Vi — ADD ADDRESS /;% ADDRESS ADDRES
T
CRAD towL l tCWL twcs WL
twes twes CRWL
19
WBS,_| |LWBH tweH twcH tWCH
= VIH — twp ‘we Swe
VE/TE (/1IN Y Y
VIL —_ = f
CoEH . “OEH _;EOEH
= NI
VIL — twps t
DER toe
wpE DS *DH .tDs IpH 'Ds| | _'DH
Vig — Vi VALID VALTD ) 7 N ’
VALID
W1/I01~W4/104 Vi — LNDTA TN, DATAIN X/ //:KDATA—IN DATA-IN W// /4
M = N [[ I . figgn myn
Note: Dqyp=OPEN v/} "B" or "L
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FAST PAGE MODE READ-MODIFY-WRITE CYCLE

Vig —
RAS

Vi —
Tac

Vig — AR

n 1 H
L [
_ Voz TN T
os Vi — / //}/ ! / // 4/ //>>‘\ ‘/,?r r i
o
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RAS ONLY REFRESH CYCLE

tRC

tRP

Vig —— X

‘Ras Ry
Ras \ / \
ViL — —

tRPC

r‘QRP

S — /
=55
ST/ P

Note: WB/WE, OE

"

Don't Care 'IM "H'" or "L"

CAS BEFORE RAS REFRESH CYCLE

tRC

trP tRP

w n T o | - AN
w2 T

Vo —
W1/I01~W4/ T04 & OPEN
VoL —

|

Note: WB/WE, OE, A0~ A8="H" or "L" m: "H" or "L"
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HIDDEN REFRESH CYCLE

(READ)

TC514266AP/AJ/AZ-10, TC514266AP/AJ/AZ-80
TC514266AP/AJ/AZ-10

tre
tRP trp _|
/ \ tRAS » F :::f
i

) :_/ [{:-\l - -
) j%gs’W//WZ///////////////M////////X
T Nl

‘////////////////// j

Trac

AT,

01~W4/104

@ VALID DATA-OUT @
' or "L"
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TC514266AP/AJ/AZ-10
w TN A — - -
o ‘g | trop : “RSH tCHR |
MY | KRN \ /
:m i @? HEU“AH KN

wr K : T
=

/
waorennos I XN e T

: "H'" or "L"

)
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

a L YerT REE
Vig — lCeR CER . | tore
(735 o \__| / e
IL ; ; ! | -
| L_A_SE_E CLE
Vip — S | I ‘ —
i Ta
READ CYCLE 1 . [ !
I | Imosfl  tesc !
N — Vig — . —F ‘
E /WL ' z——/ /// // ,,,,,,,,, ///'// /// ! ' { EOH
i i [tors!
_ Vig =TT
= L /////k | / /i '//// ////// ;
! ! | FF
R =
g —— | .
WL T101~W4/ 104 - ‘ OPEN - @{ VALID DATA=OUT }—
L T “ e | |
i “REL
WRITE CYCLE sl EWEL — l
[ w7 //0< — e | ¢/ T
"1;——// /1N X ///// ////Al, | / /«""”///"/"///',"'//
Vip — :
o= A Vi — ////////’/ J_Z//// "//////// ////’/// //,//,///////////”//////// /// s
1,_:_;_3‘ [iypx ; ol ;_. “IE } i
R Vig — N 77777 ,‘/,
WL IC1~W2 T04 o s r ,
! : =
READ-MODIFY-LRITT L TENL |
- . i irye ’
= T ‘Id il Y
o W Vo i ///////// /////
IL ] |
; |
= el / 1
o v ——-////////// //////////////////////%* oED “
‘ 1 e i e
| ! tenz L" n“—‘i [torz! is! ! E
witorwetoe OF T B LY F )
101 O G — l ‘ AN DATA—IN}——__
| i B i
"’mt f“WDL VLLID DATA—OUT ! }
Vig — st N/ T ) // v
N }// LT, an SRR
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APPLICATION INFORMATION
ADDRESSING

The 18 address bits required to decode 1 of the 262,144 cell locations within
the TC514266AP/AJ/AZ are multiplexed onto the 9 address inputs and latched into the
on-chip address latches by externally applying two negative going TTL-level clocks.

The first clock, the Row address Strobe (RAS), latches the 9 row address bits
into the chip. The second clock, the Column Address Strobe (CAS), subsequently
latches the 9 column address bits into the chip. Each of these signals, RAS, and
CAS, triggers a sequence of events which are controlled by different delayed inter-
nal clocks.

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

Data Inputs

Write Cycle. A write cycle is performed by bringing (WB/)WE low during the
RAS/CAS operation. The falling edge of CAS or (WB/)WE strobes data on (Wi)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 ap-
plied can be speEEE}ed by keeping Wi(/I0i) high with set-up and hold times re-
ferenced to the RAS negative transition.

For those data bits of Wi(/I0i) that are kept low as RAS talls the write operation
is inhibited on the chip if WB(/WE) is high as RAS falls, the write-per-bit capa-
bility 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 tgac and tQEA are satisfied.

The outputs become valid after the access time has elapsed and remains valid
while CAS and OF 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. 1In 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 OF input is brought to a logical low level, the output buffer are
Sﬂgbled. Both CAS and OE can control the output. Thus in a read operation, either
OE or CAS returning high forces the outputs into the high impedance state.
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RAS ONLY REFRESH

Refresh of the dynamic cell matrix is accomplished by performing a memory cvcle
at each of the 512 row address (A0~ A8) within each 8 millisecond time interval.
Although any normal memorv cycle will perform the refresh cperatioen, this functicn
is most easily accomplished with "RaS-only" cyvcles, R&S 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 TC514766AP/AJ/4Z offers an alternate
Iat i ccified peraod (icsp) before TAT
goes to low, on chip refresh control clock generators and the refresh address
counter are enabled, and an internal reiresh operation takes place. After the
refresh oneration is performed, the reiresh address counter is automatically in-
n preparation for the next CAS before RAC refresh operation.

refrecn mechod. If CAL ie neld on low for the sve

The '"Fage-Moce'" 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 incresse in power. This is done by strobing the row address into the chip
and maintaining the R&S signzl at & logic 0 throughout &all successive memory cycles
in which the row address is commor. This "Page Mode'" of operation will not dissipate
the power associatec with the negative going edge of kiaS. £lso, the time required
for strobing in a new address is eliminated, thereby decreasing the access and cycle
times.

HIDDZN REFRESH

An optiomal feature of the TC514266AP/4J/AZ is that refresh cycles mav be per—
formed while meintainin : te at thne output pin. This is referrec to as Hidden
Reiresh. Hidden Refres £S at Vi1 and taking KAS high and
g & CAS before RAS refresh cvcle.

=3
&
h

holdinge C
n

\
TRP), execuril

£

W1/IC1~W¢/I04 —— OPEN VALID DATA-0UT

"

This feature allows a refresh cvcle 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 initializa-
tion cycles. The test procedure is as follows.
@ Write "0" into all the memory cells at normal write mode.
(@) Select one certain column address and read "O" out and write "1" in each cell
by performing CAS BEFORE RAS REFRESH COUNTER TEST (READ-WRITE CYCLE).
Repeat this operation 512 times.

@ Check "1" out of 512 bits at normal read mode, which was written at @

@ Using the same column as @, read "1" out and write "0" in each cell perform-

ing CAS BEFORE RAS REFRESH COUNTER TEST. Repeat this operation 512 times.
() Check "0" out of 512 bits at normal read mode, which was written at ().

(® Perform the above @ to (® to the complement data.
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OUTLINE DRAWINGS

- Plastic DIP

Unit in mm

20 11
o e B s B s B e B e B8 s B o O o M
E
R1.0 N
| S5 [ NS [ WS N NS (N (i D (R D G GG [ SRS R 6
1 10
247MAX ] 7.62£0.25
=
> -
s =
']
2 S [
= / \
4 —— !
= N §\\
= /l \
0 %
o 0257 %%
05£015 254£025 Lf - 005 \
T T > — 0~1%
144015

Note: Each lead pitch is 2.54mm.
All leads are located within 0.25mm of their true longitudinal
position with respect to No.l and No.29 leads.

All dimensions are in millimeters.
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Plastic SOJ

17.02~1727 0.9 TYP.
26 25 24 B 22 18 17 16 15 14
imimEml el imiminlnle! Y

750 ~ 774
42~456
648~ 711
838~ 864

INDEX DOT

O
1 2 3 4 5

o[
e[
EQ
&0

1

0.66~0.81

“i‘
N

=g

EN

u41~a59“ i 127 TYP. '
]

I

Note: Each lead pitch 1.27mm.

All dimensions are in millimeters.
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« Plastic ZIP
Unit in mm

2 6.5 MAX. | 3.0 MAX.
| iy
( i
]
Sl
= o
INDEX DOT ol 4
N
/ S|«
T - t 1 = )
- | 4—N
=
V o
ny +0.07
: 0257005¢
0.5+ 01 127 TYP. 127 TYP.

254 TYP.

Note: Each lead pitch is 1.27mm.
All dimensions are in millimeters.
Toshiba does not assume any responsibility for use of any circuitry
described; no circuit patent licenses are implied, and Toshiba
reserves the right, at any time without notice, to change said

circuitry.
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TOSHIBA MOS MEMORY PRODUCTS

TG514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80
DESCRIPTION TC514258AP/AJ/AZ-10

The TC514258AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by &4
bits. The TC514258AP/AJ/AZ utilizes TOSHIBA's CMOS Silicon gate process technology as
well as advanced circuit techniques to provide wide operating margins, both intermally
and to the system user. Multiplexed address inputs permit the TC514258AP/AJ/AZ to be
packaged in a standard 20 pin plastic DIP and 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 perform-
ance logic families such as Schottky TTL.

FEATURES
262,144 word by 4 bit organization - Low Power
+ Fast access time and cvcle time 4L40mW MAY. Operating(TC514258AP/AJ/AZ-70)
TCEL4266 B/ AT/ AZ—=70,/~R0 /=10 33;""‘": ;:\“}\ gpera:mgﬂg;:;;gg;ijji?fg)
WOMAX. . 10
LRAC RAS Access Time 70ns 80ns | 100ns 330w . peraF%ng( )
- 5.5mW MAX. Standby
tan Column Agdress 35ns 40ns 50ne |* Outputs unlatched at cycle end allows
Access Time two-dimensional chip selection
tCAC TS Access Time 25ng 25ns| 30ne |+ Read-Modifyv-Write, CS before RAS refresh,
tRC Cvcle Time 130ns 150ns | 180ns RAS-only refresh, lidden refresh and
- Static Column - S:a;ic Column Mode cepabilirty .
“SC yoge Cvele Time 40ns 45ns | 55nms |- All inputs and outputs TTL compatible
: - 512 refresh cvcles/&ms
Single power supply of 5Vz107 with a - Package Plastic DIP: TCS51L4258AP
built-in Vpp generator Plastic SOJ: TC5142584J

Plastic ZIP: TC5142584Z
PIN CONNECTION (TOP VIEW)

Plastic DIF
N I
0102 T &p Ve

BLOCK DIAGRAM

1202 19D1/
Z 101 1/0% 1LOS
o /01 1/0% L/0Z L/04
.c.os a
‘Ee i.ogg: 18 ss
ol £1020 17D e~
4107 22011 1€Dze 2 [
A2le Sb& saliz 15Des Voels
AS[ e D & ‘ccﬁl& lePAé ASZ)"?
Vccdlc 11 44 £708
=)
PIN NAMES
— DECODER
AQ v AB Adcéress Inputs SENSE AMT
RAS Row Address Strobe %/o GLTE
C3 Chip Select T'fi -
WRITE Read/Write Input
== — o=
OE Output Enable . MEMORY
1/01 ™~ 1/0& |Data Imput/Output 23 ARRAY
Ve Power (+5V) = 512x512X4
Vss Ground
5 - - SUBSTRATE ELAS
N.C. No Connection GENERATOE
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TC514258AP/AJ/AZ-10

ABSOLUTE MAXIMUM RATINGS

1TEM | syMBOL RATING UNITS | NOTES

Input Voltage VIg -1~ 7 v 1

Qutput Voltage Vourt -1~ 7 \Y 1

Power Supplv Voltage vece -1~ 7 v 1

Operating Temperature Torr 0~ 70 °C 1

Storage Temperature TSTR -55 " 150 °C 1

Soldering Temperature - Time TSOLDER 260 - 10 °C - sec 1

Power Dissipation Pp 600 m 1

Short Circuit Output Current louT 50 mA 1

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

SYMBOL | PARAMETER { MIN. | TYP. MAY . R EN NOTES
Vee ! Supplv Voltare 4.5 5.0 5.5 vV 2
Vie | Input Kigh Voltage 2.4 - 6.5 v 2
Vit | Input Low Voltage -1.0 - 0.¢ v 2

DC ELECTRICAL CHARACTERISTICS

(Vee=5V+10%, Ta=0~70°C)

SYMBOL | PARAMETER I MIN.'MAY./UNITSINOTES
OPERATING CURRENT ToS142584B/ATA70 |~ | 80 | i

Icc1 Averege_Power Supply Operating Current Tes1e2888 00801 - | 70 ' mA ( 3,4
(RAS, CS, Address Cycling: tgrc=trc MIN.) TosiceserE Al az-10 1 - | 60 | !
STANDBY CURRENT | |

Iccy |Power Supply Standby Current -7 2 } ma
(RAS=CS=V1R) ! 1 ;
RAS ONLY FEFRESH CURRENT TC5142584R/A1/42-70 | = | 80 |

Icc3 |Average Power Supply Current, S Only Mode Tos1ezserp T zz-80 | - | 70 | ma 3
(RAS Cycling, CS=Vp: tpe=trCc MIK.) Tom1ezsaeE inir-10 |~ | 60 |
STATIC COLUMN MODE CURRENT TCL14R8BAR/AT2270 | — | 60 { |

Tecs Average Power Supply Current, Static Tosiszsare AT az-80 | - | 50 | mA 3,4
Column Mode -
(RAS=CS=Vyy, Address Cvcling: tge=tge MIN.) | TOSIRSEARAs2Z-10| — | 40 |
STANDEY CURRENT

Iccs (Power Supplv Standbv Current - 1 mA
(F\E:C—S=Vcc-0. 2V) |
CS BEFORE RAS REFRESE CURRENT Tos1RsaaR a4z | = | 80 |

Icce Average‘ Power SE;Dpl}' Current, CS Before TCS142584B45/62-80 | - | 70 ma 3
RAS Mode (RAS, CS Cycling: tre=trc MIND) TCsle2serE AL AZ-10 | — | 60
INPUT LEAKAGE CURRENT

I7(L) |Input Leakage Current, any input (OV<Ving6.5V, All Other -10 1 10 | ua
Pins Not Under Test = 0QV)

Io(yL) |OUTPUT LEAKAGE CURRENT 10 | ' |
| (DOUT is disabled, OVEVgyrE5.S5V) 10 | 10 e
OUTPUT LEVEL f |

Vo 2.4 _— !

