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1. Dynamic RAM

Access Cycle 'Power Dissipation
" . Time Time Power Meax. .
Capacity Device Number Organization | Process Max. Min. Supplies (mw) Pins
(ns) (ns) v) active stand-by
TMM416D/P—2 150 320 +5 :
16 K Bit TMM416D/P—3 16384 x 1 N—-MOS 200 375 -5 462 20 16
TMM416D/P—4 250 410 +12
TMM4164C—3 150 320
TMM4164C—4 200 330
64 K Bit * | TMM4164P—2 66536 x 1 120 260 _ +5 275 275 16
* | TMM4164P—3 N-MOS|__ 150 260 |
* | TMM4164P—4 200 330
2. CMOS Static RAM
Access Cycle P Power Dissipation
i . Time Time ower Max. X
Capacity Device Number Organization | Process Max Min, Supplies (mwW) Pins
(ns) (ns) (v) active stand-by
TC5501P/D 450 450
256 x 4 C-MOs +5 83 0.056 22
TC5501P/D—1 * 650 650
1K Bit TC5508P 370 450
TC5508P—4 1024 x 1 C-MOs 450 550 +5 55 0.055 16
TC5508P—1 550 700
TC5047AP-1 550 650
024 x 4 C—MOS +5 110 0.1 20
TC5047AP—2 1024 800 1000
Tossoneo > |
S04AP/AD~ 4096 x 1 | C-MOS +5 18
TC5504APL/ADL—2 200 300 2756 0.005
TC5504APL/ADL—3 300 420 ) i
4 K Bit TC5514AP/AD—2 200 200 275 011
TC5514AP/AD-3 1024 x4 | C—MOS 300 300 +5 PN
TC5514APL/ADL-2 200 200 275 0.005
TC5514APL/ADL-3 300 300 ) i
TC5513AP/AD-2 0.11
1024 x 4 C-MOs 200 200 + .
TC5513APL/ADL—2 X 5 275 0.005 18
TC5514P 450 450 138 0.11
TC5514P—1 1024 x 4 C-MOs 650 650 +5 110 0.11 18
o TC5514P—2 800 800 )
TC5516AP/AD/AF 250 250 0.165
TC5516AP/AD/AF—2 2048 x 8 C—MOS 200 200 45 385 24
TC5516APL/ADL/AFL 250 250 0.005
TC5516APL/ADL/AFL—-2 200 200 )
TC5517AP/AD/AF 250 250 0.165
TC5517AP/AD/AF—2 200 200 |
16 K Bi —|
BK Bt Tcssi7aPL/ADLIAFL | 20988 | CMOSITo5, 250 | %8 oo0s | 24
TC5517APL/ADL/AFL—2 200 200 i
* | TC55178P/BD/BF 0.165
» [ TC5517BPL/BDL/BFL 2048x8 | C-MOs| 200 200 *° 55 o005 | %4
* | TC5518BP/BD/BF 0.165
8 —M
* | TC5518BPL/BDL/BFL 2048 x Cc-mos 200 200 s 55 0.005 24
* | TC5564P 100 100 0.11
* | TC5564P—1 150 150 i
8 —
o Mrcoaeart 8192 x C-MOS — & 00 +5 55 0008 28
64 K Bit * | TC5564PL~—1 150 150 ’
* | TCo565P 100 100 55
* | TC5565P—-1 150 150 )
1 8 C—MO!
* | TC5565PL 8192x S 100 100 5 55 056 ®
* | TC5565PL—1 150 150 i

Note Package Material P: Plastic, D: Cerdip, C:

* New Products

Ceramic,

F: Flat package




3. Static RAM

Access | Cycle | Power Dissipation
Ti Ti Power ax.
. ime ime " .
Capacity Device Number Organization | Process Max Min | Supplies (mwW) Pins
(ns) (ns) (V) active stand-by
TMM314AP 450 450
TMM314AP-3 300 300 | 550 -
TMM314AP—-1 200 200
1024 x 4 — -
aKBit | TMM314APL X4 IN-MOS 251 150 s 8
TMM314APL-3 | 300 300 385 -
TMM314APL—1 | | 200
TMM315D | 70 880
oo 1 4006x1 | N—MOS |- —
TMM315D—1 6x1 IN 55 990 18
TMM2016D/P—1 100 660
16 K Bit TMM2016D/P ) 2048 x 8 N-MOS 150 550 24
200 770
4. Erasable Programmable ROM
Access Cycle Power Dissipation
Time Time Powsr Max.
Capacity Device Number Organization | Process Max Min Supplies (mwW) Pins
(ns) (ns) (v) active stand-by
TMM323D 450 450 625 132
TMM323D-1 350 350 550 138
16 K Bit 2048 x 8 - 45 o
6 K Bit I iM323DI 48 X8 IN-MOS es a0 | " e 158 24
TMM323D1—1 350 350 660 165
TMM2732D 30 | 350 | 132 |
TMM2732D-2 250 250 184
32K Bit 400! N-MO . 7
" [TMm27320 68 S0 | 350 8 e | %
| TMM2732D1-2 250 250 ) 210
TMM2764D 250 250
64 K Bit " 192 x 8 —| e 630 184
"« TMM2764D—2 B192x8 | N-MOS 550 200 *5 %
Note TMM323DI/DI-1 and TMM2732D|1/D1-2 are industrial spec parts.
(operating temperature range: —40°C ~85°C)
5. Mask Programmable ROM
Access Cycle P Power ipation
. . . Time Time ower Max. .
Capacity Device Number Organization | Process Max Min Supplies (mw) Pins
R ) (ns) (V) active stand-by
16 K Bit | TMM334P 2048 x8 | N-MOS| 450 450 +5 440 - 24
TMM333P 4096 x 8 N-MOS 450 450 +5 6525 - 24
TMM2332P 4006 x8 |N-MOS| 350 350 +5 550 83 24 |
32K Bit * TC5332P 4096 x 8 C—-MO0s 450 450 +5 39 0.11 24
* | TC5333P 4096 x 8 C-MOs 450 540 +5 39 0.11 24
» | TC5334P 4096 x 8 C-MOs 450 450 +5 39 0.11 24
* | TC5335P 4096 x 8 C-MOs 450 540 +5 39 0.11 24
64 K Bit TMM2364P 8192 x 8 N-MOS 250 350 +5 220 83 28
256 K Bit | TMM23256P 32768 x8 | N-MOS| 150 230 P 220 55 28
Note Package Material P: Pastic, D: Cerdip, C: Ceramic, F: Plastic Flat

*MEMORY New Products




Aroede) Asowa iy

Hg M 962 ug M v9 Hg M ze g M 9L ugiv gL
0
L-QSLEWAL
dS9GG01 ‘dv9SSIL 1-a/d9LOZANL JSLEWNL 0
2
1-dS95G0L " 1-dt9GGOL
d9SZETWINL T-dv9LYININL "€-O/dvILYININL Z-Q/d9LYINWL 'Q/d9LOCWINL
49816601 ‘d841G50L Z-AQV/dVELSSOL
‘T-dVL1GSOL "E-A/d9LYWINL 2-QVv/dvvL1G80L
Z-QV9LTWWL ‘¥ O/dv9LYININL 2-Q/d9LOZWNL ‘Z-dV9LGSIL | L-dVPLEWWL '2-0V/dVP0SSIL
00z
dV£1GG0L
QY9LTWWL "dPIETWINL Z-10/QTELTNNL v-Q/d9LYWINL ‘dV9LGSOL
€-QVv/dvi1680L
€-dVrLEWNL '€-QV/dVr0SSOL 008
dCEETNINL
1Q/QTELTNNL L-10/QETEWNL
d80SS0L
oov
JEEEWIL 'dSESSOL dVEEWWL -d80GS0L
dVEESDL 'dEEEGDL 'dTEESIL 10/Q-EZEWNL dVYLEWWL "d¥LGSOL 1-3/d0LSS0L
00S
1-dVLr0SOL 1-d80SS0L puodasoueN
up |
55800y
009
L-dP1GS0L Qa/d108S0L
00L
C-dv1G980L
o L
2-dV L0590, 008

‘L 3AIND NOILI3T13S AHOWINW



dSEESOL
dvEESOL
dreEsoL NOH SSYIN SOWD
dZEEG0L
dZEETNNL
d9SZETNINL dv9ETNNL dEEEWINL dESNINL WOH NSV UoN wos
1028 LZNNL 1QEZEWINL
avoLewnt QzELZNNL QEZEWNL NOoY43
Qv/dvEeLggL
18/09/d881950L | Qv/dvriSSOL
ety 38/08/d8. 15501 dvLS501 o/ 80550+ | v onms sowo
IV/QV/dVLISSOL | QV/dvb0SsoL
1v/Qv/dve1eedL 4V L508DL
QSLEWAL
Q/d9LOZWINL 4V LEWNL WYH 315 N Wvd
O/dvOLYIWNL Q/d9LYNINL VY d1weuAQ
Hg M 962 Hg N v9 ug M ze ug M 9L ng Ny ug L JdAL o~
| AL AHOW3W

ALIDVdVYO AHOW3W

‘2 3AIND NOILI3T3S AHOW3IW



J/dP9LYWNL

9€5'99

d9SZETWINL

89/'CE

Q/d9LYWNL

¥8E'91L

dg9GG0L
dv9GG0.L
dP9ETNWL
Qv9LZWAL

z6L'8

dCEETWNL
dEEEWNL
dSeESOL
dvEESOL
dEEESOL
d2eesdL
1Q/QTELCWNL

QSLEWNL
dv¥0SSOL

960't

dVEEWNL
1Q/QETEWNL
48/Q8/4981550L
48/08/d8.1850L
4v/Qv/dv L6801
4v/Av/dv91850.L
Q/d9LOTWINL

8v0'c

Qv/dveLssoL
dVLp0SOL
dv/dvLSSoL
dV7LEWWL

d80SSOL

veo'L

d/d10GS0L

956¢

ug 8

g v

ua L

118

agom

€ 34179 NOILD3 T3S AHOWIN




ta g [Jstien) (z1) vi[Jano ano,
*q *a [Jotivt) (1) €1f] ‘a a
sa : sa [Jertsy (on 2] ‘a 'a
°q - °*a [stier) (6) 1L[] °a °g
‘g tg [Jetiet) (8 oif] °v oy
T 3 z 25| WOd Ty T
D' 2 2| 2 FH 9 R D R e 0 6[] v v
oty v [Jizer) (@ 8[] oy
30| 30| 30| 30| 30| 30| 30 \m“w 30 '3d| 30| 'so| 3 [Jezioe) (9 ¢[] v fy
Ty | Ty | Ty | Iy | Iy | Thy | Ty | Tly | s/ | W/ |[3M €50 |ddp HMN:NV %) wu by bty
Sy sv [Jrzear © sf] ‘v v
By v [Jazienr @ vf] °v v
¢iy| ¢30| 0| “oN 9 5>_“8?5\A: ef] v Ly
vly [WH | 'SO | wod Qe Z[] {ery Ty
27 o7 f.mu ] ddn | ON ON
ey
2 8 318

2lels s B Bl sl8 5| ~ — = | ® slgl® B s/l 8
IR IR A IR R 81§25 <2 gl2elglg ¢ 8
g le|g zlzlg|g|=|2l8|a¢8 22|zl g2 Sio|g|g
v | = = 2| = v | 1 s S| s\ 849 = |2 =2 = 2

S| w|ls|2/8|6|s|gl v\ w|2|s|2 s | s S| 88 2/ s/ olo W =S| 8| =
ElE|E|E g g|E|EE|E|E|E|E EIE|E|E|E|E|E|E|E SIEIEIE
s|s|s|2 s| 2l s|s|=|2|2 3= s s|8lz2lala s|s |z
61252 8/8/3/ 2/ 22|28 o|5|2/%z|2/2/8/8/8|/2/5|%|¢8
L || a|S|2| € a €| ||| a S Clegle|lacia|E|S|S|a | &l &
2 0|2 |w | 0|08 |=|w|0|0|wn|S|w Gis|lw|lo|lc|lw|=2|8|d|u|=|0]|=
ug ug M

H b}
oz | MEdPO ug M ze ug Mol ug ol 18 3 2€ R I s

1N0 Nid AHOW3W 3AIM-3LA8 VEIHSOL




CROSS REFERENCE

1. 16 K Bit Dynamic RAM

Access Time 150 ns 200 ns 250 ns
Tashiba TMM416D-2/P-2 TMM416D-3/P-3 TMM416D-4/P-4
Fairchild F16K-2 F16K-3 F16K4
Fujitsu ] MB8116H MB8116E mMBB116N |
Hitachi HMA4716A-2 HMA4716A-3 HMA4716A4
Intel 21172 2117-3 21174
Intersil IM7116-3 IM71164
Mitsubish M5K4116-2 M5K4116-3 M5K4116-4
Mostek — MK4116-2 MK41163 MK41164
Motorola MCM4116C-2 MCM4116C-3 MCM4116C-4
National Semi. NM5290-2 MM5290-3
NEC uPDa16C/D3 uPD416C/D2 uPD416C/D-1
TI TMS4116-15 TMS4116-20 TM4116-25
2. 64 K Bit Dynamic RAM.
120 ns 150 ns 200 ns
Toshiba TMM4164P-2 TMMA4164P/C-3 TMMA4164P/C-4
Fujitsu MB8264-15 MB8264-20
Hitachi HM4864-2 HM4864-3
Intel 2164-15 2164-20
Mitsubishi MB5K4164N-16 M5K4164N-20
Motorola MCM6665-15 MCM6665-20
NEC uPD4164-3 uPD4164-2
OKI MSM3764-12 MSM3764-15 MSM3764-20
Tl TMS4164-16 TMS4164-20
3. 4K Bit Static RAM
- 1,024 x 4 . 4,096 x1
(Aogess Time 200 ns 300 ns ~ 450ns 55 ns 70 ns
Toshiba TMM314AP-1/APL-1 TMM314AP-3/APL-3 TMM314AP/APL TMM315D-1 TMM315D
AMD Am9114EPC Am9114CPC Am9114BPC
AMI $2114-2 $2114-3 S2147
Fujitsu MB8114EL 'MB8114NL MB8147H MB8147E
Hitachi HM472114AP-2 HM472114AP-3 HM472114AP-4 HM6147-3 HM6147
Intel 2114-2/L.2 2114-3/L3 2114/L 21473 2147
Intersil IM7114-2/L2 IM7114L
Mitsubishi M5L2114LP,S-2 M5L2114LP, S3 M5L2114LP, S
Motorola MCM2114-20 MCM2114-30 MCM2114-45 MCM2147-65 MCM2147-70
National MM2114-2/—2L MM2114-3/-3L MM2114/—L MM2147-3 MM2147
NEC uPD2114LC/D-3 uPD2114LC/D-1 uPD2114LC/D uPD2147D-3 uPD2147D-2
SYNERTEK SY2147
TI TMS4045-20 TMS4045-45 TMS2147-5 TMS2147-7




4. 1K/4K Bit CMOS RAM

1 K Bit ] 4 K Bit
256 x 4 1,024x 1 ~1,024x4 | 1,024 x 4 4,096 x 1
Toshiba Tess01b TCoooar TCE047AP ('IT'ggg}ZZP/TCSSHA . Tcseosnp
Fujitsu MB8401 | | MB8414 MB8404
Harris HM6501 ~ HM6508 B HM6514 __HMB504 |
Hitachi Hm435101 | HM4334 HM4315
Intel i5101L
Intersil IMB508 IM6514 IM6504
Mitsubi M5L5101P-1 B ) M589815-45 ]
NEC uPD5101 uPD443 uPD445 uPD444
Oki MSM5114 MSM5104
RCA MWS5114 ]
5. 16 K Bit NMOS/CMOS Static RAM
16 K Bit
NMOS CMOS
Toshiba TMM2016P TC5516AP TC5517AP/BP TC5518BP
Fujitsu MB8128 MB8417 TM8416 MB8418
Hitachi (HM6116) (HM6116) (HM6117)
Mitsubishi M58725
NEC uPD4016 uPD447 uPDA46 uPD449
OKI MSM2128 MSM5127 MSM5128 MSM5129
6. ROM (EPROM & MROM)
EPROM MROM
16 K Bit 32 K Bit 64 K Bit 32K Bit 64 K Bit
Toshiba TMM323D TMM2732D TMM2764D TMM333P TMM2332P TMM2364P
Fujitsu MB8516 MB8532 MB2764
Hitachi HN462716 HN462732 HN482764 HN46332P
Intel i2716 i2732 i2764 12332 12364
Mitsubi M5L2716K M5L2732K
Mostek MK4716 MK32000 MK37000
Motorola MCM2716
NEC uPD2716D uPD2732D uPD2332
Oki MSM2716AS MSM2732AS MSM2764AS
Tl TMS2516 TMS4732







Dynamic Random Access Memories






16384 WORD x 1 BIT DYNAMIC RAM

N CHANNEL SILICON GATE MOS

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

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

The TMM416P/D uses a single transistor dynamic
storage cell and dynamic control circuitry to achieve

® 16,384 words by 1 bit organization
e [ast access time and cycle time

DEVICE tRAC trRc
—WM4‘I‘6P/C)72 150 ns 320 ns
| TMM416P/D-3 200 ns 375 ns

TMM416P/D-4 250 ns 410 ns

® [ndustry standard 16 pin DIP

e Standard + 10% power supply (+12V, = 5V)

® Lower power: 462mW operating (max.)
20mW standby (max.)

high speed and low power dissipation. Multiplexed
address inputs permit the TMM416P/D to be pack-.
aged in a standard 16 pin plastic and cerdip DIP. This
package size provides 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

® Common 1/0 capability using "‘Early Write'' opera-
tion

® Read-Modify-Write, m-only refresh, and Page-

Mode capability

All inputs and output TTL compatible

128 refresh cycles / 2 msec

Compatible with MK4116

Package
Plastic DIP: TMM416P
Cerdip DIP: TMM416D

(TOP VIEW)
Ves P Vss
Din Dcas
J—— WRITE O- WRITE
WRITE PoouTt cLocks
RAS NAg RAS
Ag A3 DATA IN o
A ] BUFFER
2 Ag
Ay ha No. 2 CLOCK | NI
I
H Caso GENERATOR DATA OUT le0 Doyt
v LATCH BUFFER
oD Pvee RELEASE
i
ROW MEMORY ARRAY
[ADDRESS| Ao-s |, (128 x 64)
BUFFERS Y2
7) DUMMY CELLS (128) ATA BUS]
Ag-Ae Address Inputs o SENSE AMPS (128) & lo{seLECT
=— — J1/128) COLUMN DECODER (1/64) (172)
CAS Column Address Strobe i 1/128) o)
DN Data In DUMMY CELLS (128)
'OLUMN | Ag .5
DouT Data Out MEMORY ARRAY
RAS Row Address Strobe “‘[’:,F“s‘*l (128 x 64)
WRITE Read/Write Input
Vgg Power (—5V) =
Vee Power (+5V)
Vob Power (+12V)
Vss Ground

13 —



RATING VALUE UNITS NOTES
Voltage on any pin relative to Vgg —0.5~+20 \ 1
Voltage on Vpp, Ve supplies relative to Vgg —1.0~+15 \Y 1
Veg-Vss (Vpp-Vss > 0V) 0 \% 1
Operating temperature 0~70 °C T
- Storage temperature . =5~ 1560 °c 1
Soldering temperature - Time 260 - 10 °C - sec 1
Power dissipation TMM416P 600 mW 1
TMM416D 1000
Short circuit output current 50 mA 1

(Ta=0~ 70°C) (Note 2)

SYMBOL PARAMETER MIN. TYP. MAX. UNITS NOTES
Voo 10.8 12.0 13.2 \ 3
Vee Supply Voltage 45 5.0 55 v 34
Vss 0 0 0 \ 3
Ves —45 | -50 —55 v 3
ViHc Input High Voltage, RAS, CAS, WRITE 2.7 7.0 Y 3
Vin Input High Voltage, except RAS, CAS, WRITE 2.4 7.0 v 3
ViL Input Low Voltage, all inputs -1.0 08 \% 3

oo et A o B :
(Vpp =120V 10%, Ve = 5.0V £ 10%, Vss =0V, Vgg = ~5.0V % 10%, Ta = 0°C ~70°C) (Note 2)

SYMBOL PARAMETER MIN. MAX. UNITS NOTES
IDD1 OPERATING CURRENT 35 mA 5

N lcc1_~_ Average power supply operating current 6
| lge1 | (RAS,CAScycling : tgc = minimum value) 200 LA
IbD2 STANDBY CURRENT 15 mA
[ lcc2 Power supply standby current | -10 0 | LA
IgB2 (RAS = V|Hc. Doyt = High Impedance) 100 nA
Iop3 | REFRESHCURRENT o 27 mA 5
—Icca Average power supply current, refresh mode. -10 10 uA
[ 1gea | (RAScycling, CAS =V Hc : tac = minimum value) ' 200 uA
Iboa | PAGEMODE CURRENT 27 mA 5
N leca ] Average power supply current, page mode operation 6
[ igea | (RAS=V;_,CAScycling : tpc = minimum value) 200 uA
INPUT LEAKAGE CURRENT
I Input leakage current, any input (Vgg = —5V —-10 10 KA
OV < VN <+7.0V, all other pins not under test = OV)
OUTPUT LEAKAGE CURRENT
lo (L) e -10 10 uA
(Douyr isdisabled, OV < Voyt < +5.5V)
Von OUTPUT LEVELS 24 v 4
Output “H" level voltage (I = —=5mA) ’
OUTPUT LEVELS
VoL 0.4 \Y 4
QOutput "L"" level voltage (loyT =4.2mA)




(Vbp = 12.0V+ 10%; Ve =50V +10%, Vss = OV, Vgg = —5.0V £ 10%, Ta = 0°C ~ 70°C)

(NOTES 2,7,8, 10)

TMM416P/D-2

TMMA416P/D-3

TMMA416P/D-4

SYMBOL PARAMETER UNITS NOTES
MIN. MAX. MIN. | MAX. | MIN. | MAX.
tRC Random read or write cycle time 320 375 410 ns 9
" tRwe Read-write cycle time 320 375 425 ns 9
| tRMw Read-modify-write cycle time 405 500 ns 9
tp’c v Page mode cycle time ~ 1228 275 ns
thRac | Access time from RAS ) 150 200 250 ns 1,13
tcac Access time from CAS 100 135 165 ns 12,13
toFF Output buffer turn-off delay 0 40 0 50 | 0 60 ns 14
tr Transition time (rise and fall)ﬁu 3 35 3 50 3 50 ns 10
trp RAS precharge time 120 150 ns
tRAS RAS pulse width 32,000 | 200 | 32,000 | 250 | 32,000 | ns
tRSH RAS hold time — ss 165 ns
tcsH CAS hold time 200 250 ns
ICAS CAS pulse width 10,000 135 | 10,000 | 165 10,000 ns
theo RAS to CAS delay time 1 s | 25 65 | 35 85 ns 15
tcRp CAS to RAS precharge time —20 -20 ns
tASR Row Address set-up time 0 0 ns
tRAH Row Address hold time 20 35 ns
tasc Column Address set-up time o -10 B -10 ns
" tcan | Column Address hold time T 75 s
tan Column Addr?EE)Id time 05 120 160 ns
referenced to RAS
tRCS Read command set-up time 0 0 0 ns
tRCH Read command hold time 0 0 0 ns
tweH Write command hold time a5 | 55 75 ns
Write command hold time
WCR referenced to RAS 9% 120 160 ne
twp Write command pulse width a5 | 85 75 ns
tRWL Write command to RAS lead time | 50 70 85 ns
tewL Write command to CAS lead time 50 70 85 ns
tps Data-in set-up time 0 0 0 ns 16
tbH | Data-in hold time 45 55 75 ns 16
IDHR 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
" tewo CAS to WRITE delay 60 80 90 ns 17
tRWD RAS to WRITE delay 110 145 175 ns 17

15 —




e READ CYCLE tRC
tRAS
R - ul A N
tesH , . *RP
tRCD _tRSH tCRP
. tcas L
Ve \ | L/
tASR ;R_A-H ‘ffc tCAH
ADDRESSES \\;::: ADT]ORVéSS >@( :L?Si’:st :?W////// /W///////////§9< .
tRCS N ;f:C_H_1
WRITE Vi/“"i:/// // /// teac W/// /
tRAC tOFF
bouT \\//?,':: OPEN { VALID DATA
PApont care
® WRITE CYCLE (EARLY WRITE) the
tRAS
Ve N | ; ___
‘C'SH f tRP
tRCD ' tRSH l t1CRP
CAs VIVH|<|:_ 3\ \ ' tcas / /
tasm_| | tRAH tasc|  |tcam|
soonesses (T vess wesuees XUk
tewl vjl
twcs tweH
e YT
tRWL 1
l_D.;w—iR tDH |
DIN :’,::: // / /%‘ VALID DATA ‘W///////// ////// /////
DouTt \\:2:: ! - OPEN Don’t Care

16 —



® READ-WRITE/READ-MODIFY-WRITE CYCLE

tRWC
tRAS
- tAR
AAS ViHe—
RAS _ N
Viu K e tRP
RSH
tesH tcRP
t
Aco tcas
CAS ViHc— \ /
CAs VoL — r
‘AE_RJ RAH tasc tCAH
1 W ) S I
ADDRESSES
ViL— ADDRESS ADDRESS 4
tRWD tcwL !
'HFS tcwD TRWL
1
R
WARWE  VIHC— Vi N
o tOFF
tcaC twp
1
yoH—, ——-‘4 VALID DATA }——-——
DouT v OPEN
oL— K
tRAC
tps DH
TR
Doin Vin— /// / oATA 1% /
Vi,
Don’t Care
® “RAS-ONLY” REFRESH CYCLE .
RC
tRAS )
\ p \
AAS ViHe—
RAS
ViL— \
tRAH tRp
tASR
woenesses row aconess X777 Y
VoH—
D OPEN
ouT VouL—

Note: CAS = V,c, WRITE = Don‘t Care

Don’‘t Care



® PAGE MODE READ CYCLE

1

2
>
o

ADDRESSES

Dout

WRITE

® PAGE MODE WRITE CYCLE

CAS

ADDRESSES

WRITE

1N

tRAS
v tAR -
IHC — \
ViL —
tesH
tpC tcas | tRSH L tRP
tRCD tcas tcp > tcas tCRP
ViHe — - 3
ViL \ K 1Z X 2
ICAH tCAH tcAH
tasc . tasc ltasc
Vin £CoL CoL ) / coL / /
ViL ADD ADD. ADD
tcaC tcAC tcac
tRAC tOFF _|toFF tOFF
VOH — ;E P
Vor oPEN—] {
tRCS
tRCS tRCH tRCH
—+—
—
i X ' KU
ViL —
m Don’t Care
RAS
AR
ViHe — \B 3
Vie — —] N
tCSH rys ’ tRSH tRP
[t
tRCD tcas e tcas tcAs . _tCRP
ViHe — -\% f_\\ f—'—‘“‘_-\& —
Vi — , L
TRAH tCAH tCAH tCAH
tASR)| tASC tascC tASC
1! L e p RN
ViH — ROW oL coL m coL /
Viu ADD., ADD A ADD. N ADD
¥
tweH TWCH WCH
tewL tewL tcwi
ViHc f /E / /
v W, /.
8 X . K 2 4
tWCR twp wp wp tRWL
tps toH tps toH tps tDH
Vi — VALID ) VALID VALID
Vie DATA 4 DATA DATA
DHR
Don‘t Care

18 —



(Vpp =

120V £10%, Vee =5.0V+10%, Vgs = OV, Vgg = —5.0V+10%, f = IMHz, Ta =0°C ~ 70°C)

SYMBOL PARAMETER TYP. MAX. UNIT
Ciy Input Capacitance (Ag-Ag), D|n 4 1 5 pF
Ci, Input Capacitance RAS, CAS,WRITE 8 10 pF
Co QOutput Capacitance (DoyT) 5 7 pF

Cyete Time nc (ns) Cyeta Time tac tne)
1 1000 500 400 300 250 1000 500 400 300 250
. ] \ { . l
¢ i | g I |
* - % D2 et
H N X t é +)r./,:r// i
: | K P
H —af -af (-2 " H P
) L1 3 8
8
L T T :
Cycle Rate (MH2) = 103/tpc (ne) *
Fio.1 Tews tac o
LI T+ r )
Cycle Rate (MH2) = 103 /tpe  (ns)
Cycle Time tac (ns) Fig. 3 tac v Ipp3
1000 500 400 300 250
80} T Cycla Tima tpg (ne)
1000, 500 400 a0 20
3 a0 ) [
g -
& 3
M £
3 &
H - 3 =
< i %
H H
- 3
3 ol el H s
: H
| | I8 36 i ho

70 20 30 ) 5.0

Cycoe Rate (MH2) = 103/tpc (ns)
Fig.2 tacws Ippy

NOTES

1.

