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TOSHIBA

1. Dynamic RAM

Capaci Device Organization | Process ™ Fime | Suppie N ) Ping | Alternate
tRAC tcAC Min. (ns) (V) Active Standby ource
TMM416P—2 150 100 320 +5 MK4116-2
16K Bit | TMM416P—3 16,384x 1 | NMOS | 200 135 375 -5 462 20 16 [MK4116-3
TMM416P—4 250 165 410 +12 MK4116—4
T™MM4164P—2 | 120 80 260
TMMA4164P—3 150 100 260 +5 275 275 16 —
6aK Bit LLMA164P—4 66536 x 1 | NMOS |— 220 1% 330
TMMA4164AP—12 120 60 | 220 [
TMM4164AP—15 150 75 260 +5 275 22 16 —
TMMA4164AP—20 200 100 330
256K Bit | MA126C12 | o 1aax 1 | NMOS 120 © 220 w5 330 27.5 16 —
«| TMM41256C—15 | " 150 75 260 275 —1
Note; TMM41256C : Page Mode Parts
2. Static RAM
Power Dissipation
|[ Ci i Device o} izatit Process el";fne:‘ $Y:\I: Powo.r Max. (mW) Pins Aslgamata
Max. (ns) | Min. (ns) (V) Active Standby urce
TMM314AP—1 200 200 | i2114-2
TMM314AP—3 300 300 550 — i2114-3
TMM314AP 450 450 i2114
1,024x4 | NMOS +5 t 18
TMM314APL—1 200 200 i2114L—2
. [TMM314APL=3 300 300 385 — i2114L-3
4K Bt [T\ M314APL 450 450 i2114L
TMM2114AP—12 120 120 )
: Mz AP 15 ] 1024x4 | NMOS % 1% +65 330 — 18 |i2114A
TMM315D—1 55 55 990 165
MMB1ED 4,096 x 1 ' NMOS 0 = +5 gm0 10 18 |i2147-3
TMM2016P/D—1 ’ 100 100 660 83
[ TMM2016P/D 2,048x8 | NMOS 150 150 +5 550 83 24 {(HM6116)
| TMM2016P/D-2 200 200 770 165
[ | TMM2016AP—90 | 90 90 440
; TMM2016AP—10 | ) gk | NMOS o0 005 | 3% 38.5 24 |(HMB116)
! | TMM2016AP—12 120 120 | \ 358
| 18K Bit | TMM2016AP—-15 150 150 | 358
‘ *| TMM2015AP—90 | 90 90 ?_J.L}oﬂﬁ
*[ TMM2015AP—10 100 100 368
J [ Tvmzotsap_12 | 2048x8 | NMOS |——7, 120 s 358 3.5 2 -
| *[ TMM2015AP—15 150 150 | 3658
| TMM2018D—45 45 45|
2,048x8 | NMOS +65 788 105 24 —
[ TMM2018D—66 55 55 |

Note; Package TMM2016AP 0.6 inch width DIP
TMM2015AP: 0.3 inch width DIP
TMM2018D: 0.3 inch width DIP

Note; Package Material P: Plastic C: Ceramic D: Cerdip F: Plastic Flat
*Preliminary: These are target specifications and are subject to change without notice.
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3. CMOS Static RAM

L Access Cycle Power PWN';,? i(':m"m Alternate
Capacity Device Number Organization Process Time Time Si " Pins Source
Max. (ns) | Min. (ns) (v) Active | Standby
2 TC5501P 450 450 i5101L-1
Tt TC5501 P—1 26 x4 Ccmos 650 650 s 83 0.055 22 i5101L
TC5047AP-1 550 650
TC5047AP—2 1,024 x 4 CMOS 300 1000 +5 110 0.1 20 |wuPD445
TC5504AP/AD—2 200 300
275 0.1
TCE504AP/AD—3 4,006 x 1 cMos 300 420 +5 18 | (HMB504)
TC5504APL/ADL—2 200 300 275 0.005
TC5504APL/ADL-3 300 420
N TC5514AP/AD—2 200 200
4K Bt CE514APIAD—3 rozxa | cmos 300 300 ' 75 on i
TC5514APL/ADL-2 200 200 275 0.005
TC5514APL/ADL-3 300 300 (HMB514)
TC5513AP/AD—-20 1024 x 4 cMos 200 200 5 275 0.11 18
TC5513APL/ADL—20 ’ 200 200 : 0.005
TC5514P 450 450 138
TC5514P—1 1.024 x4 CMOS 650 650 8 110 0.1 18
TC5516AP/AD/AF—2 200 200
385 0.165
TC5516AP/AD/AF 20488 cMos 250 250 +5 2 _
TC5516APL/ADL/AFL-2 ’ i 200 200
TC5516APL/ADL/AFL 250 250 385 0.00
TC5517AP/AD/AF -2 200 200 . 385 0.165 (TMM2016)
N TC5517AP/AD/AF 250 250 (HM6116L)
16K Bit 2,048 x 8 CMOS +5 24
TC5517APL/ADL/AFL—2 200 200 385 0.005
TC5517APL/ADL/AFL 250 250
TC55178P/BD/BF —20 2048x8 cMOS 200 200 +5 565 0.165 2 (TMM2016)
TC55178BPL/BDL/BFL—20 ’ 200 200 0.005 (HMB116L)
TC5518BP/BD/BF —20 2048 x 8 cMos 200 200 +5 55 0.165 2 _
TC5518BPL/BDL/BFL—20 : 200 200 0.005
*| TC5564P—10 100 100
»|TC8564P—15 8,192 8 cMos 150 150 +5 55 . 28 -
*| TC5564PL—10 : 100 100
. *| TC5564PL—15 150 150 0.008
BaK Bit I Coseap_12 120 120
TC5565P—15 8.192x8 CMOSs/ 150 150 5 55 58 28 _
TCB565PL—12 NMOS 120 120
TC5565PL—15 150 150 0.85
Note Package Material P: Plastic . C: Ceramic D: Cerdip F: Plastic Flat

*Preliminary: These are target specifications and are subject to change without notice.




4. Erasable Programmable ROM

TOSHIBA

Power Dissipation
Access Cycle Power
Capacity Device Number Organization Process Time Time ax. Im Pins Aétomato
Max. (ns) | Min. (ns) v) Active b ource
TMM2764D—2 200 200 630 184 i2764
TMM2764D 250 250
64K Bit 8,192x 8 NMOS S S +5 28
TMM2764DI-2 200 200 683 210
TMM2764D! 250 250 —
TMM27128D—20 200 200
128K Bit 16,384 x 8 N + i
i TMM27128D—25 X MOS 250 250 5 630 184 28 i27128
Note; TMM2764D1/DI-2: (Operating temperature range: —40°C ~ 85°C)
5 Mask Programmable ROM
Access Cycle Power Power Dissipation
Capacity Device Nnumber | Organization Process Time Time i Max. (mW) Pins A;:::‘:?
Max. (ns) | Min. (ns) (V) Active | Standby
16K Bit TMM334P 2,048 x 8 NMOS 450 450 +5 440 — 24 i2316E
TMM333P 450 450 525 24 TMS4732
2K Bi 40! NMOS +5
32K Bit TMM2332P 96 %8 o 350 350 550 83 24 12332
TMM2364P 250 350 220 83 28 12364
64K Bit TMM2365P 8,192x 8 NMOS 200 200 +5 550 138 28 (i2364)
TMM2366P 200 200 550 138 24 MK36000
128K Bit * | TMM23128P 16,384 x 8 NMOS 200 200 +5 440 110 28 —
256K Bit TMM23256P 32,768 x 8 NMOS 150 230 +5 220 55 28 —
6. CMOS Mask Programmable ROM
Power Dissipation
Access Cycle Power
Capacity Device Number Organization Process Time Time li Max. (mW) Pins A;:evur::e
Max. (ns) | Min. (ns) (V) Active | Standby
TC5332P 450 450 TMM2332
TC5333P
32K Bit 450 540 +5 39 o 2 (TMM2332)
TC5334pP 4.006x8 eMos 450 450 : TMM333
TC5335P 450 540 (TMM333)
* | TC5364P 250 350 28 TMM2364
64K Bit * | TC5365P 8,192x 8 CMOS 250 250 +5 39 0.11 28 TMM2365
* | TC5366P 250 250 24 TMM2366
256K Bit * | TC53256P 32,768 x 8 CMOS 350 450 +5 83 0.11 28 (TMM23256)

Note Package Material P: Plastic C: Ceramic D: Cerdip F: Plastic Flat
*Preliminary: These are tartet specifications and are subject to change without notice.




DYNAMIC RAM

TOSHIBA DYNAMIC RAM

(120 ns)

(150 ns)

16K BIT TMM416P—2 TMM416P-3 TMM416P—4
(150 ns) (200 ns) (250 ns)
64K BIT TMMA4164P—2 TMM4164P—3 TMM4164P—4
(120 ns) (150 ns) (200 ns)
TMM4164AP—12 TMM4164AP—15 TMM4164AP—20
(120 ns) (150 ns) (200 ns)
* *
256K BIT TMM41256C—12 TMM41256C—-15

*: PRELIMINARY
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STATIC
RAM

TOSHIBA STATIC RAM (NMOS STATIC RAM, CMOS STATIC RAM)

ITMM2114AP 12{ | TMM314AP-1 TMM314AP—3 TMM314AP
T [ TMM2114AP—15{] TMM314APL—1 TMM314APL-3 TMM314APL

(120 ns/150 ns) (200 ns)

4K x 1J———| TMM315D~LH;I'MM315D J

(55 ns) (70 ns)

(300 ns) (450 ns)

(45 ns/85 ns)

TMM2018D—45 —
et e mm2016P—1 f—] TMm2016P  |—f MMm2016P—2 |
(100 ns) (150 ns) (200 ns)

[mm2016AP-90HTMM20164P—10H TMM2016AP—12]{ TMM2016AP—15]

(90 ns) (100 ns) * (120 ns)

(150 ns)

¥ *
*
——-—FMM2015AP—90 MM2015AP— 10} TMM20154P—12H TIM2015AP—15

(90 ns) (100 ns) (120 ns)

(150 ns)

J| TC5501P—H TC550‘|P~1]

L emos 4 axeiT

TC5514AP—2 TC5514AP-3
TCB513AP-20

[ _
[ vessoanr—2 F—— Tess0anr-3|

(200 ns) (300 ns)

P TC5516AP—2 TC5516A
TC5617AP-2 LN
(250 ns)
TC5617BP—20
TC5618BP—20
* * 00
64K BIT 8K x 8 TCE564P—10 H TC5564P—15 (200 ns)

(100 ns) (150 ns)
Tess65P—12 |- TCEBE5P 15 |
(120 ns) (150 ns)

(450 ns) (650 ns)
JITC5047AP—1|——|TC5O47AP—2I
(550 ns) (800ns)
TC5514P H TC5514P—1 I
(450 ns) (650 ns)

*: PRELIMINARY
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TOSHIBA EPROM

64K BIT 8K x 8 L TMM2764D—2 TMM2764D
TMM2764D1—2 TMM2764DI
EPROM | (200 ns) (250 ns)
128K BIT 16K x 8 TMM27128D—20 TMM27128D—25
(200 ns) (250 ns)

DI version: Operating Temperature = —40 ~ 85°C

TOSHIBA MASK ROM (NMOS MASK ROM, CMOS MASK ROM)

r——l 16K Bl'Ij———-I 2K><81| i TMM334P l

(450 ns)
—' 32K BIT l—l 4K x 8 1I IL TMM2332P—|-——|7TMM333P I
(350 ns) (450 ns)
MASK L1 \mos 64K BIT 8K x8 | TMM2364P
ROM
(250 ns)
. TMM2365P
128K BIT 16K x 8 TMM23128P TMM2366P
(200 ns) (200 ns)
——I 256K BIH 32K x 8 H TMM23256P ]
(150 ns)
] TC5332P, TC5333P
CMOS 32K B'TH 4Kx8 | TC5334P, TC5335P
* (450 ns)
TC5364P
64K BITH 8K x 8 J— TC5365P
TC5366P
(250 ns)

*
K BI K T 56P
256 TH32 *: PRELIMINARY

(350 ns)

Va8IHSO0l



ACCESS TIME (ns)

800

700

600

500

400

300

200

MEMORY SELECTION GUIDE 1.

Note; *: Preliminary

TCS047AP—2
TCs501 P TCE514P-1
TC5047AP—1
TMM3T4AP TC5332P
TCs501P T TMM334P Jesssy
TC5334P
TC5335P
TMM333P
TMM2332p *+TC53256P
TMM314AP—-3
TC5514AP—3
TC5504AP—3
TMM2764D
TMM2364P
o TMMA416P—4 *TC5364P TMM27128D—-25
*TC5365P
*TC5366P
TMM2016P—2  TCC5517AP—2 TMM4164P—4
TMM314AP—1 TMMA416P—3  *TC5517BP—20 TMM2764D—2 TMM27128D—20
TC5514AP—2 TC5516AP—2  *TC5518BP—20 TMM2365P *TMM23128P
TC5513AP—20 TMM2366P
TMM4164AP—20
. _ TMMA4164P—2/3
TMM2114aP—12 | JMM2016P YTMM2015AP—12 TMMA4164AP-12/15 *TMM41256C—12
TMM2016AP—12 *TMM2015AP—15 TMM23256P
TMM2114AP—15 | T aror »TCE564P—15 *TMM41256C—15
TC5565P-12/15
TMM2016P—1  *TMM2015AP—10 .
T TMM2016AP—10 *TMM2015AP—90 TC5564P—10
TMM2016AP—90 TMM2018D—56
TMM2018D—45
1K Bit 4K Bit 16K Bit 32K Bit 64K Bit 128K Bit 256K Bit

VEIHSOL
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MEMORY SELECTION GUIDE (2)

Memory Capacity

Memory Type
1K Bit 4K Bit 16K Bit 32K Bit 64K Bit 128K Bit 256K Bit
TMM4164P
Dynamic RAM TMM416P *TMM41256C
TMM4164AP
TMM2016P
TMM314AP
TMM2016AP
Nch Static RAM TMM2114AP
*TMM2015AP
RAM TMM315D
TMM2018D
TCB517AP/AF
TCB5047AP
TCB516AP/AF
CMOS Static RAM | TC5501P TessTap *TC5517BP/BF “TCo864P
tatic
TCE514AP TC5566P
*TC5518BP/BF
TC5513AP
TMM2764D
EPROM TMM27128D
TMM2764DI
TMM2364P
TMM333P
Nch MASK ROM TMM334P TMM2365P *TMM23128P | TMM23256P
TMM2332P
ROM TMM2366P
TC5332P
*TC5364P
TC5333P
CMOS MASK ROM *TC5365P *TCb3256P
TC5334P
*TC5366P
TC5335P

*PRELIMINARY
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MEMORY SELECTION GUIDE (3)

Bit
1 4 8
Word
256 TC5501P
TMM314AP TMM2114AP
1,024 TCB5047AP TCB514P
TC5514AP  TCB5513AP
TMM2016P TMM2016AP
*TMM2015AP  TMM2018D
2,048 TC5516AP/AF  TCBE517AP/AF
*TC5517BP/BF *TC5518BP/BF
TMM334P
TMM2332P TMM333P
4,096 TMM31 BE; TC5B332P TC5333P
TCE5044 TC5334P TC5335P
*TC5564P TC5565P
*TC5364P TMM2364P
8,192 *TC5365P TMM2365P
*TC5365P TMM2366P
TMM2764D
b TMM27128D
16,384 TMM416 FTMM23128P
TMM232566P
s2.768 *TCH53256P
TMM4164P
66536 TMM4164AP
262,144 *TMM41256C

*PRELIMINARY

VEIHSO1



TOSHIBA

TOSHIBA BYTE-WIDE MEMORY PIN OUT (CURRENT AND FUTURE DEVICES)

- =] w
By % | MROM (TMM23250) 8 & ¢ 2 8 <88 88 8 ¢
= @ -
w = | EPROM (TMM27128) 8 B £ 08 18
“l‘i g == = o o = o
MROM (TMM23128) S Wi < < o |
~ - =
CRAM (TC5564/65) s £ 4 318 18
= % = 3
é MROM (TMM2365) gy do F P
S | MROM (TMM2364) g 4 ;18 5
© ? [$] Q < (o} [3)
EPROM (TMM2764) 8 § g Z o &
= | CMOS MROM (TC5333) ke : B 4
[+a]
X | CMOS MROM (TC5332) B 818
™ -
MROM (TMM2332) < lo 3
CRAM (TC5517) 2 B o]
" z - g
= | CRAM (TC5516/18) E g 12
¥
© | SRAM (TMM2016/15) E ] 13
MROM (TMM334) $ &8 4 F 4§48 8484848
o e T o O e N s Y o Y s Y s N e T e Y o T e O e I v |
8 ~ (7] w < ™ o~ - g (=] [} ~ ©o wn
a8y 89 a4 4 4 N 8 = = - = =
>§ &8 8§ 3 8§ 2 2= 2 2 22
= 8§ 8 888 &8 8 2 £ £
- OO0 T OO0 OO0 OO0 1T T LEJ
MROM (TMM334) S 2 I LS TS S S8 B
= | SRAM (TMM2016/15)
< | cRAM (TC5516/18)
CRAM (TC5517)
_ | MROM (TMM2332)
2
¥ | CMOS MROM (TC5332)
oN
© | cMOS MROM (TC5333)
EPROM (TMM2764) & g
3 | MROM (TMM2364) 3
p4 N
3 | MROM (TMM2365) pe
CRAM (TC5564/65) ¢
w = | MROM (TMM23128) -
X o
= ¥ | EPROM (TMM27128) &
v % | MROM (TMM23256) g4 << < d 444848 48z

—
19
|




TOSHIBA

CROSS REFERENCE
1. 16 K Bit Dynamic RAM
ccess Tim 150 ns 200 ns 250 ns
Toshiba TMM416P -2 TMM416P-3 TMM416P—4
Fairchild F16K-2 F16K-3 F16K4
Fujitsu MB8116H MB8116E MB8116N
Hitachi HM4716A—-2 HM4716A—3 HM4716A—4
Intel 21172 2117-3 21174
Intersil IM7116—3 IM7116—4
Mitsubishi M5K4116-2 M5K4116—3 M5K4116—4
M k MK4116-2 MK4116-3 MK4116—4
Motorola MCM4116C—2 | MCM4116C—3 MCM4116C—4
National Semi. NM5290-2 MM5290-3
NEC uPD416C/D-3 uPD416C/D—2 1PD416C/D—1
TI TMS4116—-15 TMS4116—20 TMS4116—-25
2. 64K Bit Dynamic RAM.
120 ns 150 ns 200 ns
Toshiba TMM4164P—2 TMM4164P—3 TMM4164P—4
Fujitsu MB8264—-15 MB8264—20
Hitachi HMA4864—2 HM4864—3
Intel 216415 2164-20
Mitsubishi M5K4164N-15 M5K4164N—20
Motorola MCM6665—15 MCM6665—20
NEC uPD4164—3 uPD4164—2
OKI MSM3764—12 MSM3764—15 MSM3764—20
Ti TMS4164—-15 TMS4164—20
3. 4K Bit Static RAM
1,024 x 4 4,096 x 1
Access Time 200 ns 300 ns 450 ns 55 ns 70 ns
Toshiba TMM314AP-1/APL-1 | TMM314AP-3/APL-3 TMM314AP/APL TMM315D—1 TMM315D
AND Am9114EPC Am9114CPC Am9114BPC
AMI S2114-2 S2114-3 S$2147
Fujitsu MB8114EL MB8114NL MB8147H MB8147E
Hitachi HM472114AP-2 HM472114AP-3 HM472114AP-4 HM6147-3 HM6147
Intel 2114-2/1.2 2114-3/L3 2114/L 2147-3 2147
Intersil IM7114-2/1.2 . IM7114L
Mitsubishi M5L2114LP, S-2 M51.2114LP, S-3 M5L2114LP,S
Motorola MCM2114-20 MCM2114-30 MCM2114-45 MCM2147-55 MCM2147-70
National MM2114-2/-2L MM2114-3/—3L MM2114/-L MM2147-3 MM2147
NEC uPD2114LC/D-3 uPD2114L.C/D-1 uPD2114LC/D uPD2147D-3 uPD2147D-2
SYNERTEK SY2147
Tl TMS4045-20 TMS4045-45 TMS2147-5 TMS2147-7
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4. 1K/4K Bit CMOS RAM
1K Bit 4 K Bit
256 x 4 1024 x4 1,024 x4 4,09 x 1
- TC5514P TC5504P
Toshiba TC5501P TC5047AP TC5514AP/TCE513AP TC5504AP
Fujitsu MB8414 MB8404
Harris M50 HM6514 HMB504
Hitachi HM435101 HM4334 AM4315
Intel 51011
Intersil IM6514 IM6504
Mitsubishi MBL5101P1 MB8981545
NEC 4PDB101 uPD445 4PD444
Oki MSM5114 MSM5104
RCA MWS5114
5. 16 K Bit NMOS/CMOS Static RAM
16 K Bit
NMOS cMos
: TMM2016P
Toshiba T otonp TCE516AP TC5517AP/BP TC55188P
Fujitsu MB8128 MB8417 TM8416 MB8418
Hitachi (HM6116] {HM6116) {HMB117)
Mitsubishi M58725
NEC «PD4016 WPD447 PD446 4PD449
OKI MSM2128 MSM5127 MSM5128 MSMB5129
6. ROM (EPROM & MROM)
EPROM MROM
64 K Bit 32K Bit 64 K Bit
TMM333P TMM2332P
Toshiba TMM2764D TC5334P TC5332P Immgg‘;; TMM2366P
TC5335P TC5333P
Fujitsu MB2764 MB8332 MB8333 MB8364
Hitachi HN482764 HM46332P HN48364
Intel 2764 2332 12364
Mitsubi M58333 M58735 M58334
Mostak MK32000 MK37000 MK36000
Motorola
NEC uPD2332 4PD2364
Oki MSM2764AS
Tl TMS4732 TMB4764




Dynamic Random Access Memories







- TOSHIBA MOS MEMORY PRODUCTS

16384 WORD x 1 BIT DYNAMIC RAM

N CHANNEL SILICON GATE MOS

TMM4 | 6P-2, TMM4 |6P-3,
TMM4 | 6P-4

DESCRIPTION

The TMM416P is a 16,384 words by 1 bit MOS
random access memory circuit fabricated with
TOSHIBA's doubfe poly N-channel silicon gate proc-
ess for high performance and high functional density.

The TMMA416P uses a single transistor dynamic
storage cell and dynamic control circuitry to achieve

FEATURES

® 16,384 words by 1 bit organization
® Fast access time and cycle time

DEVICE tRAC tRC
TMM416P-2 150 ns 320 ns
TMM416P-3 200 ns 375 ns
TMM416P-4 250 ns 410 ns

e Industry standard 16 pin plastic DIP
Standard £ 10% power supply (+12V, = 5V)
e Lower power: 462mW operating (max.)

high speed and low power dissipation. Multiplexed
address inputs permit the TMM416P to be packaged
in a standard 16 pin plastic DIP. This package size
provide$ high system bit densities and is compatible
with widely available automatic testing and insertion
equipment.

e Output unlatched at cycle end allows two-dimen-
sional chip select

e Common |/O capability using “'Early Write"" opera-

tion

Read-Modify-Write, ﬁKé-onIy refresh, and Page-

Mode capability

All inputs and output TTL compatible

128 refresh cycles / 2 msec

e Compatible with MK4116

20mW standby (max.)
PIN CONNECTIONS BLOCK DIAGRAM
(TOP VIEW)
VBB o1
Din0O2 o Ne-1cLock
GENERATOR
WRITE(]3 DATA IN OO
_RAS Oa BUFFER
Aols No.2 CLOCK
0 GENERATOR DATA OUT =0 CouT
Az (6 RATCH | BUFFER
A1 7 i
Voo Qs a8 ROW 55 MEMORY ARRAY
a9 ADDRESS| Ag-s (128 x 64)
ar OO BUFFERS T
a g @ DUMMY CELLS (128) ATA BUS
ROW
PIN NAMES pECODER| | | SENSE AWPS (128) & E(;/‘;;"’
COLUMN DECO! «
‘—— (1/128) D DER (1/64) UE
Ao Address Tnputs VoD Os = DUMMY CELLS (128)
—_—_ — 0 -5
CAS Column Address Strobe Vee O— = MEMORY ARRAY
V§s O—e BUFFERS] &l (128 x 64)
DN Data In ]
Ves O—
DouT Data Out R
— 6
RAS Row Address Strobe
WRITE | Read/Mrite Input
Ve Power (—5V)
Vee Power (+5V)
Vpp Power (+12V)
Vss Ground
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ABSOLUTE MAXIMUM RATINGS

RATING VALUE UNITS NOTES
Voltage on any pin relative to Vgg —0.5~+20 \Y 1
Voltage on Vpp, Ve supplies relative to Vgg -1.0~+15 \% 1
Vgg-Vss (Vpp-Vss >0V) \ 1
Operating temperature 0~70 °C 1
Storage temperature —55~ 150 °C 1
Soldering temperature - Time 260 - 10 °C - sec 1
Power dissipation 600 mwW 1
Short circuit output current 50 ] mA 1

RECOMMENDED DC OPERATING CONDITIONS (Ta=0~ 70°C) (Note2)

SYMBOL PARAMETER MIN. TYP. MAX. UNITS NOTES
Vbp 10.8 12.0 13.2 \ 3
Vce 45 5.0 55 \Y 34
Ves Supply Voltage 5 \ 5 0 v 3
VeB —-45 | 5.0 -5.5 \ 3
Vine Input High Voltage, RAS, CAS, WRITE 27 7.0 v 3
ViH Input High Voltage, except RAS, CAS, WRITE 2.4 7.0 \Y 3
ViL Input Low Voltage, all inputs -1.0 0.8 \ 3

DC ELECTRICAL CHARACTERISTICS

(Vpp =12.0V+ 10%, Vcc = 5.0V £ 10%, Vs =0V, Vgg = —5.0V*10%, Ta = 0°C ~ 70°C) (Note 2)

SYMBOL PARAMETER [ MIN. MAX. UNITS NOTES
IDD1 OPERATING CURRENT 1 35 mA 5
lect Average power supply operating current L 6
IBB1 (RAS, CAS cycling : tgc =minimum value) 200 MA
Ibp2 STANDBY CURRENT 1.5 mA |
lcc2 Power supply standby current -10 10 uA |
IgB2 (RAS = V¢, Doyt = High Impedance) 100 uA f
IbD3 REFRESH CURRENT T 27 mA 5

r lces | Average power supply current, refresh mode. —-10 10 uA
T{ (RAS cycling, CAS = V¢ : tre = minimum value) r 200 uA
IbD4 PAGE MODE CURRENT 27 mA 5
lcca Average power supply current, page mode operation i 6
IBB4 | (RAS =V, CAS cycling : tpc = minimum value) 1 200 LA
I "INPUT LEAKAGE CURRENT
Iy Input leakage current, any input (VBB =-bV -10 10 unA
OV < VN <+7.0V, all other pins not under test = OV)
OUTPUT LEAKAGE CURRENT
lo (L) . -10 10 uA
(DoyT isdisabled, OV < VoyuT < +5.5V)
Vo OUTPUT LEVELS 04 ; v 4
Output “H" level voltage (IgyT = —B6mA) ! |
T
VoL OUTPUT LEVELS ‘ 04 v 4
Output “'L" level voltage (loyT =4.2mA) \
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ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Vpp =12.0V+10%; Vce =5.0V£10%, Vss =0V, Vgg = —5.0V *10%, Ta = 0°C ~ 70°C)

(NOTES 2,7,8,10)

TMM416P-2 TMM416P-3 TMM416P-4
SYMBOL PARAMETER UNITS NOTES
o ,.LMJ.N_'___.MAX' MIN. | MAX. | MIN. | MAX.
tRC Random read or write cycle time 320 375 410 ns 9
" tawc | Read-write cycle time 320 Tl e | | s | 9|
tRMW Read-modify-write cycle time 320 405 500 ns 9
tpc Page mode cycle time | 170 228 | 21 - ns
thRac | Access time from RAS ' 150 | 200 | 250 ns 11,13
| tcac_ | Access time from CAS 00 135 165 ns 12,13
tOFF Output buffer turn-off delay 0 40 0 50 0 60 ns 14
tr Transition time (rise and fall) 3| 3 | 3| =50 3 50 ns 10
trp RAS precharge time 100 120 150 ns
tRAS RAS pulse width . “| 150 | 32,000 | 200 | 32,000 | 250 | 32,000 ns
tRSH RAS hold time o 100 | - fss | |es ns
tesH CAShold time C s I 200 250 ns
tcAS CAS pulse width 100 10,000 135 | 10,000 | 165 10,000 ns
| trcp | RAStoCASdelaytme | 20| 50 | 25 65 | 35 85 ns 15
tcrp CAS to RAS precharge time —-20 -20 -20 ns
tASR Row Address set-up time 0 - 0 0 ns
tRAH Row Address hold time 20 | 25 35 ns !
tasc Column Address set-up tim; o h—'ib' f 7 —1(5 B ‘—ﬁ) ns
tCAH Column Address hold time 45 s | 75 ns
Column Address hold time
AR referenced to RAS 9 120 160 ne
trRCS Read command set-up time 0 o 0 0 ns
tRCH Read command hold time o 0 0 ns
| twcn | Writecommand hold time | 45 | | 55 75 ns
twen Write command hold time 95 120 160 ns
referenced to RAS
twp Write command pulse width 45 55 75 ns
tRWL Write command to RAS lead time | 50 | 70 85 ns
tewe Write command to CAS lead time 50| | 70 85 ns
s Data-in set-up time 0 0 0 ns 16
tDH Data-in hold time 45 55 75 ns 16
DHR Data-in hold time referenced to RAS 95 120 160 ns
tep CAS precharge time (for page- 60 80 100 ns
mode cycle only)
tREF Refresh period 2 2 2 ms
twcs WRITE command set-up time —20 —-20 —20 ns 17
tcwD ‘CAS to WRITE delay 60 80 90 ns 17
tRWD RAS to WRITE delay 110 145 175 ns 17
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TIMING WAVEFURmo
® READ CYCLE tRC
tRAS
Vine — b ‘AR S f 3
ARS ViL— S‘: ] Z \_
tesH tRP
tRCD :tRSH tCRP
. tCAS
ViHc — t
eAs ViL— \ 7/ /
tasr | [TRAH t{x-‘sc tCAH
S/ O ) G
w— ADDRESS ADDRESS
tRCS tRCH
WATE  VIHC— // / W/
ViL— tcaC
tRAC tOFF
I
D Vou—, OPEN AJ VALID DATA >_
ouT VoL — E \
Don’tcara
® WRITE CYCLE (EARLY WRITE)
tRC
tRAS
—_— tAR
=5a ViHe — | —
mr Ve \C | N
tCSH *RP
g I
tRCD X tRSH l tCRP
CAS ViHe X tCAS
ViL )\ \_ ! /
tASR tRAH tasc tCAH
d 2
.—.l et
ADDRESSES  V/HT ROW £ coLumn
Vi — | ADDRESS ADDRESS
tewL !
wes twcH
twp
ViHe
LS/ iy e W
I TRWL -]
tWCR |
‘DS‘L tDH
ViH— R
o Wi R
I tDHR
o VoH— ! Don’‘t Care
ouT VoL — OPEN 3



® READ-WRITE/READ-MODIFY-WRITE CYCLE
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tRwWC
tRAS
tAR
— ViHC— N
RAS {/Hc-— N N\
n R
tRSH } AP
tesH tCRP
1
RCD teas ;
CAS ViHe— \ /
ViL—
tASR tRAH tasc tCAH
ViH— ROW Y COLUMN // //
ADDRESSES Z><
ViL— \_ADDRESS 4 ADDRESS A
tRWD tewl I
{
tnf:s tcwb tRWL
1
WRITE ViHe— N
ViL—, 7
tOFF
tCAC twp
VoH— P N\
Pout VoL oPEN ——( VALID DATA —
oL " A
tRAC
g tps DH
—\
o e Yare XU
ViL— A
Don’t Care
® “RAS-ONLY” REFRESH CYCLE
tRC
tRAS |
s —\
AAS ViHe— N\ JZ
ViL— \
tRAH tRp
tASR
p's
ADDREsses  VIM / m ROW ADDRESS W
ViL—, K 4
VoH—
D OPEN
ouT VoL—

Don’t Care

Note: CAS = V|yc, WRITE = Don‘t Care
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® PAGE MODE READ CYCLE

tRAS
AR
RAS ViHe —
ViL — X
1
teSH
tPC tcas . tRSH | RP
tRCD tCAS tcp tcas tCRP
— ViHC — )Y s p
CAS
Mg R /
IRAH tCAH tcAH,
tASR |tAsc _A_{ASC
Vi — RO CcoL CcoL Y
ADDRESSES | = _ DD, ADD ADD.
tcAC tcac tcAC
L
tRAC _[foFF _|toFF tOFF
Dour vom — — -4f il
VorL — 3 h
tRCS
tRCS tRCH btacn
—— 'I
WRITE z'“c‘ i W
i —
Don’x Care
® PAGE MODE WRITE CYCLE
tRAS
AR
— v i,
RAS tHC
Vie — i 7
tesH tRSH tRp
tpc
tRCD tcas tcp tcas tcAs . _tcrp
Cas Vine — N \
Mo N | I
TRAH tcAH tcAH
tASR tAsC tasc
! <Hee
ViH —
ADDRESsEs V!H ROW coL coL
Viu ADD. ADD A ADD.
tweH twcH
tCWL tewl
WRITE ViHne / s
WRITE
Vi V. 7/
1 T
tweR WP wP
tpDs tDH tDs tDH
v D
DN v”“ VAL
n DATA

Don’t Care



CAPACITANCE
(Vpp =12.0V+10%, Vee = 5.0V 10%, Vgs = OV, Vgg = =5.0V + 10%, f = IMHz, Ta = 0°C ~ 70°C)

TOSHIBA

SYMBOL PARAMETER TYP. MAX. UNIT
Ciy Input Capacitance (Aq-As), Din 4 5 pF
Ci, Input Capacitance RAS, CAS, WRITE 8 10 pF
Co Output Capacitance (DoyT) 5 7 pF

POWER DERATING CHARACTERISTICS
Cyeta Time tac (ns) Cyete Time tac (a9
1 00 500 400 300 250 1000 500 400 300 250
] 1 !
= E
'é o, (Max.) i : tc“::: ||
§ -a)f (~3) \\ b _g = { //
g —a)f (= ~2)] @ A
g
o
L Y ] t
Cycle Rate (MHz) = 103/tpc (ns) =
Fia.1 Taws tac o
L 5o
Cycle Rate (MHz2) = 103/tpc (ns)
Cycte Time tng (ns) Tio 3 tne v 1o0n
1000 500 490 300 250
o | Cyele Time g (ne)
Y 1000 300 a0 300 250
g o« 5‘;\ ST . “o| !
H s £
% ara
P T
3 A7 H
H ~ ; E
: i :

5 20 3.0 a5 50

Cycoe Rate (MHz) = 109/tgc  (ns)
Fig.2 tacvs Ippy

NOTES

1.

2.

bo

Stresses greater than those listed under “Absolute Maximum Ra-
tings’”’ may cause permanent damage to the device.

T, is specified here for operation at frequencies to
trc =trc (min.). Operation at higher cycle rates with reduced
ambient temperatures and higher power dissipation is permissible,
however, provided AC operating parameters are met. See Fig. 1
for derating curve.

All voltages are referenced to Vgs.

Output voltage will swing from Vgg to V¢ when activated with
no current loading. For purposes of maintaining data in standby
mode, Vcc may be reduced to Vgg without affecting refresh
operations or data retention. However, the Vo (min.) specifica-
tion is not guaranteed in this mode.

Ipp1. 'pD3 2nd Ippg depend on cycle rate. See figures 2, 3 and
4 for Ipp limits at other cycle rates.

Icc1 and Igcgq depend upon output loading. During readout of
high level data V¢ is connected through a low impedance to data
out. At all other times Icc consists of leakage currents only.

After the lication of supply Itages or after extended periods
of bias (greater than tRg F: 2ms) without clocks, the device must
perform about eight initialization cycles prior to normal opera-
tion.

AC measurements assume ty = 5ns.

The specifications for tgc (min.), tgpmw (min.) and tgwg (min.)
are used only to indicate cygle sime at wnicl; proper operation
oventhe full temperature range (0 C <X T,<70°C) is assured.
ViHc (min.) or V y (min.) and V| (max.) are reference levels for

12.
13.
14.

15.

Cycle Rate (MH2) = 103/tpc  (ns)
Fig. 4 tpcusipps

measuring timing of input signals. Also, transition times are meas-
ured between Vpcor Vi and V.

Assumes that tpcp StRCD (max.). If tRep is greater than the
maximum recommended value shown in this table, tgac will in-
crease by the amount that tycp exceeds the value shown.
Assumes that tyep 2 trep (max.)

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

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

Operation within the tgcp (max.) limit insures that tg o (max.)
can be met. tgcp (max.) is specified as a reference point only: if
tRCD is greater than the specified tgcp (max.) limit, then access
time is controlled exclusively by tcac.

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

twCs. tcwp and trwp are not restrictive operating parameters.
They are included in the data sheet as electrical characteristics
only.

1f twes = twes (min.), the cycle is an early write cycle and the
data out pin will remain open circuit (high impedance) throughout
the entire cycle:

If tcwp = tcwp (min.) and tRWD 2 tRWD (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.
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APPLICATION INFORMATION

ADDRESSING

The 14 address bits required to decode 1 of the
16,384 cell locations within the TMM416P are
multiplexed onto the 7 address inputs and latched
into the on-chip address latches by externally apply-
ing two negative going TT L-level clocks. o

The first clock, the Row Address Strobe (RAS),
latches the 7 row address bits into the chip. The
second clock, the Column Address Strobe (CAS),
subsequently latches the 7 column address bits into
the chip. Each of these signals, RAS and CAS, trig-
gers a sequence of events which are controlled by dif-
ferent delayed internal clocks.

The two clock chains are linked together logically
in such a way that the address multiplexing operation
is done outside of the critical path timing sequence
for read data access. The later events in the CAS
clock sequence are inhibited until the occurence 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 (traH) 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 (D) register. This permits
several options in the write cycle timing. In a write
cycle, if the WRITE input is brought low (active)
prior to CAS, the Dy is strobed by CAS and the set-
up and hold times are referenced to CAS. If the
input data is not available at CAS time or if it is
desired that the cycle be a read-write cycle the
WRITE signal will be delayed until after CAS has
made its negative transition. In this “delayed write
cycle’” the data input set-up and hold times are
referenced to the negative edge of WRITE rather than
CAS. (To illustrate this feature, Dy is referenced to
WRITE in the timing diagrams depicting the read-
write and page-mode write cycles while the “early
write’’ cycle diagram shows D)y referenced to CAS).

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

DATA OUTPUT CONTROL

The normal condition of the Data Output (Do yT)
of the TMM416P is the high impedance (open-
circuit) state. That is to say, anytime CASisata high
level, the Doyt pin will be floating. The only time
the output will turn on and contain either a logic O or
logic 1 is at access time during a read-cycle. DouT
will remain valid from access time until CAS is taken
back to the inactive (high level) condition.

If the memory cycle in progress is a read, read-
modify write, or a delayed write cycle, then the data
output will go from the high impedance state to the
active condition, and at access time will contain the
data read from the selected cell. This output data is
the same polarity (not inverted) as the input data.
Once having gone active, the output will remain valid
until CAS is taken to the precharge (logic 1) state,
whether or not RAS goes into precharge.

If the cycle in progress is an “early-write’’ cycle
(WRITE active before CAS goes active), then the
output pin will maintain the high impedance state
throughout the entire cycle. Note that with this type
of output configuration, the user is given full control
of the Doy T pin simply by controlling the placement
of WRITE command during a write cycle, and the
pulse width of the Column Address Strobe during
read operations. Note also that even though data is
not latched at the output, data can remain valid from
access time until the beginning of a subsequent cycle
without paying any penalty in overall memory cycle
time (stretching the cycle).

PAGE MODE OPERATION

The ""Page-Mode"" feature of the TMMA416P al-
lows for successive memory operations at multiple col-
umn locations of the same row address with increased
speed without an increase in power. This is done by



strobing the row address into the chip and maintain-
ing the RAS signal at a logic O throughout all succes-
sive memory cycles in which the row address is com-
mon. This "page-mode’’ of operation will not dis-
sipate the power associated with the negative going
edge of RAS. Also, the time required for strobing in
a new row address is eliminated, thereby decreasing
the access and cycle times.

REFRESH

Refresh of the dynamic cell matrix is accomplished
by performing a memory cycle at each of the 128
row addresses within each 2 millisecond time interval.
Although any normal memory cycle will perform the
refresh operation, this function is most easily accom-
plished with ”R_AS-onIy” cycles, RAS only refresh
results in a substantial reduction in operating power.
This reduction in power is reflected in the Ipp3
specification.

POWER CONSIDERATIONS

Most of the circuitry used in the TMM416P s
dynamic and most of the power drawn is the result of
an address strobe edge. (refer to the TMM416P cur-

TYPICAL CURRENT WAVEFORMS

S CYCLE

LONG RAS/CAS CYCLE

TOSHIBA

rent waveforms in Fig. 5) In system applications
requiring lower power dissipation, the operating
frequency (cycle rate) of the TMM416P can be re-
duced and the (guaranteed maximum) average power
dissipation of the device will be lowered in accord-
ance with the Ipp1 (max.) spec limit curve illustrated
in Fig. 2.

It is possible to operate certain versions of the
TMM416P  family (—2 and 3 speed selections for
example) at frequencies higher than specified, provid-
ed all AC operating parameters are met. Operation at
shorter cycle times (< trc min.) results in higher
power dissipation and, therefore, a reduction in
ambient temperature is required. Refer to Fig. 1 for
derating curve.

POWER UP

The TMM416P requires no particular power sup-
ply sequencing so long as the Absolute Maximum
Rating Conditions are observed. However, in order to
insure compliance with the Absolute Maximum Rat-
ings, TOSHIBA recommends sequencing of power
supplies such that Vgg is applied first and removed
last. Vgg should never be more positive than V¢
when power is applied to Vpp.

RAS ONLY CYCLE

j
“C T \ ol (N T
o0 v J \\4 A’\.,—« V\,-a N i J\/‘-—~—J
i S
= oMV T, mAITMEA
| i i
fi i h- i
S i L 1 T W N

50 ns / Division

Fig.5
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TYPICAL CHARACTERISTICS

Normalized Access

Normalized Access Time tRac
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OUTLINE DRAWING
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1 Note: Each lead pitch is 2.54mm. All leads are located within 0.256mm

of their longitudinal position with respect to No. 1 and No. 16 leads.

Note: 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.

©Mar., 1980 Toshiba Corporation



_ TOSHIBA MOS MEMORY PRODUCTS

65,536 WORD X 1BIT DYNAMIC RAM

N-CHANNEL SILICON GATE MOS

TMM4 1 64P-2, TMM4 | 64P-3
TMM4 | 64P-4

DESCRIPTION

The TMM4164P is the new generation dynamic
RAM organized 65,536 words by 1 bit, it is successor
to the industry standard TMM416P.

The TMM4164P utilizes TOSHIBA's double poly
N-channel Silicon gate process technology as well as
advanced circuit techniques to provide wide operating
margins, both internally and to the system user.

FEATURES

® 65,536 words by 1 bit organization
® Fast access time and cycle time

DEVICE trAC tre
TMM4164P-2 120 ns 260 ns
TMM4164P-3 150 ns 260 ns
TMM4164P-4 200 ns 330 ns

® Single power supply of 5V + 10% with a built-in
Vgg generator
® |ow power; 275mW operating (MAX.)
27 .5mW standby (MAX.)

PIN CONNECTION

(TOP VIEW)

PIN NAMES
Ao ~ A, Address Inputs
CAS Column Address Strobe
Din Data In
NC No — Connection
DouT Data Out
RAS Row Address Strobe
WRITE Read/Write Input
Vee Power (+5V)
Vss Ground

Multiplexed address inputs permit the TMM4164P
to be packaged in a standard 16 pin plastic DIP,
This 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 BV +*10% tolerance, direct interfacing capability
with high performance logic families such as Schottky
TTL.

e [ndustry standard 16 pin plastic DIP

e Output unlatched at cycle end allows two-dimen-
sional chip selection

e Common I/O capability using “EARLY WRITE"

operatiBn

Read-Modify-Write, RAS-only refresh and Page

Mode capability

e All inputs and output TTL compatible

e 128 refresh cycles/2ms

BLOCK DIAGRAM

—-——o Vee
—~—0 Vgs
WRITE DATA IN Din
BUFFER
] | No. 2 CLOCK
cAs GENERATOR]‘ BUFFER
COLUMN
ADDRESS
Ao BUFFERS (8)
Al
Ao— | | e
A
A SENSE AMP
As 1/0 GATING ._J
A6
A, ROW SEEE I D S
ADDRESS - 512
BUFFERS (8) L = A
gl
28| i1pg| MEMORY
2l ARRAY
RAS No. 1 CLOCK
GENERATOR
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ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES

Input and Output Voltage Vin, VouT —1~7 \ 1

Power Supply Voltage Vee —-1~7 \2 1

Operating Temperature Torr 0~70 °C 1

Storage Temperature Tsre —55~ 1650 °C 1

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

Power Dissipation Pp 600 mw 1

Short Circuit Output Current louT 50 mA 1

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

SYMBOL PARAMETER MIN. TYP. MAX. UNITS NOTES
Vee Supply Voltage 45 50 55 \% 2
ViH Input High Voltage 24 6.5 Vv 2
ViL Input Low Voltage -1.0 0.8 \2 2

DC ELECTRICAL CHARACTERISTICS (Vcc =5V £10%, . Ta=0 ~ 70°C)
SYMBOL PARAMETER MIN. TYP. MAX. UNITS NOTES

OPERATING CURRENT

lcct Average Power Supply Operating Current 50 mA 34
(RAS, CAS Cycling: trc =tgc MIN.)
STANDBY CURRENT

lccz Power Supply Standby Current 5 mA
(RAS = V)4, Doyt = High Impedance)
REFRESH CURRENT

lecs Average Power Supply Current, Refresh Mode 40 mA 3
(RAS Cycling, CAS = Viy. tgc =trc MIN.)
PAGE MODE CURRENT

lcca Average Power Supply Current, Page Mode 40 mA 3,4
(RAS = V,_, CAS Cycling: tpc =tpc MIN.)
INPUT LEAKAGE CURRENT

I Input Leakage Current, any Input (OV £ Viy £ 6.5V -10 10 uA
All Other Pins Not Under Test =0V)

| QUTPUT LEAKAGE CURRENT

o (L (Dour is disabled, OV < Vout $+5.5V) -10 10 uA
OUTPUT LEVEL

Vor Output ““H"" Level Voltage {loyT = —6mA) 24 M
OUTPUT LEVEL

Vou Output “L" Level Voltage (louT = 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)

TMM4164P-2 TMM4164P-3 | TMM4164P-4
SYMBOL PARAMETER MIN T MAX. MIN. T MAX. TMIN. | MAX. UNITS NOTES
tRC Random read or write cycle time 260 260 330 ns
tRWC Read-write cycle time 260 270 335 ns
tRMW Read-modify-write cycle time 265 310 390 ns
tpc Page mode cycle time 140 170 225 ns
RAC Access time from RAS 120 160 200 ns 8,10
tcac Access time from CAS 80 100 135 ns 9,10
tOFF Output buffer turn-off delay 0 35 0 40 0 50 ns 1
tr Transition time (rise and fall) 3 35 3 35 3 50 ns 6
tRp RAS precharge time 90 100 120 ns
tRAS RAS pulse width 120 | 10,000 | 150 | 10,000 | 200 | 10,000 ns
tRSH RAS hold time 80 100 135 ns
tesH CAS hold time 120 150 200 ns
tcas CAS pulse width 80 | 10,000 | 100 | 10,000 | 135 | 10,000 ns
tReD RAS to CAS delay time 25 40 | 25 50 | 30 65 ns 12
tcrp CAS to RAS precharge time 0 0 0 ns
tASR Row Address set-up time 0 0 0 ns
tRAH Row Address hold time 15 15 20 ns
tasc Column Address set-up time 0 0 0 ns
tCcAH Column Address hold time 40 45 56 ns
tAR Column Address hold time 80 95 120 ns
tRCs Read command set-up time 0 0 0 ns
tRCH Read command hold time 0 0 0 ns
tWeH Write command hold time 40 45 56 ns
twp Write command pulse width 40 45 55 ns
tRWL Write command to RAS lead time 40 45 55 ns
towL Write command to CAS lead time 40 45 55 ns
tps Data-in set-up time 0 0 0 ns 13
tpH Data-in hold time 40 45 55 ns 13
tDHR Data-in hold time referenced to RAS 80 95 120 ns
fep ngepgjggagﬁ;')me (for page 50 60 80 ns
tREF Refresh period 2 2 2 ms
twes Write command set-up time —-10 -10 -10 ns 14
tewd _CAS to WRITE delay 50 60 80 ns 14
tRwWD RAS to WRITE delay 90 110 145 ns 14




TOSHIBA

® READ CYCLE

RAS

CAS

ADDRESSES

WRITE

Pout

RAS

CAs

ADDRESSES

WRITE

DIN

DouT

TIMING WAVEFORMS
tRC
tRAS
1,
Vin __:—————‘———qx AR ‘ﬁ
ViL — K 7
tcsH | tRp
tRCD ! tRsH tcRP
ons
Vig 3 “\\ 1ca Z/ 4
Vi —
i I £/
tasp | |'RAH tasc tCAH
S—
Vin ‘-@{ ROW {  coLumn ‘W %
v
IT— ADDRESS ADDRESS £
tRCS t
L RCH
ViH
Vie —, f tcac W
l_ tRAC tOFF
)
VOH — OPEN Z \
VoL — | vatpoata }—m-
Don‘t Care
® WRITE CYCLE (EARLY WRITE)
tRC
tRAS
— tAR
ViH— \ i
ViL— K
. 7 \
tcsH RP
tRCD ! tRSH U e
t
Vin' T | tcAs !
= N\ /L f
tasr | | tRAH  tasc TCAH
I -
ViH— rRow 7} COLUMN
ViL— ADDRESS J ADDRESS
tewL _[
1
twes tWeH
1
)\ ——— Wl 7/
i — /
tRWL -]
WCR
tDs toH
ViH— \
VALID DATA
VL — v
tDHR
VoH f
VoL OPEN Don’t Care

32 —
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® READ-WRITE/READ-MODIFY-WRITE CYCLE

TRWC/TRMW
tRAS
Vi tAR
RAS Vi — L A tRp \—
tRSH I
tCSH tCRP
t
y RCD tcAs
oy W "\ i
ViL—
tASR tRAH  tasc TCAH
Vg — Y rnow  coLumn Y
ADDRESSES  y, _ \- ADDRESS X__ADDRESS 720
“Awo _om T
tRCs tcwp ‘RWL
———f—-— Ny
——— Vv pR—
WRITE 'H ﬂ N
ViL —
tOFF
tcac twe o
v . v
DouT Vou OPEN VALID DATA
oL — N
tRAC
tps DH
LID

ViH — VA
Din ViL — DATA

Don’t Care

e “RAS-ONLY"” REFRESH CYCLE .
RC

RAS

ViH—

RAS
Vip—

TRAH tRP

tASR

ViH— g \
ADDRESSES ROW ADDRESS
n— X

VOH —

DouT OPEN

VoL

J— — v .
Note: CAS = Vi, WRITE = Don't Care, A7 = Don’t Care Don't Care
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® PAGE MODE READ CYCLE

tRAS
i tAR
RAS ViH — L
ViL — L — f A
tcsH
tPC tcas tRSH AP
tRCD TCAS tcp tcAS tCRP
CAS Vg — N\ 4
Vi — N
tCAH tCAH
tasc
=
— coL
ADDRESSES VIH
viL — L ADD
tcac E tcac |
| t,
TRAC ‘IOFF f ‘ TOFF ™ ?FF
Dout zOH I —— OPEN X }L}
oL — tRCS
tRCH tRCH

tRCS
5.1_;.
WRITE ViH — / W ‘W
ViL —

Don‘t Care

® PAGE MODE WRITE CYCLE

tRAS
J— TAR
RAS ViH —
ViL — N_ A \_
z T tRP
k RSH R
CSHT g |
trRcD | tcas tcp tcas tcAs _ TCRP
CAs ViH
Vio 4

v
Appresses M
Vi

tcwL
WRITE Vin
ViL L
wcr twp twp wp tRWL
tDg tDH DS DH tos tDH

DS |
Din ViH — VALID N VALID VALID
ViL DATA DATA DATA
tDHR
Don’t Care




CAPACITANCE

(Vcc-'- 5V + 10%,

f=1MHz, Ta=0~ 70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNITS
Cp Input Capacitance (Ag ~ A;, D) 4 5 pF
Cpa Input Capacitance (RAS, CAS, WRITE) 8 10 pF
Co Output Capacitance (Doyt) 5 7 pF
NOTES:
1. Stresses greater than those listed under ‘‘Absolute Maximum Ratings’ may cause permanent damage to the device.
2. All voltages are referenced to Vss.
3. lcci. lees. lcca depend on cycle rate.
4. lcci. lcca 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 any 8RAS cycles before proper device operation is achieved.
6. AC measurements assume t1 = 5ns.
7. Vg (min.) and V| (max.) are reference levels for measuring timing of input signals. Also, transition times are measured be-
tween V| and V.
8. Assumes that tpep S tgep (max.). If tRCD s greater than the maximum recommended value shown in this table, tgac will
increase by the amount that trcp exceeds the value shown.
9. Assumes that trep 2 trep (Mmax.).
10. Measured with a load equivalent to 2 TTL loads and 100pF.
11, torr (max.) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage
levels.
12. Operation within the tgcp (max.) limit insures that tgac (max.) can be met. trep (max.) is specified a reference point only:
If trep is greater than the specified trep (max.) limit, then access time is controlled exclusively by tcac.
13.  These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write or read-
modify-write cycles.
14. twcs. tcwp and trwp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics

only. If twes 2 twes (min.), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance)
throughout the entire cycle:

If tewp 2 tcwp (min.) and tgwp = tawp (min.), the cycle is read-write cycle or read-modify-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.

APPLICATION INFORMATION

ADDRESSING

delayed internal clocks.

TOSHIBA

The 16 address bits required to decode 1 of the
65,636 cell locations within the TMM4164P are
multiplexed onto the 8 address inputs and latched
into the on-chip address latches by externally apply-
ing two negative going TTL-level clocks. o

The first clock, the Row Address Strobe (RAS),
latches the 8 row address bits into the chip. The sec-
ond clock, the Column Address Strobe (CAS), subse-
quently latches the 8 column address bits into the
chip. Each of these signals, RAS, and CAS, triggers a
sequence of events which are controlled by different

The two clock chains are linked together logically
in such a way that the address multiplexing operation
is done outside of the critical path timing sequence
for read data access. The later events in the CAS
clock sequence are inhibited until the occurence 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 (tgan) has been satisfied and the
address inputs have been changed from Row address
to Column address information.
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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
(WRTTE or CAS) to make its negative transition is the
strobe for the Data In (Dy) register. This permits
several options in the write cycle timing. In a write
cycle, if_the WRITE input is brought low (active)
prior to CAS, the D is strobed by CAS and the set-
up and hold times are referenced to CAS. If the input
data is not available at CAS time or if it is desired
that the cycle be a read-write cycle, the WRITE signal
will be delayed until after CAS has made its negative
transition. In this “delayed write cycle” the data
input set-up and hold times are referenced to the
negative edge of WRITE rather than CAS. (To illus-
trate this feature, Dy is referenced to WRITE in the
timing diagrams depicting the read-write and page
mode write cycles while the “early write" cycle dia-
gram shows Dy referenced to CAS).