OF  Joutpuc "B" Level Voltage (IguT=-5mA) ' v

v OUTPUT LEVEL 0.t ! v :

oL Output "L'" Level Voltage (IoUuT=4.2mA) - e | }
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80
TC514258AP/AJ/AZ-10

(Vee=5V+10%, Ta=0~706°C)(Notes 5, 6, 7)

TC514258AP/ |TCS514258AP/ | TCS14258AP/
SYMBOL PARAMETER AJ/AZ-70 AJ/AZ-80 AJ/AZ-10 UNIT |NOTES
MIN. MAX. [MIN.| MAX. MIN.| MAX.

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

tRMW |Read-Modify-Write Cycle Time 185 - 205 - 245 - ns

tsc Static Column Mode Cycle Time 40 - 45 - 55 - ns

] e ST S (L") I FETN IR PECY S

trac |Access Time from RAS - 70 - 80 - 100 ns (8,13
tcac |Access Time from CS - 25 - 25 - 30 ns |8,13
tapn  |Access Time from Column Address - 35 - 40 - 50 ns |8,14
talw |Access Time from Last Write - 65 - 75 - 95 ns |8,15
tcpz |CS to Output in Low-Z 0 - 0 - 0 - ns |8
toFF |Output Buffer Turn-off Delay 0 20 0 20 0 30 ns |9
caon [QUSEuE Tets ToTe Time Fron IR ERE

tow Saiggt Data Enable Time from _ 20 _ 20 _ 30 ne

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 70 110,000 80| 10,000 100| 10,000 ns
tRASC &gge?”lse Width (Static Column 70 100,000 | 80 [100,000 | 100/100,000| ns

trsy |CS to RAS Hold Time 2 - 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

tcsc |CS Pulse Width(Static Column Mode) 25 100,000 | 25(100,000| 30[100,000] ns

tRCD |RAS to TS Delay Time 20| 45 20 55 25 70| ns |13
tRAD |RAS tc Column Address Delay Time | 15 35 15 40 20 50| ns | 14
tcrp | CS to RAS Precharge Time 5 _ 5 _ 5 - ns

tcpN | CS Precharge Time 10 - 10 - 15 - ns

o0 | B e e 0] - [0 - | - |

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

e | e MSsers Hele Tine s| - [ w] - | - |

tAR Column Address_Hold Time

referenced to RAS 85 - 95 - 115 - ns
LRAL | Column Address to RAS Lead Time 35 - 40 - 50 - ns
e Hold Time
“AH SEEZ?Znﬁigrtzs§K§ Rise 5 - 5 - 10 - ns | 16
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TC514258AP/AJ/AZ-10, TC514258AP/AJ/AZ-80
TC514258AP/AJ/AZ-10

TC514258AP/ | TC514258AP/ | TC514258AP/
SYMBOL PARAMETER AJ/AZ-70 AJ/AZ-80 AJ/AZ-10 UNIT|NOTE
MIN.!| MAX. MIN.| MaX. MIN. MAX.
tLWAD Last Write to Column Address 20 30 20 35 25 45 ns 17
Delay Time
Last Write to Column Address - - -
CAHLw Hold Time 65 75 95 ns
Read Command Set-up Time
t €L - - -
RCS |referenced to CS 0 0 0 ns
Read Command Hold Time
t _ - -
RCH referenced to C§S 0 0 0 ns 10
t Read Commard Hold Time _ _ _
RRH referenced to RAS 0 0 0 ne 10
Write Command Hold Time - "
toymn b - - 2 - 12
WCE  |(Qutput Data Disable) 40 15 20 ns -
theR Write Command Hold Time 55 _ 60 _ 75 _ ns
referenced to RAS
typ WRITE Pulse Width 15 - 15 - 20 - ns
tw1 WRITE Inactive Time 10 - 10 - 10 - ns
tryr |WRITE Command to RAS lead Time 20 - 20 - 25 - ns
tCWL [WRITE Command to CS Lead Time 20 - 20 - 25 - ns
tps Data-In Set-Up Time 0 - 0 - 0 - ns 11
tpH Data-In Hold Time 15 - 15 - 20 - ns 11
Data-In Hold Time referenced ce -
t 55 - 60 - 7 _
DHR to RAS 2 ne
tREF |Refresh Period - 8 - 8 - 8 ms
tycg |WRITE Command Set-Up Time 0 - 0 - 0 - ns 12
(Output Data Disable)
tew CS to WRITE Delav Time z _ _ 65 _ ns 12
D (READ-MODIFY-WRITE CYCLE) >3 23
RAS to WRITE Delay Time 1 5 ]
tRWD 2=z 100 - 110 - n3s - ns 12
R (READ-MODIFY-WRITE CYCLE)
t Column Address to WRITE Delay -
AWD Time 65 - 70 - 85 - ns 12
LCSR |CS Set-Up Time (CS before RAS) 10 - 10 - 10 - ns
CCHR |CS Hold Time (CS before RAS) 30 - 30 - 30 - ns
trrc [RAS to CS Precharge Time 0 - 0 - 0 - ns
CS Precharge Time (CS before
t 40 - 40 - 50 -
CPT RES Counter Test Cvcle) ns
tRoH |RAS Hold Time referenced to OF 10 - 10 - 20 - ns
COE4 |OE Access Time - 25 - 25 - 30 ns
LoED IOE to Datz Delav 20 - 20 - 25 - ns
Output Buffer turn off Delav - a
L0EZ |Time from OF 0 20 0 20 0 25 ns 9
tOEE |OE Command Hold Time 20 - 20 - 25 - ns
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TC514258AP/AJ/AZ-70, TCS514258AP/Ad/AZ-80
TC514258AP/AJ/AZ-10

CAPACITANCE (V¢e=5v£10%, f=1MHz, Ta=0"70°C)

SYMBOL| PARAMETER MIN. [ MaX. [ UNIT

Cr1 |Input Capacitance (Ag ~Ag) - 5

C12 |1input Capacitance (RAS, CS, WRITE, OF) - 7 pF

Co Input/Qutput Capacitance (I/01 v1/04) - 7

NOTES:

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

2. A1) voltages are referenced to Veg.

3. Iccl, Icc3, Icck, Iccb depend on cycle rate.

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

5. An initial peause of 200us is required after power-up followed by 8 RAS cvcles
before proper device operation is achieved. 1In case of using internal refresh
counter, a minimum of 8 CS Before RAS initialization cvcles instead of 8 R&AZ
cvcles are required.

6. AC measurements assume tr=5ns.

7. Vig(min.) and Vyy(max.) are reference levels for mezsuring timing of input signals.

8. Measured with a2 load equivalent to 2 TTL loads and 100pF.

¢. toprp(mex.) end topz(mex.) define the time at which the output achieves the open
circuit condition and are not referenced to output volrage levels.

10. Either tpeoy or typpp must be satisfied for a read cvcle.

11. These parameters are referenced to CS leading edge in early write cyvcles and to
WRITE leading edge in Read-Modifyv-Write cycles.

12. tycs, tRWDs tewp and tpyn are not restrictive operating parameters. They are in-

13.

14.

e
wn

16.

clucded in the cdate sheet as electricel cheracteristics only. If twcsitgcs(mln.x the

cvcle is an early write cvcle and the date out pin will remein oven circuit (high

impedance) through the entire cvele: I tpypztrin(min.). tcowpzicyp(min.) and
tawpetaypimin. ). the cvele is & Read-Modiiv-Write cvele and the data out will con-
tain catez read from the selected cell: If neither of the above sets of conditions

is satisiied, the concdition of the data out (at access time) is indeterminate.

Operation within the tgep(max.) limit insures that tgac(max.) can be met.
tpep(max.) is specified as a reference point onlv: If tgrep is greater than the
specified trcp(max.) limit, then access time is controlled by tgac-

Operation within the tpap(max.) limit insures that tpac(max.) can be met.
trap(max.) is specified as a reference point onlv: If tgpap is greater than the
specified tpap(max.) limit, then access time is controlled by tyg.

Operation within the tyyap(max.) limit insures that tapw(max.) can be met. TiwaD
(max.) is specified as a reference point only: If tpwap is greater than the speci-
fied tyyap(mex.) limit, then access time is controlled evclusively by tpa.

tap is the condition to latch column address when RAS has rised up.
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80
TC514258AP/AJ/AZ-10

READ CYCLE

RAS

OF

tRC

VIH —
ot
Vi —

LCsH
TCRP t
RCD RSH

in ——— N ]

TRAD /
Vip — s |

| TAR
:ASR| FRAE tRAL tAK
VIH —7 -
/ wgg‘gss W COLUMN ADDRESS f JN//:ZZ“Z%
1
| PRCH

s |||

LRRH

TROH

N/ ////zz/

W////////////////

LTz

I/ T mm-

WRITE CYCLE (EA:LY WRITE) . . | 7 H or "L"
=
cs IH :_j TReD_, A—\rL C; j
L R‘AH tasc tcaH
S/ % s Wi
N
= 7 :Z/////////////ﬁ//////////////////////////////////////////// I
e ]
1/01~1/0¢ VIL _ |VALID DATA-IN OPEN : ra or e
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TG514258AP/AJ/AZ-10, TC514258AP/AJ/AZ-80
TC514258AP/AJ/AZ-10

WRITE CYCLE (OE CONTROLLED WRITE)

—_— —

s T / \

o tCRP LRCD :2:‘}4 '- RP
o e _____/r __M_] /
N/ //»(wmssm/m T gw // T,
wm T ///‘ —Ly/////////////////////////////
N/ ﬁ’-S- v T
v IR EE W,
READ-MODIFY-WRITE CYCLE m PO em L
- :'_“f 2 ant
;g - //m@mm pppe— "‘fp«//////////l/////////
WRIT Zi: ___ ‘i::’ ——W——m
I, _///////////////////////m /B
e T8 = O W

73 : "8" or "L"
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80
TC514258AP/AJ/AZ-10

STATIC COLUMN MODE READ CYCLE

FAS Vie — tRASC
ViL — !
TASK |tFA}< tge teo ) tra

s

\71}‘: OOTIIVN

A0~£E - zx ~DbaBss )(////)( OREPES
4

— ‘v""., ——
oc 44 | '
o i
Vip — i ! |
| o -
i H | ; -
_ Vi ¥
VoL o / N/ ; |
Vv i / I |

|
|
| |
1

’ . tmor |

|

l

|
— Vig — 77T - | ‘,,, T
S N ey '%\ /7///, I

v

Itou | ?"OEZ .
| el

< 1 i
| CE | | I | :
- - i |
| el el LT T
t | | oae | ‘
‘ - ] ; | 1oFe|
' TRaC | || Tz, ‘ | | cac 1
F i | |
e Vor — |
I/01~1,0¢
VOL —
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TC514258AP/AJ/AZ-10, T(:514258AP/AJ/AZ-80
TC514258AP/AJ/AZ-10

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)

TRp
. 1 “RP_|
A Vi RASC |
Vo
IL |
[ C/-}'l R4L ] |
pO~re  VIH v(JLJH COLUMN ’/ [71777 777171
, 3 n:::vss YNNIy
Vip IISNSISE
,1 83
-—
|
— Vig
Te ’
V-
4L

= ET 77 T T T,

,,/,

IpER

[ | ||
i s | foom

Vig — ; ey
1/01~1/04 -5 ;157 VALID v/.ﬁ_.,.
Loi~iroe v _// / /'////.//// Dﬁ"‘A- TL- T]

tpa it,t

et % 1/ ///////////

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)

|
L0~48 \:; ;”Ci y X///////////////
| <czr |
tow, |
LRWL t
oE :: /////////////////////// ///////////////////////////// ///////////////
. iDs | || DLI Tpg “ ton !
worios TN e Y e Y ez
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80
TG514258AP/AJ/AZ-10

STATIC COLUMN MODE READ-MODIFY-WRITE CYCLE

Vi, —

Vo —
AO~AB 1"

Vip —

— Vig —
=3 IH
Vip —

— Vig —
WRITE

Vin —

o e LTI

v _
1/01~1,04 ' L/OH
Vi/on —

Vig ——x

TRasc

tRP

\

i

tas RAH
ROW / s
m?@{F COLUMN ADDRESS @ COLUMN ADDRESbM////////// ///
TRAD tcaH
LSRMW tRAL tcrp
\ LLWAD TRWL, ]
tRCD tewp
TAWD tawD , tewn
L ]
> | Twp T\
CRWD \j J
ToEH
i —
\ / TOED
- ToED TaLW
OEA | Tan toRZ
teac Ds [fow
t
tRAC et A4 quz tpu _ ToEA
DX M2 OO KX
: \PATA—INY A \\ /
tcLz
VALID VALID VALID
DATA—OUT DATA—OUT DATA-IN
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TC514258AP/AJ/AZ-10, TC514258AP/AJ/AZ-80
TC514258AP/AJ/AZ-10

STATIC COLUMN MODE READ/WRITE MIXED CYCLE

=5 :ii : _‘ii F
I D tcse f‘———’tcp
« ViL — “RAD & TCLWAD Y (
v Ffﬁa CRAH \tasC tcaH ' _
e TN wofites SN SR YN ssmmss NN cownws sovmess 77T
il v D Ay [ W N e U
= I :,m NI
vorsvon Vo~ (N e XTI e XU, - XU
(WRITE) | (READ) | ?;ggfui D(AV::IAITEN)

m . IIHH or "LH
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80
TG514258AP/AJ/AZ-10

S ONLY REFRESH CYCLE

Note: WRITE, Of=Don't Care
), "HY oy MLV
CS BEFORE RAS REFRESH CYCLE
*RC
“re | *Re
Vig — ‘ | Tras 17 I
RES - , -/
Vip — [_*rec |
i ] \[