2.

@

© o

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

Ta is specified here for operation at frequencies to
tRrc = 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 Vgg.

Output voltage will swing from Vgg to Ve 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 Vg (min.) specifica-
tion is not guaranteed in this mode.

Ipp1. 'pp3 and Ippg depend on cycle rate. See figures 2, 3 and
4 for Ipp limits at other cycle rates.

lcct1 and Iccq depend upon output loading. During readout of
high level data V¢ is connected through a low impedance to data
out. At all other times |cc consists of leakage currents only.

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

AC measurements assume t = 5ns.

The specifications for tgc (min.), tgmw (min.) and tgwc (min.)
are used only to indicate cycle tlme at which proper operation
over the full temperature range (0 c <Ta <70°C) is assured.
ViHc (min.) or V| (min.) and V| (max.) are reference levels for

12.
13.

14.

19 —

Cycle Rate (MHz) = 103/tpc
Fig. 4 tpcvaippa

(ne)

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

Assumes that tpcp gtnco (max.). If tgep is greater than the
maximum recommended value shown in this table, tgac will in-
crease by the amount that tgcp exceeds the value shown.
Assumes that tgep = tRep (max.)

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

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

Operation within the tgcp (max.) iimit insures that tg oc (max.)
can be met. tgcp (max.) is specified 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 tgwp are not restrictive operating parameters.
They are included in the data sheet as electrical characteristics
only.

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

If tcwp g tcwp (min.) and tgwp ngWD (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.




ADDRESSING

The 14 address bits required to decode 1 of the
16,384 cell locations within the TMM416P/D 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/OUTPUT

Data to be written into a selected cell is latched
into an on-chip register by a combination of WRITE
and CAS while RAS is active. The later of the signals
(WRITE or CAS) to make its negative transition is the
strobe for the Data In (D|n) register. This permits

. . . . U
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 DN referenced to CAS).

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

DATA OUTPUT CONTROL

The normal condition of the Data Output (DoyT)
of the TMM416P/D 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. Doyt
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 Doyt 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 TMM416P/D 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 “RAS-only”" cycles, RAS only refresh
results in a substantial reduction in operating power.
This reduction in power is reflected in the Ippa
specification.

POWER CONSIDERATIONS

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

rent waveforms in Fig. 5) In system applications
requiring lower power dissipation, the operating
frequency (cycle rate) of the TMM416P/D can be re-
duced and the (guaranteed maximum) average power
dissipation of the device will be lowered in accord-
ance with the Ipp 1 (max.) spec limit curve illustrated
in Fig. 2.

It is possible to operate certain versions of the
TMM416P/D 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 (< tgc 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/D 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. Vg should never be more positive than Vgg
when power is applied to Vpp.

AAS/CAS CYCLE LONG AAS/CAS CYCLE AAS ONL Y CYCLE

AAS| j

- \ Vop = 13.2V
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Normalized Access Time trac

Normalized Access Time tRac

Normalized Access Time tRAC
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Vin ViL (V)

1ppa (RAS Only)
vs T} Junction Temperature

IpDa4 (Page Mode)

Ipp4 (Page Mode)
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60 60| 60
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® Plastic Package

Unit in mm

N
o
s
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<
R

16 15 14 13 12 11 10 9
3 MMM ch ch ch
T T
» R1.0
<
s e
0
©o
|1 a5 SR S g
12 3 4 5 6 7 8
19.9 MAX. 7.62£0.25
8 8° .
. z
. ™ 4 2
< [r)
b b O
o
u§ H ‘. "
z | ¥
s 8
0 /I A 2 -t~ +0.1
o ¥ 0.25-0.05
1.4:0.15 0.2 MAX. 7.62~8.80 J
d
0.5+0.15
® Cerdip Package
15 14 13 12 11 10 9
(| rMrin f
X
<
s
w0
i
L8 N N N N [ N [ N I
1 2 3 4 5 6 7 8
20.0 MAX. -]
7.9%0.25
X
<
= H
0
© y
g z 0°~18°
0 2 0.25 *0.1
o 8 ~0.05
)
8.60 ~10.20—=

Note: 1.
No. 16 leads.

- —{=1.562%0.26
0.46%0.15

2. Al dimensions are in millimeters.

Note:

the right, at any time without notice, to change sald clrcuitry.

©Feb., 1981 Toshiba Corporation

Each lead pitch is 2.564mm. All leads are located within 0.25mm of their true longitudinal position with respect to No. 1

and

Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves



65,536 WORD X 1 BIT DYNAMIC RAM
N-CHANNEL SILICON GATE MOS

TMM4164C-3
TMM4 164C-4

The TMM4164C is the new generation dynamic
RAM organized 65,536 words by 1 bit, it is successor
to the industry standard TMM416D/P.

The TMM4164C 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 tRC
TMM4164C-3 150 ns 320 ns
TMM4164C-4 200 ns 330 ns

® Single power supply of 5V £ 10% with a built-in
Vgg generator
® Low power; 275mW operating (MAX.)
27.5mW standby (MAX.)

(TOP VIEW)

Ag ~ A,

Address Inputs
CAS Column Address Strobe
Din Data In
NC No — Connection
DouTt Data Out
RAS Row Address Strobe ]
WRITE Read/Write Input
Vee Power (+5V)
Vss Ground

Multiplexed address inputs permit the TMM4164C
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 single power supply of 5V
include * 10% tolerance, direct interfacing capability
with high performance logic families such as Schottky
TTL.

® [ndustry standard 16 pin ceramic DIP

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

e Common I/O capability using “EARLY WRITE"
operation

o Read-Modify-Write, RAS-only refresh and Page
Mode capability

e All inputs and output TTL compatible

e 128 refresh cycles/2ms

-0 Vee

~—0 Vgg
WRITE DATA IN Din
D_—?D BUFFER
s No. 2 CLOCK
CAS GENERATOR DATA OUT Doyt
BUFFER
COLUMN
A BUPFERS ©) =] cocumn
A, CODER
Ao—| | peeeee-
As 512
As SENSE AMP
As 1/0 GATING o]
Ag
A, ROW TEi e
ADDRESS [1—= o 512
BUFFERs (8) I L' = &
8§ i108] MEMORY
wi ARRAY
AAS No. 1 CLOCK
GENERATOR




ITEM SYMBOL RATING UNITS NOTES

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

Power Supply Voltage Vce —-1~7 \ 1

Operating Temperature TopPr 0~70 °C 1

Storage Temperature Tste —55 ~ 150 °C 1

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

Power Dissipation Pp 1 W 1

Short Circuit Output Current louT 50 mA 1

(Ta=0~ 70°C)

SYMBOL PARAMETER MIN. Tve. | MAX. UNITS NOTES |
Vee Supply Voltage 45 5.0 5.5 \ 2
ViH Input High Voltage 24 6.5 \Y ) 2
ViL Input Low Voltage -1.0 0.8 \ 2

 (Vec =5V £10%,. Ta=0~ 70°C)
SYMBOL PARAMETER MIN. TYP. MAX. 1 UNITS NOTES

OPERATING CURRENT >

lect Average Power Supply Operating Current 50 | mA 34
(RAS, CAS Cycling: tpc =tgrc MIN. l
STANDBY CURRENT

lcc2 Power Supply Standby Current 5 mA
(RAS = Vjy, Doyt = High Impedance)
REFRESH CURRENT

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

Icca 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 EY Vn S 6.5V, -10 10 uA
All Other Pins Not Under Test =0V)

| OUTPUT LEAKAGE CURRENT

o (L) (Dour is disabled, OV £ v 1 < 45 5v) -10 10 LA

v, OUTPUT LEVEL 24 v

OH Output “H" Level Voltage (lgyt = —5mA) :

OUTPUT LEVEL
Voo Output “"L"* Level Voltage (loyT =4.2mA) 04 v




(Vee =5V + 10%, Ta=0~ 70°C) (Notes5, 6, 7)
[ TMMma164C3 TMM4164C-4 ;
SYMBOL PARAMETER I MMIN. MAX. MIN,W — MAX ~+ UNITS NOTES
tRC | Random Read or Write Cycle Time ] 320 330 | ns
tRWC Read erte Cycle Time ; 320 350 ns
tamw | Read-Modify-Write Cycle Time 1 320 405 ns
tpC | Page Mode Cycie Time 170 225 o lns
tRAC Access Time from RAS o | 150 200 ns ;8,10
tcac . Avcéés; Time from CAS | 100 135 ns 9,10
toFF Output Buffer Turn-Off Delay o | 40 0 50 ns 11
tr Transition Time (Rise and Fall) 3 35 3 50 ns 6
tRp RAS Precharge Time 100 120 ns
tRas RAS Pulse Width 150 | 10,000 | 200 | 10000 = ns
| tass | FRASHodTime | 100 | 136 ns ]
 tesH CAS Hold Time 150 200 ns L
tcas | CAS Pulse Width 100 | 10000 | 135 10000 | ns |
| taco | RAStoCAS Delay Time % 50 | 3 65 ns 12
tcrp CAS to RAS Precharge Time .0 o 0 ns
tASR Row Address Set- Up Tc'fﬁé" T o 0 ns ) -
tRAH ‘Row Address Hold Time 5 ns |
“tasc | Column Address SetUp Time ] W ]
" tcan | Column Address Hold Time I o ns N )
R e S W
tRcs : " Read Commandasne—t Up Time 0 ns
"tgen | Read Command Hold Time ) )
t\./-vmc;q““i " Write Command Hold Time S ‘:. B 45 - . 55 _, ~ : - _____
wer | et Sommand Hold Time R D N
I t_w‘p_:‘_ ' erte Command Pulse Width o - ;‘_5_5 4 ns o
tRWL Write Command to RAS B0 70 | o ns
tcw{_' ~ Write Command to CAS Lead Tnme ) 50 70 ) ns
tos | Dataln Set-Up Time 0 ) ) s | 13|
o “Data-In Hold Time 45 56 ns 13
tDHR Data- In Hold Tyme Referenced to RAS 95 120 ns B
tep g;?j:g::a’a)rge Time (for Page Mode 60 30 ns
tRe ~ Refresh Period ) L2 2 ms
. WrutergommandVSet-Up Time =10 B =10 B ns 14
_ CAStoWRITE Delay I 8 s 14|
RAS©WRITEDeay | 1o | | 14 s |4




® READ CYCLE

RAS

CAS

ADDRESSES

WRITE

PouT

RAS

CAS

ADDRESSES

WRITE

OIN

DouT

tRC
tRAS
- X tAR
Vih — -
it — N\ - 7 \
tCSH : tRP
tRCD | tRsH tcRP
| tcas
ViH — p' T 4
ViL — \ \t ;/ /
tASR tRAH tasc tCAH
VIH — f Row f coLumn
ViL — \_ADDRESS ADDRESS
tRCS tACH
A
Vit —, L tcAac
’_ taac | tOFF
f—o
v — -
Vz: OPEN J\ VALID DATA p——o———
- k7
Don’tcaro
® WRITE CYCLE (EARLY WRITE)
tRC
tRAS
tAR
Vii— ) ] —\
ViL— \; 1 ,j K
tcsH tRp
tRCD ! tRSH tCRP
ViH = X I tcas
Vie— \\ \\t t /jf
tASR tRAH tAsC . tCAH
ViH— ROW ) COLUMN
ViL— ADDRESS ADDRESS
tcwL
twes WCH '
VlH—// ///% ™ W/////////
ViL —,
tRWL -]
WCR
thJ__ tDH
e K.
VL — / /I/////% VALID DATA X /
tDHR
VoH — _ OPEN Don’t Care
VoL —



© READ-WRITE/READ-MODIFY-WRITE CYCLE

ViH—

ViH—
ViL—

ViL—

ViH —

Vip —

Vip —

ViL—

RAS
CAs
ADDRESSES
WRITE
DouT VoH
VoL
Din \\::T_‘

® “RAS-ONLY” REFRESH CYCLE

Vig—

ViH —
ViL—,

VOH —
VoL —

RAS
ADDRESSES
DouT

ViH—

tRWC/TRMW
tRAS
tAR
\t 7 tap \_
TRSH T
tCsH tCRP
t
RCo tcas .
tASR| | tRAH  tasc tcaH
[ |
ROW COLUMN Y
ADDRESS ADDRESS
TRWD tcwL _r
-t
‘Rqs tcwp TRWL
ﬁ h
toF
tcac we FF
1
¥
OPEN——{( VALID DATA
TRAC
Ds DH
VALID
DATA
Don’t Care
tRC
tRAS L
\ V —\
v L__
tRAH tRP
tASR

VLR _momoomess BRI

Note:

CAS =

OPEN

ViH, WRITE = Don’t Care

Don‘t Care



® PAGE MODE READ CYCLE

tRAS
N tAR
RAS VIiH — N
ViL — t 2
~ 1 T
tcsH
tPC tcas tRSH tRP
*RCD tCAS tcp tCAs tcRP
CAS Vi — y,-;\ 2
VL — N
tCAH tCAH
__|.tasc
ADDRESSES ViH —  CoL
ViL — L ADD
tcac L tcac )
1 1
TRAC OFF | T tOFF O:F
=
Vou —
Pour OH OPEN § >
VoL — tRCS R
tRCS tRCH .T tRCH
—
WRITE ViH — /
ViL —
® PAGE MODE WRITE CYCLE
tras
— AR
RAS Vg
ViL — < P 7
7 t tRP
t RSH
CSHT—g5g
tRCD tcas Tcp tcas tcas tCRP
CAS ViH F N\ £ e \
viL p N
ICAH tCAH
tasc
i
ADDREssEsEs | 'H SO
ViL 7 ADD
tWCH
tcwL
WRITE ViH — / L7 / /]%Z& /‘
ViL — A 4 2
twer twe twp twp tAWL
tps tDH tps DH DS tDH
=
Din ViH — VALID X VALID VALID /
ViL — DATA DATA DATA
tDHR
Don‘t Care



(Vee=5V = 10%,

f=1MHz, Ta=0~ 70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNITS
Ci Input Capacitance (Aq ~ A,, D|n) 4 5 pF
Cpa Input Capacitance (RAS, CAS, WRITE) 8 10 pF
Co Output Capacitance (Dout) 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 Vgg.
3. lcci.lces. 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 100us is required after power-up followed by any 8 RAS cycles before proper device operation is achieved.
6. AC measurements assume tt = 5ns.
7. Vi (min.) and V|| (max.) are reference levels for measuring timing of input signals. Also, transition times are measured be-

tween Viy and V.
Assumes that trep S tpep (max.). If trep is greater than the maximum recommended value shown in this table, trac will

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

Operation within the tgep (max.) limit insures that tgac (max.) can be met. tgrcp (max.) is specified a reference point only:

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

8.
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.
1.
levels.
12.
If trep is greater than the specified tgcp (max.) limit, then access time is controlled exclusively by tcac.
13.
modify-write cycles.
14.

twes. tewp and tgwp are not restrictive operating parameters. They are included in the data sheet as electrical characteristics
only. If twcs Z 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 towp 2 tewp (min.) and trwp = trwp (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 indeter-

minate.

ADDRESSING
The 16 address bits required to decode 1 of the
65,636 cell locations within the TMM4164C 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

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 (tgan) has been satisfied and the
address inputs have been changed from Row address
to Column address information.



DATA INPUT/OUTPUT

Data to be written into a selected cell is latched
into an on-chip register by a combination of WRITE
and CAS while RAS is active. The later of the signals
(WRITE or CAS) to make its negative transition is the
strobe for the Data In (D) 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, D)y 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 (DouT)
of the TMM4164C 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 TMM4164C 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 0 throughout all
successive memory cycles in which the row address is
common. This ‘Page-Mode’’ of operation will not
dissipate the power associated with the negative going
edge of RAS. Also, the time required for strobing in
a new 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 5 specification.

7.7 MAX.

4 5 & 7 8
__oeMAx.

. 15.2MAX.

]
|
1

13.0 MAX.

25 MIN. 4.2 MAX.

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

0.5MIN.

. 7.62+ 0:5
i

| ——

b

RS,

+0.1
025701
__somAx. |

Each lead pitch is 2.64 mm. All leads are located within 0.26 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 circuitrv.
©Nov., 1981 Toshiba Corporation



65,536 WORD X 1 BIT DYNAMIC RAM

N-CHANNEL SILICON GATE MOS

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

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

DEVICE tRAC tpc
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
® Low power; 275mW operating (MAX.)
27 .5mW standby (MAX.)

PIN CONNECTION  (TOP VIEW)
NCd! T 16[ Vss
Din 02 153 CAS
WRITE 3 143 DouT
RAS O4 1300 As
Ao 5 120 A;
A; O6 110 As
A, 07 1003 As
Vec 08 90 A,

Ao ~ Aq Address Inputs
CAS Column Address Strobe
Din Data In
NC ) No — Connection
Dout Data Out
__m i Row Address Strobe .
WRITE | Read/Mirite Input
| Ve | Power (+5V)
LV-SS [ 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 single power supply of 5V
include + 10% tolerance, direct interfacing capability
with high performance logic families such as Schottky
TTL.

® |ndustry standard 16 pin plastic DIP

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

o Common I/O capability using “"EARLY WRITE"
operation

o Read-Modify-Write, RAS-only refresh and Page
Mode capability

e All inputs and output TTL compatible

e 128 refresh cycles/2ms

~——0 Vgg
WRITE DATA IN Din
BUFFER
—— No. 2 CLOCK |4
7S o _| DATA OUT
GENERATOR
BUFFER
COLUMN
ADDRESS
5| coLumn
A (
o BUFFERS (8) DECODER
Al
Ago— L T
n 512
A SENSE AMP
A 1/0 GATING
A¢
A, row L e
ADDRESS H « 512
BUFFERS (8) 1 20
o3 MEMORY
@ ARRAY
s No. 1 CLOCK
GENERATOR




ITEM SYMBOL RATING UNITS NOTES
Input and Output Voltage Vin, VouTt -1~7 \ 1
Power Supply Voltage Vee -1~7 \4 1
Operating Temperature TopPr 0~ 70 °C 1
Storage Temperature TstG —55~ 150 °C 1
Soldering Temperature - Time TSOLDER 260 - 10 °C - sec 1
Power Dissipation Pp 600 mwW 1
Short Circuit Output Current lout 50 mA 1
SYMBOL PARAMETER MIN. VP, MAX. UNITS NOTES
Vee Supply Voltage 4.5 50 5.5 \4 2
Vin Input High Voltage 24 6.5 v 2
ViL Input Low Voltage -1.0 0.8 \ 2
;(Vcc =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: tgc =tgc MIN.)
STANDBY CURRENT
lcc2 Power Supply Standby Current 5 mA
(RAS = V), Doyt = High Impedance)
REFRESH CURRENT
lccs Average Power Supply Current, Refresh Mode 40 mA 3
(RAS Cycling, CAS = ViH: tre =trc MIN.)
PAGE MODE CURRENT
lcca Average Power Supply Current, Page Mode 40 mA 3.4
(RAS = V., CAS Cycling: tpc =tpc MIN.) o
INPUT LEAKAGE CURRENT
I (Dour is disabled, OV £ Voyt S +6.5V -10 10 uA
All Other Pins Not Under Test = 0V)
ow OQUTPUT LEAKAGE CURRENT
Input Leakage Current, any Input (OV £ V|N <65V -10 10 uA
OUTPUT LEVEL
Vor Output “"H"" Level Voltage (loyt = —5mA) 24 v
VoL 83t-LZLtJILL”E Lo Voltage (loy = 4.2mA) 04 v




(Vee =5V

10%, Ta=0~ 70°C) (Notes5, 6, 7)

TMM4164P-2 TMM4164P-3 | TMM4164P-4
SYMBOL PARAMETER MIN. MAX. MIN. T MAX. TMIN. T 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
tRAC Access time from RAS 120 150 200 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 11
T 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 | 160 | 10,000 | 200 | 10,000 ns
1RSH 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
tRCD RAS to CAS delay time 25 40 25 50 30 65 ns 12
tcRP CAS to RAS precharge time 0 0 | o 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 40 45 55 ns
tan | loronced 1o RAS 8 % 120 s
tRrcs 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 55 ns
twer | Ifite command bold time 80 95 120 ns
twep 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
icp | CAS precharge tme (for page 50 60 80 ns
tREF Refresh period 2 2 2 ms
twes Write command set-up time -10 -10 -10 ns 14
towdD CAS to WRTTE to delay 50 60 80 ns 14
tRWD RAS to WRITE delay 90 110 145 ns 14




tRC

® READ CYCLE
tRAS
I —_—
RAS ViH — x ‘AR - W
ViL — N —I A \
tesH : tRP
tRCD ! tRsH tcRP
=3 tcAs
CAS ViH — p' \ ‘lr / s
ViL — \ N . /
tasp | |RAH  tasc tCAH
ADDRESSES VIH — {  Row #  coLumn
ViL —~ K_ADORESS ADDRESS
tRCS tRCH
- =
WRITE ViH — / /
Vit —, |_ tcac
I !
L tRAC OFF
T
VoH —
Pout ° OFEN { vaLiopata
VoL — X A
Don’t Care
® WRITE CYCLE (EARLY WRITE)
tRC
tRAS
e lleaa s taR o —\
RAS ViH N | v
ViL— K. ! Vi ——
tcsH tRP
tRCD ! tRSH L tcRp
CAS ViH < | tcAS ]
ViL _ \ \ I /
|
tash | | tRAH  tasc tcAH
] 1
ViH— \
ADDRESSES | ROW COLUMN / / / / ﬁ(
ViL— ADDRESS f ADDRESS
tewL _]
-
twes WCH
— wp
. /A T,
ViL— /
tRWL -]
twCR 1
tps tDH
]
o I KUy,
VALID DATA
i — ) /.
tDHR
\"2 T P .
DouTt Vz: OPEN Don’t Care
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® READ-WRITE/READ-MODIFY-WRITE CYCLE

tRWC/TRMW
tRAS
A
RAS o a \
ViL— T tRP
tRSH T
tCsSH 1CRP
1
. RCD toas
cAs 1H— R Y \
Cas
Vie— ¥ /
tasR| | tRAH  tasc tcaH
—ﬁ—lr—
ViH— Aow ) f~ coLumn )
s
ADDRESS Vig— ADDRESS | ADDRESS 0(
tRWD tcwL
tRqs tcwo TRWL
— 77 p
g v —
WRITE v"" /ﬁ N
w—
tcac we '°|FF
1
\ —_— “
Dout OH OPEN —< VALID DATA
VoL — K
tRAC

tos

N I

VA
DATA

S

® ““RAS-ONLY” REFRESH CYCLE

tRC

Don’t Care

tRAS

=— ViH—
RAS
Vi —

tRAH

tASR

tRP

N

O I T U,

VOH —
Dour

-OPEN

VoL ——

Note:

CAS = Vjn, WRITE = Don't Care, A7 = Don’t Care

Don’t Care



® PAGE MODE READ CYCLE

tRAS

— AR
RAS ViH — L

V'L - 3 7T

tcsH
s cas , TRSH *RP
tcp tcAsS tCRP

CAS Vin r—\|

Viu

ADDRESSES VIH

Vi
tOFF tOFF
-
Pout von — —— open —< 5 :}
VoL —
tRCS tRCH tRCH
WRITE Vi — / W 7 W gygg
Vi —

® PAGE MODE WRITE CYCLE

tRAS
J— tAR
RAS ViH \_
ViL — K oy 7 )
1, ) tRSH RP
CSHT g |
tRCD CAS tcp tcas tcas . tCRP
e I
CAS Vin
Vio A
ICAH
Y
ADDRESSES IH
Vi
WRITE ViH /}W W
ViL A
1
wcr twe we WP | trwL
tps tDH DS DH os DH

DS |
BN ViH — VALID ¥ VALID Y/ VALID
ViL — DATA 4 DATA DATA
tDHR
7//[ Don’‘t Care




(Vce=5V +10%, f=1MHz, Ta=0~ 70°C)
SYMBOL PARAMETER MIN. TYP. MAX. UNITS
o Input Capacitance (Ag ~ A;, D) 4 5 pF
Cp 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 Vgg.
3. lcci. lces. Icca depend on cycle rate.
4. lcct. lcca depend on output loading. Specified values are obtained with the output open.
6. An initial pause of 200us is required after power-up followed by an 8 RAS cycles before proper device operation is achieved.
6. AC measurements assume tt = 5ns.
7. Vin (min.) and Vi (max.) are reference levels for measuring timing of input signals. Also, transition times are measured be-

tween Vg and V).
Assumes that trep S trep (max.). If trep is greater than the maximum recommended value shown in this table, trac Will

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

Operation within the tgcp (max.) limit insures that tgac (max.) can be met. trep (max.) is specified a reference point only:

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

8.
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.
1.
levels.
12.
If trep is greater than the specified trcp (max.) limit, then access time is controlled exclusively by tcac.
13.
modify-write cycles.
14.