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

DATA OUTPUT CONTROL

The normal condition of the Data Qutput (Dour)
of the TMM4164P is the high impedance (open cir-

cuit) state. That 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 O 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.

PAGE MODE

The '"Page-Mode’" feature of the TMM4164P al-
lows for successive memory operations at multiple
column locations of the same row address with
increased speed without an increase in power. This is
done by strobing the row address into the chip and
maintaining the RAS signal at.afogic O throughout all
successive memory cycles in which the row address is
common. This ‘“Page-Mode” of operation will not
dissipate the power associated with the negative going
edge of RAS. Also, the time required for strobing in
a new row address is eliminated, thereby decreasing
the access and cycle times.

REFRESH

Refresh of the dynamic cell matrix is accomplished
by performing a memory cycle at each of the 128 row
address (A, ~ Ag) within each 2 millisecond time
interval.  Although any normal memory cycle will
perform the refresh operation, this function is most
easily accomplished with “RAS-only” cycles, RAS
only refresh results in a substantial reduction in
operating power. This reduction in power is reflected
in the lcc 3 specification.

Unitin mm

16 15 14 13 12 11 10 9
OUTLINE DRAWINGS MM M rhochoy
T
X R1.0
<
s —_— — —— {h
0
©
G G G o1 O3 O O
1 2 3 4 5 6 7 8
19.9 MAX. , 7.62+0.25
8° 8° .
-_/‘ z
§‘ s
0
s c
° & Ii N\
Id I
2 | | ] f 8
0 = | O @ -t~ +0.1
o jo Fe 0.25-0.05
1.4:0.15 O.ZMAX.L 7.62~8.80 ‘
el ¥ hl
2.5410.25 0.5%0.15

Note:
‘nal position with respect to No. 1 and No. 16 leads.
All dimensions are in millimeters.

Note: Toshiba does not assume any responsibility for use of any circuitry described;

the right, at any time without notice, to change said circuitry.
© Apr., 1982 Toshiba Corporation

Each lead pitch is 2.64 mm. All leads are located within 0.25 mm of their true longitudi-

no circuit patent licenses are implied, and Toshiba reserves



TOSHIBA MOS MEMORY PRODUCTS

TMM4 | 64AP- 12

6 BIT DYNAMIC
5,536 WORD X 1 MIC RAM TMM4 | 64AP- 15

N-CHANNEL SILICON GATE MOS TMM4 | 64AP-20
* This is ad inf ion and ifi are subject
to change without notice.
DESCRIPTION Multiplexed address inputs permit the TMM4164AP

to be packaged in a standard 16 pin plastic DIP. This
package size provides high system bit densities and
is compatible with widely available automated testing
and insertion equipment.

System oriented features include single power

The TMM4164AP is the high speed, low power
dynamic RAM organized 65,536 words by 1 bit, it
is successor to the industry standard TMM4164P.

The TMM4164AP utilizes TOSHIBA's double poly

N-channel ?"i‘?o" gatg process fec’?“"'OQV as We”. as supply of 5V £10% tolerance, direct interfacing capa-
advanced circuit technigues to provide wide operating bility with high performance logic families such as
margins, both internally and to the system user. Schottky TTL

FEATURES

e 65,536 words by 1 bit organization

o Fast access time and cycle time ® |ndustry standard 16 pin plastic DIP

e Output unlatched at cycle end allows two-dimen-
Ter?Ai\:(laiiP 5 :;OAC EOAC 2;';(: sional chip selection
- ns ns ns e Common I/O capability using “'E K
TMM4164AP-15 150 ns 75 ns 260 ns operation capability using "EARLY WRITE
TMMA164AP-20 | 200ns- | 100ns | 330ns e Read-Modify-Write, RAS-only refresh and Page
e Single power supply of 5V + 10% with a built-in Mode capability
Vgg generator e Allin i
) puts and output TTL compatible
e Low power; 275mW operating (MAX.) e 128 refresh cycles/2ms P
22mW standby (MAX.)
PIN CONNECTION (TOP VIEW) BLOCK DIAGRAM
————0 Ve
———o0 Vs

WRITE DATA IN Diy
FD BUFFER

o No. 2 CLOCK
CAS Sk DATA OUT
BUFFER
COLUMN
ADDRESS :

Ao BUFFERS (8) =2y [fé’c"é’[;g

A *
PIN NAMES aedl |l TT——

i} A 512
[ Ao ~A, [ Address Inputs A3
i - ‘ SENSE AMP
[
| CAS J Column Address Strobe A 70 GATING
| Bin | Dataln Ag
| NC | No — Connection A ADTJ%MEISS i I
f . H— « 512
| Dourt | DataOut | BUFFERS (8) [ 7] - W
| _RAS | Row Address Strobe | 23 MEMORY
e rr—— T w

| WRITE | Read/Write Input | o No. 1 CLOCK a ARRAY
Ve T Power (+45V) GENERATOR
| [ c
‘;Vss | Ground
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ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES

Input and Output Voltage Vin, Vout —-1~7 \ 1

Power Supply Voltage - Vee -1~7 \ 1

Operating Temperature Torr 0~70 °C 1

Storage Temperature Tsta —55 ~ 150 °C 1

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

Power Dissipation Pp 600 mW 1

Short Circuit Output Current louT 50 mA 1

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

SYMBOL PARAMETER MIN, TYP. | Mmax UNITS NOTES
Vee Supply Vg_l}_age 4.5 5.0 55 \ 2
Vin Input High Voltage 24 6.5 \% 2
ViL | Input Low Voltage -1.0 0.8 \% 2

DC ELECTRICAL CHARACTERISTICS (Vgc =5V +10%,. Ta=0~ 70°C)
SYMBOL PARAMETER MIN. TYP. MAX. UNITS NOTES

OPERATING CURRENT

lect Average Power Supply Operating Current 50 mA 34
(RAS, CAS Cycling: trc =tre MIN.) |
STANDBY CURRENT

leca Power Supply Standby Current 4 mA
(RAS = V|4, Doyt = High Impedance)
REFRESH CURRENT

lecs Average Power Supply Current, Refresh Mode 40 mA 3
(RAS Cycling, CAS = V|y. tgpe =tpc MIN.)
PAGE MODE CURRENT

lcca Average Power Supply Current, Page Mode 40 mA 3,4
(RAS = V., CAS Cycling: tpc =tpc MIN.)
INPUT LEAKAGE CURRENT

Iy Input Leakage Current, any Input (OV <V, £ 6.5V, ~10 10 uA
Al Other Pins Not Under Test =0V)

I OUTPUT LEAKAGE CURRENT

oW (Doyr s disabled, OV < V7 < +5.5V) -10 10 HA
OUTPUT LEVEL

Vor Output “"H" Level Voltage (loyT = —5mA) 24 v
OUTPUT LEVEL

Vou Output “L" Level Voltage (loyT =4.2mA) | 04 v




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

SYMBOL PARAMETER TMM4164AP-12 | TMM4164AP-15 | TMM4164AP-20 uniTs | NoTes
MIN. | MAX. |[MIN. | MAX. |MIN. | MAX.

trc Random Read or Write Cycle Time 220 260 330 ns

tRWC Read-Write Cycle Time 240 285 350 ns

tRMW Read-Modify-Write Cycle Time 260 310 390 ns

tpc Page Mode Cycle Time 120 145 190 ns

tRAC Access Time from RAS 120 150 200 ns 8,10

tcac Access Time from CAS 60 75 100 ns 9,10

toFF Output Buffer Turn-Off Delay 0 35 0 40 0 50 ns 1

tr Transition Time (Rise and Fall) 3 35 3 35 3 50 ns 6

tRp RAS Precharge Time 90 100 120 ns

tRAS RAS Pulse Width 120 | 10,000 | 150 | 10,000 | 200 | 10,000 ns

tRSH RAS Hold Time 60 75 100 ns

tcsH CAS Hold Time 120 150 200 ns

tcas CAS Pulse Width 60 | 10,000 75 | 10,000 | 100 | 10,000 ns

tRCD RAS to CAS Delay Time 25 60 25 75 30 100 ns 12

tCRP CAS to RAS Precharge Time 0 0 0 ns

tASR Row Address Set-Up Time 0 0 0 ns

tRAH Row Address Hold Time 15 15 20 ns

tasC Column Address Set-Up Time 0 0 0 ns

tcAH Column Address Hold Time 35 45 55 ns

wn | Reteranced 1o RRS 9 120 155 ns

tRCs Read Command Set-Up Time 0 0 0 ns

tRCH Read Command Hold Time 0 0 0 ns

tweH Write Command Hold Time 35 45 55 ns

WeR | Reforonced 1o FAS % 120 186 ns

twp Write Command Pulse Width 35 45 55 ns

tRWL Write Command to RAS Lead Time 35 45 55 ns

tcwL Write Command to CAS Lead Time 36 45 55 ns

tps Data-In Set-Up Time 0 0 0 ns 13

tDH Data-In Hold Time 35 45 55 ns 13

IDHR Data-In Hold Time Referenced to RAS | 95 120 155 ns

tcp | G reecharge Time (for Page 50 60 80 ns

tREF Refresh Period 2 2 2 ms

twes Write Command Set-Up Time -10 -10 -10 ns 14

CWD CAS to WRITE Delay 40 50 60 ns 14

tRWD RAS to WRITE Delay 100 125 160 ns 14
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TIMING WAVEFORMS

® READ CYCLE tRC
tRAS
I E——
RAS Vig — \ AR - ]
Vie — X —! 2
tesH | tRP
tRCD ! tRsH tcRP
. | tcas
CAS Vi — : < / 4
Vi — \ L /
t
tASR RAH tasc tcaH
ADDRESSES VIH —, ROW ¥ corumn
ViL — ADDRESS ADDRESS x
tRCS tRCH
| .._._{
WRITE Vi /
ViL — tcAac
R ¢
l tRAC OFF
f
Datyr VoH — OPEN [__—__—\E—_
ouT . { vaLpopata
VoL — < ?
Don’t Care
® WRITE CYCLE (EARLY WRITE)
tRC
tRAS
_ |\ AR
RAS Vin N | X
ViL— X 4 i
tcsH I tRP
tRCD | ! tRSH I tCRP
cas ViK X | tCAS
W N\ S
A
tasr | | TRAH tasc CAH
[r——a—t fm—
ViH— B
ADDRESSES ROW COLUMN %
ViL— ADDRESS f) ADDRESS
tcwL
twes TWCH
__ twp
WRITE ViH— % f
ViL — b
TRWL
WCR o
s toH
-
b ViH—
IN VALID DATA
Vi — A
’_ tDHR
VOH — ¥ .
DouT VZL OPEN Don't Care




TOSHIBA

® READ-WRITE/READ-MODIFY-WRITE CYCLE

tRWC/TRMW
tRAS
AR
e ViH— \_
Vi — ; A tRP
RSH I
tcsH 1
v CRP
y tcAs 7
s H— \
ViL— X Z
TASR| | tRAH  tasc tCAH
*—{r.«—
ViH— R hY i /
ROW COLUMN
ADDRESSES y, " ADDRESS j@z( ADDRESS ,W 0(
tRWD towe |
tRcs tcwp *RWL
— N\
S Vg — N
WRITE Vi N
w—
toF
tcac we :
—
VoH — ___<(
DouT o OPEN VALID DATA
VoL — N
TRAC
os DH

Vig —.
Din H VALID
VL — DATA

Don’t Care

® “RAS-ONLY” REFRESH CYCLE
RC

RAS

RAS ViH— N

ViL— & Z L\

tRAH RP

TASR

Vig— s \
ADDRESSES ROW ADDRESS
— ( F

VOoH —

Pout  yoL _- OPEN

Note: CAS =V, WRITE = Don’t Care, A; = Don't Care Don’t Care
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¢ PAGE MODE READ CYCLE

RAS

CAS

ADDRESSES

DouT

WRITE

ViH
ViL

ViH
Viu

ViH

ViL —

VoH
VoL

ViH

ViL —

® PAGE MODE WRITE CYCLE

RAS

CAS

ADDRESSES

WRITE

Oin

ViH
Vio

Vin
Vie

Vin
Vie

Vin
ViL

Vin
Vi

tRAS
AR
—_— - fa 7
tCsSH i
tPc tcas tRSH L e
tRCD tcAs tcp tcas tCRP
N )
"
TCAH tCAH
}-tAsc tasc
.
coL / coL
| ADD ADD
7
L tcac | tcac
toFF (T TOFF ™ tOFF
-
— fﬁE '
- OPEN —(:— / lk_
‘_‘(RCS
tRCS TRCH tRCH
% Don’t Care
tRAS
AR
- t
tesHA—o 4 tRSH RP
tRCD TCAS tcp tcAs tcas . TCRP
PRy SR— \ t
tCAH

DS tDH

we TRWL

VALID
DATA

Don’t Care
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CAPACITANCE

(Vee=5V + 10%, f=1MHz, Ta=0~ 70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNITS
Cpy Input Capacitance (Ay ~ A7, Din) 4 5 pF
Cp Input Capacitance (RAS, CAS, WRITE) 8 10 pF
Co Output Capacitance (DoyT) 5 7 pF
NOTES:

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

All voltages are referenced to Vgg.

Icci. lccs. lcca depend on cycle rate.

Icc1. lcca 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.
AC measurements assume t1 = 5ns.

NoobswN -~

Vin (min.) and V)i (max.) are reference levels for measuring timing of input signals. Also, transition times are measured be-
tween Vg and V.
8. Assumes that tgep S trep (max.). If trep is greater than the maximum recommended value shown in this table, tgac will
increase by the amount that tgcp exceeds the value shown.
9. Assumes that trep 2 trep (max.).
10.  Measured with a load equivalent to 2 TTL loads and 100pF.
11.  topg (max.) defines the time at which thé output achieves the open circuit condition and is not referenced to output voltage
levels.
12. Operation within the trcp (max.) limit insures that tgac(max.) can be met. trep (max.) is specified as a reference point only:
If trep is greater than the specified trep (max.) limit, then access time is controlled exclusively by tcac.
13.  These parameters are referenced to CAS leading edge in early write cycles and to mleading edge in read-write or read-
modify-write cycles.
14, twcs. tcwp and tpwp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics
only. If twes 2 twes (min.), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance)
throughout the entire cycle:
If tewp 2 tewp (min.) and trRwp 2 trwo (mMin.), 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 indeter-
minate.

APPLICATION INFORMATION

ADDRESSING
The 16 address bits required to decode 1 of the
65,636 cell locations within the TMM4164AP are
multiplexed onto the 8 address inputs and latched
into the on-chip address latches by externally apply-
ing two negative going TTL-level clocks. o
The first clock, the Row Address Strobe (RAS),

delayed internal clocks.

The two clock chains are linked together logically
in such a way that the address multiplexing operation
is done outside of the critical path timing sequence
for read data access. The later events in the CAS
clock sequence are inhibited until the occurence of a
delayed signal derived from the RAS clock chain.

latches the 8 row address bits into the chip. The sec-
ond clock, the Column Address Strobe (CAS), subse-
quently latches the 8 column address bits into the
chip. Each of these signals, RAS and CAS, triggers a
sequence of events which are controlled by different

This “‘gated CAS'" feature allows the CAS clock to be
externally activated as soon as the Row Address Hold
Time specification (tgan) has been satisfied and the
address inputs have been changed from Row address
to Column address information.
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DATA INPUT/OUTPUT

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

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

DATA OUTPUT CONTROL
The normal condition of the Data Output (Doyt)
of the TMM4164AP is the high impedance (open cir-

OUTLINE DRAWINGS

6 15

S
w

M M M 3 r

cuit) state. That 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 O 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.

PAGE MODE

The '‘Page-Mode’’ feature of the TMM4164AP al-
lows for successive memory operations at multiple
column locations of the same row address with
increased speed without an increase in power. This is
done by strobing the row address into the chip and
maintaining the RAS signal at a logic O throughout all
successive memory cycles in which the row address is
common. This ‘‘Page-Mode” of operation will not
dissipate the power associated with the negative going
edge of RAS. Also, the time required for strobing in
a new row address is eliminated, thereby decreasing
the access and cycle times.

REFRESH

Refresh of the dynamic cell matrix is accomplished
by performing a memory cycle at each of the 128 row
address (A, ~ Ag) within each 2 millisecond time
interval. Although any normal memory cycle will
perform the refresh operation, this function is most
easily accomplished with “RAS-only”" cycles, RAS
only refresh results in a substantial reduction in
operating power. This reduction in power is reflected
in the lcc 3 specification.
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0 i @ 0.25-0.05
o~ T T T o
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e
2.54 +0.25 054015

Note:
nal position with respect to No. 1 and No. 16 leads.
All dimensions are in millimeters.

Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudi-

Note: 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.
© Apr., 1983 Toshiba Corporation



TOSHIBA MOS MEMORY PRODUCTS

262,144 WORD X 1 BIT DYNAMIC RAM

N-CHANNEL SILICON GATE MOS

TMM4 | 256C-12
TMM41256C-15

DESCRIPTION

The TMM41256C is the new generation dynamic
RAM organized 262,144 words by 1 bit, it is successor
to the industry standard TMM4164P.

The TMM41256C utilizes TOSHIBA's N-channel
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 TMM-

FEATURES

e 262,144 words by 1 bit organization
e Fast access time and cycle time

DEVICE tRAC tcac tRc I
TMMA41256C-12 120 ns 60 ns 220ns |
TMM41256C-15 150 ns 75 ns 260ns |

e Single power supply of 5V £10% with a built-in
VBB generator
o Low Power:
330mW Operating (MAX.) (TMM41256C-12)
275mW Operating (MAX.) (TMM41256C-15)
27 5mW Standby (Max.)

PIN CONNECTION (TOP VIEW)

Ag ~ Asg | Address Inputs

CAS Column Address Strobe
Din Data In

DouTt Data Out

RAS Row Address Strobe
WRITE Read/Write Input

Vee Power (+5V)

Vss Ground

* This is advance information and specifications
are subject to change without notice.

41256C to be packaged in a standard 16 pin ceramic
DIP. This 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 BV *10% tolerance, direct interfacing
capability with high performance logic families such
as Schottky TTL.

Industry standard 16 pin ceramic DI P
Output unlatched at cycle end allows two-dimen-
sional chip selection

e Common /O capability using “EARLY WRITE"
operation
o Read-Modify-Write, RAS-only refresh, Hidden
refresh, and Page Mode capability.
e All inputs and output TTL compatible
e 256 refresh cycles/4ms
BLOCK DIAGRAM ~—oVee
<«—oVgg
oﬁD—‘ BUFFER
CAS o—p| NO. 2 CLOCK J DATA OUT DouT
GENERATOR ' :q:UFFER
COLUMN
Ao ADDRESS T CoLUMN
A BUFFERS (9) ! 1:' DECODER
Ago—m | 0 L ____
A3 1024
Aa
SENSE AMP
As 1/0 GATING
Ag
Aq
As ROW « - --q
ADDRESS | e 1024
BUFFERS (9) - ;ﬂ
0% MEMORY
©011256 | "ARRAY
RAS 4 NO. 1 CLOCK o
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ABSOLUTE MAXIMUM RATINGS

ITEM SYMBOL RATING UNITS NOTES
Input and Output Voltage ViN. VouT —1~7 \ 1
Power Supply Voltage Vee -1~7 \ 1
Operating Temperature ToPR 0~70 °c 1
Storage Temperature Tste —55 ~ 150 °c 1
Soldering Temperature - Time TSOLDER 260 - 10 °C - sec 1
Power Dissipation Po w 1
Short Circuit Output Current lout mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=0~ 70°C)
SYMBOL _EA&AMETER MIN. TYP. MAX. UNITS NOTES
Vee Supply Voltage 4.5 5.0 55 \% 2
Vin Input High Voltage 24 6.5 \ 2
ViL Input Low Voltage -1.0 0.8 \% 2
DC ELECTRICAL CHARACTERISTICS (Vcc =5V +10%, Ta= 0~ 70°C)
SYMBOL PARAMETER MIN. MAX. UNITS NOTEE
OPERATING CURRENT
TMM41256C-12 60
Iccr Average Power Supply Operating Current mA 3,4
(RAS, TAS Cycling: tgc = tac MIN.) TMM41256C-15 50
STANDBY CURRENT
lce2 Power Supply Standby Current 5 mA
(RAS = CAS = V)
REFRESH CURRENT TMMA41256C12 .
lccs Average Power Supply Current, Refresh Mode mA 3
(RAS Cycling, CAS =V} : tre = trc MIN.) TMM41256C-15 40
PAGE MODE CURRENT
MM41 -12 4
lcca Average Power Supply Current, Page Mode T 286C1 5 mA 3.4
(RAS = V,__, CAS Cycling : tpc = tpc MIN.) TMM41266C-15 40
INPUT LEAKAGE CURRENT
) Input Leakage Current, any input (OV Vi £6.5V, -10 10 HA
All Other Pins Not Under Test = OV)
OUTPUT LEAKAGE CURRENT _
oW | (Dyur is dissbled, OV < Vour < +6.5V) 10 10 HA
OUTPUT LEVEL
VoH | Gutput “H" Level Voltage (lou = ~5mA) 24 v
OUTPUT LEVEL
VoL | Output “L" Level Voltage (lout = 4.2mA) 04 v




TOSHIBA

ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

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

TMM41256C-12

TMM412566C-15

SYMBOL PARAMETER MIN. MAX. MIN. MAX. UNITS NOTES
tRC Random Read or Write Cycle Time 220 - 260 - ns

tRWC Read-Write Cycle Time 240 — 285 — ns

tRMW Read-Modify-Write Cycle Time 260 - 310 — ns

tpc Page Mode Cycle Time 120 — 145 — ns

tRAC Access Time from RAS - 120 - 150 ns 8,10
tcac Access Time from CAS - 60 - 75 ns 9,10
toFE Output Buffer Turn-Off Delay 0 35 0 40 ns 1
tT Transition Time (Rise and Fall) 3 50 3 50 ns 6
tRP RAS Precharge Time 90 — 100 — ns

tRAS RAS Pulse Width 120 10,000 150 10,000 ns

tRSH RAS Hold Time 60 — 75 — ns

tcsH CAS Hold Time 120 — 150 — ns

tcas CAS Pulse Width 60 10,000 75 10,000 ns

tRCD RAS to CAS Delay Time 25 60 25 75 ns 13
tcrP CAS to RAS Precharge Time 0 - 0 — ns

tePN CAS Precharge Time 25 - 25 — ns

tcp CAS Precharge Time (éc\;/:: I:a%i :\c?de 50 _ 60 _ ns

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

tRAH Row Address Hold Time 15 - 15 - ns

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

tCAH Column Address Hold Time 35 - 45 — ns

tRCs Read Command Set-Up Time 0 - 0 — ns

tweH Write Command Hold Time 35 — 45 — ns

won | i Commend Hog e w | - | w | - [

twp Write Command Pulse Width 35 — 45 — ns

TRWL Write Command to RAS Lead Time 35 — 45 — ns

towL Write Command to CAS Lead Time 35 - 45 — ns

tps Data-In Set-Up Time 0 - 0 - ns 14
tDH Data-In Hold Time 35 - 45 - ns 14
o | DT s | - | m | - | e

tREF Refresh Period - 4 - 4 ms

twes Write Command Set-Up Time -10 — —10 — ns 15
tcwb CAS to WRITE Delay 40 - 50 — ns 15
tRWD RAS to WRITE Delay 100 - 125 — ns 15
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CAPACITANCE
(Vee = BV £10%, f= 1MHz, Ta=0 ~ 70°C)
SYMBOL PARAMETER MIN. MAX. UNITS
Cn Input Capacitance (Ag ~ Ag, Diy) - 6 pF
Ci2 Input Capacitance (RAS, CAS, WRITE) 7 pF
Co Output Capacitance (DoyT) 7 pF
NOTES:
1. Stresses greater than those listed under ““Absolute Maximum Ratings’ may cause permanent damage to the device.
2. All voltages are referenced to Vss.
3. lec1. lees. Icca depend on cycle rate.
4. lcc1. lcca 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 any 8 RAS cycles before proper device operation is achieved.
6. AC measurements assume t = 5 ns.
7. Vin (min.) and V| (max.) are reference levels for measuring timing of input signals. Also, transition times are measured be-

tween V)y and V],_.

8. Assumes that tgep < trep (max.). If tgep is greater than the maximum recommended value shown in this table, trac will
increase by the amount that tgcp exceeds the value shown.,
9. Assumes that trep 2 trep (max.)

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

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

12.  Either tgcy or tRrH Must be satisfied for a read cycle.

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

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

15.  twcs. tcwp and tRwp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics
only. If twes 2 twes (min.), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance)
throughout the entire cycle; If tcwp 2 tcwp (min.) and trwp = trwp (Min.), the cycle is a read-write cycle or read-modify-
write cycle and the data out will contain data read from the selected cell: If neither of the above sets of conditions is satisfied,
the condition of the data out (at access time) is indeterminate.

TIMING WAVEFORMS '

© READ CYCLE tRe

tRAS

RAS  VIH— 3
VL —

7
f

tCsH tRP.

tRSH tePN

1 tRCD
R A —
: tcas —
Ths VM — \
ViL —, ¢
tASR | [tRAH tascC tCAH
ViH — 3
ADDRESSES ROW COLUMN
ViL _munusssm ADDRESS
tRCH

tRCS|
ViH —
WRITE H /F W
viL— tcAC
l tRAC tOFF

Vou —
Pout V° OPEN —{| vavio bata
oL —

Don‘t care



& WRITE CYCLE (EARLY WRITE)
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tRC
I tRAS
v —— T
RAS R /
ViL— \
tesH - AP
IcRP tRCD tRSH tcPn
e cas
TAS ViH— \ ! /
ViL —
T
TASR TRAH  tASC. TCAH
ViH— ROW COLUMN
AoDREssES | oW ess coLumn
l | tewt
twes 4
W WCH
WRISE _— wp
WRITE %-—‘__.4
VL — / ; Z i
tRWL |
TWCR
DS _toH
ViH—
PN M VALID DATA M
Vi —
tOHR
Von — [/} pon't care
Pout OPEN
oL —

®READ-WRITE/READ-MODIFY-WRITE CYCLE

tRWC/tRMW
tRAS
TAS Yuu —_ T tAR
T B
ViL— . N\
TRSH
tcsH - .
CRP tRCD tcas CPN
TAs ViH — ~ \ _1\-
CAS
w_/ N A
N 4
tASR_ RAH L tasc || CAH
\Z - N\
H— ROW COLUMN . ;/: :
ADDRESSES Vie— A OORESS }@g( S mess
|- tRWD tewL
I ‘-ncs - tcwo TRWL J
WRITE ViH— j
n—
VoH—
Sout OPEN VALID DATA
Vor—
tRAC
tos| | tpH
Vin— VALID
Din ViL— DATA
PA onot care
o “RAS-ONLY” REFRESH CYCLE . N
RC
tRAS —1
— ViH —
RAS !
ViL— 1 N
tRAH tRp
tASR

ADDREsses VIH—
ViL—

/ ;; ; ;)< ROW ADDRESS

KL

Vv —_
oour OH
Vv

TAS = vy, Wi

OPEN

/RTTE = Don't care, Ag = Don't care

Don‘t care
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® HIDDEN REFRESH CYCLE

je———— MEMORY CYCLE —-r— aeeret —4-— SeEnESH _u)
tRC. tRC *RC
tRAS [ tRAS TRAS RP
v tAR ‘
RAS H—
M ] \ N N
|
tCRP tRCD tcas L feen
L
e VIH—
CAS
viL— 5 7
tASR| | tRAH TASR | | tRAH
ADDRESSES VIH — ROW ROW
ViL— ADD ADD
1 d
RCH
RARH
ViIH— F
WRITE
e L\
TOFF
Vou—
Dout OPEN ———< VALID DATA >*
VoL —
Don't caré
® PAGE MODE READ CYCLE
tRAS
AR
RAS VM —
ViL— X f f—
f
e
. . CSHI—g o tcAS tRSH
CRP tRcD TCAS TcP " tcas
cAs UHT
ViL— tRAH 7 T T
tTCAH CAH CAH
t
ASR | tasc tasc L'ASC
Vib — RO! coL coL coL
ADDRESSES
viL — DO, ADD, ADD ADD,
teAC teac
tRAC TOFF ‘OFF
Vv —_— 4
Doyt VOH l—— OPEN
VoL — 3 tRCS
tRCS L TRCH IRCH
—= e
e VIH — i
WRITE /“ W
ViL —
/| Don't care
® PAGE MODE WRITE CYCLE
tRAS
RAS
’ tRSH
tcas tCPN
CAS 2 / \
cAH
tasc
ADDRESSES / ign[.,
4
tWeH
tewL
WRITE / ZL
N Z
1
P tAWL |
D T J
DH
o VALID
IN DATA

Don’t care



APPLICATION INFORMATION

ADDRESSING

The 18 address bits required to decode 1 of the
262,144 cell locations within the TMM41256C 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 (R—Ag),
latches the 9 row address bits into the chip. The
second clock, the Column Address Strobe (CAS),
subsequently latches the 9 column address bits into
the chip. Each of these signals, RAS and CAS,
triggers a sequence of events which are controlled
by different delayed internal clocks.

The two clock chains are linked together logically
in such a way that the address multiplexing operation
is done outside of the critical path timing sequence
for read data access. The later events in the CAS
clock sequence are inhibited unitl 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 (tgaq) has been satisfied

" and the address inputs have been changed from Row
address to Column address information.
" DATA INPUT/OUTPUT
Data to be written into a selected cell is latched
. into an on-chip register by a combination of WRITE
" and CAS while RAS is active. The later of the signals
| (WRITE or CAS) to make its negative transition is
the strobe for the Data In (DjN) register. This permits
several options in the write cycle timing. In a write
cycle, if the WRITE input is brought low (active)
prior to CAS, the Dy is strobed by CAS and the
set-up and hold times are referenced to CAS. If
the input data is not available at CAS time or if it
is desired that the cycle be a read-write cycle, the
WRITE signal will be delayed until after CAS has

TOSHIBA

made its negative transition. In this “"delayed write
cycle’ the data input set-up and hold times are re-
ferenced to the negative edge of WRITE rather
than CAS. (Toillustrate this feature, Din is referenced
to WRITE in the timing diagrams depicting the
read-write and page mode write cycles while the
“early write” cycle diagram shows DN referenced
to CAS).

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

DATA OUTPUT CONTROL

The normal condition of the Data Qutput (DouT)
of the TMM41256C 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 O 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.
PAGE MODE

The “Page-Mode” feature of the TMM41256C
allows for successive memory operations at multiple
column locations of the same row address with
increased speed without an increase in power. This
is done by strobing the row address into the chip and
maintaining the RAS signal at a logic O throughout
all successive memory cycles in which the row address
is common. This “Page Mode’ of operation will
not dissipate the power associated with the negative
going edge of RAS. Also, the time required for
strobing in a new row address is eliminated, thereby
decreasing the access and cycle times.
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REFERSH

Refresh of the dynamic cell matrix isaccomplished
by performing a memory cycle at each of the 256
row address (Ao ~ A7) within each 4 millisecond
time interval. Although any normal memory cycle
will perform the refresh operation, this funciton is
most easily accomplished with "RAS - only” cycles,
RAS only refresh results in a substantial reduction in
operating power. This reduction in power is reflected
in the lgc3 specification.

MEMORY CYCLE ,

REFRESH CYCLE

HIDDEN REFRESH

An optional feature of the TMM41256C is that
refresh cycles may be performed while maintaining
valid data at the output pin. This is referred to as
Hidden Refresh. Hidden Refresh is performed by
holding CAS at Vj_ and taking RAS high and after
a specified precharge period (tgp), executing a
“RAS - only’ refresh cycle, but with CAS held low
(see Figure below).

REFRESH CYCLE

]
7

0
2

S

DouT = OPEN =

—[ =
N
_<

VALID DATA

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

OUTLINE DRAWINGS

8.2 MAX.

20.6 MAX.

17.2 MAX.

762£0.5

4.2 MAX.

2.5 MIN.

+0.1
0.25_0.05

Note: Each lead pitch is 2.64mm. All leads are located within 0.256mm of their true longitudinal position with respect to No. 1 and No. 16 leads.

All dimensions are in millimeters.

Note: 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 noitce, to change said circuitry.
© Apr., 1983 Toshiba Corporation
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TOSHIBA MOS MEMORY PRODUCTS

TMM3 | 4AP
TMM3 | 4AP- |

TMM3 | 4APL
TMM3 1 4APL- |

1024 WORD x 4 BIT STATIC RAM

N CHANNEL SILICON GATE DEPLETION LOAD

TMM314AP-3 TMM3I14APL-3

DESCRIPTION

TMM314AP family is 1024 word x 4 bit high
speed read write memories operated with 5 V single
power supply. The memories with 6 Tr. cells are
static in operation and require no clocks or refresh
period and suitable for use in microprocessor applica-
tion systems where high performance, low cost, sim-
ple interfacing are important design objectives.

TTL directly and todrive 1 STTL or 5 LSTTLS.
TMM314AP family is fabricated with N channel
silicon gate depletion load type MOS technology by
ion implantation for fast speed, stable performance
and reliability.
The chip is moulded in the standard 18 pin plastic
package of 0.3 inch width for low cost and high den-

TMM314AP family js able to be connected to sity assembly.

FEATURES
e Fully decoded 1024 word x 4 bit organization ® Low Power dissipation and Access time
e Static operation — No clocks or refresh period Power and Access time (maximum value)
e Single 5V supply voltage — Vcc =5V £ 10% | Access time Power
e Easy memory expansion — CS input - TMM314AP-1 } 200 ns 550 mW
e Three state output — Wired OR tie capability TMM314AP3 ; 300 ns 550, MW
e |nputs and outputs directly TTL compatible TMVB12AP T 250 550 W
e Data input/output terminal is common | 50 ns m
e Input’ protected — All inputs have protection TMM314APL-1 | 200 ns 385 mW
against static charge | TMM314APL-3 | 300 ns 386 mwW
® 2114 Type Pin compatible | TMM314APL | 450 ns 385 MW
PIN CONNECTION (TOP VIEW) BLOCK DIAGRAM
———
rof 7 whvec PV — —vec
As 02 170 A Ag—o Row Memory cell array <— GND
As s 16[] Ag Aq—| Decoder :> 64 x 64
As[la 15[) Ag Ag—
Ag —]
Ao s 14 1/04
ArQs 1301 1/0, ﬁ
iz 47 12 1703 o1 Input Column input/output
s 11[] 104 :;gz data
GND[]9 10[] WE |/o: control Column decoder
PIN NAMES Ao A1 Ay As
[ Ao~As; | ColumnAddress Inputs |
| ) As ~ Ag ; Row Address Inputs i cs
A S N B A Ltk
r 1/0, ~1/04 | Data Input/Output N
s T Chip Select Input | WE
A PR —— |
| Write Enable Input
Supply Voltage 1‘

]

Ground
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MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vee Supply Voltage —-05~7.0 \
Vi/0 Input/Output Voltage -05~7.0 \
TOPR Operating Temperature 0~70 °c
TSTG Storage Temperature —55 ~ 150 °C
TSOLDER Soldering Temperature - Time 260 - 10 °C . sec
PD Power dissipation (Ta =70°C) - mwW
DC RECOMMENDED OPERATING CONDITIONS
[ symBOL | PARAMETER CONDITIONS MIN. | Tvp. | MAX. | UNIT
ViH Input High Voltage - 2.0 - Vee \%
ViL Input Low Voltage - —-0.5 - 0.8 \
Vee Supply Voltage - 4.5 5 55 \
DC CHARACTERISTICS (Ta=0~ 70°C)
P.S_YMBOL PARAMETER CONDITIONS MIN. TYP* MAX. UNIT
IH Input High Current VIN =5.50 V - - 10 LA
e Input Low Current VIN=0V - - -10 KA
VOH Output High Voltage ISOURCE =—1.0mA 2.4 2.8 - \Y
VoL Output Low Voltage ISINK =2.1 mA - 0.15 04 \Y
loH Output High Current VouT =24V —-1.0 -55 - mA
loL Output Low Current VouT =04V 2.1 65 - mA
CE=V WE =V
Lo Output Leakage Current I or i - - 10 MA
VouT =04 V~Vce
TMM3T14A o T
Icct Supply Current PLPLAPLE [22C | = 0 64 mA
louT =0 mA ocl - - 70 ‘
TMM314A o
lcc2 Supply Current P/P-1/P-3 250(: - 70 90 mA
IouT =0 mA 0°C - - 100

* Ta=25°C, Ve =5V




TOSHIBA

AC CHARACTERISTICS (Ta=0~ 70°C, Vgc =5V + 10%, CL = 100pF, t;, tf < 10ns)

READ CYCLE
SYMBOL PARAMETER TMM314AP-1/APL-1 | TMM314AP-3/APL-3 TMM314AP/APL UNIT
MIN. MAX. MIN. MAX. MIN. MAX.
tRC Read Cycle Time 200 — 300 - 450 — ns
tACC Access Time - 200 - 300 - 450 ns
tco Chip Select Time — 70 - 100 = 100 ns
tex Output Active from cs 20 — 20 - 20 ] - ns
too Chip Deselect Time 0 40 0 80 0 | 100 ns
toH Output Hold from Address Change 20 - 20 - 20 I - ns
WRITE CYCLE
SYMBOL PARAMETER TMM314AP-1/APL-1 | TMM314AP-3/APL-3 TMM314AP/APL UNIT
N MIN. MAX. MIN. MAX. MIN. MAX.
| _twc | WriteCycleTime 200 - | 300 - 450 - ns
we Write Pulse Width 120 - | 180 - 200 — ns
twr Write Recovery Time 0 - 0 - 0 - ns
toow | Output High Z from WE 0 40 | 0 i 80 0 100 ns
tos Data Setup Time 120 — | 1m0 - 200 - ns
| ton | DataHold Tome - 0 = 0 - 0 Z ns
W—— | Address to Write Setup Time T 30 | - 30 - 30 - ns
CAPACITANCE (Ta=25°C, f=1MHz)
SYMBOL PARAMETER |" CONDITIONS MIN. [ T, [ mAx. [ UNIT
| Cn | Input Capacitance | Vin-ACGround | = — 5 | pF
CouT OQutput Capacitance ‘[ VouT = AC Ground I 5 ] pF

Note: This parameter is periodically sampled and not 100% tested.
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TIMING WAVEFORMS

READ CYCLE

Ag ~Ag

1/01 ~1/0q

WRITE CYCLE

Ag ~Ag

1/01 ~1/04

tRC

ViH

1.5V
ViL
ViH tco

\ 1.5V 1.5v( M
ViL /
Tex ToH top

VoH

HIGH IMPEDANCE /A X sy paTAOUT

/ : VALID )
VoL
tacc
twe

ViIH

1.5V 1.5V
ViL
Vin ————

N A
5V Y15V +1.5v.
1.5 # /
ViL A
taw twp TWR

ViH

e \T BV }/1‘5V

Ve tex tobw , tps DH
OH/VIH
IMPEDANCE DATA IN
HiGH NCE Vi 54 1.5V 1.5V DON'T CARE
STABLE
Vou/ViL

Note 1 : WE is high for a READ CYCLE.

2 : typ is measured from the latter of CS or WE going low to

the earlier of CS or WE going high.



TYPICAL CHARACTERISTICS

tacc
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OUTLINE DRAWINGS
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Each lead pitch is 2.64 mm. All leads are located within
0.25 mm of their true longitudinal position with respect to
No. 1 and No. 18 leads.

Notes:

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

©Mar., 1980 Toshiba Corporation



TOSHIBA MOS MEMORY PRODUCTS

1024 WORD x 4 BIT STATIC RAM

TMM21 | 4AP-12
TMM21 1 4AP- 15

DESCRIPTION

The TMM2114AP is a 4,096 bits static random
access memory organized as 1024 words by 4 bits and
operates from a single 5V power supply. Toshiba's
high performance device technology provides both
high speed and low power features with maximum
operating current of 60mA and maximum access time
of 120ns/160ns. The memories with 6Tr. cells are
fully static in operation and require no clocks or
refresh periods. Therefore the TMM2114AP is most

FEATURES

® 1024 Word x 4 Bit organization

e Fully static operation

e Single BV supply voltage

® All inputs and outputs: Directly TTL compatible
e Three state output: Wired OR capability

e Common data inputs and outputs

PIN CONNECTION (TOP VIEW)

As[]
As(]
Aal]
A3E

180 Vee
170 A7

1
2
3 16 [0 Ag Ag
As
4 150 Ag
Ag ROW :> MEMORY CELL ARRAY | =—0 GND
Aol 5 14[11/0, A, DECODER 64 x 64
A6 13[1/0; Ag
A 07 12[11/0; A
8
9

suitable for use in microcomputer peripheral memory
where high performance, lower cost, simple inter-
facing are required.

The TMM2114AP is fabricated with N channel
silicon gate depletion load type MOS technology by
ion implantation for high speed, high performance
and high reliability.

The chip is moulded in the standard 18 pin plastic
package with 0.3 inch width.

o 2114A type pin compatible
® Fast Access time and Low Operating Current
(Max.)

B TMM2114AP-12 TMM2114AP-15
tacC(ns) 120 150
lccima) 60 60

® |nput protected: All inputs have protection against
static charge.

BLOCK DIAGRAM

—~—O\Vee

TS 11 [11/04 ﬁ
el 1o vor TR Jeur ] G
1/03 % cDé\NT¢R0L COLUMN DECODER
PIN NAMES 1/04 x—

Ag ~ As Column Address Inputs Zg Zg [§ &

Ag ~ Ag Row Address Inputs Ao Al Ay Ay

1/0y ~ 1/04 Data Input/Output

CS Chip Select Input

WE Write Enable Input s

Vee Supply Voltage _

GND Ground WE
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TRUTH TABLE

cS WE Din DouT MODE
H * * High Impedance Non-decode
L H * Data Output Read
L L H/L Data Input Write
*LorH
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
Vee Supply Voltage —05~7.0 \
Vijo Input/Output Voltage —-0.5~7.0 Y
Topr Operating Temperature 0~70 °c
TsTG Storage Temperature —565 ~ 150 °C
TSOLDER Soldering Temperature * Time 260+ 10 C - sec
Pp Power Dissipation (Ta = 70°C) 850 mW
DC RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vin Input High Voltage 20 — ] Vee+1.0 v
ViL Input Low Voltage —0.5 - 0.8 \%
Vee Supply Voltage 45 5 55 \Y
DC CHARACTERISTICS (Ta=0~ 70°C)

SYMBOL PARAMETER CONDITIONS MIN. TYP.* MAX. UNIT
he Input Leakage Current Vin =0V ~ 5.5V -10 - 10 MA
Vou Output High Voltage Isource = —1.0mA 2.4 — — \%
VoL Output Low Voltage Isink = 2.1mA - - 0.4 \%

§=V;HOFVW=V|L _ _
lo Output Leakage Current Vour = 0.0V ~ 5.5V 10 10 MA
lcc Supply Current louT = OmA - - 60 mA

*Ta=25°C, Ve =

5V
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AC CHARACTERISTICS (Ta=0~ 70°C, Vcc =5V £ 10%, 1-TTL Gate & C__ = 100pF, tr, tf < 10 ns)

READ CYCLE
TMM2114AP-12 TMM2114AP-15
YM PARAMETER
SYMBOL MIN. TYP.* MAX. MIN. TYP.* MAX. UNIT
the Read Cycle Time 120 — - 150 - - ns
tacc Access Time — - 120 — - 150 ns
tco Chip Select Time — — 70 — -~ 70 ns
tex Output Active from CS 10 - - 10 - - ns
10D Deselect Time 0 — 35 0 — 40 ns
toH Output Hold From Address Change 20 — — 20 — — ns
* Ta=25°C, Ve = 5V
WRITE CYCLE
TMM2114AP-12 TMM2114AP-15
SYMBOL PARAMETER UNIT
MIN. TYP* | MAX. MIN. TYP.* | MAX.
twe “Write Cycle Time 120 - — 150 — — ns
twp Write Pulse Width 70 - - 20 - — ns
twr Write Recovery Time 0 - - 0 — — ns
topw Output High Z From WE 0 - 35 0 - 40 ns
tps Data Setup Time 70 - — 90 - - ns
tDH Data Hold Time 0 - - 0 — ~ ns
taw Address to Write Setup Time 0 - — 0 - — ns
* Ta=25°C, Vec = 5V
CAPACITANCE (Ta= 25°C, f = TMHz)
SYMBOL PARAMETER CONDITIONS MIN. TYP, MAX. UNIT
Cin Input Capacitance Vin = AC Ground — — 5 pF
CouT Output Capacitance VouTt = AC Ground - - 10 pF

Note: This parameter is periodically sampled and not 100% tested.
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TIMING WAVEFORMS

‘e READ CYCLE

Ag ~ Ay

1/0; ~1/04

Vin

Vie

Vik

ViL
Vow

VoL

® WRITE CYCLE [1] *(1)

Ao~ Ag

1/0; ~1/04

Vie

Vin

ViL

Vou/Vin

Vou/MiL

*(2)

trc
;<I BV ><1.5V
———-—\ tco Z—
yi1 5V 1.5\//
tex toH top
HIGH IMPEDANCE DATA OUT
<.5V VALID 15V
UNKNOWN
tacc
twe
v /4y
N VA
taw twe twr
\\1.5V /Z1 BV
tex ToDwW | TDs toH
DATA IN g
1.5V STABLE 1.5V DON'T CARE
UNKNOWN



® WRITE CYCLE [2] *(1)

Vin
Ao~ Ag
Viu
- Vi
Cs
Vi
Vin
WE
Vi
Von/Vin
110 ~1/04
Vou/MiL

twe
><1.5V ><I BV
5\1 5V //1.5V
taw twp twr
\1 5V —/1 BV
tos toH
DATA IN .
15V P RLE 1.5V DON'T CARE

Note *(1): A write occurs during the overlap of a low €8 and low WE.
And twp is specified as the logical ‘AND’ of CS and WE.
*(2): 1f the CS low transition occurs simultaneously with or latter from WE low transition, the output buffers remain in a high impedance

state in this period.

OUTLINE DRAWINGS
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Note: All dimensions are in millimeters. Each lead pitch is 2.564mm.

Unit: mm

7.62+0.25

0~15°

+0.1

0.25_q'gg

762~8.8

Al leads are located within 0.26mm of their true |ongitudinal POsition with respect to No. 1 and No. 18 leads.
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Note: Toshiba does not assume any responsibility for use of any circuity described; no circuit patent licenses are implied and Toshiba reserve the right,
at any time without notice, to change said circuitry.
© Feb., 1983 Toshiba Corporation



TOSHIBA MOS MEMORY PRODUCTS

4096 WORD x 1 BIT STATIC RAM
N CHANNEL SILICON GATE DEPLETION LOAD

TMM315D
TMM315D- 1|

DESCRIPTION

TMM315D/TMM315D-1 are 4096 word x 1 bit
read write memories operated with 5V single power
supply. The memories are static in operation and
require no clocks or refresh period. This device has
two types in data access - address access and chip
select access which are equal and very high speed.
When CS goes high, this device is deselected and
changes into the low power standby mode automati-
cally, and keep its state during the period that CS is
high. Accordingly, this device is suitable for use in

FEATURES

Fully decoded 4096 word x 1 bit organization
Static operation — No clocks

5V single power supply

Easy memory expansion — CS input

Standby feature — CS =V/|H

1/O separate

Three state output

Directly TTL compatible

PIN CONNECTION (TOP VIEW)

Vee As A7 Ag Ag Ajg A1l DyN TS

15 14 13 12 11 10

Ao A1 Ay A3 Az As D WEGND

PIN NAMES

Ao ~ As Row Address inputs

Ag ~ A1 Column Address inputs

DIN Data input

DouTt Data output

[ Chip select input

WE Write enable input

Vec/GND ] Power supply

larger memory system which the majority of devices
are deselected, and is suitable for use in cache memo-
ry required very high speed. TMM315D/TMM315D-1
are directly TTL compatible and its output can drive
the TTL up to 5. TMM315D/TMM315D-1 are fabri-
cated with N-channel silicon gate depletion load type
technology for stable and high performance. The
chip is mounted in the standard 18 pin package of 0.3
inch width for low cost purpose.

® Current and Access time (Maximum value)

PARAMETER TMM315D-1 TMM315D
Active Current (Max.) 180 mA 160 mA
Standby Current (Max.) 30 mA 20 mA
Address Access time 85 ns 70 ns
Chip select Access time 55 ns 70 ns

e Pin to pin compatible — i2147/i2147-3
e Inputs protected — All inputs have protection
against static charge.

BLOCK DIAGRAM
Ao.t‘ |
Ar—{— ~Vee
Ay Row Memory ~—GND
Cell Array
Ay——{g——] Decoder (64 x 64)
As
As—{3—— ]
DN > Column 1/0 DouT
circuit
Column decoder
T3

H1118

Ag A7 Ag Ag A1oA11
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OPERATION MODE
[3 WE Output Power Mode
H * High-Impedance Standby Deselected
L H Data out Active Read
L L High-Impedance Active Write
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
Vcce Power supply voltage —1.5~7.0 \Y
VIN,OUT Input and output voltage -156~70 \Y
Topr Operating temperature 0~70 °C
Tstrg Storage temperature —b5 ~ 150 °C
Tsolder Soldering temperature - time 260 - 10 °C - sec
Pp Power dissipation (Ta =70°C) 1.0 w
lout DC output current 20 mA
DC OPERATING CONDITIONS
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
ViH Input high voltage —_— 20 - 6.0 \%
ViL Input low voltage _— -1.0 - 08 \%
Vee Power supply voltage —_— 45 5.0 5.5 \
DC and OPERATING CHARACTERISTICS
Ta=0~70°C, Vcc = 5.0V 10%,unless otherwise noted
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
VoH Output high voltage Isource = ~4.0 mA 24 - - \Y
VoL Output low voltage Isink =8 mA - - 04 \v
loH Output high current Vox =24V —4.0 — - mA
loL Output low current VorL =0.4V 8.0 - - mA
[IN] Input leakage current ViN =0~ Vce - +0.01 +10 uA
VouT =0~45V
| Output leakage current - I - +0.1 +50 A
Lo P ge curren TS =Vin orWE = V)L H
| Operating current CS=viL TMM315D - - 160 mA
r
ce persting outputopen  |TMM315D1 | — - 180 mA
CS=ViH TMM315D - - 20 mA
Is Standby current
output open TMM315D-1 - - 30 mA
IsgP Peak power on current CS=Vin TMM315D - - %0 mA
during power on | TMM315D-1 - - 70 mA

* Typical values are at Vcc =5.0V, Ta=25°C.




A.C. CHARACTERISTICS

Ta=0~70°C, Vcc

® READ CYCLE

=5V+ 10%,unless otherwise noted.

TOSHIBA

SYMBOL PARAMETER TMM3TSD-1 TMM315D UNIT
MIN. MAX. MIN. MAX.
tRC Read cycle time 55 - 70 - ns
tAacc Address access time — 55 — 70 ns
tco, Chip select access time 1 - 55 - 70 ns
tco, Chip select access time 2 - 65 - 80 ns
tOH Output hold from address change 5 - 5 - ns
tLz R Chip selection to output in low Z 10 - 10 - ns
tHZ Chip deselection to output in high Z 0 40 0 40 ns
“ tPU Chip selection to power up time 0 — 0 — ns
tPD Chip deselection to power down time — 30 — 30 ns
© WRITE CYCLE
SYMBOL PARAMETER TMM315D -1 TMM3T5D UNIT
i MIN. MAX. MIN. MAX.
twe Write cycle time 55 - 70 — ns
tcw Chip selection to end of write 45 - 55 - ns
tAW Address valid to end of write 45 - 55 - ns
| tAS Address set up time 0 - 0 — ns
! twp Write pulse width 35 - 40 - ns
tWR Write recovery time 10 - 15 - ns
| tDs Data set up time 25 — 30 - ns
| towH Data hold time 10 - 10 - ns
topw Write enable to output in high Z 0 30 0 35 ns
two Output active from end of write 0 - 0 - ns
® AC TEST CONDITIONS Vee
Input pulse levels 0~35V
. " 5100
Input rise and fall times 10 ns
| Input and output timing reference levels 1.5V DouT 30pF
| Output load See Fig. 1 30002 l
CAPACITANCE (Ta=25°C, f=1.0 MHz)
Fig. 1 Output load
SYMBOL PARAMETER MAX. UNIT
CIN Input capacitance 5 pF
Cout Output capacitance 7 pF

This parameter is periodically sampled and is not 100% tested.
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READ CYCLE 1. WE = vy, 8= VL)

TIMING WAVEFORMS e -
—_ 7.<

Dout Previous Data valid Date valia

o

e tacc

READ CYCLE 2, [WE = vjy) (1)

= N Vil
.
%
- 1
suom A
ey s
— e
Address N\ )
=3 —
WE

o Data in valid J(
—~| toow [=—  }=——wo

Note: (1) Addresses are to valid prior to or coincident with CS transition low.
2) tco1: Chipis deselected for a time that is greater than 55 ns prior to selection.
tco2: Chip is deselected for a time that is less than 55 ns prior to selection.

18 10 Unit in mm

OUTLINE DRAWINGS : o 0 I O o M e B s M

A
7.5 MAX.

RppEp ey g gy s

. 7.9%0.25
X
k]
2| A
0
v Y 4
z X o
s F4 1 \o~18
Note: 1. Each lead pitch is 2.564 mm. All o s 0.25 t0:1

leads are located within 0.25 mm of o ° —0.05

their true longitudinal position with ©

respect to No. 1 and No. 18 leads. 2.54 Ty, ° 8.00~10.20

2. All dimensions are in millimeters. : L 1.52+0.25

0.46%0.15

Note: 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.
© Aug., 1980 Toshiba Corporation



TOSHIBA MOS MEMORY PRODUCTS

2048 WORD X 8 BIT STATIC RAM

N CHANNEL SILICON GATE DEPLETION LOAD

TMM20 | 6P/D
TMM2016P-1/D- |
TMM2016P-2/D-2

DESCRIPTION

The TMM2016P/D is a 16384-bit static random ac-
cess memory organized as 2048-words by 8-bits and
operates from a single 5V power supply. Common
8-bit input/output, output enable (OE) and pin-com-
patibility with 2716 type EPROM (TMM323D) allow
a wide application in microprocessor peripheral
memory.

In memory expansion, low power application is
possible by using the chip select input (CS). When CS

FEATURES

e Pin compatible with 2716 type EPROM
® Single 5V supply — Vee =5V £ 10%

® Access time and current

———

—— |TMM20!6?/D [TMm2016p-1/01 TMM2016P-2/D.2]
Access time (MAX.) [ 150 ns 100 ns 200 ns |
po— T e P
Operating current (MAX.) | 100mA 120mA | 140mA I

15mA [_ 30mA

Standby current (MAX )ﬁL 15mA

e Power down feature — CS

PIN CONNECTION

is in Viy level, the device is in low power standby
mode.

TMM2016P/D is fabricated with ion implanted N-
channel silicon gate technology. This technology pro-
vides high performance and high reliability. The
TMM2016P/D is offered in both standard 24 pin
plastic and cerdip packages, 0.6 inch in width.

e Qutput buffer control — OFE

e Easy memory expansion — CS

e Static operation — No clock or timing strobe re-
quired

Directly TTL compatible — All inputs and outputs

Common data input and output

Three state outputs — Wired OR capability

Inputs protected — All inputs have protection
against static charge.