1//////////// / ’//’//’//’/'/'// /// //

7
[
L
I
5 -
"

Note: WRITE, OE, A0~ A8="E" or "L" 7 R

— A-150 —



TC514258AP/AJ/AZ-10, TC514258AP/AJ/AZ-80
TC514258AP/AJ/AZ-10

HIDDEN REFRESH CYCLE (READ)

- e XL_& \
cesey_|[w T :
Ny h
T j@J ﬂ//// Y
w T = T,
S e /’7/////{///////////////////
) 3 ZC—L.]? | LOFF
voros M v e
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80
TC514258AP/AJ/AZ-10

HIDDEN REFRESH CYCLE (WRITE)

3

WRITE

= :’///////{/////// A,

101

~1/04

tRP

tASR

tRaS

R

tRe
t
/ NL___
1
tCRP

/

\4 J—
Vi, —

UM
DRE

. T

S/l

1IN

-/

1
DATA-IN V
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TC514258AP/AJ/AZ-10,
TC514258AP/AJ/AZ-10

CS BEFORE RAS REFRESH COUNTER TEST CYCLE

TC514258AP/AJ/AZ-80

RP
s R O A —/ }
V1L — | i *
veenl |t P — | cere |
by — csn| | femn ) N e :
= 5 , / ‘ 1% I
Vi — d Il |
READ CYCLE - RAL .{ e
[ ho~se YE}’ 7 7777y / x COLUMK ADDRESS }( ',
: ] T e
=TT Vie — 777 / P vy
WEITE v: 0 / /// /,//// ‘\ s tROK [ !R‘://////
- | LA ¢l IlRCH |
{‘_E vIH —7 777 pA T A’/ / CEL I 7 4 I/ 777
;u vIL L, iy /«///’// /117 //>\ ﬁ R,
L _lxorr
i teLz I ' ! |toxz
Vos — ! ; 7
1/01~1,/04 S OPEN : ——@( VALID DATA—OUT }*
~ i ' | |
i |
WRITE CYCLE tioc || toam | i
r Vg — - - - n -
ree T, == S,
e ~sl L_c:__ | I
RITE Vizg —7 R i N2
Wl V1L __///// //// ’/ /(/?}\r__, .,/////// /////////// ///
| .»
o > = T T I

! ine |

Ci~1/04

- PEN —
SR 2\ 121 Dk I

READ- M““*"\~‘R;lf CYCLE | terE ; l
A0~4S ‘— : I 1111/ K COLUML ADIRESES }//’// 1177//111111
WAllL Viz 777 7 7 7 7 IDCS } % ' ‘ |
----- I o N
I CAWD *j ; fovs
_— 1 OEL : ! -——EI‘—'-—@-\
N/ |
L Tasl |, |
e tcLnz L——-‘tC‘AC At‘\OEZ | }'Pi! 2’.
011 s0e OE T N, ATID 3}
1/01~1/0¢ Ve @(ﬁr // I}—@LDXTA-II\"

= . ongn npn

or
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80
TG514258AP/AJ/AZ-10

OUTLINE DRAWINGS

- Plastic DIP

Unit in mm

20 1¢ 1€ 17 16 1€ 1& 18 12 11
e W e B e B B s O s s O s 8

R
- 2 - =
R1.0 <
N
1
HJIIJT T IJ I LTI 0TI0T )
1 2z 2 ¢ 5 6 7 E ¢ 10
. 1
| 24.7 MAX, | i
ST =
< =
o I Sy
[ !
I 0 « 0
) —— ) — U —— ) — Y —1
. ||I| , T T
Z ||esxols [ |
= — | | 2542028 <
e i |_A_4ic75 !
o :
Note: Each lead pitch is 2.54mm.

411 leads ere located within 0.25mm of their true longitudinal position

with respect to No.l and No.20 leads.

£11 dimensions are in millimeters.
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TC514258AP/AJ/AZ-10, TC514258AP/AJ/AZ-80
TC514258AP/AJ/AZ-10 o

*« Plastic SOJ

Unit in mm

1702~ 17.27

Q9TYP.
2625 24 23 22 18 17 16 15 14
NNnnnn AnOonn —
N jof B
. ©
5 bl e R
A
2 « @ @
INDEX DOT r A A
1 v —
o I OO O N
T 253 & 5 S 1011 1z 13
066~Qg81

Q41~0Q050

1
N
=
=
E—
=
=
355MAX

Note: Each lead pitch is 1.27mm.

All dimensions are in millimeters.
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TC514258AP/AJ/AZ-70, TC514258AP/AJ/AZ-80
TC514258AP/AJ/AZ-10

+ Plastic ZIP

Unit in mm

<11

1T

[ —

L

< [T}

FOM[[4~
£
)
[els]
n-1

[
[
3
o
t
&
1 1AMAX
25102

|
|l cezen | | 1z2rovr ‘
[ i |
|
1 2 5 7 e 11 18 15 17 lg
1 { |
i
2 &« € € iz & 16 1E  2C
Note: Each lead pitch is 1.27mm.

411 dimensions are in millimeters.

or use of any circuitry

(=N

Toshibz does not assume any responsibility
described; no circuit patent licenses are implied, and Toshitea

reserves the right, at any time without notice, to change said circuitry.
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TOSHIBA M0S MEMORY PRODUCTS

TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80
TC514268AP/AJ/AZ-10

DESCRIPTION

The TC514268AP/AJ/AZ is the new generation dynamic RAM organized 262,144 words by 4
bits. The TC514268AP/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 TC514268AP/AJ/AZ to be
packaged in a standard 20 pin plastic DIP and 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 per-
formance logic families such as Schottky TTL.

+ Single power supply of 5V10% with &
& organization built-in Vgp generator
2 cvcle time + Low power
TC514268AP A) A2 460mi MAY, Opera:?ng(TCSlLQéSAP/AJ/AZ—?O)
~-70/-80/-10 385miw MAY. Operating(TC514268AP/AJ/AZ-80)
- — i i 330my MAY.. Operating(TC514268AP/AJ/A2-10)
tRaAC RAS Access Time 70ns ¢ 80ns | 100ns S Smid M. Standby

L, | + Ourputs unlatched at cvcle end allows
i twe-cdimensional c¢chip selection

Column Address
Access Time

|
|
|
i Jrite, CS before RAS refresh,
E efresh, MHidcen refresh Urite Per
| Dit, anc Static Ceolumn Mode capability
| 111 inputs and outputs TTL compatible
| 12 reiresh cyvcles/8ms
ackage Plastic DIP: TC351426847
Plastic SOJ: TC514Z6&ad
Plastic ZIP: TC514268AZ
ELOCY DIAGRANM

2

:VV

VeelQ10
PIN NAMES
A0 ~ AS | Address Inputs
RAS |Row Address Strobe
CS Chip Select
VID/VE Write Per Bit/Read/VWrite Input
[6}3) Output Enable
I/01 ~ 1/04 |Data Input/Output
Vee Power (+5V)
Vss Ground
KN.C. No Connection
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TG514268AP/AJ/AZ-10, TGSMZBBAP/AJ/AZ-BO

TG514268AP/AJ/AZ-10

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES
Input Voltage VIN -17 \Y 1
Output Voltage Vout -1a7 \Y 1
Power Supply Voltage Vee =17 v 1
Operating Temperature Topr 070 °C 1
Storage Temperature TsTG -55150 °C 1
Soldering Temperature * Time TSOLDER 260 - 10 °C* sec 1
Power Dissipation Pp 600 mW 1
Short Circuit Output Current IouT 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=0"70°C)
SYMBOL | PARAMITER MIN. | TYP, MAN. UNIT NOTES
Vee Supply Voltage 4.5 | 5.0 5.5 v 2
VIH Input High Volrage 2.4 - 6.5 v 2
Vi, Input Low Voltage -1.0 - 0.8 ¥ 2
DC ELECTRICAL CHARACTERISTICS (Vge=5v=10%, Ta=0"70°C)
SYMBOL PARAMETER MIN.|MAX,|UNITS!UNIT
OPERATING CURRENT ) TC51426BAF 43/ 4270 = S
ICCl Average Power Supply Operating Current TCEH14R26BAT AT LD -B0| — 70 mA 3, 4
(RES, CS, Address Cycleing: tre=trc MIN.) |rcsiszeea® el az-10| - 60
STANDBY CURRENT
Icco Power Supply Standby Current _ 2 mA
(m—_‘ﬁ:VIH)
RAS ONLY REFRESH CURRENT TC514268AFP/ A5/ L2-70| ~ &
Ices Average Power Supply Current, RAS Only Mode|rcsiseesam sl nz-so| - 70 | mA |3
(RAS Cyeling, CS=Vry: tre=trc MIN.) TC5142684R/43/62-10] - | 60
STATIC COLUMN MODE CURRENT TC5142684F/A1/42-70] - | 60
- Average Power Supply Current, Static Column =
Lices Mode CB14R6BAP AT/ L2~ - 50 mA 3,4
(RAS=CS=Vy1, Address Cycling: tgr=tgp MIN.)|Tcsizzesa®/al /zz-iol - | 40
STANDBY CURRENT
Iges Power Supply Standby Current - 1 mA
(RAS=CS=VcCe-0.2V)
CS BEFORE RAS REFRESH CURRENT TC514268AF/A5/AZ-70| = 80
Icce  |Average Power Supply Current, CS Before TCE142684B/43/A2-80 - | 70 | mA |3
RAS Mode (RAS, CS Cycling: tgre=trc MIK.) TCS5142684P/AT/AZ-10] - 60
INPUT LEAKAGE CURRENT
II(L) Input Leakage Current, any input (OVSVyyZ< 6.5V, All Other -10| 10 HA
Pins Not Under Test=0V)
OUTPUT LEAKAGE CURRENT
T0) |(poyr i disable, OVE Vour s 5.51) "0} 10 | ua
You OUTPUT %E}:EL 0 4l - v
Output "H" Level Voltage (Igur=-5mA) )
VoL  |OCIPUT LEVEL N B
Output "L" Level Voltage (Igyr=4.2mA) .
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TC514268AP/AJ/AZ-10, TC514268AP/AJ/AZ-80
TC514268AP/AJ/AZ-10

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

TC514268AP/ | TC514268AP ' | TC514268AP/

SYMBOL PARAMETER AJ/AZ-70 AJ/AZ-80 AJ/AZ-10 |UNIT|NOTES
MIN.| MAX. MIN.' MAX. [MIN. MAX.

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

tgRMW |Read-Modify-Write Cvcle Time 185 - 205 - 245 - ns

tsc Static Column Mode Cvcle Time 40 - 45 - 55 - ns

Static Column lode Read-Mocdifv-

SSRMW lyrice Cyelt Time 100 - 110 - 135 - ns

trac JAccess Time {rom RAS - 70 - 80 - 100 ns (&, 13

tCAC  JAccess Time from CS - 25 - 25 - 30 ns |8,13
T

tar  |hccess Time from Column Address - 35 - 40 - 50 ns |8, 14

CaLw i.»kcc«;«ss Time from Last Write - 65 - 75 - 95 ns |8, 15

tepz IS to Output in Low-Z 0 - 0 - 0 - ns | 8

LOFF |Output Buffer Turn-off Delavy 0 20 0 20 0 20 ns | 9
Output Data Held Time from

tyan - 5 - -

A0E lcolumn Address 3 > 2 ns
Output Data Enable T £

tow ‘%J pu a Enable Time from _ a5 _ 25 _ 30 e

tT Trancition Time (Rise and Fall) 3 50 3 50 50 ns 7

LRP RAS Precharge Time 50 - 60 - 70 - ns

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

RAS Pulse Width
t . 100,00
RASC (Static Column Mode) 70 100,000} 80 |100,000{ 100 0 0| ns

tRSE  [CS to TS Hold Time bos - 25 - 30 - ns
tese  [RES to CF Kold Time [ 70 - 80 - w0l - ns
tcs  |CF Fulse Uidth 25 | 100000 25 1 10,0000 30| 10,000 | ns
tese [(2—5 Fulse Width(Staric Column Moce) 25 IlO0,000 25 1100,000/ 30 |100,000| ns
‘RCD  [RES to CS Delay Time 20 1 45 |20 55 25| 70 |ns | 13
CRAD |FAS to Column Address Delay Time | 15 35 15 40 20 50 ns | 1¢
LCRP |CS to RAS Precharge Time 5 - 5 - -5 - ns
tepy  |CS Precharge Time 10 - 10 - 15 - ns
o |t e | - | - Jw] - -
taSR  |Row Address Set-up Time ’ 0 - 0 - 0 - ns
tpAay |Row Address Hold Time 10 - 10 - 15 - ns
TASC Column Address Set-up Time 0 - 0 - - ns
tcaE  IColumn Address Eold Time 15 - 15 - 20 - ns
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TC514268AP/AJ/AZ-10, TC514268AP/ AJ/AZ-80
TC514268AP/AJ/AZ-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS (Continued)
TC514268AP/ | TC514268AP/| TC514268AP/
SYMBOL PARAMETER AJ/AZ-70 AJ/AZ-80 AJ/AZ-10 UNITS| NOTES
MIN. | MAX. | MIN. MAX.| MIN.|MAX.
tAWR Write Addszs Hold Time Refer- 55 _ 60 _ 75 _ ns
enced to RAS
Column Address Hold Time
- - - 11 - E
CAR Referenced to RAS 80 90 > ns
tRAL Column Address to RAS Lead Time 35 - 40 - 50 - ns
R Column Address Hold Time 6
“AH Referenced to RAS Rise > - > - 10 - ne 1
tLWAD ;Last hr}te to Column Address 20 30 20 35 25 45 ne 17
Delay Time
[Last Write to Column Address -
ALV yotd Time 65 | - 75 | - o5 | - | ns
{Read Command Set-up Time
'RCS |[Referenced to CS 0 - 0 - 0 - ns
Read Command Hold Time
ol - - - 10
FRCE Referenced to CS 0 0 0 ne
Read Command Hold Time
- 0 - 0 - 0 - ns 10
CRRH Referenced to RAS
twe Write Command Hold Time 15 15 20 N
o (Output Data Disable) - - - ne oo
. Write Command Eg}d Time 55 _ 60 _ . B .
“WCR  |Referenced to RAS 2 n
tywp WE Pulse Width 15 - 15 - 20 - ns
w1 WE Inactive Time 10 - 10 - 10 - ns
tRWL |WE Command to RAS Lead Time 20 - 20 - 25 - ns
tCWL [WE Command to CS Lead Time 20 - 20 - 25 - ns
tps Data-In Set-Up Time - 0 - 0 - ns 11
tDH Data-In Hold Time 1 - 15 = 20 - ns 11
Date-In Holcé Time Referenced to 55 60 e
tDHR RAS > - - /5 - ns
LREF Refresh Period - g - 8 - & ms
WE Command Set-Up Time
wes (Output Data Disable) 0 0 ¢ ne 12
tC\\rD CS to WE De'lay Time 55 - z5 — 65 _ ns 12
(READ-MODIFY-WRITE CYCLE)
R&S to WE Delay Time B
. ¥ - - - 2
“RWD | (READ-MODIFY-WRITE CYCLE) 100 110 135 R B
Column Address to WE Delay _ .
t > - - -
AWD Time 65 70 g5 ns 12
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TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80
TG514268AP/AJ/AZ-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