_APPLICATION INFORM

twes. 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 < tewp (min.) and trwp < trwp (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.

ADDRESSING

The 16 address bits required to decode 1 of the
65,536 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

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 (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 (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 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 (Doyr)
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 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, ~ As) 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 Icc 5 specification.

Unitin mm

16 15 14 13 12 11 10 9
. M h M ch rhorh
T T A
: R1.0
s e ——
n
©
T oo T o7 g
12 3 4 5 6 7 8
19.9 MAX. 7.62:0.26
o & &°
- Lz
2 -
< Voo
b3 p ©
s "\
0 ! i
F4 f i S
: .. g
P o4 3l 1 i ik «© B | . +0.1
o~ ol ¥o 0.25-0.05
1.4:0.15 0.2 MAX. 7.62~8.80 _I
—=
2.54+0.25 0.5:0.15

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

Each lead pitch is 2.64 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., 1982 Toshiba Corporation
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Static Random Access Memories







1024 WORD x 4 BIT STATIC RAM

N CHANNEL SILICON GATE DEPLETION LOAD

TMM3 | 4AP
TMM3 | 4AP- 1
TMM314AP-3 TMM3I14APL-3

TMM3 | 4APL
TMM3 | 4APL- |

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.

TMM314AP family is able to be connected to

TTL directly and to drive 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-
sity assembly.

FEATURES
® Fully decoded 1024 word x 4 bit organization ® | ow Power dissiDat‘ion 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% I Access time Power
® Easy memory expansion — CS input - | TMM314AP-1 200 ns 550 mW
; poves sate cupt e O e copty LT XN Y N T
irec omp. -
e Data input/output terminal is common | TMM314AP - 450 ns 550 mW
® Input protected — All inputs have protection _TMM314APL-1 | 200 ns | 385mW
against static charge  TMM314APL-3 300 ns 385 mW
® 2114 Type Pin compatible TMM314APL 450 ns 385 mW
PIN CONNECTION (TOP VIEW) BLOCK DIAGRAM
Ae 1 18] vee 2::‘ ~—vece
As []2 170 Aq Ag—oA Row Memory cell array <— GND
As 3 16[] Ag Ag—| Decoder ———> 64 x 64
A3[]a 15[] Ag Ag —
Ag—1
Ao s 140 o, o
ArQge ” 1311 1/0, @
A2 [: 7 12:) 1/03 I/O’ 1 t Col i t/output —
s s 11[] /04 :jg: d’:: [ cotumn input/outeu
GND[]9 10[] WE I/Oi control Column decoder
/ Ao A1 Ay A3
,F \ Column Address Inpufs
‘: Ag ~ Ay ‘ Row Address Inputs 3 cs
; Y/O, ~1/04 l Data Input/Output ‘ _
| © | Chip Select Input - {‘ We
F - @ o 1 ‘,’Vi“e Enable In_pu; |
vee “ Supply Voltage |
N0 Gownd ]



SYMBOL ITEM RATING UNIT
vVce Supply Voltage -05~7.0 \Y
Vi/o Input/Output Voltagé . -05~7.0 \Y
ToPR Operating Temperature 0~70 °c
——7—Tvs}G o Storage Temperature —556 ~ 150 °C
Tso LDER Soldering Temperature - Time 260 - 10 °C . sec
PO Power dissipation (Ta = 70°C) 850 mw
~ PARAMETER _CONDITIONS | MIN. | TYP. MAX. | UNIT
ViH Input High Voltage - 2.0 — vce \Y
" ViL | Input Low Voltage R - ~05 - 08 v
" Vee " Supply Voltage T - 45 5 55 v
CONDITIONS MIN. TYP.* MAX. UNIT
VIN=550V - - 10 uA
L | Input Low Current TViN=OV - - —10 pA
VOH Output High Voltage T ISOURCE=—10mA 24 238 - | v
VoL Output Low Voltage ISINK =2.1mA - 0.15 04 v
oM Output High Current | vour=24v ) 55 - mA
" loL ~ Output Low Current VouT =04V T 2a 65 - mA
Lo Output Leakage Current CE=ViHorWE =V - - +10 uA
VouTt =04V~ Vcc
Icct Supply Current TMS14A PL/PL-1/PL-3 25:(: ~ 50 64 mA
louT =0 mA o°C - - 70
lcc2 Supply Current TMM3T4A P/P-1/P-3 25:C = 70 90 mA
IQUT =0 mA 0°C - - 100

* Ta=25°C, Vcc =5V




READ CYCLE

TMM314AP-1/APL-1 | TMM314AP-3/APL-3 | TMM314AP/APL

SYMBOL PARAMETER MIN. MAX. MIN. MAX. MIN. max. | UNT
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 - | 2 - 20 - ns
top Chip Deselect Time 0 40 0 80 0 100 ns
ton Output Hold from Address Change 20 - 20 — 20 - ns

WRITE CYCLE
SYMBOL PA;A';;;R ) TMM314AP-1/APL-1 | TMM314AP-3/APL3 | TMM314AP/APL UNIT
MIN. MAX. MIN. MAX. MIN. MAX.

twe Write Cycle Time 200 — 300 - 450 - ns

twe Write Pulse Width 120 — 150 — 200 - ns
twR Write Recovery Time o 0 — 0 — o0 | - ns
topw Output High Z from WE 0 40 0 80 0 100 ns
tos Data Setup Time 120 - 150 - 200 - ns
tDH —‘—__Q?‘ta Hold Tome 0 - 0 - 0 - ns
taw Address to Write Setup Time 30 - 30 - 30 - ns
SYMBOL PARAMETER " CONDITIONS MIN. TYP. MAX. UNIT

“___(S&Aﬁ o Input Capacitance V|N ‘= AC Ground - - 5 pF
CouTt Outpu{ éér;acitance VouT =AC Ground - — 5 pF

Note: This parameter is periodice—zll-y sa}ﬁbied and not 100% tested.




READ CYCLE

Ag ~Ag

1/01 ~1/04

WRITE CYCLE

Ao ~Ag

1/0y ~1/04

Viu

ViH

NN

VoH

VoL

ViH

Vi
ViH

ViL

ViH

Viu
VoH/VIH

Vou/ViL

tRC

tco

\1,5V

1.5\//

ex

HIGH IMPEDANCE

tacc

1.5V

DATA OUT
1.5V 1.5V
VALID

twc

DG

NG

LTI

twp

twR

tcx

HIGH IMPEDANCE

J/‘I.SV

tps tOH_,

DATA IN
STABLE

1.5V DON'T CARE

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.



tacc

NORMALIZED

Icc

NORMALIZED

(mA)

loL

tacc —CuL

1.4
13
y
r
12
P
7
1.1
7
1.0
0.9
56 100 150 200 250 300 350 400
cy (pF)
Icc - Ta
1.2
1.1
1.0
~N
0.9 N
—
NS
0.8
0.7
Z20 o 20 40 60 80 100 120
Ta (°C)
loL—Vou
10
Vee = 5.0V
8
A;//
6 sAA%
g
A/"A// /1
a v/ Z
A/A
2 fa
% 01 o0z 03 04 05 06 07

VoL V)

tacc

NORMALIZED

(v)

Vin, ViL

(mA)

loH

tacc — Ta
1.2
11
1.0
- =
0.9 -
X —
A
08
0.7
~20 20 40 60 80 100 120
Ta (°C)
ViH, ViL—Ta
2.5
Vee = 5.0V
2.0
ViH
1.5 [r
ViL
1.0
0.5
0
—20 0 20 40 60 80 100 120
Ta (°C)
loH = VoH
10
Ve = 5.0V
8 N \
. N\
25 X
$\\
70”7 NN\
a4
2
0
20 22 24 26 28 30 32 34

Von (V)



Note:

18 17 16 15 14 13 12 11 10
Unitin mm

2
s
R1.0 3
©o
1 2 3 4 5 6 7 8 9 .
x
<
2 +
- 22.8 MAX . o 7.62%0.25
I 5L
f— 0~185°
-~ +o
S _0.05
2.54%0.25 1.4%0.15 E
b
0.5%0.15 10 _7.62~8.8
o

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. 18 leads.

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.

©Mar., 1980 Toshiba Corporation

Distributed by



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

TMM3 15D
TMM315D-|

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

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

1/0 separate

Three state output

Directly TTL compatible

Vee Ag A7 Ag Ag Ajp A1l DN TS
Ll - o o fw |
18 17 16 15 14 13 12 11 10

6 7 8 9

L= L= I
As DOUTV'G!E GND

2gv
Ry
2
2go

Ag ~ As Row Address inputs

[ "A; ~ A;, N " Column Address inputs
DIN | Data input

| Dourt ‘1 Data output

TS | Chipselectinput
WE Write enable input
Vcc/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.

e 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 ti:ﬁe 55 ns 70 ns
Chip select Access time 55 ns 70 ns

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

Ao [ ]

Al —-—Vce

Memory -—GND

Az Row Cell Array

Az— Decoder (64 x 64)

Ag—

As 1
OIn > Column 1/0 DouT

circult
Column decoder
c3

111141

As A7 Ag Ag AjgA])

49 —



CcS WE Output Power Mode
H * High-Impedance Standby Deselected
L Data out Active Read
L L High-Impedance Active Write
SYMBOL ITEM RATING UNIT
Vcc Power supply voltage -1.5~7.0 \%
VIN, OUT Input and output voltage -15~7.0 \
[ Topr Operating temperature 0~70 °C
Tstrg Storage temperature —565~ 1560 °C
Tsolder Soldering temperature - time 260 - 10 °C - sec
Po Power dissipation (Ta =70°C) 10 W
lout DC output current 20 mA
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
VIH Input high voltage e 2.0 — 6.0 \%
ViL Input low voltage — -1.0 — 08 \Y
Vce Power supply voltage e 45 5.0 55 \
& e SR TR LA J
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 2.4 - - \
VoL Output low voltage Isink =8 mA - - 04 \%
IoH Output high current VoH =24V —-4.0 - - mA
loL Output low current VoL =0.4V 8.0 = - mA
IN] Input leakage current VIN =0~ Vcc - +0.01 +10 A
VouT =0~ 45V
ILo Output leakage current €S = ViH or WE = V1L - +0.1 +50 MA
lcc Operating current CS=ViL TMM3150 - - 160 mA
output open TMM315D-1 = - 180 mA
CS=Vin TMM315D - - 20 mA
IsB Standby current
output open TMM315D-1 — - 30 mA
CS=ViH TMM315D — — 50 mA
Isep Peak power on current i
during power on [ TMM315D-1 - - 70 mA

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




Ta

® READ CYCLE

™

0~70°C, Vcc = 5V+ 10% unless otherwise noted.

30082 I

Fig. 1 Output load

SYMBOL PARAMETER MAX. UNIT
CIN Input capacitance 5 pF
CouTt Output capacitance 7 pF

This parameter is periodically sampled and is not 100% tested.

TMM315D-1 TMM315D
SYMBOL PARAMETER TN VAX. MIN. VAKX UNIT
tRC Read cycle time 55 - 70 - ns
tAcc Address access time - | 55 - 70 ns
tco, Chip select access time 1 - 55 - 70 ns
tcoa Chip select access time 2 - 65 - 80 ns
toH Output hold from address change 5 - 5 — ns
tLz Chip selection to output in low Z 10 1= 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
TMM315D-1 TMM315D
SYMBOL PARAMETER TN, MAX. MIN. A UNIT
twe Write cycle time 55 - 70 - ns
| tew 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
tDH Data hold time 10 - 10 - ns
toDwW Write enable to output in high Z 0 30 0 35 1 ns
two Qutput active from end of write 0 - 0 - ns
® AC TEST CONDITIONS Vee
Input pulse levels 0~3.5V
- - 51002
Input rise and fall times 10 ns
Input and output timing reference levels 15V Dourt 30pF
Output load See Fig. 1




READ CYCLE 1. (WE = vy T8 = vy,

- — J—

e tace

Dour Previous Data valld Date vallg

READ CYCLE 2. {WE = V) (1)

=
Sout XX
X0
e [a—
Vee Ice
supely ), ____J’
Current b
WRITE CYCLE twe

Address _‘\& X

we I

fotas —— e tp§ = O
Oin Data in valid
] oow [— wo
Pout Dsta undefined
Tioh Tmpeaance
vou i

Note: (1) Addresses are to valid prior to or coincident with TS transition low.
(2) tco1: Chipis deselected for a time that is greater than 56 ns prior to selection.
tco2: " Chip is deselected for a time that is less than 55 ns prior to selection.

8 16 10 Unit in mm

nimimEnlnlsimlnis

<
7.5 MAX.

I e e ey e

e 23,2 MAX e

o
2
0
v 4
E ;
s r4
Note: 1. Each lead pitch is 2.564 mm. All © s
leads are located within 0.25 mm of ~ p=t
their true longitudinal position with ©
respect to No. 1 and No. 18 leads. 2.64 Ty °
2. All dimensions are in millimeters. 24 YR | 1.52%0.26

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 sald circuitry.
©Aug., 1980 Toshiba Corporation

Distributed by



2048 WORD X 8 BIT STATIC RAM

N CHANNEL SILICON GATE DEPLETION LOAD

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

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
memory.

in  microprocessor

peripheral

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

e Pin compatible with 2716 type EPROM
e Single 5V supply — Ve =5V + 10%

® Access time and current

is in Vi 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.
TMM2016P/D is offered in both standard 24 pin
plastic and cerdip packages, 0.6 inch in width.

The

e Qutput buffer control — OE
Easy memory expansion — CS
e Static operation — No clock or timing strobe re-

T TMM2016P/0 TMMzmaM/m;TMMzoysp.z/D-z} quired
Access time (MAX.) 150 ns 100 ns 200 ns e Directly TTL compatible — All inputs and outputs
Operating current (MAX.) | 100mA 120mA  140mA e Common data input and output
Standby current (MAX.) 15mA 15mA 30mA 1 e Three state outputs — Wired OR capability
e [nputs protected — All inputs have protection
e Power down feature — CS against static charge.
A7 gt 24P Ve
Ag 2 230 Ag
210 WE Ay .
:;E; _ 20p0E AZ o—y— ¢ Memory <—o0 Vee
Ard6 g 19D Ayg A7 o— P § Cell Array <—0 GND
A g7 > 18P CS Ag o o H (128 x 16 x 8)
Ao 8 o 170 1/0g Ay o y— €
11019 = 1603 1/07 A
110,d 10 15h 1/0g 10 o]
1103 11 14p 1/05 '
1/0
1/0:
b
1/05 I
SYMBOL NAME 1/0g RERR
1/07
Ag~ A3z Column Address Inputs 1/0g o $ b 44
Ag A1Az Ag
Agq~AqQ Row Address Inputs
cs Chip Select Input
WE Write Enable Input B
cs
1/04 ~1/0g Data Input/Output &E
OE Output Enable Input OE
Vee Power (5V)
GND Ground




SYMBOL ITEM RATING UNIT
Vee Power Supply Voltage -05~7.0 \
VIN, ouT Input and Output Voltage -05~7.0 \
Torr. 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
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vi Input High Voltage 22 — Vee +1.0 v
ViL Input Low Voltage -0.5 — 0.8 \%
Vee Supply Voltage 4.5 5.0 5.5 \Y
LS 0L | _PA_RAI\_/IE_TEH CONDITIONS MIN. TYP. MAX. UNIT
| he | Input Leakage Current Viy =0~ 5.5V — - +10 HA
lom Output High Current | Voyr =2.4V . =10 | = - mA
Vout =0.4V 21 | - — mA
louT = —1.0mA 24 — — v
VoL Output Low Voltage loyT = 2.1mA - — 0.4 \%
CS =V or WE=V,_or OE =V
| Output Leakage Current 1H OF L or 1 - - +10 MA
LO -
— N — VOUT - 0 ~ VCC
C5=Vee TMM2016P/P1/D/D1|  — - 30 mA
*lsgp Peak Power-on Current louT =0mA e 25 A
L ) during power on | TMM2016P-2/D2 - - m
CS =V TMM2016P/P-1/D/D-1|  — — 15 mA
Isg Standby Current e
L o lout =0mA TMM2016P-2/D-2 - - 30 mA
— TMM2016P/D — — 100 mA
, CS =V F—
lce Operating Current TMM2016P-1/D-1 - — 120 mA
lour =0mA TMM2016P-2
-2/D-2 - - 140 mA

*Note: Icc exceeds Isg 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 | active.

SYMBOL PARAMETER CONDITIONS MAX. UNIT
Cin Input Capacitance Vin = A.C. Ground 5 pF
Cour Output Capacitance Vout = A.C. Ground 10 pF

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




READ CYCLE

TMM2016P/D TMM2016P-1/D-1 | TMM2016P-2/D-2
SYMBOL PARAMETER MIN. | MAX. | MIN. | MAX. | MIN. | max. | N7
tRe Read Cycle Time 150 - 100 — 200 — ns
tace Address Access Time - 180 - 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 - 10 - ns
toLz 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
TMM2016P/D TMM2016P-1/D1 | TMM2016P-2/D-2
SYMBOL PARAMETER TMIN. [ mAx. | MIN. | max. | miN. | max. | OV
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
twiLz Output in Low-Z from WE 5 - 5 - 5 - ns
twHz Output in High-Z from WE - 50 - 35 - 50 ns
Input Pulse Levels 0~356V
Input Rise and Fall Times 10ns
Input and Qutput Timing Reference Levels 1.6V
Qutput Load See Note

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




(A) READ CYCLE (1)

tRC

ADDRESS

tacc

toH

tOE

toLz

Dout

(B) READ CYCLE (2)

UNKNOWN

OUTPUT DATA VALID

cs

DouT

N

tRC

f--—————— tco
tcLz

tCHZ

OUTPUT DATA VALID

S

tPD

SUPPLY
CURRENT

(C) WRITE CYCLE (1)

twe

ADDRESS

N

N

[—tAS —]

—

R

- TWR
twp

f— tOHZ

PouT R

g —— tpH

DATA IN STABLE

— 56



(D) WRITE CYCLE (2)

ADDRESS >

tcw

v,

DouT

BRI

Y 7
tWHZ —=] | —— — o Wiz

HIGH IMPEDANCE

RERRRHKLRRILL

tpg———= DH

<

Oin

DATA IN STABLE

* Note: READ CYCLE (1) —

READ CYCLE (2) —

WRITE CYCLE (2) —

WE is high for Read Cycle. =

Device is continuously selected, CS = V. _

All addresses are valid prior to or coincident with CS transition low.
WE is high for Read Cycle. OF = V.

OE = V.



® Plastic package

® Cerdip package

q ' Pog
- — - 3
R1.5 —__—‘—- o
. h 3
|

O o oy [ oy gy gr g o

1 2 34 5 6 7 8 9101112
32.4 MAX. X
<
b3
:

24 232221201918 1716 15 14 13
o hohappn o o ch

15.24 TYP,

J} 1.410.15
-ttt

2.54%0.25 z
- z
0.5%0.15 z
©
32.4 MAX.
242322212019181716 1561413
ot o cfa.ch et o o o .o
X
s
Rosea 1 b
o
\ N ey )
R e e e R R R
12345678 9101112
X
<
2 z
w0 -
0 s
o «©
| ]
1
Z ,2~541°~25 | 1:3%0.25
s 0.4G+°'15
0 —0.10
o~

-

17.4 MAX.

16.24+0.3

+0.15
0.25_0.10

15.24~17.78

Note: Each lead pitch is 2.54 mm All leads are located within 0.25 mm of their true longitudinal position with respect to

Note:

No. 1 and No. 24 |eads.
All dimensions are in millimeters

the right, at any time without notice, to change said circuitry.
© Oct., 1981 Toshiba Corporation

PRELIMINARY

Characteristics are subject to change without notice.

Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are impiled, and Toshiba reserves



TMM2016AP: 2K WORD x 8 BIT STATIC RAM

N CHANNEL SILICON GATE DEPLETION LOAD

TMM20 | 6AP

Fast Access
Power Dissipation:
Operating Current : 65mA (MAX.)
Standby Current :  7mA (MAX.)
5V Single Power Supply
Power Down Feature: CS
Output Buffer Control: OE

e o [T

Time: 100ns

*This is advance information and specifications are

subject to change without notice.

Fully Static Operation
Easy Memory Expansion: CS

All Inputs and Outputs Directly

TTL Compatible
Common Data Input/Output
Three State Outputs

24 Pin Standard Plastic Package

(both 0.6 inch and 0.4 inch width)

ROW DECODER

Memory
Cell Array
(128x16x8)

]

A.fq S 24Pvee
A2 23[1a,
A3 22[0A,
A4 21 AWE
A5 20 QOE A,
A, 6 190A,, A
A O7 18[QCs A,
A,O8 178331/0, ::
170,09 16Q1/0, A,
110, 10 1510, A,
170, 11 1410,
GNDO 12 13031/0, 110, 0-
1/0,0
1/0, 0
/0,0~ k
SYMBOL NAME 1o, N
Ao ~ Az Column Address Inputs ::g"z §
& ~ Aso Row Address Inputs |/o7c k
CS Chip Select Input '
WE Write Enable Input
1/0; ~ /04 Data Input/Qutput —
OE Output Enable Input &
Vee Power (5V) wE
GND Ground E

59 —

1/0 Circuit

-——oVee

-—oGND

i

Column Decoder

11

S




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.
© Apr., 1982 Toshiba Corporation



TMM2016HD: 2K WORD x 8 BIT STATIC RAM

N CHANNEL SILICON GATE DEPLETION LOAD

TMM20 | 6HD

® Fast Access Time
tace =35/45ns
® Power Dissipation

Operating Current :
Standby Current

150mA
20mA

® 5V Single Power Supply

Fully Static Operation

® Power Down Feature: CS

*This is advance information and specifications are

subject to change without notice.