BLOCK DIAGRAM

A7 4 Vee
AsQ Ag —
Asd Ag Ay o———5—
Ay WE Ay o——PF—— |
Aaz _ [3 AZ o—Dy— 3 Memory «—o Ve
A2 g H Ao Ay o—Pg— 8 = CellAmy <—o0 GND
Mg z © Ay o——Pr— 2 (128 x 16 x8)
Ao g <] 1/0g Ag &
1101 ¢ = 1107 A T—
110,d 1106 10 o—————]
/03¢ 1/0g
GND 1/04. 1/01 o—— >
1/0,
1/03 §
PIN NAMES 1/04 o ]
1/05 —
1]
SYMBOL NAME 1106 =
1/07 —
Ag~ Az Column Address Inputs 1/0g Q Ly L
Ag A1Ag Ag
Ag~ A0 Row Address Inputs '_ 2
s Chip Select Input
WE Write Enable Input
cs
1/09 ~1/0g Data Input/Output wE
OE Output Enable Input OE I
Vee Power (5V)
GND Ground i
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MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vee Power Supply Voltage -05~70 \%
VIN, ouT Input and Output Voltage —-05~7.0 Vv
Topr. Operating Temperature 0~70 °c
TsTG. Storage Temperature —55 ~ 150 °C
TsOLDER Soldering Temperature - Time 260 -10 °C-sec
Po Power Dissipation (Ta = 70°C) 1.0 w
D.C. RECOMMENDED OPERATING CONDITIONS (Ta=0~ 70°C)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vin Input High Voltage 2.2 — Vec +1.0 v
ViL Input Low Voltage -0.5 — 0.8 \
Vee Supply Voltage 45 5.0 5.5 \
D.C. CHARACTERISTICS (Ta=0~ 70°C, Voo =5V + 10%)

L_S_YMBOL PARAMETER ___ CONDITIONS MIN. TYP. MAX. UNIT
I Input Leakage Current VN =0~55V - - +10 LA
loH Output High Current Vout =24V B -1.0 - — mA
loL Output Low Current Vout =0.4V 2.1 = - mA
VoH Output High Voltage loyt = —1.0mA 2.4 — — \
VoL Output Low Voltage lout =2.1mA - - 0.4 \

cS=V WE =V OE=V |
lo Output Leakage Current Hor or H — - +10 MA
Vout =0~ Vce
€S =Vee TMM2016P
/P-1/D/D-1 - —
*lsgp Peak Power-on Current loyT =0mA - 30 mA
_ during power on TMM2016P-2/D-2 - - 45 mA
CS=V TMM2016P/P-1/D/D-1|  — - 15 mA
Isg Standby Current
louT =0mA TMM2016P-2/D-2 - - 30 mA
— TMM2016P/D — — 100 mA
X CS =V
lcc Operating Current TMM2016P-1/D-1 - - 120 mA
lout =0mA
T TMM2016P-2/D-2 - - 140 mA

*Note: Icc exceeds Igg maximum during power on. A pull-up resistor to Vg on the cs input is required to keep the device deselected; otherwise,
power-on current approaches |oc active.

* CAPACITANCE (Ta=25°C, f=1MHz)

SYMBOL PARAMETER CONDITIONS MAX. UNIT
Cin Input Capacitance Vin =A.C. Ground 5 pF
CouT QOutput Capacitance VouTt = A.C. Ground 10 pF

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




A.C. CHARACTERISTICS (Ta=0~ 70°C, Vcc =5V * 10%)

TOSHIBA

READ CYCLE
SYMBOL PARAMETER TMM2016P/D TMM2016P-1/D-1 | TMM2016P-2/D-2 UNIT
MIN. MAX. MIN. MAX. MIN. MAX.
tRC Read Cycle Time 150 - 100 - 200 — ns
tACC Address Access Time - 150 - 100 - 200 ns
tco Chip Select Access Time — 150 — 100 - 200 ns
toe Output Enable Time - 55 - | 35 - 55 ns
toH Output Hold Time from Address Change 10 - 10 i - 10 - ns
tcLz Output in Low-Z from CS 10 - 10 | - 10 - ns
tcHZ Output in High-Z from CS — 55 - 40 — 55 ns
toLz Output in Low-Z from OE 5 — 5 - 5 - ns
tOHZ Output in High-Z from OE - 50 - 35 - 50 ns
tpy Chip Selection to Power up Time 0 - 0 - 0 - ns
tPD Chip Deselection to Power down Time - 60 - 50 = 60 ns
WRITE CYCLE
SYMBOL PARAMETER TMM2016P/D TMM2016P-1/D1 | TMM2016P-2/D-2 UNIT
MIN. MAX. MIN. MAX. MIN. MAX.
twe Write Cycle Time 150 - 100 - 200 - ns
tcw Chip Selection to End of Write 120 - 90 - 150 - ns
tas Address Set up Time 20 - 20 - 20 = ns
twp Write Pulse Width 100 - 70 - 120 - ns
twr Write Recovery Time 10 - 10 - 10 - ns
tps Data Set up Time 60 - 40 — 60 - ns
tDH Data Hold Time 15 - 10 - ‘15 - ns
twLz Output in Low-Z from WE 5 - 5 - 5 - ns
twWHZ Output in High-Z from WE - 50 - 35 - 50 ns
A.C. TEST CONDITIONS
Input Pulse Levels 0~35V
Input Rise and Fall Times 10ns
Input and Output Timing Reference Levels 1.5V
Output Load See Note

Note: Output Load — 1TTL Gate and C_ = 100pF
(Including scope and jig)




TOSHIBA

TIMING WAVEFORMS

(A) READ CYCLE (1) .
RC
ADDRESS >(
tacc
oF - tor
—-‘ toLz
Pour OUTPUT DATA VALID
UNKNOWN

(B) READ CYCLE (2)
tRC
& T

[-—————tco tcHZ }.
— tcLz

Doyt —mm— OUTPUT DATA VALID

SUPPLY
CURRENT

(C) WRITE CYCLE (1)

twe

ADDRESS >Z }(

cs N
. j—tAS _.I ——
WE -

R \ P

— fe— tOHZ

v‘v’v.v‘v‘v‘v’v Vaw v.v V.
DouT IR

tps —— tpH

Din DATA IN STABLE
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(D) WRITE CYCLE (2)

twe
ADDRESS >< >(
tew
= \i 7/
_ }‘— ‘AS—Vi ).___.___:wp—au_'wa—.
WE
t —- |——
WHZ — Wiz
HIGH IMPEDANCE
Dout D
tDs——— tOH
Oin DATA IN STABLE
* Note: READ CYCLE (1) — WE is high for Read Cycle.
Device is continuously selected, CS = ViLe __
READ CYCLE (2) — All addresses are valid prior to or coincident with CS transition low.
WE is high for Read Cycle. OE = V).

WRITE CYCLE (2) — OE = V.

L I T
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OUTLINE DRAWINGS

® Plastic package
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Note: Each lead pitch is 2.54 mm All leads are located within 0.25 mm of their true longitudinal position with respect to
No. 1 and No. 24 leads.
All dimensions are in millimeters

Note: Toshiba does not assume any responsibility for-use of any circuitry described; no circuit patent licenses are impiled, and Toshiba reserves
the right, at any time without notice, to change said circuitry.
© Oct., 1981 Toshiba Corporation

PRELIMINARY

Characteristics are subject to change without notice.



TOSHIBA MOS MEMORY PRODUCTS

2,048 WORD x 8 BIT STATIC RAM

TMM20 | 6AP-90 TMM20I6AP-12

TMM2016AP-10 TMM20OI6AP-15

DESCRIPTION

The TMM2016AP is a 16,384 bits high speed and
low power static random access memory organized
as 2,048 words by 8 bits and operates from a single
5V supply. Toshiba's high performance device
technology provides both high speed and low power
features with a maximum access time of 90ns/100ns/
120ns/150ns and maximum operating current of
80mA/656mA/65mA/65mA.  When CS is a logical

FEATURES

e Access Time and Current

high, the device is placed in a low power standby
mode in which maximum standby current is 7mA.
Thus the TMM2016AP is most suitable for use in
microcomputer peripheral memory where the low
power applications are required. The TMM2016AP is
fabricated with ion implanted N channel silicon gate
MOS technology for high performance and high
reliability.

e Single 5V Power Supply

Parameter | pqoess | Operating | Standby e Fully Static Operation
Part Numbeh Time (Max.) ‘ih‘jl"e”)t (i"\‘d”e”)t e Power Down Feature: CS
ax. ax. e Output Buffer Control: OE
TMM2016AP-90 90ns 80mA 7mA e Three Stage Outputs
TMM2016AP'10 100ns 65mA TmA e All Inputs and Outputs: Directly TTL Compatible
TMMZ2016AP-12 120ns 65mA 7mA e Inputs protected: All inputs have prtoection aga-
TMM2016AP-16 | 150ns 65mA TmA inst static charge.
BLOCK DIAGRAM
PIN CONNECTION
As o—LF—]
A,O1 243 Vee As o—Lz—1 &
AsLy2 2 HAs Ao o—P3— § MEMORY = Vec
As]3 22 Ay A e CELL ARRAY -
A4 21 OWE N — 3 (128 x 16 x 8) GND
oF s o—5— =
As0s = 20 0E A 3
2 s o—3—1 ¢
A06 w 190A0
ads > 8hcs o—F—] T
Aol S 1700, 101 o _
1/0, = 16fM0, 1020 N ——— ocircuIT
110, H1/06 vo. o >
1/0 1/0 3 >
3 {11/0s 1/0,4 © COLUMN
GND [1/0,4 1/0s o "&{ DECODER
1/0g © k
PIN NAMES HOn o S
SYMBOL NAME 1/0g & S R AL Ay A
Ao ~ Az Column Address Inputs
As ~ Ajo Row Address Inputs
[ Chip Select Input cs
WE Write Enable Input WE
1/0y ~1/0g Data Input/Output OE
OE Output Enable Input J
Vee Power (5V) [
GND Ground |
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MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vee Power Supply Voltage —-0.5~7.0 \4
Vin. VouT Input/Output Voltage -0.5~7.0 \%
Topr. Operating Temperature 0~70 °c
Tstg. Storage Temperature —55 ~ 150 °c
Tsolder Soldering Temperature * Time 260+ 10 C - sec
Pb Power Dissipation (Ta = 70°C) 1.0 w
D.C. RECOMMENDED OPERATING CONDITIONS (Ta=0~70°C)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 20 - Veet+1.0 \%
ViL Input Low Voltage —-0.5 - 0.8 \
Vee Supply Voltage 4.5 5.0 5.5 \
D.C. CHARACTERISTICS (Ta=0~ 70°C, Vcc = 5.0V * 10%)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
I Input Leakage Current Vin =0V ~ 55V —10 — 10 MA
Vox Output High Voltage lout = —1.0mA 2.4 — - \%
VoL QOutput Low Voltage lout =2.TmA - - 0.4 \%

CS=V|y or WE =V,_or B B
Lo Output Leakage Current OF = Vi, Vour = OV ~ 6.5V 10 10 MA
Isgp Peak Power-on Current CS = Ve, louT = OmA — — 30 mA
Iss Standby Current CS = Vi, louT = 0mA — - 7 mA
Operating Current = - _ _
lect TMM2016AP-10/-12/-15 € = ViL lour = 0mA & mA
Operating Current 7S = - _ _
lcca TMM2016AP-90 CS=V_, louT =0mA 80 mA
CAPACITANCE* (Ta=25°C, f= 1.0 MHz)
SYMBOL PARAMETER CONDITIONS MAX. UNIT
CiNn Input Capacitance Vin = A.C. Ground 5 pF
Cout Output Capacitance Vin = A.C. Ground 10 pF

* Note: This parameter is periodically sampled and is not 100% tested.
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A.C. CHARACTERISTICS (Ta=0~70°C, V¢c =5V * 10%)

READ CYCLE
T TMM2016AP-90 | TMM2016AP-10 [TMM2016AP-12 [ TMM2016AP-15
SYMBOL | PARAMETER l_I\M/HN. MAX. | MIN. | MAX. | MIN. | MAX. | MIN. | MAX. uNIT
trC Read Cycle Time 90 - 100 - 120 - 150 - ns
tacc Address Access Time - 90 - 100 - 120 - 160 ns
tco Chip Select Access Time — 90 — 100 — 120 — 150 ns
toE Output Enable Time - 35 - 3% | - 50 — 55 ns
on | Qe presTmefon 0 [ e [~ T | - [ w | - | w
tcLz Output in Low-Z from CS 10 - 10 - | 10 - 10 - ns
tcHZ Output in High-Z from CS - 40 — 0 | - 40 - 55 | ns
toLz Output in Low-Z from OE 5 - 5 - 5 - 5 - ns
toHZ Output in High-Z from OE - 35 - 35 - 35 - 50 ns
tpy Chip Selection to Power Up Time 0 - 0 - 0 - 0 = ns
tPD Chip Deselection to Power Down Time| — 50 - 50 - 60 — 60 ns
WRITE CYCLE
SYMBOL PARAMETER TMM2016AP-90 [TMM2016AP-10 | TMM2016AP-12 [TMM2016AP-15 UNIT
MIN. | MAX. | MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
twe Write Cycle Time 90 — 100 - 120 - 150 - ns
tow Chip Selection to End of Write 70 - 80 - 100 - 120 — ns
tAS Address Set up Time o 20 - 20 - 20 - 20 - ns
| twe Write Pulse Width 60 - 70 - 85 - 100 - ns

twR Write Recovery Time 0 - 0 - 0 - 0 - ns
tps Data Set up Time 35 - 40 - 50 - 60 - ns
tDH Data Hold Time 0 - 0 - 0 - 0 - ns
twiz Output in Low-Z from WE 5 - 5 - 5 - 5 - ns
tWHZ Output in High-Z from WE - 25 - 30 - 35 - 50 ns
A.C. TEST CONDITIONS

Input Pulse Levels 0~35V

Input Rise and Fall Time 10 ns -

Input and Output Reference Levels 1.5V

QOutput Load 1 TTL Gate & C_ = 100pF
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TIMING WAVEFORMS

(A) READ CYCLE [1]"
| tRC

ADDRESSES 7(

tacc toHz

toe

toLz toH

HIGH IMPEDANCE

vy HIGH IMPEDANCE
DouT ( OUTPUT DATA VALID ::;x‘x’:
UNKNOWN
(B} READ CYCLE [2]1®@
tco
N 7
tcLz tcHz
Pour OUTPUT DATA VALID —>_
UNKNOWN

tpy tpp
Supply lgg ————————— —
Current Igg - 7

(C) WRITE CYCLE {113

ADDRESSES :}% )(
s VAN v,
ve DUAANNAN S : 7 |

Din * DATA IN VALID *

OO (1) KD
RS 188K

DOIRKR T3 IRIITIXR
pour KRR RIS



Note:
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)
(D) WRITE CYCLE [2] twe

ADDRESSES )e %(

tas tcw twR

& RN 7

FANYUNURNARRUARNRRRARNANAN W A
i | tos toH _|

Din * DATA IN VALID *

etz _| twHz
I T
X

(1) The WE is high for read cycle.
Device is continuously selected, CS = Vy_ in read cycle [1].
(2) Al address are valid perior to or simultaneously with CS transistions.
(3) A write occurs during the overlap of low CS and low WE.
The tcw is specified as the time from the chip selection to end of write in write cycle, and the twp is specified as the

2

m
=
|

4

overlap time of low CS and low WE.
OE is allowed to be low or high level in write cycle.
If the OE is high, the output buffers remain in a high impedance state in this period.

(4) If the CS low transistion occurs simultaneously with or latter to the WE low transition, the output buffers remain in a

high impedance state in this period.

(5) If the CS high transition occurs simultaneously with WE high transition, the output buffers remain in a high impedance

state in this period.

These parameters are specified as follows and measured by using the load shown in Fig. 1.

Output Enable Time
Qutput Disable Time

(A) teLz 1oLz tWLZ + oo ve e
(B) tCHZ tOHZ tWHZ -« -+ oo e e

. , 7

WE 7L )’E

(B)

4 — - 0.15V
HIGH IMPEDANCE

HIGH IMPEDANCE 0.15V

i

Dout -
0.15V Z—'—_OJS—V
sv f
1.8KQ
Dout
CL=30pF 1.0ka
I Fig. 1 Output load condition for enable and disable time measurement.
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OUTLINE DRAWINGS

Unit: mm
X
<
=
N
hs
X
< 15.24 TYP,
3
o
I
| 0.25 +0.05
2.54 +0.25 1.4+0.15 . 17.4 MAX.
T T UM z
0.5+0.15 2
N
©

Note: Each lead pitch is 2.54mm. All leads are located within 0.26mm of their true
longitudinal position with respect to No. 1 and No. 24 leads.

Note: 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.
© Feb., 1983 Toshiba Corporation



- TOSHIBA MOS MEMORY PRODUCTS

2,048 WORD x 8 BIT STATIC RAM

TMM20 | 5AP-90 TMM20 I 5AP-12

TMM20 | 5AP-10 TMM20I|5AP-15

DESCRIPTION

The TMM2015AP is a 16,384 bits high speed
and low power static random access memory
organized as 2,048 words by 8 bits and operates
from a single 5V supply. Toshiba’s high performance
device technology provides both high speed and low
power features with a maximum access time of 90ns/
100ns/120ns/150ns and maximum operating current
of 80mA/65mA/65mA/65mA. When CS is a logical

FEATURES

- @ Access Time and Current

high, the device is placed in a low power standby
mode in which maximum standby current is 7mA.
Thus the TMM2015AP is most suitable for use in
microcomputer peripheral memory where the low
power applications are required. The TMM2015AP
is fabricated with ion implanted N channel silicon
gate MOS technology for high performance and high
reliability.

e High Density Assembly Capability:

Parameter Access Ocperatir;g itandbl/ 0.3 inch package
Ti Max. urren urren B .
i1 | S SR | o
TMM2015AP-00 90ns 80mA 7mA gle- oV ! pply
. e Fully Static Operation
TMM2015AP-10 100ns B65mA 777r1A e Power Down Feature: E
TMM2015AP-12 120ns 65mA 7mA e Output Buffer Contrél‘ OE
TMM2015AP-15 150ns B65mA TmA o Three State Outputs
e All Inputs and Outputs: Directly TTL Compatible
e Inputs protected: All inputs have protection
PIN CONNECTION against static charge.
A7 24 Vee
A2 23[0Ag BLOCK DIAGRAM
AsC] 3. 221 Ay —
Asla 21 AWE Ay o—F—]
mgs g 20p0E As o—z— &
Ad6 L 19pa LR — § MEMORY = Vec
Mgy 2 18Rcs mo—De—) & | BeATs | —oew
Aols S 17[31/0g As o—3—
1/0; o £ o6 (31/04 A 3
9
110 5o, o—Ls—1 @
1103 F1/05 [ — @
GND H1/0, 110, o > T
1105 0 E\UF— 1/0 CIRCUIT D>
PIN NAMES 1104 ©
1/04 o COLUMN
SYMBOL NAME 1/0s o DECODER
Ao ~ Az Column Address Inputs 1/0g o—
As~ Ajo Row Address Inputs 1107 © D\J
C__S Chip Select Input 1/0g 0= l'/\\ Ro AL Ay As :I’
WE Write Enable Input
1/0, ~1/0g Data Input/Output
OE Output Enable Input cs
Vee Power (6V) WE
GND Ground OE
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MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vee Power Supply Voltage —0.5~7.0 \%
Vin. VouT Input/Output Voltage —0.5~7.0 \
Topr. Operating Temperature 0~70 °c
Tstg. Storage Temperature —55~ 150 °C
Tsolder Soldering Temperature * Time 260+ 10 C+sec
Pp Power Dissipation (Ta = 70°C) 0.7 w
D.C. RECOMMENDED OPERATING CONDITIONS (Ta=0~ 70°C)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 2.0 - Veet1.0 \
ViL Input Low Voltage —0.5 = 0.8 \
Vee Supply Voltage 45 5.0 5.5 \%
D.C. CHARACTERISTICS (Ta=0~ 70°C, Vgc =5.0V 10%)'

SYMBOL PARAMETER CONDITIONS MIN. TYP, MAX. UNIT
[ Input Leakage Current Vin =0V ~ 556V =10 — 10 MA
Vou Output High Voltage loyt = —1.0mA 2.4 - - \
VoL Output Low Voltage louT =2.TmA - - 0.4 \

CE= ViH or WE = V||_ or _ _
Lo Output Leakage Current OF = Vi, Vour = OV ~ 5.5V 10 10 MA
Isep Peak Power-on Current CS = Vce, louTt = OMA - - 30 mA
IsB Standby Current CS = V4, lout = OMA - - 7 mA
Operating Current FE = - _ _
lect TMM2015AP-10/-12/-15 €S =ViL. lour =0mA 65 mA
Operating Current AS - - _ _
lec2 TMM2015AP-90 CS=V_, lout =0mA 80 mA
CAPACITANCE* (Ta=25°C, f= 1.0 MHz)
SYMBOL PARAMETER CONDITIONS MAX. UNIT
CiNn Input Capacitance ViN = A.C. Ground 5 pF
Cout Output Capacitance ViNn = A.C. Ground 10 pF

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




A.C. CHARACTERISTICS (Ta=0~ 70°C, Vg¢ = 5V + 10%)

TOSHIBA

READ CYCLE
SYMBOL PARAMETER TMM2015AP-90 | TMM2015AP-10 {TMM2015AP-12 | TMM2015AP-15 UNIT
MIN. | MAX. | MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
tRe Read Cycle Time 90 - 100 — 120 — 150 — ns
tacc Address Access Time — 90 - 100 - 120 - 150 ns
tco Chip Select Access Time - 90 - 100 - 120 - 150 ns
toE Output Enable Time - 35 - 35 - 50 — 55 ns
©H | Rodress Crange o i LI i L B B R
tcrz Output in Low-Z from CS' 10 - 10 - 10 - 10 - ns
tcHz Output in High-Z from CS - 40 - 40 - 40 - 55 ns
toLz Output in Low-Z from OE 5 - 5 - 5 - 5 — ns
tOHZ Output in High-Z from OE - 35 - 35 - 35 - 50 ns
tpy Chip Selection to Power Up Time 0 - 0 - 0 - 0 — ns
tpp Chip Deselection to Power Down Time| — 50 - 50 - 60 - 60 ns
WRITE CYCLE
TMM201 5AP-90jTMM201 5AP-10 | TMM2015AP-12 |[TMM2015AP-156

SYMBOL PARAMETER MIN. | MAX. | MIN. | MAX. | MIN. | MAX. | MIN. | MAX. UNIT
twe Write Cycle Time 90 — 100 - 120 — 150 — ns
tow Chip Selection to End of Write 70 - 80 - 100 — 120 — ns
tas Address Set up Time 20 - 20 - 20 - . 20 . ns
wp Write Pulse Width 60 - 70 — 85 - 100 - ns
twR Write Recovery Time 0 - 0 - 0 - 0 - ns
tps Data Set up Time 35 - 40 - 50 - 60 - ns
tpH Data Hold Time 0 - 0 - 0 - 0 - ns
twrz Output in Low-Z from WE 5 - 5 - 5 - 5 - ns
wHz Output in High-Z from WE - 25 - 30 - 35 - 50 ns
A.C. TEST CONDITIONS

Input Pulse Levels 0~3.5V

Input Rise and Fall Time 10 ns

Input and Output Reference Levels 1.5V

Qutput Load 1TTL Gate & C_ = 100pF
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TIMING WAVEFORMS

(A) READ CYCLE [1]

tRC
ADDRESSES >< X
tace toHz
toe
OE 3 4
A\ X i f
toLz toH
HIGH IMPEDANCE HIGH IMPEDANCE
DouT OUTPUT DATA v:o_m
UNKNOWN
(B) READ CYCLE [2] @
tco
o  \
\
* tcLz tcHz
Dour OUTPUT DATA VALID ]
UNKNOWN
tpu tPD
Supply lgg —-——————— —
Current Igg - 7
(C) WRITE CYCLE [1]3
twe
ADDRESSES >e )6
tew twRr
3 \ /
© NONVENRNANS A
tas twp
WE ¥ —
RN 7
| tos } tOH
Din *— DATA IN VALID *
twHz
X% .
Dour

RRSTKX
()
KRR

IRRXXIIRIN
BRI

twrLz
Vs

v’v‘v"‘" XXX
R
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(D) WRITE CYCLE [2]'3 we
ADDRESSES )( -)e
s RO 1
W UUAUVRANRURRRARNRRARARNNS v A
[ [ tos toH |
Din )IltCLZ 4 tWHZ*L DATA IN VALID *

Note: (1) The WE is high for read cycle.
Device is continuously selected, CS = Vj_in read cycle [1].
(2) Al addresses are valid prior to or simultaneously with CS transitions.
(3) A write occurs during the overlap of low CS and low WE.
The tcw is specified as the time from the chip selection to end of write in write cycle, and the twp is specified as the

overlap time of low CS and low WE.
OE is allowed to be low or high level in write cycle.
If the OE is high, the output buffers remain in a high impedance state in this period.

(4) 1f the CS low transition occurs simultaneously with or latter to the WE low transition, the output buffers remain in a
high impedance state in this period.
(5) If the CS high transition occurs simultaneously with WE high transition, the output buffers remain in a high impedance

state in this period.

These parameters are specified as follows and measured by using the load shown in Fig. 1.

Output Enable Time
Output Disable Time

(A) tCLZ tOLZ tWLZ « v oveee e
(B) tCHZ TOHZ TWHZ - v e evoe e e e

&, o8 N~ — J
o
WE _‘1
(B)
cla - 0.15V
D HIGH IMPEDANCE #0.15V HIGH IMPEDANCE
ouT
0.15V {
(f = -y’“ 0.15V
5V ?
1.8KQ
Dout
C=30pF 1.0KQ
l Fig. 1 Output load condition for enable and disable time measurement.
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OUTLINE DRAWINGS

Unit: mm

|
6.5 MAX.

7.62+0.25

> go
X L L
<
2
0 | \
z i N
z \
5| 8 I\
© -1 ) +0.16
v u0-2%_0.10
1.45%0.15
2.54 £0.25 0.5+0.15

Note: Each lead pitch is 2.564mm. All leads are located within 0.25mm of their true

longitudinal position with respect to No. 1 and No. 24 leads.

Note: 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.
© Feb., 1983 Toshiba Corporation



TOSHIBA MOS MEMORY PRODUCTS

2,048 WORD x 8 BIT STATIC RAM

N-CHANNEL SILICON GATE MOS PROCESS

TMM20 | 8D-45
TMM2018D-55

DESCRIPTION

The TMM2018D is a 16,384 bits high speed and
low power static random access memory organized
as 2,048 words by 8 bits and operates from a single
BV supply.  Toshiba’s high performance device
technology provides both high speed and low power
features with a maximum access time of 45ns/55ns
and maximum operating current of 150mA. When
CS goes high, the device is deselected and placed in
a low power standby mode in which maximum
standby current is 20mA.

FEATURES

® Fast access time
tace =45 ns . TMM2018D-45
tacc =55 ns . TMM2018D-55
e Low power dissipation
Icc = 160mA
Isg = 20mA
e Single 5V power supply
e Fully static operation

PIN CONNECTION

Thus the TMM2018D is most suitable for use in
cache memory and high speed storage. The TMM-
2018D is offered in 24 pin standard cerdip package
with 0.3 inch width for high density assembly.

The TMM2018D is fabricated with ion implanted
N channel silicon gate MOS technology for high
performance and high reliability.

e All inputs and outputs
Directly TTL compatible
e Power down feature: CS =V
e Qutput buffer control: OE
e Three state outputs
e Inputs protected: All inputs have protection aga-
inst static charge.
e Package: 24 pin standard cerdip package, 0.3 inch
width

BLOCK DIAGRAM

|

I —
R = =r
612 Ag o MEMORY
Asg 3 o CELL ARRAY
Aal]a Ao—r— u (128 x 16 x 8)
amgs 2 e o—b5 2
Jor= D Ao o—Pxr— 2
Y=} 5 Aro O—E ’
Aol s £ /oy o N l f
1701 9 COLUMN 1/0
11020 10 /02 o= T circur —7—{,\\_]6
17034 :jg: ; > COLUMN
GeND DECODER
\/0s  o— > é
/06 o
i 3
Ao Al Ay A
PIN NAMES L R 1
Ao ~Aso Address Inputs
1/0; ~ 1/Og Data Input/Output s
CcS Chip Select Input WE 0—
WE Write Enable Input 5 o—o|
OE Output Enalbe Input
Vee Power (+6V) -
Y ¥ E o PO E 89 =
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MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vce Power Supply Voltage -35~7.0 \
ViN Input Voltage -35~7.0 \
Vijo Input/Output Voltage -35~7.0 Y
Topr Operating Temperature 0~70 °c
Tstrg Storage Temperature —55 ~ 150 °c
Tsolder Soldering Temperature - Time 26010 °C - sec
Ppo Power Dissipation W
lout D.C. Output Current mA

D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Viy Input High Voltage 2.0 - Vee +1.0 \

ViL Input Low Voltage -3.0 - 0.8 \
Vee Power Supply Voltage 4.75 5.0 5.26 \Y
D.C. CHARACTERISTICS (Ta= 0~ 70°C, Vcc =5V +5%)

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
L Input Current VIN =0~ Vce - +10 MA
VoH Output High Voltage lon = —4.0mA 2.4 — \
VoL Output Low Voltage loL =8.0mA - 0.4 \%

Vout =0~ Ve _ +
Lo Output Leakage Current TS =Vin +50 MA
Icc Operating Current CS =V)_ - 150 mA
IsB Standby Current CS =Vi4 - 20 mA
Isp Peak Power-on Current CS =Vce, Veec =0~ 5.5V - 40 mA
CAPACITANCE* (Ta=25°C, f = 1MHz2)
SYMBOL PARAMETER CONDITIONS MAX. UNIT

CiNn Input Capacitance Vin =0V 5 £
CouT Output Capacitance VouT =0V 10 P

*Note: This parameter is periodically sampled and is not 100% tested.;
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A.C. CHARACTERISTICS (Ta= 0~ 70°C, Vcc = 5V +5%)

Read Cycle

TMM2018D-45 TMM2018D-55

SYMBOL PARAMETER - - UNIT
Min. Max. Min. Max.

tRc Read Cycle Time 45 55

tacc Address Access Time 45 55

tco Chip Select Access Time 45 55

toE Output Enable to Output Valid 20 25

tcLz Chip Selection to Output in Low-Z 5 5

tcHZ Chip Deselection to Output in High-Z 0 20 0 20 ns

toLz Output Enable to Output in Low-Z 0 0

1OHZ Output Disable to Output in High-Z 0 15 0 20

toH Output Data Hold Time 5 5

tpy Chip selection to Power Up Time 0 0

tpp Chip Deselection to Power Down Time 30 30

Write Cycle

SYMBOL PARAMETER TMMZ2018D-45 TMM2018D-55 UNIT
Min. Max. Min. Max.

twe Write Cycle Time 45 55

tcw Chip Selection to End of Write 40 50

tAS Address Set up Time 0 0

twp Write Pulse Width 35 40

twR Write Recovery Time 0 0 ns

twiz WE to Output in Low-Z 0 0

tWHZ WE to Output in High-Z 0 15 0 20

tps Data Set up Time 20 20

tpH Data Hold Time 0 0

Vee
A.C. TEST CONDITIONS

Input Pulse Levels 0~ 35V 5100

Input Rise and Fall Times 5ns

Input and Output Timing Reference Levels 1.5V 1/0 PIN

Output Load See Fig. 1 30pF

J: 30002

Fig. 1 Output Load
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TIMING WAVEFORMS

Read Cycle 1. (WE=Vyy,CS =V, )

t"RC o ———— ]
ADDRESSES ><
toHZ
[-————————— tACC ——-—-1
N\ toE /—
oF = /)
toLz toH
Read Cycle 2. (WE =V}, OE =V, )
tRC
N /
cs N /| enz
oo CH
tcLz
Pour OUTPUT DATA VALID
tpy D
SUPPLY Igg ~~ === -I----- 7
CURRENT 'sa-———7
Write Cycle 1.
twe
ADDRESSES >< >\
tcw twR
_ g
s IS /
tAS twp

WE

O 1V

~ N /
OE A tWHZ R

1OHZ - foLz
twiLz
%0 O WY VY % %% HIGH IMPEDANCE
° IR ERTRT @
ovr LUK o o

Bin

DATA IN STABLE




Write Cycle 2.

TOSHIBA

we
ADDRESSES >
tAs | tew tWR
cs * /4
WP
WE N /]
OE // WHZ
oHZ
HIGH IMPEDANCE
DouT
DS _} tDH
——
Oin DATA IN STABLE
Note:
1. In read cycle 2, all addresses are valid prior to or coincident with CS transition low.

2. The Operating temperature (Ta) is guaranteed with transverse air flow exceeding 400 linear feet per minute.

3. During the period of selected state (CS = V|| ), all address inputs must not be in a high impedance state.
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OUTLINE DRAWINGS

Unitin mm

24 23 22 21 20 19 18 17 16 15 14 13

rﬂﬂml_l_l']l—lr“ll—ll—ll"ll—lll

7.5 MAX.

8.4+0.2

+0.1
0.25_0'05

0.51 MIN.

8.6 ~10.2

Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their longitudinal position with respect to No. 1 and No. 24 leads.



CMOS Static Random Access Memories







4 KBit CMOS STATIC RAM COMPARISON TABLE

1K x 4 CMOS STATIC RAM

Device Number TC5514AP TCE513AP
Pin Name — _
Mode CE R/W Addresses 1/01~4 Power CE R/W Addresses 1/0y.a Power
WRITE L L Valid DiN Ippo L L Valid D |
OPERATION an N obo
MODE .
READ L H Valid DouTt [Is]sle) L H Valid Dout IDDO
Fixed .
STANDBY H * S High-Z IDDS H “ . High-Z IDDS
H * Transition High-Z Ibpo
All address input circuits are not controlled by CE. All address input circuits are controlled by CE.
r CE
o Ago——
Po Address :> 20 Address 3
13
Difference in control function A Buffers Ago—roI Buffers
9
Once address transition occur, the device is activated Only when address transition occur under the
independent of CE input levels. condition of CE = L, the device is activated.
. . . Address Access time 200 ns Address Access time 200 ns
Difference in access time from
address and chip enable
70 ns Chip Enable Access time 200 ns

Chip Enable Access time

Va8IHSOL



16KBit CMOS STATIC

PIN CONFIGURATION

TC5516AP

BVpo
ba,
Fa,
FR/W
pCE,
HA,,
RCE,
B0,

OPERATION MODE

RAM COMPARISON TABLE

TC5517AP
TC55178P

B Voo
1A,
TA,
0 R/W
1 OE
bA,
[ CE
F1/0,

TC55188BP

FVoo
DA,

A,

B R/W
FCE,
BA,
P CE,
B 1/0,

) TCB517AP
Device Number TC5516AP TC5518BP
TC55178P
Pin No. 1~8,22| 9~11 1~8,22] 9~1, 1~8,22] 9~11
8 120 ] 2 | 23719 13717 | 18 1 20 | 21 | 53"19| 13~17 18 | 20 | 21 | 93'19 | 13~17
Name Tom T = ower  j———————— Power |———1— Power
Mode E, | CEy | RIW | Ap~Ao| 1/015 CE | OFE | RIW |Ap~As| 1/0y 5 CE, | CE; | RIW [Ag~Ayo| 1/01s
WRITE L L L Valid Din I1DDO L * L Valid Din 1bbo L L L Valid DiN- | Ippo
READ L L H Valid Dout | lbbo L L H Valid DouTt Ippo L L H Valid DouTt IbDO
STANDBY 1 L H * * High-Z | Ippo * H * * High-Z | lpops
STANDBY 2 H * * * High-Z | Ipps H * * * High-Z | Ipps H * * * High-Z 1DDS
QUTPUT .
DESELECT LR * | Highz | looo

VaIHSOol



DATA RETENTION CHARACTERISTICS (Ta=-30 ~ 85°)

TOSHIBA

SYMBOL PARAMETER CONDITIONS Min. Max UNIT
VbR Data Retention Voltage OV € CE < 0.2V 2.0 5.5 vV
or
lops Data Retention Current Vop—0.2V £ CE £ Vpp*® - Note (1) HA
Chip Deselection to
tcoR Data Retention Time 0 - us
R Recovery Time tpcNote(2) _ us
Note {1) : Refer to Ippg specification in individual data sheet.
(2) : Read cycle time.
TIMING CHART
DATA RETENTION MODE
VDD—————-—3 ey a—
4.5V \ 7 4,5V
Vob VDR —=-=--~~ - -
GND
[~— 'CDR —-1 tR
ViH
CE
0.2v 0.2v
Vpp—0.2V
=3

Vi

Note (3) : For 16K Bit CMOS RAM, Vpp—0.5V € & < Vpp
Details are specified in TC5516/17/18 data sheets,







TOSHIBA MOS MEMORY PRODUCTS

256 WORD x 4 BIT CMOS RAM

TC5501P/-1
TC5501D/- 1

DESCRIPTION

The TC5501P/D is a fully static read write memory
organized as 266 words by 4 bits using CMOS tech-
nology. Because of ultra low power dissipation, the
TC5501P/D can be used as battery operated portable
memory system and also as a nonvolatile memory
with battery back up. The TC5501P/D operates from
a single BV power supply with a static operation, so
that the no refresh periods are required. This simpli-
fies the power supply circuit design.

FEATURES

e |ow Power Dissipation
- BBuW (MAX.) STANDBY
- 83mW (MAX.) OPERATING
e Single 5V Power Supply
e Data Retention Voltage 2V to 5.5V
e Package
- Plastic DIP : TC5501P
- Cerdip DIP : TC5501D

PIN CONNECTION

(TOP VIEW)

Ding
DouTs
DouT1Q DiNg
DouT2

DiN1© °

DiN20-| 8 €

oinso{ 8 8 Address Buffers
DiNg©

PIN NAMES
Ao ~Aq Address Inputs
R/W Read Write Input
CE;, CE, Chip Enable Inputs
DiN1 ~4 Data Inputs
DouT1 ~4 Data Outputs
oD Output Disable Input
Vpp/GND Power Supply Terminals

The three state outputs simplify the memory ex-
pansion making the TC5501P/D suitable for use in a
microprocessor peripheral memory. Since the mini-
mum data retention voltage is 2V, the battery back
up system needs only simple circuit. By using Toshiba's
original C*MOS technology, the device circuitry is
not only simplified but wide operating margin and
noise margin are also realized.

The TC5501P/Dis offered in standard 22 pin plastic
and cerdip packages, 0.4 inch in width.

Fully static operation

Three State Output

Input/output, TTL Compatible

Access Time

TC5501P/D  ; tacC S 450ns (MAX.)
TC5501P-1/D-1; taccC S 650ns (MAX.)

 BLOCK DIAGRAM

A ? P —
°” £ 3 ———oVpp
Ay 5
@ § Memory Cell Array ~——0 GND
Az o0 2 a
2 z 32x 32
Ajz 0 3 3
b ['4
Aao T DouT1
|
‘A&—Oooun
Sense Amp.

:&—Oﬁoum
E“ODOUTA

Column Decoder

[

As Ag Ag




TOSHIBA

MAXIMUM RATINGS

SYMBOL RATING UNITS
Vbop Power Supply Voltage ~0.3~70 \
Vin Input Voltage —0.3~Vpp +0.3 \%
Vour Output Voltage 0~ Vpp \
Pp Power Dissipation (Ta = 85°C) 800 mw
TSOLDER Soldering Temperature - Time 260-10 °C-sec
Tste Storage Temperature —55~ 150 °C
ToPR Operating Temperature -30~ 85 °C
DC RECOMMENDED OPERATING CONDITION

SYMBOL PARAMETER MIN TYP. MAX. UNITS
Vpp Power Supply Voltage 45 - 55 \
Vin Input High Level Voltage 2.2 - Vpp +0.3 Vv
ViL Input Low Level Voltage —0.3 — 0.65 \
VpH Data Retention Voltage 2.0 - 5.5 \4
DC CHARACTERISTICS (Ta=-30 ~ 85°C)

SYMBOL PARAMETER CONDITIONS MIN TYP(1) MAX. UNITS
IIN Input Current 0Svin SVpp - +0.05 £1.0 uA
Vpp =2.0V to 5.5V
| Standby C t - 0.2 10 (A

oDS andby Lurren CE, =0.2V, Output open K

Ippo Operating Current Vpp =5.5V, teye = Tus - 6.2 15 mA

ILo Output Leakage Current 0<VouT SVoo - +0.05 £1.0 uA

loH Output High Current Vpp =4.5V, Vou =2.4V -1.0 -2.0 - mA

loL Output Low Current Vpp =4.6V, VoL =0.4V 2.0 3.0 - mA
Note (1) Ta=25°C  Vpp =5V
CAPACITANCE (2) (Ta=25°C)

SYMBOL PARAMETER CONDITIONS MIN TYP. MAX. UNIT

Cin Input Capacitance VIN =0V, f=1MHz - 5 10 pF

CouT Output Capacitance VouT =0V, f=1MHz - 7 16 pF

Note (2) This parameter is periodically sampled and is not 100% tested.

- 102 —




TOSHIBA

A.C. CHARACTERISTICS
e READ CYCLE
SYMBOL PARAMETER TC5501P/D TC5501P-1/D-1 UNIT
MIN. MAX. MIN. MAX.
tRe Read Cycle Time 450 - 650 - ns
tACC Address Access Time - 450 — 650 ns
tacct CE, Access Time 400 - 600 ns
tacc2 CE, Access Time -~ 500 ~ 700 ns
10D0 OD Access Time - 250 - 350 ns
tcoe Qutput Enable Time 0 — 0 — ns
tpIg Output Disable Time 0 130 (6] 150 ns
toH Qutput Data Hold Time 0 - 0 - ns

@ WRITE CYCLE 3

‘ SYMBOL PARAMETER TCS501P/D TC5501P-1/D-1 UNIT

1 MIN. MAX. MIN. MAX.

I twe Write Cycle Time 450 - 650 - ns
taw Address Setup Time 130 - 150 - ns
tcw CE, Setup Time 130 - 150 - ns
twp Write Pulse Width 250 - 400 - ns
tps Data Setup Time 250 - 400 — ns
toH Data Hold Time 50 - 100 - ns
twR Write Recovery Time 50 - 50 - ns

A.C. TEST CONDITIONS

e Qutput Load

e Input Pulse Levels 1 045V, 2.4V

e Timing Measurement Reference Levels
Input : 0.65V, 2.2V
Output . 0.65V, 2.2V

e Input Pulse Rise and Fall Times

: 100 pF +1 TTL Gate

10ns




TOSHIBA

Read Cycle

Write Cyclé 1

Write Cycle 2

1 tRC
IH\VTVIH VIH
ADDRESS vt v STABLE v
tACC tOH
s ViH
CE; \VIL
TACCT ors
[
COE | fois_|
ViH \
CE2 vl
tacc2
COE [l [
= VIH VIHF
oD viL
t0DO
DI
| ICOE ois_|
VoH VOH
Dout voL VALID yo
UNKNOWN
twe
v
V] v H
ADDRESS v:[‘ V:f STABLE it
tAW wp tWR
v
CE; ViH . H
CEr Vi ViL
tew
]
CEp 7ViH \
ik} ViH
A ViL Vie
v
oD IH
tCOE |tDIS
Dout { >
DS DH,
VIH ViH|
oIN vy STABLE ! )(
- twe
Vi ViH
; RV VIR
ADDRESS vie vt STABLE viL.
taw WR
_— ——}VH Vin
&1 viL Vi
tow
CcEy ViH \
we
.- ViH Vin
A ¢ ViL ViL
oD ViH
IS
bout >
DS IDH,
H ViH
STABLE
o ViL Vi
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TYPICAL CHARACTERISTICS

tace (ns)

tacc (ns)

twp (ns)

1ppo (mA)

tacc ~ Voo
800
Ta=25°C
~ CL = 100pF
00
— TC |
\\ 5501 P1/D.q
—
400 |
~ TC5501p,
/D
0
4 5 7
Vpp (V)
tACC ~ CL
{ Ta = 25°C
[ Vpp = 4.5V
AL
600 \csam"L/V
/
|
| o | —
00—~ 75801 P LS
|
I T
200
—
0
o 200 400 600 800
Cp (pF)
twp — Ta
200 W
— \'pp = 4.5V
7C5501P AL
/
<ces01? DL —|
_———"“_
o |
-30 o 30 60 90
Ta (°c)
ppo — Ta
20
Vpp = 4.5V
15
10
~—ci— TC5501p,
P— /D 'CYc~45o s
N R
| C\TC = 650 g T —
-30 o

60 90

TOSHIBA

tacc — Ta
Vpp = 4.5V ] l
CL =100 pF T ApA
3 P
o) TC550) ey
/
H 1¢8501P/D
o 4
3] -1
B el
200 /
0
—-30 o 30 60 [0
Ta (°C)
wp — VoD
400
Ta=25°C
300
z
200
§ M~—7C5501 p.
n '\-Tdc” -
N~
100 T~ TC5501p/p, ]
—
0
3.0 4.0 5.0 6.0 7.0
Vpp (V)
'opo - Voo
20
] Ta=25°C
15
1
£
3 1
a o=
- N
03¢
1c880\’,
5 o 1Y,
el
1 |
[
0
3 a 5 7
Vopp (V)
'oos ~ Voo
Ta = 25°C
<
2
s 1
o
o
0.1
R e B
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TOSHIBA

IoH (mA)

oL (mA)

viL (V)

Ipps — Ta
Vpp= 3.0V
10
Py
g //
P L
Q
o L~
0.1 P
0,01
-3 30 60 90
Ta (°C)
oy~ Ta
-8.0
Vpp = 4.5V
Vo =2.4V
-6.0
—4.
————
—
\.\N
-2,
°
-30 30 rry 20
Ta (°C)
foL—Ta
8.0
Vpp = 4.5V
VoL = 0.6V
6.0
4.
St
P—
\\
2.0
-30 ) 50 50
a.
Ta=25C
3.0
2.
1 —
/
0
3 4 5 7
Vpp (V)
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10K (MA)

loL (mA)

Vin (V)

tps (ns)

'oH ~ VoH
-8,
Ta=25°C
Vpp = 4.5V
~6.0
—40
—2.0 \
]
1.0 3.0 20 )
Vo (V)
loL= VoL
8.0
Ta=25°C
6.
/
//
4.0
//
2.0 /
0
° o. 1.0 1.5 2.
VoL (V)
ViH - Voo
5.0
Ta=25°C
4.0
3.
LT
2.0
1.0
3 4 5 s 7
Voo (V)
tos ~ Voo
400
Ta=25°C
300
200
— TC5501P-1/D-1
\\
Ircssowm [
o |
3.0 4.0 5.0 6.0 7.0
Vpp (V)



tps — Ta
400
Vpp = 4.5V
300
H
~ 200
0
)
8
g |D.'\
AP
100 <~
°
oee0l?
° |
—-30 ) 30 m -
Ta (°C)
wR ~ VoD
a0
Ta=25°C
30
\
2 \\
x 20
\,\
10 i
\
o
3 4 5 Py ]
Vpp (V)
tAw ~ VDD
100
>~ Ta=25°C
e \1\\\‘ e
\\ 50 2y ]
E Tcs: T—)
F S0TPT——
<
S
25
[
0 40 50 6.0 7.0
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twR (ns)

TOSHIBA

twr — Ta
40
Vpp = 4.5V
30
20
—
L
e
10
o
30 o 30 5 —
Ta (°C)
taw — Ta
100
Vpp = 4.5V
A DA
75 ressoiPA A
"]
= ces0tPI®
50
25
0
—-30 o 30 pos -
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TOSHIBA

OUTLINE DRAWINGS

PLASTIC PACKAGE

Unitin mm

%
<
-3
<
o
=
1.2 3 456 7 8 91011
c 27.6 MAX. 10.16 +0.05
M - —_—
2 8° 0.2 MAX. 5 &
s
0
(=]
-
c 5
+
| . +0.1
bl | |254%025 ‘ 1.4+0.15 z 0.25 o5
* T T 2 EE—
0.5%0.15 0 10.41 ~11.51
@ L ARG
CERDIP PACKAGE
22 2120 19 18 17 16 15 14 13 12
o I s O I 0 e Y o I e O Y
X
<
s
o
o
S0 ) SN g W g S S S g S S | T
123 45 6 7 8 9 101
% 27.6 MAX. 10.5%0.15
; .
© Z z
X ¥ o 2
< o o
b3 1! ©
~
0

+0.1
1.9:25_0.05

10.7 ~12.7

1.4%0.15
0.5%0.15

Notes: Each lead pitch is 2.54 mm. All leads are located within
0.25 mm of their true longitudinal position with respect to
No. 1 and No. 22 leads.

Note: 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.
©Mar., 1981 Toshiba Corporation
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TOSHIBA MOS MEMORY PRODUCTS

1024 WORD X 4BIT CMOS RAM

SILICON GATE CMOS

TC5047AP- |
TC5047AP-2

DESCRIPTION

The TCBO47AP is a static read write memory
organized as 1024 words by 4 bits using CMOS
technology. Because of ultra low power dissipation,
the TCH047AP can be used as battery operated
portable memory system and also as a nonvolatile
~memory with battery back up. The TCH047AP
| operates from a single 5V power supply with a static
' operation, so that the no refresh periods are required.

- This simplifies the power supply circuit design.
i

FEATURES

® | ow Power Dissipation

110 uW (MAX.
.) OPERATING

110mW (MAX

) STANDBY

| ® Single 5V Power Supply
- ® Data Retention Voltage; 2.0~5.5V

. ® 20 PIN Plastic

Package

PIN CONNECTION

(TOP VIEW)

As (1 201 Vpp
Ao ]2 191 A,
A s 18] R/W
A a 17 [J CE,
As[]s t6[] oD
A, 06 15{] CE,
A7 147 A,

GND[]8 13[] A,

Data 1/0,[] 9 12[] Data 1/0,

11[) pata 1/0,

PIN NAMES
! Ay ~A, Address Inputs
{ R/W Read Write Input
! CE,, CE, Chip Enable inputs
Data 1/0,., Data Input/Output
oD Qutput Disable Input
Vpp/GND Power Supply Terminals

The three state outputs simplify the memory
expansion making the TC5047AP suitable for use ina
microprocessor peripheral memory. Since the mini-
mum data retention voltage is 2V, the battery back
up system needs only simple circuit. By using
Toshiba’s original C*MOS technology, the device
circuitry is not only simplified but wide operating
margin and noise margin are also realized.

The TC5047AP family is moulded in a dual-in-line
20 pin plastic package, 0.4 inch in width.

e Static Operation

® Three State Outputs

® |nput/Output; TTL Compatible

® Access Time
TCB5047AP-1; tacc = 550ns (MAX.)
TCB047AP-2; tacc = 800ns (MAX.)

BLOCK DIAGRAM

o
w w
lU o
AOO—’—L‘I) - N
Alo—| || & ©"bp
w
Ay o ol 8 MEMORY ~—OGND
1%
A3 0—— ﬁg 8 CELL ARRAY
A4 o—IJ0 g 64 x 64
a
As o——q 3
T T
Data 1/010- 3 SENSE AMP
o
Data /0, Y- COLUMN
Data 1/030—{ly | <5| O] DECODER
o
Data /04 O——rig| Of ADDRESS
| lf CEy™ BUFFERS
~ |
5] i
As A7 As A9
e =
cey0— >0 —CE,

o Dt
Y




TOSHIBA

MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
VDD Power Supply Voltage -03~7.0 \%
VN Input Voltage ~0.3~Vpp +0.3 \
VouTt Output Voltage 0~ Vpp \%
Po Power Dissipation (Ta = 85°C) 700 mwW
TSOLDER Soldering Temperature * Time 260+ 10 °C - sec
Tste Storage Temperature —56~ 150 °C
ToprR Operating Temperature -30~ 85 °C
DC RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vbpp Power Supply Voltage . 4.5 5.0 55 \
Viy Input High Level Voltage Vpp—1.56 - Vpp+0.3 \%
VL Input Low Level Voltage -0.3 — 0.6 \
VpH Data Retention Voltage 2.0 — 5.5 \
DC CHARACTERISTICS  (Ta=-30~85°C)
SYMBOL PARAMETER CONDITIONS MIN. | TYP. (1) MAX. UNIT
IIN Input Current oVS Vi SVpp 0 +0.05 1.0 A
Vpp =2~55V
CE, = 0.2V, Output Open
Ibps Standby Current 2 P P 0 0.2 20 HA
Iboo Operating Current Vpp=5.5V, teyc=Tus 0 10 20 mA
ILo Output Leakage Current oV <Vout SVop 0 +0.1 +5.0 HA
lon Output High Current Vpp=4.5V, Vo = 2.4V -1.0 -2.0 - mA
loL Output Low Current Vpp =4.5V, Vo = 0.4V 1.6 20 - mA
Ci Input Capacitance f=1MHz - 5 10 pF
Co @ Output Capacitance = 1MHz — 7 15 pF
Note (1) Ta=25°C, Vpp=5V
Note (2) This parameter is periodically sampled and is not 100% tested.
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A.C. RECOMMENDED OPERATING CONDITIONS

TOSHIBA

® TC5047AP-1
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Tre Read Cycle Time 650 — ns
twe Write Cycle Time 650 — ns
tCES CE Setup Time 2013 — ns
tCEH CE Hold Time Vpp =4.56~55V 2063 - ns
tec Precharge Time C_ =100 pF 100 - ns
teE CE Pulse Width Vi = Vpp — 1.5V 550 - ns
twe Write Pulse Width ~Vpp + 0.3V 300 - ns
tps Data Setup Time VL =-03~0.6V 300 - ns
tDH Data Hold Time Ta=—30~85°C 0 - ns
tow Write Setup Time 350 - ns
tRs Read Setup Time 0 - ns
tRH Read Hold Time 0 - ns
Note (3) tcgs + tcgH 2 100 ns
® TC5047AP-2
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
tRC Read Cycle Time 1000 — ns
twe Write Cycle Time 1000 - ns
tCES CE Setup Time 20(4) - ns
tCEH CE Hold Time Vpp = 4.5~ 5.5V 2014) — ns
tpc Precharge Time Cp =100pF 200 - ns
teE CE Pulse Width ViH = Vpp — 1.5V 800 - ns
twp Write Pulse Width ~Vpp + 0.3V 500 - ns
tps Data Setup Time ViL=-0.3~0.6V 500 - ns
toH Data Hold Time Ta=-30~85°C 0 - ns
tew Write Setup Time 550 - ns
tRs Read Setup Time 0 - ns
tRH Read Hold Time 0 - ns
Note (4) tcgg + tcgH 2 200 ns.
A.C. CHARACTERISTICS (Ta=-30~85°C)
® TC5047AP-1
SYMBOL PARAMETER CONDITIONS MIN. | TYP. MAX. | UNIT
tacc | Access Time Vpp = 4.6~ 5.6V = - 550 ns
tpIs Output Disable Time Cp =100 pF - - 100 ns
tcog | Output Enable Time VoH =2.4V, Vo =0.6V - 100 - ns
® TC5047AP-2
SYMBOL PARAMETER CONDITIONS MIN TYP. MAX. | UNIT
tacc | Access Time Vpp =4.5~ 5.5V - - 800 ns
tpis Output Disable Time Cp =100 pF - - 200 ns
tcoe | Output Enable Time VoH =2.4V,VgL = 0.6V - 200 - ns
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TOSHIBA

TIMING WAVEFORMS

® Read Cycle

® Write Cycle

tRC
Vin
ADDRESS STABLE v,
L
|
tCE . (fCES|
v
— v
CE
1 \VIL MIS
cE, Foim o
. ViL
A —
ob \ \r4
RVIL /
tRS tRH
AL
aw ViH ViH
tacc
t
TeoE o DIS
tCOE
HIGH Z vV HIGH Z
Di/o OH VALID DATA
VoL
UNKNOWN
twe
X AVin Vik
ADDRESS ViL © STABLE ViL
4
V|
tcEs| (tcEH | tCE ICES
CE, ViH Vin ViH
ViL ViL4
tpC
cE ViH Vin
2 ViL Vio Vi
tcw
ob /
we
A
R/W N \ Vi //'
v v
\\_ __\ 1S LA ———— S
1
tps DH
ViH  pATA IN Viny
Dio viL STABLE v, DON'T CARE
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TOSHIBA

TYPICAL CHARACTERISTICS

Vig (V)

VoH - loH lon—Ta
-8.0 -8.0
Ta=25°C Vpp = 4.5V
Vpp = 4.5V VoH = 2.4V
—-6.0 —6.0
< g
€ M~ £
3 -40 ~ -4.0
o I
Ke \\ ° \1\\\
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o
1.0 2.0 3.0 4.0 5.0 -30 ) 30 60 90
Von (V) Ta (°C)
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8.0 8.0
Ta=25°C Vpp = 4.5V
Vpp=4.5V Voo = 0.4V
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— / — —
< <
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= a0 / = a0
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2 o -
/ T
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o 0
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 TOSHIBA
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OUTLINE DRAWINGS
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Note:

the right, at any time without notice, to change said circuitry.