—A161 —

] TC514268AP/] TC514268AP/| TC514268AP/
SYMBOL PARAMETER AJ/AZ-70 AJ/AZ=-80 AJ/AZ-10 UNIT | NOTES
NIN. MANL | MINL | MAN. P MINL P MAX.
tesr |G Set-Up Time (TS before RAS) 10 - 10 - 10 Z e
teyr  |CS Hold Time (TS before RES) |30 - 30 - 30 - ns
tppc IRAS to CS Precharge Time i 0 - 0 - 0 - ns
TROH |RAS Hold Time Referenced to OF |10 - 10 - 20 - ns
r;)IEA l(TE' Access Time I 25 - 25 - 30 | ns
LOED O0f to Data Delay | 20 - 20 - 25 - ns
tors 99tpu§ Bufisr turn off Delay | 0 20 0 20 0 as e o
=& Time from CF
LOEH |OE Commané Hold Time | 20 - 20 - 25 - ns
‘WBS |Write Per Bit Set-Up Time | 0 - 0 - 0 - ns
tWBE  |Write Per Bit Hold Time 10 - 10 - 10 - ns
tuDs W?ite Per Bit Selection Ser-Up 0 _ 0 _ 0 _ e
Time
typn 'Ezize Per Bit Selection Hold 10 _ 10 _ 10 _ ne
CAPACITANCE  (Vp=5V=10%, f=1MEz, Te=0-70°C)
SYMBOL PARAMETER MIN. ' Mad j UNIT
C1z Input Cepacitance (A0~ AR) - s
C12 Input Cepacitance (RS, CS, WB/WE, OL) - i 7 | pF
Co Input/Outpus Capacitance (I/01 v I1/0%4) - |7



TC514268AP/AJ/AZ-10, TC514268AP/AJ/AZ-80
TC514268AP/AJ/AZ-10

NOTES:

1.

)
w

14.

15.

16.

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

All voltages are referenced to Vgs.

Icers Icess Iccys Igce depend on cycle rate.

Iccys Iccy depenc on output loading. Specified values ave obtained with the
output open.

An initial pause of 200us is required after power-up followed by 8§ RAS cycles
before proper device operation is achieved. 1In case of using internzl refresh
counter, a& minimum of 8 CS Before RAS initialization cyvcles instead of 8 RAS

cvcles are required.
AC measurements assume tr=5ns.
pii

Vip(min.) and Vip(max.) are reference levels for measuring timing of input
signals.

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

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

Either tpep or tRry Must be satisfied for a read cycle.

These parameters are referenced to CS leading edge in early write cycles and to
WB/WE leading edge in Read-Modify-Write cycles.

tycss tRWD: tewp @nd tpayp are not restrictive operating parameters. They

are included the data sheet as electrical characteristics only. If typg2tycs
(min.), the cycle is an early write cycle and the date out pin will remain open
circuit (high impedance) through the entire cycle; If tpypz tpyp(min.), teyp2
teyp(min.) and tayp 2 tuup(min.), the cycle is e Read-Modify-Write cycle and the
éata out will contain data read from the selected cell: If neither of the above
sets of conditions is satisfied, the condition of the data out (at access time)
is indeterminate.

Operation within the tgep(max.) limit insures that tRAC(max.) can be met.
trepl(max.) is specified as a reference point only: If tyep is greater than the
specified tgep(max.) limit, then access time i1s controlled by toace

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

Operation within the tpwap(max.) limit insures that tpapw(max.) can be met.
tLWaD(max.) is specified as e reference point only: If tLWaD is greater than
the specified typap(max.) limit, then access time is controlled exclusively by

; 1s the condition to latch column address when RAS has rised up.
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TG514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80
TG514268AP/AJ/AZ-10 :

READ CYCLE o

tRC

) ’ N tRP
FAs Viz : i_ o tCRP \
S| ) N e
t :Sil m, | TRAL TaH
AO~A8 Ziz ://///Mibgggs;p@( COLUMN ADDRESS _ K// //// //// /
N ' _I_Rc_s{__ _} tran]| | ] RCHE .
w0 T e e | N
& S/ 1// VT i I I [
WL/101~We 104 :Zi : OPEN — ﬁ/ Zax VALID ?JEAi‘A—OUT J?
NOTE: Dip="H" or "L" 70 : "m" or "L"
WRITE CYCLE (EARLY WRITE) tre
. TRAS , IRP 7
. Vi ———————] Fpp— V_TL‘
if.f&P_ TRCD = TRSH | ‘[ - .
T Zf“ : ] i Trap i_f"“———*tcs . f
e T /////XD‘}@( s W
liwest WBE tycs l Twes
me T Wy T
S :W_/% i
WL 101~We 104 - __/ : PASE 1N }@V@m DATA—I;TK///////////////////////////////Z//////

NOTE: Dgyr=OPEN
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TG514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80
TC514268AP/AJ/AZ-10

WRITE CYCLE (OE CONTROLLED WRITE)

RAT

AO~AB

WB/WE

OE

WL/I01~W4/104

tRC

READ-MODIFY-WRITE CYCLE

W1/I04~W4/104

Ko — N
G vy S— /
/) P TR I,
v | I"WW/Z////Z e VI,
v ~ T X,
twp; tOED "_le tpH
= . ' - : "H" or "L"
S = .
o L ; = I
=t T
| [ o =
v ZTI W oy -
o IW/////////////7///////////A /
WS [CWD! __— CAC TOED E.‘; tom
v — LSRR s XTI
vzf-' : oFEN DXﬁ:gUT 7: "H" or "L"
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T6514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80
TC514268AP/AJ/AZ-10

STATIC COLUMN MODE READ CYCLE

AO~AB

&l

WL /I01~We 104

! ’..————_
Vig — ) tRaSC y q
i
Vi, — \—
TASR TRAE tsc tsc . TRAL l L taH
P |
N | COLUMN | CoLuMN COLUMN /?/ C/
— ADDRL°S ADDRESS ADDRESS A ADDRESS /
! [
D ! § TCRP l
TAR tcp, tRSH —
Vi — ‘ tcsc | tose 7
. L D 4 | TRRH
Vip — ! ‘ g A
. _ITRCS { | TRCH l TRCS RCH
;
/ /

wa LTI

/s

TROH

JITTITIIN. AT,

e | e

TOFF
TCAC tOEZ‘ Tas
taa tan
“Rac TA0E ' teac
Vo —
VoL —

NOTE:

DINzuH" or "L"
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— ,//)l'/ \ ICLZ |VALID DATA;\_...__-_—

VALIL DATA-QUT
VALID DATA-OUT

H" or
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TG514268AP/AJ/AZ-10, TC514268AP/AJ/AZ-80
TC514268AP/AJ/AZ-10

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)

mo TN e __
Vig — = — = o2 e
A0~AB Vg — ADDRESS fODRESS ADDRESS gg%%gstézzzzl 2 2222
s o H___/ N SN/
T/ = /) tw% e AT
o= e //////////// f{ /7 // T,
twps, [CWDH tps t_gﬂ tos | |tpH

WL I01~WL1/104 'IH — MASK VALID VALID VALID W//// /////
VL — DATA-IN DATA-IN DATA-IN, DATA-IN /

STATIC COLUMN MODE WRITE CYCLE (EARLY WRITE)

'RP

— e ——] t 5
RAS ViH N RASC LT_:

Vip — . N

tasR| |'RaH tCcaH

v
A0~AB IH— ROW COLUMN " COLUMN COLUMN

Vg — \ ADDRESS ADDRESS ADDRESS ADDRESS /

LAWR

TCRP ]

tRAD tasc tasq tRSH
p— v — T t
w s \&W&%s /
“RCD tasc town

LRWL

twcs

o A —
o v Z T /////////////////////////////////////////////// W,

UDHR

YWDH,  tpg | TDH tps tDH

twps ‘
v -
WL/TOl~WL/Toa 10— TASE VALID VALID ) VALID
Vo — ATA-T DA’I‘A 1y DATA-IN DATA-TN
L

: an or npn
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TC514268AP/AJ/AZ-10, TG5I4268AP/ AJ/AzZ-80
TC514268AP/AJ/AZ-10

STATIC COLUMN MODE READ-MODIFY-WRITE CYCLE

TRecC 7" R §

) LA -
' . | 3 ! :
¥ K T 77
AT miE .z ! ,',-‘z::‘ﬂ COLUML ATTREEF X Lo
e L . \ i
LRAT Loan ' |
—— S ———————— i
; ; YSRMW 4 i YCRF [
— : [ooyr " ‘
& ‘\ | SivAn YrRvl | /
Vog —
L | | : 4
| trer tovt X : } i
‘ a s | " VT oL
Vig — ! i l‘IVr’I‘ vl ‘ ]
VB, VE N~/ v
; i C
ViL — D =l
yee Ty En 1 : 1 toEE
= Vig — Vi Y T
Ok \\\ i K\\\\\\ \\\\\\\ / ‘ i b \ /' torT,
Vi — ; I A\ X | :CEL TALW —
o ——— - e |
A== N U -
- I | !L | e T
e De e |
'—f——‘ I - ooowl | ; !
ol ael  TROESLL L e T |
SAC e ‘ l poDE  TCEAL :
N !
e — =
i \// ‘ 1 / ‘ '
| Voo — b 1 !
wisiol | . TcLZ || veLID vA1ID
hemes! Teoe | TWDE DATA-OUT i TET4-OUT
- =

i vz
ViE —7; e T TN N T 77
| VoL o 7. \:iﬁ‘flf—‘n:}( Ry / r"',"?(;;\jkffz‘yj)(’ /e // ‘ﬁ“:@%/ /// //
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TC514268AP/AJ/AZ-10, TC514268AP/AJ/AZ-80

TC514268AP/AJ/AZ-10

STATIC COLUMN MODE MIXED CYCLE

)
|

O
%!
IS
oz
o {
: ﬁ'
i

L \ T BVARERY/ - 3) i
o } £ ")\ & 4
A SN J
! | cri’
r SR T
“ R
E/vz '
esel o
" - CLC! A S H '
i e i E—.
L | i !
L ALV i i
[
i | -
. [ i | [Spavy
— VIE / H
[o55 ETT ST / i
vee 1SN /’////////// 111177 ;—’ !
|

I [

///
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TC514268AP/AJ/AZ-10, T(:514268M’/ AJ/AZ-BI]
TC514268AP/AJ/AZ-10

RAS ONLY REFRESH CYCLE

T e — U
T o/ \_/
o 1] //mmzw T

Note: WB/WE, OE=Don't Care : YEY or "LM

CS BEFORE RAS REFRESH CYCLE

tre

RP tRP
Vyeo
— 18 — | 'RAS
RA v T‘RPC
L —
 *cPN| ['cRs TCER
Vig — '

. mm PN T

TOFF
Vog — 3
W1,/101~W4/104 L OPEN
S
Note: WB/WE, OE, AO~ A8="H" or "L" V//): "H" or "L"
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TC514268AP/AJ/AZ-10, TC514268AP/AJ/AZ-80
TC514268AP/AJ/AZ-10

HIDDEN REFRESH CYCLE (READ)

tRrC tRrC
LRP tRP
Vim —7 X tRAS y tRaS _’V: \
Vi1, — |
R
LRAD TRAL

- 2T S
a1 3 1 e W
we T e | O,

|
)

CLZ
trac '—.|

torz
Vo — ' } -
WL TO1~Wa 104 VALID DATA-OUT e
VoL — T

: "B" or "L"

f
—
B
>
T~
"
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TC514268AP/AJ/AZ-10, 'I'I:5|4268AP/AJ/ AZ 80

TC514268AP/AJ/AZ-10
HIDDEN REFRESH CYCLE (WRITE)
RC tRC
T T t
v . . RAS RP ’ . RP
RAS AWR j RAS . J
Vip — f —
tcRp RS tcrP
—

_ ::J :j ?:A;RCDj\ URSH LCHR /i_
- :@4 =3 G M//////W i,

w0 ) H O !““’ ///////////Z/////////////////////////////////
= LTI i

T
twp WDH KEE tpy
Vig — ] L L
WL/I01~W4/ 104 _*Ms}mf_—@m DATA-IN)——————— OFEN
Vip — ]

: qul or |lle

NOTE: DoyT=OPEN
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TG514268AP/AJ/AZ-10, TC514268AP/AJ/AZ-80

TC514268AP/AJ/AZ-10
CS BEFORE RAS REFRESH COUNTER TEST CYCLE . _ RP _
G - /
o i | e A (N {L‘ |
[ ao~a8 Z;i:////// j//‘ﬂ/////////x COLUMN ADDRESS | -:}(/ '/
G/ A | — N
™ S/ AT /A l Sl 1/
| toiz tOEZ !
W1/T01~¥4/104 XZ’: : ] l OPEN m VALID DATA-OUT }————
ome = :////////ﬁ/ﬂ/////// 70 S W ///{ I
ww BTV K ///AL =/ [T
= - /////////f// T ////%/////7//////// ///////1////1/////////////
ths':EEEﬂ DH
A/ €7 ), X T ) ///////////////////7/

AO~A8

gl
&

8l

W1/I01~W4/104

READ~MODIF&-VRITE CYCLE Il

casc | |
]

tcaH

l

Vin

v :///////////ﬁ////// TR s i K////I//// T

v T W/////////f‘ S '//////////////////
l TORA AIWD cwzﬁm‘

_////////////////////////////////M‘ Jeom

Vog —

TCAC

——

toEZ

ternz

DK

VoL —

twops|_ | YWDH

VALID DATA-OUT

v TIDE

o S //////////////// /I
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TC514268AP/AJ/AZ-10, T0514268AP/ AJ/ AZ-80
T0514268AP/ AJ/AZ-10

APPLICATION INFORMATION

ADDRESSING

The 18 address bits required to decode 1 of the 262,144 cell locations within
the TC514268AP/AJ/AZ 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, in a read cycle column-address must be held stable
until the access time. 1In a write cycle column-address are latched at the last fall-
ing of edge of WE or TS.