Output Buffer Controi: OE
Easy Memory Expansion: CS
Common Data Input/Output
All Inputs and Outputs Directly

TTL Compatible

Three State Outputs

® 24 Pin Standard Cerdip Package
(0.6 inch and 0.3 inch width)

ROW DECODER

I = P P YY o [V
A2 23(1A,
A3 22[A,
A, 4 21[WE
A,O5 20[10E
A, )6 19[A,,
A, O7 18ACs
A, C8 170,
1/0, 9 16310,
1/0, 10 1s/0,
170, g1 1431/0
GND12 13[1/0, 10,0
1/0,0-
_ PIN NAMES :;gjw
SYMBOL NAME 1/0,0
Ao ~ As Column Address Inputs 110,
é‘l ~ Ao Row Address Inputs :jg’z
CS Chip Select Input *
WE Write Enable Input
1/0y ~1/Og Data Input/Output
| OE Output Enable Input =
| Vee Power (5V) _
[_GNE } QrdLJnd ﬂ;

NNNNNNNX

-0 Vee
Memory
Cell Array o
(128x16x8) GND
1/0 Circuit

b

Column Decoder

7

i

C———7T




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.
© Apr., 1982 Toshiba Corporation



CMOS Static Random Access Memories
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SYMBOL PARAMETER CONDITIONS Min. Max UNIT
Vor Data Retention Voltage OV S CES 0.2V 2.0 5.5 v
or
Iops Data Retention Current Vpp—0.2V € CE £ Vpp*® - Note (1) | pA
Chip Deselection to
tcor Data Retention Time 0 - I
tR Recovery Time treNote(2) _ uS
Note (1) : Refer to Ipps specification in individual data sheet.
(2) : Read cycle time.
TIMING CHART
DATA RETENTION MODE
Voo —————~ V“asv
4.5V \ 7 a5V
Voo VDR === === —-==~ -~ -
GND
[+— tcDR — tg
ViH
CE
0.2v 0.2v

Note (3) : For 16K Bit CMOS RAM, Vpp—0.5V S CE < Vpp

Details are specified in TC5516/17/18 data sheets,







256 WORD x 4 BIT CMOS RAM

N

The TC5501P/D is a fully static read write memory
organized as 256 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.

&,

e |ow Power Dissipation
55uW (MAX.) STANDBY
83mW (MAX.) OPERATING
Single 5V Power Supply
Data Retention Voltage 2V to 5.5V
e Package
Plastic DIP : TC5501P
Cerdip DIP : TC5501D

(TOP VIEW)

A3z 221 Vpo
A0 2 211 Ag
A3 20[] AW
Aof] s 19[1CE,
Ass 181 oo
Asll s 17[1 cE,

A Qe 16[]DouTa
GND[]8 1501 D|Ng
Onilo 14f10ouTs

DouTi1010 1301 On3
Oinz2[11 121 DouT2

Ag ~Aq Address Inputs

R/IW Read Write Input

CE,, CE, Chip Enable Inputs
DiN1 ~4 Data Inputs

DouT1 ~4 Data Outputs

(o] Output Disable Input
Vpp/GND Power Supply Terminals

e

TC5501P/- |
TC5501D/- |

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; tacc S 650ns (MAX.)

o

A o -
Ao g 5 -0 Vpp
! :J g Memory Cell Array —-——0 GND
Ay 2
s 2 32x 32
A3 3 @
<
A 3—°Dou71
3—000072
CE;
$—°°oun
CE;
Column Decoder qB—ODOUTd
R/W
DiN1 K]
DIN20 £ €
oiN3o| & 8 4 Address Buffers ]
3]
DiNgo—

cDo—-[)o—-D

o o
As Ag Aq




SYMBOL ITEM RATING UNITS
Vpp Power Supply Voltage —0.3~70 \
ViN Input Voltage —0.3~Vpp +0.3 \
Vout Output Voltage 0~ Vpp \Y
Po Power Dissipation (Ta=85°C) 800 mwW
TSOLDER Soldering Temperature - Time 260-10 °C-sec
Tste Storage Temperature —55~ 150 °C
Torr Operating Temperature —-30~85 °C

SYMBOL PARAMETER MIN TYP. MAX. UNITS
Voo Power Supply Voltage 45 - 5.5 \
ViH Input High Level Voltage 22 - Vpp +0.3 \%
ViL Input Low Level Voltage —0.3 — 0.65 \4
VpH Data Retention Voltage 2.0 - 5.5 \Y

> L
SYMBOL PARAMETER CONDITIONS MIN TYP(1) MAX. UNITS

™ Input Current 0SVin S Voo - +0.05 1.0 uA

Vpp =2.0V to 5.5V

| Standby Current - 0.2 10 A

obs andby Lurren CE, =0.2V, Output open E

lopo Operating Current Vpp =5.5V, tcyc = 1us - 6.2 15 mA

Lo Output Leakage Current 0S Vout £ Vop - +0.05 1.0 uA

loH Output High Current Vpp =4.5V, Vo =24V -1.0 -2.0 - mA -
loL Output Low Current Vpp =4.5V, Vo =0.4V 2.0 3.0 - mA

Note (1) Ta=25°C v}_,,;, =5V
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 15 pF

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




READ CYCLE

SYMBOL PARAMETER 1CE501PD TC8501P-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
tobo OD Access Time - 250 ~ 350 ns
tcoE Output Enable Time 0 - 0 - ns
tDIS Output Disable Time 0 130 0 150 ns
toH Output Data Hold Time 0 - 0 — ns
® WRITE CYCLE
TC5501P/D TC5501P-1/D-1
SYMBOL PARAMETER MIN, TAX. MIN, MAX. UNIT
twe Write Cycle Time 450 - 650 - ns
taw Address Setup Time 130 - 150 - ns
tow CE; Setup Time 130 - 150 - ns
twp Write Pulse Width 250 - 400 — ns
tps Data Setup Time 250 - 400 - ns
tDH Data Hold Time 50 - 100 - ns
twR Write Recovery Time 50 - 50 - ns

A.C. TEST CONDITIONS

e QOutput Load : 100 pF + 1 TTL Gate
e Input Pulse Levels : 0.45V, 24V
e Timing Measurement Reference Levels
Input 1 0.65V, 2.2V
Output : 0.65V, 2.2V
® |nput Pulse Rise and Fall Times : 10ns




Read Cycle

Write Cycle 1

Write Cycle 2

tRC
ADDRESS HVTVIH T
Vi STABLE i
CEy tacc tOH
VIH ViH
ViL
tACCY
tCOE IS
ViH \
CE2 v it
tACC2
COE J DIS
——\VH ViHf
op viL
t0D0,
1COE |_tois
Vou Vi
Dout OH
v VALID yot
UNKNOWN
twe
VIRN VIH Vi
ADDRESS vie Avie STABLE it
[ taw W wh|
o —Vmn} —V
CE H T}
! viL ViL
tow
e
CEp Ve X
Vi) Vin
RW
ViL ViL
|
oD ViH
tCOE |tDIS
Dout
DS tDH,
VIH ViH|
oin Vi STABLE !
- twe
1
THNVIH Vini
ADDRESS v.l_k Vit STABLE M
AW WR
—_ -3V
CEq ViH
ViL ViL
l.._'%..
CEz AVin A
twp
ViR —————
RW ViH Vin
Vi ViL
oo ViH
lmt
Oout
10s .| |
DN

IH, ViH]
STABLE x
ViL Viy




tacc (ns)
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we (ns)

1ppo (mA)
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IoH (mA)

loL (mA)

viL(v)

Ipps — Ta

‘on — Vou
-84
o
Vpp= 3.0V Ta=25°C
Vpp = 4.5V
10 —6.0
. -
e €
1 ,/ < a0
I
2
0.1 ] -2.0 ™~
0.01 0
30 30 60 %0 1.0 2.0 3.0 4.0
Ta (°C) Vom (V)
loH ~ Ta loL— Vou
-8.0 8.0
Vpp = 4.5V Ta = 25°C
VoH = 2.4V
-6.0 6.
< "
E //
—4.0 = 4.0 >
[—— -
— o Vl
\\
-2.0 2.0 / —
0 0
~30 60 90 o 1.0 1.5 2.
VoL (V)
ViH — VoD
8.0 5.0
Vpp = 4.5V o
VoL = 0.6V Ta=25°C
6.0 4.0
|
2
4.0 T 3
-\1\ 5
2.0 2.0p—
l/
-
0 1.0
~30 0 60 90 3 4 5 6 7
Ta (°C) Vpp (V)
ViL- Voo tos -~ Vob
4. 400
Ta=25°C Ta=25°C
3. 300
%
&
2.0 " 200
o
15
1
: o~ ——] TC5501P-1/D-1
l"rcssow/o
0 ol |
3 5 6 7 3.0 4.0 5.0 6.0 7.0
Vop (V) Vpp (V)




tps (ns)

twR (ns)

taw (ns)

tps — Ta

400
Vpp = 4.5V
300
200
o=
AP Al
100 12—
0
Te?
0 L
-30 0 30 80 20
Ta (°C)
twR ~ VDD
40
Ta=25°C
30
\\
%
20 N B
«
™. H
‘\
10 I
\
o
3 a s . 5
Vpp (V)
taw ~ Vpp
100
‘v\ Ta=25°C
e \‘\\ T |
5507
P.
\\ ————X
\ -
T T— 2
50 C5501p5 T 3
<
3
25
0
30 40 5.0 6.0 7.0
Vpp (V)

twr — Ta
40
Vpp = 4.5V
30
/
20
—
/\/
10
o
-30 [} 30 50 20
Ta (°C)
taw — Ta
100
I | Vpp = 4.5V
I A[DA
75 7,-\'(‘,650‘?4/ _——
S /
._—_———'_'_‘,-E;E’T‘\P )
50
25
o
-30 30 50 %
Ta (°C)



OUTLINE DRAWINGS

PLASTIC PACKAGE

Unitin mm

10.16 + 0.05
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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;

right, at any time without notice, to change said circuitry.
©Mar., 1981 Toshiba Corporation
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no circuit patent licenses are implied, and Toshiba reserves the




1024 WORD X 1 BIT CMOS RAM

SILICON GATE CMOS

TC5508P
TC5508P- |

TC5508P-4

DESCRIPTION |

The TCB508P is a static read write memory
organized as 1024 words by 1 bit using CMOS
technology. Because of ultra low power dissipation,
the TCB508P can be used as battery operated
portable memory system and also as a nonvolatile
memory with battery back up. The TC5508P 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

® Low Power Dissipation
55uW (MAX.) STANDBY
55mW (MAX.) OPERATING
® Single 5V Power Supply
® Data Retention Voltage; 2.0~5.5V
® 16 PIN Plastic Package
® Static Operation

PIN CONNECTION

(TOP VIEW)

PIN NAMES
A A, Address Inputs
R/W Read Write Input
CE Chip Enable Input
Din Data Input
DouTt Data Output
Vpp/GND Power Supply Terminals

The three state output simplify the memory
expansion making the TC5508P 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 C2MOS technology, the device
circuitry is not only simplified but wide operating
margin and noise margin are also realized.

The TCB508P family is moulded in a dual-in-line
16 pin plastic package, 0.3 inch in width.

® Three State Output

® Input/Output; TTL Compatible

® Latched Address Inputs

® Access Time
TC5508P ; tacc = 370ns (MAX.)
TC5508P-4; tacc = 450ns (MAX.)
TC5508P-1; tacc = 550ns (MAX.)

BLOCK DIAGRAM

Memory Cell Array | ——o0Vpp

32 x 32 ~—O0GND

Row Address Register
Row Decoder




SYMBOL ITEM RATING UNIT
Vob Power Supply Voltage -03~7.0 \Y
ViN Input Voltage —-0.3~Vpp +0.3 \
Vout Output Voltage 0~ Vpp \Y
Pp Power Dissipation (Ta = 85°C) 500 mw
TSOLDER Soldering Temperature * Time 260+ 10 °Csec.
TsTG Storage Temperature —55~ 150 e
ToPr Operating Temperature -30~85 °C
(Ta=-30~85°C)
SYMBOL PARAMETER CONDITIONS MIN. | TYP. (1) MAX. UNIT
I Input Current W< ViNES Voo - +0.05 +1.0 HA
Vbp = 2V~ 5.5V
Iobs Standby Current CE = Vpp—0.2V Output open - 0.2 10 kA
Other Inputs=0.2Vor Vpp-0.2V
lbpo Operating Current Vpp = 5.5V, tcyc= 1us - 6 10 mA
ILo Output Leakage Current 0VEVout SVpp - +0.1 +5.0 uA
10H Output High Current Vpp = 4.5V, Vo = 2.4V -1.0| =20 — mA
loL Output Low Current Vpp=4.5V, Vg =0.4V 2.0 3.0 - mA
Ci Input Capacitance f=1MHz - 5 10 pF
Co (2 Output Capacitance f=1MHz - 7 15 pF
Note (1) Ta=26°C Vpp =5V
Note (2) This parameter is periodically sampled and is not 100% tested.
SYMBOL PARAMETER MIN, TYP, MAX. UNIT
Vbp Power Supply Voltage 4.5 5.0 55 \%
Viy Input High Level Voltage Vpp—2.0 — Vpp+0.3 Vv
Vi Input Low Level Voltage -0.3 - 0.8 v
VbH Data Retention Voltage 2.0 - 5.5 \
{ . (Ta=-30~85°C)
® TC5508P
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
tacc Access Time Vpp =4.5~55V - - 370 ns
tcoe CE To Output Enable Time Von = 2.4V 0 - - ns
tois CE To Output Disable Time | Vo = 0.8V - - 100 ns
tROE R/ To Output Enable Time | C_ = 100 pF 0 - - ns
tROD RM To Output Disable Time - - 100 ns




o TC5508P-4

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
tacC éﬁcess Time : Vpp = 4.5~55V - — 450 ns
tCOE C_ETo Output Enable Time Vo = 2.4V 0 - — ns
tDIS CE To Output Disable Time Ve =08V - - 130 ns
tROE R/W To Output Enable Time C0L= 100' r - 0 - - ns
thoD RM To Output Disable Time t P - - 130 ns

® TC5508P-1
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
tace Access Time Vpp =4.5~55V - - 550 ns
tcoe CE To Output Enable Time Vo =24V 0 — - ns
tpis CE To Output Disable Time VoL =08V - - 150 ns
tROE R/W To Output Enable Time Cp =100 pF 0 - - ris
tROD R/ To Output Disable Time — - 150 ns
A.C. RECC
® TC5508P
SYMBOL PARAMETER CONDITIONS MIN, MAX. UNIT
tAS Address Setup Time 20 - ns
tAH Address Hold Time 50 - ns
tpc Precharge-Time Vpp = 4.5~5.6V 80 - ns
tTE CE Pulse Width C, =100 pF 370 - ns
twp Write Pulse Width ViH=Vpp—2.0V~Vpp+0.3V 200 - ns
tws Write Setup Time Vi =0.8V 0 — ns
twh Write Hold Time Ta=—30~85°C 200 - ns
tCEH CE Hold Time 200 - ns
tow Output Valid to R/W 0 - ns
tps Data Setup Time 200 - ns
tDH Data Hold Time 0 — ns
tRs Read Setup Time 0 - ns
tRH Read Hold Time 0 - ns
e TC5508P-4
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
tAS Address Setup Time 20 - ns
tAH Address Hold Time 80 - ns
tpc Precharge Time 100 — ns
t1CE CE Pulse Width 450 - ns
twp Write Pulse Width Vpp =45~ 5.5V 250 - ns
tws Write Setup Time C_ =100 pF 0 - ns
twH Write Hold Time Vin =Vpp—2.0V~Vpp+0.3V 250 — ns
CEH CE Hold Time V)L =0.8V 250 - ns
tow Output Valid to R/W Ta=-30~85°C 0 - ns
tps Data Setup Time 250 — ns
tDH Data Hold Time 0 - ns
tRs Read Setup Time 0 - ns
tRH Read Hold Time 0 - ns




® TC5508P-1

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
tas Address Setup Time 20 - ns
tAH Address Hold Time 80 — ns
tpc Precharge Time Vbp=4.5~5.5V 150 — ns
teE CE Pulse Width CL=100 pF 550 - ns
twp Write Pulse Width ViH=Vpp—2.0V~Vpp+0.3V| 300 - ns
tws Write Setup Time V|L=0.8v 0 — ns
twH Write Hold Time Ta=-30~85°C 300 - ns
tEEH CE Hold Time 300 - ns
tow Output Valid to RW 0 — ns
tps Data Setup Time 300 - ns
tDH Data Hold Time 0 - ns
tRs Read Setup Time 0 - ns
tRH Read Hold Time 0 - ns

® Read Cycle tas
——
ADDRESS x:'l_* STABLE \\,rl'f DON'T CARE X
- tpc tAH
CE ViH Vm\V'L Vn./ ViH
tRs tCE *RH
 — 1 vin
R/W /" Vin \
tDi1s
tcoe , UNKNOWN e
HIGH 2
PouT ‘I< 4 >< \\;8': VALID
tacc
® Early Write Cycle 1 tas
p—
Vin Vin .
ADDRESS X vi| STABLE K DON'T CARE X
tpc tAH
tCE -] Y
CE ViH Vin N v Vi y ViH
tws twH
RW ViL vie /] vin
tps TDH
DN DON'T CARE X x:‘: STABLE x:? K DON'T CARE
tpis
G
DouT ) HieH z UNKNOWN >——-——H' Lz
—_




©® Early Write Cycle 2

ADDRESS

ME] Vin K §
XViL STABLE /' DON'T CARE
tpc tAH o
= CE
CE AVin Vin | viL
tws wH
R/W \I ViL
Vie
tps tDH

Oin

DouT

DON'T CARE

Vi
ViL

P -—_..{v
1H
TABLE
s L ViL R

_—\ H

IGH Z

—_—

® Read Modify Write Cycle

ADDRESS

R/W

Pout

){ VH  sTaBLE V”“‘}( DON'T CARE
AViL ViL A
tAH teE
. CEH
Vin ViL
twe
Vin ]
tacc tow tps fDH
. Vih  ViH K .
DON'T CARE ){ MR DON'T CARE
STABLE
tcoE tROD 'ROE |tpDIs
HIGH 2 von HIGH Z HIGH Z
AVoL
UNKNOWN  VALID UNKNOWN
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Unit in mm

0.5:0.15

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. 16 lea

Note: Tashiba 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.

©sept., 1979 Toshiba Corporation



1024 WORD X 4BIT CMOS RAM

SILICON GATE CMOS

TC5047AP- |
TC5047AP-2

The TCS5047AP 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 TC5047AP
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.

® Low Power Dissipation
110 uW (MAX.) STANDBY
110mW (MAX.) OPERATING
® Single 5V Power Supply
® Data Retention Voltage; 2.0~5.5V
® 20 PIN Plastic Package

(TOP VIEW)
As [ Voo
A A,
A R/W
A Qg CE,
A op
A CE,
As O Ag
GND[] A,
Data 1/0, ] Data 110,
Data 1/0, [ Data /0,

Ap~A, Address Inputs

R/W Read Write Input

CE,, CE, Chip Enable inputs
Data 1/0, .., Data Input/Output

oD Output Disable Input
Vpp/GND Power Supply Terminals

The three state outputs simplify the memory
expansion making the TC5047AP 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 C2MOS 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.

@ Static Operation

® Three State Outputs

® Input/Output; TTL Compatible

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

e
5

Data 1/04 O T

.
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A?o- E g -—oVop
AZ Oo— y’: 8 MEMORY .—_——OGND
A3 o____ﬁﬁg a CELL ARRAY
Aa z 2 64 x 64
e - 1|
Data 1/0 e SENSE AMP :
Data 1/02 o ﬁg COLUMN
Data 1/03 - gg et DECODER
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SYMBOL ITEM RATING UNIT
VDD Power Supply Voltage -03~7.0 \Y
ViN Input Voltage —0.3~ Vpp +0.3 \4
VouT Output Voltage 0~ Vpp \

Po Power Dissipation (Ta = 85°C) 700 mw
TSOLDER Soldering Temperature * Time 260+ 10 °C + sec
Tstc Storage Temperature —55~ 150 °C
Torr Operating Temperature -30~85 °C

SYMBOL PARAMETER MIN. TYP. MAX, UNIT
Vop Power Supply Voltage 4.5 5.0 5.5 \
ViH Input High Level Voltage Vpp—1.5 - Vpp+0.3 \
ViL Input Low Level Voltage -0.3 — 0.6 \4
Vpy Data Retention Voltage 2.0 — 5.5 Vv
(Ta=—-30~85°C)
SYMBOL PARAMETER CONDITIONS MIN. | TYP. (1) | MAX. | UNIT
hin Input Current ovVEvVin SVpp 0 +0.05 +1.0 MA
Vpp =2~ 5.5V
CE, = 0.2V, Output Open
lpps Standby Current 2 utput Up 0 0.2 20 MA
Ibbo Operating Current Vpp=5.8V, teyc=1us 0 10 20 mA
Lo Output Leakage Current oV <Vour SVopp 0 +0.1 +5.0 A
lon Output High Current Vpp=4.5V, Vou = 2.4V -1.0 —-20 - mA
oL Output Low Current Vpp =4.5V, Vg =04V 1.6 2.0 - mA
Ci (@ Input Capacitance = 1MHz - 5 10 pF
Co 2 Output Capacitance f=1MHz - 7 15 pF
Note (1) Ta=25°C, Vpp=5V

Note (2)

This parameter is periodically sampled and is not 100% tested.




e TC5047AP-1

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Tre Read Cycle Time 650 - ns
twe Write Cycle Time 650 - ns
tCES CE Setup Time 201 - ns
teen CE Hold Time Vpp = 4.5~ 5.5V 203 - ns
tpe Precharge Time C =100 pF 100 — ns
teE CE Pulse Width Vg = Vpp — 1.6V 550 - ns
twp Write Pulse Width ~Vpp + 0.3V 300 - ns
. tos Data Setup Time ViL = -03~06V 300 - ns
tDH Data Hold Time Ta=-30~85°C 0 - ns
tew Write Setup Time 350 - ns
tRs Read Setup Time 0 - ns
tRH Read Hold Time 0 - ns
Note (3) tcgs + tcgH = 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 201(4) — ns
teen CE Hold Time Vpp =45~ 55V 20(4) - ns
tpc Precharge Time Cy =100 pF 200 - ns
teE CE Pulse Width ViH = Vpp — 1.6V 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 6} - ns
tRH Read Hold Time } 0 - ns
Note (4) tcgs + tcgH = 200 ns.
R (Ta= —-30~85°C)
® TC5047AP-1
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. | UNIT
tacc | Access Time Vpp =45~ 5.6V - — 560 ns
tpis Output Disable Time CL =100 pF - - 100 ns
tcoe | Output Enable Time Vou =2.4V, Vo =0.6V - 100 - ns
® TC5047AP-2
SYMBOL PARAMETER CONDITIONS MIN TYP. MAX. | UNIT
tacc | Access Time Vpp =4.5~55V - - 800 ns
tpis Output Disable Time Cp =100 pF - - 200 ns
tcoe | Output Enable Time Vou =2.4V, Vg = 0.6V - 200 — ns




® Read Cycle

® Write Cycle

tRC
XA Vin Viny
ADDRESS STABLE v
Vie I8
tCE , [fCEs
aum
ViL
Vin
RViL
v.H/
tRs tRH
A
VIH ViH
R/W .
— ACC
tDIS
[coE tDIS -
tcoE
HIGH Z VOH HIGH Z
Pio VALID DATA
VoL
UNKNOWN
twe
VinY
ADDRESS STABLE v
7
CE t
tcE CES
CE, ViH
ViLg
Viny
CE, vie
tew
op /
wp
Vin /
e ViL Vi /
AN L A
t
tDs DH

Do

Vv
Vin DATA IN ™ DON'T CARE
viL STABLE v,




Vin (V)

lon(mA)

loL (mA)

VoH — loH

-8.0
Ta=25°C
Vpp = 4.5V
—6.0
1.0 2.0 3.0 2.0 o
VoH (V)
loL—Vou
8.0
Ta=256"C
Vpp=4.5V
6.0 /
//
4.0 /
2.0
0
o 0.5 1.0 1.5 2.0
VoL (V)
ViH - VbD
5.0
Ta=25"C
4.0
3.0 -
//
/
2.0 ]
1.0
3.0 4.0 5.0 5.0 30
Vpp (V)

Vi ()

loH (mA)

oL (mA)

lon — Ta
-8.0
Vpp = 4.5V
VOH = 2.4V
—-6.0
-4.0
\\-\_\
]
-2.0
[
—-30 30 - o
Ta (°C)
loL — Ta
8.0
Vpp = 4.5V
VoL = 0.4V
6.0 -
\
—
4.0
\
—~]
2.0
0
—-30 ) 30 = =
Ta (°C)
'ViL— Voo
4.0
Ta=125°C
3.0
2.0
//
1.0 "]
0
> 4.0 5.0 6.0 7.0
Vpp (V)



tacc (ns)

tacc (ns)

tywp (ns)

tACC - VoD

800
Ta=25°C
CL =100 pF
0
30 4.0 5.0 6.0 7.0
Vpp (V)
tacc - CuL
800
Ta=25°C
Vpp=4.5V
0l e
| P T
5047 A
400 TC —]
/
200
o
0 200 400 600 800
CL (pF)
twp — Ta
400
Vpp = 4.5V
300 TC5047AP-2
200
TC5047 AP-
100
[}
-3 0 30 60 50
Ta(°C)

— 88

tace (ns)

twp (ns)

tpc (ns)

tacc — Ta
800
Vpp= 4.5V
CL =100 pF
600
TC5047AP-2 _’_/
400
TCE04TAP-1 | ]
200
o
—30 0 30 60 90
Ta (°C)
twp — VoD
400
\\ Ta=25°C
300 |-\ \\
~
re.
7,
200 \ AP,
-~ ]
TCs045, e
—
100 —
0
3.0 4.0 5.0 5.0 5.0
Vpp (V)
tpc — VDD
200
Ta=25°C
150
-~
~
100 P~ =
N [~~~—~1C50474p.,
\\ —]
P —
50
Q"‘7AP.
[}
3.0 4.0 5.0 6.0 7.0
Vpp (V)



Ippo (mA)

Ipps (MA)

tpg (ns)

'pbo - Voo

20
Ta=25"C
15
10
|
-
/
5
3.0 4.0 5.0 6.0 7.0
Vpp (V)
'obs - Vob
100
Ta=25°C
10
1
0.1
0.01
20 30 40 5.0 6.0
Vpp (V)
tpc — Ta
200
Vpp = 4.5V
150
TCB047AP-2 T
100 |
TC5047AP-1 I
—_—-—--——-‘
50
o
-30 0 30 50 50
Ta (°C)

'ppo — Ta
20
Vpp = 4.5V
tcyc = 1.0 us
15
<
E
= 10
o
=]
o
5
0
-30 30 P o
Ta (°C)
lpps — Te
100
B Vpp = 3.0V
10
- ,/
<
3 1
[}
[a]
‘ el
7
0.1 /
//
P
0.01
-30 [ 30 S0 50
Ta(°C)
tos — Voo
400
\\ Ta=25°C
300 '\\
\\
]
£ 200 \\ _
14 Cso
3 N \\474/:
\\
100 M T C!
[}
3.0 4.0 5.0 5.0 70
Vpp (V)



tps — Ta

400
Vpp=4.5V
300
//
z resoari i
£ -
2 200
L —
- TC5047AP-1 "]
P N,
100
—30 4] 30 60 90
Ta (°C)
20 19 18 17 16 15 14 13 12 11
oty hohohoh
t ; =
R1.0 ‘ x
<
- - s
]
| E
g g o o
1.2 3 4 5 6 7 8 9 10
| 27.56 MAX x
<
s
Z| &
-
n
M °
m
1.2+0.15 .
2
2.54+0.25 0.5+0.15 s
T T o
©

Note:
the right, at any time without notice, to change said circuitry.
©Mar., 1980 Toshiba Corporation

Distributed by

- 90

tpH — Ta
10
Vpp = 4.5V
o
@
£
T —10
o
S
—-20
—-30
—-30 o 30 60 920
Ta (°C)
Unit in mm
10.16 +0.1
Note: Each lead pitch is 2.64mm. All leads
are located within 0.25 mm of their
true longitudinal position with ree~~ct
to No. 1 and No. 20 leads.
+0.1
025 _g05
10.16 ~11.80

Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are impiled, and Toshiba reserves



4096 WORD x 1 BIT CMOS STATIC RAM
SILICON GATE CMOS

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

The TCE504AP/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 TC5504AP/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-

Standby Current

0.2uA (Max.) at Ta=25°C
1.0uA (Max.) at Ta = 60°C
20uA (Max.)