©Mar., 1980 Toshiba Corporation

Distributed by
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TOSHIBA MOS MEMORY PRODUCTS

4096 WORD x 1 BIT CMOS STATIC RAM

SILICON GATE CMOS

TC5504AP-2/-3 TC5504APL-2/-3
TC5504AD-2/-3, TC5504ADL-2/-3

DESCRIPTION

The TC5504AP/AD is a 4,096 bit high speed and
low power static random access memory organized as
4,096 words by 1 bit using CMOS technology, and
operates from a single 5-volt supply.

On chip latches are provided for addresses, data
input and output, and read write control allowing
efficient interfacing with microprocessor systems.

The TCB504AP/AD is a fully CMOS RAM, there-
fore it is suited for use in low power applications
where battery operation and battery back up for non-

FEATURES

' e Standby Current

0.2uA (Max.) at Ta=25°C

1.0uA (Max.) at Ta = 60°C } : TC5504APL/ADL

20uA (Max.) . TC5504AP/AD
e Low Power Dissipation : 156mW (Typ.) operating
e Single BV Power Supply : BV = 10%
e Data Retention Supply Voltage 2~ 5bbV

o All Inputs and Output : Directly TTL Compatible

PIN CONNECTION

(TOP VIEW)
molt 7 ehugs
A2 170A;y
Aalls 16{]1A10
As[ja 15[JAq
A2 lls 141 Ag
Asf]e 13JA,
bouth? 12[1Ag
RwI8 1 F'D'N
GND [jo 101CE
PIN NAMES
[ Ao~Au [ Address Inputs -
RMW_ | ReadWriteControl Input
CE Chip Enable Input
Din Data Input
Dout Data Output
Vpp Power
GND Ground

volatility are required. Furthermore the TC5504APL/
ADL guaranteed a standby current equal to or less
than 1uA at 60°C ambient temperature.

The TC5504AP/AD is guaranteed for data reten-
tion at a power supply as low as 2 volts. The TC5504
AP/AD is directly TTL compatible in all inputs and
output.

The TC5504AP/AD is offered in both standard 18
pin plastic and cerdip packages, 0.3 inch in width.

Access Time

200ns (Max.): TCB5504AP/APL/AD/ADL-2
300ns (Max.) : TC5504AP/APL/AD/ADL-3
Static Operation

On Chip Address Register

Three State Output

Package

Plastic DIP : TC5504AP/APL

Cerdip DIP : TC5504AD/ADL

BLOCK DIAGRAM

o
-2

Memory Cell
Array
64 x 64

Column Decoder and
Sense AMP.
Column Address
Register

0O 0 0 0 0 0
A6 A7 Ag Ag AjgAj,

Row Address
Row
Decoder

Register

e

CE
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TOSHIBA

MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vbpp Power Supply Voltage -0.3~7.0 \
VN Input Voltage -0.3~7.0 \
VouTt Output Voltage 0~ Vpp \%

P Power Dissipation TC5504AP/APL 560 mW
° (Ta=85°C) TC5504AD/ADL 800 mW

TSOLDER Soldering Temperature - Time 260 - 10 °C -sec
TstG Storage Temperature —55~ 160 °C
Torr Operating Temperature B —30~85 °C

D.C. RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT

Vpp Power Supply Voltage 45 5.0 5.5 \%

ViH Input High Voltage 22 ~ Vpp +0.3 \%

ViL Input Low Voltage -0.3 - 0.8 \%

VpH Data Retention Voltage 20 - 55 \%

D.C. CHARACTERISTICS (Vpp =5V 10%, Ta=—30°C to 85°C, unless otherwise noted)

SYMBOL PARAMETER CONDITIONS MIN. [TYP.()| MAX. | UNIT
L Input Leakage Current oVSVin SVpp - - £10 | WA
Lo Output Leakage Current CE =Vpp —0.2V,0V £ Vour £ Vpp - - £50 | uA
lon Output High Level Current| Vo = 2.4V -1.0 - mA
loL Output Low Level Current| Vo =03V 2.0 - - mA

Vpp =2V~ 5.5V TC5504APL | Ta=25°C - - 0.2 A
CE=Vpp —0.2V | TC5604ADL |Ta=60°C| — — 10 | M
Ipps Standby Current )
other inputs = TC5504AP 005 20 A
0.2Vor Vpp —0.2V| TC5504AD ’
[ = | = - - . A
DbDo1 Operating Current feycle = 145, loyr =0mA 100 il
Ippo2 teyele = TS, Vig =V pp VL =0V, loyT =0mA - 3.0 5.0 mA
Note (1) Vpp =5V, Ta=25°C

CAPACITANCE(?) (Ta= 25°C)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT

Cin Input Capacitance ViN =0V f=1MHz - 4 8 pF

Cout Output Capacitance VouT =0V f=1MHz - 5 10 pF

Note (2): This parameter is periodically sampled and is not 100% tested.
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A.C. CHARACTERISTICS (Vpp =5V + 10%, Ta=—30°C to 85°C, unless otherwise noted)

TOSHIBA

TC5504AP-2/APL-2 TC5504AP-3/APL-3
SYMBOL PARAMETER TC5504AD-2/ADL-2 TCB504AD-3/ADL-3 UNIT
MIN. MAX. MIN. MAX.
tre Read Cycle Time 300 — 420 — ns
twe Write Cycle Time 300 — 420 - ns
tRMWC Read Modify Write Cycle Time 390 - 580 - ns
tas Address Setup Time 5 - 5 - ns
tan Address Hold Time | 60 - 80 - ns
tpc Precharge Time 80 — 100 - ns
tCEH Chip Enable Hold Time 200 — 300 — ns
tacc Access Time - 200 - 300 ns
toD Output Disable Time — 70 — 100 ns
tcoe Output Enable Time 0 — 0 — ns
tRs “Read Setup Time 0 - 0 - ns
tRH Read Hold Time 0 — 0 - ns
tws Write Setup Time 0 - 0 - ns
! twH Write Hold Time 60 — 80 - ns
DS Data Setup Time 5 — 5 — ns
tpH Data Hold Time 60 — 80 — ns
tweH Write Enable to CE Hold Time 80 - 1560 - ns
tMD Modify Time 0 - 0 - ns
A.C. TEST CONDITIONS
Output Load : 100pF +1TTL Gate
Input Pulse Levels : 0.6~ 24V
Timing Measurement Reference Levels
Input . 0.8Vand 2.2V
Output : 0.8Vand 22V
Input Pulse Rise and Fall Times : 10 ns
|
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TIMING WAVEFORMS

e READ CYCLE

® WRITE CYCLE

tAS tAH
v ViH
Address X vii sTABLE Vn.)( x
tpC tRC )
— ViH ViKY j ViH
CE i ViL vie
RS | tCEH __I L_tRH
- 14
R/W /r . x
in ACC v,
tcoE
HIGH IMPEDANCE Vou
DouT WVOL VALID
UNKNOWN
tAS TAH
'—y——-
ViH ViH
dd
Address y vy STABLE v,
tPC twe )
— *_tCEH )
CE Vin  ViH x e
TVie ViL
tws twH
AW N ViL
tps | | toH
i
A ViH ViH
DN ><¥v|,_ STABLE v '
DouT HIGH IMPEDANCE

® READ MODIFY WRITE CYCLE

tAS

.

tAH

—

Address

AViH  ViH
STABLE

\'Z
tpc tRMWC
3 Vih  ViH Nv tweH ViH
\ViL '*1!/ ViL v
RS_| tMD WH
1
VinY
RW % H \ VILV)L
tacc oS, toH top
] —
Vi Viu
DIN Vie__W1
tcoE STABLE
D s
ouT VoH VALID
X\ VoL

UNKNOWN
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TYPICAL CHARACTERISTICS
lbbs VS. Vpp Ipps VS. Ta
6.0 100.0
Ta=25°C VDD = 5.5V /
5.0 CE=Vpp CE=VpD 74
VIN = VDD VIN = VDD /
2 40 < 100 4
£ £ /
g 30 2 /
/
o | — o
g . - o /
L //
1.0 /
0 0.1
3.0 4.0 5.0 6.0 40 0 40 80
VoD (V) Ta (°C)
IDDS VS. VIN IDDS VS. teycle
30 3
T,=25°C \ Ta=25°C
Vpp =5.5V Vpp =5.5V
CE=5.5V CE=55V
20 - 2
< <
E E \
w
o ] \
(= o N
10 1
\\
) T RN
oL 0
0 2 4 6 0 1 2 3
ViN (V) teycle (uS)
Ippo VS. Vpp Ippo VS. T,
6 6
T,=25°C Vpp = 5.5V
teycle = 1 UMS teycle = 14S
z ¢ z *
£ £
E // E [
o L —T o —
[a) —
2 2
0 i 0
4.5 5.0 55 60 —40 0 40 80
Vpp (V) Ta (°C)
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IDDO VS. teycle ViH.VIL VS. VDD

3.0
= o
Ta=25C Ta=25°C
\ Vpp =5.5V
- 4 S 20
£ 2
- >_ VIH |
Q " L —1
a I |
a =]
8, >0 — ViL
\
0 0
0 1 2 3 30 4.0 5.0 6.0
teycle (uS) Vpp (V)
IOH VS. Ta IoH VS. VoH
—-30 -12.0
Vpp = 4.5V N Ta=25°C
VOH = 2.4V Vpp =4.5V
-20 _ -80 T
e < \
E E N
X \ I
3 \\ o
—-10 ~— -4.0
0 0 \
—40 0 40 80 2.0 3.0 4.0 5.0
T, (°C) VOH (V)
loL VS. Ta loL vs. VoL
30 60
VDp = 4.5V T,=25°C
VoL =0.4V Vpp = 4.5V
20 ™~ 40
E ~——_ E /
)} [~ -
o o
10 20
0 0
—40 0 40 80 0 0.5 1.0 15
Ta (°C) VoL (V)
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Normalized tacc VS. T,

1.4
Vpp =4.5V
Q
2 1.2
o
S
®
E
2 10 /(
08
—40 0 40 80
Ta (°C)
Atace VS CL
30
Ta=25°C
Vpp = 4.5V
5 20
£
, g )/
g "
<
10
0
100 200 300
CL (pF)

TOSHIBA

Normalized tacc VS. VDD

3.0
T, =25°C
8
< 2.0 \
AN
g I~
5 I~
z 10
T
]
30 40 5.0 6.0
Vpp (V)




TOSHIBA

OUTLINE DRAWINGS

® PLASTIC PACKAGE

18 17 16 156 14 13 12 11 10 .
Unitin mm

%
s
R1.0 b
©o
12 3 4 56 7 8 9 .
X
<
2 +
| 22.8 MAX. ° 7.62+0.25
r Z w©
IJ_ A @
Inl ° n_— N
l | A ‘|o~1s°
—r ‘\0.25:3';5
2.5410.25 1.4t0.15 g
0.5%0.15 10 7.62~8.8
o~

® CERDIP PACKAGE

18 17 16 15 14 13 12 11 10
r
x
<
s
[
N
|y g i S 0
T2 3 a4 5 & 7 8 8

8.410.2

22.8 MAX.

5.5 MAX.

I

|
K}
0.5 MIN.

0~15°

- +0.1
025506

1.52+0.25

|
Lssens|

2.54 TYP.
-

2.5 MIN.

0.46%0.15

Note: Each lead pitch is 2.64 mm. All leads are located within 0.26mm of their longitudinal position
with respect to No. 1 and No. 18 leads.
All dimensions are in millimeters.

Note: 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.
©Feb., 1981 Toshiba Corporation
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TOSHIBA MOS MEMORY PRODUCTS

1024 WORD x 4 BIT CMOS STATIC RAM

SILICON GATE CMOS

TC5513AP-20/TC5513APL-20
TC5513AD-20/TC5513ADL-20

DESCRIPTION

The TC5513AP/AD is a 4,096-bit high speed static
random access memory organized as 1,024 words by
4 bits and operates form a single 5-volt supply.

The TC5513AP/AD is a fully CMOS RAM and is
therefore suited for use in low power applications
where battery operation and/or battery back up for
nonvolatility are required. The TCbb13AP/AD is

FEATURES

o Low Power Dissipation
27.5m W/MHz (MAX.) : Operating
e Standby Current
0.2uA (MAX.) at Ta= 256°C
10vA (MAX.) at Ta = 60°C
20 uA (MAX.) TC5513AP/AD-20
e Fast Access Time
tace: 200ns (MAX.)
Single 5V Power Supply

PIN CONNECTION (Top VIEW)

} TC5513APL/ADL-20

guaranteed for data retention at power supply volt-
ages as low as 2.0 volt. All inputs and outputs are
TTL compatible.

The TC5513AP/AD is packaged in a standard 18-
pin dual-in-line plastic and cerdip package, 0.3 inch
width.

e Data Retention Supply Voltage
2V t0 5.5V

e Fully Static Operation
® On-chip Address Transition Detector
e Three State Outputs
® |nputs and outputs Directly TTL compatible
® Package
® Plastic DIP: TCB513AP-20/APL-20

Cerdip DIP: TC5513AD-20/ADL-20

BLOCK DIAGRAM

U Clock Precharge
A 1 180 Vpp Generator Circuit
N T
As [O2 170A, A 1|
A
A, [s 16[J Ag A0 “ R o
A 14 3 8 -0V
As Qs 15 A, As 3 g 5 5 Memory Cell oo
A, [O0s 14[] Data 1/0, R gl [38](22 &r‘;a:“) O GND
A, s 13[] Data 1/0, 7 3% gé’. 38
A, 07 12[] Data 1/0, As col e ||co
Cels 11[] Data 1/0, A,
No[oe 103 R/W
¢ DD H ol/0, 0 Sense Amp. and
Column Decoder
o2, 0——{ 1)
Column Address
PIN NAMES oV, o {k Buffors
p!/0, O— {X
Ao ~ Ag Address Inputs
R/W Read Write Input CE
CE Chip Enable Input
Data /01 ~a Data Input/Output
Vpp/GND Power Supply Terminals R/W
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MAXIMUM RATINGS

SYMBOL

RATING UNIT
VbpbD Power Supply Voltage -0.3~7.0 \
Vin Input Voltage -0.3~7.0 \
Vi/o 170 Voltage —0.3~ Vpp +0.5 v
TCB5513AP/APL 550 mwW
P Power Dissipation (Ta =85°C
b ower Dissipation (Ta ) [ 7ces13AD/ADL 800 W
TSOLDER Soldering Temperature * Time 260+ 10 °C+ sec
Tste Storage Temperature -85 ~ 150 °C
Torr Operating Temperature -30 ~ 85 °C

D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vbbp Power Supply Voltage 4.5 5.0 55 \
Viy Input High Level Voltage 2.2 - Vpp +0.3 \%
ViL Input Low Level Voltage -0.3 — 0.8 \%
VpH Data Retention Voltage 2.0 - 5.5 v

D.C. CHARACTERISTICS (Ta =-30°C ~ 85°C, Vpp =5V * 10%)

SYMBOL PARAMETER CONDITIONS MIN. | TYP.L| MAX. | UNIT
i Input Leakage Current oV EVinEVpp - - £1.0 A
Lo Output Leakage Current CE=Viy,0VE Vo <Vpp — - +1.0 A
loH Output High Current Voy = 2.4V -1.0 — - mA
loL Output Low Current Vor = 0.4V 2.0 -~ - mA

TC5513APL-20{Ta=256°C - — 0.2 A
Voo = 2V ~55V 20 g
I0DS Standby Current D TC5513ADL-20 Ta=60°C| — - 1.0 WA
CE 2 Vpp -0.2V =
= TC5513AP-20, TC5513AD-20 -~ 0.05 20 MA
bD01 teycle = TWS, loyT = OmA - 5.0 9.0 mA
Operating Current teyele = Tis, Vig = Vpp, VL =0V, mA
Ibpo2 _ - 3.0 5.0
IOUT =0mA
Note (1):Vpp =5V, Ta=25°C

CAPACITANCE (Ta=25°C, f=1MHz)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Cin Input Capacitance Vin =0V - 4 8 pF
Ciro Input/Output Capacitance Vo =0V - 5 10 pF

Note (2): This parameter is periodically sampled and is not 100% tested.
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A.C. CHARACTERISTICS (Vpp =5V * 10%, Ta=-30 ~ 85°C)

® READ CYCLE

TOSHIBA

TC5513AP-20/APL-20
SYMBOL PARAMETER TC5513AD-20/ADL-20 UNIT
MIN. MAX.
tRe Read Cycle Time 200 - ns
tACC Access Time — 200 ns
tco CE Access Time — 200 ns
toH Output Data Hold Time 15 — ns
tpis Output Disable Time — 60 ns
tcoe Output Enable Time 5 — ns
® WRITE CYCLE
TCB513AP-20/APL-20
SYMBOL PARAMETER TCB513AD-20/ADL-20 UNIT
MIN. MAX.
twe Write Cycle Time 200 - ns
AW Address Setup Time 0 - ns
twp Write Pulse Width 120 - ns
tps Data Setup Time 120 — ns
tDH Data Hold Time 0 — ns
twr Write Recovery Time 0 - ns

A.C. TEST CONDITIONS

e Qutput Load

100pF + 1 TTL Gate

e Input Pulse Levels : 0.6V, 2.4V

e Timing Measurement Reference Levels
Input 0.8V, 2.2v
Output 0.8V, 2.2v

e Input Pulse Rise and Fall Times : 10ns




TOSHIBA

TIMING WAVEFORMS

® Read Cycle (1)

tRC
ADDRESS z::_ _ z:t STABLE \"/"':K;
tacc toH
o N VIH -
CE \ XVIL VIH /
tco
DouT
tCOE
® Write Cycle 1 (R/W Controlled) twe
ADDRESS ‘\;:: x :’,'It STABLE \‘;::,X
wR
CE(2) \ \(((b viL VH__A_/‘WH /
taw twp
]
—
R/W VIH\\ \\Vu. ViL Y
tDs tDH
DIN Xr ://"t STABLE X:': ><
Itols tcoE
XK R RK X AR AAARKAARRRAY (XXX XKKK
D ) S
oo XXX OB
® Write Cycle 2 (CE Controlled) twe
ADDRESS \\//:t %:z:’: STABLE X'IE’X
taw twR
N

twp v 7
R/W x \v.._ v,,_/ Y

tps tDH
¥v VinX
DiN >< V'H stasLe " ?(
N Vie [
tcoE tpis
- {.—
Dout &\,

Notes: (1) R/W is high for a Read Cycle.
(2) If theCE low transition occurs simultaneously with the R/W low transition, the output buffers remain in high impedance state.
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TYPICAL CURRENT WAVEFORM

ADDRESS ( \

80

= 1) /

20 j
. ~ Ta\

50ns/DIVISION
Vpp = 6.5V

ot et btk bt a1

TOSHIBA




TOSHIBA

OUTLINE DRAWINGS

® PLASTIC PACKAGE

i
@
~0

22.8 MAX.

@[
o]

5.0 MAX.

Unit: in mm

7.62+0.25

0~15°

—

0.25%0:0¢

2.54:0.25 1.4:0.15 z
2 7.62 ~ 8.
0.5:0.15 0 88
o
e CERDIP PACKAGE
1817 16 15 14 13 12 11 10
fPS2 S2 S92 €3 &P §3 632 67
X
<
3
n
M
12 3 4 5 6 7 8 9 ) 2(-
z
s b3
22.8 MAX. ol
] 0
o
.
! l
T 0.26%3:4¢
2.54 TYP. 1,52+0.25 z
| z
0.46+0.15 E 82~95
o

Notes: (1) Each lead pitch is 2.54mm. All leads are located within 0.25mm of their longitudinal position with respect to No. 1 and No. 18 leads.
All dimensions are in millimeters.
Note: 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.
Apri., 1982 Toshiba Corporation
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TOSHIBA MOS MEMORY PRODUCTS

1024 WORD X 4 BIT CMOS STATIC RAM
SILICON GATE CMOS

TC5514AP-2/-3, TC5514APL-2/-3
TC5514AD-2/-3, TC5514ADL-2/-3

DESCRIPTION

The TC5514AP/AD is a 4,096 bit high speed and
low power static random access memory organized as
1,024 words by 4 bits using CMOS technology, and
operates from a single 5-volt supply.

The TC5514AP/AD is compatible with the indus-
try produced NMOS 2114 type 4KRAM, yet offers a
more than 90% reduction in power of their NMOS
equivalents.

The TC5514AP/AD is a fully CMOS RAM, there-
fore it is suited for use in low power applications
where battery operation and battery back up for

FEATURES

e Standby Current

0.2uA (Max.) at Ta=25°C .

1.0uA (Max.) at Ta=60°C } + TCEB14APL/ADL
20uA (Max.) . TC5514AP/AD
Low Power Dissipation : 15mW (Typ.) operating
Single 5-volt Supply  : 5V + 10%

Data Retention Supply Voltage : 2~ 55V

Three State Outputs

All Inputs and Outputs : Directly TTL Compatible

PIN CONNECTION

(TOP VIEW)
AGETKJ_;;_:IVDD
As[]2 170JA7
Aa[]3 16[]As
As[]a 15[JAg
Ao[]s 14[]Data 1/0;
Aille 13[1Data 1/0,
A7 12[]Data 1/03
cells 11[]Data /04
GND[9 10[JRW
PIN NAMES
Ao ~ Ay Address Inputs
R/W Read Write Control Input
CE Chip Enable Input
Data I/0y ~ 4 Data Input/Output
Vpp/GND Power Supply Terminals

nonvolatility are required. Furthermore the TC5514
APL/ADL guaranteed a standby current equal to or
less than 1u A at 60°C ambient temperature is availa-
ble.

The TC5514AP/AD is guaranteed for data reten-
tion at a power supply as low as 2 volts. The TC5514
AP/AD is directly TTL compatible in all inputs and
outputs.

The TC5514AP/AD is offered in both standard 18
pin plastic and cerdip packages, 0.3 inchs in width.

® Access Time
200ns (Max.) : TC5514AP/APL/AD/ADL-2
300ns (Max.) : TC5514AP/APL/AD/ADL-3
Fully Static Operation
On-chip Address Transition Detector
® Fully Compatible with TMM314AP Family
(Nch 2114 type 4KRAM)
e Package
Plastic DIP : TC5514AP/APL
Cerdip DIP : TC5514AD/ADL

BLOCK DIAGRAM

r Clock H Precharge Circuit
Generator

1 ]

Ag H
@ a P
As F § § Memory Cell OV
N 5 5 5 DD
6 5] T o5
2 2 <3 Array ~—OGND
A70 H 2 329
o g 24 (64 x 64)

DI/0; O Sense Amp. and
Column Decoder
DI/0, O k
Column Address
D1/03 O— JR Buffers
DI/04 O Jk
CE
R/W
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MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vpbp Power Supply Voltage -03~70 \
VIN Input Voltage —-0.3~7.0 \Y
Vio 1/0 Voltage 0~ Vpp \%

b Power Dissipation TC5514AP/APL 550 mwW
o {Ta=85°C) TCB514AD/ADL 800 mw

TSOLDER Soldering Temperature - Time 260 - 10 °C-sec
Tsto Storage Temperature —55 ~ 150 °C
Toprr Operating Temperature —30 ~ 85 °C

D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. | TYP, MAX. UNIT
Vpp Power Supply Voltage 45 5.0 5.5 \%

Viy Input High Level Voltage 2.2 - Vpp +0.3 \
Vi Input Low Level Voltage -0.3 — 0.8 \
VpH Data Retention Voltage 20 - 5.5 \2

D.C. CHARACTERISTICS (Vpp =5V +10%, Ta = —30 ~ 85°C unless otherwise noted.)

SYMBOL PARAMETER CONDITIONS MIN. [TYP. (1) [MAX. JUNIT |
I Input Leakage Current oV Vi S Vpp - - +10 | pA
ILo Output Leakage Current CE=V)y,0VE V0 £ Vpp — — +1.0 MA
loH Output High Current Von = 2.4V -1.0 - - mA
loL Output Low Current VoL =0.4V 2.0 — - mA

TCE514APL |Ta=25°C| — - 0.2 A
Vpp =2V~ 5.5V 2225 £
TC5514ADL |Ta=60°C - — 1.0 MA
Ipps Standby Current All Inputs = TCB514AP
.2V or Vpp —0.2V - 0.05 0 A
0-2VorVop =02Vl 1ocei4np 2 K

| = ! =0mA - 5.0 9. .

boot Operating Current teycle = T4s, loyt =0m 0 mA

IpDO2 teycle = T4, Vin = Vpp, ViL =0V, loyt =0mA | — 3.0 5.0

Note (1): Vpp =5V, Ta=25°C

CAPACITANCE (T3 =26°C, f=1MH2)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
CiN Input Capacitance VN =0V - 4 8 pF
Ci/o Input/Output Capacitance V)0 =0V - 5 10 pF

Note (2): This parameter is periodically sampled and is not 100% tested.
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A.C. CHARACTERISTICS

® READ CYCLE

(Vpp =5V *10%, Ta=-30~ 85°C)

TOSHIBA

TC5514AP-2/APL-2 TC5514AP-3/APL-3
SYMBOL PARAMETER TC5514AD-2/ADL-2 TC5514AD-3/ADL-3 UNIT
MIN. MAX. MIN. MAX.
trc Read Cycle Time 200 - 300 — ns
tACC Access Time - 200 - 300 ns
tco CE Access Time - 70 - 100 ns
tOH Output Data Hold Time 15 - 20 - ns
tpis Output Disable Time - 60 - 80 ns
tcoE Output Enable Time 5 — 5 - ns
® WRITE CYCLE
TC5514AP-2/APL-2 TCB514AP-3/APL-3
SYMBOL PARAMETER TC5514AD-2/ADL-2 TC5514AD-3/ADL-3 UNIT
MIN. MAX. MIN. MAX.
twe Write Cycle Time 200 - 300 - ns
tAw Address Setup Time 0 — 0 - ns
twp Write Pulse Width 120 - 150 - ns
tps Data Setup Time 120 - 150 - ns
toH Data Hold Time 0 - 0 - ns
twr Write Recovery Time 0 - 0 - ns

A.C. TEST CONDITIONS

100 pF +1 TTL Gate

e Qutput Load

e Input Pulse Levels 0.6V, 2.4V

o Timing Measurement Reference Levels
Input 0.8V, 2.2V
Output 0.8V, 2.2V

e Input Pulse Rise and Fall Times

10 ns




TOSHIBA

TIMING WAVEFORMS
® Read Cycle'!’ tRC
v ViH v
ADDRESS H IH
vie Avic STABLE ViL x
tacc toH
= L ViH FVin
Vi
tco IS
DouT
tcoE
® Write Cycle 1 (R/W Controlled)
twe
ADDRESS M M STABLE ViH
Vi ViL Vi f
tWR
v
cE@ 1H
cE Vi Vi 7]
AW twp
]
VKT ViH
- /
\ AL ViL
tps tDH
ViH ViH
D
IN X ViL STABLE VILX
DI,
! oS |« tCOE
DOUT WW
® Write Cycle 2 (CE Controlled)
twe
Vin Vin v
ADDRESS STABLE H
Vi /N Vi ViL
tAw wR
X VI E—
= @ VT
ViL ViL
1
RW \ we /kvm
x ViL Vie £
tDs DH
x‘ Vin v
Din IH
ViL STABLE Vi
tCOE tDIS
DouT

Notes: (1) R/W is high for a Read Cycle.
(2) 1f the CE low ion occurs si

buffers remain in a high impedance state.
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tacc VS. Vpp tco1 VS. Vpp
300 120
\ Ta=25°C Ta=25°C
C_ = 100pF Cy_ = 100pF
200 80
? )
H 4 \
Q N
e ~ é N
3 \\ &
100 40
\\_
3 4 5 6 4
Vpp (V) Vpp (V)
tacc. tcot VS. Ta Atacc VS. C
1.4 60
Vpp = 4.5V Vpp = :~5V
CL = 100pF Ta = 25°C
-
8
“ 12 I 40
9 g
t |
Pe ACC £
e / 1/ Q
= g
s tco1 2
£ A
ARy > 20
z
//1
- /
0.8 / o
—40 ) 40 80 100 200 300 400
Ta(°C) Cp (pF)
¢ ViH, VIL VS. Vpp ViH, ViL VS. Ta
2.5 2.5
Vin
o Vpp = 5.5V
Ta = 26°C
a 2 viL
Vpp = 4.5V
2.0 . 2.0
s g |
=l
o 2
> ViH — > Vi
> / 3 j—|
I >
> 1 1.5
1.5 > — .
/ /V
|_—1 n )
/( ViL —
1.0 1.0 |
a 5 6 7 —40 0 40 80
Vpp (V) Ta(°C)
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Ipps (MA)

lppo VS. Vpp

Ta = 25°C
teycle = 148

Ippo (MA)

[

ViN = 2.2V, 0.8V

VIN = Vpp-0.2V, 0.2V

-]

4
Vpp (V)

IDDO VS. teycle

Vpp = 5.5V
Ta=25°C
V|N = 2.2V, 0.8V

Ippo (MA)

AN

15

4
teycle (US)

Ipps VS. ViN

10

Vpp = 6.5V
CE=

5.5V
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Ippo VS. Ta
12
Vpp = 5.5V
teycle = 148
: I
g ViN = 2.2V, 0.8V
2 -
g t—— N
o )
a4
VN = 5.3V, 0.2V
0
—40 ) T —
Ta (°C)
Ipps VS. Vpp
8 Vpp = E.SV
Ta=25°C
<
z
0
o
0
£ ]
e
LT
"1
4
3
4 5 S
Vpp (V)
I0H VS. VoH
Vpp = 4.5V
Ta=25°C
—-20
<
s \
3 N
I
o
B \
N
2.0 3.0 2.0 5.0
VoH (V)
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loL VS. VoL
60
Vpp = 4.5V
Ta=25°C
40|
g //
2
o vd
° /
20
0 0.5 7.0 T
Vor (V)
Ipps VS. Ta
Vpp = 5.5V
CE = 5.5V

100 /

. /

Ipps (NA)
S

1 l/
0.5
0.3
0.1
—40 [ 20 80
Ta (°C)
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® PLASTIC PACKAGE

18 17 16 15 14 13 12 11 10

Unitin mm
T
X
s
R1.0 ©
_&
12 3 4 56 7 8 9 .
X
<
2 +
- 22.8 MAX ° 7.620.25
Z
- | ¢
i @
o
0~15°
’ f-— +0.1
b 0-25_g05
2.5410.25 Il _1.4%0.1s E
ST
0.5%0.15 0 7.627~8.8
o~
® CERDIP PACKAGE
18 17 16 15 14 13 12 1 1
2§92 §2 2 S92 §2 §2 §2 §1 _|
x|
<
b3
2|
55 &35 €35 €5 &3 &5 &5 &J l
1 2 3 4 5 6 7 8 9 ‘
22.8 MAX.

0.5 MiN.
5.5 Méx.

2.54 TYP. 1.52%0.25

4 0.46%0.15
{- 0462015

Note: Each lead pitch is 2.564 mm. All leads are located within 0.25mm of their longitudinal position
with respect to No. 1 and No. 18 leads.
All dimensions are in millimeters.

Notes: 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.
© Oct., 1981 Toshiba Corporation
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TOSHIBA MOS MEMORY PRODUCTS

1024 WORD X 4 BIT CMOS RAM
SILICON GATE CMOS

TC5514P
TC5514P-1

DESCRIPTION

The TCB514P is a full static read write memory
organized as 1024 words by 4 bits using CMOS
technology. Because of ultra low power dissipation,
the TCB514P can be used as battery operated
portable memory system and also as a nonvolatile
memory with battery back up. The TC5514P oper-
ates from a single 5V power supply with a static
operation, so that the no refresh periods are required.
This simplifies the power supply circuit design.

FEATURES

® | ow Power Dissipation
110 uW (MAX.) STAND BY
110mW (MAX.) OPERATING; TC5514P-1
138mW (MAX.) OPERATING; TC5514P
® Data Retention Voltage 2V to 5.5V
® Single 5V Power Supply
® 18 PIN Plastic Package

PIN CONNECTION

(TOP VIEW)

A6 ] 18 Vpp
As[]2 1704,
Aaf]3 16 []1Ag
Asfla 150 Ag

Ao ]85 14 []1Data 1/0y

A1QQe 13[]Data 1/0,
A2 Q)7 12[]Data 1/03
CE as 11 []Date i/O4
10R/W

PIN NAMES
Ap ~ Ay Address Inputs
RW Read Write Input
CE Chip Enable Input
Data 1/0; ~4 Data Input/Output
Vpp/GND Power Supply Terminal

The three state outputs simplify the memory
expansion making the TC5514P suitable for use in a
microprocessor peripheral memory. Since the mini-
mum data retention voltage is 2V, the battery back
up system needs only simple circuit. By using
Toshiba’s original C*MOS technology, the device
circuitry is not only simplified but wide operating
margin and noise margin are also realized.

The TCB514P family is moulded in a dual-in-line
18-pin plastic package, 0.3 inch in width.

e Full Static Operation

e Three State Outputs

® Input/Output TTL Compatible

® Access Time
TCB514P ; tacc = 450ns (MAX.)
TCB514P-1; tacc = 650ns (MAX.)

BLOCK DIAGRAM

--—0 Vpp

-0 GND
Memory Cell Array

64 x 64

Address Buffer
Row Decoder

Sense Amp.

D1/0; O
DI/0z O~

Column Decoder

Data Control

Address Buffer

D1/03 O—t-
DI/04 O—mJL

AgO A70Ag0 Ag
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MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vbp Power Supply Voltage —0.3~70 \Y
VN Input Voltage -0.3~Vpp +0.3 Y
VouT Output Voltage 0~Vpp \
Po Power Dissipation (Ta =86°C) 560 mw
TSOLDER Soldering Temperature - Time 260-10 °C - sec
TsTG Storage Temperature —55~150 °c
ToPR Operating Temperature —30~85 °c
D.C. RECOMMENDED OPERATING CONDITION
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vbbp Power Supply Voltage 45 50 55 \%
ViH Input High Level Voltage 2.2 - Vpp +0.3 \
ViL Input Low Level Voltage -0.3 - 0.65 \%
VpH Data Retention Voltage 2.0 - 55 \%
D.C. CHARACTERISTICS (Ta=-30~ 85°C)
SYMBOL PARAMETER CONDITIONS MIN. TYP. (1) | MAX. { UNIT
™ Input Current 0SViNSVpp - £005 | £10 | wA
. Vpp =2V to 5.5V
Ipps Standby Current CE = Vpp —0.2V; Output Open - 0.2 20 A
Other Inputs = 0.2V or Vpp —0.2V
1550 Operating Current Vpp =55V, tcyc = 1uS | TC5514P — 13 25 mA
Output Open TC5514P-1 - 10 20 mA
ILo Output Leakage Current | 0SVouT S Vpp - £0.05 | £1.0 | pA
loH Output High Current Vpp =45V, Vo = 2.4V -1.0 —-20 - mA
loL Output Low Current Vpp =4.5V, VoL =0.4V 20 30 — mA
G (2) Input Capatitance f=1MHz — 5 10 pF
Co (2) Output Capacitance f=1MHz - 7 15 pF

Note (1) Ta=25°C

Vpp =5V

(2) This parameter is periodically sampled and is not 100% tested.
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A.C. RECOMMENDED OPERATING CONDITION

TOSHIBA

TC5514P
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT

tRC Read Cycle Time 450 — ns
t Write Cycle Ti 450 —

WC r{ e Cycle !me Vop = 4.5~ 5.5V ns
twp Write Pulse Width 350 — ns

- Cp =100pF + 1 TTL Gate
tps Data Setup Time Vi =22 ~ Vi +0.3V 200 — ns
tDH Data Hold Time = oo ™ 0 - ns
- - Vi =-0.3~0.65V
twR Write Recovery Time Ta= 30 ~85°C 0 — ns
taw Address Setup Time i 30 — ns
toH Output Data Hold Time 30 — ns
TC5514P-1
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
tRc Read Cycle Time 650 — ns
t Write Cycle Ti 650 —
WC r! e Cycle !me Vop =45~ 55V ns
twp Write Pulse Width 350 — ns
- CL = 100pF + 1 TTL Gate
tps Data Setup Time Vin =22 ~ Vi 0.3V 200 - ns
o Data Hold Time IH =2 YoD T 0 - ns
- " V)L =-0.3~0.65V
twr Write Recovery Time T 30 ~ 85°C 0 — ns
a=-30~

taw Address Setup Time 50 — ns
toH Output Data Hold Time 30 - ns
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A.C. CHARACTERISTICS

(Ta=—-30~ 85°C)

TC5514P
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
- — — 4
tacc /ﬁcess Tume' Vop =45 ~55V 50 ns
tco CE Access Time Ci =100 of - - 450 ns
tpis Output Disable Time VL -9 2p\/ Vel =065V - - 150 ns
tcOE Output Enable Time OR = &-2¥, VoL =5 20 150 = ns
TC5514P-1
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
tace Access Time — — 650 ns
— Vpp =4.5~55V
tco CE Access Time CDD_ 100 oF — - 650 ns
tpis Output Disable Time VL -2 2pv Vo =065V — — 150 ns
tcoe Output Enable Time OH = 2.2V, VoL =5 20 150 - ns
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TIMING WAVEFORMS

1
® Read Cycle( )

ADDRESS

Pout

® Write Cycle 1

ADDRESS

—(2)
CE

R/W

PouTt

® Write Cycle 2 (CE Controlled)

ADDRESS

R/W

Din

DouT

tRC
Vin N ViH ViH
Vie )N Vio Viu
tAaCC tOoH
R
Vin Vi |
ViL /
tco oIS
I
VoH Von
Vou VoL
tCOE
(R/W Controlied)
twe
ViH x ViH ik
ViL Vi Vio
TWR
fViH
Vi y Vi /
AW twp
—
ViH ViH
Vio Vi |
DS tDH
Vin
Viu
. 'COE
twe
Vin R Vin Vin)
ViL ViL ViL 4
TAW WR
—
R/IH \\ Vin
L ViL Vi
twe
r
\ \ \\ ViL ViL /
tps tDH
VinH ViH
ViL viLY
tCOE tois

AX XX KX XXX
L

Notes: (1) R/W is high for a Read Cycle.
(2) 1f the CE low transition occurs simultaneously with the R/W low transition, the output

buffers remain in a high impedance state.
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OUTLINE DRAWINGS

o T e T e O e O s T e T e T e T Unit: mm

2
(=}
6.6MAX.

=~
N
@]

S e g
4 5 6

~{
]
of]

| 22.8MAX. 7.62£0.25
z
S|—
b x
S| <
s
S .
] 0~15
- +0.1
0.25
2.54 +£0.25 1.4%0.15 —008

0.5%0.15

762788

2.5MIN.

Note: All dimensions are in millimeters. Each lead pitch is 2.54mm.
All leads are located within 0.256mm of their true jongitudinal Position with respect to No. 1 and No. 18 leads.

Note: 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

2048 WORD x 8 BIT CMOS STATIC RAM

SILICON GATE CMOS

TC55I6AP/-2, TC55I6APL /-2
TC55I6AD/-2, TC55I6ADL./-2
TC55I6AF /-2, TC55I6AFL /-2

DESCRIPTION

The TC5516AP/AD/AF is a 16384-bit static
random access memory organized as 2048 words by 8
bit using CMOS technology, and operates from a
single 5 volt supply.

The TC5516AP/AD/AF is featured by two chip
enable inputs, that is, CE1 for fast memory access
and CE2 for a minimum standby current mode, and
is suited for low power application where battery
operation or battery back up for nonvolatility are
required. Furthermore the TC5516APL/ADL/AFL

FEATURES

e Standby Current
0.2uA (Max.) at Ta = 25°C } TCB516APL/
1.0uA (Max.) at Ta=60°C J ADL/AFL
1.0uA (Max.) at Ta=25°C ] TC5516AP/
5.0uA (Max.) at Ta=60°C | AD/AF

e Low Power Dissipation : 200mW (Typ.)
Operating
e Single 5V Power Supply : 5V £10%

e Data Retention Supply Voltage: 2.0 ~ 5.5V
e Fully Static Operation

PIN CONNECTION

(TOP VIEW)

A1d1 24 [ Vpp
Aed 2 23 [ Ag
As[]s3 22 Ay
As a 21 [ R/W
A3 s 20 [JCE;
A0 6 191 A0
Ag 7 18 [QCE,
Ao[ds 17 [] 1/0g
1/04 [ i/04
1/0, [ 1/06
1/03 [J1/0s

PIN NAMES enNo H /o4

Ao ~Aso Address Inputs

R/W Read/Write Control Input

CE,,CE, Chip Enable Inputs
1/0; ~ 1/Og Data Input/Output
Vbb Power (+5V)
GND Ground

guaranteed a standby current equal to or less than
1A at 60°C ambient temperature is avialable.

The TC5516AP/AD is also featured by pincom
patibility with 2716 type EPROM. This means
that the TCBH516AP/AD and EPROM can be in
terchanged in the same socket, and the flexibility
in the definition of the quantity of RAM versus
EPROM obtained as a result allows the wide applica-
tion in microcomputer system,

e Access Time
250ns (Max.): TC5516AP/APL/AD/ADL/AF/AFL
200ns (Max.): TC5516AP-2/APL-2/AD-2/ADL-2

AF-2/AFL-2

e Two Chip Enable (CE1, CE2) for Simple Memory
Expansion and Battery Back Up.

e All Inputs and Outputs Directly TTL Compat-
ible

e Three State Outputs

o Package
Plastic DIP : TC5516AP/APL
Cerdip DIP : TCB5516AD/ADL
Plastic FP : TC5516AF/AFL

BLOCK DIAGRAM g,

Ag «
Aq g —-—o0:Vpp
Ay o MEMORY CELL | — o GND
Az 2 ARRAY
Ay [a} 128 x 128
2
As 2
Ag o
1/01 o— ﬁ
3 SENSE AMP. 1]
@
2 pe 2t |~coLumn pecoDER
g9
1/0g ©
|
CE,
i A7 Ag Ag Ao
R
R/W
CE; o—}
CE, o—J-—c[>—.. CE,
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ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING
Vbbp Power Supply Voltage —0.3V ~ 7.0V
ViN Input Voltage -0.3V~Vpp +0.3
Viio Input/Output Voltage —0.3V ~Vpp +0.3
Pp Power Dissipation (Ta = 85°C) 0.8W (0.45W)*
TsTG Storage Temperature —55°C ~ 150°C
ToPR Operating Temperature —30°C ~ 85°C
TSOLDER Soldering Temperature - Time 260°C - 10 sec
*Plastic FP

RECOMMENDED D.C. OPERATING CONDITIONS (Ta= —30°C ~ 85°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vbbp Power Supply Voltage 4.5 5.0 55 \
ViH Input High Voltage 2.2 — Vpp +0.3 \
ViL Input Low Voltage —0.3 — 0.8 \
Vou Data Retention Voltage 2.0 - 55 \2

D.C. CHARACTERISTICS (Ta= —30°C ~ 85°C, Vpp =5V £10%)

SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
he Input Leakage Current 0SVinEVop — - +1.0 HA
ILo 1/0 Leakage Current C_E2 =Vix, 0V g V|/0 g Vbp - — 5.0 MA
loH Output High Current VoH = 2.4V -1.0 | =20 — mA
loL Output Low Current VoL =0.4V 2.0 3.0 — mA
Ibpst —E2 =22V - 1.0 3.0 mA

= v gy | TCBB1BAP L/ [Ta=25°C | — - 0.2
2=V0 08V | apiaFL  [Ta=e0c | = | - | 10
I Standby Current Ta=25°C | — . .
DDS2 Y TCE516AP/ a 2 0.05 1.0 A
Vpp =2~5.5V Ta=60"C = = 5.0
AD/AF .
Ta=85°C — - 30

[ CE, =0V, V| =V, louT =0mA -

DDO1 Operating Current —_2 IN /ML, lout =0m 40 70 mA

Ibbo2 CE, =0V, V|y = Vpp/GND, loyt =0mA - 30 55

Note: Typical values are at Ta = 25°C, Vpp = 5V.

CAPACITANCE

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Cin Input Capacitance - 5 10 pF
Cio Input/Output Capacitance - 5 10 pF

Note: This parameter is periodically sampled and is nat 100% tested.
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A.C. CHARACTERISTICS (Ta=—-30 ~
® Read Cycle

85°C, Vpp =5V £10%)

TOSHIBA

TCB516AP-2/APL-2 TC5516AP/APL
SYMBOL PARAMETER TC5516AD-2/ADL-2 TCB516AD/ADL UNIT

TC5516AF-2/AFL-2 TC5516AF/AFL

MIN. MAX. MIN. MAX.
trc Read Cycle Time 200 - 250 - ns
tacc Access Time = 200 - 250 ns
tco1 CE; to Output Valid - 100 - 100 ns
tcoz CE, to Output Valid - 200 - 250 ns
tcOE CE, or CE, to Output Active 10 — 10 — ns
top Output High-Z form Deselection - 80 — 80 ns
toH Output Hold from Address Change 10 - 10 - ns
® Write Cycle

TC5516AP-2/APL-2 TC5516AP/APL
SYMBOL PARAMETER TC5516AD-2/ADL-2 TC5516AD/ADL UNIT

TC5516AF-2/AFL-2 TC5516AF/AFL

MIN. MAX. MIN. MAX.

twe Write Cycle Time 200 - 250 - ns
twe Write Pulse Width 160 - 200 - ns
tAW Addresss Set Up Time 0 - 0 — ns
twR Write Recovery Time 10 - 10 - ns
topw Output High-Z from R/W — 80 — 80 ns
toEw Output Active from R/W 10 - 10 - ns
tps Data Set Up Time 80 - 120 — ns
tDH Data Hold Time 0 - 0 — ns

A.C. TEST CONDITIONS
Output Load

100 pF + ITTL Gate

: 0.6V, 2.4V

Input Pulse Levels
Timing Measurement Reference Levels
Input : 0.8V and 2.2V
Output: 0.8V and 2.2V
Input Pulse Rise and Fall Times 10ns
TIMING WAVE FORMS tRC
®Read Cycle 5 v -
IH iH 1H
Addresses >< ViL Vi >< Viu
tacc toH
— viH tco2 ViH 7
=N N / 0
top
o tco1 Vin
NN Y 7
tcoE *op
tCOE
VoH OUTPUT VoH
Pout @ VoL  DATAVALID Vg
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o Write Cycle 1

Addresses

DiN

twc |
ViH ViH ViH
A Vi ViL Vi
tAw
ViL ViL /
\ Vi Vn._,/
twe (2) twWR
ViH
A ViL
tOEW
XTI TTILLS
o T T e R
ViH Vin
Vi / ViL 4

® Write Cycle 2

Addresses

(7) CE, (CE )

(7) CE (CE,)

R/W

DouT

Din

DATA IN STABLE

twe
Vi ViH ViIH
ViL Vi ViL
\ \ LVIL ViL
AW twp (2) tWR
Vin \ /FVIH
Vi Yo - ViL Vi v
IH
\| v
W ViL Vu./
tCOE toDw
" .._]l_—
KL
LAY
S L tos (3 toH (3)
ViH Vin)
ViL Vi

AN

DATA IN STABLE

: UNKNOWN
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NOTE: (1) R/W is high for a Read Cycle.

(2) twp is specified as the logical “AND" of CE1, CE2 and R/W.
twp is measured from the latter of CE1, CE2 or R/W going low to the earlier of CE1, CE2 or R/W
going high.

(3) tpH, tps are measured from the earlier of CE1, CE2 or R/W going high.

(4) 1f the CE1, or CE2 low transition occurs simultaneously with or latter from the R/W low transition
in a Write Cycle 1, the output buffers remain in a high impedance state in this period.

(5) If the CE1 or CE2 high transition occurs prior to or simultaneously with the R/W high transition
in a Write Cycle 1, the output buffers remain in a high impedance state in this period.

(6) If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE1 or
CE2 low transition, the output buffers remain in a high impedance state in this period.

(7) A write occurs during the overlap of a low CE1, low CE2 and low R/W. In write cycle 2, write is
controlled by either CE1 or CE2.

[ DATA RETENTION CHARACTERISTICS (Ta=—30 ~ 85°C) |

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
VbR Data Retention Power Supply Voltage 2.0 - 5.5 \Y
TC5516APL/ | Ta=26°C | — - 0.2
ADL/AFL Ta=60°C | — - 1.0
lbps Standby Current TCE516AP/ Ta= 25:0 : - 0.05 | 1.0 MA
AD/AF Ta= 6006 | - - | 5.0
Ta=85C | - | - 30
tcDR From Chip Deselection to Data Retention Mode [ 0 : - — I'S
tR Recover Time [ tre (M | - - us

Note (1) tpe : Read Cycle Time.

DATA RETENTION MODE

Vob

45V ——{———— —_————————————— — —_—t——

(2) (2)

VIH = ——— —

== \Y —0.5v
CE, tCDR oo R

Vi

GND

Note: (2) If the V| level of CE is 2.2V, during the period that the Vpp voltage is going down from 4.5V to 2.7V, Iggp1 current flows.
(Refer to D.C. CHARACTERISTICS or TYPICAL CHARACTERISTIC FIGURES.)
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TYPICAL CHARACTERISTICS

tacc vs- Vpp

tco1 Vs Vpp

200
Ta= 25°C Ta=25°C
250 CL = 100pF CL = 100pF
150
_ 200 A N
2 \ z
0 = 100
g o \
“ 150 2 i =
t—
50
~—_
100
0
© 3 2 5 6
Voo (V) Vpp (V)
tACC. tco1 Vs Ta 80 Atacc vs. C
14 Vpp = 4.5V Vpp = 4.5V
Cy = 100pF Ta=25°C
60
5 -
8 1.2 i = ~
L 7 2 >
3] o ),// >
Q 9 a0
X V 3
3 tACC a
%10 L < 1
H prd
s 20
o / /
z
08l el
o
—40 0 40 80 100 200 300 400 500
Ta(°C) “cp (pF)
VIH. VL Vs. VDD ViH. ViLvs Ta
|
25 Ta=25°C 2.5 VIH. Vpp = 5.5V
ViL, Vpp = 4.5V
L
S 20 < 20
< > —
= Vi // = I e SR
5 o —
5 - >
>E 1.5 — z 1.5
—— s
VL T
\;
| T ———
1.0 1.0
4 5 —40 [ 40 80
Vpp (V) Ta (°C)
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'ppo Vs VDD

Ippo vs. Ta
80
CE Vpp = 5.5V
CEz =0V 70 Voo
Ta=25C S8, =ov
60
2 /
£ Z 60 \
9 3
o a0 B N
£ / Q T~
0
= 50
~—]
20 \
)
40
° —-40 20 30
Voo V) Ta (°C)
'DDO Vs teycle Ipps1 vs- Vpp
) 5.0
Voo = 85v Ta=256%
Ta=25°C 3.0 e, - 22y
70
- / other inputs
: < / =0.8~
£ < y 0.8 ~2.2V
o £ 10
2 50 z /
o ] /
o 05 7
30 0.3 //
0.1
1.0 5.0 by = :
teycle (us) Vop V)
1.6 IDps1 vs: Ta 'pps2 vs- VoD
Vpp = 5.5V
——DD Ta=25°C
CE, =2.2v 3.4 e
CE, = Vpp —0.5V
1.4 o other inputs
=0.8~2.2V ~
S = I 32
E' \\ £
- 1.2 S~ §
2 ~ 3.0 ul
~ r’
1.0 r
2.8
—40 0 20 80 3 ~ L 4
Ta (%) Vpp (V)
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1pDs1 vs. VN (CE)

2.0
Vpp = 5.5V
other inputs
1.5 =0.8 ~2.2V

\ Ta=25°C

Ipps1 (MA)

N

AN

1.0 2.0 3.0 4.0 5.0
VN (CE3) (V)
Ipps2 vs- Ta
500 Vpp = 5.5V
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Ibps2 vs. VN (CE2)
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OUTLINE DRAWINGS

® Plastic DIP
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Note: Each lead pitch is 2.564mm. All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and

No. 24 leads. Ali dimensions are in millimeters.
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® Plastic FP
F
bt z <
5 N S
| I o +Hi
'+ 3
0 o - "
24 23 22 21 20 19 18 17 16 15 14 13
Nl
S| o
+ +H
o @
of =
-
R0.64
1 2 3 4 5 6 7 8 9 10 11 12
- t  —
0.43 +0.05 1.27 £0.1 0~1.27 ‘ ' 0.15 +0.05
l ™ T ’
16.5 MAX
S
+
©
-
©| ©
o +
Tl @
Note: Each lead pitch is 1.27mm.

All leads are located within 0.1mm of their true longitudinal position with respect to No. 1 and No. 24 leads.
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PACKAGE INFORMATION FOR FLAT PACKAGE

This new flat package is a very small and thin compared with conventional standard dual-in-line package.

Differences are as follows.

1. Difference in dimension between flat and
standard package.

Unit : mm
Flat package | Standard package
Length 16.5 324
Width 9.0 14.2
Lead Pitch 1.27 2.54
Thickness 1.6 5

3. Advantage of this package

e Small dimensions
e Capability of High Density Assembly

e Capability of thin Assembly — Capability of Assembly on both side of PC board.

4, PC pattern layout example

2. Comparison in occupied space.

DIP

FP

Vpp LINE

P S

TOSHIBA
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Note: 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.
© Apr., 1982 Toshiba Corporation
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- TOSHIBA MOS MEMORY PRODUCTS

2048 WORD x 8 BIT CMOS STATIC RAM

- TCB5517AP/-2,TC5517APL/-2

TC5517AD/-2,TC5517ADL/-2

SILICON GATE CMOS

TC5517AF/-2,TC5517AFL/-2

DESCRIPTION

The TC55617AP/AD/AF is a 16384-bit static ran-
dom access memory organized as 2048 words by 8
bits using CMOS technology, and operates from a
single 5 volt supply.

The TCB517AP/AD/AF is featured by output
enable and chip enable inputs, that is, OE for fast
memory access and CE for a minimum standby cur-
rent mode, and is suited for low power application
where battery operation or battery back up for non-

FEATURES

® Standby Current
0.2pA (Max.) at Ta =25°C } TCH517APL/
1.0uA (Max.) at Ta=60°C / ADL/AFL
1.0pA (Max.) at Ta=25°C } TC5517AP/

5.0uA (Max.) at Ta=60°C / AD/AF
® Low Power Dissipation : 200mW (Typ.)
operating

Single BV Power Supply : 5V + 10%
Data Retention Supply Voltage: 2.0 ~ 5.5V

® Fully Static Operation
PIN CONNECTION (tor view)
A1 ~ 2 OVop
A, 02 23 A,
A.0O3 22 1A,
Aa 21 JR/W
As;Os 20[0E
A, s 19 A,
A 07 18 [1CE
A, O8 17 01/0,
170, 09 16 {11/0,
170, 10 15[71/0,
170, 011 1a01/0,
GND[12 13”_‘||/04
PIN NAMES
Ao ~ Aro Address Inputs
R/W Read/Write Control Input
OE Output Enable Input
CE Chip Enable Input
1/0y ~1/0Og Data Input/Output
Vbbp Power (+5V)
GND Ground

volatility are required. Furthermore the TC55617APL/
ADL/AFL guaranteed a standby current equal to or
less than 1uA at 60°C ambient temperature is avail-
able.

The TCB517AP/AD is also featured by pin com
patibility with 2716 type EPROM. This means
that the TC5517AP/AD and EPROM can be in-
terchanged in the same socket, and the flexibility
in the definition of the quantity of RAM versus
EPROM obtained as a result allows the wide applica-
tion in microcomputer system.