The two clock chains are linked together logically in such a way that the ad-
dress multiplexing operation is done outside of the critical path timing sequence
for read data access. The later events in the CS clock sequence are inhibited until
the occurrence of a delayed signal derived from the RAS clock chain. The "gated 8"
feature allows the CS clock to be externally activated as soon as the Row Address
Hole Time specification (tpap) has been satisfied and the address inputs have been
changed from Row address to Column address information.

Data Inputs

Write Cvcle. A write cycle is performed by bringing (WB/)WE low during the
RAS/CS operation. The falling edge of CS or (WB/)WE strobes data on (Wi)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(/I0i) high with set-up and hold times referenced to
the RAS negative transition.

For those data bits of Wi(/I0i) that are kept low as RAS talls the write operation
is inhibited on the chip if WB(/WE) is high as RAS falls, the write-per-bit capa-
bility does not work and the write operation is performed for all four data bits.

Date 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 CS is brought low. In a read cycle the
outputs go active after the access time interval tgac and tgpa are satisfied.

The outputs become valid after the access time has elapsed and remains valid
while €S and OF are low. 5 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. 1In a
delayed-write or read-modify-write cycle, the outputs will follow the sequence for
the read cycle.

When the 5@_}nput is brought to a logical low level, the output buffer are
enabled. Both CS and OF can control the output. Thus in a read operation, .either
OE or CS returning high forces the outputs into the high impedance state.
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TC514268AP/AJ/AZ-70, TC514268AP/AJ/AZ-80
TG514268AP/AJ/AZ-10

OUTLINE DRAWINGS
+ Plastic DIP

Unit in mm

[0 SN D G ) GG U 5 SN J (NS 6
- o 3 4 5 € 7 & ¢ 10

247 MR, T.EXECLE

5.0MAX .|

ROMIN,

P

Note: Each lead pitch is Z.54mm.

£11 leads are located within 0.25mm of their true longitudinal

position with respect to No.l and No.20 leads.

All dimensions are in millimeters.

—A174 —



TC514268AP/AJ/AZ-10, TGEMZGBAP/AJ/AZ-W
TC514268AP/AJ/AZ-10

+ Plastic SOJ

Note:

Unit in mm

TYP.
17.02~17.27 _aT__ aoryy
26 25 24 23 R 18 17 16 15 14
omro aoaoMmM —
<
: o] I
- 5 ¥ o
& A
v @ @
INDEX DOT ~ A
J L
[0 0 O I 5 I O |
1 2 3 4 5 9 10 11 1= 13
0.66~081

95~9¢9

N
3.55MAX

Each lead pitch 1.27mm.
All dimensions are in millimeters.

Toshiba does not assume any responsibility ofr use of any circuitry
described; no circuit patent licenses are implied, and Toshiba
reserves the right, at any time without notice, to change said

circuitry.
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TC514268AP/AJ/AZ-10, TC514268AP/AJ/AZ-80
TC514268AP/AJ/AZ-10

+ Plastic ZIP
Unit in mm

S OMAS.
p—————

263 MAY.

|

10.16 MAX.

Lo
G2e-Cost

127 TYE.

|
| 254TYP,

£11 dimensions are in millimeters.

Toshiba does not assume any responsibility for use of any
circuitry described; no circuit patent licenses are impliec,
an¢ Toshiba reserves the right, at any time without notice,

to change said circuitry.
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TOSHIBA MOS MEMORY PRODUCGTS

TC514100J/2-80, TC514100J/2-10

DESCRINTION

The TC514100J/Z is the new generation dyramic RaM organized 4,194,304 words by 1
bit. The TC514100J/Z utilizes TOSHIBA's CMOS Silicon gate process technology as well
as advanced circuit techniques to provide wide operating margins, both internally and
to the svstem user. Multiplexed address inputs permit the TC514100J/Z to be packaged
in a stondard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size pro-
vides hizh svstem bit densities and is compatible with wigely available automated
te tin. and dncertion equipment. Svstem oriented featurcs include sinacle power supply
of 5V 104 tolerance, dircet interfacing capability with high performance logic families
such ss Schottky TTL.

FEATURES
¢ 4,195,304 word by 1 bit organization * Low Power
« Fast oceess time and cvele time 550mW Operatinc (TC514100J/Z2--80)
'TC514100J/2-830/-10 460ni Operating (TC514100./2--10)
tp\( RYS Access Time SO0ns | 100ns 5.5mi7 MaAX., Standbv
Can "Column Address 40nsA~_ﬁv50ns . Oquut gnlatcheq at uyclg end allows two=-
_‘/\CCC.‘DS Time : dimensional chip selection

tC\L " 20ns | 25ns « Common 1/0 capability using "EARLY WRITE"
tRC C cl<. Time 150ns 180ns operation

+ Read-llodifv-lWrite, CAS belore RAS refresh,

_,_1__

“Fast Page Mode L
e Cvele Time >Ons i b0ns RAS-onlv refresh, Hidden refresh, Fast
« Single power supply of 5Vi107 with a Page Modec and Test Mode capability
built-in Vap gencrator + All inputs and output TTL compatible
- 1024 refresh cycles/léms
P COMHECTICH (TOP VIEW) . Ps

waze Plastic S0J: TC514100J
tic ZIP: TC514100Z

s
S

Plastic ZIP

BLOCK DIAGRAMN

S DI
DooT
Lo
PIi NAMES
AD " ATO ! \(Mr ess }nputs ‘ASO—-< - = M ATTHG
s \ddress Strobe ~\o— _ - e 4006~
AR "Data In A O—] e »
L Data Out :‘;C ol
- e e — ey O—_ = ! A
Column Address Strobe A9O— ROW s 1024 MEORY
WRITE |R el o] ADDHESS —A|z O ARRAY
_.\\; ead/Write Input Al0 1L X CorrengUl) Y A2
cC Power (+5V) ) J
Vss Ground — No.1 CLOCK
G Yo o - RAS O—= ;ENERATOR —— SUBSTRATE BIAS vee
.C. No nnection GENERATOR Vss
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TC514100J/2-80, TC5141004/2-10

ABSOLUTE MAXIMUM RATINGS

ITEM SYM30L RATING UNITS NOTES
| Input Voltage vy -1 7 v 1
Output Voltage Vout -1 7 \ 1
Power Supply Voltage Vee ; -1 7 \ 1
Operating Temperature Topr ! 070 °C 1
Storage Temperature TsTG -554 150 °C 1
Soldering Temperature - Time - TsoLDER 260 - 10 °C-sec 1
Power Dissipation Pp - 600 mW 1
Short Circuit Output Current IouT 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=0"v70°C)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTE
Vee Supply Voltage 4.5 5.0 5.5 \Y 2
VIH Input High Voltage 2.4 - 6.5 v 2
ViL Input Low Voltage -1.0 - 0.8 v 2
DC ELECTRICAL CHARACTERISTICS (Vge=5V£10%, Ta=0~ 70°C)
SYMBOL! PARAMETER MIN. [MAX.[ UNITSINOTES
OPERATINQ CURRENT - . l Tes141007 Z-80 | — 1100
Icct Average Power Supply Operating Current ’ mA 3,4
(RAS, CAS, Address Cycling: FRC=FRC MIN.) | Te81al005,2-10 | = 85
STANDBY CURRENT
Ieeo Power Supply Standbyv Current - 2 mA
- (RAS=CAiS=v1p)
ONLY REFRESH CURRENT - 100
Ices age Power Supply Current, RAS Only Mode mA 3
iS Cycling, CAS=Vp: trc=trc MIN.) - 85
AST PAGE MODE CURRENT o5 1780 =
Iccy  |Average Power Supply Current, Fast Paze Mode 1051410075750 60 mA | 3,4
(RAS=Vy1r, CAS, Address Cycling: tp, =tpc MIN.)| TC5141005/Z-10 | = 50
| STANDBY CURREN
Iccs Power Supply Standby Current - 1 mA
, (RAS=C3i8=VcC-0.2V)
CAS BEFORE RAS REFRESH CURRENT 105121000, 2-30 | -~ 1100
Ices Average Power Supply Current, CAS Before mA 3
RAS Mode (RAS, CAS Cycling: tRC=tRC MIN.) TC514100572-10 | = | 85
INPUT LEAKAGE CURRENT
I1(L) |Input Leakage Current, any imput (OVZVpys 6.5V, All Other -10| 10 | nA
Pins Not Under Test=0V)
OUTPUT LEAKAGE CURRENT
To(L) | (Dgyp is disabled, OV Voyps 5.5V) -104 10} vA
Vou OUTPUT LEVEL 2.4
= Output "H" Level Voltage (IQUT=-5mA) ) - M
OUTPUT LEVEL
Vol -
oL Output "L" Level Voltage (IguT=4-.2mA) 0.4 1V
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T65141004/2-60, TC5141004/Z-10

ELECTRICAL CHARACTERISTICS AMD RECOMMENDED AC OPERATING CONDITIONS
(Vee=5V:107, Ta=0 - 70°C) (Notes 5, 6, 7)

TC514100J/2 TC514100J/2
svzoL ! PARAMETER -80 -10 UNIT |NOTES
| MIN. | MAX.  [MINL | A,
tRC ;‘Random Read or Write Cvcle Time 150 - 180 - ns
LriC [Read-Write Cycle Time 175 - 210 - ns
Cpe MIFQQC Page Mode Cvcle Time 50 - 60 - ns
LPRIC iFast Paze Mode Read-Write Cycle Time 70 - 85 - ns |
> from RAS - 80 - 100 ns ‘8 13
o from CAS - 20 - 25 | ns 8”1_3
from Column Address - 40 - 50 ns 8,13
tepy jaccess Time from CAS Prucharg: - 45 - 55 ns |8
ECLZ |CAS to Output in Low-Z 0 - 0 - ns |8
Lorr {Output Buffer Turn-off Delay 0 20 0 30 ns 9
LT “Transition Time (Rise and Fall) 3 50 3 50 ns 7
trp  |RAS Precharge Time 60 - 70 - ns
taas 5§,\S Pulse Width 80 10,000 | 100 10,000 ns
Crasy [T Pulse Width (Fast Page Modc) | 80 [200,000 | 100 |200,000 | ns
treny (RAS Hold Time 20 - 25 - ns
Eesn Hold Time 80 - 100 - ns
£eas Pulse Width ’ N 20 | 10,000 | 25 | 10,000 | ns
tRCD to CAS Delav Time 20 60 25 75 ns |13
traD to Column Address Delav Time 15 40 20 50 ns 14
tCre |CAS to | m‘PrecharfJe Time S - 10 - ns
tep CAS Prechargze Time 10 - 10 - ns
_t:gp\ }R\;\;ﬂ»\ﬂc_\‘urLus Se;#Urp Time 0 B 0] - ns
_ER;._H TFow ‘Address Hold Time 10 - 15 - ns
£iSC |Column Address Set-Up Time B 0 - 0 - ns
€can  |Column Address Hold Time 15 - 20 - ns
tin Column Address Hold Time referenced to 60 _ 75 _ ns
RAS
LRAL |Column Address to RAS Lead Time 40 - 50 - ns
ERCS |Read Command Set-Up Time 0 - 0 - ns
_E—REE Read Command Hold Time 0 - 0 - ns 10
tRRE %c%d Command Hold Time referenced to 0 _ 0 B s 10
twcy |Write Command Hold Time 15 - 20 - ns
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TC514100J/2-80, TC5141004/Z-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

TC514100J/Z | TC514100J/Z
SYMBOL PARAMETER -80 -10 UNITS|NOTES
MIN. MAX. MIN. MAX.,
tyeR ‘xiite Command Hold Time referenced to 60 _ 75 _ ns
RAS

twp iWrite Commfmd Pulse Wldth - 15 ] 20 - ns

CRWL ii}itb Command to RAS Lead Time 20 - ] s | - ns
tC‘.a’Lr 7 ‘E*tb Lommdnd to CAS lpad Tlmt_ - 20 - 25 - ns

tps Ddtk. Set- Lg Time 0 - 0 - ns 11
EDH Data h)ldiﬂ.ru - - 15 = 20 - ns 11
tDHR  |Data Hold Time referenced to RS 60 - 75 - ns
[tRer [Refresh Period - 16 - 16 | ms
‘tycs lUrite Command Set- Up Time N - 0 - ns 12
tcwn 1(,\7b to WRITE Delav Time ) 20 - 25 - ns |12
[tRwD  [RAS to WRITE Delay Time 80 - 100 - ns | 12
TAUD i Lolunn \(1dl.’€bS to WRITE Delay Time 40 - 50 - ns 12
—Cvcisgﬁ C\S Set 7L; 7T1mL (CAS before RAS Cvecle) 10 - 10 - ns
|ECHR  |CAS Hold Time (CAS before RAS Cycle) 30 - 30 - ns
trpc |RAS to Cas Precharge Time 0 - 0 - ns
FCPT C(%%;Ei?:izg%\]silrgsunter Test Cycle) 40 - 20 - ns
tyTs lurite Command Set-Up Time (Test lMode in) 10 - 10 - ns
tyTH Write Command Hold Time (Test Mode In) 10 - 10 - ns
typp [\/'IEEE to RAS Precharge Time 10 _ 10 _ ns

{CAS before RAS Cycle)
URH | (GRS betors g crero) R
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T-GSM]MJ/Z-BB, TC5141004/2-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE

(Clote 13)
TC514100J/2 lTCSIQIOOJ/Z
SYMBOUL PARAMETER —80 -10 UNTT |NOTES
MIN, MAX. MIN. MAX.
tRC Random Re. .(i or \»r1te Cvele Time 155 - 185 - ns
ol Time 130 N T ns
. e \10« e (‘ cleﬂng ) 55 - 65 - ns
CPREC et Page Mede Read-lrite Cvele Time 73 - 90 - ns
_t’ﬁww_”.\'f:l.« ’Tmc ir({m RAS - 85 - 105 } ns 8,13
TCAC  |iccess Time from CAS - 25 - 30 | ns | 8,13
T:\;X—_‘— ;»‘x;:cuss 'I_i:no llor;%(rlit;lurr—];ﬁ“;i-:i—;/:;q - 45 - 55 ns 8,13
tCPy  |Access Time from CAS Precharge - 50 - 60 ns | 8
tRAS |RAS Pulse Width 85 | 10,000 | 105| 10,000 | ns
[tTRaSP |RaS Pulse Width (Fast Pase Mode) 85 200,000 | 105(200,000 | ns
LRSI |R35 Hold Time B 25 - 30 - ns
tesy |CAS Bold Time 85 - 105 - ns
ECAS  |CAS Puise Width |25 10,000 | 30| 10,000 | ns
tRAL Column Address :o RAS L&_ad Time 45 - 55 - ns
toWD  |CAS to WRITE Delay Time 25 - 30 - ns | 12
TRWD RS to WRITE Delav Time 35 - 103 - ns 12
taiwD [Column Address to WRITE Delav Time 45 l - 55 - ns 12
CAPACITANCE (Voc=3v:107, f=1MHz, Ta=0~ 70°C)
STHMBOL PARAMETER 1 MIN MAX UNTT
Cr1 Input Capacitance (A0~ A10, DIN) | - 5 pF
Cro " |"Input Capacitance (RAS, CAS, WRITE) - 7 pF
Co N Output Capacitance (DoyT) - 7 pF
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TG5141004/2-80, TC5141004/2-10

NOTES:

1.