Low Power Dissipation
Single 5V Power Supply : 5V + 10%

Data Retention Supply Voltage 2~ 55V

All Inputs and Output : Directly TTL Compatible

} . TC5504APL/ADL

. TC5504AP/AD
: 15mW (Typ.) operating

(TOP VIEW)
T\ ]
Aol 180vpp
A2 170Aqy
As]3 16[JA10
As[a 15[JAg
AzQls 14f]Ag
Asfle 13f1a,
boutl? 121 A¢
R/wlls 110on
ano[]e 10[JCE

Ao ~ Aqn Address Inputs

RMW Read Write Control Input
CE Chip Enable Input

Din Data Input

DouT Data Output

Vbp 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.

e Access Time

200ns (Max.): TC5504AP/APL/AD/ADL-2
300ns (Max.) : TC6504AP/APL/AD/ADL-3
Static Operation

On Chip Address Register

Three State Output

Package

Plastic DIP : TC5504AP/APL

Cerdip DIP : TC5504AD/ADL

f—0
m

o
m

Memory Cell
Array OVoo

64 x 64

Row
Decoder

~——~QGND

Row Address
Register

Column Decoder and
Sense AMP,




SYMBOL ITEM BATING UNIT
Vbo Power Supply Voltage —-03~70 \4
ViN Input Voltage -0.3~7.0 \Y
Vourt Output Voltage 0~ Vpp \Y
P Power Dissipation TC5504AP/APL 560 mwW

° (Ta=85°C) TC5504AD/ADL 800 mwW

TSOLDER Soldering Temperaturé - Time 260 - 10 °C -sec
Tstc Storage Temperature —55~ 150 °C
Torr Operating Temperature B | -30~s85 °C

SYMBOL PARAMETER MIN. TYP. MAX. UNIT

Vbbp Power Supply Voltage 45 5.0 5.5 \

ViH Input High Voltage 2.2 - Vpp +0.3 \

ViL Input Low Voltage -0.3 - 0.8 \

VpH Data Retention Voltage 2.0 - 5.5 \%

g : (Vpp =5V + 10%, Ta= —30°C to 85°C, unless otherwise noted)

SYMBOL PARAMETER CONDITIONS MIN. |[TYP.()| MAX. | UNIT
mn Input Leakage Current ovVEVin S Vpp - - £10 | pA
Lo Output Leakage Current CE =Vpp —0.2V,0V < Vout £ Vpp - - 50 MA
lon Output High Level Current| Von =24V -10 - mA
oL Output Low Level Current| Vg, =02V - 2.0 - - mA

Vpp =2V~55V | TCE504APL |[Ta=26°C| — - 0.2 o
CE=Vpp —0.2V | TC5504ADL |[Ta=60°C| — - 10 | MA
lpps Standby Current .
other inputs = TC5504AP _ 0.05 2 uA
0.2Vor Vpp —0.2V| TC5504AD
looon Operating Current teycle = 145, oyt =0mA = — 100 mA
'DDOZ tcycle =1uS, V|H =V DD,VIL =0V, IOUT =0mA - 3.0 5.0 mA
Note (1) Vpp =56V, Ta=25°C
Ta=25°C)
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Cin Input Capacitance ViN =0V f=1MHz - 4 8 pF
Cout Output Capacitance VouTt =0V f=1MHz - 5 10 pF

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




§ (Vpp =5V + 10%, Ta=—30°C to 85°C, unless otherwise noted)

Output Load
Input Pulse Levels
Timing Measurement Reference Levels

100pF + 1TTL Gate
0.6~ 24V

Input : 0.8Vand 2.2V
Output : 0.8Vand 2.2V
Input Pulse Rise and Fall Times : 10 ns

TC5504AP-2/APL-2 TC5504AP-3/APL-3
SYMBOL PARAMETER TC5504AD-2/ADL-2 TC5504AD-3/ADL-3 UNIT
MIN. MAX. MIN. MAX.

Read Cycle Time 300 - 420 - ns
Write Cycle Time 300 | - 42Q - - ns
Read Modify Write Cycle Time 30 | - 580 - ns
Address Setup Time 5 - 5 - ns
Address Hold Time 60 - 80 v ns
Precharge Time - 80 - 100 — ns
Chip Enable Hold Time 200 - 300 — ns
Access Time - 200 - 300 ns
Output Disable Time - 70 — 100 ns
Output Enable Time 0 - 0 - ns

B T?éad Setup Time " 0 - 0 - ns
Read Hold Time 0 - 0 - ns
Write Setup Time 0 - 0 - ns
Write Hold Time 60 - 80 - ns
Data Setup Time 5 - 5 - ns
Data Hold Time 60 - 80 — ns
| Write Enable to CE Hold Time 80 - 150 - ns
Modify Time 0 - 0 ) - ns




® READ CYCLE

tAS TAH
ViH ViH
Address viy sTaBLe | H X
N tpC tRC ;
— Vih  ViH j ViH
CE NV viL wi
trs | tCEH [ L tRH
R/W
,d; tacc \m
tcoe
HIGH IMPEDANCE VoH
DouT —%Voi VALID
UNKNOWN
® WRITE CYCLE
tAS tAH
] 2
Vv Vv
Address V::STABLE v >< K
tPC twe )
= tCEH
CE ViH  ViH ?\ v |
L
v v
ws N twWH 1 ViL n
R \\ Viy Vi /
Ds | tDH
1=
q ViH v
DiN Xk\,”_ STABLE VlntX
DouT HIGH IMPEDANCE

® READ MODIFY WRITE CYCLE

tAS

tAH

H ViH x ><
Address S ABLE
\J v
_tec ' 't tRMWC |
3 Vin VINK] tweH | AVIH
1L f|ViL ViL
RS ) tMD twWH
-
VinY
R/W %m VLV
tacc tps toH 0D
~ | —_—
b XVW Vin
IN vViL___ Vi
tCOE STABLE
pout Vou VALID
VoL

UNKNOWN



(nA)

IDDS

Ipps (mA)

Ippo (mA)

Ipps VS. Vpp

Ipps VS. Ta
6.0 100.0
Ta=25°C Vpp =55V
5.0 CE =VpD CE=Vpp 74
VIN = VDD VIN=VDD /
4.0 ] < 10.0
T /
30 ”
| 8 pé
4/ - — - -
20 e 1.0 V4
-]
1.0 /
0 (] -
3.0 4.0 5.0 6.0 —-40 0 40 80
VpD (V) Ta (°C)
IpDS VS. VIN IDDS VS. teycle
30 3
Ta=25°C \ Ta=25°C
Vpp =5.5V Vpp = 5.5V
CE=55V CE=55V
20 - 2
<
E \
w
&
10 1 - 1 \
/ >
0 < 0
0 2 4 6 0 1 2 3
VIN (V) teycle (uS)
IDDO VS. VDD IDDO VS. Ta
6 6
T, =25°C Vpp =5.5V
teycle = 1 1S teycle = 1 US
4 _ 4
<
L— E
I
L — o
2 2
0 0
4.5 5.0 55 6.0 —40 0 40 80
Vpp (V) Ty (°C)




IoH (mA)

loL (mA)

IDDO VS. teycle

Ta=25°C
Vpp =5.5V
- 4
<
£
o
o
a
= 2
N~
0
2 3
teycle  (uS)
I0H VS. Ta
-30
Vpp =4.5V
VQH = 2.4V
—-20
-10 —
T——
0
—40 40 80
Ta (°C)
loL VS. Ta
30
Vpp = 4.5V
VoL =0.4v
20
\
\
i
10
V]
-40 40 80
Ta (°C)

IoH (mA)

(mA)

loL

VIH . VIL VS. VDD

3.0
Ta=25°C
S 20
-
> ViH — |
T L—
— /
> 10 — | ViL|
0
3.0 4.0 5.0 6.0
Vpp (V)
loH VS. VoH
-12.0
N Ta=25°C
\ Vpp = 4.5V
N
—40 \
0 \
2.0 3.0 40 5.0
VoH (V)
loL vs. VoL
60
T, =25°C
Vpp = 4.5V
40 //
/ g
20 //
0
0 0.5 1.0 15
VoL (V)



Normalized tacc VS. T,

1.4
Vpp =4.5V
Q
g 1.2
Eel V
S
€
S 10 /
08
—40 0 40 80
Ta (°C)
stace VS Cp
30
Ta=25°C
Vpp =4.5V
- 20
£
8 —
g —
<
10
]
100 200 300
CL (pF)

Normalized tACC

Normalized tacc VS. VDD

3.0
Ta=25°C
2.0
1.0} —
0
30 40 5.0 6.0
Vpp (V)




® PLASTIC PACKAGE

18 17 16 15 14 13 12 11 10

Unitin mm
X
3
R1.0 ©
©
12 3 4 5 6 7 8 9

X
3
. o 7.62%0.25
Z v
e
@
=]
3 0~15°
L ~~0.25 *0:1
; “~0.05
2.54%0.25 1.4%0.15 g
1 T
0.5+0.15 0 7.62~8.8
~N

® CERDIP PACKAGE

18 17 16 15 14 13 12 11 10

X
<
=
©
~
TS [ .
12 3 4 5 6 7 8 9
X
Zl o«
s =
ol @
s w

2.5 MIN.

0.480.15

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.

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

Note:



1024 WORD X 4 BIT CMOS RAM
SILICON GATE CMOS

TC5514P TC5514P-I
TC5514P-2

The TC5514P is a full static read write memory
organized as 1024 words by 4 bits using CMOS
technology. Because of ultra low power dissipation,
the TCB5514P 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.

E ES

® Low Power Dissipation
110 uW (MAX.) STAND BY
110mW (MAX.) OPERATING; TC5514P-1/-2
138mW (MAX.) OPERATING; TC5514P

e Data Retention Voltage 2V to 5.5V

e Single 5V Power Supply

® 18 PIN Plastic Package

(TOP VIEW)
As 1 18[Vpp
As 2 170A,
As(]3 16[1Ag
Aszfa 15[J Ag
Ao ]85 14 [1Data 1/0;
Ai1Qle 13 [] Data 1/0y
A2 Q7 12[] Data 1/03
CEfs 11 [)Date i/04
GND []o 10fRW
Ag ~ Ay Address Inputs
R/W Read Write Input
CE Chip Enable Input
Data 1/Oy ~ 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 TC5514P family is moulded in a dual-in-line
18-pin plastic package, 0.3 inch in width.

Full Static Operation

Three State Outputs

Input/Output TTL Compatible
Access Time

TC5514P ; tacc = 450ns (MAX.)
TC5514P-1; tacc = 650ns (MAX.)
TC5514P-2; tacc = 800ns (MAX.)

Ao O—] B
--—0 Vpp
Aro— 5 5
€ ° ~-—0 GND
S HIE Memory Cell Array
Azo— §11°
3 IE 64 x 64
A4 0— 2 c?
As 0— L
DI/0; O ° Sense Amp.
&
DI/02 & é b4 Column Decoder
DI/03 O ] o
DI/04 & a Address Buffer
AgO A70Ag0 Ag
CE
R/W



SYMBOL ITEM RATING UNIT
Vb Power Supply Voltage —0.3~7.0 \
ViN Input Voltage —0.3~Vpp +0.3 \
VouT Output Voltage 0~Vpp \2
Po Power Dissipation (Ta = 85°C) 550 mwW
TsoLDER Soldering Temperature - Time 260-10 °C - sec
TstG Storage Temperature —66~150 °c
Torr Operating Temperature —30~85 °c
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vbb Power Supply Voltage 45 5.0 55 \
ViH Input High Level Voltage 2.2 - Vpp +0.3 \
Vi Input Low Level Voltage -0.3 - 0.65 \%
VpH Data Retention Voltage 20 - 55 \Y
3, (Ta=—30 ~ 85°C)
SYMBOL PARAMETER CONDITIONS MIN. TYP. (1) | MAX. | UNIT
I Input Current 0SViNn S Voo - +0.05 £10 | pA
Vpp =2V to 5.5V
Ibos Standby Current CE = Vpp —0.2V; Output Open - 0.2 20 WA
Other Inputs = 0.2V or Vpp —0.2V
1500 Operating Current Vpp =5.5V, tcyc = 1uS | TC5514P — 13 25 mA
Output Open TC5514P-1/-2 - 10 20 mA
ILo Output Leakage Current 0§V0U1- < Vbp — +0.05 +1.0 MA
loH Output High Current Vpp =4.5V, Vo =2.4V -1.0 -2.0 - mA
loL Output Low Current Vpp =4.5V, Vo =0.4V 20 3.0 - 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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TC5514P

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
tRC Read Cycle Time 450 - ns
t Writ le Ti 450 -
e Wit s Wiat Voo =45~ 55V 0 ZZ
we rite Tuke Cu = 100pF +1 TTL Gate
tps Data Setup Time 200 — ns
- Viy =22~ Vpp +0.3V
toH Data Hold Time 0 _ ns
- - V) =-0.3~0.65V
twR Write Recovery Time ° 0 — ns
- Ta=-30~85C
tAw Address Setup Time 30 - ns
toH Output Data Hold Time 30 - ns
TC5514P-1
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
tRC Read Cycle Time 650 — ns
t Wri le Ti 650 -
e Wi e Wit Vop =45~ 5.5V %0 s
e L C = 100pF +1TTL Gate
tps Data Setup Time 200 - ns
- Viq =2.2~Vpp +0.3V
tDH Data Hold Time Vi =—03~065V 0 - ns
twRr Write Recovery Time T;L— 30'~ 85°.C 0 - ns
taw Address Setup Time 80 - ns
toH Output Data Hold Time 30 — ns
TC5514P-2
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
tRe Read Cycle Time 800 - ns
t Write Cycle Ti 800 -
- W:te Pylc ewr:; Voo =45~ 55V 450 :s
we meuse ™ CL = 100pF + 1 TTL Gate s
tps Data Setup Time v 250 - ns
tpH Data Hold Time IH =22~ Vpp +0.3V 0 — ns
t Write Recovery Time Vi =—0.3~068V 0 n
WR ite ecoey‘| To = —30 ~ 85°C s
tAw Address Setup Time 50 - ns
toH Output Data Hold Time 30 — ns
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(Ta=-30~ 85°C)

TC5514P
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
A + — — 4
tace Access Trme' Voo = 4.5~ 5.5V 50 ns
tco CE Access Time Ci =100 pF - - 450 ns
tpIs Output Disable Time VL -2 2pV Ve =065V - - 150 ns
tcoe Output Enable Time On = 2%, YoL =5 20 150 - ns
TC5514P-1
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
t A Ti - - 650
ACC Access 1me. Voo = 4.5~ 5.5V ns
tco CE Access Time Ci =100 oF . - 650 ns
tpis Output Disable Time L P - - 150 ns
- Vou =2.2V, VoL =0.65V
tcoe Output Enable Time 20 150 - ns
TC5514P-2
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
t Access Ti - — 800 ns
Ace oo TIme. Vop = 4.5~ 5.5V
tco CE Access Time C, =100 pF — — 800 ns
tpis Output Disable Time VL -2 2pv Vo =0.65Y — — 200 ns
tcoE Output Enable Time On = 2e¥ VoL =5 20 200 - ns
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® Read Cycle“)

tRC
ViH N ViH ViH
ADDRESS ViL X ViL ViL
tacc L toH
v v
® N v
A AVAN L LY LIV
tco 'DISI
Dourt VoH Vou
VoL VoL
tCOE
® Write Cycle 1 (R/W Controlled)
we
ADDRESS M X-VIH Vin]
ViL Viu Viu
WR
__(2) A\ / Vi
e \\\ Vie vied |/ / /
taw ) we
| I
ViH T ViH
AW §\\\\\ ViL Vi /
DS tOH
ViH ViH
OIN ViL ViL X
l toIs | tcoE
Pout
@ Write Cycle 2 (CE Controlled) twe
ODRESS Vin Vin Vin
A Vi Vi Vi
AW WR
_ Vi /EVIH
CcE \\\ X Viu ViL
we L
R/W
NN NN S i,
tDs DH
ViH ViH
OIN X ViL viL
tCOE _[ tois
T
Oour

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

(2) If the CE low

occurs

buffers remain in a high impedance state.
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18 17 16 15 14 13 12 11 10
Unit in mm

0~15°

All leads are located within 0.25mm of their true longitudinal

position with respect to No. 1 and No. 18 leads.

R1.0
12 3 4 5 6 7 8 9 R
X
<
s
22.8 MAX. . o 7.62%0.25
2 w
|3
o A g -
THHHEHHH
! ay avat
W — 0.25 01
Z —0.05
2.541+0.25 1.4%0.15 Z
=T T b3
0.5%0.15 0
o~
Note: Each lead pitch is 2.54mm.
Note:

the right, at any time without notice, to change said circuitry.
©sept., 1979 Toshiba Corporation
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1024 WORD X 4 BIT CMOS STATIC RAM
SILICON GATE CMOS

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

The TC55 P/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

e Standby Current
0.2uA (Max.) at Ta=25°C

1.0uA (Max.) at Ta=60°C } : TC5514APL/ADL

Three State Outputs
All Inputs and Outputs : Directly TTL Compatible

20uA (Max.) . TC5514AP/AD
® Low Power Dissipation : 15mW (Typ.) operating
e Single 5-volt Supply : BV £ 10%
e Data Retention Supply Voltage : 2~ 5.5V
L ]
[ ]

(TOP VIEW)
A1 18[]Vpp
As[]2 17[]A9
Aq[]3 16[]As
As[]a 16[]Ag
Ao[]s 14[]Data 1/0,
Aile 13[1Data 1/0,
A7 12[]Data 1/03
cells 11[]Date 1/04
GND[]9 10JR/W

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

The TCB5514AP/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

e Fully Static Operation

e On-chip Address Transition Detector

® Fully Compatible with TMM314AP Family
(Nch 2114 type 4KRAM)

e Package
Plastic DIP : TC5514AP/APL
Cerdip DIP : TC55T4AD/ADL

l Clock J-.l Precharge Circuit J
Generator
] L
AgO 1
o

As 8 % g Memory Cell v
A, ] ] ] ~—O Vpp

6 ° o512 s

: < <2]l<z Array ~—OGND
A7 35l |38)|3¢8

(64 x 64)

AgO o cc||co x
A9 0 1

Ag ~ Ag Address Inputs

R/W Read Write Control Input

CE Chip Enable Input

Data 1/0; ~ 4 Data Input/Output

Vpp/GND Power Supply Terminals

Sense Amp. and
Column Decoder

DI/0, O- Jk
Column Address
D1/03 O Jk— Buffers
DI/04 O— {k
Ao A Ay A3
CE
R/W
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SYMBOL ITEM RATING QNIT
Vop Power Supply Voltage ~ —03~70 \
ViN Input Voltage -03~70 \
Vio 1/0 Voltage 0~ Vpp \%

P Power Dissipation TC5514AP/APL 550 mW
° (Ta=85°C) TCE514AD/ADL 800 W

TsoLDER Soldering Temperature - Time 260 - 10 °C-sec
Tstg Storage Temperature —55 ~ 150 °C
Topr Operating Temperature —30 ~ 85 °C

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Voo Power Supply Voltage 45 5.0 55 \

ViH Input High Level Voltage 22 - ~ Vpp +03 \
ViL Input Low Level Voltage -0.3 — 0.8 \%
VpH Data Retention Voltage 20 - 5.5 \%
(Vpp =5V * 10%, Ta = —30 ~ 85°C unless otherwise noted.)

[symBoL PARAMETER | CONDITIONS [ MmN [TYP () [MAX. [ UNIT
m Input Leakage Current ovVEVn £ Vpp - - £1.0 | pA
Lo Output Leakage Current CE =V\4,0VE Vo £ Vpp - - £1.0 | pA
loH Output High Current Vou = 2.4V -1.0 — — mA
loL Output Low Current VoL =0.4V 2.0 — - mA

TCB514APL |Ta = 25° - - 0.2 A
Vpp =2V~ 55V az2vc¢ £
TC5514ADL [Ta=60"C — — 1.0 MA
Ipps Standby Current All Inputs = TCB514AP
.2V or Vpp — 0.2V - 0.05 A
02VorVop =02Vl 1oeeianp 20 .

| = = - i .

boot Operating Current teycle = 1Hs. lout OmA 50 9.0 mA

lppo2 teycle = 1us, Vig = Vpp, ViL =0V, loyt =0mA - 3.0 5.0

Note (1): Vpp =5V, Ta=25°C

(Ta=25°C, f=1MHz)

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

Note (2): This parameter is periodically sampled and is not 100% tested.
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® READ CYCLE

(Vpp =5V +10%, Ta=-30~ 85°C)

[ TCB614AP2/APL2 | TCB514AP-3/APL3
SYMBOL PARAMETER TC5514AD-2/ADL-2 TC5514AD-3/ADL-3 UNIT
MIN. MAX. MIN. MAX. o
i Read Cycle Time 200 - 300 - ns
Access Time - 200 | = 300 ns
- 77& Access Time - 7 70 - 100 ns
B Output Data Hold Time 15 B
tpis Output Disable Time - 60 T 80 ns |
Vtcgg ' Ou{put Enable Time 5 . 5 - ns |
e WRITE CYCLE
o TC5514AP-2/APL-2  TCBB14AP3/APL3 | |
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 - 160 - ns
tDH Data Hold Time 0 - | 0 - ns
twR Write Recovery Time 0 - T 0 - ns

Output Load

. 100 pF +1 TTL Gate
e Input Pulse Levels 0.6V, 2.4V
® Timing Measurement Reference Levels

Input 0.8v, 2.2v

Output 0.8v, 2.2v

e [nput Pulse Rise and Fall Times

10 ns
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Notes: (1) R/W is high for a Read Cycle.