® Access Time
250ns (Max.) : TC5517AP/APL/AD/ADL/AF/

AFL
TC5517AP-2/APL-2/AD-2/
ADL-2/AF-2/AFL-2
Two Control Input (CE, OE)
Pin Compatible with Nch Static RAM TMM2016P
All Inputs and Outputs Directly TTL Compatible
Three State Outputs
Package

Plastic DIP : TC5517AP/APL

Cerdip DIP : TCB517AD/ADL

Plastic FP TCH517AF/AFL

BLOCK DIAGRAM

200ns (Max.) :

CE

~—°Vpp

MEMORY CELL ~——°GND
ARRAY

128 x 128

ROM DECODER

|

SENSE AMP.

COLUMN DECODER l:

A Ay A, Ay

DATA
CONTROL

1/0,

|
l

CE
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ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING

Vop Power Supply Voltage -0.3v~7.0Vv

Vin Input Voltage -0.3V ~ Vpp+0.3V
Vo Input/Output Voltage -0.3V ~ Vpp+0.3V
Pp Power Dissipation (Ta = 85°C) 0.8W (0.45W)*
TsTG Storage Temperature -55°C~ 150°C
TorR Operating Temperature -30°C~85°C
TsoLpbeRr Soldering Temperature * Time 260°C + 10 sec.

*Plastic FP

RECOMMENDED D.C. OPERATING CONDITIONS (Ta=-30°C ~ 85°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vpp Power Supply Voltage 45 5.0 55 \
Vin Input High Voltage 2.2 - Vpp+0.3 \
ViL Input Low Voltage -0.3 - 08 \
VpH Data Retention Voltage 2.0 - 556 \

D.C. CHARACTERISTICS (Ta=-30°C ~ 85°C, Vpp =5V + 10%)

SYMBOL PARAMETER CONDITIONS MIN. | TYP. MAX. | UNIT
I Input Leakage Current 0< V)N S Vpp - - 1.0 A
ILo 1/0 Leakage Current CE=Viy, 0V < V0 £ Vpp - — +5.0 A
loH Output High Current Vou =2.4V -1.0 -2.0 - mA
loL Output Low Current Vo = 0.4V 2.0 3.0 — mA
IpDs1 CE=22V — 1.0 3.0 mA

TCB617APL/[Ta=25°C| — - 0.2
_ ADL/AFL [Ta=60°C| - - 1.0
| Standby Current CE = Vop - 05V / Ta 25°C 005 | 10 A
an urren = - A B
DDS2 y Vop =2~55V | TCB517AP/ oo .
Ta=60"C - - 5.0
AD/AF 5
Ta=85"C - - 30
Ibpo1 | ) CE=0V, Viy = Vin/ViL, louT = OmA . 40 70
o] C t A

Topog | _Perating urren TE=0V, Vin = Vpp /GND, IguT = OmA — 13 | &% |

Note : Typical values are at Ta = 25°C, Vpp = 5V.

CAPACITANCE (Ta=25°C, f = TMHa)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT

CiN Input Capacitance — 5 10 pF
Cio Input/Output Capacitance - 5 10 pF

Note : This parameter’is periodically sampled and is not 100% tested.
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A.C. CHARACTERISTICS (Ta=-30~ 85°C, Vpp =5V + 10%)

TOSHIBA

® Read Cycle
TC5517AP-2/APL-2 TC5517AP/APL
SYMBOL PARAMETER TCRBI7APSIARLS | Teasiiar/aRL | UNT
MIN. MAX. MIN. MAX.
tRc Read Cycle Time 200 - 250 - ns
tacc Access Time - 200 — 250 ns
1oE OE to Output Valid - 100 - 100 ns
tco CE to Output Valid — 200 — 250 ns
tcoE OE or CE to Output Active 10 - 10 - ns
top Output High-Z from Deselection - 80 — 80 ns
toH Output Hold from Address Change 10 — 10 — ns
o Write Cycle
TC5517AP-2/APL-2 TC5517AP/APL
SYMBOL PARAMETER TC5517AD-2/ADL-2 TC5517AD/ADL UNIT
TC5517AF-2/AFL-2 TC5517AF/AFL
MIN. MAX. MIN. MAX.
twe Write Cycle Time 200 - 250 - ns
twp Write Pulse Width 160 - 200 - ns
taw Address Set Up Time 0 - 0 — ns
twR Write Recovery Time 10 - 10 - ns
topw Output High-Z from R/W - 80 - 80 ns
toew Output Active from R/W 10 - 10 - ns
tps Data Set Up Time 80 - 120 - ns
tpH Data Hold Time 0 - 0 - ns
A.C. TEST CONDITIONS
Qutput Load 100pF + 1TTL Gate
Input Pulse Levels 0.6V, 2.4V
Timing Measurement Reference Levels
Input 0.8V and 2.2V
Output 0.8V and 2.2V
Input Pulse Rise and Fall Times 10ns
TIMING WAVE FORMS tRe
® Read Cycle (1)
Addresses >< Vi Vinl Vin
VL ViL ViL
tacc toH
_ N ViH tco Vin 7
¥
top
Vin toE Vi
= 7
tcoE top
tCOE
bouT = Vou OUTPUT  VoH|
|_VoL DATAVALID VoL
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® Write Cycle 1 (1)

Addresses

R/W

Dout

® Write Cycle 2 (2)

Addresses

R/W

Dout

/Cvm
ViLg

High Impedance

twe
N
><‘VIH ViH 5< ViH
LViL Vi Vie
tAw
Vi VIL7/
t
twp (3) WH

_‘w_l

o (@) RRRRAEILLELLKKs

tpg (4)
M AVIH
DATA IN STABLE X
Vi Viu
twe |
p
ViH Vi Vin
Vi Vio Vio
taw
<——‘ typ (3) twR

Vin \ Vi
ViL Vi
x
Vi
L Vie Vi 4
tcoE
2=

tps (4

tpH (4)

ViH

N

DATA IN STABLE

m : UNKNOWN

Vi
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NOTE:

TOSHIBA

(1) R/W is high for a Read Cycle.

(2) OE = V) or V.. If OE = Vi during write cycle, the output buffers remain in a high impedance
state.

(3) twp is specified as the logical “AND" of CE and R/W.
twp is measured from the latter of CE of R/W going low to the earlier of CE or R/W going high.

(4) tpH, tpg are measured from the earlier of CE of R/W going high.

(5) If the CE low transition occurs simultaneously with or latter from the R/W low transition in a Write
Cycle 1, the output buffers remain in a'high impedance state in this period.

(6) If the CE high transition occurs prior to or simultaneously with the R/W high transition in a Write
Cycle 1, the output buffers remain in a high impedance state in this period.

(7) 1f the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE low
transition, the output buffers remain in high impedance state in this period.

DATA RETENTION CHARACTERISTICS (Ta=-30~ 85°C)

[ symBoL PARAMETER MIN. TYP. MAX. UNIT

VbR Data Retention Power Supply Voltage 2.0 — 55 \%
TC5617APL/  |Ta=25°C - - 0.2
ADL/AFL Ta=60°C - - 1.0

IDDS2 Standby Current Ta=25° - 0.05 1.0 HA
AN o B -
Ta=85C - — 30

tcDR From Chip Deselection to Data Retention Mode 0 - - us

tr Recovery Time tre(1) - - Ms

Note (1) tgc : Read Cycle Time

Vbp

DATA RETENTION MODE

(2)

tCDR

Vpp-0.5V

Note (2) If the V| level of CE is 2.2V, during the period that the Vpp voltage is going down from 4.5V to 2.7V, Ippg1 current flows.
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OUTLINE DRAWINGS

@ Plastic DIP
24 232221201918 171615 14 13
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z
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1T
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X
<
s
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4
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2.54+0,25 1.30.25
L 0'4610‘13 15.24~17.78

2.5 MIN.

Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudinal position with respect to No. 1 and No. 24 leads.
All dimensions are in millimeters.
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® Plastic FP
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Note: Each lead pitch is 1.27 mm.
All leads are located within 0.1 mm of their true longitudinal position with respect to No. 1 and No. 24 leads.
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PACKAGE INFORMATION FOR FLAT PACKAGE

This new flat package is a very small and thin com-
pared with conventional standard dual-in-line package.
Differences are as follows.

1. Difference in dimension between flat and standard 2. Comparison in occupied space
package.
Unit: mm
Flat package Standard package
Length 16.5 324 el
Width 9.0 14.2
Lead Pitch 1.27 254
Thickness 1.6 5

FP

3. Advantage of this package
Small dimensions
Capability of High Density Assembly
Capability of thin Assembly ——Capability of Assembly on both side of PC board.

4. PC pattern layout example

(CE) (0F) 0o

T T H] T

:: :; :: H Vpp LINE

M -y

h N ﬁo l |: TT %O
_— e 1 ! (=]
= r — T T o
=% T ——
= o\ ——
e N
= o ———au

Kﬁo

% __‘__/——Z\E,'—.-—-——:—:;
N S

HEN % = |8
= ===\ =
TR it AT O s
_O T - O [ a— -
oL Il 4! GNDLINE |y

T130 e (o8 (mm)

Note: Toshiba c.)es 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.
©Nov., 1981 Toshiba Corporation



-TOSHIBA MOS MEMORY PRODUCTS

2048 WORD x 8 BIT CMOS STATIC RAM

SILICON GATE CMOS

TC5517BP-20, TC5517BPL-20
TC5517BD-20, TC5517BDL-20
TC5517BF-20, TC5517BFL-20

DESCRIPTION

The TC5517BP/BD/BF is a 16384-bit high speed
and low power fully static random access memory
organized as 2048 words by 8 bits using CMOS
technology, and operates from a single 5 volt supply.

The TC5517BP/BD/BF has a output enable input
(OE) for fast memory access and output control and
chip enable input (CE) which is used for device
selection and can be used in order td achieve the
minimum standby current mode easily for battery
back up.

Also the high speed and low power characteristics
which maximum access time is 200ns and maximum
operating current is 5mA/MHz are achieved.

FEATURES

e Low Power Dissipation
27.5mW/MHz (Max.) Operating

Standby Current
0.2uA (Max.) at Ta=25°C } TC5517BPL/
1.0uA (Max.) at Ta=60°C | BDL/BFL-20
1.0uA (Max.) at Ta = 25°C }TC5517BP/BD/
5.0pA (Max.) at Ta=60°C | BF-20

Single 5V Power Supply : 5V+£10%

Data Retention Supply Voltage 2.0 ~ 5.5V

e Fully Static Operation

PIN CONNECTION (TOP VIEW)
\J
A1 24 Vpb
As ]2 23 [JAg
As]3 22[JAg
Aa]a 21 [JR/W
A3ds 20[1GE
A2l] 6 19A10
A 18 (JCE
Ao} 8 17 [J1/0g
1701 9 16 [J1/09
/02 10 15[]1/0¢
1/03\::11 14[71/05
GND (12 13{71/04
PIN NAMES
Ao ~ Ao Address Inputs
R/W Read/Write Control Input
OE Output Enable Input
| CE Chip Enable Input
1/0, ~ 1/Og Data Input/Output
Vop Power (+5V)
GND Ground

Thus the TC5517BP/BD/BF is most suitable for
use in low power applications where battery operation
or battery back up for nonvolatility are required.
Furthermore the TC5517BPL/BDL/BF L guaranteed a
standby current equal to or less than 1uA at 60°C
ambient temperature available.

And the TC5517BP/BD/BF is pin compatible with
2716 type EPROM. This means that the TC5517BP/
BD/BF arid EPROM can be interchanged in the same
socket, and the flexibility in the definition of the
quantity of RAM versus EPROM allows the wide
application in microcomputer system.

e Fast Access Time
tacc = 200ns (Max.)
toe = 70ns (Max.)
Output Buffer Control : OE
On-chip Address Transition Detector
All inputs and outputs Directly TTL Compatible
Three State Qutputs
Package
Plastic DIP : TC5517BP/BPL
Cerdip DIP : TC5517BD/BDL
Plastic FP : TC5517BF/BFL

BLOCK DIAGRAM
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A Ll gell o 128 x 128
80zu|iz0|| 2
acodd5(l8a]] 3
collce «
oot H
CE [ T il
1704
SENSE AMP. AND m
COLUMN DECODER i

T~
29 29
[oaTa conTROL

CIRCUIT

o
m
o
o
o
o
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OPERATION MODE

MODE CE OE R/W Ao ~Aso 1/04 ~ ¢ POWER
Read L L H Stable Data Out lbbo
Write L * L Stable Data In lbbo
Output Deselect * H * * High Impedance Ibbo
**Standby H * * * High Impedance Ibbs
Note: *:Hor L  **: Data Retention Mode
ABSOLUTE MAXIMUM RATINGS
SYMBOL ITEM RATING
Vob Power Supply Voltage —0.3V ~ 7.0V
VIN Input Voltage —0.3V~ Vpp +0.3V
Viio Input/Output Voltage —0.3V~ Vpp +0.3V
Po Power Dissipation (Ta = 85°C) 0.8W (0.45W) *
TsTG Storage Temperature —56°C ~ 150°C
ToPR Operating Temperature —30°C ~ 85°C
TSOLDER Soldering Temperature - Time 260 °C - 10 sec.
* Plastic FP = 0.45W
RECOMMENDED D.C. OPERATING CONDITIONS (Ta = —30°C ~ 85°C)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vop Power Supply Voltage 45 5.0 5.5 \2
ViH Input High Voltage 2.2 - Vpp +0.3 \
ViL Input Low Voltage -0.3 - 0.8 Vv
VoH Data Retention Voltage 2.0 - 5.5 \Y

D.C. CHARACTERISTICS (Ta=-30°C ~ 85°C, Vpp =5V * 10%)

SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
I Input Leakage Current 0<ViN £ Voo — — +1.0 HA
ILo 1/Q Leakage Current CE =Viy,0V< V0 S Vop — - 50 | uA
lon Output High Current Vou =24V —-1.0 | =20 - mA
loL Output Low Current VoL =04V 2.0 3.0 — mA
IDDS'I (TE =22V - 1.0 3.0 mA

e TC5517BPL [Ta=25°C | — - 0.2
CE > —
2 Vop ~0.5V /BDL/BFL-20[Ta=60°C | — - 1.0
—
Ipps2 | Standby Current TCB5178P/ Ta:25°C - 0.05 1.0 MA
Vpp =2~55V BD/BF20 | 1e=60°C | — - 5.0
B Ta=85°C | — - |30
IbpO1 teycle = 200ns Vin = Vin/ViL - - 30
Ibpo2 ) CE =0V, lpyt =0mA Vin = Vpp/GND - — 25
Operating Current - mA
Ibpo3 o teycle = 1us Vin = Vin/Vi - - 10
IbD0O4 CE =0V, lpyT =0mA VN = Vpp/GND — - 5
Note: Typical Values are at Ta = 25°C, Vpp =5V.

CAPACITANCE (Ta= 25°C, f = 1MHz)

SYMBOL PARAMTER MIN. TYP. MAX. UNIT
Cin Input Capacitance - 5 10 pF
Ciro Input/Output Capacitance - 5 10 pF

Note: This paramter is periodically sampled and is not 100% tested.
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A.C. CHARACTERISTICS (Ta = —30 ~ 85°C, Vpp =5V = 10%)

e Read Cycle
SYMBOL PARAMETER MIN. MAX. UNIT
tRC Read Cycle Time 200 - ns
tacc Access Time - 200 ns
tog OE to Output Valid - 70 ns
tco CE to Output Valid - 200 ns
tcoE OE or CE to Output Active 10 — ns
top Output High-Z from Deselection — 60 ns
toH Output Hold from Address Change 10 - ns

® Write Cycle
SYMBOL PARAMETER MIN. MAX. UNIT
twe Write Cycle Time 200 - ns
twp Write Pulse Width 150 — ns
taw Address Set up Time 0 - ns
twR Write Recovery Time 0 - ns
topw Output High-Z from R/W — 60 ns
toEW Output Active from R/W 10 — ns
tps Data Set up time 90 - ns
tpH Data Hold Time 0 - ns

A.C. TEST CONDITIONS

Output Load : 100pF +1TTL Gate
Input Pulse Levels . 0.6V, 24V
Timing Measurement Reference Levels
Input : 0.8V and 2.2V
Output: 0.8V and 2.2V
Input Pulse Rise and Fall Times : 10ns

TIMING WAVEFORMS
® Read Cycle (1)

RC
FVin Vin I\ ViH
Addresses v
\ ViL [ Vo
t
ACC o
ViH
S tco Vi
CE \ Vie /
top
ViH
toE v
H
OE ViL /
tCOE too
tcoEe
o VoH oUTPUT VoH
ouT \ VoL DATAVALID vo_
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e Write Cycle 1(2)

twe
v VinT v
Addresses IH IH IH
ViL Vi | | Vil
tAW
CE
© Vi ViL
WR
1
Vin \ WP (3) Vin
R/W
N ViL ViL
tOEW
tODW—w
vovr  BEXXXXILXRAAILRXTLTTITTR igh impscance
RRARLIRIXXXXXALL RS tps (4) toH (4)
ViH ViH
DIN >< DATA IN STABLE
Vio Vi
® Write Cycle 2 (2)
twc
v VinT v
Addresses H IH
ViL Vie Vi
AW
twp (3) twR
__ ViH Vin
cE Vio ViL Vi
ViH

R/W \ /
ViL ViL4

tCOE tobw
_>+_

DouT )
tpg (4) toH (4)
ViH
Vin
Din >< DATA IN STABLE ><
1 A
Vio Vi
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Note: (1) R/W is high for a Read Cycle.

(2) OE = Viy or V. I, OE = V|H during write cycle, the output buffers remain in a high impedance
state.

(3) twp is specified as the logical “AND" of CE and R/W.
twp is measured from the latter of CE or R/W going low to the earlier of CE or R/W going high.

(4) tpH, tos are measured from the earlier of CE or RW going high.

(5) If the CE low transition occurs simultaneously with or latter from the R/W low transition in a
Write Cycle 1, the output buffers remain in a high impedance state in this period.

(6) If the CE high transition occurs prior to or simultaneously with the R/W high transition in a
Write Cycle 1, the output buffers remain in a high impedance state in this period.

(7) If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE low
transition, the output buffers remain in high impedance state in this period.

DATA RETENTION CHARACTERISTICS (Ta= —30 ~ 85°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vbr Data Retention Power Supply Voltage 2.0 — 5.5 \4
TC5517BPL/ | Ta=25°C — — 0.2
BDL/BFL-20 | Ta=60°C - - 1.0
! Standby Current Ta=25°C — 0.05 1.0 MA
DDS2 TC5517BP/ Ta=60°C — — 50
BD/BF-20 Ta=85°C _ _ 30
tCDR From Chip Deselection to Data Retention Mode 0 - - us
tR Recovery Time tpc(1) - - us

Note .(1_) trc : Read Cycle Time

Vpp—mM8M8Mm ™™\ DATA RETENTIONMODE

4.5V —— e — o —— . e . e e e e . [— ________

(2)

tcDR VoD — 0.5V R

GND:

Note (2) If the V) level of CE is 2.2V, during the period that the Vpp voltage is going down from 4.5V to 2.7V, Ippg1 current flows.
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OUTLINE DRAWINGS
® Plastic DIP

frhcichthrachchtith
X
_ s
o~
R1.5 ’/ b
R S
CITILI I T LI QI LI LT LT LT
1234667 89101112
32.4 MAX. : 15.24 TYP.
N %
) s
TA :
B 0.25 +0.05
1.4 +£0.15 z
s
0.5 +0.15 N 17.4 MAX.
[y
e Cerdip DIP
| 32.4 MAX.
24 2322 2120191817 16 151413
rh _
X
g
— 2
@
©
- oy S —
123456678 9101112
X
< .
s 16.24 +0.3
n
1
0
]
o Ta— 025910
. 2.54 £0.25 1.3 +0.25 -
z ="~ +0.15
H - 15.24 ~17.78
s 0.46 " 0"10
@
o~

Note: Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 24 leads.
All dimensions are in millimeters.
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® Plastic FP

z
< = <
°© b3 =)
+ @ o +h
© s| - w
< S <
24 23 22 21 20 19 18 17 16 15 14 13
@
o
+l +
«©
-
b
RO.64
1.2 3 4 5 6 7 8 9 10 11 12
+——t
U
0.43 +0.05 1.27 £0.1 0~1.27 0.15 +0.05
T I
16.5 MAX
-
=
+
S
-
o) ©
ol +
Tl e

Note: Each lead pitch is 1.27mm.
All leads are located within 0.1mm of their true longitudinal position with respect to No. 1 and No. 24 leads.
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PACKAGE INFORMATION FOR FLAT PACKAGE
This new flat package is a very small and thin compared with conventional standard dual-in-line package.
Differences are as follows.

1. Difference in dimension between flat and 2. Comparison in occupied space

standard package.

Unit :mm
Flat package Standard package
Length 16.5 324 DIP
Width 9.0 14.2
Lead Pitch 1.27 2.54
Thickness 1.6 5
3. Advantage of this package Fp
Small dimensions
Capability of High Density Assembly
Capability of thin Assembly —— Capability of Assembly on both side of PC board.
4. PC pattern layout example
(©E) (©®
i 'r': EE "' Vpp LINE
— 0 — 0 [
: ? [ . o
= - — o
- i |

\&5‘1/._/__/—;/ N ‘lp i.°
ey -\ —== N
ﬁ%_@/_—% }m »
o
: = = B
= =
—j O‘ “1 ":' jO‘ :J: i - “1"5' -
I i1l oNDLINE Y
a0 (E) (BE) (mm)

Note: 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.
© Mar., 1982 Toshiba Corporation
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2048 WORD x 8 BIT CMOS STATIC RAM

SILICON GATE CMOS

TC5518BP-20, TC5518BPL-20
TC5518BD-20, TC5518BDL-20
TC5518BF-20, TC5518BFL-20

DESCRIPTION

The TC5518BP/BD/BF is a 16384-bit high speed
and low power fully static random access memory
organized as 2048 words by 8 bits using CMOS
technology, and operates from a single 5 volt supply.

The TC5518BP/BD/BF has two chip enable inputs,
CE1 and CE2, which are used for device selection
and can be used in order to achieve the minimum
standby current mode easily for battery back up.
Also the high speed and low power characteristics
which maximum access time is 200ns and maximum
operating current is 5mA/MHz are achieved.

Thus the TC5518BP/BD/BF is most suitable for

FEATURES

e Low Power Dissipation
27 .5mW/MHz (Max.) Operating

e Standby Current
0.2uA (Max.) at Ta= 25°C}TC55188PL/
1.0pA (Max.) at Ta=60°C|BDL/BFL-20
1.0nA (Max.) at Ta= 25°C}TC55188P/BD/
5.0uA (Max.) at Ta=60°C|BF-20

e Single 5V Power Supply: 5V+10%

e Data Retention Supply Voltage
2.0~ 5.5V

e Fully Static Operation

PIN CONNECTION

(Top VIEW)

A7 Vbbb
A6 2 Ag
AsOs3 Ag
AsQda R/W
A3 (]s5 CE,
A2[s A1o
ALy CE,
Ao s 1/0g
1701 9 16 [ 1/0,
1/02 .f10 151 /04
1703 11 14 [11/05
GND 12 1/04
PIN NAMES
Ao ~ Ao Address Inputs

R/W Read/Write Control Input

CE,. EE; Chip Enable Inputs
1/0y ~1/Og Data Input/Output
Vop Power (+5V)

GND ~ | “Ground

use in low power applications where battery operation
or battery back up for nonvolatility are required.
Furthermore the TC5518BPL/ BDL/BFL guaranteed
a standby current equal to or less than 1uA at 60°C
ambient temperature available.

And the TC5518BP/BD/BF is pin compatible with
2716 type EPROM. This means that the TC5518BP/
BD/BF and EPROM can be interchanged in the same
socket, and the flexibility in the definition of the
quantity of RAM versus EPROM allows the wide
application in microcomputer system.

e Fast Access Time
tacc = 200ns (Max.)
e Two Chip Enables (CE1, CE2) for Simple
Memory Expansion and Battery Back Up
e On-chip Address Transition Detector
e All Inputs and Qutputs Directly TTL Compatible
e Three State Outputs
e Package
Plastic DIP : TC5518BP/BPL
Cerdip DIP: TC5518BD/BDL
Platic FP : TC5518BF/BFL

BLOCK DIAGRAM

CLOCK
GENEATOR

PRECHARGE
CIRCUIT

T I

MEMORY CELL
128 x 128

>
M
0
ROW ADDRESS
BUFFER
ROW ADDRESS

REGISTER
ROW DECODER

1 L=

SENSE AMP. AND
COLUMN DECODER

COLUMN ADDRESS —25
BUFFER ‘

o o 0 o
Ao A1 Ax Ay
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OPERATION MODE
MODE CE, CE, R/W Ao ~Aro 1/0; ~ g POWER

Read L L H Stable Data Out Ibbo

Write L L L Stable Data In Ibbo

** Standby 1 * H * * High Impedance IbDs

** Standby 2 H * * * High Impedance Ibbs

Note; *:Hor L **: Data Retention Mode

ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING

Vbp Power Supply Voltage —0.3V~7.0V

Vin Input Voltage —0.3V ~ Vpp+0.3V

Vio Input/Output Voltage —0.3V ~ Vpp+0.3V

Po Power Dissipation (Ta =85"C) 0.8W (0.45W)*

TsTG Storage Temperature —55°C ~ 150°C

Topr Operating Temperature —30°C ~ 85°C

TSOLDER Soldering Temperature - Time 260°C - 10 sec

RECOMMENDED D.C. OPERATING CONDITIONS (Ta = —30°C ~ 85°C)

*: Plastic FP = 0.45W

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vbp Power Supply Voltage 4.5 5.0 5.5 \
Viy Input High Voltage 22 - Vpp+0.3 Vv
Vi Input Low Voltage -0.3 - 0.8 \
VpH Data Retention Voltage - 2.0 — 5.5 \%
D.C. CHARACTERISTICS (Ta = —30°C ~ 85°C, Vpp = 5V+10%)
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
L Input Leakage Current | 0 < Viy < Vop - - 1.0 A
Lo 1/0 Leakage Current CF;_= ViH, OV < V0 £ Vop - - +5.0 uA
loH Output High Current Von =2.4V -1.0 | =20 -~ mA
loL Output Low Current VoL =0.4V 2.0 3.0 — mA
Ibps1 CE, =22V orCE; =22V - 1.0 3.0 mA
— [TC5518BPL | Ta=25°C - - 02 | mA
CE» 2Vop ~05Vor | jpp| /BFL20[ Ta=60°C - — 10
Ibbs2 Standby Current CE, < Vpp —0.6V — 50
= TCE5188P/ Ta—25°C - 0.05 1.0 uA
Vpp =2 ~6.5V BD/BF 20 | 12-00°C - - 5.0
Ta=85°C - - 30
D01 feycle =200ns, CE1= | VN = Viu/ViL - - 30
Ibpo2 CE, =0V, | =0mA | Vin = Vpp/GND - ~ 25
Operating Current 2  OUT ! DD mA
Ibpos 9 teycle = 11s, CEy = [ Vin = Vin/ViL - - 10
Ibpo4g CE, =0V, loyt =0mA [V,N =Vpp/GND - - 5
Note: Typical Values are at Ta = 25°C, Vpp =5V
CAPACITANCE
SYMBOL PARAMETER MIN. TYP. [ MAX. [ UNIT
Cin Input Capacitance — 5 [ 10 | pF
Ci/o Input/Output Capacitance - 5 | 10 | oF

Note: This parameter is periodically sampled and is not 100% tested.
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A.C. CHARACTERISTICS (Ta=—30 ~ 85°C, Vpp =5V + 10%)

TOSHIBA

Read Cycle
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
trc Read Cycle Time 200 - - ns
tacc Access Time - - 200 ns
tco1 | CE, to Output Valid - - 200 ns
tco2 | CE, to Output Valid - - 200 ns
tcoe CE, or CE, to Output Active 10 — — ns
top Output High-Z from Deselection - = 60 ns
toH Output Hold from Address Change 20 - - ns
Write Cycle
SYMBOL PARAMETER I MIN. TYP. MAX. UNIT
twe Write Cycle Time [ 200 - - ns
twp Write Pulse Width | 150 - — ns
tAW Address Set up Time | 0 — — ns
twR Write Recover Time | 0 - - ns
toDW Output High-Z from R/W 1 - - 60 ns
loEw Output Active from R/W | 10 — — ns
tps Data Set up Time 90 - - ns
tpH Data Hold Time 0 - - ns
A.C. TEST CONDITIONS
Output Load 100pF + 1TTL Gate
Input Pulse Levels : 0.6V, 24V
Timing Mesurement Reference Levels
Input 0.8V and 2.2V
Output: 0.8V and 2.2V
Input Pulse Rise and Fall Times 10 ns
TIMING WAVEFORMS
Read Cycle (1) tRC
» Vin ViH ViH
Addrosses ViL ViL Vi
tacc tOH_,
- S tco2 ViH -5 t
cee SJ:VIL / //
= t
ViH ton:
—? tco1 ik
<, \ i /
COE v top
*COE L OH i VoH
Pout @@ OUTPUT DATA VALID
VoL Vo
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Write Cycle 1.
wc
v Vin ] v
Addresses H IH IH
| ViL ViL \_ViL
taw

o XI Vie ViL /
\ M1 VIL;/

TWR

v
R/W H WP (2) /
Vi ViL

. toow _ | toEW
R A
o | o 1 KRR
ViH ViH

Din X DATA IN STABLE
L

Vi ViL

Write Cycle 2.
twe

Addresses v v }; ViH
vie viL ViL

(7) CE, (CEy) /
Vi ViLL
__*‘/_AW_'__ twp (2) tWR
(7) CE; (CE,) am
Vi
R/W Vi /
DouT
tps (3) toH (3)
ViH ViH
= =
DiN X DATA IN STABLE X

Vi ViL
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Note: (1)
(2)

(3)
(4)
(5)
(6)

(7)

TOSHIBA

R/W is high for a Read Cycle.

twp is specified as the logical “AND"" or CE1, CE2 and R/W.

twp is measured from the latter of CE1 CE2 or R/W going low to the earlier of CE1, CE2 or
R/W going high.

tDH, tDs are measured from the earlier of CE1, CE2 or R/W going high.

If the CE 1, or CE2 low transition occurs simultaneously with or latter from the R/W low tran-
sition in a Write Cycle 1, the output buffers remain in a high impedance state in this period.

If the CE 1 or CE2 high transition occurs prior to or simultaneously with the R/W high transition
in a Write Cycle 1, the output buffers remain in a high impedance state in this period.

If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE1or
CE2 low transition, the output buffers remain in a high impedance state in this period.

A write occurs during the overlap of a low CE1 , low CE2 and low R/W.

In write cycle 2, write is controlled by either CE1 or CE2.

DATA RETENSION CHARACTERISTICS (Ta = —30 ~ 85°C)

SYMBOL PARAMETER MIN. | TYP. MAX. UNIT

VDR Data Retention Power Supply Voltage 2.0 - 55 \Y
TC5518BPL/ | Ta=25°C - - 0.2
BDL/BFL-20| Ta=60°C — - 1.0

| Standby Current Ta=25°C - 0.05 1.0 A

bDS2 v TCB5188P/ | —— o 5 #
BD/BF-20 5 t :

Ta=85"C — - 30
1CDR From Chip Deselection to Data Retention Mode 0 - - us
tR Recover Time trc(1) — - us
Note (1) trc : Read Cycle Time
Vpp DATA RETENTION MODE

45V — — - — — = - — e e — e —— — —

(2)

o \

CE; or CE, CDR Voo —0.5V

Vi

GND
Note (2) if the V| level of CE (CE 1) is 2.2V, during the period that the Vpp voltage is going down from 4.5V to 2.7V, Ipps1

current flows.




TOSHIBA
OUTLINE DRAWINGS

® Plastic DIP

X
q P
2 . - s
R1.5 o
1] <
L S S S G g g g gy )
123456 789101112
32.4 MAX. * 15.24 TYP.
<
10° 2
1 0
I 0.25 +0.05
2.54 +0.25 1.4 +£0.15 z
~T— ] s
0.5 +0.15 2 17.4 MAX.
o
® Cerdip DIP
| 32.4 MAX.
2423222120191817 16151413
X
<
- - =
~0.64 ]
il
12345678 9101112
X
< .
= z
o s 15.24 +0.3
I 8
T il E\
+0.15
B 1{ ‘l 025018
) .54 +0. 1.3 £0.25
z T ki +0.15
< . 15.24 ~17.78
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Note: Each lead pitch is 2.564mm. All leads are located within 0.25mm of their true longitudianl position with respect to No. 1 and No.24 leads.
All dimensions are in millimeters.
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e Plastic FP

z
< z <
o b3 =]
+ o o +i
0 S - 0
-
19 18 17 16 15 14 13
Nl
o| ©
H| o+
ol ®
o -
hat
6 7 8 9 10 11 12 t
t +
| | ‘_J U |—| ,
1.27 +£0.1 0~1.27 0.15 +0.05
T L
16.5 MAX

0.1 +0.1

Note: Each lead pitch is 1.27mm.
All leads are located within 0.1mm of their true longitudinal position with respect to No. 1 and No. 24 leads.
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PACKAGE INFORMATION FOR FLAT PACKAGE

This new flat package is a very small and thin compared with conventional standard dual-in-line package.
Differences are as follows.

1. Difference in dimension between flat 2. Comparison in occupied space
and standard package.
Unit : mm
Flat package Standard package DIP

Length 16.5 324

Width 9.0 14.2

Lead Pitch 1.27 2.54

Thickness 16 5

FP

3. Advantage of this package

Small dimensions
Capability of High Density Assembly
Capability of thin Assembly — Capability of Assembly on both side of PC board.

4. PC pattern layout example

Vpp LINE

S0

852'0
vseo

il Vggzoll

Note: 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.
©Mar., 1983 Toshiba Corporation
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-TOSHIBA MOS MEMORY PRODUCTS

8192 WORD x 8 BIT CMOS RAM

SILICON GATE CMOS

TC5564P-10/P-15
TC5564PL-10/PL-15

DESCRIPTION

The TCH564P is a 65,536-bit high speed static
random access memory organized as 8,192 words by
8 bits using CMOS technology, and operates from a
single 5-volt supply.

The TCH564P features output enable and chip
enable inputs, that is, OE for fast memory access and
-CEL CE2 for a minimum standby current mode.
So it is suited for a high speed, and low power appli-
cations where battery operation and/or battery back
up for nonvolatility are required. The TC5564P is
guaranteed for voltage as low as 2.0 volt. Furthermore
the TC5564PL is guranteed a standby current equal

FEATURES

e Low Standby Current
0.2u A (Max.)at Ta=25°C }TC5564PL-10
1.0u A (Max.) at Ta=60°C | TC5564PL-15
20 pA (Max.) at Ta=85°C Hggggig}g

o Low Power Dissipation
27.5mW/MHz (Max.) Operating

® 5V Single Power Supply

e 8,192 Word x 8 Bit

e Fully Static Operation

e Data Retention Supply Voltage: 2.0 ~ 5.5V

PIN CONNECTION  (TOP VIEW)

TC5564P 64k bit EPROM
TC5564PL TMM2764D

PIN NAMES

"  Address Inputs

2
g
IN

| Read/Write Control Input

| Output Enable Input

1 Chip Enable Inputs |

|
|
1

.
[t
|
t
|
’ R
1/0y ~1/0g | Datalnput/Output
o | Power (+6V) w

| _Ground
__|_ NoConnection

to or less than Tu A at Ta = 60°C ambient temperature
available.

The TCB5564P also features pincompatibility with
the 64K bit EPROM (TMM2764D). This means that
the TCB564P and EPROM can be interchanged in
the same socket, and flexibility in the definition of
the quantity of RAM versus EPROM obtained as a
result allows the wide application in microcomputer
system.

The TC5564P is moulded in a dual-in-line 28 pin
standard plastic package, 0.6 inch width.

e Access Time

TC5564P-10° | TC5564P-15 |
— TCH5564PL-10 | TC5564PL-15
“Address Access
Time (Max.) B | 100 n: B 160 ns
CE, Access Time
(Max.) 100 ns 150 ns
[CE, Access Time | .. | . |
s 100 ns I‘ 150 ns
QOutput Enable ‘ 50 ns 70 ns
| Time (Max.) |

e Directly TTL Compatible:
All Inputs and Outpus

e Stndard 28 Pin DIP

e Pin Compatible with 2764 type EPROM

BLOCK DIAGRAM
g;gg:"OLH?aecumsa cincurr |

-——o0 Voo

-——0 GND

MEMORY CELL
ARRAY
266 x 256
(65536)

ROW ADDRESS
REGISTER
ROW ADDRESS

DECODER

Ao
Art
A1z
cE
Vorgt———— 2 ’
e 2 SENSE AMP.
<
S T B COLUMN DECODER
im <5
1/0g H L]
ce
Ao " A1 Az A3 A4
RW
O
cEp cE




TOSHIBA

OPERATION MODE

Operation Mode CE, CE, OE R/W 1/0; ~ 1/Og Power
Read L H L H Dout Ibbo
Write L H * L Din Ibbo
Output Deselect L H H * High-Z Ibbo

H * * * High-Z [
Standby 1 . . . fg DS
J' L ngh-Z IDDS
MAXIMUM RATINGS
[ symBoL | ITEM RATING UNIT !
Vbp Power Supply Voltage —03~7.0 \
77777 ViN Input Voltage -20~70 \
Vijo Input and Output Voltage —0.6~ Vpp +05 \
Pp Power Dissipation 1.0 W
Twu_e:“ | Soldering Temperature 260-10 °C - sec
Tstrg Storage Temperature —55 ~ 160 °c
Topr. Operating Temperature —-30~85 °c
D.C. RECOMMENDED OPERATING CONDITIONS
~ SYmMBOL PARAMETER MIN. TYP. MAX. UNIT
Vbp Power Supply Voltage 45 5.0 55 \%
Vig Input High Voltage 2.2 - Vbp +0.3 \
ViL Input Low Voltage —-0.5 - 08 \
VbH Data Retention Supply Voltage 20 - 55 \%

D.C. and OPERATING CHARACTERISTICS (Ta=—30~ 85°C, Vpp =5V £10% Unless otherwise noted)

SYMBOL PARAMETER MIN. | TYP. | MAX. | UNIT
I Input Leakage Current | Viy =0~ Vpp - — £1.0 MA
loH Output High Current VoH = 2.4V -1.0 - - mA
loL Output Low Current VoL =04V 40 - - mA

CE; =Vjyor CE, =V_or
Output Leakage
Io 9 R/W =V, or O = Vjy - — | +10 | uA
Current
Vout =0~ Vpp -
CE, = E, = =1 - -
1IbDo1 Operating Current 1= ViL and CE, =Viy | toye =1 s — 10 mA
Other Input = Viy/V)_ teycle = 100Ns - -~ 45
CE; =0.2V and N 5
) CE, = Vpp —0.2V cycle = TUs - -
Ibpo2 Operating Current mA
Other Input teydle = 100 0
cycle = n —_ —_
=Vpp —0.2vo2v | 7° *
IbDs1 Standby Current CE; =Vjq or CE; =V, - - 2 mA
CEy=Vpp —02Vor |TCB564PL-10|Ta=25C | - - 0.2
Ibpsz | Standby Current CE, =02V TCB564PL-15[Ta=60°C | — | — | 10 | wA
L Vpp =2.0~55V TC5564P-10/TC5564P-15 - - |20

Note: In standby mode with CE1 2= Vpp —0.2V, these specification limits are guaranteed under the condition of CE, = Vpp
—0.2Vor CE, £0.2V.
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CAPACITANCE

(Ta=25°C)

'TOSHIBA

PARAMETER

“SYMBOL |
Cin I Input Capacitance

Output Capacitance

L Cour_ |

CONDITIONS MAX. UNIT |
Vin = GND 10 pF
T Vour =GND 10 pF

Note: This prameter is periodically sampled and is not 100% tested.

A.C. CHARACTERISTICS (Ta=-30~ 85°C, Vpp =5V *10%)
Read Cycle
[ oo } i | TC5564P-10/PL-10 | TC5564P-15/PL-15
' SYMBOL ‘ PARAMETER i CONDITIONS ; MIN MAX. MIN. VAX UNIT
| tae | Read Cycle Time | Vjy=24V/06V | 100 - 150 - ns
}_—IACC 'W';" Address AccessTime __’ Vip =2.2V : —7; 100 — 160 ns
I tcot | CE, Access Time ViL=08v | - 100 - 150 ns
! tco2 | CE; Access Time |  t,t<sns | — 00 | - 150 ns
;__ tor Output Enable to Vou =2.2V E—‘—_ 50 i _ 70 s
Output in Valid VoL =0.8V |
toor Chip Enable (CE,, CE,) to Output 10 B j: 10 _ e
Output in Low-Z Load: |
L o Output Enable to | CL (100pF) 5 _ . 5 ~ N
L OutEut in Low-Z and 1-TTL ) 1_
Chip Enable (CE,, CE;) to Gate |
toD Output in High»Zl ’ - | 50 | - 70 ns
. Output Enable to [ __- ! 20 _ 60 s
0Do | Output in High-Z |
ton | Output Data Hold Time | | 30 | - 30 | - s |
Write Cycle
r - - ;
| symsoL | PARAMETER ] CONDITIONS TCo50ap/PL TC9864R1/PLA UNIT E
‘. | MIN. [ MAX. [ MIN. [ MAX. ,
twe | Write Cycle Time | VN =24V/06V | 100 - 150 - ons
twp ‘ Write Pulse Width Vi =22V 0 | - | 10 | - ns |
{ Chip Selection to VL =08V | | |
few E End of Write | tr, 1 § 5ns 90 - I 120 i - | ne |
B tAw ;LAddress Setup Time | ) — | 0 : — s —:
~wR Write Recovery Time 0, - L0 - I ns |
[ toow R/W to Output High-Z - 50 | - | 70 [ ns |
toew | RMWtoOutputLowZ | o - o = s
os | Data Set up Time ; 20 - 160 | - I ns ]
ton ~ | Data Hold Time ) - o | - | ns “
Note: Input Pulse Levels = Viy

Timing Measurement Reference Levels = V|, V|
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TIMING WAVEFORMS

READ CYCLE (1)

Addresses

BouT

tRC

ViH_
ViL—

tacc

ViH__
Vio

tco2

tco1

Vin
ViL

el
P

top

/

VoH
VoL —

)

tob

Y

AN

VoH—

TOEE
COE
tcoE

VoL—

WRITE CYCLE 1

Addresses

R/W

DouT

Din

(R/W Controlled Write)

tobo

R

OUTPUT DATA VALID

twe

ViH—
ViL—

tAw

twp

VIH
ViL—

ViH_

tcw

tcw

Vi
Vi

(2)

tOEW

<

DS

LRXRRKKLRUHKI
RERARLRERER:

o)
SO

1DH

ViH—
ViL—

DATA IN
STABLE
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WRITE CYCLE 2 (4) (CE, Controlled Write)

Addresses

R/W

CEy

DouT

1N

TOSHIBA

ViH —
Vip —

X

tAw

ViIH —
ViL —

ViH

ViL

j i tcw N

tcw

ViH —
ViL —

tcoe

ViH —
ViL —,

DATAIN
STABLE

WRITE CYCLE 3 (4) (CE, Controlled Write)

Addresses

R/W

CE,

cE,

DouT

twe

ViH —

N

7\

/ tcw N

tcw

tcoE

oS DH

ViH —
ViL —

DATA IN
STABLE
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NOTE:
(1) R/W is High for Read Cycle.
(2) Assuming that CE1 Low transition or CE2 High transition occurs coincident with or after R/W Low
transition, Outputs remain in a high impedance state.
(3) Assuming that CE1 High transition or CE2 Low transition occurs coincident with or prior to R/W
High transition, outputs remain in a high impedance state.
(4)  Assuming that OE is High for Write cycle, Outputs are in high impedance state during this period.

DATA RETENTION CHARACTERISTICS (Ta=-30~ 85°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
VpH Data Retention Supply Voltage 2.0 - 5.5 \%
TCBE64PL-10) Ta=25°C - - 02 HA
Ibps2 Standby Current  |PL-15 Ta =60°C ~ ~ 1.0 MA
TC5564P-10, P-15 — - 20 MA
tcDR Chip Deselection to Data Retention Mode 0 - - uS
tR Recovery Time tRc - - uS

Note (1) trc : Read cycle time CE; Controlled Data Retention Mode (2)

CE, Controlled Data Retention Mode (2)

Voo
Vob Data Retention Mode
45V - ———=—=— —_————e, e —_—_—— e —————— — —_———t e ————
) (3)
ViH &~ ———— \ /
CE1 COR Vpp —0.2V 'R
GND

CE, Controlled Data Retention Mode (4)
Vbp Vop Data Retension Mode /__‘
45V @ ————— — — — — N —————————————————————————

CE, tCDR R

GND
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(2) In CE1 controlled data retention mode, minimum standby current mode is achieved under the condition
of CE2 £ 0.2V or CE2 2 Vpp —0.2V.

(3) If the V| of CE1 is 2.2V in operation, during the period that the Vpp Voltage is going down from
4.5V t0 2.4V, Ipps current flows.

(4) In CE2 controlled data retention mode, minimum standby current mode is achieved under the con-
dition of CE2 £ 0.2V.

DEVICE INFORMATION

The TC5564P is an asynchronous RAM using address activated circuit technology, thus the internal opera-
tion is synchronous. Then once row address change occur, the precharge operation is executed by internal
pulse generated from row address transient. Therefore the peak current flows after only row address change,
as is shown in the following figure.

This peak current may induce the noise on Vpp/GND line. Thus the use of about 0.1uF decoupling
capacitor every device is recommended to eliminate such noise.

ADDRESS

Ippo (MA)
80 Vpp = 5.5V
ViH = 5.3V
ViL= 0.2V
\\ ‘\ Horizon 200nS/div
°
Fig. TYPICAL CURRENT WAVE FORMS
OUTLINE DRAWINGS
Unit: mm
28 27 26 25 24 23 22 21 20 19 18 17 16 15
nooooonoononnonnn
R1.5 |
\ X
| <
X - - s
l a
[ i ’
[ e e L e e
1.2 3 4 5 6 7 8 9 10 111213 14
37.4 MAX. 15.24 TYP.
z 5°
b3
0 5
S X
<
b3
L) L
0.5+0.15 z
2.54 +0,25 1.4+0.15 z 17.4 MAX.
Tt a
Note: Each lead pitch is 2.64 mm.

All leads are located within 0.25 mm of their true longitudinal position with respect to No. 1 and No. 28 leads.
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Note: 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

8,192 WORD X 8 BIT CMOS STATIC RAM

SILICON GATE CMOS

TC5565P-12/P-15
TC5565PL-12/PL-15

DESCRIPTION

The TC5565P is 65,636 bit static random access
memory organized as 8,192 words by 8 bits using
CMOS technology, and operates from a single 5V
supply. Advanced circuit techniques provides both
high speed and low power features with a maximum
operating current of 5mA/MHz and maximum access
time of 120ns/150ns.

When CEz2 is a logical low or CE1 is a logical high,
the device is placed in low power standby mode in
which standby current is 2u A typically. The TC5565P
has three control inputs. Two chip enables (ﬁL
CE2) allow for device selection and data retention
control and an output enable input (OE) provides

FEATURES
e Low Power Dissipation

27.5mW/MHz (Max.) Operating
Standby Current
100p A (Max.) : TCB565PL-12, PL-15
TmA(Max.) : TC5566P-12, P-15
5V Single Power Supply o
o Power Down Features: CE2, CE1
e Fully Static Operation
e Data Retention Supply Voltage: 2.0 ~ 5.5V

PIN CONNECTION  (TOP View)

64K bit EPROM

TcssesP TMM2764D

n.e.d
AnnQ
A7
As
As

A3
Az
Ay

nnnonono

170,
7o,
17050
ool

PIN NAMES
Ay ~ Ailizi N Address Inputs
R/W Read/Write Control Input
OE Output Enable Input
CE,, CE, Chip Enable Inputs
1/0; ~1/0g Data Input/Output
Voo Power (+5V)
| GND Ground
NC. No Connection
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fast memory access. Thus the TC5565P is suitable
for use in various microprocessor application systems
where high speed, low power and battery back up
are required.

The TCH5565P also features pin compatibility with
the 64K bit EPROM (TMM2764D). RAM and
EPROM ‘are then interchangeable in the same socket,
resulting in flexibility in the definition of the quantity
of RAM versus EPROM in microprocessor application
systems.

The TC5565P is offered in a dual-in-line 28 pin
standard plastic package.

e Access Time

TC5565P-12 (TCB565P-16
TC5565PL-12| TCE565PL-15

égdress Access Time (MAX.) 120 ns 150 ns
CE, Access Time (MAX.) 120 ns 150 ns
CE, Access Time (MAX.) 120 ns 150 ns
Output Enable Time (MAX.)_ 60 ns 70 ns

e Directly TTL Compatible: All Inputs and Outputs
e Standard 28 Pin DIP

e Pin Compatible with 2764 type EPROM

BLOCK DIAGRAM

CLOCK
| GENERATOR H PRECHARGE CIRCUIT

T

As o—] Y
-—o0

™~ oD

@ -—o0 GND
o—f @

A1 8 MEMORY CELL

A 0— 44 ARRAY

Ay o—] 28 2(.:5 x 256
2 5536)

Ao 0— 3%
o

A1y O—1

A12 0—

T 1T 11

e A A 2]

1/0g S

CEy
cE,
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OPERATION MODE

Operation Mode CE, CE, OE R/W 1/0, ~ 1/0g Power
Read L H L H Dout Ibbo
Write L H * L Din 50O
Output Deselect L H H * High-Z Ibbo
H * * * High-Z |
Standby !g pDS
* L * * ngh-Z IDDS
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
Vop Power Supply Voltage —-0.3~7.0 \
ViN Input Voltage —20~70 \
Vijo Input and Output Voltage —0.5~ Vpp +0.56 \
Po Power Dissipation 1.0 W
Tsolder Soldering Temperature 260-10 °C - sec
Tstrg Storage Temperature —55 ~ 150 °c
Topr. Operating Temperature 0~70 °C
D.C. RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
\s) Power Supply Voltage 4.5 5.0 55 \
Vik Input High Voltage 2.2 - Vpp 0.3 \%
ViL Input Low Voltage -0.3 - 0.8 \
Vpy Data Retention Supply Voltage 2.0 - 55 \%

D.C. and OPERATING CHARACTERISTICS (Ta=0~ 70°C, Vpp = 5V *10%)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
I Input Leakage Current ViN=0~ Vpp - - 1.0 HA
loH Output High Current VoH =24V -1.0 - - mA
loL Output Low Current VoL =0.4V 4.0 - - mA

CE, =V, CE, =V,
Output Leakage ! M or _2 i or
lto Current R/W =V or OE = Vjy - - £1.0 uA
VouTt =0~ Vbp
Vpp =5.5V, CE; = V|
A DD =88V LB =VIL | i = 1us - - 10 mA
Ibpo1 Operating Current CE; =V
Other Input = Vi /V)_ Toycle = 100ns - - 45 mA
Vpp =55V
oD Teycle = 1US - - 5 mA
| Operating Current CEy =02V,
urren
oo P CE2 = Vop —0.2V teyole =100ns 40 A
=100n — - m
Other Input = Vi /V) cvcle
Ibps1 Standby Current CE; =Vjq or CE, =V, - - 3 mA
CE, = Vpp — CE, =0.2V|T PL - 2 100
*Ibbs2 Standby Current ! bp —0.2V or CE, =0.2V|TC5565 A
Vpp =2.0~55V TC5565P - 1.0 | mA
Note:  In standby mode with CE ; = Vpp —0.2V, these specification limits are guaranteed under the condition of CE, 2 Vpp

—0.2V or CE, <0.2V.
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CAPACITANCE (Ta=25°C)

SYMBOL PARAMETER CONDITIONS MAX. UNIT
CiNn Input Capacitance Vin = GND 10 pF
CouTt Output Capacitance VouT = GND 10 pF

Note: This parameter is periodically sampled and is not 100% tested.

A.C. CHARACTERISTICS (Ta=0~ 70°C, Vpp =5V £10%)

Read Cycle
SYMBOL PARAMETER CONDITIONS TC5565P-12/PL-12 | TCE666P-15/PL-15 |  UNIT
MIN. MAX. MIN. MAX.

trC Read Cycle Time ViN =2.4V/0.6V 120 — 150 — ns

tacc Address Access Time ViH = 2.2V - 120 — 150 ns

tcot CE, Access Time V)L =0.8V - 120 - 150 ns

tco2 CE, Access Time tr. t¢ < Bns - 120 - 150 ns
Output Enable to Von = 2.2V

108 Output in Valid Vou =08V - 6o - 70 ne
Chip Enable (CE,, CE,) to

tcoe Output in Low-Z Output Load: 10 - 10 B ne

toce Output Enable to Cy (100pF) 5 B 5 _ ns
Output Low-Z and 1-TTL

top Chip Enable (CE,, CE,) to Gate _ 60 _ 70 ns
Output in High-Z

tono Output Enable to - 50 B 60 s
QOutput in High-Z

toH Output Data Hold Time 20 - 20 - ns

Write Cycle
TCB565P-12/PL-12 | TC5565P-15/PL-15

SYMBOL PARAMETER CONDITIONS MIN, MAX. MIN, MAX. UNIT

twe Write Cycle Time ViN = 2.4V/0.6V 120 - 150 — ns

twp Write Pulse Width Vg =22V 80 - 100 - ns
Chip Selection to ViL =08V _ _

fow End of Write tr, 14 < 5 s 100 120 ne

tas Address Set up Time 0 — (o] — ns

twR Write Recovery Time 0 — 0 - . ns

tWRI Write Recovery Time (CE,, CE,) 10 = 10 - ns

topw R/W to Output High-Z — 50 — 70 ns

toEW R/W to Output Low-Z 10 — 10 — ns

tps Data Set up Time 50 - 60 — ns

tDH Data Hold Time 0 — 0 — ns

1DHI Data Hold Time (CE,, CE,) 10 — 10 - ns

Note:  Input pulse levels = V|
Timing Measurement Reference levels = V), Vi
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TIMING WAVEFORMS
® READ CYCLE (1)

Addresses

DouT

WRITE CYCLE 1 (4) (R/W Controlled Write)

1

RC

ViH —

>~(/V|H
AViL

Vi —

tacc

ViH — 4

. i

tco,

tco,

ViH
ViL —

toD

Vin
VL —

\

oE

tob

/

VoH —

TOEE |
1COE

tCOE

VoL —

Addresses

R/W

8

BouT

Din

Unknown

toDO

4

OUTPUT DATA VALID

twc

VIH —
Vi —

tAs

WR

ViH — R

VL —

ViH —
ViL —

tcw

tcw

Vig
VL —)

\

\

\V v.v‘v’v’v’v’v’v NSSNERAK AR
e

tobw

""‘Q"‘V"V‘ : 7

OO0
QLB

tbs
ViH— DATA IN
ViL— STABLE
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WRITE CYCLE 2 (4) (CE, Controlled Write)

Addresses

R/W

DouT

bin

TOSHIBA

WRITE CYCLE 3 (4) (CE, Controlled Write)

Addresses

R/W

E

DouT

Oin

we ]
ViH — £
ViL — N
tAs tWRI
wp
vie = N\ \ 4
Vi 4 X \\
ViL _/ /] tcw
tcw
ViH _ - /
v
t— &‘ X JZ
CoE topw
DS tDHI
ViH— DATA IN
VL — STABLE
twe |
ViH — J
ViL —
tAS twRI
twep -
ViH — ﬂ\
ViL — \\ i
ViH — / 4 N
ViL — P / tcw X
tcw
ViH Z
v
e\ X Z
etk topw.
tDs DHI
ViH — 4 DATAIN
ViL — . STABLE
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NOTE:
(1) R/W is High for Read Cycle.
(2) Assuming that CE+1 Low transition of CE2 High transition occurs coincident with or after R/W Low
transition, Outputs remain in a high impedance state.
(3) Assuming that CE1 High transition or CE2 Low transition occurs coincident with or prior to R/W
High transition, Outputs remain in a high impedance state.
(4) Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period.