12.

13.

14.

15.

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

All voltages are referenced to Vgg.
Icc1ls Icc3s Iccss Icce depend on cycle rate.

Icc1s Iccgy depend on output loading. Specified values are obtained with the
output open.

An initial pause of 200ns is required after power-up followed by 8 RAS cycles

betore proper device operation is achieved. In case of using internal refresh
counter, a minimum of 8 CAS before RAS initialization cycles instead of 8 RAS

cycles are required.

AC measurements assume tp=5ns.

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

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

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

Either tgcyg or tgrry must be satisfied for a read cycle.

These parameters are referenced to CAS leading edge in early write cycles and

to WRITE leading edge in read-write cycles.

tyCS, tRWDs tcwp and tpyp are not restrictive operating parameters. They are
included in the data sheet at electrical characteristics only. If tycsZ2 tycs
(min.), the cyvcle is an early write cycle and data out pin‘will remain open
circuit (high impedance) through the entire cvlce; If tgyp= tryp(min.),

tewd = tewp(min.) and tpayp 2 tawp(min.), the cvele is a read-write cycle and data
out will contain data read from the selected cell: If neither of the above
sets of conditions is satisfied, the condition of the data out (at access time)
is indeterminate.

Operation within the tgep(max.) limit insures that tRAC(max.) can be met.
tpep(max.) is specified as a reference point only: If tpep 1s greater than the
specified tgpep(max.) limit, then access time is controlled by tgac-

Operation within the tpap(max.) limit insures that tgpc(max.) can be met.
tRAD(max.) is specified as a reference point only: 1If tpap is greater than the

specified tpap(max.) limit, then access time is controlled by tpp.

These specifications are applied in the test mode.
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TC514100J/2-80, TC5141004/2-10

TIMING WAVEFORMS

READ CYCLE

c "g" oor LM

—A-183 —



TC5141004/2-80, TC5141004/2-10

WRITE CYCLE (EARLY WRITE)

3

o " T

tRe
tRP
tRras A N\
tRSH

tcrPp

tesH
tcas
\ / /
TAR

CRAD

tRAH

tasc
" XX

owm XTI

= _JIITTITIN

= T,

=

AAAAAAAAA I

w « "H" or "L"
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T6514100J/2-80, TC5141004/Z-10

READ-WRITE CYCLE

R - - \__
el | e ey o

O e
o ://////////; I

Sty

Taa

TRraC

Vo —
E
Doyt vor — OPEN
tcnz

ilﬂ‘ : "H" or "L"
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TC5141004/2-80, TC5141004/Z-10

FAST PAGE MODE READ CYCLE

RAS

AO~AlO

WRITE

Doyt

/tm’

VIH -——___"‘\ TRASP
ViL —
tcsH tpc
tRSH
tcRrp, tRCD toas| | tep tcp
il t t
Vig — \ / \ CAS/ \\— cas
Vip T — A j!
taR N L SRAL
I F
tasy | |PRaH| tasc tcaH tﬁsc toaH tasgl |tcam
i
Vig — y + N v
1, N T N 1 1), Y
Vip — A A
tRAD tRCH CRRH
CRCs 'ros| PreH Tres tRCH
i i A L
Ty Y/ \4 N
/
Vip — tead toac toac
taa taa tan
trac tcorpa tcpa
Vo — VALID fvarip VALID
DATA DATA DATA
VoL —
tcnz TOFF tcLz | toFr tcnz | torp

s gt oor "LV
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TC514100J/2-80, TC5141004/2-10

FAST PAGE MODE WRITE CYCLE (EARLY WRITE)

Vig — 1
A0~A10 i
Vin T i

s/

Din

trP

Vig —— tRASP
vVip — \ Z \_—
tpC TRSH
LtRCD tcas
toRP - tcp tcp
| tcas tcas
Vig — i

NN

=

N

- I
S/ Ry ey . ey

UDHR

(///|:
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TC514100J/2-80, TC514100J/2-10

FAST PAGE MODE READ-WRITE CYCLE

AO0~Al10

WRITE

DIy

Dour

ViH

Vin

Vin

VIiL

Vig

VIin

VIiL

t t
RAD |.CHD tcwD towgd ,tcwL
CRCS
tawp tAWD TAWD CRWL
_/ - 7 TowL a towL \
L o
TRWD
EDH | | o toH tpg| | DH

I/,

tRASP

N

tcsH

TPRWC

Tas

TRCD
\\ tcas

YRSH

TRAH tasc LcaH

A N N

tasc| | tcaH

@{ COLUMN }@{ COLUMN

X Kee s X

tcLz teLz torz
e -
tcac toag tcac
taa Taa | taa
i
I
tRAC tcpa i tcopa
/ VALID VALID VALID
\ DATA DATA DATA
Cory)| Copp torr
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TC514100J/2-80, TC5141004/2-10

RAS ONLY REFRESH CYCLE

AO~A9

Doyt

TRe

tRP

IH ._j
Vi, — \ /
EASR CRAH

e R = R

OPEN

VoL —

: "H" or "L"

NOTE: WRITE="H" or "L", Al0="H" or "L"
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TC5141004/2-80, TC5141004/Z-10

CAS BEFORE RAS REFRESH CYCLE

Vig — - trRas
FES / \ \
Vi, —
tRPC

I T,

w o T N

Vog — N
oL ’_‘.___._____..J[
NOTE: A0 A10="H" or "L" (/] : "H" or "L"
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HIDDEN REFRESH CYCLE (READ)

AO~A10

WRITE

Dour

TC514100J/2-80, T€514100J/2-10

CRC

e "

:I: : CRP RCD \—i‘tRSH . r_—_——

o TR W///{j/////]/l///ﬂ/////////// 7
;.cslﬁ tRRH t_‘vaj ~_‘

e T

o
YOL

A

toFP

VALID DATA }—
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TC514100J/2-80, TC5141004/2-10

HIDDEN REFRESH CYCLE (WRITE)

tre
Trp
VIH t
TAS \ RAS \
Vi — A
TRCD tRSH

AAAAAA " X N W

RWL
twcd twcH twrp YWRH
Vig — twp
WRITE
Vi —
l tps tpH
B

N

DwEZM%%%ﬂvmma%%%%M%%W%%%

% < "H" or "L"
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TC5141004/2-80, TC5141004/2-10

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

. g o
— ::i : :CCSR tcHR \ tcas
A0~A10 ::z : / / COLUMN W//f//////////////
:OL : W‘WBE "EM TRCS ﬂ ¢
s 2 ) | O -l
o t}‘lv.li}; .f_W_RH.l' twes 2;2 |
L S| N =T
. zi; : / / @{ VALID DaTa ]}W/ ] /
Doyt :Zi : OPEN .@{ VALID :JATA }—*———-
taa town !
Vig — Tﬁ{ — — -
/4 Y= \_ 7T
S/

~ tDS! *pH_|
: "y oor "L"

— A-193 —



TG5141004/2-80, TC5141004/2-10

- ey
= = N
I =




TC514100J/2-80, T65141004/Z-10

TEST MODE

The TC514100J/7Z is the RAM organized 4,194,304 words by 1 bit, it is internally
organized 524,288 words by & bits. In '"Test Mode', data are written into 8 secotrs
in parallel and retrieved the same wav. Ajgr, Ajnc and Agc are not used. If, upon
reading, all bits are equal (all "1"s or "0"s), the data output pin indicates a "1'".
17 anv of the Dits differed, the data output pin would indicate a "0". TFig. 1 shows
the block diagram of TC514100J/Z. In "Test Mode', the 4M DRAM can be tested as if
it were a 512K DRAM.

"TRITE, CAS Before RAS Cvele (Test Mode in Cvele)' shown in Page 17 puts the

device into "

Test Mode'". And '"CAS Before RAS Refresh Cvecle'" or "RAS Only Refresh
Cvcle™ puts it back into "Normal Mode". The "Test Mode" function reduces test times

(1/8 in casc of N test pattern).
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TG5141004/2-80, TC5141004/2Z-10

BLOCK DIAGRAM IN TEST HMODE

A10R, A10C, #0C
0~

A10R, A10C, foc
10

512K

block

A10R, A10C, 400

——O~O—

512K

block

A10R, 410, A0C

Test

4108, 4100, 30C
00—

512K

block

Q

Din

O

Normal

A10R, A10C,40C
—s

512K

block

o} g al

410R, 4100, 40C
——O-O

512K

block

]

O—

$—C O—

512K

block

o

!

A10R,410C, A0C

512K

block

A10R,A10C, %00
o——-—

512K

block

SIERIE

A10R,A10C,40C

N

Fig. 1
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TC514100J/Z-80, T6514100J/Z-10

. Plastic SOJ

Unit in mm

: ?
!

G
L&)
2
(3]
8
o

-1

<o

o~

!

-1

o

~i
(o2
i
[$1]

| o

[o¢]

z

=

=z

1
1
)]
I
5
I
1
1
Q

8.77~9.01
9.66~990

INDEX DOT
—_—

G{ \ﬂkazi»
| S S Sy w— w— | S S gy s g b gy w—
1 2 345

9 10 11 12 13

0.66~0.81

3.70 MAX.

041~050 || 1.27 TYP.

Note : Package width and length do not include mold protrution,

allowable mold protrution is 0.15mm.
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TG5141004/2-80, TG5141004/2-10

« Plastic ZIP

Unit in mm

26.3 MAX. 3.0 MAX.

il
I

INDEX DOT

85102

10.16 MAX.

+0.07
GR5_005
as5+al 1.27 TYP. T eos

1.27 TYP.

“_C:u: Q.
|IB,OMIN '
g

N\
4\

2.54 TYP.

Note : Package width and length do not include mold protrution,

allowable mold protrution is 0.15mm.
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TOSHIBA MOS MEMORY PRODUCTS

TC51401J/Z-80, TC5141014/2-10

AT T
iU

The TC514101J/Z is the new generation dynamic RAM organized 4,194,304 words by 1
bit. The TCS514101J/Z utilizes TOSHIBA's CMOS Silicon gate process technology as well
as advanced circuit techniques to provide wide operating margins, both internally and
to the svstem user. 1Multiplexed address inputs permit the TC514101J/Z to be packaged
in a standard 26/20 pin plastic SOJ and 20 pin plastic ZIP. The package size pro-
vides high syvstem bit densities and is compatible with widely available automated
tescing end insertion equipment. Svstem oriented features include single power sup-
ply of 5V#10% telerance, direct interfacing capability with high performance logic
families such as Schottky TTL.