® Read Cycle'"! tRC
v ViH v
ADDRESS H X H
vie A vie STABLE vie
tacc toH
NV 4
E H viny /
ViL
tco IS
v v
DouT OH yaLip oM
VoL VoL
tCOE
® Write Cycle 1 (R/W Controlled)
twe
ViH x Vin ViH
ADDRESS AB
ViL A\ ViL STABLE Viu ,x
twR
— v
(2) IH
cE \ \,Vn. Vie ,Z
taw twp
i
. I
R/W Vin \ /V'"
N ViL ViL 4
| tos tDH
ViH v
DN X v,L STABLE vI,: X
K
DIS
- | . tCOE
voor UXRK
X XXX
® Write Cycle 2 (CE Controlled)
twe
ViH ViH Vin "\
ADDRESS STABLE
Vi Y\ Vi ViL
AW WR
- Y I —
CE 7 VIR / ViH
\ LViL ViL A
twp
RW O\ AN \ 7 VIH /
ViL ViL £
DS tDH
DIn H
ViL
DouT

(2) If the CE low tr occurs simul
buffers remain in a high impedance state.
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1y with the R/W low transition, the output



tacc (NS)

Normalized taocc, tco1

ViH, Vi (V)

tacc VS. Vop

tco1 VS. Vpp

300 120
‘\ Ta=25°C Ta = 25°C
Cp = 100pF I CL = 100pF
200 80
@ \
ES
N 5
w\ 3 \
M —
100 40
T
3 4 4
Vpp (V) Vpp (V)
tacc tcot VS. Ta Atacc VS. C
1.4 60
Vpp = 4.5V Vpp = 4.5V
CL = 100pF Ta = 25°C
1.2 40
T o
tacc z
pd P °
o g
tco1 p
1.0 /'/ < 20
- /
0.8 p 0
—40 o 40 80 100 200 300 400
Ta (°C) cL (pF)
ViH, ViL VS. Vpp ViH. ViL VS. Ta
2.5 2.5
ViH
Vpp = 55V
Ta = 25°C oo
ViL
Vpp = 4.5V
2.0 2.0
>
// = l
- VIH/ > Vin
I T
/ > ~
1.5 /,/ | — =] 1.5
—
|1 I
/ T—
ViL ~
1.0 1.0 L
4 5 6 7 —40 0 40 80
Vpp (V) Ta (°C)
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Iopo VS. Vpp

15
Ta = 25°C
teycle = 1HS
10
<
2
8
o VN = 2.2V, 0.8V
5 | | J P
ViN = Vpp-0.2V, 0.2V >
]
0 3 a 5 i
Voo V)
Ippo VS. teycle
Vpp = 6.5V
8 Ta=25°C
\ VIN = 2.2V, 0.8V
<
s 6
o N
0
o
\\
a4
o 2 4 6
teycle (US)
lpps VS. ViN
15
Vpp = 6.5V
CE=5.5V
_ 10
<
g \
« \
o
o
5
o 2 3
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Ion (MA)

\ppo VS. Ta
12
Vpp = 5.5V
teycle = THS
8
- I
g VN = 2.2V, 0.8V
2
[=]
[=] Po———
2
a ! }
VN = 5.3V, 0.2V
o
—40 ) 20 20
Ta (°C)
Ipps VS. Vpp
Vpp = 5.5V
8 O,
Ta=25°C
<
z
6
13
8
L |
//
1
4
3
4 5 6
Voo (V)
IoH VS. VoH
—-30
Vpp = 4.5V
Ta=25°C
—~20
~N
—10 \\
N
2.0 3.0 4.0 5.0

VoH W)




loL VS. Vou

60
Vpp = 4.5V
- Ta=25°C
40 /
< ///
2
2 V
o 1///
20
° 0.8 7.0 —
VoL (W)
Ipps VS. Ta
Vpp = 5.5V
CE = 5.5V
100 /
50 ///
//
]
o 10 /
o
—o /
= /
3
1 A
0.5 ////
0.3
0.1
—40 o L L
Ta (°C)
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® PLASTIC PACKAGE

18 17 16 15 14 13 12 11 10

<
3
R1.0 ©
0_
12 3 4 56 7 8 9 R
X
<
2.8 MAX 2
ll; 22. . . °
I
i tysusnn v
7
2.5410.25 1.4%0.15 §
05%0.15 0
o~

® CERDIP PACKAGE

18 17 16 15 14 13 12 11 1

Unitin mm

7.62

0.2

+0.25

+0.1
5_0.05

0~15°

—
|
x|
<
b
"
|
LS T5 5 €5 [
i 2 3 a4 5 6 7 8 9
Z 3
HE
B — ] Z &
s W
254 TYP, [| 1.62%0.25 P
+ "|‘ H
o
o

Note: Each lead pitch is 2.54 mm. All leads are located within 0.25mm of their longitudinal position

with respect to No. 1 and No. 18 leads.
Al dimensions sre 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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1024 WORD x 4 BIT CMOS STATIC RAM

SILICON GATE CMOS

TC5513AP-2/TC55 |1 3APL-2
TC5513AD-2/TC5513ADL-2

The TCB513AP/AD is a 4,096-bit high speed static
random access memory organized as 1,024 words by
4 bits and operates from 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 TC5513AP/AD is
FEATURES
e Low Power Dissipation
27.5m W/MHz (MAX.):Operating
e Standby Current
0.2uA (MAX.) at Ta= 25°C }
1.04A (MAX.) at Ta = 60°C TC5513APL/ADL
20 puA (MAX.) TCE513AP/AD
e Fast Access Time

tacc: 200ns (MAX.)
e Single 5V Power Supply

PIN CONNECTION (top VIEW)

PRELIMINARY: The specification limits are subject to change without notice.

guaranteed for data retention at power supply volt-
age 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 to 5.5V
Fully Static Operation
On-chip Address Transition Detector
Three State Outputs
Inputs and outputs Directly TTL compatible
Plastic DIP: TC5513AP-2/APL-2
Cerdip DIP: TC5513AD-2/ADL-2

BLOCK DIAGRAM

U Clock Precharge
A1 18 Voo Generator Circuit
6
A, Q2 170 A, I
Al
As Qe 161 A As O g g (|8
A, s o —-Q V
A [a 15[ A, Ao 18 H $ Memory Cell DD
A, s 14[] Data 1/O, A o <§ 3&3 2 1Asr4m:64) O GND
A, [s 13[] Data 1/0, ’ 35| |28|| 2
A, 07 12[] Data 1/0, As ol jex||=o
CE(s 11[] Data 1/0O, A,
anol]e 10[0 R/W 170
4 o 1O Sense Amp. and
Column Decoder
p!/0; O— ‘k
Column Address
PIN NAMES ol/0; O {k Butfers
— D!/04 O {k
Ap ~ Ag Address Inputs o
R/W Read Write Input CcE
CE Chip Enable Input ]
Data |/Oy ~a Data Input/Qutput
Vpp/GND Power Supply Terminals R/W
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SYMBOL ITEM RATING UNIT
VDD Power Supply Voltage -0.3~7.0 \
Vin Input Voltage -0.3~7.0 \
Vi/o 170 Voltage —0.3~ Vpp +05 v
Po Power Dissipation (Ta =85°C) Ig:::z:};//i’;i 22?) Ex
TsoLDER Soldering Temperature * Time 260+ 10 °C * sec
TstG Storage Temperature -66 ~ 160 °C
Torr Operating Temperature -30 ~ 85 °C
SYMBOL PARAMETER MIN. TYP. MAX. NIT
Vbp Power Supply Voltage 4.5 5.0 5.5 \%
Vin 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 \
SYMBOL PARAMETER CONDITIONS MIN. | TYP.! | MAX. | UNIT
(I Input Leakage Current ovEViNnEVpp - - +1.0 HA
Lo Output Leakage Current CE=V)y,0VEVy0 <Vpp - - £1.0 uA
Ton Output High Current Von = 2.4V 10 | - - mA
loL Output Low Current Vo =0.4V 20 - — mA
S
Vpp = 2V ~ 5.5V TC5513APL Ta=25eC - - 0.2 BA
Ipps Standby Current = TC5513ADL | Ta=60"C - - 1.0 BA
CE 2 Vpp -0.2V
TC5513AP, TC5513AD - 0.05 20 MA
IDDO1 teycle = THS, loyT = OmA - 5.0 9.0
Operating Current teycle = 1Hs, Vi = Vpp, Vi =0V, mA
IbD02 fonm = OmA - 3.0 5.0
ouT
Note (1):Vpp =5V, Ta=25°C
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Cin Input Capacitance ViN =0V — 4 8 pF
Cio Input/Output Capacitance Vo = 0V - 5 10 pF

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

.
TCH513AP-2/APL-2
SYMBOL PARAMETER TC5513AD-2/ADL-2 UNIT
MIN. MAX.
tRC Read Cycle Time 200 — ns
tacC Access Time - 200 ns
tco CE Access Time —~ 200 ns
toH Output Data Hold Time 15 - ns
1DIS Qutput Disable Time -~ 60 ns
lcoE Output Enable Time 5 - ns
® WRITE CYCLE
TC5513AP-2/APL-2
SYMBOL PARAMETER TC5513AD-2/ADL-2 UNIT
MIN. MAX.
twe Write Cycle Time 200 — ns
taw Address Setup Time 0 - ns
twp Write Pulse Width 120 — ns
tps Data Setup Time 120 — ns
tpH Data Hold Time 0 - ns
twR Write Recovery Time 0 - ns

Output Load
Input Pulse Levels :
Timing Measurement Reference Levels

Input
Output

100pF + 1 TTL Gate
0.6V, 2.4V

0.8V, 2.2V
0.8V, 2.2V

Input Pulse Rise and Fall Times : 10ns
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® Read Cycle (1)

ADDRESS

Dout

® Write Cycle 1 (R/W Controlled)

ADDRESS

DIN

tRC
ViR g Vio )
vin N vie STABLE Vit ><
tacc o toH
o 3 VIH v
CE
ANNRANR et A
tco
tCOE
twe
Vin Vin ViH
vie x ViL STABLE Vie X
WR
— Fv o/
= NNWNNWNNNWNNNNve v 7577/,
taw twe
|
Vin \ / ViH
Vi Vi 4
tps tpH
Vi IH
L vie STABLE VIL><
tcoE
e

DouTt
® Write Cycle 2 (CE Controlled)

ADDRESS

R/W

DouT

Notes: (1)

(2)

R/W is high for a Read Cycle.

ORI

JAVAVAY

p—IL

twe

v v

H H STABLE ViH

Vit ViL ity
tAw twr

p

ViH Z ViH
A\ ViL ViL/

t
N NN A
xViL ViLg / '/
tps toH
Y v *§<
IH H
STABLE
L Vie Vio
tcoE tpis
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1f the CE low transition occurs simultaneously with the R/W low transition, the output buffers remain in high impedance state.



ADDRESS

'op
(mA)

gl | f
Ny | |

50ns/DIVISION



Unit: in mm

7.62+0.25

n
.
6.6 MAX

0~15°

\i

0.25%0:0 ¢

2.54+0.25

7.62 ~ 8.8

® CERDIP PACKAGE

X
<
s
n
~

%
z

s b3

22.8 MAX. 0 8.4:0.2

vl w

o
n
' T 0~ 15°
~
e
__ 0.26%3:}¢
2.54 TYP, 1.52:0.25 z
T T I -
0.46:0.15 2 82795

o

Notes:
All dimensions are in millimeters.

(1) Each lead pitch is 2.564mm. All leads are located within 0.25mm of their longitudinal 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.
Apri., 1982 Toshiba Corporation
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2048 WORD x 8 BIT CMOS STATIC RAM TC55I6AP/-2, TCS55I6APL /-2

TC55I6AD/-2,
TCS55I6AF /-2,

SILICON GATE CMOS

TC55I6ADL /-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 } TC5516APL/
1.0uA (Max.) at Ta=60°C } ADL/AFL
1.0uA (Max.) at Ta=25°C } TC5516AP/

5.0u A (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~ 6.5V
e Fully Static Operation

PIN CONNECTION (vor viEW)

A7 Vpoo
As ] 2 23 [ Ag
As[]3 22 A9
Asr]a 21 O R/W
A3s 20 [ CE,
A2l 6 19 Ao
Al 7 18 (A CE,
Aol s 17 1/0g
Vo1 9 16 [ 1/07
170, 1/0¢
. 170303 1/0s
PIN NAMES onel vos
Ao ~ Ajo Address Inputs
R/W Read/Write Control Input
CE,,CE, Chip Enable Inputs
1/0, ~1/0g Data Input/Output
Vpp Power (+5V)
GND Ground

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

The TCBE516AP/AD/AF is also featured by pin
compatibility with 2716 type EPROM. This means
that the TCBH516AP/AD/AF and EPROM can be
interchanged 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

e Package
Plastic DIP : TCB516AP/APL
Cerdip DIP : TC5516AD/ADL
Plastic FP : TC5516AF/AFL

BLOCK DIAGRAM ¢

m

2

Ao < M
Ay g —-—0.Vpp
Az o MEMORY CELL | —o GND
Az 2 ARRAY
™ a 128 x 128
2
As 3
As c ||
L | 5l
1/04
3 218
3 SENSE AMP. il
& [HcoLumn pecoper T
go
1/0g bl
cE,
i A7 Ag A9 Ajo
EE% =

CEyod—g> ——cE,
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ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING
Vpbp Power Supply Voltage —0.3V~ 7.0V
VIN Input Voltage —0.3V ~ Vpp +0.3
Vijo Input/Output Voltage —0.3V~Vpp +0.3
Po Power Dissipation (Ta = 85°C) 0.8W (0.45W)*
Tsto Storage Temperature —55°C ~ 150°C
Torr Operating Temperature —30°C ~ 85°C
TsOLDER Soldering Temperature - Time 260°C - 10 sec
*Plastic FP
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vop Power Supply Voltage 4.5 5.0 5.5 \%
Vin Input High Voltage 2.2 — Vpp +0.3 \
ViL Input Low Voltage -0.3 - 0.8 \
Vpu Data Retention Voltage ) 2,0 = 5.5 \
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
L Input Leakage Current 0 Vin £ Vop - — #1.0 | pA
Lo 1/0 Leakage Current CE, =ViH.OVE V)0 £ Vo - - 50 | pA
loH Output High Current VoH = 2.4V -1.0 | =20 - mA
loL Output Low Current VoL =0.4V 2.0 3.0 — mA
Ibps1 CE, =22V - 1.0 3.0 mA
— TCB516APL/ | Ta=25°C - - 0.2
CF2 =Yoo =05V | api/arL  [Taze0c | = | - | 10
Ipps2 Standby Current TCE516AP/ Ta= 25:C - 005 | 1.0 | wA
Vpp =2~ 5.5V ADJAF Ta= sooc - - 5.0
Ta=85C - — 30
'opor Operating Current CE = OV, Vin = Vin ML, lout =0mA — 40 70 mA
Ibbo2 CE, =0V, Viy = Vpp/GND, loyT = 0mA - 30 55
Note: Typical values are at Ta = 25°C, Vpp =5V.
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
CiN Input Capacitance — 5 10 pF
Ciro Input/Output Capacitance - 5 10 pF

Note: This parameter is periodically sampled and is nat 100% tested.
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e Read Cycle

TC5516AP-2/APL-2 TC5516AP/APL
SYMBOL PARAMETER TCE516AD-2/ADL-2 TCB516AD/ADL UNIT
TC5516AF-2/AFL-2 TC5516AF/AFL
MIN. MAX. MIN. MAX.
i;ﬁ . " Read Cycle Time 200 - 250 - ns
tacc Access Time - 200 - 250 ns
tco1 CE, to Output Valid - 100 - 100 ns
tco2 CE, to Output Valid - 200 - 250 ns
tcoe CE, or CE, to Output Active 10 — 10 - s
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 TCE516AD-2/ADL-2 TC5516AD/ADL UNIT
TC5516AF-2/AF L-2 TC5516AF/AF L
MIN. MAX. MIN. MAX.
twe Write Cycle Time 200 - 250 - ns
twp 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
Output Load : 100 pF + ITTL 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
e tre
®Read Cycle
Addresses >< ViK ViH ViH
VL ViL ViL
tacc toH
__ N iH tco2 ViH
5 g\ Vi / / % /
top
o tco1 ViK
NN Jiii,
tCoE oD
tCOE ’
e e DD
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® Write Cycle 1

twe N
ViH ViH ViH.
Addresses >< viL vir Vit
tAW
&2 \ viL viL / /
&1 \erL ViL Y
twp (2) tWR
R/W
ViH VIH
N\ v u
tOEW
tom—
OXXGHRIIK KK KR IKIXIIK I KKK K (R IR EEILXKAKK
DouT ‘.’0‘0‘0‘0‘0‘0“’0‘0‘ (\)‘) ’0“’:’0’0‘:’:’:‘: tps (3) tpH (3) .:A A’:”:m:‘:‘:
D ViH ViH
™ ViL / Vi

® Write Cycle 2

DATA IN STABLE

we
Add ViH ViH Vin
resses viL vir it
(7) €, (€€ vie e
AW twe (2) tWR
(7) CE ¢ (CEy) in \ e
vie Yo = ViL Vn_,/v
IH
“,
R
i \ \\‘Vn. Vn.,/ /
tcoe topw
_._x* -+_
NN
DouT :.:’@:.:
XX tpH (3)
L tos (3 DH
ViH Vi)
D
™ ViL ViL
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NOTE: (1) R/W is high for a Read Cycle.

(2) twp is specified as the logical "AND" of CEn, CE2 and R/W.

(3) tpH. tps are measured from the earlier of CE1 CE2 or RW going high.
(4) If 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.

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

(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

controlled by either CE1 or CEo2.

low CE2 and low R/W.

CE2 low transition, the output buffers remain in a hlgh impedance state in this period.
(7) A write occurs during the overlap of a low CE1,

In write cycle 2, write is

Note (1) tgc : Read Cycle Time.

Note: (2) If the V| level of CE 3 is 2.2V, during the period that the Vpp voltage is going down from 4.6V to 2.7V, Iggp1 current flows.

Voo

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vbr Data Retention Power Supply Voltage 2.0 - 5.5 \Y
TCB516APL/ | Ta=25°C - - 0.2
ADL/AFL Ta =60°C - - 1.0
Ibbs Standby Current TCB516AP/ Ta= 25:C - 0.05 1.0 MA
AD/AF Ta= 60°C - - 5.0
Ta=85C - - 30
tcDR From Chip Deselection to Data Retention Mode 0 - - us
tR Recover Time tre (1) - - us

DATA RETENTION MODE

4.5V = — e — —

(2)

CE, tcDR

(2)

Vpp —0.5V

(Refer to D.C. CHARACTERISTICS or TYPICAL CHARACTERISTIC FIGURES.)
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tacc vs- Vpp

Y
oon tco1 Vs VDD
Ta=26°C Ta=25°C
250 CL = 100pF c| = 100pF
150
N
200
B z
TJ ‘:’_ 100
2 o
“ 150 & \‘\
F—
S 50
—
100 {- 4
0
¢ 5 G 3 3 6
Voo (V) Vop (V)
tACC: tco1 Vs Ta 80 Atacc Vs Cy
1.4 Vpp = 4.5V Vpp = 4.5V
C| = 100pF Ta=25°C
60
-
v
o
92 /// H /
o 1 / =~
] co1 8 40
S 7 ks
B / tacc ] P
30 < >
]
3 o
o 20
z /
0.8
[
—40 20 80 100 300 400 500
Ta (°C) cp (pF)
ViH. VL Vs VDD ViH, ViL Vs Ta
25 Ta=25°C 2.5 ViH. VpD = 5.5V
VL, Vpp = 4.5V
L~
S 20 < 2.0
5 ViH |~ o I ——
. L >
s — I.s
ViL —
u—
/ —
1.0 / o \-N,‘.‘_
4 6 -40 40 80
Vpp (V) Ta (°C)
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lopo Vs VDD

80
CE, =ov
Ta=25"C
60
<
£ _—
(o]
o a0
o
20
0 o
Vpp (V)
'DDO Vs teycle
920
Vpp = 5.5V
Ta=25"C
70
2 -~
£ <
] £
-
8 50 :
o
30
1.0 5.0
teycle (us)
Ippst vs: Ta
1.6
Vpp = 5.5V
CE; = 2.2V
1.4 other inputs
- S~ =0.8~2.2V 2
£ ~ 3
- N
- 1.2 . o
[ \ Q
o
_g \ C
~_
1.0
—40 25 25
Ta (°C)

- 125 —

Ippo vs. Ta
Vpp = 5.5V
70 Vo
CE, =0V
< 60
£
o
8
= 80
\\
T —
T
40
—40 40 80
Ta (°C)
'pps1 Vs Vbo
5.0
Ta=25°C
8o TE, =22V
// other inputs
=0.8 ~2.2V
10 o
05
0.3 / -
Al
ol :
Vpp (V)
'Dps2 vs- VDD
Ta=25°
3.4 T
CE, = Vpp —0.5V
3.2
3.0 /
"
Iy
2.8
3 r 2
Vpp (V)




Ipps1 (MA)

Ipps2 (NA)

Ipps1 vs. VN (CE2)

2.0
Vpp = 5.5V
other inputs
1.5 =0.8~2.2V
Ta=25°C
1.0
0.5 \
1.0 2.0 3.0 4.0 5.0
VN (CE2) (V)
Ipps2 vs. Ta
500 Vpp = 5.5V
CE, = 5.0v
300 <
£
T
o
100 /
50 //
30 L/
10 7

5 /

3 /

1 -
<
£
=l

0.5 3
0.3
0.1
—40 o 40 80
Ta (°C)
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DDs2 vs. VN (CE3)

50
\ Vpp = 5.5V
30 other inputs
=0.8~2.2V
Ta=25°
<
£ 10
2 \
123
0
o s
: \
1
3.0 4.0 5.0 6.0
VN (CE) (V)
10H vs. VOH
—-20
Vpp = 4.5
Ta=25°C
—15
-10 \‘
5 \
N
[}
1.0 2.0 3.0 4.0
VoH (V)
loL vs. VoL
20
Vpp = 4.5V
/ Ta=25°C
15 /
/|
10 ,/
5 //
o
0 0.4 0.8 1.2
Vo (V)




® Plastic DIP

24 232221201918 17161514 13
Ooomooomnnm

X
<
| 2
D]
<
1234567 889101112
o i
10 32.4 MAX. | » 15.24 TYP.
<
2
0
A
I
e 0.25+0.05
2.54 +0.25 1.440.15 4
b3
L 0.5+0.15 Y 17.4 MAX.
©
® Cerdip DIP
32.4 MAX.
2423222120191817 161514 13
o O O O e B e § s O Iﬂr‘!l“lI—IW
X
<
- b3
RO.64 [ @
0
e
| - - [y S — - - -
123 456 7 8 9101112
X
3 z
- E 15.24 +0.3
]
o 3
= ] ©
0.25 %13
. 2.54 +0.25 1.3+0.26 .
Z T i L +0.15
s 0.46 5" 0 15.24 ~17.78
w0
o~
Note: Each lead pitch is 2.64mm. 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

1001

2.0+04
1.2 MIN.
*

(0.5)

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

RO.64

7 9 10 11 12

0.2

8.8

|

NANERRAN

0~1.27

0.43+0.05 1.27 £0.1
— t i i

16.56 MAX,

Téﬂiﬂiﬂiﬂjliﬂzﬂj]:ﬂ:ﬂ:ﬂ:@

(0.6)

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.

— 128 —




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
i 9.0 14.2
127 | 284 |
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

CE, CE;
T 0l vppLINE
H—H —t—0
= L ah R, ‘?_L__P
m_’ — - o
= N/ = ¥
= ==="—~=— ——nl
= s O °
—— 1 —— =
N
=
==
: 18
T noon 152
- O—— O
oo i1 GNDLINE
”13.0’ I —”EZ E—él (mm)
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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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2048 WORD x 8 BIT CMOS STATIC RAM

SILICON GATE CMOS

7AP/
TC5517AD/-2, TC55I7ADL/
TC55 | 7AF/-2.TC55 | 7AFL/-2

The TC5517AP/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-

Standby Current
0.2uA (Max.) at Ta = 25°C } TCB517APL/
1.0nA (Max.) at Ta=60°C / ADL/AFL
1.0nA (Max.) at Ta = 25°C } TCB5517AP/

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

Single 5V Power Supply : 5V * 10%

@ Data Retention Supply Voltage: 2.0 ~ 5.5V
® Fully Static Operation
J (TOP VIEW)
a,dr Y 2ahvpeo
A, 2 23 A,
A3 22 EM
A, [0 21 [JR/W
A, Os 20[10E
A, e 1900A,
A7 18 [ CE
A, 8 17 [1/04
170, 9 16 [11/0,
170,10 15 [J1/0,
170, g1 14171/04
GND[]12 13[31/0,

Ao ~ Ao Address Inputs

R/W Read/Write Control Input
OE Output Enable Input

CE Chip Enable Input

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

Vbp Power (+5V)

GND Ground

volatility are required. Furthermore the TC5517APL/
ADL/AFL guaranteed a standby current equal to or
less than 1uA at 60°C ambient temperature is avail-
able.