DATA RETENTION CHARACTERISTICS (Ta=0~ 70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
VpH Data Retention Supply Voltage 2.0 - 5.5 \
obsa Stand by TC5565PL-12, PL-15 - - 100 HA
Supply Current TC5565P-12, P-15 - - 1.0 mA
tcpr Chip Deselection to Data Retention Mode 0 - - us
tR Recovery Time trel) - - us

Note (1):  Read cycle time

e CE, Controlled Data Retention Mode (2)

Vbbb Data Retention Mode

(3) (3)

=
H
|
|
|
i
/
s

v —0.2v
- 1CDR DD L
e, CD R

GND

® CE, Controlled Data Retention Mode (4)

Voo Data Retention Mode

45V —— e —————— x -—-——__———-—-_.__.—.__——_-Z__.____...___-_
CEp
Vi ———— tCDR tR
T AN /.
0.2v

GND
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NOTE:
(2) In CE1 controlled data retention mode, minimum standby current mode is achieved under the con-
dition of CE2 £ 0.2V or CE2 2 Vpp —0.2V.
(3) 1f the Vi of CE1 is 2.2V in operation, during the period that the Vpp voltage is going down from
4.5V to 2.4V, Ipps1 current flows.
(4) In CE2 controlled data retention mode, minimum standby current mode is achieved under the con-
dition of CE2 £ 0.2V.

DEVICE INFORMATION

The TCH5565P is an asynchronous RAM using address activated circuit technology, thus the internal
operation is synchronous. Then once row address change occur, the precharge operation is executed by
internal pulse generated from row address transient. Therefore the peak current flows after only row address
change, as is shown in the following figure.

This peak current may induce the noise on Vpp/GND lines. Thus the use of about 0.1uF decoupling
capacitor every device is recommended to eliminate such noise.

| |

1 I
[ I
B
(mA) I | T
— !
I '
[ |
T + f Vpp = 55V
[ | Vin = 5.3V
|
/ e
‘ [ { Horizon 200nS/div
L ]
T T T
| -+ _ |
]\ | I |
. | [ {
Flg. TYPICAL CURRENT WAVE FORMS
OUTLINE DRAWINGS
28 27 26 25 24 23 22 21 20 19 18 17 16 15 .
o e s N N e e e e s e O s W Unit : mm
R1.5 ! .
N X
N 1 g
N - ‘l - 2
o~
1 . 2
R O
1 2 3 4 5 6 7 8 9 1011 1213 14
L 37.4 MAX. 15.24 TYP.
z 5°
2 I
et T ]
=
M <
r ! : =
4 | —1 }
_t
0.5+0.15 z
2.54 £0.25 1.4+0.15 s
—t N
(v

Note: Each lead pitch is 2.54 mm.
All leads are located within 0.26mm of their true longitudinal position with respect to No. 1 and No. 28 leads.
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Note: 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.
© Apr., 1982 Toshiba Corporation
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-TOSHIBA MOS MEMORY PRODUCTS

8,192 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY

PROGRAMMABLE READ ONLY MEMORY
N-CHANNEL SILICON STACKED GATE MOS

TMM2764D
TMM2764D-2

DESCRIPTION
The TMM2764D is a 8192 word x 8 bit ultraviolet
light erasable and electrically programmable read only
memory. For read operation, the TMM2764D's access
time is 200 ns, and the TMM2764D operates from a
single B-volt power supply and has low power stand-
by mode which reduces the power dissipation with-
out increasing access time. The standby mode is
achieved by applying a TTL-high level signal to the
CE input. The maximum active current is 120mA
FEATURES
e Single 5-volt power supply
e Fast access time : TMM2764D 250 ns
TMM2764D-2 200 ns
e Power dissipation :
120 mA (active current)  Max.
35 mA (standby current) Max.

e Low power standby mode : CE
PIN CONNECTION

(TOP VIEW) pjt EPROM TMM2732D

TMM2732D

Lower 24 pins compatible with 32K

and the maximum standby current is 35mA.

For program operation, the programming is achiev-
ed by applying a 50ms active TTL low program pulse
to the PGM input, and it is possible to program
sequentially individually., or at random.

The TMM2764D is fabricated with the N-channel
silicon double layer gate MOS technology and is
packaged in a standard 28 pin dual in line cerdip
package.

Output buffer control . OE

Fully static operation

Programs with one 50 ms pulse

Single location programming

Three state outputs

Inputs and outputs TTL compatible

Pin compatible with i2764 and ROM TMM2364P

BLOCK DIAGRAM
Ver GND Ve

N

0007 0,0304050607

IRARERE

vep1 280Vee OE OE CE G
00 = CE and PGM
Ayo02 2701 PGM (TOP VIEW) E o—f Circuai: — Output Buffers
A703  26ONC. AQ1 - 24RVee PGMo—
AsO4 250 Ag A 2 230 Ag I ‘ ‘,'
25!2 5 240A,  AsO3 220 Aqg ﬁo o— 5| Column |32 Column /O
A“E 6 230A,,  A04 210 A A3 o] Decoder Circuit
A3: 7 22M0E  As0s 2011 OE/Vep N
Azgg 21 :QT,E_O 22: 6 19:%0 ﬁg’ o—|Address l ‘f’
1 200 107 180 C 6 o1
Aod 10 190 Ao ﬁ_’ o—Buffers Memory Cell
A 7 o 8 1700, a8 8 Row (256
ooE 1 182 0¢ 0,09 16104 Alo o] Decode -] Array
112 17p0s  0,d1w0  15p0, A110— ocer 192 x 8 bi
o 120—] 8192 x 8 bits
20]13 160, 0,d11  1apo,
GNDO 14 15103 GND[12 13003
MODE SELECTION
PIN NAMES !\ Pin | PGM | CE | OF [Vep |Vee ‘,_00_.. ‘ P_‘ o
S Mod 27) |(20 [(22) | (1) |(28) j(11~13,16~ ower
[ Ao ~Ar Address Inputs ’ReZE{e*x H J"'LU’LJ i (gv' ‘Béu;guf =
Qo >0 | Outputs lInputs) ovpu o+ |+ 1 | lov PP s
_CE_ | ChipEnablelnput | - S i Impedance
C)_i Output Enable Input o Standby * H [ v 5V Hlig:pedance Standby
PGM Program Control Input Lﬁiq;;mt L Lo| o |6V | Data in
N.C. No Connection | e lnl. gy |Hon
o R - P
Vep Program Supply Voltage i et - 'J.—- 21V — H{;":e?i" “—! Active
Vee Vce Supply Voltage (+5V) o e Y mpedance
GND | Ground _ prosonveriy | H | L] U] [ oweow |

Note: *: H or
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MAXIMUM RATINGS

SYMBOL ITEM RATING O uNT
Vee Vcc Power Supply Voltage -06 ~70 \%
Vep Program Supply Voltage —06 ~ 220 v
\ Input Voltage —06 ~70 \Y
VouT | Output Voltage —-06 ~ 7.0 \%
Po Power Dissipation 15 W
TSOLDER o Soldering Temperature - Time. 260 - 10 i °C - sec
TSTRG. Storage Temperature 65 ~ 125 1 °C
TorR. Operating Temperature i ) T o~70 | °C

READ OPERATION

D.C. RECOMMENDED OPERATING CONDITIONS

[ symsoL " PARAMETER MIN. TYP. - MAX. | ;t_j?\l_ﬁ:f]
Vin Input High Voltage 20 - Vec +1.0
ViL Input Low Voltage -03 ) 0.8
Vee Vcc_Pgwer ‘Supp_lx_}/pmlrtage 1 a5 | - 5.25
Vpp Vpp Power Supply Voltage 20 Vee B Vcc +06

D.C. and OPERATING CHARACTERISTICS

(Ta=0~70°C, Vec =5V 5% Unless otherwise noted)

SYMBOL PARAMETER CONDITIONS “MIN. TYP. | MAX. UNIT
Iy Input Current o ViN =0~ Ve o - ) - 10 MA
T e Supply Current (Standby) CE=vyy - - 35 mA
Iccz Supply Current (Active) CE =Vj_ - 120 mA
" Vou Output High Voltage lon = —400pA 24 | - - v
{/c;L e WO'utput-Low Voltage - N 7IB|_ =2.1mA o - - 04 v
[ Vpp Current Vpp=0~Vec +06 | - | - £10 uA
ILo Output Leakage Current VouTt =04~ Ve - - +10 MA
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A.C. CHARACTERISTICS
Ta=0~70°C, Vee =5V 5%, Vpp = 2.0V ~ Ve + 0.6V, Unless otherwise noted)
TMM2764D-2 TMM2764D
SYMBOL PARAMETER CONDITIONS UNIT
MIN, MAX. MIN. MAX.
taCC Address Access Time CE=0E =V PGM = vy - 250 ns
tce CE to Output Valid OE =V, PGM=Vj, - | 260 | ns |
| toe | OEto Output Valid CE=V), PGM= ViH - | 100 ns
tpGMm PGM 1o Output Valid OE=CE=V)_ | 100 ns
tor, CE o Output in HighZ OE = Vi, PGM = Vi 0o | 9 ns |
tDF2 OE to Output in High-Z CE=vy, PGM Vin 0 90 ns |
tDF3 PGM to Output in High-Z OE=CE= 0 90 ns |
toH Output Data Hold Time CE=0E= PGM = Viy - - ns
| Tor L — - ®_
A.C. Test Conditions
| & Output Load © 1TTL Gate and Ci_ = 100pF
e Input Pulse Rise and Fall Times : 10ns Max.
e Input Pulse Levels : 0.8V to 2.2V
. ® Timing Measurement Reference Level : Inputs 1V and 2V, Outputs 0.8V and 2.0V
CAPACITANCE * (Ta=25°C, f=1MHz)
[ symBoL PARAMETER CONDITIONS [ MIN. | TYP. MAX. | UNIT
Gy | Input Capacitance N Vin =0V - 4 6 pF
~ Cour Output Capacitance Vour =0V - 8 12 pF
* This parameter is periodically sampled and is not 100% tested.
TIMING WAVEFORMS (READ)
e =
Ao ~ A1z X
toH
tCE
DF1
toE
O—E -
PGM DF2
PGM /
taCC tDF3
!
High Z s High Z
Op ~ 07 z W Data Outputs B >—
IS
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PROGRAM OPERATION
D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP, MAX. UNIT
Viy Input High Voltage 20 - Vee +1.0 \%
ViL Input Low Voltage -03 - 0.8 \
Vee " Ve Power Supply Voltage 475 5.0 525 v
Vep Vpp Power Supply Voltage 205 21.0 215 v
D.C. and OPERATING CHARACTERISTICS (Ta=25%5°C, Voe =5V 5%, Vpp =21V +0.5V)
SYMBOL PARAMETER CONDITIONS MIN. TYP:J MAX. UNIT
I Input Current ViN =0~ Vce — — +10 A
VoH Output High Voltage lon = —400 uA 24 IS - v
VoL Output Low Voltage loL =2.1mA - - 04 \ |
lec Vee Supply Current - - - 120 mA |
Ipp, Vep Supply Current Vpp =21.5V - - 30 mA |
A.C. PROGRAMMING CHARACTERISTICS (Ta=26+5°C, Ve =5V +5%, Vpp =21V £0.5V)
SYMBOL PARAMETER CONDITIONS MIN. Typ. MAX. UNIT
tas Address Setup Time — 2 - - us
tAH Address Hold Time — 2 N R B us
tces CE Setup Time - 2 - - us
tCEH CE Hold Time - 2 | - - us
bv’tDs Data Setup Time - 2 1 - - us
_toH Data Hold Time - 2 1 - - o us |
| tes PGM Setup Time - 2 : - - us |
tpH PGM Hold Time - 2 [ - | = | wms |
toES OE Setup Time — 2 ! — : - us |
tys Vpp Setup Time - 2 - = 1w
tpw | Program Pulse Width PGM = CE = V”j 45 -: 50 I 55 ms
tcp I Program Recovery Time - 0 | - 1 - I’y
" teRT I Program Pulse Rise Time |  — 5 [ - : - ns
| tPFT i Program Pulse Fall Time - B 5 | - | - | ns |
tce | CE toOutput Valid - - - w0 T s
toe OF to Output Valid - - - 100 ns |
tDF1 CE to Output in High Z OE =V, - — 920 ns |
tDF2 OE to Output in High Z CE=vV_ - - 90 ns 4}

A.C. Test Conditions

Output Load

Input Pulse Levels

L]
e Input Pulse Rise and Fall Times
[ ]
[ ]

Timing Measurement Reference Level

1TTL Gate and C|_ (100 pF)

10ns Max.
0.8 ~ 22V

Input 1V and 2V
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TIMING WAVEFORMS (PROGRAM)
PROGRAM OPERATION 1. (Vpp =21V £05V)

TOSHIBA

=
Ao~ Ay ><
tAS tAH
— tCES tCEH =<
CE :I/ / f /
1 !
oE
DF2
DF2 T
tOE DF1
O0~07  UNKNOWN | Din STABLE o Z Doyt Valid
tos tDH
—| W
tPET - =" | teRT
|
Vpp tvs
PROGRAM OPERATION 2. (Vpp =21V +0.5V)
Ao~ A1z X ><
-
tAS tPW tAH
= |
-
PET tPRT tCE
DF1
OE \ \ \:tOE —
tcp !
tpg tPH
- -—_\[’—4 ‘_.:( 7r
t
tps tDH
~ High Z High Z
00~07 _—___< Din STABLE H— <] Pout vaid
Vep tvs
Note: 1. Vg must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp
2. Removing the device from socket and setting the device in socket with Vpp = 21V may cause permanent damage to the device.

terminal,

3. The Vpp supply voltage is permitted up to 22V for program operation, so the voltage over 22V should not be applied to the Vpp

When the switching pulse voltage is applied to the Vpp terminal, the over-shoot voltage of its pulse should not be exceeded 22V,
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ERASURE CHARACTERISTICS

The TMM2764D's erasure is achieved by applying
shortwave ultraviolet light which has a wavelength of
2537A (Angstroms) to the chip through the trans-
parent window. Then integrated dose (Ultraviolet
light intensity [w/cm?] x exposure time [sec.]) for
erasure should be a minimum of 15 [W. sec/cm?].

When the Toshiba sterilizing lamp GL-15 is used
and the device is exposed at a distance of 1 cm from
the lamp surface, the erasure will be achieved within
60 minutes. And using commercial lamps whose
ultraviolet light intensity is a 12000 [uw/cm?] will

OPERATION INFORMATION

The TMM2764D's six operation modes are listed in
the following table.. Mode selection can be achieved
by applying TTL level signal to all inputs. In the read

reduce the exposure time to about 20 minutes. (In
this case, the integrated does is 12000 [uw/cm?]
x (20 x 60) [sec] = 15 [w. sec/cm?] )

The TMM2764D’s erasure begins to occur when
gxposed to light with wavelength shorter than 4000
A. The sunlight and othe fluorescent lamps will
include 3000 ~ 4000 A wavelength components.
Therefore when used under such lighting for extend-
ed periods of time, the opaque seals - Toshiba
EPROM Protect Seal AC901 - are available.

operation mode, a single 5V power supply is required
and the levels required for all inputsare TTL.

7 PGVMV C_é 77777 OE Vpp Vee O ~ 04 Power
(27) (20) (22) (1) (28) (11~13,16~19) |
READ Read H L L Data Out Active
OPERATION Output Deselect * * H 5V 5V High Impedance Active |
(Ta=0~70°C) | Standby * H * High Impedance Standby
pes e ey o LY W AL e L EL L
PROGRAM Program L L * Data In Active
P H High Impedance Active
OPERATION | odram . 21V 5V 'gh 'mpedanc !
° Inhibit J H L High Impedance Active
(Ta=25£5°C) | -
Program Verify H L L Data Out Active

Note: H; Viy, Li Vi, *;Vjy or V)L

READ MODE

The TMM2764D has three control functions. The
chip enable (CE) controls the operation power and
should be used for device selection.

_The output enable (OE) and the program control
(PGM) control the output buffers, independent of
device selection.

Assuming that CE=0E = V|L and PGM = VIH, the
output data is valid at the outputs after address access
time from stabilizing of all addresses.

The CE to output valid (tcg} is equal to the address
access time (tacc).

Assuming that CE =V, PGM = V|y and all ad-
dresses are valid, the output data is valid at the out-
puts after tog from the falling edge of OE.

And assuming that CE=0E= VL and all addresses
are valid, the output data is valid at the outputs after
tpgm from the rising edge of PGM.
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OUTPUT DESELECT MODE

Assuming that CE = Vin or OE= V4, the outputs
will be in a high impedance state. So two or more
TMM2764D can be connected together on a common

STANDBY MODE

The TMM2764D has a low power standby mode
controlled by the CE signal. By applyinga TTL high
level to the CE input, the TMM2764D is placed in the
standby mode which reduce the operating current

PROGRAM MODE

Initially, when received by customers, all bits of
the TMM2764D are in the "“1" state which is erased
state.

Therefore the program operation is to introduce
“0s" data into the desired bit locations by electrically
programming.

The TMM2764D is set up in the program operation
mode when applied the program voltage (+21V) to
the Vpp terminal under CE=PGM=0E=V)4.

The program operation occurs during the overlap
of the CE low and the PGM low. Then the program-
ming is achieved by applying a 50ms (tpw) active low

PROGRAM VERIFY MODE

The verify mode is to check that the desired data is
correctly programmed on the programmed bits.

PROGRAM INHIBIT MODE

Under the condition that the program voltage
(+21V) is applied to Vpp terminal, a high level CE or
PGM input inhibits the TMM2764D from being pro-
grammed. Programming of two or more TMM2764Ds
in parallel with different data is easily accomplished.

TOSHIBA

bus line. When CE is decoded for device selection, all
deselected devices are in low power standby mode.

from 120mA to 35mA, and then the outputs are ina
high impedance state, independent of the OE and the
PGM inputs.

program pulse to the CE or the PGM input after the
addresses and data are stable.

This program pulse should be a single pulse with
50ms pulse width per address word, and its maximum
value is 5b5ms.

The levels required for all inputsare TTL.

The TMM2764D can be programmed any location
at anytime — either individually, sequentially, or at
random.

The TMM2764D should not be programmed with
D.C. signal applied to both CE and PGM inputs.

The verify is accomplished with OE and CE at VL
and PGMat V|H.

That is, all inputs except for CE or PGM may be
commonly connected, and a TTL low level program
pulse is applied to the CE and PGM of the desired
device only and TTL high level signal is applied to the
other devices.
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TOSHIBA

OUTLINE DRAWINGS

37.7 MAX.

7.1%0.2
28 27 26 25 24 |23 22 21 20| 1918 17 16 15
throarhfhhhrcr mrhrhe
ARG + e LA A

X
N <
_ s
@
R0.64 ©
-
12 3456 7881011 12
X
<
s
o +
0 15.24%0.3
n [ ]
4L
+0.15
1 0.25*%1°
~ 2.54%0.25 1.3%0.25
)
+H +0.15
g 0487075 17.4 MAX.
©
Note 1 Note 2

Note: 1. Each lead pitch is 2.64mm. All leads are located within 0.25mm of their true longitudinal position with respect No. 1 and No. 28 leads.
2. This value is measured at the end of leads.
3. All dimensions are in millimeters.

Note: 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.
©Nov., 1981 Toshiba Corporation
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-TOSHIBA MOS MEMORY PRODUCTS

8,192 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY

PROGRAMMABLE READ ONLY MEMORY
N-CHANNEL SILICON STACKED GATE MOS

TMM2764DI
TMM2764DI-2

DESCRIPTION
The TMM2764DI is a 8192 word x 8 bit ultraviolet
light erasable and electrically programmable read only
memory. For read operation, the TMM2764DI’s ac-
cess time is 200 ns, and the TMM2764D| operates
from a single 5-volt power supply and has low power
standby mode ‘which reduces the power dissipation
without increasing access time. The standby mode is
~ achieved by applying a TTL-high level signal to the
FEATURES
Wide operating temperature Range —40~85°C
Single 5-volt power supply
Fast access time :  TMM2764D! 250 ns
TMM2764Di-2 200 ns
e Power dissipation :
130 mA (active current)  Max.
40 mA (standby current) Max.
e Low power standby mode : CE

PiN CONNECTION

(TOP VIEW) it EPROM TMM2732D

|

VPPE1 28:|V TMM2732D
And2  2heew (ToP VIEW)
A70d3 26IN.C. A,01 240 Vee
A4 250As Agd 2 230 Ag
As[5 24QA,  Asd 3 2200 A,
A6 20A,, A4 210 A,
A7 22(M0E  As;ds 201 OE/Vpp
A8 210A., A206 190 A0
AMde 20ACE Ay 18 CE
Aod10  19p0;  Aodg 17p0,
(O)OE 11 18005 0,00 160 0¢
On: 12 17005 0,410 15005

2013 1600, 0,011 1400,
GNDO 14  1500; GND[O12 1304

PIN NAMES
[ Ag ~ A1z Address Inputs
Op ~ 04 Outputs (Inputs)
CE Chip Enable Input
OE Output Enable Input
PGM Program Control Input
N.C. No Connection
Vep Program Supply Voltage
Vee Ve Supply Voltage {+5V)
L GND [ Ground

Lower 24 pins compatible with 32K

CE input. The maximum active current is 130 mA
and the maximum standby current is 40mA.

For program operation, the programming is achiev-
ed by applying a 50ms active TTL low program puilse
to the PGM input, and it is possible to program
sequentially individually, or at random.

The TMM2764DI is fabricated with the N-channel
silicon double layer gate MOS technology and is
packaged in a standard 28 pin dual in line cerdip
package.

e Qutput buffer control - OF

e Fully static operation

® Programs with one 50 ms pulse

e Single location programming

e Three state outputs

® Inputs and outputs TTL compatible

e Pin compatible with i2764 and ROM TMM2364P

BLOCK DIAGRAM
Vee GND Vee 0004 02030,05040;
e (1771717
OE ,CE PG

CE o] Cir ua.:d ™ Output Buffers

ﬁG‘Moﬁ cul J

ﬁ? ] 51 Column _3\1 Column 1/0

f\g fa Decoder Circuit

A4 o—

As o—Address

RS gy

ﬁé o—jBuffers 8 Row 56|  Memory Cell

Ato o] 1 Decoder | 7| Array

11 00— .
A2 8192 x 8 bits
MODE SELECTION
Pin | PGM | CE | OE |Vpp |Vec| Op ~ 04 b —]
Mode 27 120 [(22) | (1) |(28) [(11~13,15~19) ] 0"

| Read H LU 5V | Data Out

Output Deselect| + * H 5V High Active
Impedance

Standby « | H | |V gy Hin Standby
Impedance

Program L L * BV | Datain

. . High
Program H % v Impedance R
Inhibit 21V High Active
H | L |H 3%

Im@jance

Program Verify H L L 5V | Data Out

Note: *: H or L
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TOSHIBA

MAXIMUM RATINGS

RATING

SYMBOL UNIT
Vee Ve Power Supply Voltage -06 ~ 7.0 \
Vpp Program Supply Voltage —-0.6 ~ 220 \%
Vin Input Voltage —06 ~ 70 \
VouT Output Voltage —06 ~ 7.0 \Y
Pp Power Dissipation 156 W
TsoLDER Soldering Temperature - Time. 260 - 10 °C - sec
TsTRG. Storage Temperature —65 ~ 125 °C
ToPR. Operating Temperature _40~85 °C

READ OPERATION

D.C. RECOMMENDED OPERATING CONDITIONS

[ symBoL | PARAMETER ) MIN, CTYR. [ maxo CUNIT
Vin Input High Voltage 2.2 - Vee +1.0 \
ViL Input Low Voltage —0.3 - 0.8 \%
Vee Vee Power Supply Voltage 4,75 - 525 Y, ]
Vpp Vpp Power Supply Voltage 2.2 Vee Vec +06 v

D.C. and OPERATING CHARACTERISTICS

(Ta= —40 ~ 85°C, Ve = 5V £5% Unless otherwise noted)

symsoL | PARAMETER CONDITIONS MIN TYP. [ MAX. [ UNIT

] Input Current B ViN =0~ Ve - - +10 MA
lect Supply Current (Standby) CE=vyy | = = 40 mA
lcca Supply Current (Active) CE =V_ - - 130 mA
Vou Output High Voltage | lon = —400pA 24 - - v

VoL Output Low Voltage I oL =2.1mA - - 0.4 v

PPy Vep Current Vpp =0~ Ve +0.6 - - +10 uA
ILo Output Leakage Current VOUT— .-:Vcc - - +10 MA

— 208 —



TOSHIBA

A.C. CHARACTERISTICS
Ta=—40~85°C, Ve = 5V*5%, Vpp = 2.2V ~ Ve + 0.6V, Unless otherwise noted)
SYMBOL PARAMETER CONDITIONS TMM2764D1-2 TMM2764D1 UNIT
MIN. MAX. MIN. MAX.
. tacc Address Access Time CE=0E =V, PGM=V}y - | 200 | - 250 ns
| tce CE to Output Valid OE = vj, PGM=V}y - 200 | - | 250 | ns
toe OE to Output Valid CE=Vy, PGM= Vi, - 70 - 100 | ns
tpGM PGM to Output Valid OE=CE= ViL - 70 - | 100 ns
tDF1 CE to Output in High-Z OE=V) ,PGM=Vjy 0 | 60 0 90 ns
tDF2 OE to Output in High-Z | CE=v; ,PGM=Vjy 0 60 0 90 ns
tDF3 PGM to Output in High-Z | OE=CE=Vy_ 0 | 60 0 90 ns
toH Output Data Hold Time | CE=0E=V, ,PGM=Vjy 0 - 0 - s |
A.C. Test Conditions
e Output Load 1TTL Gate and C|_ = 100pF
e Input Pulse Rise and Fall Times 10ns Max.
e Input Pulse Levels 0.6V to 2.4V
o Timing Measurement Reference Level Inputs 1V and 2V, Outputs 0.8V and 2.0V
CAPACITANCE * (Ta=25°C, f=1MHz2)

SYMBOL PARAMETER CONDITIONS I MIN, [ TYP. MAX. UNIT
Cin Input Capacitance Vin =0V [ - | 4 6 pF
Cout Output Capacitance Vout =0V L - | 8 12 pF

* This parameter is periodically sampled and is not 100% tested.
TIMING WAVEFORMS (READ)
Ao ~Aj2 X i
tOoH
tce
_ \ \ /
CE
tDF1
t0E
OE \
tPGM tDF2
7aw /
tacc tDF3
|
High 2 “ = High Z
Op~07 9 W Data Outputs }—
L |




TOSHIBA

PROGRAM OPI

ERATION

D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT

ViH Input High Voltage 2.2 — Vee +1.0 \Y

ViL Input Low Voltage -0.3 - 0.8 \

Vee Vcc Power Supply Voltage 475 50 5.25 \Y

Vpp Vpp Power Supply Voltage 205 210 215 v i

D.C. and OPERATING CHARACTERISTICS (Ta=25+5°C, Voe =5V £56%, Vpp =21V £0.5V)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT

Iy Input Current ViN =0~ Vce - - +10 MA

VoH Output High Voltage lon = —400uA 24 - - v

VoL Output Low Voltage loL =2.1mA - - 04 | Vv |

lcc Vce Supply Current - - i - 130 [ mA :

lpp2 Vpp Supply Current Vpp =21.5V - [ - 30 | mA |

A.C. PROGRAMMING CHARACTERISTICS (Ta=25+5°C, Ve = 5V £5%, Vpp =21V £0.5V)
SYMBOL PARAMETER CONDITIONS MIN. Typ. MAX. UNIT

tas Address Setup Time - 2 - - us
tAH Address Hold Time — 2 - — us |
tces CE Setup Time - 2 - - us |
tCEH CE Hold Time - 2 | - | - us !
tbs Data Setup Time — 2 : - J - us :
tpH Data Hold Time - 2 ! - | us |
tps PGM Setup Time - 2 i - T = | ws |
tey PGM Hold Time - 2 | = = e
tvs Vpp Setup Time - 2 “ - | - i us
tpw | Program Pulse Width PGM=CE =V 45 ‘ 50 55 ms
tcp ; Program Recovery Time - 0 F - | - i us J‘
tpRT | Program Pulse Rise Time - 5 = | — | ns |
tPFT | Program Pulse Fall Time - 5 — - ns |
tce | CE to Output Valid - - - 250 ns |
toE | OE to Output Valid - - - 00 | ns |
tDF1 | CEto Output in High Z OE =V,_ - - 90 ns !
tDF2 i OE to Output in High Z CE=vV|_ - - 90 ns i

A.C. Test Conditions

Output Load

Input Pulse Levels

Input Pulse Rise and Fall Times

Timing Measurement Reference Level

1TTL Gate and C_ (100 pF)
10ns Max.
0.6~ 2.4V

Input 1V and 2V ; Output 0.8V and 2.0V
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TOSHIBA

TIMING WAVEFORMS (PROGRAM)
PROGRAM OPERATION 1. (Vpp =21V 0.5V)

Ao ~Ax2 X

tAS tAH

tCES tCEH

OE /
DF2
toE tDF1
=
00~07  UNKNOWN Din STABLE >T<c Doyt Valid

ps tDH
PW
PGM \_
tPET PRT
{
Vpp tvs

PROGRAM OPERATION 2. (Vpp =21V £0.5V)

—
Ao ~A12 ><
A

tAS PW TAH
CE
L
PET tPRT tcE
DF1
o N \L_.toE_.
tcp T
tpg tPH
- ‘——\r——‘ ___j i
!
tDs toH
High Z i High Z
0o~ 07 Dj, STABLE S D i }——
i out Valid
. " % N
Vep tvs

Note: 1. Vg must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp
2. Removing the device from socket and setting the device in socket with Vpp = 21V may cause permanent damage to the device,
3. The Vpp supply voltage is permitted up to 22V for program operation, so the voltage over 22V should not be applied to the Vpp

terminal.
When the switching pulse voltage is applied to the Vpp terminal, the over-shoot voltage of its pulse should not be exceeded 22V.
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ERASURE CHARACTERISTICS

The TMM2764D|'s erasure is achieved by applying
shortwave ultraviolet light which has a'wavelength of
2537A (Angstroms) to the chip through the trans-
parent window. Then integrated dose (Ultraviolet
light intensity [w/cm?] x exposure time [sec.]) for
erasure should be a minimum of 15 [W. sec/cm?].

When the Toshiba sterilizing lamp GL-15 is used
and the device is exposed at a distance of 1 ¢cm from
the lamp surface, the erasure will be achieved within
60 minutes. And using commercial lamps whose
ultraviolet light intensity is a 12000 [uw/cm?] will

OPERATION INFORMATION

The TMM2764DI's six operation modes are listed in
the following table. Mode selection can be achieved
by applying TTL level signal to all inputs. In the read

reduce the exposure time to about 20 minutes. (In
this case, the integrated dose is 12000 [uw/cm?]
x (20 x 60) [sec] = 15 [w. sec/cm?].)

The TMM2764Dl'serasure begins to occur when
exposed to light with wavelength shorter than 4000
A. The’sunlight and the fluorescent lamps will
include 3000 ~ 4000 A wavelength components.
Therefore when used under such lighting for extend-
ed periods of time, the opaque seals - Toshiba
EPROM Protect Seal AC901 - are available.

operation mode, a single BV power supply is required
and the levels required for all inputs are TTL.

PGM CE OE Vep Vee O ~ 07 Power
(27) (20) (22) (1) (28) (11~13,156~19)

READ Read H L Data Out Active
OPERATION Output Deselect * * 5V 5V High Impedance Active
(Ta=—40~85°C)| Standby * H High Impednace Standby

Program L Data In Active

PROGRAM o * H High Impednace Active
gEﬁ%Tigyc) Program Inhibit H L 2V v High Impedance Active
amos Program Verify H L Data Out Active

Note: H; Vi, L VL, *;Vjy or V)

READ MODE

The TMM2764D! has three control functions. The
chip enable (CE) controls the operation power: and
should be used for device selection.

_The output enable (OE) and the program control
(PGM) control the output buffers, independent of
device selection,

Assuming that CE = OE = V|L and PGM = V|, the
output data is valid at the outputs after address access
time from stabilizing of all addresses.

The CE to output valid (tcg} is equal to the address
access time (tacc).

Assuming that CE = Vj_, PGM = V|4 and all ad-
dresses are valid, the output data is valid at the out-
puts after tog from the falling edge of OE.

And assuming that CE = OE = V,_ and all addresses
are valid, the output data is valid at the outputs after
tpgm from the rising edge of PGM.
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OUTPUT DESELECT MODE

Assuming that CE = V|y or OE = V|4, the outputs
will be in a high impedance state. So two or more
TMM2764DI can be connected together onacommon

STANDBY MODE

The TMM2764D! has a low power standby mode
controlled by the CE signal. By applyinga TTL high
level to the CE input;the TMM2764D] isplaced inthe
standby mode which reduce the operating current

PROGRAM MODE

Initially, when received by customers, all bits of
the TMM2764D! are in the “1" state which is erased
state.

Therefore the program operation is to introduce
“0s’’ data into the desired bit locations by electrically
programming.

The TMiM2764DI is set up in the program operation
mode when applied the program voltage (+21V) to
the Vpp terminal under CE=PGM=0E=V|4.

The program operation occurs during the overlap
of the CE low and the PGM low. Then the program-
ming is achieved by applying a 50ms (tpw) active low

PROGRAM VERIFY MODE

The verify mode is to check that the desired data is
correctly programmed on the programmed bits.

PROGRAM INHIBIT MODE

Under the condition that the program voltage
(+21V) is applied to Vpp terminal, a high level CE or
PGM input inhibits the TMM2764DI from being pro-
grammed. Programming of two or more TMM2764Dls
in parallel with different data is easily accomplished.

TOSHIBA

bus line. When CE is decoded for device selection, all
deselected devices are in low power standby mode.

from 130mA to 40mA, and then the outputs are in a
high impedance state, independent of the OE and the
PGM inputs.

program pulse to the CE or the PGM input after the
addresses and data are stable.

This program pulse should be a single pulse with
50ms pulse width per address word, and its maximum
value is bb5ms. ’

The levels required for all inputs are TTL.

The TMM2764DI can be programmed any location
at anytime — either individually, sequentially, or at
random.

The TMM2764D! should not be programmed with
D.C. signal applied to both CE and PGM inputs.

The verify is accomplished with OE and CE at Vi
and PGMat V|4.

That is, all inputs except for CE or PGM may be
commonly connected, and a TTL low level program
pulse is applied to the CE and PGM of the desired
device only and TTL high level signal is applied to the
other devices.
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TOSHIBA

OUTLINE DRAWINGS

| 37.7 MAX.
7.1%0.2

28 27 26 25 24 |23 22 21 20| 1918 17 16 15

e s RecReaReaR et

_/_

13.8 MAX.

X .
<
b3
N +
© 15.24+0.3
[ |
P S
~ 1.3%0.25
] +0.156
+ .
N 046710 17.4 MAX.
Iy
Note 1 Note 2

Note: 1. Each lead pitch is 2.54mm, All leads are located within 0.26mm of their true longitudinal position with respect No. 1 and No. 28 leads.
2. This value is measured at the end of leads.
3. Al dimensions are in millimeters.

Note: Toshiba does not assum® 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
©Nov., 1982 Toshiba Corporation
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-TOSHIBA MOS MEMORY PRODUCTS

| 16384 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY

' PROGRAMMABLE READ ONLY MEMORY

TMM27128D-20
TMM27128D-25

DESCRIPTION

The TMM27128D is a 16384 word x 8 bit ultra-
violet light erasable and electrically programmable
read only memory. For read operation, the TMM
27128D's access time is 200 ns, and the TMM27128D
operates from a single 5-volt power supply and has a
low power standby mode which reduces the power

~ dissipation without increasing access time. The stand-
" by mode is achieved by applying a TTL-high level
signal to the CE input. The maximum active current
is 120 mA and the maximum standby current is

35mA.

For program operation, the programming is achieved
by applying a 50 ms active TTL low program pulse
to the PGM input, and it is possible to program
sequentially, individually, or at random.

The TMM27128D s fabricated with the N-channel
silicon double layer gate MOS technology and is
packaged in a standard 28 pin dual in line cerdip
package.

FEATURES
1 e Single 5-volt power supply e Fully static operation
. @ Fastaccess time: TMM27128D-25 250 ns ® Programs with one 50 ms pulse
i TMM27128D-20 200 ns e Single location programming
e Power dissipation: e Three state outputs
120 mA (active current) Max. e |nputs and outputs TTL compatible
35 mA (standby current) Max. e Pin compatible with 127128
e Low power standby mode: CE
e Output buffer control: OE BLOCK DIAGRAM
PIN CONNECTION Vep  GND Vcc 09 01020304 050607
(TOP VIEW) - p 77 177PPi7%
OF o BE, CE and PGM
5_5_ o— CIRCUIT - oOuTPUT BUFFERS
PGW 0—]
no o1 i 1
ﬁ; o | 5 | cotumn [32]  coLumn i/o
A3 o— DECODER CIRCUIT
A3 5] Ao T T
A¢ o_| DRESS
27 o—
B o | now e MR
Ar10—| DECORDER ™™ | 38ax 8 BITS
A1p0—
A3
MODE SELECTION
PIN NAMES Pin [PGM | CE | OF | Vep | Vec O ~ 04
Power
Ao ~Ars | Address Inputs Mode (27) | (20) | (22) | (1) | (28) | (11~13,15~19)
Qo ~ Oy Outputs (Inputs) Read H L L 5V | Data Out Active
CE Chip Enable Input Output Deselect| * * H 5V 5V | High Impedance
OE Output Enable Input Standby * H * 5V | High Impedance Standby
PGM Program Control Input Program L L * 6V | Data In
Vep Program Supply Voltage Program Inhibit . H - 21V v H!gh Impedance Active
Vee Ve Supply Voltage (+5V) H L 5V | High Impedance
GND Ground Program Verify H L L 5V | Data Out
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TOSHIBA

MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT ]
Vee Vce Power Supply Voltage —0.6~7.0 \ o
Vpp Program Supply \/E)Itage —-0.6~22.0 \Y o
VIN Input Voltage —0.6~7.0 -Vf -
VouTt Output Voltage -0.6~7.0 S V; ]
Po Power Dissipation 15 T w
TSOLDER Soldering Temperature - Time 260 - 10 °C‘-sec7 o
TsTRG. Storage Tem;;erature —23_5 ~ 125 - TCmiiV B
TOPR. I Operating Temperature 0~70 - E
READ OPERATION
D.C. RECOMMENDED OPERATING CONDITIONS
SYMBOL | PARAMETER MIN TYP, MAX. UNIT
[ Ve | Input High Voltage - 20 T Veer10 | v
T e I N A
Vee Vcc Power Supply Voltage 4.75 ) - 525 | \Y
| Vee | Ver Power Supply Voltage 20 Vee | Vectos | v

SYMBOL PARAMTER CONDITIONS MIN. | TvP. MAX. UNIT
'] Input Current VN =0~ Vce - : - +10 MA
lce Supply Current (Standby) CE=Viy - - 35 mA
lec2 Supply Current (Active) CE=vVy - - 120 mA
C —_— ]
VoH Qutput High Voltage loy = —400uA 2.4 - - \%
VoL Output Low Voltage loL =2.1mA - ~ 0.4
Ipp1 Vpp Current Vpp =0~ Ve +0.6 - - +10 MHA
ILo Output Leakage Current | VouT =0.4~ Ve - - +10 MA
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A.C. CHARACTERISTICS (Ta=0~ 70°C, V¢c =5V 5%, Vpp = 2.0V ~ V¢ + 0.6V, Unless otherwise noted)

TMM27128D-20 TM27128D-25
SYMBOL PARAMTER CONDITIONS UNIT
MIN. MAX. MIN. MAX.

tacc Address Access Time CE =0E=V|_ PGM =V - 200 = 250 ns
tce CE to Output Valid OE = V), PGM =V, — 200 — 250 ns
toE OE to Output Valid CE =V|_,PGM =V} - 70 - 100 ns
tpGM PGM to Output Valid OE=CE =V - 70 - 100 ns
toF1 CE to Outputin High-Z | OE = Vj,_, PGM = Vjyy 0 60 0 90 ns
tpF2 OE to Output in High-Z | CE =V,_,PGM = V)4 0 60 0 90 ns
1DF3 PGM to Output in High-Z | OF = CE =V, 0 60 0 90 ns
toH Output Data Hold Time | CE = OE = V). 0 - 0 — ns

e AC Test Conditions

e Qutput Load: 1TTL Gate and C_ = 100pF

e Input Pulse Rise and Fall Times: 10 ns Max.

e Input Pulse Levels: 0.8V to 2.2V

o Timing Measurement Reference Level: Inputs 1V and 2V, Outputs 0.8V and 2.0V

CAPACITIANCE * (Ta=25°C, f = IMHz)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. |[UNIT
Cn Input Capacitance ViN =0V - 4 6 pF
Cout Output Capacitance VouTt =0V - 8 12 pF

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

TIMING WAVEFORMS (READ)

e
Ao ~Ai3
{_

NN

0E

PGM

Vi
/)

tAcC

HIGH Z
0p ~07

i
\\s\\ \\\i\\\\

DATA QUTPUTS
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PROGRAM OPERATION
D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Viy Input High Voltage 2.0 - Vee +1.0 \Y
ViL Input Low Voltage —-0.3 - 0.8 \2
Vee Vcc Power Supply Voltage 4.75 5.0 5.26 \
Vpp Vpp Power Supply Voltage 20.5 21.0 215 \
D.C. and OPERATING CHARACTERISTICS (Ta= 25+ 5°C, Vg¢ =5V + 5%, Vpp =21V = 0.5V)
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Ly Input Current Vin =0~ Vee - — +10 MA
VoH Output High Voltage lon = —400uA 24 - - Y
VoL Output Low Voltage lor =2.1mA - - 0.4 \
lcc Ve Supply Current - - - 120 mA
Ipp2 Vpp Supply Current Vpp =215V - - 30 mA
A.C. PROGRAMMING CHARACTERISTICS (Ta=25 + 5°C, Vgc =5V + 5%, Vpp = 21V £ 0.5V)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - us
tAH Address Hold Time - 2 — — s
tces CE Setup Time - 2 — - s
tCEH CE Hold Time - 2 - — us
tps Data Setup Time - 2 — - us
tpH Data Hold Time - 2 — - us
tps PGM Setup Time - 2 — - s
tpH PGM Hold Time - 2 - — us
tys Vpp Setup Time - 2 - - us
thw Program Pulse Width PGM=CE = V,_ 45 50 55 ms
tcp Program Recovery Time - 0 — - us
tPRT Program Pulse Rise Time - 5 - - ns
tpET Program Pulse Fall Time - 5 — — ns
tce CE to Output Valid - - - 250 ns
toe OE to Output Valid - - - 100 ns
tDF1 CE to Output in High Z OE=V)_ - - 90 ns
tDF2 OE to Output in High Z CE =V - - 920 ns

A.C. Test Conditions

Output Load:

Input Pulse Rise and Fall Times:
Input Pulse Levels:
Timing Measurement Reference Level:

1TTL Gate and C_ (100 pF)

10 ns Max.
0.8~ 2.2V

Input 1V and 2V; Output 0.8V and 2.0V
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TIMING WAVEFORMS (PROGRAM)
PROGRAM OPERATION 1. (Vpp =21V £ 0.5V)

TOSHIBA

e
Ao ~Aj3 ><

tAH
__ tCEH ; 7
CE —yV;// / &/ W
W /
I
OF tDF2
toE DF1
-
Op~07 UNKNOWN H Din STABLE Doyt VALID
° o in P HIGH Z out /
tps DH
PEM 4 tPw r
PFT, ‘——7‘/ tPRT
Vep
PROGRAM OPERATION 2. (Vpp =21V £ 0.5V)
Ao ~A13 >< ><
tAS tPwW TAH
ce fg____ﬁ\ j
tPET tPRT | tcE tDF1
T
3 RN
oE N N N\ N \\t\.\\&\\
tcp
I tps PH \‘—"
PGM j
Ds DH
) HIGH Z HIGH Z
0¢ ~07 Djn STABLE 1, | PoutvALID |
Vep tvs

Note: 1.

V¢ must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp,

2. Removing the device from socket and setting the device in socket with Vpp = 21V may cause permanent damage to the device.

w

. The Vpp supply voltage is permitted up to 22V for program operation, so the voltage over 22V should not be applied to the Vpp |
terminal. When the switching pulse voltage is applied to the Vpp terminal, the over-shoot voltage of its pulse should not be exceeded 22V.
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ERASURE CHARACTERISTICS

The TMM27128D’s erasure is achieved by applying
shortwave%ultraviolet light which has a wavelength
of 2637 A (Angstroms) to the chip through the
transparent window. Then integrated dose (Ultra-
violet light intensity [w/cm?] x exposure time
[sec.]) for erasure should be a minimum of 15
[W. sec/cm?].

When the Toshiba sterilizing lamp GL-15 is used
and the device is exposed at a distance of 1cm
from the lamp surface, the erasure will be achieved
within 60 minutes. And using commercial lamps

OPERATION INFORMATION
The TMM27128D's six operation modes are listed
in the following table. Mode selection can be achieved

whose ultraviolet light intensity is a 12000 [uw/cm?]
will reduce the exposure time to about 20 minutes.
(In this case, the integrated dose is 12000 [uw/cm? ]
x (20 x 60) [sec] = 15 [w.sec/cm?].)

The TMM27128D’s erasure begins to occur
whenoexposed to light with wavelength shorter than
4000A . The sunlight and the flourescent lamps will
include 3000 ~ 4000A wavelength components.
Therefore when used under such lighting for extended
periods of time, the opaque seals — Toshiba EPROM
Protect Seal AC901 — are available.

read operation mode, a single 5V power supply is
required and the levels required for all inputs are

by applying TTL level signal to all inputs. In the TTL.
PGM CE OE Vpp Vee Op ~ 04 Power
(27) (20) (22) (1) (28) (11~13,15~19)
READ Read H L L Data Out Active
OPERATION Output Deselect * * H 5V 5V High Impedance Active
(Ta=0~ 70°C) Standby * H * High Impedance Standby
b v Program L L * Data In Active
O';glgAR'?ION Program Inhibit * H * 21V 5V High Impedance Active
(Ta=25+5°C) Program Inhibit H L H High Impedance Active
Program Verify H L L Data Out Active
Note: H; Vin, L; Vi, ¥Viy or VL
READ MODE

The TMM27128D has three control functions.
The chip enable (CE) controls the operation power
and should be used for device selection.

The Output enable (OE) and the program control
(PGM) control the output buffers, independent of
device selection.

Assuming that CE = OE = V|_ and PGM = V4,
the output data is valid at the output after address
access time from stabilizing of all addresses.

The CE to output valid (tcg) is equal to the
address access time (tacc).

Assuming that CE = V|, PGM = Vi and all
addresses are valid, the output data is valid at the
outputs after tog from the falling edge of OE.

And assuming that CE = OE = ViL and all ad-
dresses are valid, the output data is valid at the out-
puts after tpgm from the rising edge of PGM.
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OUTPUT DESELECT MODE

Assuming that CE = V|y or OE = ViH, the out-
puts will be in a high impedance state. So two or
more TMM27128D can be connected together on a

STANDBY MODE
The TMM2712§_D has a low power standby mode
controlled by—ihe CE signal. By applyinga TTL high

level to the CE input, the TMM27128D is placed in
the standby mode which reduce the operating current

PROGRAM MODE
Initially, when received by customers, all bits of
the TMM27128D are in the '*1" state which is erased

. state.

Therefore the program operation is to introduce
“Os’’ data into the desired bit locations by electrically
programming.

The TMM27128D is set up in the program opera-
tion mode when applied the program vo|tage (+21V)
to the Vpp terminal under CE =PGM=0E=V|4.

The program operatlon occurs during the overlap
of the CE low and the PGM low. Then the pro-
gramming is achieved by applying a 50ms (tpw)

PROGRAM VERIFY MODE

The verify mode is to check that the desired
data is correctly programmed on the programmed
bits.

PROGRAM INHIBIT MODE

Under the condition that the program voltage
(+21\/) is applied to Vpp terminal, a high level CE
or PGM input inhibits the TMM27128D from being
programmed. Programming of two or more
TMM27128Ds in parallel with different data is
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common bus line. When CE is decoded for device
selection, all deselected devices are in low power
standby mode.

from 120mA to 35mA, and then the outputs are ina
high impedance state, independent of the OE and
PGM inputs.

active low program pulse to the CE or the PGM
input after the addresses and data are stable.

This program pulse should be a single pulse with
50ms pulse width per address word, and its maximum
value is 55ms.

The levels required for all input are TTL. The
TMM27128D can be programmed any location at
anytime — either individually, sequentially, or at
random.

The TMM27128D should not be programmed
with D.C. signal applied to both CE and PGM inputs.

The verify is accomplished with OE and CE at
V|L and PGM at V4.

easHy accompllshed That is, all inputs except for
CE or PGM may be commonly connected, and a
TTL low level program pulse is applied to-the CE
and PGM of the desired device only and TTL high
level signal is applied to the other devices.
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OUTLINE DRAWINGS

37.7 MAX

7.1+0.2

28 27 26 25 24 23 22 21 20 19 18 17 16 15

| !

- %
2 B | R g
R0.64 7 ‘ 3
! <
1 2 3 4 56 6 7 8 9 10 11 12 13 14
X
<
H
o
5 15.24 +0.3
1 |
[— [ ]
+0.15
N 025 510
.54 +0.;
~ 2544025 H 1.340.25
5 4
+0.15
# 0.46 010 17.4 MAX.
©

Note 1 Note 2

Note: 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of their true longitudinal position with respect No. 1 and No. 28
leads.

. This value is measured at the end of leads.

. All dimensions are in millimeters.

[ARN)
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-TOSHIBA MOS MEMORY PRODUCTS

12048 WORD x 8 BIT MASK ROM
N CHANNEL SILICON GATE DEPLETION LOAD

TMM334P

DESCRIPTION

TMM334P is a 16,384 bits read only memory
organized as 2048 words by 8 bits and is compatible
with i2716 type (16K EPROM). It is suitable for use

. in programming of production apparatus used micro
| processor because of its low cost per bit.

TMM334P’s mask making is carried out by com-

' puter using punched paper tape data of customer and

then sample manufacturing will start. Then for cus-

- tomer, 16384 bits memory data and three chip select

i input active logic are programmable.

Therefore  TMM334P  manufacturing procedure
goes through three steps before mass production.
First step is a acceptance of customer’s punched
FEATURES
Single 5V supply voltage; Vcc =5V £ 10%

Access time; tacc =450 ns. (Max.)
Directly TTL compatible; All inputs and outputs

Three state output; OR tie capability
Static operation; No clocks are required.

Pin to pin compatible; TMM323C, i2316E, i2716
PIN CONNECTION

(TOP VIEW) A7 241Vce
’ As[]2 23[)As
Asy3 22[Ag
Asl]a 21[)Cs3/CS3
Asls 20[]cs, /CS,
A,Q6 190A 10
A7 18[Jcs, /CS,
Aolls 1700,
Do e 161 D¢
[P el 15[10s
D, 14104
GND[12 130D03
PIN NAMES
Ao ~ A Row address inputs
A;~ Ao Column address inputs
Do ~ D4 Data outputs
CS; /CS; ~ CS3/CS3 Chip select inputs
\elo} V¢ Power Supply Voltage
GND Ground

paper tape data. Second step is a presentation of
programmed sample (Engineering Sample) for cus-
tomers. Third step is a verification of Engineering
Sample by customers. Sample verification is most
important and Toshiba will enter into mass produc-
tion after above three steps are concluded. Then
Toshiba will adopt a established on-line system and so
can respond to a customer’s needs quickly and can
maintain a stable delivery.

TMM334P is fabricated with ion implanted N-
channel silicon gate technology. This technology
allows a production of high performance. TMM334P
is moulded in a 24 pin standard plastic package.

Programmable chip select inputs; CS1, CS2, CS3 Easy memory expansion

Input protected; All inputs have protection against static charge

BLOCK DIAGRAM

Vee GND
[
Do Dy Dz D3D4 D5 Dg D7
00 00000 O

I

] " o
cs4/cs, %E % c 8,
— 8 8 83 Output buffer
Csy/csy EH 2zl 28
i = z9 £
cs3/cs; O£ Ga 53

Column decoder

Address input buffer

PO S— g

Az O—— 7| 8 |12 Memory cell array
A3 0 1 = [ 128 x 128
Ay O———r] K]
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MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vee Power supply voltage —05~70 \
VIN, VouT Input and output voltage -05~70 \Y
Topr Operating temperature 0~70 °C
Tstg Storage temperature —55 ~ 150 °C
TSOLDER Soldering temperature - time 260 - 10 °C - sec
Pp Power Dissipation (Ta =70°C) 1.0 w

D.C. OPERATING CONDITION

SYMBOL PARAMETER CONDITIONS MIN, TYP. MAX. UNIT
Vin Input high voltage - 2.0 - Vee +1 \
ViL Input low voltage - —05 - 08 \
Vee Power supply voltage - 45 - 55 \Y

D.C. and OPERATING CHARACTERISTICS (Ta=0°C~ 70°C)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
lin Input high current VIN = \/‘pc — 0.01 10 LA
e Input low current VIN = GND - —-0.01 -10 KA
VoH Output high voltage Isource =—0 AmA 24 3.0 - \%
VoL Output low voltage B IsINK =2.TmA - 02 04 \
loH Output high current VouT =24V -04 -3.0 - mA
loL Output low current VouT =04V 2.1 5.0 - mA

C5=0.8V,CS=2.0V
ILo Output leakage current VouT =04V to Vee — +0.01 +10 uA
Icc Supply current louT =0mA - 40 80 mA
*Ta=25°C, Vcc =5V

A.C. CHARACTERISTICS (Ta=0°C~ 70°C, Vcc =5V + 10%, CL = 100pF, ty, tf = 20ns)

SYMBOL PARAMETER CONDITIONS MIN. TYP.* MAX. UNIT
tacc Access time tac S 100ns - 270 450 ns
tco Output delay timé from chip select tac 2 tacc - 80 120 ns
tob Output deselect time RL =1008Q 0 70 100 ns
tRC Read cycle time — 450 — - ns

* Ta=25°C, Vcc =5V

CAPACITANCE (Ta=25°C, f=1MHz)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
CIN Input capacitance VIN =A.C.GND - 4 10 pF
Cout Output capacitance VouT =A.C.GND - 8 15 pF

Note: This parameter is periodically sampled and is not 100% tested.
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TIMING WAVEFORMS

PAPER TAPE FORMAT

_ 50% 50%
cs /cs CHIP DISABLE CHIP ENABLE CHIP DISABLE
vie 10% 10%
tacc o0
Vo HIGH IMPEDANCE 20V atavaL ; HIGH
0o~01 08V 0.1V IMPEDANCE

tco

Punched paper tape data must be a positive logic and use a 7 to 8 bit ASCII code.
Format 1 (including Data and Check sum every word).

A

NULL
¥ TMM334P - XxXxX ¥
CR LF
vmMs8 = D7V
CR LF

N8;

CR LF

CR LF

CR LF

(csy =0)
CR LF
(€S = 1)
CR LF
(cs3 =0)
CR LF

$
CR LF

NULL

Take NULL more than fifty characters.

Contents in single quotation mark (¥...Y) indicates a comment and XXXX is a user’s
number.
CR and LF indicate carriage return and line feed respectively.

Specify MSB pin. (D, or Dy)

N8 indicates a 8-bit mask pattern.
Semicolon ( ;) indicates a punctuation of data.

R indicates an absolute address.
words.