FEATURES .
« 4,194,304 word by 1 bit organization - Low power
« Fast access time and cvcle time 578mW Operating (TC5141013/2-80)
TC514101.J/72-80/-10 495mW Operating (TC514101J/2-10)
CRAC | RAS Access Time 30ns 100ns 5.5mW MAX. Standby
7] Column Address - Output unlatched at cylce end allous
A Access Time 40ns >0ns two-dimensional chip selection
CCAC| CAS Access Time 20ns 25ns « Common I/0 capability using "EARLY
LRC | Cvcle Time [ 150ms 180ns WRITE" operation L
tne Nibble Mode i A . Read—Hodigz~Write, CAS before RAS re-
"~ | Ccvele Time l 40ns 4ons fresh, RAS-only refresh, Hidden

refresh, Nibble Mode and Test Mode

« Single power supplyv of 5Vx107 with a .
- capability

built—in Voo

Bp generator - All inputs and output TTL compatible
TR . . 1024 refresh cycles/l6ms
IN COMHECTION (TOP VIEHN ;
PIN CORHECTION ( ) - Package Plastic SOJ: TC514101J
Plastic SOJ Plastic ZIP Plastic ZIP: TC514101Z

Vs A9
DOUT bouT
LAS DIN |
NG RAS [ 7

)
I
w
2

BLOCK DIAGRAM

ENINSINCH

[EREAREAS

2
o
2
2
2

o

WRITE
AQ NLC R i:
o J0N.c CAS O DATA IN
180 as AO o R : BUFFER
bl il Az h LI:-J Al No .2 CLOCK
[ A7 =03 0] GEAERATOR
160 A6 Vee S5l
15045 A5 7 E2 :6
140 a4 e L
A7 £ COLLMN
20] A8 A0 o— "\ ADDRESS /| COLUMN
Al 11 A BUFFERS(11) i =2 DECODER
PIN NAMES 2 0] !
A REFRESH SENSE AMP.
AO v Al0 | Address Inputs A3 0— CONTROLLER 170 GATING
— A4 0
RAS Row Address Strobe A5 o— - 4096---
DIy Data In A 60— 885&%%%00)
- -
DouT Data Out ATO B
— A8 0 = MEMORY
CAS Column Address Strobe A9 0— ROW =[1024
—_— - o—__11 ) ADDRESS S ARRAY
WRITE | Read/Write Input A10 BUFFERS(11) 10, Z2
Vee Power (+5V) { [
v G = No.l CLOCK
SS round BAS O—+1 GENERATOR |— SUBSTRATE BIas [~© VCC
N.C. No Connection GENERATOR O Vss
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TC51401J/Z-80, TG5141014/2-10

ABSOLUTE MAXIMUM RATINGS

ITE SYMBOL RATING UNITS NOTE
Input Voltage VIN -1v7 v 1
Output Voltage Vout -1~ 7 v 1
Power Supply Voltage Vee -1 7 Y 1
Operating Temperature TOPR 0~ 70 °C 1
Storage Temperature TsTc -55150 °C 1
Soldering Temperature * Time TSOLDER 260 * 10 °Cesec 1
Power Dissipation Pp 600 mW 1
Short Circuit Output Current Tout 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=0~ 70°C)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTE
Vee Supply Voltage 4.5 5.0 5.5 \Y 2
V1iy Input High Voltage 2.4 - 6.5 v 2
V11, Input Low Voltage -1.0 - 0.8 v 2
DC ELECTRICAL CHARACTERISTICS (Vge=5V£10%, Ta=0"70°C)
SYMBOL PARAMETER MIN.|MAX./UNITS|NOTES
. OPERATIXNG CURRENT TC514101J./2—-80 —_ 105
+CCl Average Power Supply Operating Current mA 3,4
(RAS, CAS, Address Cycling: tgc=trc MIN.) TCS514101J/2-10} = 90
STANDBY CURRENT
Iceo Power Supply Standby Current - 2 mA
(RAS=CAS=V1p)
RAS ONLY REFRESH CURRENT -
- TC514101J.72-80| — | 105
Ices Average Power Supply Current, RAS Only Mode > mA 3
(RAS Cycling, CAS=Vrg: tgpc=trc MIN.) TC514101J/2-10| ~ 90
NIBBELE MODE CURRENT -
TC514101J.2-80 60
Icca Average Pow_e_r_ Supply Current, Nibble Mode mA 3,4
(RAS=Vy1, CAS, Address Cycling: tyc=tyc MIN.)|TC514101J,2-10| - 50
STANDBY CURRENT
Iccs Power Supply Standby Current - 1 mA
(RAS=CAS=V((-0.2V)
CAS BEFORE RAS REFRESH CURRENT 1C5141013,2-80| — | 105
Iccs Average Power Supply Current, CAS Before RAS mA | 3
Ylode (RAS, CAS Cycling: tgc=tpc MIN.) TC514101J/Z—10 — 20
INPUT LEAKAGE CURRENT
I1(L) |Input Leakage Current, any input (OV<Vyy<6.5V, All -10 10 HA
Other Pins not under Test=0V)
IO(L) OUTPUT LEAKAGE CURRENT
(Doyr is disabled, OV £ Voypg 5.5V) S10] 10} ua
Vox OUTPUT LEVEL
Output "H" Level Voltage (Igyr=-5mA) 2.4 -V
VOL OUTPUT LEVEL 4 v
Output "L" Level Voltage (IpgyT=4.2mA) - |0
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TC514014/2-60, TC514101J/2-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS
(Voe=5V#10%, Ta=0~v70°C) (Notes 5, 6, 7)

TC514101J/2 | TC514101J/2
SYMBOL PARAMETER -80 -10 UNIT |NOTES
MIN. MAX. |MIN. MAX.

trRC Random Read or Write Cycle Time 150 | - 180 - ns

trRWC Read-Write Cycle Time 175 - 210 - ns

tNe Nibble Mode Cycle Time 40 - 45 - ns

U!NRMW ([Nibble Mode Read-Write Cycle Time 65 - 75 - ns

tRAC |Access Time from RAS - 80 - 100 ns 8,13
tcac  |Access Time from CAS - 20 - 25 ns | 8,13
taa Access Time from Column Address - 40 - 50 ns | 8,14
tNCAC |Nibble Mode Access Time - 20 - 25 ns 8
tcLz  |CAS to Output in Low-2 - - ns 8
toFF |Output Buffer Turn-off Delay 20 30 ns 9
tr Transition Time (Rise and Fall) 3 50 3 50 ns 7
tRp RAS Precharge Time 60 - 70 - ns

traS |RAS Pulse Width 80 {10,000 | 100| 10,000 | ns

tRSH RAS Hold Time 20 - 25 - ns

tcsH |CAS Hold Time 80 - 100 - ns

tcas  |CAS Pulse Width 20 {10,000 25| 10,000 | ns

trep  |RAS to CAS Delay Time 20 60 25 75 ns | 13
CRAD |RAS to Column Address Delay Time 15 40 20 50 ns | 14
terp CAS to RAS Precharge Time 5 - 10 - ns

tcp CAS Precharge Time 10 - 10 - ns

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

tpay  |Row Address Hold Time 10 - 15 - ns

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

tcaH  |Column Address Hold Time 15 - 20 - ns

AR Column Address Hold Time referenced to RAS| 60 - 75 - ns

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

tRcS |Read Command Set-Up Time 0 - 0 - ns

trRcH  |Read Command Hold Time 0 - 0 - ns 10
tRRH Read Command Hold Time referenced to RAS - - ns 10
twcH |Write Command Hold Time 15 - 20 - ns

tWCR |Write Command Hold Time referenced to RAS| 60 - 75 - ns

typ Write Command Pulse Width 15 - 20 - ns

ERWL |Write Command to RAS Lead Time 20 - 25 - ns
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T651401J/2-80, TC514101J/2-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Continued)

TC514101J/Z | TC514101J/2
SYMBOL PARAMETER -80 -10 UNITS [NOTES
MIN. MAX. | MIN. MAX.

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

tps Data Set-Up Time o | - 0 - ns | 11
tDH Data Hoi—dﬁiTime - 771”5”A A "_‘“ B :;E)ﬁ“ “T*""'ns 11
tpHR |Data Hold Time referenced to RAS | 60 | - | 75 - ns
CREF Ref;'Sh Period - IE) |- 16 ms

twes Write Command Sct-Up Time 0 - 0 - ns 12
Ccwp |CAS to WRITE Delay Time 20 - 25 - ns | 12
CRWD |RAS to WRITE Delay Time 80 - 100 - ns | 12
tAWD |Column Address to WRITE Delay Time 40 - 50 - ns | 12
tCSR  |CAS Set-Up Time —(gﬂ before RAS Cycle) 10 - 10 - ns

tCHR  |CAS Hold Time (CAS before RAS Cycle) 30 - 5h()~* - ns
tRPC |RAS to CAS Precharge Time 0 - 0 - ns

tepr @Precharggime 40 _ 50 - ns

(CAS before RAS Counter Test Cycle)

ENCAS |Nibble Mode Pulse Width 20 - 25 - ns

tNcp  |Nibble Mode CAS Precharge Time 10 - 10 - ns
ENRSH |Nibble Mode RAS Hold Time 20 - 25 - ns
ENCWD  |Nibble Mode CAS to WRITE Delay Time 20 - 25 - ns

Nibble Mode WRITE Command to RAS Lead

ENRWL  |Time 20 - 25 - ns
ENCHL I;-i;’zle Mode WRITE Command to CAS Lead 20 B ’5 _ s

tWTS Write Command Set-Up Time (Test Mode In) 10 - 10 - ns
tWTH Write Command Hold Time (Test Mode In) 10 - 10 - ns
e [T B Rk o DERRE
o [FTE - B id T o e
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TC51401J/2-80, TC5141014/2-10

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS IN THE TEST MODE

(WOTL 15)
TC514103/2 TC514101J/2
SYMBOL PARAMETER -80 -10 UNIT |[NOTLS
MIN. MAX. MIN.| MAaX.
tRC Random Read or Write Cycle Time 155 - 185 - ns
tRWC | Read-Write Cycle Time 180 - 215 | - ne
tRAC Access Time from RAS - 85 - —-1;5» ns (8,13
teac Access Time from CAS - 25 - 30 ns |8,13
tan sccess Time from Column Address - 45 - 55 ns (8,14
tras RAS Pulse Width 85 10,000} 105 }|10,000 ns
tRSH RAS Hold Time 25 - 30 - ns
tocsy | CAS Hold Time 85 - 105 | - ns
teas | CAS Pulse Width 25 110,000| 30 |10,000| ns
tRAL Column Address to RAS Lead Time 45 - 55 - ns
tewn CAS to WRITE Delay Time 25 - 30 - ns | 12
LRWD RAS to WRITE Delay Time 85 - 105 - ns 12
tAWD Column Address to WRITE Delay Time 45 - 55 - ns |12

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

SYMBOL PARAMETER MIN. MAX. UNIT
C11 Input Capacitance (A0~ A10, D1yn) - 5 pF
C12 Input Capacitance (RAS, CAS, WRITE) - 7 pF
Co Output Capacitance (DgyT) - 7 pF
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TC51401J/2-80, TC5141014/2-10

NOTES:

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

2. All voltages are referenced to Vgg.
3. TIcc1s Icess Tecas Icge depend on cycle rate.

4. Tcels Tces depend on output loading. Specificed values are obtained with the
output open.

5. An initial pause of 200ps is required after power-up followed bv 8 RAS cycles
before proper device operation is achicved.  In casc of using internal refresh

cycles are required.

6. -AC measurements assume tp=5nS.

7. Vyg(min.) and Vip(max.) are refercnce levels for measuring timing of input
signals. Also, transition times are measured between Viyg and Vip.

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

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

10. Either tpcoy or trpy must be satisfied for a read cycle.

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

12.  tycs, tRWD> tcwD and tawp are not restrictive operating parameters. They are
included in the data sheet as electrical characteristics onlv. If tycsZ tycs
(min.), the cycle is an early write cycle and data out pin will remain open
circuit (high impedance) through the entire cyclej If tgyp2 tgryp(min.),
towp 2 tewp(min.) and tpayp 2 tayp(min.), the cycle is a read-write cycle and
data out will contain data read from the selected cell: If neither of the
above sets of conditions is satisfied, the condition of the data out (at access
time) is indeterminate.

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

14. Operation within the trap(max.) limit insures that tRAC(max.) can be met.
trap(max.) is specified as a reference point only: If tgap is greater than the

specified tppp(max.) limit, then access time is controlled by tap-

15. These specifications are applied in the test mode.
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TIMING WAVEFORMS
READ CYCLE
Vin —

Vi T

— Vig —
CAS

ViL

AO0~ATO

WRITE

Von —
Dour .

VoL

WRITE CYCLE (EARLY

TC51401J4/2-80, TC5141014/2-10

tre
— tRAS
E—
\! t AR /
trp
tesH .
tenp tRCD tRSH tcrp
i
7 tcas ‘|/ /
tRAD j traL
task| | ‘nraH Lasq_tg
/ ROW / COLUMN iy, 777777
// ADDRESS YX/ ADDRLESS / // // /
t RRH
ﬂ[lj tRCH
// / / //// teac ¢ W /
AA
/ tThac /
tOFF

Vi

ViL

Vin

“a
>
w

Vip

v
AO~A10 IH

Vin — t
WRITE 152222;222; % WP

Vi —

Din v
L
Vou —

Dout v
oL —

VALID DATA}—-————

WRITE)
tRC
tRAS
tAR - /
\ | / tRp \
tesH
tcrP
"CRP trCD tRSH CR
i tcas f
tRAD \
tRAL
LASR traH ||tASC t cAH
i
| ROW COLUMN
ADDRESS | \ ADDRESS /,
' ' tcwL

twe

tweH

1

twcr

tps

tpH

T
tRWL

LI

WL

//m VALID DATA
L

tDHR

— A-205 —
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TC51401J/2-80, TC5141014/2-10

READ-WRITE CYCLE

RAS

CAS

A0~A10

WRITE

Dour

trwe
LRAS
Viyg —_ﬂ\ tAR / 3
ViL — tRP
t RsH
tcsH
tcrp tRCD tcas torp
Vig — : 3 \ /—-—-——-
] RAD \ /
ViL —
¢ ¢ tasc|tcan
AS RAH tRAL
o X ks WX sssess Wik
VL — DRESS ADDRESS
t RwD towL,
t AWD
tRCs | tcwp t R,
1
o i (I
L t
AL twp tOFF
tcLz
Von — OPEN
. VALID DATA >———————
VoL — tRAC
tps, tpi
o T R s Wi
VL — DATA //

— A-206 —
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NIBBLE MODE READ CYCLE

CAS

AO~A10

Dour

WRITE

NIBBLE MODE

TC51401J/2-80, TC5141014/2-10

tRAS trp
Vi ——"'—‘—"'\ AR /t——‘j\_
Vie —
tesy
terp tReD teas 'NC t NRSH
Vig — 8 7
: YRAD [/
Vi T L RAH ;
tASR tase tcan |tnep I LNCAS
Vin “‘/ ROW ) COL / "/ / /
Vi, — ADD ADD '/ )
tcac Lt.c“c
t ey T t
thac CLZ|  |topp OFF
Vou — /
VALID VALIDN— /VALIDY /VbLID
VoL — OPEN &%mm >‘ <,DATA ST\
AA LRRH
tres |, ROy, _}tRCS Yren
S/ A VA VAR
Vi —

WRITE CYCLE (

EARLY WRITE)

3

e
w

A0~A10

WRITE

DIN

Dout

tras trp
Viy ——— tAR E\—_
Vi, —
tesy
tcrp tReD tcas tNC tNRSH
v ___'l" . | | .
S/ R /\ /
Vi, — tRA}:ll
tASR t f toan tpg;’ tncas 1
v — J
o A8 K S8 KT / /
Vi — A )
CE t twcH rL——‘t ——
twes twCH WCS| L NRWL
/7 A RN LI
ViL — /
twp
| teww
1
A% —_— I
H VALID VALID VALID VALID %
Vi, — DATA DATA DATA DATA
tps _#_ tpn tpg ‘!. tpH
tDHR
Ve —
OH OPEN
VoL
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TG51401J/2-80, TC5141014/2-10