The TCB517AP/AD/AF is also featured by pin
compatibility with 2716 type EPROM. This means
that the TCH5517AP/AD/AF and EPROM can be
interchanged 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
200ns (Max.) : 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
TC5517AD/ADL
TC5517AF/AFL

Cerdip DIP
Plastic FP

~—°Vpp

MEMORY CELL ~—oGND
ARRAY

128 x 128

I

o
. ROM DECODER

il

SENSE AMP.

COLUMN DECODER

DATA
CONTRO

170,




SYMBOL ITEM RATING

Vob Power Supply Voltage -0.3v~7.0V

ViN Input Voltage -0.3V ~ Vpp+0.3V
Vio Input/Output Voltage -0.3V ~ Vpp+0.3V
Pp Power Dissipation (Ta = 85°C) 0.8W (0.45W)*
TsTG Storage Temperature -55°C~ 1650°C
ToPr Operating Temperature -30°C~85°C
TSOLDER Soldering Temperature « Time 260°C - 10 sec.

*Plastic FP

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Voo Power Supply Voltage 45 5.0 55 \
ViH Input High Voltage 22 - Vpp+0.3 \%
ViL Input Low Voltage -0.3 - 0.8 \
VpH Data Retention Voltage 20 - 55 \

SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT

e Input Leakage Current 0< Vin £ Vop - - £1.0 HA

Lo 1/0 Leakage Current CE=Vjy, 0V Vo £ Vpp - - +5.0 A

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

loL Output Low Current VoL = 0.4V 2.0 3.0 — mA
IpDst CE=22V - 1.0 3.0 mA
‘ TC5617APL/|Ta=25°C| — - 0.2
5
CE = Vpp - 05V ADL/AFL [Ta= GOQC - - 1.0
IpDs2 Standby Current Ta=26"C - 0.05 1.0 HA
Vpp =2~ 5.5V TCB617AP/ -
AD/AF Ta = GOOC - - 5.0
Ta=85"C - - 30
'ooor Operating Current CE =0V, Vin = Vi/ViL lout = 0mA - 0 0 mA
Ippo2 CE=0V, V|y = Vpp/GND, gyt = OmA - 30 55
Note : Typical values are at Ta = 25°C, Vpp = bV.
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Cin Input Capacitance - 10 pF
Cyjo Input/Output Capacitance - 10 pF

Note : This parameter is periodically sampled and is not 100% tested.
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® Read Cycle

TC5517AF’-2/AF’L~22 TC5517AP/APL
SYMBOL PARAMETER TCRITARS/APLS | TeoaizAp/ARL | UNIT
MIN. MAX. MIN. MAX.
tRC Read Cycle Time 200 — 250 — ns
tacc Access Time - 200 - 250 ns
toe OF 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
® Write Cycle
TCRI7ADS/ADL2 | TCoRl7AD/ADL
SYMBOL PARAMETER TC5517AF-2/AFL-2 TC5517AF/AFL UNIT
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 0 | = 10 - ns
tps Data Set Up Time 80 - 120 - ns
tpH Data Hold Time 0 - 0 - ns
Output 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
VIHING RC
® Read Cycle (1)
Addresses Vin VlHj ViH
i ViL 4 Vi
tacc toH
N ViH tco ViH
CE \ Vie j
I top
Vin toE ViH
oE \ Vi
*coE top
tcoE - \
vV,
Pour o vgr DAOTU:'\;/L}ATUD ng
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® Write Cycle 1 (1)

Addresses

R/W

Bour

Din

® Write Cycle 2 (2)

Addresses

R/W

DouT

High Impedance

twe
Vin Vin Viu
Vi Vi Vie
taw
ViLA
1
twp (3) WA
Z ViH
ViL
toD!

tps (4)
ViH
DATA IN STABLE §<
Vi Viv
twe
Vin Vin A Vin
ViL Vi L ViL
WR

AW
.__I twp (3)

Vi

Vi
Vi
VlL,//
tCoE
tps (4) tpH (4),
ViH Vin
DATA IN STABLE
ViL Vic

m # UNKNowN
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NOTE: (1) R/W is high for a Read Cycle.

(2) OE = Vg or V,_. If OE = V,u 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) tpn, tps are measured from the earlier of CE of R/W going high.

(8) 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) 1f 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.

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
VDR Data Retention Power Supply Voltage 2.0 — 5.5 \
TCB517APL/  |Ta=25°C — — 0.2
ADL/AFL Ta=60°C - - 1.0
| Standby C t Ta = 25° - 0.05 1.0 A
DDSs2 andby Lurren TCE517AP/ iz “
Ta=60"C — — 5.0
AD/AF 5
Ta=85C - - 30
tcDR From Chip Deselection to Data Retention Mode 0 - - s
tR Recovery Time tre(1) - - us

Note (1) tgc : Read Cycle Time

DATA RETENTION MODE

() (2)
T \ /
3 t
CE fcor VDD-05V R
viL S —
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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® Plastic DIP

24 232221201918 171615 14 13

—
P2
- - =
R1.5 4 o
<
S  —
123456 7 89101112
32.4 MAX. » 15.24 TYP,
10° §
/—7‘\ ©
- 0.25£0.05
F4
2.540.25 1.4%0.15 s
! 0.5+0.15 o 17.4 MAX.
® Cerdip DIP
\ 32.4 MAX.
2423 222120191817 161514 13
X
<
| =
«
™
. 12345678 9101112
X
< .
2 Z
H 5 15.24+0.3
o ]
o
T u|
p VRYAY | UaVal
+0.15
i 0252610
5 2.54+0.25 1.3+0.25
s +0.156 15.24~17.78
2 0.4626.10
0
o~

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.
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® Plastic FP

Note: Each lead pitch is 1.27 mm,

< z
< s <
8 2 S
o~ P 3
o - d
e
24 23 22 21 20 19 18 17 16 15 14 13
]
=]
4
*
©
v 2 3 4 5 6 7 8 9 10 11 12
L 0.43£0.05 1.270.1 ~1.27 0.15+0.05
T =1 ~
16.5 MAX.
-
=]
?
o
1\
o =
gl 2
0

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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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

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
Small dimensions
Capability of High Density Assembly

Capability of thin Assembly

4. PC pattern layout example

Note:

2. Comparison in occupied space

DIP

FP

Capability of Assembly on both side of PC board.

C”E) (on_-E) ' 1)

H l; ;I T

oo neoon Vpp LINE

n ] + O

R \&L I } |
P e ¥ 1L LX) =]
- - N/ T 1T o
— N —— N
= Eﬁ '\\Ex_=T__—“
= W—
e E
B — N

35)

vST0

1
= —— o NI )
S = |
I — '1_5 ALl

=
GND LINE N
S

the right, at any time without notice, to change said circuitry.
©Nov., 1981 Toshiba Corporation

Distributed by
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2048 WORD x 8 BIT CMOS STATIC RAM

SILICON GATE CMOS

TC5517BP, TC551 7BPL
TC5517BD, TC5517BDL
TC5517BF, TC5517BFL

DES N

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 TCH517BP/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 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 5BmA/MHz are achieved.

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

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

e Single 5V Power Supply : 5V£10%

e Data Retention Supply Voltage 2.0 ~ 5.6V

e Fully Static Operation

PIN CONNECTION (TOP VIEW)
A7l 24 [JVpD
A6 ] 2 23 [JAg
As[]3 22[JAg
AaC]a 21 O R/W
A3 s 201 GE
A2 6 190 A10
Al 7 18 [JCE
Ao[] 8 17 [J1/0g

17010 9 16 [J1/07
1/02 o 15[1/0¢
1/03 11 14 []1/05
GND (12 13[7J1/04

Address Inputs
_Read/Write Control Input
Output Enable Input

Chip Enable Input
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/BFL 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 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.)
toe = 70ns (Max.)
Output Buffer Control : OE
On-chip Address Transition Detector
All inputs and outputs Directly TTL Compatible
Three State Outputs
Package
Plastic DIP : TC5517BP/BPL
Cerdip DIP: TC5517BD/BDL
Plastic FP : TC5517BF/BFL

cLOCK
GENERATOR

I

PRECHARGE CIRCUIT
I I

a 0 [ 4
As @ & H
Ae & Gefl g MEMORY CELL
Ar o ||op|| @ ARRAY
A wll<nl] 0 128 x 128
8 Zullzol| 3
A
ooz gl @
Ao ’ ! -4
: oty
1/0y PR e— 7
o 2 SENSE AMP. AND —PHH |
C = ——] coLuMN DECODER [—t—{atH
o——1tt & Lk— h
o ok T T
o <3 COLUMN ADDRESS
o L BUFFER
1/0g % 00
I L—— 1 ce
I[ Ao A1 Ay Ag




MODE CE OE R/W Ao ~ Ao 1/04 ~ ¢ POWER
Read L L H Stable Data Out Ibpo
Write L * L Stable Data In Ippo
Output Deselect L H * * High Impedance lbpo
**Standby H * * * High Impedance Ibps

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

SYMBOL ITEM RATING

Vob Power Supply Voltage —0.3V ~ 7.0V

ViN Input Voltage —0.3V ~ Vpp +0.3V

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

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

Tsta Storage Temperature —55°C ~ 150°C

ToPr Operating Temperature —30°C ~ 85°C

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

* Plastic FP = 0.45W

SYMBOL PARAMETER 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 \

VboH Data Retention Voltage 2.0 - 55 \%
SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT
[ Input Leakage Current | O < Vin £ Vop - - +1.0 HA
Lo 1/Q Leakage Current CE = Vi, OV< Vyo £ Vop - — 50 | pA
loH Output High Current Vou =24V -1.0 | =20 - mA
loL Output Low Current VoL =0.4V 2.0 3.0 - mA
Ipps1 CE =22V - 1.0 3.0 mA

== TCB517BPL [Ta=25°C | — - 0.2
E —
CE 2 Vop 05V /BDL/BFL _[Ta=60°C | — - 1.0
lops2 | Standby Current p) |Ta=26°C| - 0.05 1.0 | uA
Vpp =2~ 5.5V ;g?:;m / Ta=60°C | — - 5.0
Ta=85°C | — - 30
Ibpo1 teycle = 200ns Vin =Viu/ViL - - 30
Ibpo2 . CE =0V, lout = 0mA Vin = VDD/GND - - 25
Operating Current - mA
Ibpo3 9 teycle = THs Vin = Vin/ML - - 10
Ibpo4 CE =0v, louT =0mA ViN = Vpp/GND - - 5
Note: Typical Values are at Ta = 25°C, Vpp = 5V.
SYMBOL PARAMTER MIN. TYP. MAX. UNIT
CiNn Input Capacitance - 5 10 pF
Ci/o Input/Output Capacitance - 5 10 pF

Note: This paramter is periodically sampled and is not 100% tested.
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° Reld Cycie

SYMBOL PARAMETER MIN. MAX. UNIT
tRC Read Cycle Time 200 - ns
taCC Access Time - 200 ns
toe 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
twe 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
tDs Data Set up time 90 — ns
toH Data Hold Time 0 - ns
Output 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
@ Read Cycle (1) .
RC
Addresses Vin Vin] Vim
| ViL Vi Vi
tacc ol tOH |e—
v
- H tco VIiHAL
ce ™ /
ViH ‘oo
Nel3 v
H
o NN Y. L
tCOE top
tcoE
VoH OUTPUT VoHT
VoL DATAVALID vg_
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e Write Cycle 1(2)

twc
v
Addresses IH Vin ViH
Vio Vi | ViL
AW
]
CE
\ Vi ViL /
tWR
R/W %
Vin WP (3) Vin
X ViL ViL
N tOEW
oow—-—+-—
DouT 3‘%‘3’#‘3’#’#’#‘9"" (5 XX X3\ High Impedance R
Y X
OXERXIRIXIXIXXXAARXKEE tos (@) ton (@)
]
ViH Vid
Din DATA IN STABLE
Vic Viu
® Write Cycle 2 (2)
wc
Addresses >< ViH ViH X ViH
VI Vi) \m
1,
..A_W.l wp (3) wh
CE
Vuﬂ\ \ Vi
ViL ViL Vi
ViH
R/W \ //
KVIL ViLy
tcoE toDW
_._+._
Dout )
tps (@) tpH (4)
v
Vin H
DN DATA IN STABLE ><
Vio ViL
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Note:

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

(2) OE = Viy or Vi. If, OE = V| 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 RW going high.

(4) tpH, tps 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.

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vor Data Retention Power Supply Voltage 2.0 - 55 \
TCB617BPL/ | Ta=25°C - - 0.2
BDL/BFL Ta=60°C - - 1.0
IpDs2 Standby Current Ta=25°C - 0.05 1.0 HA
TCE’B:JBP/ Ta=60°C - - 5.0
BO/B Ta=85°C - - 30
tcDR From Chip Deselection to Data Retention Mode 0 - - s
tr Recovery Time trc(1) - — us
Note (1) tge : Read Cycle Time
Vpo DATA RETENTION MODE

85V e e N /_.__

(2)

tcDR Vpp — 0.5V tR

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 to0 2.7V, Ipps1 current flows.

— 143 —



® Plastic DIP

2423222120 1918 1716 1514 13

X
P«
b3
D
p3
- 32.4 MAX. % 16.24 TYP.
5 <
A
2
wn
N 0.26 +0.05
1
2.54 +0.26 1.4+0.15 z
Tt s
0.5 +0.15 o 17.4 MAX.
L
e Cerdip DIP
L 32.4 MAX.
242322 2120191817 16 151413
chchchrhchchchohrhencdh .
x
<
b3
R0.64 z
©
e
X
<
2 15.24 +0.3
8
[}
[ ]
Y 025910
. 2.64 £0.25 1.3 £0.26 -
g M 0.6 o 15.24 ~17.78
z .
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

F
< = <
o b3 =]
+ & o~ +
® ]
< =] - °
o~ ~ o~
24 23 22 21 20 19 18 17 16 15 14 13
]
o
+
@
©
RO.64
6 7 8 9 10 11 12
Wi
| | U U
1.27 +0.1 0~1.27 0.15 + 0.05
T T
16.5 MAX
-
S
+
-
]
|-
©| ©
ol +
")
-
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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FORI N

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
Width 9.0 14.2
Lead Pitch 1.27 2.54
Thickness 1.6 5

3. Advantage of this package
Small dimensions
Capability of High Density Assembly

DiIP

FP

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

4. PC pattern layout example

GND LINE

Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied,

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

Distributed by
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SILICON GATE CMOS

TC5518BP, TC5518BPL
TC5518BD, TC5518BDL
TC5518BF, TC5518BFL

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

27.5mW/MHz (Max.) Operating

e Standby Current
0.2uA (Max.) atTa= 25°C}TC5518BPL/
1.0uA (Max.) at Ta=60°C|BDL/BFL
1.0nA (Max.) at Ta= 25°C}TC55188P/BD/
5.0uA (Max.) at Ta=60°C| BF

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

e Data Retention Supply Voltage
2.0~ 55V

e Fully Static Operation

(Top VIEW)
A ~ 24 Voo
As ] 2 23 Ag
As3 22 Ay
As]a 21 O R/W
As(]s 20 [JCE,
A20e 19 (A0
A1 Q7 18 JCE,
Ao Os 17 (11/08

1701 Qe 16 0 1/04
110 aw 150 1/04
1703 Q11 14 [ 1/05
GND Q12 13 [11/04

Ay ~Ajo Address Inputs
R/W Read/Write Control Input
C_E_l , C_E2 Chip Enable Inputs -
1/0; ~ 1/Og Data Input/Output
Vbp Power (+5V)

"GND | Ground

use in low power applications where battery operation
or battery back up for nonvolatility are required.

a standby current equal to or less than TuA at 60°C
ambient temperature available.

And the TCh518BP/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
On-chip Address Transition Detector
All Inputs and Outputs Directly TTL Compatible
Three State Outputs
Package

Plastic DIP : TC5518BP/BPL

Cerdip DIP: TC5518BD/BDL

Platic FP . TCB518BF/BFL

CLOCK PRECHARGE
GENEATOR CIRCUIT

T

MEMORY CELL
v
128 x 128

ROW ADDRESS
BUFFER
ROW ADDRESS

REGISTER
ROW DECODER

B

I
Hx;”’

I

SENSE AMP. AND
COLUMN DECODER

—
[eXe)

[oaTa conTrol
|
i;”

CIRCUIT
-/
©0
co
T
ne
23
>
o
| <]
F]
m
@
@
I
]Y
i
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MODE CE, CE, R/W Ao ~Aso 1/0; ~ 3 POWER
Read L L H Stable Data Out Ibbo
Write L L L Stable Data In Ibbo
** Standby 1 * H * * High Impedance Ipps
** Standby 2 H * * * High Impedance lbos

SYMBOL

Note; *: Hor L

**: Data Retention Mode

ITEM RATING
Vbp Power Supply Voltage —-0.3V ~ 7.0V
ViN Input Voltage —0.3V ~ Vpp+0.3V
Vijo Input/Output Voltage —0.3V ~ Vpp+0.3V
Po Power Dissipation (Ta = 85°C) 0.8W (0.45W)*
Tste Storage Temperature —55°C ~ 150°C
TopPr Operating Temperature —30°C ~ 85°C
TsOLDER Soldering Temperature - Time 260°C - 10 sec
Plastic FP = 0.45W
SYMBOL PARAMETER . MAX. UNIT
Vbp Power Supply Voltage 4.5 5.5 \2
ViH Input High Voltage 2.2 - Vopt0.3 \
ViL Input Low Voltage -0.3 - 0.8 \
Von Data Retention Voltage 2.0 - 5.5 Vv
PARAMETER MIN. [ TYP. MIN. | UNIT
L Input Leakage Current | 0 < Viy £ Vpp — - 1.0 MA
ILo 1/0 Leakage Current CE; =ViH. OV < Vo SVop - — +65.0 MA
loH Output High Current Vou =2.4V -10 | =20 - mA
loL Output Low Current VoL =0.4V 2.0 3.0 — mA
|_'opst CE, =22V orCE, =2.2V - 1.0 30 | mA
T CE, =Vpp 06V or | 1CE5188PL '[aizszc - - 02 | mA
/BDL/BFL Ta=60"C - - 1.0
IpDS2 Standby Current CE, = Vpp —0.5V —c5
TCE6188P/ |2-22.C = 0051 10 1 ya
Vop =2~55V BD/BF Ta=60 € = - 50
Ta=85°C - - 30
B I,D_QQL_ teycle = 200ns, CE1 = VIN = Vin/ViL - = 30
Ibpo2 ) CE, =0V, lput =0mA | V|n = Vpp/GND — - 25
15003 Operating Current oy = THS, C'El - Vin = Vit Vit — = m mA
Ibboa CE, =0V, loyt =0mA [Vin = Vpp/GND - - 5

Note: Typical Values are at Ta = 256°C, Vpp =5V

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Cin Input Capacitance — 5 10 pF
Ci/o Input/Output Capacitance — 5 10 pF

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

— 149 —

Vot

Vou

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
trc Read Cycle Time 200 - - ns
tacc Access Time - - 200 ns
tcon CE, to Output Valid - — 200 ns
tcoz 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 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 — - 60 ns
toEw Output Active from R/W 10 - - ns
tps Data Set up Time 90 - - ns
tpH Data Hold Time 0 - - ns

Output Load 100pF + 1TTL Gate
Input Pulse Levels 0.6V, 2.4V
Timing Mesurement Reference Levels
Input 0.8V and 2.2V
Output: 0.8V and 2.2V
Input Pulse Rise and Fall Times 10 ns
Read Cycle (1) tRC
ViH ViH ViH
Addresses ViL Vi X Vi
tacc toH
_ q VH tco2 ViH
&2 \] ViL /
' Vin too:
~ tco1 Vin
e 70
tCOE v toD
H
tcOE - ° Vor
Pour OUTPUT DATA VALID m—_




Write Cycle 1.

Addresses

DouT

OINn

Write Cycle 2.

Addresses

(7) CE, (CE)

(7) CE, (CE,)

R/W

DouT

DIN

tWe
>< o W*X‘vm
L ViL ViL Vi
taw
\ Vi Vie /
WR
v
IH e

\

M- ViL

(2)
ViL /

tobw

O > X\ High Impedance
0:0‘0‘0.0:0:0%’. (a) :."Q":.:.Q‘O‘Q’ gh Imp

tpgs (3) i

ViH
>< DATA IN STABLE
I~ 1
ViL ViL
we
>< ViH VIHAXﬁVIH
V1L viL viL
viL Vit
_."\4W1_ﬁ twp (2) WR
Vn—ﬁ& / Vin
Vi
tcoE
tps (3) tpH (3)
Vin Vin
= =\,
DATA IN STABLE X
-
Viu Vi

m i UNKNOWN
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R/W is high for a Read Cycle.

twp is specified as the logical “AND"_or ﬁi CE2 and R/W. o
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.

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

If the @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 CE1 or
CE2 low transition, the output buffers remain in a hi_gb‘impedance state in this period.

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
VpR Data Retention Power Supply Voltage 2.0 - 55 \Y
TCB518BPL/ | Ta=25°C — — 0.2
| BDL/BFL | Ta=60°C - - 1.0
I Standby Current Ta=25°C - 0.05 1.0 A
oos2 Y TCE6188P/ [ — o 5o #
BD/BF o :
Ta=85"C - - 30
tCDR From Chip Deselection to Data Retention Mode 0 — — us
tR Recover Time tre(1) - - us
Note (1) trc : Read Cycle Time
Vob DATA RETENTION MODE
45V — — —f — - N\ — Z——— ________
VIH — — — (2) X\ (2)
CE; or CE; tcDR VoD —0.5V tR
Viu
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 t0 2.7V, Ipps

current flows.
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® Plastic DIP

24 232221201918 17161514 13

32.4 MAX.

5 MAX.

2.54 +0.25 1.4 +0.15 z
T T s
0.5 +£0.15 2
©
® Cerdip DIP
32.4 MAX.
2423222120191817 1615 1413
X
<
| s
be
[}
2

15.24 TYP,

:fo.zsio.os h

17.4 MAX.

Note: Each lead pitch is 2.54mm. All leads
All dimensions are in millimeters.
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101112
X
2 ;
s z
o H 15.24 +0.3
- __8
E ] I —
' ﬂ +0.15 “
4 0.25_g 10
. 2.54 +0.25 1.3 +0.25
z T T
z +0.15 ~17.78
S 0.6 010 15.24 ~17.7
L]
o~

are located within 0.26mm of their true longitudianl position with respect to No. 1 and No.24 leads.



® Plastic FP

0.140.1

Note: Each lead pitch is 1.27mm.

2

(0.5)

1.2 MIN.

s

18 17 16

0.2

8.8

—H~

1.27 +0.1

0~1.27

| [ 0.15 +0.05

16.5 MAX.

(0.6)
+

T

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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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 9.0 142 |
_ Lead Pitch 1.27 2.54
Thlckness 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

R " VppLINE

“vszo

(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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8,192 WORD X 8 BIT CMOS STATIC RAM

SILICON GATE CMOS

TC5564P/P- |
TC5564PL/PL- |

DESCRIPTION

The TC5564P 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 B-volt supply.

The TCH5564P features output enable and chip
enable inputs, that is, OE for fast memory access and
EEL 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 |ow Standby Current

0.2uA (Max.) at Ta = 25°C  TC5564PL

1.0uA (Max.) at Ta=60°C  TCBB64PL-1
TC5564P

20 uA (Max.) TCEB64P-1

Low Power Dissipation
27.5mW/MHz (Max.) Operating
5V Single Power Supply
8,192 Word x 8 Bit
Fully Static Operation
Data Retention Supply Voltage: 2.0 ~ 5.5V

PIN CONNECTION (TOP VIEW)

TCE564P
TCE664PL

64k bit EPROM
TMM27640

Voo df
Az
A1
As
As
As
A3 g
A2 g
A d
Ao g
00 g
o1
0,
Gno[

PIN NAMES

AO ~ Alz \ Address Input“s )
R/W Read/Write Control Input
OE Output Enable Input

"CE,.CE, Chip Enable Inputs ; “
1/0; ~ 1/Og Data Input/Output {

Vob | Power (+5V) ) |
GND | Ground ) ]
N.C. | No Connection o |

PRELIMINARY: The specification limits are subject to change without notice.

to or less than 1u A at Ta = 60°C ambient temperature
available.

The TC5564P aiso features pincompetibility 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 TCB564P is moulded in a dual-in-line 28 pin
standard plastic package, 0.6 inch width.