Enter the address by decimal code every eight

X indicates hexadecimal code. So enter the data represented by hexadecimal code
every word after X.

P indicates a check sum of its word. So enter a sum of one’s number in a word by
decimal code after P.

Data modification: Enter the modified address before the End mark and then enter
the data following above procedure independently or serialy. Modification can be
allowed from O address to 2047 address.

Customers can program the active logic of three chip select inputs independently.
Specify the active logic of chip select input in the brackets.

The example is shown in Figure. In thisexample, chip is active under the condition
that CS1="'0"and CS2 ="1"and CS3 ="0".

$ Indicates an End mark .

Take NULL more then fifty characters.
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Format 2 (including Data only every word)

NULL
¥ TMM334P - XXXX V¥
CR LF
YMsB=D, ¥
CR LF |
N8;
CR LF
Ruuu0; X075A . .. 3BF1;

CR LF

R2032; XBCAE ...0085;

R indicates an absolute address. Enter the address by decimal code every sixteen
words.

X indicates a hexadecimal code and so enter the data of sixteen words continuously
after X.

Data modification: This procedure is following to Format 1. Otherwise specified in
Format 1.

CR LF
(cs; =0)
Format 1 and Format.2 are Toshiba preferred Format.
CR LF The other acceptable Format is Intel BNPF Format.
(CSy =0)
CR LF
(CS3 =0)
OUTLINE DRAWINGS
CR LF
$ 24 2322212019 1817 1615 14 13
hrhrhrhohohichriachthrhrh
CR LF Tt LA I AN B S S B
NULL — d b §
b3
R1.5 ]
q P
T i oy grgr
1234 56 7 8 9101112
¢ 15.24 TYP.
Note: Each lead pitch is 2.54 mm. Al leads are located within ' 32.4 MAX, 3
0.25 mm of their true longitudinal position with respect 10° 3
to No. 1 and No. 24 leads. 0
All dimensions are in millimeters.
)/ E——
HHEHRLAHILR T, 4
2.54%0.25 1.4%0.15 z
Ui <
05%0.15 2 17.4 MAX.
~

Note: Toshiba does not assume any responsibility for use of any clrcuitry described; no circuit patent licenses are Implied, and Toshiba reserves
the right, at any time without notice, to change said circultry.

©Mar., 1980 Toshiba Corporation
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- TOSHIBA MOS MEMORY PRODUCTS

4096 WORD x 8 BIT MASK ROM

N CHANNEL SILICON GATE DEPLETION LOAD

TMM333P

DESCRIPTION

The TMM333P is a 32,768 bits read only memory
organized as 4,096 words by 8 bits. It is suitable for
use in programming of production apparatus used
micro processor because of its low cost per bit.

The TMM333P’s mask making is carried out by
computer using punched paper tape data of customer
and then sample manufacturing will start. Then for
customer, 32,768 bits memory data and two chip
select input active logic are programmable.

Therefore the TMM333P manufacturing procedure
goes through three steps before mass production.
First step is a acceptance of customer’s punched
paper tape data. Second step is a presentation of

FEATURES
Single 5V supply voltage; Vcc =5V 5%
Access time; tacc =450 ns. (Max.)
Directly TTL compatible; All inputs and outputs

Three state outputs; OR tie capability
Static operation; No clocks are required.

Pin to pin compatible; TMS4732
PIN CONNECTION

(TOP VIEW)
PIN NAMES

Ao ~ Ag Row address inputs

Aq~ Anr Column address inputs

Do ~ Dy Data outputs

CS, /CS,: CS,/CS, Chip select inputs

VCC Power supply terminal
GND Ground

programmed sample (Engineering Sample) for cus-
tomers. Third step is a verification of Engineering
Sample by customers. Sample verification is most
important and Toshiba will enter into mass produc-
tion after above three steps are concluded. Then
Toshiba will adopt a established on-line system and so
can respond to a customer's needs quickly and can
maintain a stable delivery.

The TMM333P is fabricated with ion implanted N-
channel silicon gate technology. This technology
allows a production of high performance. The TMM
333P is moulded in a 24 pin standard plastic package.

Programmable chip select inputs; CS1, CS2, Easy memory expansion

Input protected; All inputs have protection against static charge

BLOCK DIAGRAM

Vee GND
o 9

Do Dy Dy D3D4 D5 Dg D7
O 0O Q0 O 00 O

.5 . _
C5|/031 3% 3 8
%2 28] |3 Output buff
— @ ® @ u u r
csycs, e ) a8 i °
£ £ o 9
oL Oa 53

l

o

Column decoder

8 x 32

>
S
Address input buffer

5
P S— 3
Ay O——o 7 § 128 Memory cell array
A3 O———] 1 : 128 x 256
Ay O—— <
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MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
vee Power supply voltage -05~70 \%
VIN, VouT Input and output voltage -05~7.0 \
Topr Operating temperature 0~70 °C
Tstg Storage temperature —55 ~ 150 °C

TSOLDER Soldering temperature - time 260 - 10 °C - sec
PD Power Dissipation (Ta =70°C) 1.0 w

D.C. OPERATING CONDITIONS

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
ViH Input high voltage - 2.0 - Vee +1 \
ViL Input low voltage - —-05 - 0.8 \
Vee Power supply voltage - 4.75 5.0 5.25 \

D.C. and OPERATING CHARACTERISTICS (Ta=0°C~ 70°C)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
I Input high current VIN =Vcce - 0.01 10 MA
hie Input low current VIN = GND - -0.01 -10 uA
VoH Output high voltage ISOURCE = —-0.4mA 24 3.0 - \Y
VoL Output low voltage ISINK =2.TmA - 0.2 0.4 \Y
loH Output high current VouT =24V 04 -3.0 - mA
loL Output low current VouT =04V 2.1 5.0 - mA

CS=08V,CS=2.0V
Lo Output leakage current VouT =04V to Ve - +0.01 +10 uA
lcc Supply current louT =0mA - 60 100 mA
*Ta=25°C, Vcc =5V

A.C. CHARACTERISTICS (Ta=0°C~ 70°C, Vcc =5V+ 5%, C, = 100pF, ty, tf = 20ns)

SYMBOL ~ PARAMETER CONDITIONS MIN. TYP.* MAX. UNIT
tacc Access time tac S 100ns - 300 450 ns
tco Output delay time from chip select tac 2 tacc — 120 200 ns
tob Output deselect time - 0 100 150 ns
tRC Read cycle time - 450 — — ns

* Ta =25°C, Vcc =5V

CAPACITANCE (Ta=25°C, f=1MHz)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
CIN Input capacitance VIN =A.C.GND — 4 10 pF
CouT Output capacitance VouT =A.C.GND - 8 15 pF

Note: This parameter is periodically sampled and is not 100% tested.
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TIMING WAVEFORMS

PAPER TAPE FORMAT

TOSHIBA

Vin 50% 0%
Ao ~ArL
Vi \10% F-os«

_ #-90% 90%
cs /cs CHIP DISABLE CHIP ENABLE
0% 10%

tacc oo

von HIGH IMPEDANCE z 2OV ravauo Y ‘ ; HIGH
Do ~07 KO8V 0.1V :’j IMPEDANCE

tco

CHIP DISABLE

Punched paper tape data must be a positive logic and use a 7 to 8 bit ASCI!I code.
Format 1 (including Data and Check sum every word).

/’v‘\_—/

NULL
¥ TMM333P - XXXX ¥
CRLF
vYMSB = D, ¥
CR LF

N8;

CR LF

CR LF
R4088; X01P1; ... ; X3AP4;

CR LF

(Csy =0)
CR LF
(csy = 1)
CR LF

$
CR LF

NULL

Take NULL more than fifty characters.

Contents in single quotation mark (Y. ..Y) indicates a comment and XXXX is a user’s
number,

CR and LF indicate carriage return and line feed respectively.

Specify MSB pin. (D, or Do)

N8 indicates a 8-bit mask pattern.
Semicolon ( ;) indicates a punctuation of data.

R indicates an absolute address.
words.

Enter the address by decimal code every eight

X indicates hexadecimal code. So enter the data represented by hexadecimal code
every word after X,

P indicates a check sum of its word. So enter a sum of one’s number in a word by
decimal code after P.

Data modification: Enter the modified address before the End mark and then enter
the data following above procedure independently or serialy. Modification can be
allowed from O address to 4095 address.

Customers can program the active logic of two chip select inputs independently.
Specify the active logic of chip select input in the brackets.

The example is shown in Figure. In thisexample, chip is active under the condition
that CS1="0"and CS2 ="1".

$ Indicates an End mark .

Take NULL more then fifty characters.
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Format 2 (including Data only every word)

NULL
¥ TMM333P - XXXXY
CR LF

YmsB=D, ¥

CR LF
N8;
CR LF
Ruuu0; XO75A . .. 3BF1; R indicates an absolute address. Enter the address by decimal code every sixteen
words.
CR LF o . . ;
X indicates a hexadecimal code and so enter the data of sixteen words continuously
after X.
: Data modification: This procedure is following to Format 1. Otherwise specified in
R4080; XBCAE ...0085;
Format 1.
CR LF
(csy =0)
Format 1 and Format 2 are Toshiba preferred Format.
CR LF The other acceptable Format is Intel BNPF Format.
(Csz =0)
CR LF
$
CR LE OUTLINE DRAWINGS
24 2322212019 1817161514 13
hchrhrohrhirhichrhrhrh
= L A s
X
: b
s
R1.5 ~
q p s
T O O O iy O gy o g
12 34 56 7 89101112
] 15.24 TYP.
Note: Each lead pitch is 2.54 mm. All leads are located within b 32.4 MAX. % =
0.25 mm of their true longitudinal position with respect 10° b3
to No. 1 and No. 24 leads. 0
All dimensions are in millimeters.
Vi e o\
\.\ THHTHTH] |
2,5410.25 1.4%0.15 z
t z
0.5+0.15 2 17.4 MAX.
~

Note: 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 circulitry.
©sSept.,1980 Toshiba Corporation
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TOSHIBA MOS MEMORY PRODUCTS

4,096 WORD X 8 BIT MASK ROM

N-CHANNEL SILICON GATE

TMM2332P

DESCRIPTION

The TMM2332P is a 32768-bit read only memory
organized as 4096 words by 8 bits with a low bit
cost, thus being most suitable for use in programming
of production apparatus using microprocessor.

The TMM2332P features an automatic power down
mode. When deselected by Chip Select (CS/CS),
the device is in low power (Isg=15mA MAX.) stand-
by mode. This device feature results in system power

FEATURES

® Single 5V-Power Supply
@ Fast Access Time: 350ns (MAX.)
® Low Power Dissipation
Operating Current = 100mA (MAX.)
Standby Current = 15mA (MAX.)
Power Down Feature: CS / CS
Programmable Chip Select: CS/CS
Output Buffer Control : OE
Easy memory Expansion : CS/CS

PIN CONNECTION

(TOP VIEW)
—
A0 1 240Vce
AsO 2 230 Ag
AsO 3 220 A9
Al 4 210 Ay,
A3 s 201 0E
A0 6 190 A
A0 7 181 CS/CS
Ao 8 17AD,
Dol 9 16 Ds
D010 15(1Ds
D201 140Dy
GND[J12 13[D3
PIN NAMES
Ao~Aq Address Inputs
Do~D~ Data Outputs
CS/CS Chip Select Input
OE Output Enable Input
Vce Power (+5V)
__GND Ground

saving in larger systems, where the majority of de-
vices are deselected.

The TMM2332P is fabricated with ion implanted
N-channel silicon gate technology. This technology
allows a production of high performance.

The TMM2332P is moulded in a 24-pin standard
plastic package.

Static Operation
Pin Compatible with 2732 Type EPROM and
2332
® All Inputs and Outputs:
Directly TTL Compatible
Three State Outputs: Wired OR Capability.
Inputs Protected: All inputs have protection against
static charge.

BLOCK DIAGRAM

VecGND Doo, 02 D3 D4 Ds Dg D4

CS/CS o— Control 1 T T T T T
OEo—|  Circuit j——l Output Buffers
Aq o— ﬂ
Ag o— ——-{ Column Decoder I
Ag o—f
4
Aro0—] £ 6
Ay o0— E
Ap o— 5
Q
Ay o— £ s
. I
Ay o—f & 3
A 5 9 Memory Cell Array
30— 2 o (256 x 128)
Ag o—f g
As o—f o
Ag 0—
—
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MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vee Supply Voltage -0.6~7.0 \%
ViNn Input Voltage -0.56~7.0 \
VouT Output Voltage -0.56~70 \
ToPR Operating Temperature 0~ 70 °c
TSTRG Storage Temperature -65~ 150 °c
TSOLDER Soldering Temperature* Time 260 * 10 °C+Sec
Po Power Dissipation (Ta = 70°C) 1.0 W
D.C. OPERATING CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 2.0 - Vee+1.0 \
Vi Input Low Voltage -0.5 — 0.8 Vv
Vee Power Supply Voltage 4.5 5.0 55 \%
D.C. CHARACTERISTICS (Ve = 5V£10%, T, =0~ 70°C)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
I Input Leakage Current VN =0~ Vce - +0.02 +10 BA
loy Output High Current Voy = 2.4V -0.4 -2.0 - mA
loL Output Low Current VoL = 04V 2.0 4.0 — mA

OE=V|yorCS=Vy
| tput Leakage Ci t
Lo Output Leakage Curren Vout = 04V ~Vee _ +0.05 £10 uA
lce Operating Current CS= ViL or CS=Vy - - 100 mA
Isg Standby Current CS=V or CS=V_ — . 15 mA
CAPACITANCE (T,=0~ 70°C, f=1MHz)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
CiNn Input Capacitance ViN = 0V — 5 10 pF
CouT Output Capacitance VouTt =0V — 8 15 pF

Note: This parameter is periodically sampled and is not 100% tested.
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A.C. CHARACTERISTICS (Vcc=5V:10%, T, =0~ 70°C)

" TOSHIBA |

SYMBOL PARAMETER MIN, TYP. MAX. UNIT
tRC Read Cycle Time 350 — — ns
tacc Access Time - — 350 ns
tco Chip Selection to Output Valid - - 350 ns
too OE to Output Valid — - 120 ns
topc Chip Deselection to Output in High-Z - - 100 ns
t0D0 OE to Output in High-Z - - 100 ns
tpy Chip Selection to Power Up Time 0 - - ns
tPD Chip Deselection to Power Down Time - — 100 ns

A.C. TEST CONDITIONS
Input Rise and Fall Times 20ns
Timing Measurement Reference Levels Input 0.8V and 2.0V
Output: 0.8V and 2.0V
QOutput Load; 1-TTL Gate and C_ = 100pF
A.C. TIMING WAVEFORMS
tRC
A Vin Vin
Address ’ Stable
X VL ViL
tacc
v‘”—\gﬂu_ﬁ ________ =TT NV
cs/cs .
______ Ao
tco S tobc
ViH
OE
\ N i /
t0 0 — tODO———+
-Von
Do~D1q Output Data Valid
\- VoL
'e———'tpo

Supply
Current

Note: (1) CS and CS waveforms are shown by dotted line and straight line respectively.
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ACCEPTABLE FORMAT

Toshiba can accept programming and masking
information for TMM2332P in the form of punched
paper tape with Intel BNPF format or master devices
(EPROM).

OUTLINE DRAWINGS

24 2322212019 1817161514 13
theh theh chrehlh cheh choh ch
X
q p 3
- b3
R1.5 ' o
q £ <
. ey
T O O O O O {07 (o o o o o
123456 7 889101112
32.4 MAX. §' 15.24 TYP.
o b3
|

2.54+0.25 1.40.15 .
Tt i
0.5+0.15 17.4 MAX.

Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm longitudinal position with respect to No. 1 and No. 24 leads.
All dimensions are in millimeters.

3.2 MIN
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_TOSHIBA MOS MEMORY PRODUCTS

64K BIT (8K WORD X 8 BIT) MASK ROM

N CHANNEL SILICON GATE

TMM2364P

DESCRIPTION

The TMM2364P is a 65536 bit read only memory
organized as 8192 words by 8 bits with a low bit cost,
thus being most suitable for use in programming of
production apparatus using micro-processor.

Consisting of static memory cells and clocked pe-
ripheral circuitry, the TMM2364P provides a high
speed and low power dissipation (access time 250ns,
operating current 40mA).

The TMM2364P also features an automatic stand-

. by power mode. When deselected by Chip Enable
' (CE), the operating current is reduced from 40mA to

FEATURES
Single 5V + 10% power Supply

e Access Time: 250ns max.
e L ow Power Dissipation
Average Current: 40mA max.
Standby Current: 15mA max.
e Input and Output: TTL Compatible
e Three State Outputs: Wired OR Capability
PIN CONNECTION
NC.g1 7 280 Ve
Ap02 2701 €8, /TS,
A,03 26p cs,/CS,
AsO4 250 A
A5 24P A,
A6 Z 230A;,
A07 S 22pOE
A8 o 21p A,
Ade 2 20pCE
A, 010 ~ 19pD,
D, g11 180 D¢
D, g12 170 D
D, Q13 161 D,
GND 14 150 D,
PIN NAMES
Ag ~Ap Address inputs
Dy ~ Dy Data outputs
CS/CS Chip select inputs
OE Output enable inpu
CE Chip enable input
N.C. No connection
Vee Power supply terminal
GND Ground

15mA. Output Enable (OE) is effective in preventing
data confliction on a common bus line.

The TMM2364P uses the address latch system that
the falling edge of CE latches all inputs except for
OE, thus can be easily connected to a system where
address and data buses are commonly used.

The TMM2364P is fabricated with ion implanted
N-channel silicon gate technology. This technology
allows a production of high performance.

The TMM2364P is moulded in a 28 pin standard
plastic package, 0.6 inch in width.

(]

Edge Enabled Operation: CE

Output Buffer Control: OFE

e Programmable Chip Select: CS,, CS,
Easy Memory Expansion

Pin Compatible with 12364

(]

® |nputs protected: All inputs have protection
against static charge.
BLOCK DIAGRAM
Vee GND
oF

Do D; D; D3 Ds Ds Dg D,

€S, /€S, o—

buffers and latches
Chip select program

Chip select input
and decoder

SV N—

T

& Chip enable input
buffer and clock
1

Output buffers _l

Ag o—— 5
A Column decoder
A o___{ .
Aso— &
Ao 3
Aso—— % _
Ago—— 2 ¢ 3
Aso » ‘3 8 § 256 65536 bits
Ago—od £ "—j ; Memory cell
Avo—— 2 § s array
Ay oo——]
Ajjo—§
Ap o—
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MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vce Power Supply Voltage -05~7.0 \
Vin. VouTt Input and Output Voltage —-05~7.0 \
TopPr Operating Temperature 0~70 °C
TsTRG Storage Temperature —55 ~ 150 °C
Tsp Soldering Temperature - Time 260 - 10 °C - sec
Po Power Dissipation (Ta =70°C) 1.0 w
D.C. OPERATING CONDITIONS
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Vin Input High Voltage - 22 - Vee +1 Vv
ViL Input Low Voltage - —-0.5 - \
Vee Power Supply Voltage - 45 5.0 \

D.C. and OPERATING CHARACTERISTICS (Ta=0~ 70°C)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Iy Input High Current Vin =5.5V — 0.05 10 MA
L Input Low Current Vin = GND — —0.05 -10 MA
VoH Output High Voltage loH = —400uA 24 3.3 — Vv
VoL Output Low Voltage loL =3.2mA — 0.3 0.4 \
'Lou Output Leakage Current Vour =55V (E =22Vor - 0.08 10 KA
ILoL VouT =0.4V OE =22V - —0.1 —20 uA
lec Standby Current CE=22V - 8 15 mA
Icc2 Average Current tecye = 350ns, loyT = 0mA - 20 40 mA

* Typical values are at Ta = 25°C and Vg = 5V.

— 238 —




A.C. CHARACTERISTICS (Ta=0~ 70°C, V¢c =5V + 10%)

TOSHIBA

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
tee CE pulse width - 250 - - ns
tas Address Setup Time — 0 — — ns
tAH Address Hold Time - 50 — - ns
tacc Access Time — — 150 250 ns
t0o Output Delay Time from OE - — 50 120 ns
top Output Turn off Delay - - 40 70 ns
tee CE off Time — 90 — — ns
tcye Cycle Time tas =0ns, tr, tf =bns 350 - — ns

* Typical values are at Ta = 25°C and Vg = 6V.

A.C. TEST CONDITIONS

Output Load: ITTL Gate + 100pF
Input Rise and Fall Times (10% ~ 90%): 5ns
Input Pulse Levels: 0.8 ~ 2.4V
Timing Measurement Reference Levels: Input; 1V and 2.2V

Output; 0.8V and 2.0V




TOSHIBA

CAPACITANCE (Ta=25°C, f=1MHz)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
CiN Input Capacitance ViN =A.C. GND — 5 10 pF
CouT Output Capacitance VouTt =A.C. GND - 8 15 pF

Note: This parameter is periodically sampled and is not 100% tested.
TIMING WAVEFORMS
Ag ~A 1
o~an :‘;D\':fflsbcs" ADDRESS, CS, CS; MAY CHANGE ><
Csy, CSy ‘ 1
tAs  taH tec
CE ————-—-——31\ ' tCcE l
. S
— too
" N
tace ‘OD“)
HIGH-Z m‘ ) HIGH-Z
Do ~D7 \ DATA VALID —
XXX Ny 4
tcye

Note (1) tgp is specified from OE or CE, whichever occurs first.
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OPERATION MODE
CE CSy, CS,, Address OE OUTPUT MODE
H (1) (1) High Z Standby
= Valid (1) High Z Latch
L (2) L Data out Read
Note (1) Don’t care
(2) €Sy, CS;, Address may change after tap-
1 cycle
APPLICATION INFORMATION CE \\//m '4\
L
1. _POWER SUPPLY DECOUPLING o oo M
The operating current lec waveforms for TMM2364P are shown in Fig. (™4 ‘3‘3 11
1,2. 20 ]
The TMM2364P is a clocked device, so the transient current peaks are pro- 10 ] /
duced on the CE transition and CE active level. °0 700 200 300 400 500
The lgc current transients require adequate decoupling of Ve power
‘ SUDDW Time (ns)
: Fgi. 1 lgc vs time (CS: Select)
1 {!
2. POWER ON -
The TMM2364P requires initialization prior to. normal operation. Two C_E\\’,'It B 1)
initialization methods are as follows: 60
(1) A minimum 100us time delay is required after ‘the application of :ﬁi, iz
Vee (+BV) Efore proper device operation is achieved. And during 30 Y 1
this period, CE must be at Vi level. 20 { f 7
(2) A minimum 100us time delay is required after the application of ‘g
Vee (BV), and then a minimum of one initialization cycle must be 0 100 200 300 400 500
performed before proper device operation is acheived. Time (ns)

Fig. 2 Icc vs time (CS: Deselect)

Initialization cycle: An initialization cycle is one Chip Enable clock cycle from the first down edge of the
CE till the next down edge.
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TOSHIBA PAPER TAPE FORMAT

Use 7 or 8-bit (even parity) ASCII code paper Tape for ROM data input.
Two acceptable formats which are described in section A and B are available.

(when a check sum per word is used)

A. Format 1
NULL
‘TMM2364rP- 000" /
‘MsB =D7' )
N8;
ROOC0: X7FP7;.....; x07P3; )
ROOO8; x38P3; ... . ; XESP5; )
R 16; X10P1; . ... .;X6BPS5; J
R8176; X4DP4;. . ... ;XBSP5; )/
R8184; X2CP3,. . ... ;XA4P3; J
(csy=1
(csy=0) )
s )
NULL

Preceding the first data field and following the last data field there must
be a leader/trailer length of at least 50 null characters.

Contents in a single quotation mark (, . . . ..,) signify a comment and
000 O indicates a four-digit user pattern number.

4/ indicates carriage return and line feed.

Specify the most significant bit (MSB) of the device outputs (D; or Dy )
N8 indicates that the mask pattern is an 8-bit pattern.

Semicolon ( ;) signifies a punctuation of data.

R signifies an address. Enter the address with the four decimal digits
every 8-words after the character R.

X signifies a hexadecimal digit.
Enter the data with the two hexadecimal digits every word after the
character X.

P signifies the check sum per word.
Enter the sum of 1 in a one word decimal after the character P.

* Data Modification

Modifying single and continuous word data can be carried out by
specifying the modifying addresses and inputting the data following the
above procedure before the end symbol.

Modification can be allowed from 0 to 8191 addresses.

Specify the active logic of chip selects (CS; and CS,) in the parentheses
respectively.

Enter 1" and "0’ when active at high and low levels, respectively.

An example is shown in the left figure.

In this example, the dévice is selected under the condition that CS, and
CS, are at high and low levels, respectively.

$ signifies the End symbol.
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B. Format 2 (When a check sum per word is not used)

NULL

“Tmmz3esr-00000 J
‘MSB = D7 J
N8; /)
ROOO0; X7F5A ... .. 39€5: )
ROO16 ; x108C..... B241; )
RO32 ; X2DBA ....36C7; J
R8160; X1EC5 . .. .. 31DE; J
R8176; X4DA6 ....1BA4; )
(cs =1 J
(€8, =0) J
$ J
NULL

In addition, Toshiba can also ac

R signifies an address.
Enter the address with the four decimal digits every sixteen words after
the character R.

X signifies a hexadecimal digit.
Enter the data of sixteen words continuously after the character X.

Otherwise specified in Format 1.

TOSHIBA

cept programming and masking information for TMM2364P in the form
of punched paper tape with Intel BNPF format or master devices (EPROMs).
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OUTLINE DRAWINGS
Unit: mm

28 27 26 25 24 23 22 21 20 19 18 17 16 15

il o T e o I O e o o o |
R1.5 l 3
q ' 1 X
<
~ _ ! ~ s
D]
| l b p

37.4 MAX. 15.24 TYP.
°
X A8
<
s ; T
© '3 !
- ; i
] 0
K +0.1
025_0‘05
r —
z
‘ 0.5%0.15 E
s
2.5410.25 1.4%0.15 0.2 MAX. o 17.4 MAX.

Note: Each lead pitch is 2.54 mm.

All leads are located within 0.25 mm of their true longitudinal position with respect to No. 1
and No. 28 leads.

Note: 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.
©Aug., 1980 Toshiba Corporation
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-TOSHIBA MOS MEMORY PRODUCTS

64K BIT (8K WORD x 8BIT) MASK ROM

N-CHANNEL SILICON GATE

TMM2365P

DESCRIPTION

The TMM2366P is a 65536 bit fully static read
only memory organized as 8192 words by 8 bits with
a low bit cost, thus being most suitable for use in
programming of production apparatus using micro-
processor.

The TMM2365P is fully compatible with a 64 K
bits EPROM TMM2764D, so completely replace
EPROM socket.

The TMM2365P also features an automatic stand-
by power mode. When deselected by Chip Enable

FEATURES

e Single bV power Supply
o Access Time: 200ns max.
e Power Dissipation
Average Current: ~ 100mA max.
Standby Current: 25mA max.
e Input and OQutput: TTL Compatible

(CEy ~ 3/CE; ~ 3), the operating current is reduced
from 100mA (MAX) to 26mA(MAX). Output Enable
(OE) is effective in preventing data confliction of a
common bus line.

The TMM2365P is fabricated with ion implanted
N-channel silicon gate technology. This technology
allows a production of high performance.

The TMM2365P is moulded in a 28 pin standard
plastic package, 0.6 inch in width.

e Three State Outputs: Wired OR Capability
e Output Buffer Control: OE
e Programmable Chip Enable: CE4/CE;, CE2/CE,
CE4/CE;
Easy Memory Expansion
e Compatible with 64K EPROM TMM2764D

PIN CONNECTION BLOCK DIAGRAM
nvedt N~ asbvee Vee GND
A2 273 CE,/CE; /NC
A3 26 [ICE,/CE,/NC _ ? ?
Ae]a 255 As oF ] DoDy Dy D3 D4 Ds Dg D7
. 73987917
A6 % 28P1Ay CE, /CE; ce 2r -
A7 T 22Q0E o E 5
A > oBae CE,/TE; O—f %E . E§ ] &E | .| OUTPUT BUFFERS
A Qo S 2ofcE/CE; . 83 35 33
Ao 10 191D, CE4/CE; O—»f
Do g 1 18[ D¢ 8
Dy 12 17305 ]
D, 013 16{3 D4 — N COLUMN
GND 14 151 D3 Ao O~ 5 DECORDERS
Al O »
Ay o= &
PIN NAMES Ay O~ & 32x8
2
Ao ~ Aqz Address inputs Ar 0= @
= As o= 5 k4
Do ~ D4 Data outputs A 0| B &
OE Output enable input A oe 3 £
— . N
CE, /CE, ,CE,/ ) . Ag o= & :>s 5] 256 MEMORY CELLS
P ‘=== | Chip enable inpu u 256 x 32 x 8
CE, .CE3/CE, P puts A ol & S 7
N. C. No connection A10O= < ]
Vec | Power supply terminal Allo"*
GND | Ground 2
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MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vee Power Supply Voltage —-05~7.0 \
Vin. VouT Input and Output Voltage -0.56~7.0 Vv
ToPr Operating Temperature 0~70 °c
TsTG Storage Temperature —55 ~ 150 °c
Tsp Soldering Temperature * Time 260+ 10 °C -+ sec
Pp Power Dissipation (Ta = 70°C) 1.0 W
D.C. OPERATING CONDITIONS

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
ViH Input High Voltage - 2.0 — Veet+1 \
ViL Input Low Voltage — —0.5 - 0.8 \
Vee Power Supply Voltage — 4.5 5.0 5.5 Vv

D.C. and OPERATING CHARACTERISTICS (Ta=0~ 70°C)
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
(I Input High Current VN = 5.5V — 10 uA
I Input Low Current Vin = GND — —10 MA
Vou Output High Voltage lon = —400uA 2.4 - \
VoL QOutput Low Voltage loL =3.2mA — 0.4 \%
Lo Output Leakage Current OV < VouT £ Vee -10 10 HA
leet Standby Current CE =2.0V,CE=0.8V — 25 mA
lcc2 Average Current tcyc=200nS, loyT=0mA — 100 mA

A.C. CHARACTERISTICS (Ta= 0~ 70°C, Vcc =5V * 10%)

SYMBOL PARAMETER MIN. MAX. UNIT
tacc Access Time — 200 ns
tce Output Delay Time from CE/CE — 200 ns
toE Output Delay Time from OE - 70 ns
tobp Output Turn off Delay — 60 ns
tcye Cycle Time 200 — ns

A.C. TEST CONDITIONS
® OQutput Load :1TTL Gate + 100pF ® Timing Measurement Reference Levels
® [nput Rise and Fall Times (10% ~ 90%) : 5 ns Input ; 1V and 2.0V

® |Input Pulse Levels

:0.8~22v
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CAPACITANCE (Ta=25°C, f = 1MHz)

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Cin Input Capacitance Vin =A.C. GND = 8 pF
Cout Output Capacitance VouT = A.C. GND - 10 pF

Note: This parameter is periodically sampled and is not 100% tested.

TIMING WAVEFORMS

tcyc
Ao ~ Az X ADDRESS STABLE X
tacc
CE; ~3
CE; ~ 3 (CEy ~ 3) CE; ~ 3
tce
— —
OE
too
toe
Dy ~7 m DATA VALID

Note: top is specified from OE or CE/CE, whichever occurs first.

POWER ON

The TMM2365 has self substrate-bias generator required after the application of Ve (4.5 ~ 55V)
internally. So a minimum 100us time delay is before proper device operation is achieved.
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OUTLINE DRAWINGS

28 27 26 2524 23 22 21 2019 18 17 16 15
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<
5
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K THTH T !
.
H 0.5:0.15 z
2.54:0.25 1.4:0.15 0.2MAX. g
] «©

Note: Each lead pitch is 2.54mm.

Unit in mm

15.24 TYP.

17.4MAX.

All leads are located within 0.25mm of their true longitudinal position with respect No. 1 and No. 28 leads

Note: 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.
© Feb., 1983 Toshiba Corporation
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- TOSHIBA MOS MEMORY PRODUCTS

64K BIT (8K WORD x 8 BIT) MASK ROM
N-CHANNEL SILICON GATE MOS

TMM2366P

DESCRIPTION

The TMM2366P is a 65536 bit fully static read

only memory organized as 8192 words by 8 bits with
a low bit cost, thus being most suitable for use in
programming of production apparatus using micro-
processor.
The TMM2366P also features an automatic standby
power mode. When deselected by Chip Enable (CE/
CE), the operating current is reduced from 100mA
(MAX) to 25mA (MAX).

FEATURES

® Single 5V power Supply

® Access Time: 200ns max.

® Power Dissipation
Average Current: 100mA max.
Standby Current: 25mA max.

PIN CONNECTION

———
Ao 24 Vec
As]2 23[1As
AsC]3 22 A9
As]4 213A12
Asgls 2 20[ICE/CE
A6 N 193A10
A7 o 18[3A1L
Als £ 17[Ds
Dod9 16 D¢
D;10 15[3Ds
D011 1430,

GND12 13303

PIN NAMES
Ap ~ Arz Address inputs
Do ~ Dsy Data outputs
CE/CE Chip enable input
Vee Power supply terminal
GND Ground

The TMM2366P is fabricated with ion implanted
N-channel silicon gate technology.

This technology allows a production of high perform-
ance.

The TMM2366P is moulded in a 24 pin standard
plastic package, 0.6 inch in width,

® |nputand Output: TTL Compatible

® Three State Outputs: Wired OR Capability
® Programmable Chip Enable: CE/CE

® Compatible with TMS4764

BLOCK DIAGRAM

Vcc GND

[

Dy Dy D; D3 D4Ds Dg D7

LT

Control Output
= ontrol f
CE/CE 0— Circuit Buffers
A
0 Zj Column Decorders
Ay
Ay O
A3 osf ¢ 32x8
Ay o= &
As o B
2 o
Ag o~ g 5
Ar oel @ 8 ) % 256 | Memory Cells
N 3 256 x 32 x 8
8 hel a
Ag O+ < g
Ajo O+ «
Ajq O+
Appow |
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MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT

Vee Power Supply Voltage —05~7.0 \%

VIn. VouT Input and Output Voltage —-0.56~7.0 \%

TopPr Operating Temperature 0~70 °C

TSTRG Storage Temperature —B5 ~ 150 °C

Tsp Soldering Temperature Time 26010 °C * sec

Pp Power Dissipation (Ta = 70°C) 1.0 w

D.C. OPERATING CONDITIONS
SYMBOL PARAMETER CONDITIONS MIN. TYP, MAX. UNIT

Viy Input High Voltage — 2.0 - Veet+1 \
ViL Input Low Voltage — —0.5 - 0.8 \
Vee Power Supply Voltage — 4.5 5.0 5.5 Y

D.C. and OPERATING CHARACTERISTICS (Ta=0~ 70°C)

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
i1 Input High Current Vin = 5.5V - 10 MA
I Input Low Current Vin = GND — -10 MA
VoH Output High Voltage loH = —400uA 2.4 — \
VoL Qutput Low Voltage loL = 3.2mA — 0.4 \%
Lo Output Leakage Current 0V £ Vout £ Vee —10 10 UA
[ Standby Current CE =20V, CE=0.8V - 25 mA
lcc2 Average Current tcye = 200ns, loyT = OmA - 100 mA
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A.C. CHARACTERISTICS (Ta=0~ 70°C, Vg¢ =5V * 10%)

TOSHIBA

SYMBOL PARAMETER MIN. MAX. UNIT
tacc Access Time — 200 ns
tce Output Delay Time from CE/CE — 200 ns
top Output Turn off Delay - 60 ns
teye Cycle Time 200 — ns

A.C. TEST CONDITIONS

® OQutput Load : 1TTL Gate + 100pF

® Input Rise and Fall Times (10% ~90%) : 5 ns

® [nput Pulse Levels :0.8~22v

® Timing Measurement Reference Levels : Input; 1V and 2.0V
Output; 0.8V and 2.0V

CAPACITANCE (Ta= 25°C, f = IMH2)

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT

CiN Input Capacitnace Vin =A.C. GND — 8 pF

CouT Output Capacitance Vout = A.C. GND - 10 pF

Note: This parameter is periodically sampled and is not 100% tested.
TIMING WAVEFORMS
tcyc
Ap ~ A2 ADDRESS STABLE
t
Acc cE
CE/CE X CE
tce tobp
Do~ D - N
A DATA VALID )

POWER ON

The TMM2366 has a self substrate-bias generator
internaly. So a minimum

100 us time delay is

required after the application of Vec (4.5 ~ 5.5V)
before proper device operation is achieved.




TOSHIBA

OUTLINE DRAWING

24232221 20191817161514 13
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L 0.
N 250,05
2,54 £0.25 14%0.15 .
Z
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Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm longituidnal position with respect to'No. 1 and No. 24 leads.

All dimensions are in millimeters.

Note: 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.
© Feb., 1983 Toshiba Corporation

Distributed by
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“TOSHIBA MOS MEMORY PRODUCTS

16,384 Word x 8 Bit Mask ROM

N-CHANNEL SILICON GATE MOS

TMM23128P

PRELIMINARY
N
FEATURES
e Fully Static Operation ® Inputand Output: TTL Compatible
® 16,384 word x 8 bit Structure e Three State Outputs
e Single bV Power Supply e Programmable Chip Select
® tacc = 200 ns max. e Pin compatible with EPROM TMM27128
® Topr=0~ 70°C e 28 pin 600 mil. Width DIP Plastic Package
® |cc ope =80 mA max.
® |cc sby =20 mA max.
~ PIN CONNECTION BLOCK DIAGRAM
Vcec GND DD 1D2D304DsDgp7
———
NC {1 28 | Vee — (r
Al 2 27 | c81/88 ;/NC OE o 1
A7 |3 26 | A3 w
2 | 4 25 | A €81/85, 0 3 2. - 23:‘-?‘;;‘_ -—I OUTPUT BUFFER I
As |5 24 | Ag ; el ] E:‘,
Aq |6 23 | An e w gg
A3 |7 22 | OE €8,/E8,0—=|IZ 2 00
o= o
Az s 21 | Ao
AL |9 20 | CS,/CS, ‘__—J
A o [
,30 1 I B Ap O—=f COLUMN DECODER
o |11 18 | D Ay
D1 {12 17 | Ds A2 O—=f 5
D2 {13 16 | Da Az o=
GND| 14 15| D3 Ado—e 2
As O—ef
(TOP VIEW) :6 2 i
70— z | ¢ MORY CELL
Ag O—= = 3 M RRAY
Ag O—= 3 g 16,384 x 8
A100—=
A11 00— g g
Apo—= & T
A13 O—»y
PIN NAMES
Ao ~ Az Address Inputs
Do ~ D1 Data Outputs
CSy ~,/CSy ~ Chip Select Inputs
OE Output Enable Input
N.C. No Connection
Vee 5V Power Supply
GND Ground




TOSHIBA

Note: 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.
©Nov., 1981 Toshiba Corporation
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- TOSHIBA MOS MEMORY PRODUCTS

TMM23256P 256K BIT (32K WORD x 8 BIT) MASK ROM

N-CHANNEL SILICON GATE

TMM23256P

DESCRIPTION

The TMM23256P is a 262,144 bit read only
memory organized as 32,768 words by 8 bits with a
low bit cost, thus being most suitable for use in
character generator.

Consisting of static memory cells and clocked pe-
ripheral circuitry, the TMM23256P provides a high
speed and low power dissipation (access time 150ns,
operating current 40mA).

The TMM23256P also features an automatic stand-
by power mode. When deselected by Chip Enable
(CE), the operating current is reduced from 40mA to

FEATURES

o Single 5V Power Supply

® Fast Access Time : 150ns (Max.)

e Low Power Dissipation
Average Current 40mA (Max.)
Standby Current : 10mA (Max.)

e Inputs protected : All Inputs have Protection
Against Static Charge

PIN CONNECTION

N.c.[]1 28[Vce
A12[]2 27[0A14
A103 26 A3
Asa 25[1Ag
As[]s 24[0Ag
A6 23[0A11
A7 2210
A0s 210A10
Ay Ace
Ao Ho-
Do p D¢
Dy Ds
D2 ;04
GND ;.33
PIN NAMES
Ao ~ Ays Address Inputs
Dy~ D4 Data Outputs
OE Output Enable Input
CE Chip Enable Input
N.C. No Connection
Vee Power Supply Terminal
GND Ground

10mA. Output Enable (OE) is effective in preventing
data confliction on a common bys line.

The TMM23256P uses the address latch system
that the falling edge of CE latches all inputs except
for OE, thus can be easily connected to a system
where address and data buses are commonly used.

The TMM23256P is fabricated with ion implanted
N-channel silicon gate technology. This technology
allows a production on high performance.

The TMM23256P is moulded in a 28 pin standard
plastic package, 0.6 inch in width.

e Edge Enabled Operation : CE

e Output Buffer Control : OE

e [nputand Output : TTL Compatible

e Three State Outputs : Wired OR Capability
e 28 pin Standard Plastic DIP

BLOCK DIAGRAM
Vce GND
I I DD 1D2D304D5DgD,
TS
A‘:33~ Output
_ Chip, Enable Buffers
CEO——  |nput Buffer
and Clock
* 8
Ao o—|
Al o— Column
Az o—] 8 8 Decoder
A3 o—| g
A d
4 H .g
As o— &
A @ 8 x 64
60— 5
A7 o— E
Ag o— « 3
5 °
A9 o= £ g
Aj100—|
10 g |9 g 512 262,144 bits
4 - .
Alro 3 2 Memory cell
A120 < array
A13 0—
A1 0—
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MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vce Power Supply Voltage -0.56~7.0 \%
Vin. VouTt Input and Output Voltage —-05~7.0 \
ToPr Operating Temperature 0~70 °C
TsTRG Storage Temperature —55~ 150 °C
TSOLDER Soldering Temperature - Time 260 - 10 °C - sec
Pp Power Dissipation (Ta = 70°C) 1.0 W
D.C. OPERATING CONDITIONS
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
ViH Input High Voltage - 22 - Vee +1 \%
ViL Input Low Voltage — —-05 — 0.8 \%
Vee Power Supply Voltage - 45 5.0 55 \
D.C. and OPERATING CHARACTERISTICS (Ta=0~70°C)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
IH Input High Current V|N = 5.5V - 0.05 10 MA
TR Input Low Current Vin = GND — -0.05 -10 MA
Von Output High Voltage loy = —400uA 24 3.3 — \%
VoL Output Low Voltage loL = 3.2mA - 0.3 04 \
| Vout =55V | CE=22V - 0.05 10 A
LOH Output Leakage Current ouT - or H#
oL VouT =04V OE =22V — —0.1 —20 MA
Icci Standby Current CE =22V - - 10 mA
lccz Average Current teye =230ns, loyt =0mA = = 40 mA

« Typical values are at Ta = 25°C and V¢ = 5V.
CAPACITANCE (Ta=25°C, f=1MHz)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
CiNn Input Capacitance Vin =A.C. GND - 5 10 pF
CouT Output Capacitance VouTt =A.C. GND - 8 15 pF

Note : This parameter is periodically sampled and is not 100% tested.
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A.C. CHARACTERISTICS (Ta=0~70°C, Vec =5V + 10%)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
tce CE pulse width - 150 — - ns
tAS Address Setup Time - 0 - - ns
tAH Address Hold Time - 30 - - ns
taCC Access Time o - = - 150 ns
too Output Delay Time form OE - - - 70 ns
top Output Turn off Delay — — — 70 ns
tce CE off Time - 70 - - ns
tcye Cycle Time tas =0ns, tr, tf =5ns 230 - - ns

« Typical values are at Ta = 25°C and Ve = 5V.

A.C. TEST CONDITIONS

e Qutput Load : 1TTL Gate + 100pF

e Input Rise and Fall Times (10% ~ 90%) : 5ns

e [nput Pulse Levels : 0.8~ 2.4V

e Timing Measurement Reference Levels : Input ; 1V and 2.2V
Output ; 0.8V and 2.0V

TIMING WAVEFORMS

Ao ~ A4

Do ~Dq

Note (1) top is specified from OE

~¢

ADDRESS
VALID

X

el
ADDRESS MAY CHANGE

tAS

(S

g/

tcc

'AH’l
q\“ tce

N

too
N

/!

tacC

HIGH - Z

tcvye

LEX XN :DATA VALID
W}x_,,—_}

or CE, whichever occurs first.

= 257 —

HIGH - Z




TOSHIBA

OPERATION INFORMATION

The TMM23256P has two control functions.

The chip enable (CE) controls the operation power
and should be used for device selection. The falling
edge of the CE will activate the device and latch the
addresses. The output enable (OE) control the out-

put buffers, independent of device selection. Assum-
ing that OE = VL, the output data is valid at the
outputs after tacc (150ns) from the falling edge of
the CE.

The operation modes of the TMM23256P are listed in the following table.

MODE CE ADDRESS E OUTPUT POWER
Standby H * * High Impedance Standby
Latch N Valid * High Impedance —
Read L ** L Data Out Active
Output Deselect L * H High Impedance Active

Note * Don't care

*%

Address may change after tay.
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APPLICATION INFORMATION

1. POWER SUPPLY DECOUPLING

The operating current Icc  waveforms for TMM
23256P are shown in Fig. 1, 2.

The TMM23256P is a clocked device, so the tran-
sient current peaks are produced on the CE transition
and CE active level.

The Icc current transients require adequate de-
coupling of V¢ power supply.

2. POWER ON

The TMM23256P requires initialization prior to
" normal operation. Two initialization methods are as
follows:

(1) A minimum 100us time delay is required
after the application of Vcc (+6V) before
proper device operation is achieved. And dur-
ing this period, CE must be at Vi level.

(2) A minimum 100us time delay is required
after the application of Ve (5V), and then a
minimum of one initialization cycle must be
performed before proper device operation is
acheived.

Initialization cycle : An initialization cycle is one
Chip Enable clock cycle from the first down edge of
the CE till the next down edge.

al

Icc (mA)

ml

[2]

— 2.0V

o
m

Icc (mA)

TOSHIBA

1 cycle
l_,_ ——|
2.2v ] \
0.0v
- L
0.0v e -

60

20

W
|
)

A/

-

100 200 300

Time (ns)

400 500

Fig. 1 Icc vs. Time (1)

o tevele |
2.0v ‘\ =
0.0v =
0.0v T
80| ||

GOH
40’» *

\/

A
\

L]
A

20 j
W\ LAJ Y
o 100 200 300
Time (ns)

400 500

Fig. 2 Icc vs. Time (2)
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OUTLINE DRAWINGS

Unit : mm

|
14.2 MAX

| G O
9 10 11 12 13 14

%
<
37.4 MAX. E 15.24 Typ.
X 5
s ’7L\
©
- it Il | Il L — | L Il N Il | Il
= T T 1 TTTT
AT
40.1
0.25% "
J N e | B
H 0.5%+0.15
' z
2.54%0.25 1.4+0.15 0.2 MAX. < L 17.4 Max.
I z —
©

Note:  Each lead pitch is 2.54 mm.
All leads are located within 0.25 mm of their true lingitudinal position with respect to No. 1 and No. 28 leads.

Note: 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.
©Nov., 1981 Toshiba Corporation
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32 K Bit CMOS MASK ROM COMPARISON TABLE

PIN CONFIGURATION

TC5332P

TC5333P

TC5334P

TOSHIBA |

OVoo
[ Ag

D ce,/CE,
] ce,/CE,

TC5335P

Operationiwide Table
TC5332P TC5333P
Pi CE OE CE OE

ﬂu'\rlr?g:' Cﬁ/é:)E (gg) Addresses | Outputs Power ((1:8) (gg) Addresses | Outputs Power
Address Latch - = * Valid High-Z -
Read H/L Valid Dout Active L L * Dout Active
Standby L/H * * High-Z Standby H * * High-Z Standby
Output Deselect H/L H * High-Z Active L H * High-Z Active

Operation Mode

Fully Static Operation (Asynchronous Type)

Address Latched Operation (Synchornous Type)

_ TC5334P TC5335P
m'\(‘f?&? CE(‘Z/()%E‘ CEZ]/)C B2l Addresses Outputs | Power (gg) ((2)1E ) | Addresses | Outputs | Power
Addresses Latch T * Valid High-Z -
Read H/L H/L Valid Dout Active L L * Dout Active
Standby 1 L/H * * High-Z Standby H * * High-Z Standby
Standby 2 * L/H * High-Z Standby
Output Deselect L H * High-Z Active

Operation Mode

Fully Static Operation (Asynchronous Type)

“Address Latched Operation (Synchronous Type)
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-TOSHIBA MOS MEMORY PRODUCTS

4K WORD x 8 BIT CMOS MASK ROM
SILICON GATE CMOS

TC5332P

DESCRIPTION

The TC5332P is a 32,768 bit low power read only
memory organized as 4,096 words by 8 bits using
CMOS technology, and operates from a single 5V sup-
ply.

The TCbH332P has a programmable chip enable
input (CE/CE) for device selection and a output
enable input (OE) for fast access and output control.
The maximum access times from address and chip
enable are both 450 ns.

FEATURES

® Access Time: 450ns

® | ow Power Dissipation

lopo = 7mA (Max.) : Operating

lbps = 20uA (Max.) : Standby

All Inputs and Outputs: TTL Compatible
Three state outputs

PIN CONNECTION (tor viEw)

—
A7 24[1Voo
As]2 23[JAs
As[]3 22[] A9
As[]a 21JAn
A3[]5 20[] OE
A6 19(J Ao
A7 18| CE/CE
Ao]8 17007
Do[jo 16[1 D¢
Di[]10 15| ] Ds
D11 141 Da

GND[]]12 13(Jo3

PIN NAMES
Ao ~ A ADDRESS INPUTS
Do ~ Dy DATA OUTPUTS
CE/CE CHIP ENABLE INPUT
OE OUTPUT ENABLE INPUT
Vpb POWER (+5V)
GND GROUND

The TCB332P is pin compatible with the industry
produced NMOS ROM TMM2332P, yet offers a more
than 90% reduction in power of their NMOS equiva-
lent. The TC5332P’s maximum operating and stand-
by current is 7mA and 20uA, respectively. Thus the
TCH332P is most suitable for use in low power
applications such as battery operated system.

The TC5332P is molded in a 24 pin standard
plastic package.

Fully Static Operation -

Two Control Functions: CE/CE, OE
Programmable Chip Enable: CE/CE

Output Control: OE

Pin Compatible with TMM2332P and TMM2732D
Standard 24 pin Plastic Package

BLOCK DIAGRAM

Vpp GND
i 1) Dp Dy D, D3D4Ds Dg D7
OE
CE CE Output Buffers
OE
Ago—]
Column Decoder
Ay o—
Az 0—
e e
Aso—{ &
- € -

Aso— @

@
Aso— 8

T L
Ato— 32 3

7 o ] 128 Memory Cell Array

Ago— & (256 x 128)
Ago——1 H
A1900— ©
A110—
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ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING
Vpp Power Supply Voltage -0.3V~ 7.0V
Vin Input Voltage -0.3V~7.0V
Vout Input/Output Voltage 0V ~ Vpp
Pp Power Dissipation (Ta = 85°C) 0.8W
TstG Storage Temperature -55°C ~ 150°C
TopPr Operating Temperature -40°C ~85°C
TSOLDER Soldering Temperature * Time 260°C ~ 10 sec

RECOMMENDED D.C. OPERATING CONDITIONS (Ta=-40°C ~ 85°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vpp Power Supply Voltage 45 5.0 5.5 \
Vin Input High Voltage 22 - Vpp+0.3 \
ViL Input Low Voltage -0.3 - 0.8 \

D.C. CHARACTERISTICS (Ta=-40°C ~ 85°C, Vpp =5V + 10%)

SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
I Input Load Current 0<Vin £ Vop - - +1.0 UA
Lo Output Leakage Current CE=V,_ (CE=V)y), 0V < Vot £ Vpp - - 5.0 A
loH Output High Current Vo =24V -1.0 -4.0 - mA
loL Output Low Current VoL = 0.4V 2.0 4.0 — mA
| CE=0.8V (CE=22V) - 0.5 2.0 A

oSt Standby Supply Current (._ m

1bDS2 CE=0.2V (CE = Vpp —0.2V) - 0.05 20 | wA
CE=V,, (CE=V,, ), t.,.=1us,
Iopo1 H fL o eve - 6.0 100 | mA
Operating Supply VIN = VIH/VIL, lout = OmA
Current CE = Vpp (CE =0V), toc = Tus

I rove ' - 4.0 7.0 A

bboz2 ViN = Vpp/GND, Iy = OmA "

Note: Typical values are at Ta = 25°C, Vpp = 5V.

CAPACITANCE

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Cin Input Capacitance — 5 10 pF
Cout Output Capacitance - 5 10 pF

Note: This parameter is periodically sampled and is not 100% tested.
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A.C. CHARACTERISTICS (Ta=-40~ 85°C, Vpp =5V * 10%)

]
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
tacc Address Access Time — — 450 )} ns
tce Chip Enable Access Time — — 450 ns
toe Output Enable Access Time - — 150 ns
top Output Desable Time - — 100 ns
tcye Cycle Time 450 - - ns

A.C. TEST CONDITIONS

® Qutput Load : 100pF + 1TTL Gate
® |nput Pulse Levels : 0.6V, 24V
® Timing Measurement Reference Levels
Input : 0.8Vand 22V
Output . 0.8Vand 22V
' ® Input Pulse Rise and Fall Times : 10ns

TIMING WAVEFORMS

tcyc
Ag ~ Aqg >< Address Stable ><
tacc
N ¢
CEce X N o
tcE tob
OE \, / 00
toE
/s
Do ~Dq now Output Data Valid >——————

OPERATION MODE

MODE CE/CE OE ADDRESS | OUTPUTS
Read H (L) L Valid Data out
Standby L (H) * * High Z

* : Don’t care
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tacc [ns]

tacc [nsl

Ippo1 [mA]

Ippo2 [MA]

TYPICAL CHARACTERISTICS

500
taccvs Vop tce vs- Vop 150 toevs. Vop
Ta=25C 200 Ta=25°C Ta=25°C
400 C = 100pF +1TTL Cp = 100pF + 1TTL CL = 100pF + 1TTL
~ 100
— c
300 ¢ 300 <
w 2 50
200 * 200}
0
100 100 n .
3 4 5 6 7 3 4 5 6 7 3 4 5 6 7
Vpp (V] Vpp [V] Vpp [V]
taccvs Ta tegvs. Ta togvs Ta
Vpp = 4.5V Vpp = 4.5V Vpp = 4.5V
CL =100pF +1TTL CL = 100pF + 1TTL CpL =100pF+1TTL
200 L 400 L P 150 L
@ —_
300 £ 300 e 100
o £
o w
K 8 /
200 200 s 50
100 ol— -
-40 ) 40 80 1007725 ) 40 80 -40 0 40 80
Ta [°C] Ta [°C] Ta [°C]
'ppo1 vs: Vbbb Ippo1 vs- Ta IpbDO1 Vs teycle
CE =08V Vpp = 5.5V
e= Vpp = 5.
OE = 0.8V CE=0.8V
6 Ta=256°C 6 GE = 0.8V € .
"~ 3
s teycle = s ~ s teycle = s ~ s Ta=25°C
T g \__
a E a4 £ 4
: = \ 5
a 3 3 3
2 o L 2
1 1 1
° — "
3 2 5 6 7 R—T 0 40 80 % 1 2 3 4
o
Vpp (V] Ta ["C] Teycle [ks]
IppO2 Vs Vpp IpDO2 vs. Ta 1pD02 V8- teycle
CE=o0.2v Vpp = 5.5V Vpp = 5.5V
OF = 0.2v cEZ0.av P20
3 2 3 = CE=0.2v
Ta=25°¢ GE = 0.2V OF = 0.2V
toycle = us 3 teycle=lus Ta=25°C
<
2 L €
3 N SN~ —
a o
o a
1 - 1 _D
° ° " -
3 4 5 6 7 -40 o 40 80 0 1 2 3 4 5
Vpp (V] Ta[°C] teyele lus]
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1pps2 [nA]

TOSHIBA

1pps1 Vs Vi (CE) 5ol 'DDS2VE Vin (CE) 25 Vine ViL Vs Vbp
Vpp = 5.5V 30 Vpp = 5.5V Ta=25°C
Other Iv;put =0.8~2.2V Other Iroxput =0.8~2.2V
- Ta=25°C
500 Ta=25°C B 3 20 M
—_ < 10 = Vi
< 400 £ El
=2 I >
300 @ 5 . 15
R 9 I
i a = 3
'8 200 >
100 1.0
0 1
20 3.0 40 40 50 6.0 a 5 6 7
Vn(CE) [V] VN (CE) [V] Vpp (V]
i .V
25 Vip, ViLvs. Ta oHve- YoH loL vs: VoL
= Vin VDD = 5:5V e yoo - 15 Vpp = 4.5V
> _ a=25C Ta=25°C
Z 50 ViL Vpp = 4.5V
2 < <
S w g -10 £ 10
i I >
5 1.5 Vi :0: 2
- -5 5
1.0
o o
-40 o 40 80 1.0 2.0 3.0 4.0 [ 0.4 0.8 1.2
Ta (°C] VoR (V] Vo (V]
Ipps2 Vs Ta
100
10

0 40 80
Ta [°C]
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TOSHIBA PAPER TAPE FORMAT

Use 7 or 8-bit (even parity) ASCIl code paper tape for ROM data input.
Two acceptable formats which are described in section A and B are avail-

able.