NIBBLE MODE READ-WRITE CYCLE

AO0~A10

WRITE

DiN

Dout

Vin
ViL

Vin

tRAS trp

X tAR

tcsH

tCRq trep

N RMW tNRSH

— L RAIT \

tcas [; w //“““““‘"’

tASR tasg

t cAH NCP tNCAS

X8 A8 K

tRaD_| tcwp Rqu tNowL N
NCWL
L RWD
tawD twp | tNCW ::ngi_ tNRWL
t tps tDH

T /b{w RS e

tcag

taa

YOFF | tncac

trac

tcrz

VALID | VALID VALID JALID
DATA \ DATA DATA TA

: HHII or "L"
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TC51401J4/2-80, TC5141014/2-10

RAS ONLY REFRESH CYCLE

AQ~A9

Doutr

tRe

trp

Vig —— % trAS / \
Vi — \

1L

‘RPC

- a
'm \—/

Vib —

|
S, S
[74: "u" or "L"

NOTE: WRITE="H" or "L" , Al0="H" or '"L"
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TC51401J/2-80, TC514101J/2-10

CAS BEFORE RAS REFRESH CYCLE

WRITE

Dour

Vin —
ViL —
v

Vin —

ViL —

Vou —

VoL

trC

tRp

Y e — A

|
trpc

fcp_| tesR tCHR

o/ { T

twre | |twry

Y N,

tOFF

} OPEN

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

TC51401J/2-80, TC5141014/2-10

tre
trp
o Vig — X t . b -/
— o \ RAS / \L RAS l
it CRP| tRCD tRSH
L Vi — tCHR S
w TS /
tRAD tRAL
tAR
t ASR ItRAH tasc tcan
o " TN WX e WAL
- tncle tRRH + L"‘%&Li‘ﬂ%?
o Vi, — / // / tcac W W/// ////
taa
traC LoFF
Doyt :{;Z: : VALID DATA >_—‘
terz

— A-21
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TC514014/Z-80, TGC5141014/Z-10

HIDDEN REFRESH CYCLE (WRITE)

o TN ey

w 2T —

AAAAAA D VO =
N ] o,

e I =Y O

/R

Vog —

Dout

: "H" or "L"
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TC514014/2-80, TC5141014/Z-10

CAS BEFORE RAS REFRESH COUNTER TEST CYCLE

_ v
fas [
ViL
. Vin
CAS
ViL
v
A0~a1o M
Vi
READ CYCLE
Vou
Dour .
VoL
____ Viu
WRITE
~ ViL

E

oUT

WRITE

DN

~

—

Dout

Din

WRITE CYCLE

VOH
'OL

Vin
ViL

Vin
Vi

READ-WRITE CYCLE

—/

| trAS t Rp
e - F\—
tepT
— t t - ta g
"—\csn C}{I;F—j\ CAS /
— — \
tAsC toAH
/ / //; ;;X COLUMN K////, ) /(/ //
teac
) tRAL
taa torF
OPEN VALID DATA @———
.

tRCS

twrp

-

OPEN

tpwy,
towy

twes | twen

/ twp // /
\\/ . /) /)
;
tps tpH ‘

|
K

:/// / // /), /Xt VALID DATA ////
tcac
oLy, Ef,
: OPEN —_W VALID DATA >——-—-
tAn } town .
B t].wﬂll iV.‘EH_.J t AWD t RWL
/e XU v \ 7/ W
t CwD twp

/

/

ny" or IlLu

ZE
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TG514014/2-80, TC514101J4/2-10

TEST MODE IN CYCLE

o e e

we "~ TS =TT
OH — to}j}‘

v
UT
VoL —

NOTE: Dy, A0V AD © ' or "L (//] : "8" or "L"
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TC51401J/2-80, TC514101J/2-10

APPLICATION INFORMATION
ADDRESSING

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

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

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

have been changed from Row address to Column address information.

DATA INPUT/OQUTPUT

Data to be written into a selected cell is latched into an on-chip register by
a combination of WRITE and CAS while RAS is active. The later of the signals (WRITE
or CAS) to make its negative transition is the strobe for the Data In (DIN) register.
This permits several options in the write cvcle timing. In a write cycle, if the
WRITE input is brought low (active) prior to CAS, the Dyy is strobed by CAS and the
set—up and hold times are referenced to CAS. If the input data is not available at
CAS time or if it is desired that the cycle be a read-write cvcle, 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, D1y is referenced to
WRITE in the timing diagrams depicting the read-write and nibble mode write cycles
while the "early write" cycle diagram shows Diy referenced to CAS).

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

within the specified access time.
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TC51401J/2-80, TC5141014/2-10

DATA OUTPUT CONTROL

The normal condition of the Data Output (Dgyp) of the TC514101J/Z is the high
impedance (open circuit) state. This is to say, anytime CAS is at a high level, the
Doyt pin will be floating. The only time the output will turn on and contain either
a logic 0 or logic 1 is at access time during a read cycle. Doyt will remain valid

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

NIBBLE MODE

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

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

—(0, 0) (0, 1) (1, 0) —=(1, l)——;J
l

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

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

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

RAS ONLY REFRESH

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

is most easily accomplished with "RAS-only" cycles.
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TC51401J/2-80, TC514101J/2-10

CAS BEFORE RAS REFRESH

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

preparation for the next CAS before RAS refresh operation.

HIDDEN REFRESH

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

(See Figure below)

MEMORY CYCLE REFRESH CYCLE REFRESH CYCLE

s N
— M\ Vam
}__

This feature allows a refresh cycle to be "hidden" among data cycles without
y g

0
>
vl

AN

OPEN
Dour l B

affecting the data availability.
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TC51401J/2-80, TC5141014/2-10

CAS BEFORE RAS REFRESH COUNTER TEST

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

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

tion cycles. The test procedure is as follows.

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

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

@ Check "1" out of 1024 bits at normal read mode, which was written at @

(%) Using the same column as (2), read "1" out and write "0" in each cell per-
forming CAS BEFORE RAS REFRESH COUNTER TEST.
Repeat this operation 1024 times.

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

(® Perform the above (1) to (5) the complement data.
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TC51401J/2-80, TC514101J/2-10

TEST MODE

The TC514101J/Z is the RAM organized 4,194,304 words by 1 bit, it is internally
organized 524,288 words by 8 bits. 1In "Test Mode', data are written into 8 sectors
in parallel and retrieved the same way. AlOR, Al10C and AQOC are not used. If, upon
reading, all bits are equal (all "1"s or "0"s), the data output pin indicates a "1'".
If any of the bits differed, the data output pin would indicate a '"0". TFig. 1 shows
the block diagram of TC514101J/Z. 1In "Test Mode', the 4M DRAM can be tested as if
it were a 512K DRAM.

"WRITE, CAS Before RAS Cycle (Test Mode in Cycle)" shown in Page 15 puts the
device into "Test Mode". And "CAS Before RAS refresh Cycle" or "RAS Only Refresh
Cycle'" puts it back into 'Normal Mode". The "Test Mode' function reduces test times

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

Al0R, A10C,A0C

O~ O

Al10R,A10C,AOC

AlOR,A10C,AO0C

OO

A1O0R,Al10C,AuC
'_’_'_'O\

AIOR,A10C,A0C

—0— O

ot

AI0R,A10C, AOC

~O~0-

AIOR,A10C,A0C
$———O~O0——

Al10R,A10C,AQOC

(9!

Al10R,AIOC,A
L———O-\O——

?\
——————0
———————0
———————o0
——————o
o
A
512K block
A
B
512K block [—
B
c }
512K block [—
c
D
512K block
D
E ——
512K block :}L—
E }
F
512K block DJF
G
512K block [
G
512K block [
o¢ T A10R, A10C,A0C
L
N

Fig. 1

Normal

—L

Test

Test

Normal

Dout




TC51401J/2-80, TC514101J/2-10

+ Plastic SOJ

Unit in mm

17.02~17.27 o 0.8 MIN.
26 25 24 23 22 18 17 16 15 14
[ o raerm Mmoo r_(:;i —
- w S
=3 ~ o
> & -
) ! ! i
~ © ©
= 0 0
INDEX DOT =) & 2
s gy e gy s gy sy e |y s gy e gy s gy e @ I 8
1 2 3 4 5 9 10 11 12 13
066~0.81

3.70 MAX.

041~050 ||

Note: Package width and length do not include mold protrusion, allowable

mold protrusion is 0.15mm.
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TC51401J/2-80, TC514101J/2-10
« Plastic ZIP

Unit in mm

263 MAX.

=|l 3.0M
SIS
2 3
= F
© wn
INDEX DOT Y
o
JU LN |
n .
8 afufagy I P N
Z
S
<o
v VVVY > +007
: 025-005
05401 127 TYP.
' 127TYP.
254 TYP.
1

Note: Package width and length do not include mold protrusion,

allowable mold protrusion is 0.15mm.



TOSHIBA MOS MEMORY PRODUCTS

TC514102J/2-80, TC514102J/2-10

DESCRIPTION

The TC514102J/Z is the new generation dynamic RAM organized 4,194,304 words by 1

bit.

The TC514102J/Z utilizes TOSHIBA's CMOS Silicon gate process technology as well
8

as advanced circuit techniques to provide wide operating margins, both internally and

to the system user.

Multiplexed address inputs permit the TC514102J/Z to be packaged

in a standard 26/20 pin plastic S0J and 20 pin plastic ZIP. The package size provides

high system bit densitics 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 Schottl TTL.

550mi Operating (TC514102J/Z-80)

FEATURES
+ 4,194,304 word by 1 bit organization + Low power
+ Fast access time and cycle time
TC514102J/Z2-80/-10
ERAC RAS Acgess Time 30ns 100ns 5.5ml] MAX.
£CAC CS Access Time 20ns 25ns .
trRC Cycle Time 150ns 180ns operation
Static Column -
£SC fode Cvele Time 45ns 55ns

» Single power supply

of S5V+10/ with

built-in Vg cencrator

PIM CONMECTION

Plastic SOJ

(TOP VIEW)

oS
HVss

)

oL

Sancartarrra
’ v
i

Sy

PIN NAMES
AQ v A1O| Address Inputs
RAS Row Address Strobe
DIN Data In
Dout |Data Out
CS Chip Select TInput
WRITE |Read/Urite Iﬁpug—__Aﬁ—__
vce Power (+5V)
Vss Ground
N.C. No Connection T

a

Standby

468mW Operating (TC5141023/Z-10)

+ Output unlatched at cycle end allows two-
dimensional chip selection
Common I/0 capability using "EARLY WRITE"

+ Read-Modifv-lirite, CS before RAS refresh,
RAS-only refresh, Hidden refresh, Static
Column Mode and Test Mode capability

« All inputs and output TTL compatible
- 1024 refresh cycles/léms

Plastic SOJ: TC514102J
Plastic ZIP: TC514102Z2

Package

BLOCK DIAGRAM

WHTE

WﬂTTﬁCF———W_____
SO o T

AT DN
No.2 CLOCK pLIIER DOUT
GEALRATOL —
BUFTER
e N B
COLUMN T Yoo an
40 o] 11 JADDRESS V| BECODER
Al O— BUIFERS(11) —— 1=
A2 0 — SENSE AP
: REFRESH = b b AMP
A3 0 CONTROLLER L0 GATING
A4 O 096
e 4096 -~
A5 0— REIRESH
A6 O— COUNTRRO10D
A7 0 i
A8 O— - = MEMORY
0 o ROW = |1024
X =N\ ADDBRI S - = ARAY
MU L A e 1 =
)
- No.l CLOCK
RAS 0= CEXERATOR SUBSTRATE BIAS Voo
GENERATOR e vy
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T65141024/2-80, TC5141024/2-10

ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTE
Input Voltage VIiN -1v7 \Y 1
Output Voltage Vour -1~ 7 ' 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 Pp 600 miW 1
Short Circuit Output Current IouT 50 mA 1

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT NOTE
Vce Supply Voltage 4.5 5.0 5.5 \Y 2
V1iH Input High Voltage 2.4 - 6.5 v 2
VIiL Input Low Voltage 1.0 _ 0.8 v 2

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

SYMBOL PARAMETER MIN.|MAX . UNITS|NOTES
OPERATING CURRENT i TC51410212-80 | — | 100

Iccl Average Power Supply Operating Current mA 3, 4
(RAS, CS, Address Cycling: tpe=tgc MIN.) TC51410277-10 | = | 85
STANDBY CURRENT

Iccy |Power Supply Standby Current - 2 mA
(RAS=CS=V1y)
RAS ONLY REFRESH CURRENT TC51410257-80 | - | 100

Icc3 |Average Power Supply Current, RAS Only Mode mA 3
(RAS Cycling, CS=Vig: tpe=trc MIN.) TC514102J.72-10 | — 85
STATIC COLUMN MODE CURRENT - . _ 60

Iccs |Average Power Supply Current, Static Column Mode TC5111020 72780 mA 3, 4
(RAS=CS=Vy],, Address Cycling: tgg=tgc MIN.) TC51410217Z-10 | = | 50
STANDBY CURRENT

Ices  |Power Supply Standby Current - 1 mA
(RAS=CS=V(-0.2V)
CS BEFORE RAS REFRESH CURRENT Te51110207-80 1 - | 100

Icce |Average Power Supply Current, CS Before RAS Mode mA 3
(RAS, CS Cycling: tgc=tpc MIN.) TC514102/%-10| = | 85
INPUT LEAKAGE CURRENT

Ir(r) |Imput Leakage Current, any input (OVEVyyZ 6.5V, All Other 10! 10 | ua
Pins Not Under Test=0V)
OUTP (AGE CURRENT

T1(L) UT UT‘LEAI'\A EAC 1ol 10 | ua
(DOUT is disabled, OV Z VyupZ 5.5V)

v OUTPUT LLVEL I

OH Output '"H" Level Voltagce (Igpp=-5mA) 2.40 - v
OUTPUT LEVEL )

\Y . -

oL Output "L" Level Voltage (Igyr=é.2mA) 0.4 v
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TC5141024/2-80, TC5141024/2-10

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

TC5141023/Z | TC514102J3/2
SYMBOL PARAMETER il =10 UNIT | NOTES
MIN, MAX. |MIN. MAX.
tRC Random Read or Write Cycle Time 150 - 180 - ns
tRWC |Rcad-Write Cycle Time 175 - 210 - ns
tsc Static Column Mode Cycle Time 45 - 55 - ns
tsryc |Static Column Mode Read-Write Cycle Time| 80 - 10Q - ns |-
tRAC |Access Ti<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>