A. Format 1 (when a check sum per word is used)

NULL

TC5332P-0000 J

Preceding the first data field and following the last data field there must be
a leader/trailer length of a least 50 null characters.

Contents in a single quotation mark (, . .. .. ,) signify a comment and
0O 0O 0O O indicates a four-digit user pattern number.

‘MSB=D," / _ indicates carriage return and line feed.
N8, J Specify the most significant bit (MSB) of the device outputs (D, or Dy)
N8 indicates that the mask pattern is an 8-bit pattern.
. i ) )
ROOOIO; X7FP7; .. .. i XQ7P3; Semicolon ( ;) signifies a punctuation of data.
ROOIOI8; X38P3; .. . . ; XEGPG; /
R OO16; X10P1; ....; X6BP5; /| R signifies an address. Enter the address with the four decimal digits every
8-words after the character R.
- X signifies a hexadecimal digit.
Enter the data with the two hexadecimal digits every word after the charac-
R ter X.
P signifies the check sum per word.
- Enter the sum of 1 in a one word decimal after the character P.
* Data Modification
Modifying single and continuous word data can be carried out by specify-
R4080: X4DP4; . ... X8BP5; 4| ing the modifying addresses and inputting the data following the above
R4088; X2CP3: . ... XA4P3;/ procedure before the end symbol.

Modification can be allowed from O to 4095 addresses.

(cs=1)/ Specify the active logic of chip enable CE/CE (18PIN) in the parentheses.
Enter CS = 1 and CS = 0 when active logic of chip enable is at high and low
levels, respectively.

$ J An example is shown in the left figure. .
In this example the device is selected under the condition that CE/CE. is
at high level.
NULL

$ signifies the End symbol.
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B. Format 2 (When a check sum per word is not used)

NULL

TC5322pP-0000)
'MSB = D,
N8; /
ROOOO; X7FBA . ... 39E5; /
R OO 16; X108C .. ..B241;/

R OO32: X2DBA . ... 36C7; /

R4064; X1EC5 . ...31DE; )
R4080; X4DA6 . ... 1BA4; )
(cs =1))
$)

NULL )

|

R signifies an address.
Enter the address with the four decimal digits every sixteen words after the
character R.

X signifies a hexadecimal digit.
Enter the data of sixteen words continuously after the character X.

Otherwise specified in Format 1.

In addition, Toshiba can also accept programming and masking information for TC5332P in the form of punched
paper tape with Intel BNPF format or master devices (EPROMs).
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OUTLINE DRAWINGS

24232221201918 17161514 13

X
s
R1.5 ~
hd
R g g g
123456 789101112
32.4 MAX. X 15.24 TYP.
P 3
7,
0° o
n
I 0.25+ 0,05
2.54+0.25 1.4+0.15 z
T ' 0.5:0.15 5 17.4 MAX.
o

Note: Each lead pitch is 2.54 mm. All leads are located within 0.25 mm of their true longitudinal position with respect to No. 1 and No. 24 leads.
All dimensions are in millimeters.

Note: Toshiba does not assume any responsibility for use of any circuity described; no circuit patent licenses are implied and Toshiba reserve the right,
at any time without notice, to change said circuitry.
© Spt. 1981 Toshiba Corporation
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“TOSHIBA MOS MEMORY PRODUCTS

4,096 WORD X 8 BITCMOS MASK ROM

SILICON GATE CMOS

TC5333P

DESCRIPTION

The TC5333P is a 32,768 bit low power read only
memory organized as 4,096 words by 8 bits using
CMOS technology, and operates from a single 5V
supply. .

The TCH5333P has 3 chip enable input (CE)_for
device selection and a output enable input (OE)
for fast memory access and output control. And the
TC5333Puses the address latch system that the falling
edge of CE latches all inputs except for OE, thus
can be connected to a system where address and data
buses are commonly used. The maximum access

FEATURES

o Access Time: 450 ns

e Low Power Dissipation

Ibbo = 7mA (Max.) : Operating

Ibps =20pA  (Max.) : Standby

All Inputs and Outputs: TTL Compatible
Three State Outputs

PIN CONNECTION (TOP VIEW)

—
A7 24 [Vpp
Ag] 2 23[JAs
As[]3 22[]Ag
Aa]a 21[JA1
A3[s 20 []58E
A s 19[dA10
A7 18[]CE
Ao s 17[]07
Do 9 16 106
o110 15[]Ds
D2 n 14[]JDg
anND[] 12 13[Jo3
PIN NAMES
Ao —Asy Address Inputs
Do — Dy Data Outputs
CE Chip Enable Input
~ OE Output Enable Input
Vpp Power (+5V)
_GND Ground

time from chip enable is 450 ns.

The TCB333P is pin compatible with the industry
produced NMOS ROM TMM2332P, yet offers a more
than 90% reduction in power of their NMOS equi-
valent.  The TCB333P’s maximum operating and
standby current is 7 mA and 20 A, respectively.
Thus the TC5333P is most suitable for use in low
power applications such as battery operated system.

The TCB333P is moulded in a 24 pin standard
plastic package.

e Two Control Functions: CE, OE

® Address Latches: CE

o Output Control: OE

e Piri Compatible with TMM2332P and TMM2732D
e Standard 24 pin Plastic Package

BLOCK DIAGRAM

Vob GND

__ DoD1D2D3D4D5Dg D7

Output Buffers

CE Sense Amp.

Column Decoder

128 Memory Cell Array
(256 x 128)

Row Decoder
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ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING

Vbp Power Supply Voltage —0.3V ~ 7.0V

Vin Input Voltage —0.3V ~7.0V

VouT Output Voltage OV ~ Vpp

Po Power Dissipation (Ta =85°C) 0.8W

T Storage Temperature —55°C ~ 150°C

STG

Torr Operating Temperature —40°C ~ 85°C

T Soldering Temperature - Time 260°C - 10 sec
L. SOLDER ©

[ svmeoL

RECOMMENDED D.C. OPERATING CONDITIONS (Ta = ~40°C ~ 85°C)

-y

i I PARAMETER MIN. TYP. [ MAX. | UNIT
L V9g7 Power Supply Voltage 45 5.0 55 \Y%
- ﬁ'i,,,, Input High Voltage 2.2 - Vpp+0.3 \
ViL Input Low Voltage -0.3 = 0.8 \
D.C. CHARACTERISTICS {Ta = —40°C ~ 85°C, Vpp = 5V +10%)
ﬁWSYMBOL PAﬁRAMEVTER : CONDITIONS MIN. TYP. MAX. UNIT
Lol Input Load Current l 0 Vin € Voo _ _ 1.0 uA
|_lto_ | Output Leakage Current | CE = Vjy, 0V < Vour < Voo - 50 | A
lon | Output High Current Vou = 2.4V -1.0 —4.0 - mA
oL Output Low Current Vo =04V 2.0 4.0 - mA
[ CE =2.2v
'opst other inputs ="V or V;_ - 20 80 mA
7 Standby Supply Current —
Ibps2 CE =Vop —0.2V 005 | 20 A
L s other inputs =0.2V or Vpp —0.2V ) K
CE=Vy, teye = T us,
[ - . 10.0 A
DF>O1 Operating Supply VIN = ViH/VIL, lout =0mA 60 m
Current CE =0V, toyc = 1us,
I 4 ~ 4.0 7.0 A
pDO2 Vi = VoD /GND, ot =0mA m
Note: Typical values are at Ta = 25°C, Vpp = 5V.
CAPACITANCE (Ta = 25°C, f = 1 MHz)
SYMBOL B PARAMETER MIN. TYP. MAX. UNIT
Cin Input Capacitance - 5 10 pF
CouT Output Capacitance — 5 10 pF

Note: This parameter is periodically sampled and is not 100% tested.
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A.C. CHARACTERISTICS (Ta = —40 ~ 85°C Vpp =5V = 10%)

TOSHIBA

A.C. TEST CONDITIONS

= Output Load : 100pF + 1TTL Gate
> Input Pulse Levels 1 0.6V, 2.4V
Timing Measurement Reference Levels
Input  :0.8Vand 2.2V
Output : 0.8V and 2.2V
= Input Pulse Rise and Fall Times :10ns

TIMING WAVEFORMS

| svmeOL PARAMETER MIN. TYP. MAX. | UNIT
V tAC'(S T ip : o - — 450 ns
| toe nabl - - 150 ns
[ tas |7 Address Setup Time 0 Z - p”
*hlAiH | Address Hold Time T 30 — _ s
tce | CE OFF time r 70 - - ns
| tcew | ChipEnableHold Time T 480 = = s
[ tOD- T " Output Desable Time - - 100 | ns
| teve | cycleTime ]Lf 540 | - - s

Ao ~ A1l Address Stable Address May Change ><
tas tAH
= tCEH
CE
L oD N\
tcc ) e
tacc
toE
top
Do ~D7 Output Data Valid b
tcyc

OPERATION MODE

MODE | CE | OF | ADDRESS | OUTPUTS |
Read L \' L { * | Data out
Standby HoL -] * High Z

1 :
Address | | . .
* Valid High Z
Latch _L—} | |

*: Don'tcare.
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TOSHIBA
TOSHIBA PAPER TAPE FORMAT

Use 7 or 8-bit (even parity) ASCII code paper tape for ROM data input.
Two acceptable formats which are described in section A and B are available.

A. Format 1 (when a check sum per word is used)

NULL
"TC8333P-0000" ) Preceding the first data field and follwing the last data field there
MSB = D7',/ must be a leader/trailer length of at least 50 null characters.
Contents in a single quotation mark (. .. .. ‘) signify a comment
N8;/ and 0000 indicates a four-digit user pattern number.
ROOOO;X7EP7;. . . . ;X07P3; / / indicates carriage return and line feed.
ROCIOIS:X38P3: . . . . . ;XE5PS; ,J Spe;ify,the most significant bit (MSB) of thg device outputs (D7 or Do)
16:X10P1: XGBPS: / N8 indicates that the mask pattern is an 8-bit pattern.
ROOTGXTO0PY; ... ! Semicolon (;) signifies a punctuation of data.
R signifies an address. Enter the address with the four decimal digits
every 8-words after the character R.
X signifies a hexadecimal digit.
Enter the data with the two hexadecimal digits every word after the
character X.
P. signifies the check sum per word.
Enter the sum of 1 in a one word decimal after the character P.
* Data Modification
; ; .. .;XB5P5; P . R )
R4080;X4DP4; ... XB5P5; J Modifying single and continuous word data can be carried out by
R4088;X2CP3; . . . . .. XA4P3; J specifying the modifying addresses and inputting data following the
above procedure before the end symbol.
Modification can be allowed from 0 to 4095 addresses.
$ /
NULL
/_\/ $ signifies the End symbol.
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B. Format 2 (when a check sum per word fis not used)

N

NULL

TC5333P—0000" /
‘M$B =D7' J
Ng; J/
ROODIOX7FBA . ... 39E5; )

ROCI6:X108C . . . . . B241; /
ROO32,X208BA . . . . . 36C7;

R4064;X1ECE . . . ... 31DE; )
RA080;X4DAG . . . . . . 1BA4; )

In addition, Toshiba can also accept programming and masking information for TC5333P in the form of

R signifies an address.

Enter the address with the four decimal digits every sixteen words
after the character R.

X signifies a hexadecimal digit.

Enter the data of sixteen words continuously after the character X.
Otherwise specified in Format 1.

punched paper tape with Intel BNPF format or master devices (EPROMs).




TOSHIBA

OUTLINE DRAWINGS

24 23 22 21201918 17 16 15 14 13

X
<
b3
D
hs

L 32.4 MAX. » 15.24 TYP.
> <
10f s
n

0.25 +0.05

— +

2.54 +0.25 ’ * 1.4 £0.15 z
T HiLnS s

B 0.5 £0.15 b 17.4 MAX.
©

Note: Each lead pitch is 2.64 mm. All leads are located within 0.25 mm of their true longitudinal position with respect to No. 1 and No. 24 leads.
" Al dimensions are in millimeters.

Note: Toshiba does not assume any responsibility for use of any circuity described; no circuit patent licenses are implied and Toshiba reserve the right,
at any time without notice, to change said circuitry.
© Mar., 1982 Toshiba corporation
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- TOSHIBA MOS MEMORY PRODUCTS

4,096 WORD x 8 BIT CMOS MASK ROM

SILICON GATE CMOS

TC5334P

DESCRIPTION

The TC5334P is a 32,768 bit low power read only
memory organized as 4,096 words by 8 bits using
CMOS technology, and operates from a single 5V
supply.

The TC5334P has two programmable chip enable
inputs (CE 1/CEq and CE2/CEjp) for device selection.
The maximum access times from address and chip
enable are both 450 ns.

The TCH5334P is pin compatible with the industry

FEATURES

e Access Time: 450 ns
o Low Power Dissipation
Ippo =7 mA (Max.) : Operating
Ipps =20pA  (Max.) : Standby
e All Inputs and Outputs: TTL Compatible
e Three State Outputs

PIN CONNECTION (TOP VIEW)

24 [ Vpp
23[] Ag
22[7] Ag

21 [J CE,/cE,y
20[] CEq/CE;
19 [ Alo

18 [0 A1

17 D17
16% D¢
15[] ps
140 04

13[] D03

© 0N e d N =

o]
z
o
- - o
N = O

PIN NAMES
Ao — Ars Address Inputs |
Do — Dy Data Outputs |
CE, /CE, _ |
C_Ez/CEZ Chip Enable Inputs |
Voo Power (+5V) j
GND | Ground B

produced NMOS ROM TMM333P, vet offers a more
than 90% reduction in power of their NMOS equiv-
alent. The TCB5334P's maximum operating and
standby current is 7mA and 20uA, respectively. Thus
the T05334P is most suitable for use in low power
applications such as battery operated system.

The TCH334P is molded in a 24 pin standard
plastic package.

e Fully Static Operation

e Two Programmable Chip Enables:
CE1/CEq, CEo/CE)

e Pin Compatible with TMM333P

e Standard 24 pin Plastic Package

BLOCK DIAGRAM

VDD GND

P

Do DyD2D3D4D5 D¢ D7
(ol els] o 0

CE,
CE Output Buffers
CE
Ag o——] -
Sense Amp.
A1 0—
A2 00— s
Azo— N —x Column Decoder
A ]
40— £
-2
Aso— 9
2
Ag O—-] _g
Aro—1 < 5
7 ]
7 9 128 Memory Cell Array
A8 O—r 3 (256 x 128)
Ag O] H
4
Ao O——
A1 o—

- 279 —




TOSHIBA

ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING
Vpp Power Supply Voltage —-0.3V~7.0V
Vin Input Voltage -0.3V~7.0V
VouTt Output Voltage OV ~ Vpp
Py Power Dissipation (Ta =85°C) 0.8W
TstG Storage Temperature —55°C ~ 150°C
TorR Operating Temperature —40°C ~ 85°C
TsoLDER Soldering Temperature - Time 260°C - 10 sec

RECOMMENDED D.C. OPERATING CONDITIONS (Ta = -40°C ~ 85°C)

[ symeoL

]

PARAMETER MIN. TYP. MAX. UNIT
Voo Power Suppl;m\/oltage 4.5 5.0 5.5 \%
vy ~ | Input High Voltage 2.2 - Vpp+03 | v
ViL Input Low Voltage -0.3 - 08 | v
D.C. CHARACTERISTICS (Ta = —40°C ~ 85°C, Vpp =5V * 10%)
SYMBOL | PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
e Input Load Current 0<Vin £ Vop - - +1.0 WA
Lo Output Leakage Current | CE =V (CE = Vjy), 0V £ Vour S Vop - - 5.0 HA
loH Output High Current Vo =2.4V -1.0 -4.0 - mA
loL Output Low Current VoL =0.4V 2.0 4.0 - mA
st (E =0.8Vor C_E_z =0.8V _ 05 50 mA
Standby Supply Current (CE, =22Vor CE, =22V)
Ios2 CE =0.2VorCE, = Oiv _ 0.05 20 A
(CE, = Vpp —0.2V or CE, = Vpp —0.2V)
CE, =CE, = Vjy
IpDO1 (CE, =CE, = V) teyc = 14s - 6.0 10.0 mA
Operating Supply VIN = VIH/VIL lout = 0mA
Current CE, =CE, =Vpp
IbDO2 (CE, =CE2 =0V) tcyc = lus - 4.0 7.0 mA
VN = Vpp/GND lgyt = 0mA J
Note: Typlcal values are at Ta = 25°C, Vpp = 5V.
CAPACITANCE (Ta=25°C, f= 1 MH2)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Cin Input Capacitance - 5 10 pF
CouT Qutput Capacitance - 5 10 pF

Note: This parameter is periodically sampled and is not 100% tested.
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A.C. CHARACTERISTICS (Ta = -40 ~ 85°C, Vpp =5V +10%)

TOSHIBA

SYMBOL [ ~_ PARAMTER [ MIN. TYP. [ MAX UNIT
tace ‘L Address Access Time — — , 450 ns
tCE - I jChip Enable Access Time — — 450 ns
top | Out put Desable Time - - | 100 ns

| teyc | Cycle Time 450 - - ns
A.C. TEST CONDITIONS
- Qutput Load : 100pF + 1TTL Gate
= Input Pulse Levels 1 0.6V, 2.4V
= Timing Measurement Reference Levels
Input : 0.8V and 2.2V
Output: 0.8V and 2.2V
Input Pulse Rise and Fall Times 110 ns
TIMING WAVEFORMS
tcve .
|
Lr 5
Ao ~A1g )( Addraess Stable
N
tacc

IR g,

tcE

e T Ainmmmy

Do ~D7 m Output Data Valid
A

OPERATION MODE

MODE |CE, (CE,) |CE,(CE ;) | ADDRESS | OUTPUTS |

Read H(L) ‘, H(L) : Valid | Dataout i
LiH) | x| *  THighz

tandb

Standby s, Jum [ [ High Z

*

Don't care
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TOSHIBA PAPER TAPE FORMAT

Use 7 or 8-bit (even parity) ASCII code paper tape for ROM data input.
Two acceptable formats which are described in section A and B are available.

A. Format 1 (when a check sum per word is used)

"TCs334p-0000
‘MsB=D7" )

N8; ,/
ROODIO;X7FP7; ... . ;X07P3; /
ROCII8;X38P3; . . . .;XESPS5; /
ROD16;X10PT; . . . . . ;X6BPS;

R4080;X4DP4; . ... .;XB5P5; /

(€s;=1)
(Cs;=0) )

s/

NULL

—

Preceding the first data field and following the last data field there
must be a leader/trailer length of at least 50 null characters.
Contents in a single quotation mark (" ... .. ‘) signify a comment
and OOOO indicates a four-digit user pattern number

_/ indicates carriage return and line feed.
Specify the most significant bit (MSB) of the device outputs (D7 or Dg)
N8 indicates that the mask pattern is an 8-bit pattern.
Semicolon(;) signifies a punctuation of data.
R signifies an address. Enter the address with the four decimal digits
every 8-words after the character R.
X signifies a hexadecimal digit.
Enter the data with the two hexadecimal digits every word after the
character X.
P signifies the check sum per word.
Enter the sum of 1 in a one word decimal after the character P.

* Data Modification

Modifying single and continuous word data can be carried out by
specifying the modifying addresses and inputting data following the
above procedure before the end symbol.

Modification can be allowed from O to 4095 addresses.

Specify the active logic of chip enables CE 1/CEq (20 PIN) and CEo/
CE2 (21 PIN) in the parentheses respectively. .

Enter CS1 = 1 or CS1 = 0 when active logic of CE/CEq is at high
or low levels, respectively. .

Enter CS2 = 1 or CS2 = 0 when active logic of CE2/CE> is at high
or low levels, respectively.

An example is shown in the left figure. .
In this example, the device is selected under the condition that CE 1/
CE1 and CE2/CEj are at high and low levels, respectively.

$ signifies the End symbol.
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B. Format 2 (when a check sum per word is not used)

o~

NULL

"TCs334P—00OOO
‘MSB=D7' J
N8;
ROOIOO;X7FBA .. .. 39E5:
ROO16;X108C . .. .. B241: /
ROD32;X2DBA . . . . . 3sc7: J/

R4064;X1EC5 .. .. .. 31DE: J
RA080;X4DA6 . . .. .. 1BA4: /
€si=1)
(cs, =0) )

$/

NULL

Py

R signifies an address.

Enter the address with the four decimal digits every sixteen words
after the character R.

X signifies a hexadecimal digit.

Enter the data of sixteen words continuously after the character X.
Otherwise specified in Format 1

In additon, Toshiba can also accept programming and masking information for TC5334P in the form of
punched paper tape with Intel BNPF format or master devices (EPROMs).
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QUTLINE DRAWINGS

24 23 22 2120 19 18 17 16 15 14 13
imiminicisisiaiaieininis]

<
R1.5 -
J
1

0 J N [ A
2 345 6 7 8 9101112

14.2 MAX.

e

| 32.4 MAX. % 15.24 TYP.
o <
10 b
n
-
L 0.25 +0.05
2.54 +0.25 .
————— Z
0.5 +0.15 2 17.4 MAX.
©

Note: Each lead pitch is 2.54 mm. All leads are located within 0.256mm of their true longitudinal position with respect to No. 1 and No. 24 leads.
All dimensions are in millimeters.

Note: Toshiba does not assume any responsibility for use of any circuity described; no circuit patent licenses are implied and Toshiba reserve the right,
at any time without notice, to change said circuitry.
© Mar., 1982 Toshiba corporation
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-TOSHIBA MOS MEMORY PRODUCTS

4,096 WORD x 8 BIT CMOS MASK ROM

SILICON GATE CMOS

TC5335P

DESCRIPTION

The TCH335P is a 32,768 bit low power read only
memory organized as 4,096 words by 8 bits using
CMOS technology, and operates from a single 5V
supply. .

The TC5335P has a chip enable input (CE) for
device selection and a output enable input (OE) for
fast memory access and output control. And the
TCH335P uses the address latch system that the
falling edge of CE latches all inputs except for
OE, thus can be connected to a system where address
and data buses are commonly used. The maximum

FEATURES

o Access Time: 450 ns

e Low Power Dissipation

Ibpo =7 mA (Max.) : Operating

Ibps = 20uA (Max.) : Standby

All Inputs and Outputs: TTL Compatible
Three state outputs

PIN CONNECTION (TOP VIEW)

]
Al 241 vpp
Ag[] 2 23] Ag
AsO 3 22[7 Ag
Az a 21[J6E
A3 s 20 €€
A2e 19 A0
A7 181 An
Aol 8 17[] o7
Do[do 16[]Dg
O1[J10 15[ ]Ds
D2 11 14[]0q
GND[]12 1303
PIN NAMES

Ao —Ary Address Inputs

Do — D4 Data Outputs

CE Chip Enable Input

OE ) Output Enable Input

Vop Power (+5V)

GND Ground

access time from chip enable is 450 ns. The TC
5335P is pin compatible with the industry produced
NMOS ROM TMM333P, yet offers a more than 90%
reduction in power of their NMOS equivalent. The
TMMB335P’s maximum operating and standby current
is 7 mA and 20 pA, respectively. Thus the TC53356P
is most suitable for use in low power applications
such as battery operated system.

The TCB335P is moulded in a 24 pin standard
plastic package.

Two Control Functions: C—E, OE
Address Latches: CE

Output Control: OE

Pin Compatible with TMM333P
Standard 24 pin Plastic Package

BLOCK DIAGRAM

Vbbb GND

i

. DpD1D203D4D5D6 D7

OE
TE CE Output Buffers
C‘E
Ag O——
Ay CE: Sense Amp.
Ay O—
3
Ago— o
Aso—1— 3]
- o
:: ;i E 7 § 128 Memory Cell Array
° (256 x 128)
Aso—o < é
A10 00—
A1y O—




TOSHIBA

ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING
Vpp Power Supply Voltage —-0.3V~7.0V
ViNn Input Voltage —0.3V~7.0V
VouTt Output Voltage OV ~ Vpp
Po Power Dissipation (Ta = 85°C) 0.8W
TsTG Storage Temperature —55°C ~ 150°C
ToPR Operating Temperature —40°C ~ 85°C
L TSOLDER Soldering Temperature - Time 2_60°C - 10 sec

RECOMMENDED D.C. OPERATING CONDITIONS (Ta = —40°C ~ 85°C)

PARAMETER

SYMBOL MIN. TYP. MAX. UNIT
Voo Power Supply Voltage 4.5 5.0 5.5 \
ViH Input High Voltage 2.2 - Vpp+0.3 \
ViL Input Low Voltage —0.3 - 0.8 \
D.C. CHARACTERISTICS (Ta = ~40°C ~ 85°C, Vpp = 5V+10%)
SYMBOL PARAMETER CONDITIONS MIN. TYP. [ MAx. | uNiT
e Input Load Current 0<VinEVpp - - +1.0 A
ILo ) Output Leakage Current | CE =V}, OV < Vour € Vop - - +5.0 uA
loH Qutput High Current VoH = 2.4V -1.0 —4.0 -~ mA
loL Qutput Low Current VoL =0.4V 2.0 4.0 - mA
| CE =22V 20 50 A
DDS1 . - . A m
h = V|
Standby Supply Current ?C}Ee_'l;“’“‘_s_o_;i\"; & i,
I ~ YDD - X
DDS2 ) other inputs =0.2V or Vpp —0.2V 0.05 0 KA
CE = V|L, teye = 1us,
| cye -
poo1 Operating Supply VIN =Vin/ViL, lout =0mA 60 100 mA
Current CE =0V, tyc=1#s
l + leyc . _
bpo2 ViN = VpD/GND, loyt =OmA 40 70 ) mA
Note: Typical values are at Ta = 25°C, Vpp =5V
CAPACITANCE (Ta=25°C, f = 1 MHz)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
CiNn Input Capacitance - 5 10 pF
Cout Output Capacitance - 5 10 pF
Note: This is periodically and is not 100% tested.
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A.C. CHARACTERISTICS (Ta=-40 ~ 85°C, Vpp =5V +10%)

TOSHIBA

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
tacc Chip Enable Access Time - - 450 ns
toE Output Enable Access Time - ~ 150 ns
tas Address Setup Time 30 - - ns
tAH 1 Address Hold Time 30 — - ns
tee CE OFF time 70 - — ns
1CEH Chip Enable Hold Time 450 B - - ns
top Output Desable Time - ns
! tcve Cycle Time L 540 ns

A.C. TEST CONDITIONS

= Output Load ©100pF + 1TTL Gate
= Input Pulse Levels 10.6V, 2.4V
Timing Measurement Reference Levels

Input : 0.8V and 2.2V
Output : 0.8V and 2.2V
- Input Pulse Rise and Fall Times :10ns

TIMING WAVEFORMS

Ag ~A1) I Address Stable 1 Address May Change ><
tAs tAH
- § TCEH /1:-—————-\
- oD
tcc
tACC
” i
GE
MMM
t oD
OE
Dy ~Dy I Output Data Valid I
tcye
OPERATION MODE
MODE | CE | OE | ADDRESS OUTPUTS
Read L L * Data out
Standby H * * High Z
Address . .
] Latch { * Valid High Z
* . Don't care.
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TOSHIBA PAPER TAPE FORMAT

Use 7 or 8-bit (even parity) ASCII code paper tape for ROM data input.
Two acceptable formats which are described in section A and B are available.

A. Format 1 (when a check sum per word is used)

/_\_/

NULL

'TC5335P—DDDD'/

‘MSB = D7’//

N
ROOCIOO;X7FP7; ... .;X07P3; /
ROOOS;X38P3; ... .;XEGP5;_/
ROO16;X10P1; . . . . .;XGBP5;’/

RA0BO;X4DP4; . . ...:XBSPS; /
RA0BB;X2CP3; . . .. . . ;XA4P3; J

s/

NULL

Preceding the first data field and following the last data field there
must be a leader /trailer length of at least 50 null characters.
Contents in a single quotation mark (" . .. .. ‘) signify a comment
and 0OO0O0O indicates a four-digit user pattern number.

_/ indicates carriage return and line feed.
Specify the most significant bit (MSB) of the device outputs (D, or
Do)
N8 indicates that the mask pattern is an 8-bit pattern.
Semicolon (;) signifies a punctuation of data.
R signifies an address. Enter the address with the four decimal digits
every 8-words after the character R.
X signifies a hexadecimal digit.
Enter the data with the two hexadecimal digits every word after the
character X.
P signifies the check sum per word.
Enter the sum of 1 in a one word decimal after the character P.

* Data Modification

Modifying single and continuous word data can be carried out by
specifying the modifying addresses and inputting the data following
the above procedure before the end symbol.

Modification can be allowed from 0 to 4095 addresses.

$ signifies the End symbol.
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B. Format 2 (when a check sum per word is not used)

/\%

NULL

"TC5335P-0000" )

‘MSB = D7’ ,)

NS; )
ROOOO;X7F5A ““39&5;)
ROO16;X108C . . . .. B241; )
ROD32;X20BA . . . . . 36C7; )
R4064;X1ECE . . . .. . 31DE;
R4080;X4DA6 . . . . . . 18A4; )

NULL

—

In addition, Toshiba can also accept programming and masking i

R signifies an address.

RS . . e b kb

TOSHIBA

Enter the address with the four decimal digits every sixteen words

after the character R.
X signifies a hexadecimal digit.

Enter the data of sixteen words continuously after the character X.
Otherwise specified in Format 1.

nformation for TC5335P in the form of

punched paper tape with Intel BNPF format or master devices (EPROMs).
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OUTLINE DRAWINGS

24 2322 2120 191817 16 15 14 13
b o o o W W o W orrl

X
<
_ _ =
o~
R1.5 <
L O O
1 2 345 6 7 8 9 10 1112
| 32.4 MAX. % 15.24 TYP.
<
10°, s
w
- 4
. 0.25 +0.05
T
2.54 £0.25 1.4%0.15 Z
1T s
0.5+0.15 a5 17.4 MAX.
©

Note: Each lead pitch is 2.64 mm. All leads are located within 0.25 mm of their true longitudinal position with respect to No. 1 and No. 24 leads.
All dimensions are in millimeters.

Note: Toshiba does not assume any responsibility for use of any circuity described; no circuit patent licenses are implied and Toshiba reserve the right,
at any time without notice, to change said circuitry.
© Mar., 1982 Toshiba corporation
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"TOSHIBA MOS MEMORY PRODUCTS

TC5364P 64K BIT (8K WORD x 8 BIT) CMOS MASK ROM

SILICON GATE CMOS

TC5364P

DESCRIPTION

The TCB364P is a 65,536 bit read only memory
organized as 8,192 words by 8 bits with a low bit
cost, thus being suitable for use in program memory
of microprocessor and character generator. The
TC5364P using CMOS technology is most suitable for
low power applications such as battery operated
system.

The TCBE364P is asynchronous type ROM which is
' consisting of address latch circuit, static memory

FEATURES

Single Power Supply: 5V
Access Time: 250 ns
o Low Power Dissipation

Operating Current: 7mA (Max.)

Standby Current: 20u A (Max.)
o Wide Operating Temperature Range: —40 ~ 85°C
e Pin Compatible with 64K EPROM TMM2764 and
NMOS ROM TMM2364/2365

PIN CONNECTION

NC/PD/PB ] 1 28 Vpp
Ad?2 27 PNC/CE, /CE |
A1 3 26 [ NC/CE,/CE
Asl] a4 25 Ag
AsOs _ 240 A
Aslls H 230 Ay
Asd 7 S 22 6
A28 3 21] Ato
AlQe k£ 20[0 CE3/CE3
Ao 10 190 D7
DoQ11 180 Dg
Dig12 170 Ds
D213 160 p,
GND[] 14 150 D3
PIN NAMES
Ap ~ Ay, Address inputs
Do ~ Dy Data outputs
CE; ~CE;3 Chip enable inputs
Pp Power down input
OE Output enable input
NC No connection
B ‘VDD Power Supply
GND Ground

PRELIMINARY

cells and clocked peripheral circuitry. The falling
edge of CT_:%_(or rising edge of CE3) latches all inputs
except for OE and PD/PD.

The TC5364P has a PD/PD (optional) input for
device power saving, and also has three programma ble
chip enable inputs (CE1 ~ 3/CE1 ~ 3) and one output
enable input (OE) for fast memory-access and output
control.

The TCbB364P is moulded in a 28 pin standard
plastic package.

Edge Enable Operation: CE3/CE3

Address Latch Type

Programmable Power Saving Input PD/PD/NC

Programmable Chip Select: CE1, CE2, CEs, Easy
Memory Expansion

e All Inputs and Outputs: TTL Compatible

e Three State Outputs

BLOCK DIAGRAM

Vpp GND

o

Do D; D2 D3 D4 Ds Dg D7

CHIP SELECT
/LATCH

OUTPUT BUFFERS

HTTTTTT]

8 g
[ ]
U090

COLUMN DECODERS

>
LATCH

>
o
ADDRESS INPUT BUFFERS

8,192 x 8 bit
Memory Cell Array

ROW DECORDERS




TOSHIBA

MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vbp Power Supply Voltage —05~ 7.0 Vv
ViN Input Voltage —05~7.0 \%
VouT Output Voltage 0~ Vpp \Y
Po Power Dissipation 1.0 w
Topr Operating Temperature —40 ~ 85 °c
Tstg Storage Temperature —55 ~ 150 °c
TsoLbR Soldering Temperature - Time 260 - 10 °C - sec
D.C. OPERATING CONDITIONS (Ta= —40 ~ 85°C)
SYMBOL o PARAMETER MIN. MAX. UNIT
Vbp Power Supply Voltage 45 55 \%
ViH Input High Voltage 22 Vpp +0.3 \
ViL Input Low Voltage -0.3 0.8 \%
D.C. and OPERATING CHARACTERISTICS (Ta=—40~ 85°C, Vpp =5V + 10%)
SYMBOL PARAMETER CONDITION MIN. MAX. UNIT
N Input Leakage Current oVEVin S Vop - +1.0 uA
Lo Output Leakage Current oV £ Vout £ Vop - +5.0 HA
loH Output High Current Von =24V -1.0 — mA
loL Output Low Current VoL =0.4V 20 — mA
(CE, Vi) =2.2V
IbDO1 (CE, VL) =0.8V - 10 mA
" tcyc = 1us
Operating Current (E' Vi) = Vop 02V
Ibpo2 (CE, VL) =02V - 7 mA
tcyc = us
(CE, Vi) =22V CE=08V
Ibbsi (CE,V) ) =08V CE =22V — 5 mA
Output = OPEN
Standby Current (CE) =02V, (CE) = Vpp 0.2V
IbDS2 Vin =0.2V or Vpp 0.2V - 20 A
Output = OPEN
CAPACITANCE* (Ta=25°C, f = IMHz)
SYMBOL PARAMETER CONDITIONS MAX. UNIT
Cin Input Capacitance ViN = OV 8 pF
CouT Output Capacitance VouT =0V 10 pF

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

A.C. CHARACTERISTICS (Ta=40~ 85°C, Vpp =5V = 10%)

SYMBOL PARAMETER MIN. MAX. UNIT
tacc Chip Enable Access Time - - 250 ns
toE Output Enable Access Time - 100 ns
tAS Address Set up Time 0 - ns
tAH Address Hold Time 50 — ns
tcc Chip Enable Off Time 90 - ns
1CcES Chip Enable Setup Time from PD 90 — ns
10ED Output Disable Time from OE - 90 ns
1CED Output Disable Time from CE - 90 ns
tPoH Output Hold Time from PD - 90 ns
teve Cycle Time 350 - ns

Note 1: Assumes than OE delay time to CE3/CE 3 2 tace — toE
A.C. TEST CONDITIONS
e QOutput Load: 100pF +1 TTL Gate
e Input Levels: ViL =0.8V, V|y = 2.4V
® Timing Measurement Rference Levels

Input: 0.8V, 2.2v

Output: 0.8V, 2.2v
® Input Rise and Fall Time:  5ns
TIMING WAVE FORMS
tcye
Ag ~ Az )ir o N
CE;, CE Valid on’t Care
1. CE2 A
~as| [ Fan CE; et
__ ~ —\
CE3/CE3 8 ) ces X\_
tcc tacc tOED|
58 foe
o~D7q alid /—_—
CES —a
PD tPOH
PD/PD
° { PD x\_
OPERATION MODE
MODE PD (PD) CE, (CE,) CE, (CE,) CE; (CE3) OE Outputs
Read L(H) H(L) H(L) Hf(LY) L Valid
H(L) * * * *
* AL(H) PR * *
Output . - LiH) * * High 2
Deselect S " ~ Lk .
* * * T * H

Note: H: Vi, L: Vi, *: Vyyor Vi




TOSHIBA

OUTLINE DRAWING

Unit: mm

28 27 26 25 24 23 22 21 20 19 18 17 16 15
mommittinhionimeh
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R1.5 -
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X

37.4 MAX. 2 15.24 TYP.

f b3

o

5° 0

0.51 MIN.

|

+0.1
0-25_5,05
0.5+0.15 z
T s 17.4 MAX.
2.64 £0.25 1.410.15 a
- P

Note: Each lead pitch is 2.64 mm.
All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 28 leads.

Note: 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.
© Apr., 1983 Toshiba Corporation
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“TOSHIBA MOS MEMORY PRODUCTS

; TC5365P 64K BIT (8K WORD X 8 BIT) CMOS MASK ROM

SILICON GATE CMOS

TC5365P

DESCRIPTION

The TCH365P is a 65,536 bit read only memory
"organized as 8,192 words by 8 bits with a low bit
cost, thus being suitable for use in program memory
for microprocessor and character generator.

The TCB365P using CMOS technology is most
suitable for low power applications such as battery
operated system.

FEATURES

e Single Power Supply: 5V
e | ow Power Dissipation
Operating Current: 7mA (Max.)
Standby Current: 20uA (Max.)
e Compatible with 64K EPROM TMM2764 and
64K NMOS ROM TMM2365P.

PIN CONNECTION

———
NC[] 1 2811 Voo
Al 2 27[JNC/CE/CE}
A7 [0 3 26 [JNC/CE,/CE,
As [0 4 25[] Ag
As[s 24[] A9
As e 233 Ay
Az B 2216E
A2 s E 210 Ao
A1 Qo 5 20[]cE;/CE;
Ao 1o £ 190D,
Do 11 18 g
Dy g2 170 ps
D2 13 16 [ Ds
GND [ 14 151 D3
PIN NAMES
Ag ~ Ay, Address inputs ]
Dy ~ Dq Data outputs
CE; ~ CE3_J Chip enable inputs
OE Output enable inputs
' NC No connection
I Voo Power Supply
E GND Ground

The TCB365P is an asynchronous type ROM
which has three programmable chip enable inputs
(CE1 ~ CE3/CE1 ~ C'_Ea), and one output enable
input (OE) for fast memory access and output control.

The TCH365P is moulded in a 28 pin standard
plastic package.

Fully Static Operation

e Programmable chip select: CE1, CE2, CE3
Easy Memory Expansion

All Inputs and Outputs: TTL-Compatible

Three State Outputs

BLOCK DIAGRAM

Vob  GND
cE, i Do D1 Dy D3 Dy Ds Dg D7
= = [TI7TTTT
CE;
oE OUTPUT BUFFERS J

Ag o—
A1 o—]
Ay 0—
A3 o]
Agq o—
As o—|
A 0—
A7 0—
Ag o—|
Ag o—
A0 O—o
Ajq10—
A120—

COLUMN DECODERS

i

8,192 x 8 bits
Memory Cell Array

ADDRESS INPUT BUFFERS

ROW DECORDERS
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MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vop Power Supply Voltage —-05~7.0 \Y
VIN Input Voltage —-05~7.0 \
VouT Output Voltage 0~ Vpp \
Pp Power Dissipation 1.0 w
Topr "~ Operating Temperature —40 ~ 85 °C
Tstg Storage Temperature —55 ~ 150 °C
TSOLDER Soldering Temperature - Time 260 - 10 °C - sec
D.C. OPERATING CONDITIONS (Ta=—40 ~ 85°C)
SYMBOL PARAMETER MIN. MAX. UNIT
Vop Power Supply Voltage 45 55 \%
Vin Input High Voltage 2.2 Vpp +0.3 \%
ViL Input Low Voltage -0.3 08 \
| D.C. and OPERATING CHARACTERISTICS (Ta=—40 ~ 85°C, Vpp =5V +10%)
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
N Input Leakage Current OV < VN £ Vpp - +1.0 MA
ILo Output Leakage Current oV £ Vout £ Vop - +05 HA
loH Output High Current Von = 2.4V -1.0 - mA
loL Output Low Current VoL = 0.4V 20 - mA
(CE, Vi) =2.2V
Ibpo1 (CE, Vi) =0.8V - 10 mA
Operating Current teye = 1us
(CE, Vi) = Vpp —0.2V
IbDO2 (CE, V|L) =0.2v — 7 mA
tcye =1 us
(CE, Vig) =2.2v
Ibps1 (CE, Vj) = 0.8V - 2 mA
Standby Current Qutput = OPE.N_
(CE)=0.2V, (CE) =Vpp -0.2V
Ibps2 ViN = OV ~ Vpp - 20 UA
Output = OPEN
CAPACITANCE* (Ta=25°C, f = 1MHz)
SYMBOL PARAMETER CONDITIONS  MAX. UNIT
Cin Input Capacitance Vin =0V 8 pF
CouT Output Capacitanc VouT =0V 10 pF

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

— 296 —




TOSHIBA

A.C. CHARACTERISTICS (Ta=—40~ 85°C, Vpp =5V £10%)
SYMBOL PARAMETER MIN. MAX. UNIT
tacc Access Time - 250 ns
tcE Chip Enable Access Time - 250 ns
toE Output Enable Access Time — 100 ns
tceD Output Disable Time from CE/CE 0 90 ns
toED Output Disable Time from OE 0 90 ns
toH Output Hold Time 0 — ns
tcye Cycle Time 250 - ns
Note 1: Assumes that OE delay time to CE{ ~CE3/CE; ~CE3 2tacc — tOE
A.C. TEST CONDITIONS
e Output Load: 100 pF +1TTL
e Input Levels: VIL=0.6V, V|4 =24V
o Timing Measurement Reference Levels
Input: 0.8V, 2.2V
Output: 0.8V, 2.2v
e Input Rise and Fall time: 5ns
TIMING WAVE FORMS
tcye
Ar s
Ao ~Ap )(L Valid >§
tacc
CE; ~3/CEq ~3 X
[ CE tCED
t0E 1
e \ 7
toH tOED
[
Do ~D7 W: Valid
OPERATION MODE
MODE CE, (CE,) CE, (CE,) CE; (CE3) OE Outputs
Read H(L) H(L) H(L) L Valid
L(H) * * *
Output L(H) High-Z
Deselect * * L(H)
x * ¥ a

Note: H:Vyp, L: Vi, *:VgorV_




TOSHIBA

OUTLINE DRAWING

Unit: mm
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X
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s 0
I
o
+0.1
| 0-25_405
0.5 £0.15 z
H 17.4 MAX.
2.54 £0.25 1.4 +0.15 ~
ot ————— M
©

Note: Each lead pitch is 2.54 mm.
All leads are located within 0.26mm of their true longitudinal position with respect to No. 1 and No. 28 leads.

Note: 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.
® Apr., 1983 Toshiba Corporation
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" TOSHIBA MOS MEMORY PRODUCTS

TC5366P 64K BIT (8K WORD x 8 BIT) CMOS MASK ROM

SILICON GATE CMOS

TC5366P

DESCRIPTION

The TCH366P is a 65,536 bit read only memory
organized as 8,192 words by 8 bits with a low bit
cost, thus being suitable for use in program memory
of microprocessor and character generator.

The TCB366P using CMOS technology is most
suitable for low power applications such as battery

FEATURES

e Single Power Supply: 5V

e Access Time: 250 ns

o Low Power Dissipation
Operating Current: 7mA (Max.)
Standby Current: 20u A (Max.)

PIN CONNECTION

—
A1l 24{]Vpp
Asg 2 2307 Ag
AsQ 3 22[] Ag
A4§ 4 _ 21 A
A3 5 5 20 ce/CE
A2 6 > 193 A0
A,g 7 S 13EA11
Aold s £ 17[ D7
Do o 16 De
bid 10 15[ Ds
D20 11 140 D4

GND( 12 13[Q D3

PIN NAMES
Ag ~ Ay Address inputs
Do ~Dq Data outputs
4; CE/CE Chip enable inputs
Vbp » Power supply
GND Ground
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PRELIMINARY

operated system.

The TCbH366P is an asynchronous type ROM
and has a programmable chip enable input for device
selection and device power saving.

The TCbH366P is moulded in a 24 pin standard
plastic package.

e Fully Static Operation

® Programmable Chip Enable: CE/CE

o All Inputs and Outputs: TTL Compatible
e Three State Outputs

BLOCK DIAGRAM

VDD GND

Do D1 Dy D3 Dg Ds Dg D7

iTTTTTTTl

CE OUTPUT BUFFERS

CE

0
[ m

Ao 0—
At 0—]
Ay o—|
Az 0—
Ag o—]
As 0—]
As O—
A7 o—
Ag 0—
Ag 0—
A100—
A1n
A

> COLUMN DECODERS

il

:—; 8,192 x 8 bit
Memory Cell Array

ADDRESS INPUT BUFFERS

ROW DECODERS




TOSHIBA

MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vbp Power Supply Voltage -05~70 \%
VIN Input Voltage —-056~70 \%
VouT Output Voltage 0~ Vpp \
Po Power Dissipation 1.0 w
Topr Operating Temperature —40 ~ 85 °C
Tstg Storage Temperature 55 ~ 150 °c
TSOLDER Soldering Temperature - Time 260-10 °C - sec
D.C. OPERATING CONDITIONS (Ta=—40~ 85°C)
SYMBOL PARAMETER MIN. MAX. UNIT
Vbop Power Supply Voltage 45 5.5 \
ViH Input High Voltage 22 Vpp +0.3 \
ViL Input Low Voltage -03 0.8 \%
D.C. and OPERATING CHARACTERISTICS (Ta=—40~ 85°C, Vpp =5V +10%)
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
N Input Leakage Current oV < VN £ Vob - +1.0 HA
ILo Output Leakage Current | OV < VouTt < Vpp - +05 HA
loH Output High Current Vo =24V -1.0 — mA
loL Output Low Current VoL =0.4V 2.0 — mA
(CE, Vi) =2.2V
IpDo1 (CE, Vi) =08V - 10 mA
) tcye = Tus
Operating Ci t
perating Curren (CE. Vi) =Vog —02V
lDDOZ (CE_, V||_) =0.2V - 7 mA
teve = Tus
(CE,Viy) =2.2V
Ipps1 (CE, Vi) =0.8V - 2 mA
Output = OPEN
Standby Current —
(CE) =0.2V, (CE) = Vpp —0.2V
Ibps2 Vin = OV ~ Vpp - 20 uA
Output = OPEN
CAPACITANCE* (Ta=25°C, f=1MHz2)
SYMBOL PARAMETER CONDITIONS MAX. UNIT
CiNn Input Capacitance Vin = OV 8 pF
CouT Output Capacitance VouTt =0V 10 pF

*This parameter is periodically sampled and is not 100% tested.
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A.C. CHARACTERISTICS (Ta=—40~ 85°C, Vpp =5V £10%)

TOSHIBA

SYMBOL PARAMETER MIN. MAX. UNIT
tace Access Time — 250 ns
tCE Chip Enable Access Time - 250 ns
tCED Output Disable Time from CE 0 90 ns
toH B Output Hold Time 0 - ns
tcyc Cycle Time 250 - ns

A.C. TEST CONDITIONS

Output Load:
Input Levels:

100pF + 1 TTL
ViL=0.6V, VI =24V

e Timing Measurement Reference Levels

Input:
Output:

0.8V, 2.2V
0.8V, 2.2V

e Input Rise and Fall Time: 5ns

TIMING WAVE FORMS

tcye
Ao ~An >2 Valid X
A \
tacc
CE/CE X 3]
g\
tcE 1oH tCED

igh- 3 High-Z

Do~D7 High2 M Valid 5—

OPERATION MODE

MODE CE (CE) Output
Read H(L) Valid
Output igh-Z
Deselect L(H) High B

Note: H: Vi, L: V)

_—31=




TOSHIBA

OUTLINE DRAWINGS
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Note: Each lead pitch is 2.564 mm. All leads are located within 0.26mm longitudinal position with respect to No. 1 and 24 leads.

All dimensions are in millimeters.

Note: Toshiba does not assume any resp

onsibility 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.

© Apr., 1983 Toshiba Corporation
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_TOSHIBA MOS MEMORY PRODUCTS

TC53256P 256K BIT (32K WORD x 8 BIT) CMOS MASK ROM

SILICON GATE CMOS

TC53256P

DESCRIPTION

The TC53256P isa 262,144 bit read only memory
organized as 32,768 words by 8 bits with a low bit
cost, thus being suitable for use in program memory
of microprocessor and character generator. The
TC5H3256P using CMOS technology is most suitable
for low power applications such as battery operated
system.

The TCB3256P is a synchronous type ROM

PRELIMINARY

The_gg falling edge latches all inputs except for
CS/CS and OE.

The TC53256P has a programmable chip select

input (CS/CS, optional) for device power saving,
one chip enable input (CE) for device selection,
and one output enable input (OE) for fast memory
access and output control.

The TC53256P is moulded in a 28 pin standard

which is consisting of address latch circuit, static plastic package.

memory cells and clocked peripheral circuitry.
FEATURES
e Single 5V Power Supply: 5V e Edge Enable Operation: CE
e Access Time: 350 ns (Max.) e Address Latch Type
e Power Dissipation e Programmable Chip Select Input: CS/CS/NC
Operating Current: 15mA (Max.) e All Inputs and Outputs: TTL Compatible
Standby Current: 20uA (Max.) e Three State Outputs: Wired OR capability
e Pin Compatible with 266K NMOS ROM
TMM23256P
PIN CONNECTION — BLOCK DIAGRAM
cs/Cs/Ne [ 1 28 IVpo
A2 27 P Al VDD GND
A7 O3 26 [JA13 i I
re Oa 25 As Do D; Dy D3 D4 Ds Dg D7
S BE e (11T
As []6 s 230Au cE o— |
A3 Q7 w 221 GE _ OUTPUT BUFFERS 1
A2 8 ‘Z 21 [0 A0 OEo©
AL Qo et 201 CE
Ao o T 19107 Ao 0__J_"_} CcE cf ] [
Do 11 18 [] D A1 o] —L
12 D
E; E"’ :; gbj :; Z-: Y [ > COLUMN DECODERS
GND[]14 151 D3 As o] & g
PIN NAMES As o B 8 ﬂ
<
Ao ~Aa Address inputs :: i é — é P
Do ~ D1 Data outputs A i o a
e : f 80 g 9 3,2768 x 8
CS/CS Chip select input Ay o— 8 2 EY 8 EX memony cetLs
NC No conection Apo— < ‘;
) CE Chip enable input Ay 00— o
OE Output enable input Atz 06— L
A3 0—f
Voo Power supply Ass 0—
B GND Ground —




TOSHIBA

MAXIMUM RATINGS

SYMBOL

ITEM RATING UNIT
Vbb Power Supply Voltage —05~70 \
Vin Input Voltage —05~ Vpp +0.5 \
VouTt Output Voltage 0~ Vpp \
PD ‘ Power Dissipation 0.8 w
Tstg Storage Temperature —55 ~ 150 °c
[ Topr Operating Temperature —40 ~ 85 °C
Tsld Soldering Temperature - Time 260-10 °C - sec
D.C. OPERATING CONDITIONS (Ta=—40 ~ 85°C)
| symBOL | PARAMETER MIN. TYP. MAX. UNIT
Vop Power Supply Voltage 4.5 5.0 5.5 \%
ViH Input High Voltage 2.2 — Vpp +0.3 v
ViL Input Low Voltage -0.3 — 0.8 \
D.C. and OPERATING CHARACTERISTICS (Ta=-40~ 85°C, Vpp =5V * 10%)
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
TR Input Leakage Current ViN =0~ Vpp - +1.0 MA
CS=ViL (C—S_:V"-q) or
ILo Output Leakage Current CE = Vjy or OE = Vi - +1.0 MA
VouT =0V ~ Vpp
loH Output High Current Vou =24V | -1.0 - mA
loL Qutput Low Current VoL = 0.4V | - 2.0 mA
CS=0V (CS = Vpp) or _
Ibbs Standby Current CE = Vpp and Vi = OV (Viop) 20 MA
lobo1 o ting C R Vin = VIH/VIL, teycle = Tus - 25 mA
perating Curren
Ibpo2 9 Vin = Vpp/0OV, teycle = 1us - 15 mA
CAPACITANCE* (f=1MHz, Ta=25°C)
SYMBOL PARAMETER MIN. T MAX. UNIT
Cin Input Capacitance B - | 10 pF
Cout Output Capacitance — : 10 pF

*This parameter is periodical

ly sampled and is not 100% tested.
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TOSHIBA

A.C. CHARACTERISTICS
SYMBOL PARAMETER [ min “max. [ uNiT ]
tcye Cycle Time 450 - ns
tace Chip Enable Access Time - 350 ns
toE Output Enable Access Time — 120 ns
top Output Disable Time 0 100 ns |
tcp Precharge Time 90 - ns
tAs Address Set-up Time 50 - ns
tAH Address Hold Time 50 - ns
tcss Chip Select Set-up Time 50 - ns
Note 1: Assumes that OE delay time to CE 2 tACC — tOE
Note 2: Tqp is specified from CE, OE or CS/CS trailing edge, whichever occurs first.
AC TEST CONDITIONS
e Qutput Load: 100pF +1TTL
e Input Levels: 0.6V, 2.4V
o Timing Measurement Reference Levels
Input: 0.8V, 2.2V
Output: 0.8V, 2.2V
e Input Rise and Fall Time: 5ns
TIMING WAVEFORMS
teve
Ap~A 4 STABLE DON'T CARE
tAs tAH
= tacc —
/
tcss
cs/CS cs 3{ i
cs
toE —
) / top
Do ~D1 HIGH-Z W UALID N HIGH-Z
OPERATION MODE
[ MODE Cs (CS) CE OE Ao ~ 14 Outputs
Read H(L) L(T3) L Valid Data out
L(H) * * *
Output Deselect * H * * High Z
* M H *

Note: H: Vi, L: V), *: Vi or Vi
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TOSHIBA

OUTLINE DRAWING
Unit: mm
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Note: Each lead pitch is 2.54 mm.,
All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and No. 28 leads.

Note: 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.
© Apr., 1983 Toshiba Corporation
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