® Access Time

[ T Tcesear | TceseaP1 |
| | TCES64PL | TCBEGAPLT
Address Access 7 I
Time (Max) ‘1 100 ns 150 ns
CfM s Thme - 100ns 150 ns
CE, Access Time | oo T
(Max.) | 100 ns 150 ns
[ Output Enable | S0ns T Jons
L TimeMax) | L

e Directly TTL Compattble
All Inputs and Outpus
e Stndard 28 Pin DIP
e Pin Compatible with 2764 type EPROM

| BLOCK DIAGRAM
g;ﬁg:non H PRECHARGE CIRCUIT —II
T

-~——o0 Voo
=0 GND

MEMORY CELL
ARRAY
256 x 256
(66536)

ROW ADDRESS
REGISTER
ROW ADDRESS

DECODER

SENSE AMP,

| coLume oEcoper |

[}
Ao~ AL Ay A3 Ag

CONTROL | |

I DATA




Operation Mode CE, CE, OE R/W 1/0y ~ 1/Og Power
Read L H L H DouT IbDo
Write L H * L Din Ibbo
Output Deselect L H H * High-Z Ibpo
Stndby g : : :

L * * High-Z IoDS

SYMBOL ITEM RATING UNIT

Voo Power Supply Voltage —03~7.0 \

N Input Voltage -20~7.0 \

Viio Input and Output Voltage -0.5~ Vpp +0.6 \

Po Power Dissipation 1.0 W

Teolder Soldering Temperature 260 - 10 °C - sec

Tstrg Storage Temperature —55 ~ 150 °C

Topr. Operating Temperature -30~ 85 °c
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vob Power Supply Voltage 45 5.0 55 \
ViH Input High Voltage 22 - Vpp +0.3 \
ViL Input Low Voltage -0.5 - 0.8 \
VbH Data Retention Supply Voltage 20 — 55 \

i

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

SYMBOL

PARAMETER MIN. | TYP. | MAX. | UNIT
i Input Leakage Current ViN =0~ Vpp — - +1.0 MA
lon Output High Current Von =2.4V -1.0 - — mA
oL Output Low Current VoL =0.4V 4.0 - - mA
CE, = V| or CE, =V, or
o 8:::’9‘:; Leakage R/W = v:,_ or O = V|+: - ~ | 10 | uA
Vout =0~ Voo R ————
IbpO1 Operating Current Ei‘er— I:LLuta Zdv(l:f ;VI‘LVH :::z:: ; :c:;sns o : : :1(5) mA
CE, =0.2Vand o ey = TS _ ~ 5
Ibpo2 Operating Current CE2 =Vpp —0.2V mA
Ott;e:/![’n; U—to.zwo.zv foycle = 100ns B - |
Ibps1 Standby Current CE, =VjyorCE, =V - - 2 mA
CE; =Vpp —0.2Vor | TC5564PL Ta= 25°C_ ) - - 0.2
Ibps2 Standby Current CE, =0.2V APL Ta=60°C — — 1.0 MA
| Vop =20~55V 64P/TC5564P-1 - - 20 |

Note: In 's—tandby> rﬁ;)de intF\MC_VEl ;‘OD’D —02Vth;se specification limits are guaranteed under the condition of CE, > VD;

—0.2V or CE, £0.2V.
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(Ta=25°C)

PARAMETER CONDITIONS MAX. UNIT
CiNn Input Capacitance Vin =GND i i i 5” pE -
CouT | Output Capacitance VouT =GND 7 pF -
Note: This prameter is periodically sampled and is not 100% tested.
A (Ta=—30~ 85°C, Vpp =5V +10%)
Red Cycle
I TC5564P/PL TC5564P-1/PL-1
v 1 P ! NDITIONS
SYMBOL | ARAMETER cO MIN, MAX. MIN. MAX. UNIT
trc Read Cycle Time V|N = 2.4V/0.6V 100 - 150 - ns
~ tacc Address AccessTime Vig =2.2V L - 100 - 150 ns
tcor | TE; Access Time i Vi =0.8V - 100 - | 180 ns
tcoz CE, Access Time tr, tf £ 6ns - 100 - 150 ns
Output Enable t Von =2.2V
toe utput Enable to OH - 50 . 70 ns
Output in Valid VoL =0.8V
. Chip Enable (CE,, CE,) to Output 10 10 N
5 COE Output in Low-Z Load: s
N Output Enable to Cp (100pF) 5 5 ns
OEE Output in Low-Z and 1-TTL N
Chip Enable (CE, CE;) to Gate
1 - 50 - 70
oD Output in High-Z ns
Output Enable to
- 40 - 60
| tOD? o Output in Hi_gh-Z - ns
toH Output Data Hold Time 30 | - 30 - ns
Write Cycle
TC5564P/PL TC5564P-1/PL-1
SYMBOL P METER ONDITION T
° ARA ¢ s MIN. MAX. MIN. MAX. UNI
twe Write Cycle Time Vin = 2.4V/0.6V 100 - 150 - ns
twp Write Pulse Width Vig =2.2V 70 - 100 - ns
Chip Selection to VL =08V
t 90 - 120 -
cw End of Write t, tf £6ns ns
Address Set up Time 0 - 0 - ns
Write Recovery Time 0 - 0 - ns
R/W to Output High-Z - 50 — 70 ns
R/ to Output Low-Z 10 - 10 - ns
Data Set up Time o 40 - 60 - | ns
Data Hold Time 0 - 0 - | ns
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' TIMING WAVEFORMS

READ CYCLE (1)

e X

- T ! \\\\ ™
- TN AT
« TR {7
i ST . —
AW ) \\\\\\\\_k - 72‘
S/ IR NN

-~

W,

VV/VVVVAAAAN
AR

XXOOOOOROOODON
SRR AR

—

tOEW

1

’V""’V"’v."v.v Y """"V’v""v’vov
RN

tDH

Din

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

ddresses

NN

X

X

AN

IS

Wi

/

.

i

—

AT

v

A

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

dresses

R/W

X

s
DATA IN
ABLE
|
|
wR

LI L
Y N
E\\\ Y,

l \\\\ \\ tco

—

DAT.
SSSSSS

tps toH
A IN
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NOTE:
(1)
(2)

(3)

(4)

R/W is High for Read Cycle.

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.

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.

Assuming that OE is High for Write cycle, Outputs are in high impedance state during this period.

(Ta=-30 ~ 85°C)

SYMBOL PARAMETER, MIN. TYP. MAX. UNIT
VbH Data Retention Supply Voltage 2.0 - 55 \
Ta =25° - - ]
Tosseapt. | 12725 C 92 uA
Ios2 Standby Current | Ta=60°C - - 10 uA
TC5564P — - 20 MA
tcDR Chip Deselection to Data Retention Mode 0 - - us
tR Recovery Time tRC — - MuS
Note (1)  tge : Read cycle time

CE, Controlled Data Retention Mode (2)

CE, C

Voo
Vbbb Data Retention Mode
4BV = ————— —_———y——_—— e e —_——r—_———
(3) (3)
Vih ———=— \ /
CE,; tCDR Vpp ~0.2V tR
GND
lled Data R ion Mode (4)
Voo
Voo Data Retension Mode /—,
45V - ———— - — — = H———— e — o o ——— — —
CE2 tcoR R
Vin

ViL  ————— ) m 0.2v /// / /

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

(3) If the V|q of CE1 is 2.2V in operation, during the period that the Vpp Voltage is going down from
4.5V to 2.4V, Ippg1 current flows. ’

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

Unit: mm

s
R1.5 |
H X
| <
g - [ - 2
N
! 2
o e e e e e e e
1.2 3 4 5 6 7 8 9 10 111213 14
37.4 MAX. 15.24 TYP.
50
z -
H I~ ,
'g .A_A__J.._A__l__l_—a_l_a—-i——t-.-b‘.—h—&-—l—\ X
<
inInnuiaininistiininisn
3 . HIHH H: HIRIH ! s
i n
0.5 +0.156 z
2.54 +0.26 1.440.15 0.2 MAX. 5 17.4 MAX.
T 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. 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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8,192 WORD X 8 BIT CMOS STATIC RAM

SILICON GATE CMOS

TC5565P/P- |
TC5565PL/PL-1

'DES 1oN

The TCB565P is 65,536 bit static random access
memory organized as 8,192 words by 8 bits using
CMOS technoiogy, and operates from a single 5\
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 100ns/150ns.

When CE2 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 (CE1,
CE2) allow for device selection and data retention
control and an output enable input (OE) provides

e Low Power Dissipation

27.5mW/MHz (Max.) Operating
e Standby Current

100u A (Max.) : TC5565PL

1mA(Max.) : TCB565P

e 5V Single Power Supply -
e Power Down Features: CE2, CE1
e Fully Static Operation
e Data Retention Supply Voltage: 2.0 ~ 5.5V

| (TOP View)

bttt il

64k bit EPROM
TMM2764D

TCss568P

Ag ~Aq, Address |nputs

R/W Read/Write Control Input

o Output Enable Input T
CE,,CE, Chip Enable Inputs

1/0, ~1/Og Data Input/Output

Vop Power (+5V)

GND Ground

N.C. | No Connection

PRELIMINARY: The specification limits are subject to change without notice.

fast memory access. Thus the TCB565P is suitable
for use in various microprocessor application systems
where high speed, low power and battery back up
are required.

The TCHB65P 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 TC5565P-1

TC5565PL | TC5565PL-1
Address Access Time (MAX.) 100 ns 150 ns
CE, Access Time (MAX.) 100 ns 150 ns
CE, Access Time (MAX.) 100 ns 150 ns
Output Enable Time (MAX.) 50 ns 70 ns

e Directly TTL Compatible: All Inputs and Qutputs
e Standard 28 Pin DIP
e Pin Compatible with 2764 type EPROM

cLock
[ GENERATOR H rnEcuAnaEcmcuw]

-

~—0Vpp
~—O0GND

MEMORY CELL
ARRAY
256 x 256
(65536)

ROW ADDRESS
REGISTER
ROW ADDRESS

DECODER

cE

SENSE AMP,

DATA
CONTROL

COLUMN DECODER

1/0g

ce

Ag OAg OA19OA[OA 1,

cE
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Operation Mode CE, CE, OE R/W 1/0, ~ 1/0g Power
Read L H L H Dout Ibpo
Write L H * DIN IDDO
Output Deselect L H H * High-Z Ibbo
Standby }: . . . High-Z loos

L * * High-Z Ibps
SYMBOL ITEM RATING UNIT
Voo Power Supply Voltage —-0.3~7.0 \%
Vin Input Voltage —20~7.0 \
Vijo Input and Output Voltage —0.5~ Vpp +0.5 \
Po Power Dissipation 1.0 W
Teolder Soldering Temperature 260-10 °C - sec
Tstrg Storage Temperature —55 ~ 150 °c
Topr. Operating Temperature 0~70 °c
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Voo Power Supply Voltage 45 5.0 5.5 \%
ViH Input High Voltage 2.2 - Vpp +0.3 \
ViL Input Low Voltage -0.5 - 0.8 \
VoH Data Retention Supply Voltage 2.0 - 5.5 \

! 3§ (Ta=0~ 70°C, Vpp =5V 10%)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
T8 Input Leakage Current ViN =0~ Vpp - — 1.0 MA
lon Output High Current VoH = 2.4V —-1.0 - — mA
loL Output Low Current VoL =0.4V 4.0 - - mA

Output Leakage CEy = Vi or CE, = Vi or
ILo Current RM =V, or OF = V4 - - 1.0 HA
Vout =0~ Vpp
. VoD =8V CEL VL e = s - - 10 mA
Ibpo1 Operating Current CE, =V4
Other Input = Vi /V) teycle = 100ns - - 45 mA
Voo =5.5v teycle = s - - 5 mA
IbpO2 Operating Current CE, =02V,
CEa = Vop —0.2 teycie =100ns - - 40 mA
Other Input = Vi /V) cycle
Ibps1 Standby Current 6E—1 =Vjy or CE; =V, - - 3 mA
“Ioos2 Standby Current CE, =Vpp —0.2V or CE, =0.2V|TC5565PL - 2 100 uA
B} Vpp =2.0 ~55V TC5565P - - 10 mA

Note:  In standby mode with CE , 2 Vpp —0.2V, these specification limits are

—0.2V or CE, 0.2V,
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(Ta=25°C)

SYMBOL PARAMETER CONDITIONS MAX. UNIT
| Cin Input Capacitance Vin = GND 5 pF
CouTt Output Capacitance VouT =GND 7 pF

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

(Ta=0~ 70°C, Vpp =5V +10%)

Read Cycle
SYMBOL PARAMETER c ONlSIiTIaNS [ TCBB6BP/PL | TCB565P-1/PL-1 | UNIT
MIN. | MAX. | MIN. | MAX.
tRC Read Cycle Time ViN =2.4V/06V| 100 - 150 - ns
tace Address Access Time Vi = 2.2V - 100 - 150 ns
tco1 CE, Access Time VL =08 - 100 - 150 ns
tco2 CE, Access Time tr. tf < 6ns - 100 - 150 ns
Output Enable t Vou =2.2V
toe Htput Enable to OH - 50 - 70 ns
Output in Valid VoL =0.8V
Chip Enable (CE,, CE,) to
1, 10 - 10 -
COE Output in Low-Z Output Load: ns
¢ Output Enable to Cp (100pF) 5 _ 5 _ ns
OEE Output Low-Z and 1-TTL
Chip Enable (CE,, CE;) to Gate
1 - 50 - 70
0D Output in High-Z ns
o] Enable t -
topo utput Enable to 0 - 60 ns
Output in High-Z
toH Output Data Hold Time 30 - 30 - ns
Write Cycle
SYMBOL PARAMETER CONDITIONS TCE565P/PL TCS8EEPIPLA | it
MIN. MAX. MIN. MAX.
twe Write Cycle Time VN =2.4V/0.6V| 100 - 150 - ns
twp Write Pulse Width Vig =2.2V 70 - 100 - ns
Chip Selection to ViL =0.8V
1, 90 - 120 -
cw End of Write ty, tf Bns ns
tas Address Set up Time 0 - 0 - ns
twr Write Recovery Time 0 - 0 - ns
toow " R/W to Output High-Z - 50 - 70 ns
toEw R/W to Output Low-Z 10 - 10 - ns
tps Data Set up Time 40 — 60 - ns
o 'fDH - Data Hold Time 0 - 0 - ns
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¢ READ CYCLE (1)

Addresses

DouT

WRITE CYCLE 1 (4) (R/W Controlled Write)

tRC M|

Addresses

R/W

DouT

DiN

tacc toH
/ \
7 tco, N
oD
tco;
\ / / /
toD
toE
\ g
\ /
1
OEE P
tcoE
tCOE
¢ OUTPUT DATA VALID 3
7
Unknown
wc |

tAS

WR

tcw

tOEW

Y
(2)

QSR XX

tps DH

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

Addresses

R/W

DouT

Din

twe I
X “
BN
tas tWR
twp
N y T
77T E R OO
/ // // tcw \( A\ AN A\
tcw —
NN 7
tCOE toDW
I
DS iDH

DATA IN

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

Addresses

R/W

DouT

DiNn

STABLE
twe
y(
N
tas WR
wp =
N )
Y 4 \
W 1 e N
tcw
\ \ / ’
“coe toDW.
DS DH
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NOTE:

(1) R/W is High for Read Cycle.

(2) Assuming that CE1 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,_gutputs remain in a high impedance state.
(4) Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period.

(Ta=0~ 70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
VDpH Data Retention Supply Voltage 20 - 5.5 \
0 Stand by TC5565PL - - 100 MA
DDS2 Supply Current TC5565P - - 1.0 mA
tcDR Chip Deselection to Data Retention Mode o’ - - us
tr Recovery Time trc(1) - - us
Note (1): Read cycle time
o El Controlled Data Retention Mode
Vbb Data Retention Mode
46V ——m —_——— A ] —_———h
(3) (3)
VIH ————— \ /
Vpp —0.2v
e, tCDR oo R
GND
® CE, Controlled Data Retention Mode
Voo Data Retention Mode
45V —— e — \ ————————————————————— / ——————————
ViH tCDR tR
INAARAN Yy
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 £ Vpp —0.2V.

(3) If 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, Ippg1 current flows.

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

[ B W | A [Amn Unit :
I
R1.5 | .
‘ ’ <
: | ] :
A | o
' <
| S D [ N S Ny D N N N N N O O |
1.2 34 5 6 7 8 9 1011 1213 14
37.4 MAX. 15.24 TYP.
z
b3
P ><'
° <
B s
2}
H 0.5+0.15 z
H H
2.54 £0.25 1.4 +0.15 0.2 MAX. o 17.4 MAX.
} P St alab i

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.
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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.
© Apr., 1982 Toshiba Corporation
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rasable/Programmable Read Only Memory

- 171 —






2048 WORD x 8 BIT EPROM

N CHANNEL SILICON STACKED GATE MOS.

TMM323D
TMM323D- |

memory.

blelp)
yae]

9]

is a 2048 word x 8 bit ultraviolet
erasable and electrically programmable read only
For read operation it requires a single
5-volt power supply only. The maximum active pow-
er dissipation is 5256mW while the maximum standby

power dissipation is only 132mW, a 75% savings.

Programming can be executed - by applying 25-volt
and 5-volt at the Vpp and Vcc terminals respectively,
and applying a TTL level signal at the other input
Programming the one bit location requires

terminals.

e Single.b-volt power supply

e Access time:

TMM323D

, 450ns (MAX.)
TMM323D-1; 350ns (MAX.)
Current : 100mA (active )

25mA (standby )
e Three state output
® Particular bit location programming

BLOCK DIAGRA!

PIN CONNECTION  PIN NAMES
Ao —Ajo | Addresses
0o —04 Outputs
CS Chip Select
., | Power down/
PD/PGM Program
Vce, Vpp | Power Supply
GND Ground
'MODE SELECTION
~~_PINS| PD/PGM| CS | Vpp | Vec | Outputs
MODE ™ (18) 1(20)| (21) | (24) | (9-11,13-17)
Read ViL | ViL| 5V [ B8V | Dout
| Deselect * VIiH 5V | bV High Z
Power Down ViH * 5V 5V High Z
| Vin .
P |
rogram ‘—H-H—VIL ViH | 26V | BV D in
P{j’grﬁ'y" | Vi (ViL| 25V | 5V | D out
“Frogram T :
hb | VL [ViW| 28V | BV | High Z
i

*:ViL or VIH
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only a single pulse, and it is possible to program
sequentially, individually or at random. Under the
condition Vpp = 25V, read operation is permitted in
the program verify mode, and also programming is
inhibitted by selecting the program inhibit mode.

The TMM323D is fabricated with the N-channel
silicon double layer gate MOS technology and is
packaged in a standard 24-pin dual-in-line cerdip

package.

Programs with one 50ms pulse
Total programming time: 100 second
Inputs and outputs TTL compatible during read

and program

Pin to pin compatible t0.2716 type EPROM

T

Vee
Vpp O—=
GND 0—=

cs

0

PD/PGM

Vep

Power

Down

Oy

02

O3

04 005

06007

Column
Decoder

l

Row Decoder

innkiogigi

16384 bit Memoly Cell
Column x 8 blf)
!




ITEM SYMBOL RATING UNIT
Vcc Supply Voltage with respect to Ground Vce —03~+7 \
Vpp Supply Voltage with respect to Ground ~ Vep —0.3~+26.5 Vv
All Input Voltages with respect to Ground VIN -03~+7 \Y
All Output Voltages with respect to Ground VouT —03~+7 v
Power Dissipation Po 15 W
Soldering Temperature - Times TSOLDER 260-10 °C - sec
Storage Temperaturqé TsTG —65~+125 °C
Operating Temperature TopPR 0~70 °C

PARAMETER SYMBOL MIN. TYP. MAX. | UNIT
TMM323D 475 5 5.25 v
P | Vee @,
ower sueey cc 1.2 TMM3230-1 45 5 55 v
Power supply Vep  (2) Vee—0.6 5 Vee +0.6 \%

PARAMETER SYMBOL MIN. | TYP.® |  MAX. UNIT ‘} CONDITIONS
Input Load Current Ly +10 nA : VIN =5.25V
Output Leakage Current ' Lo +10 uA VouT =5.25V/0.45V
Vpp Current (Read) i PP, 5 mA Vpp =585V
Vcc”Current (Stanaa/j ! lccy 10 25 mA PD/PGM = V|H, CS = VL
I Vee Current (Active) ) icca | 57 100 mA PD/PGM = G5 = VL
| Input Low Voltage - viL | -01 | 08 v
Input High Voltage T 2.0 Vee +1 \
| Output Low Voltage o 0.45 v loL =2.1mA
Output High Voltage I 24 f’ ” v IoH = —400uA
Ta=0~70°C, Vpp = Ve * 0.6V
TMM323D TMM323D-1
PARAMETER SYMBOL |—rr VAX VI VA UNIT CONDITIONS
Address to Output Delay tacct 450 350 ns PD/PGM =TS =V,
PD/PGM to Output Delay tacce 450 350 ns CS =V
Chip Select to Output Delay tco 120 120 ns PD/PGM = V|
PD/PGM to Output Float tpE 0 100 0 100 ns CS =V,
Chip Deselect to Output Float toF 0 100 0 100 ns PD/PGM =V
Address to Output Hold toH 0 0 ns PD/PGM = CS = V;_

® A.C. Test Conditions
Output Load : ITTL + 100pF
Input Rise and Fall Times (10%~90%) : S 20ns
Input Pulse Levels : V| =0.8V, Vi = 2.2V
Timing Measurement Reference Level : Inputs 1V & 2V, Outputs 0.8V & 2V
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(Note 4)
(CAPACITANCE

Ta=25°C,f=1MHz

* I umts .
| PARAMETER SYMBOL UNIT CONDITIONS
‘ L Min Typ. Max.
L Input Capacitance CIN 4 6 pF VIN =0V )
‘L Output Capacitance CouTt 8 12 pF Vout =0V
TIMING WAVEFORMS (READ)
.A. Read Mode PD/PGM = ViL
Address
. toH
(150ns)] (Ons M)
MAX
. tDF
(a50ns MAX)™] (0~100 1)

B. Standby Mode_ Cs=v)_

Note: 1.

o NN

| PROGRAM OPERATION

Ta=25°C+5°C, Vce =5V+5%, Vpp =25V + 1V (Note 1, 2, 3)

D.C. PROGRAMMING CH

High Z ¥ High 2
Output L Data Out Valid
K.
Address
Address N Address N + m
Standby
PD/PGM

Output

Data Valid
for Address N

High Z

tacCy —
(450ns MAX)

(8)

. The Vpp terminal is permitted to connect the V¢ terminal directly during non-programming.
. Typical values are at Ta = 25°C and nominal supply voltages.

. This parameter is periodically sampled and is not 100% tested.
- Thetacc2is a output data delay time (i.e. access time) from address or PD/PGM whichever changes late.

Data Valid High Z

for Address N + m

V¢ must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp —————w Vg I l

veo — L

PARAMETER SYMBOL MIN. TYP. MAX. UNIT CONDITIONS
~ InputCurrent I £10 | pA | ViN=525V/0.45V
PP Supply Current Ipp, 5 mA i PD/PGM = V)L
Vpp Supply Current 30 mA PD/PGM =V
| During Programming Pulse IPP2 - / ™
Ve Supply Current Icc 100 mA I,OUT=£T'§. S
| !nput Low Level ) }/||_ —-0.1 0.8 \ N
Input High Level | vin 20 Veer 1 v
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- I
PARAMETER SYMBOL MIN. TYP. MAX. UNIT CONDITIONS
Address Setup Time tAS 2 us
CS Setup Time tcss 2 l us
Data Setup Time tps 2 us
~_Address Hold Time tAH 2 us
C_SHO@ Time tCSH 2 us
D ta Hold Time _toH 2 o Mus |
tDF 0 120 ns | PD/PGM = ViL
Chip Select to Output Delay tco 120 ns ; PD/PGM = V|
Program Pulse Width tPwW 45 50 55 ms | |
Program Pulse Rise Time tPRT 5 ns |
Program Pulse Fall Time tPFT 5 ns
® A.C. Test Conditions
Input Rise and Fall Times (10% ~90%) : < 20ns
Input Pulse Levels : ViL =08V, ViH =22V
Timing Measurement Reference Level : Input 1V & 2V, Output 0.8V & 2V
AVEFORMS (PROG
Vpp = 25V +1v, Vee =5Vis% Progr rogram Verify ————e={
Address >< Address N ) Address N +m
= tas tAH
(iﬁfshMlN) (2US MIN) High '
'9 Data In Stable Data Out Z Data in Stable
Data Z=\___ | Address N Ad2igy Address N +m
tDF f— Fr=—
(120ns MA;)] (120ns
_ MAX)
cs
tos DH
—] (245 = —t(2us
MIN)| MIN)
tcss —ef ~— 'CSH
/ (244s MIN)
PD/PGM HMs B r(2;1; MIN) /—
PRT PFT
(6ns MIN) w (5ns MIN)
(45~55ms)

Note: 1. Vcg must be applied simultaneously pr before Vpp and cut off simultaneously or after Vpp — o Vee
Voo L
2. Sometimes removing the device from socket and sotting the device in socket under the condition Vpp =25V £ 1V may destroy its
device, so it should be noted during programming.

3. VPP supply volitage is permitted up to 26V programming, so the voltage over 26V should not be applied to Vpp-
Particularly when switching puise voltage is applied to Vpp, also the ovar-shop( voltage of its pulse should not be exceeded 26-volt.
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The TMM323D’s memory cell data can be erased
by applying light with wavelengths shorter than 4000
A. (1A= 10" cm)
Sunlight and the fluorescent lamps may include
3000 ~ 4000 A wavelength components.

Therefore when wused under such lighting for
extended periods of time, an opaque seal (Toshiba
EPROM Protecting Seal AC 901 etc.) will be required

When Toshiba sterilizing lamp GL-15 is used and

the device is exposed at a distance of 1-cm from the
lamp surface, erasure should be completed in about
60 minutes.

And using a lamp whose ultraviolet light intensity

is a 12000 [uw/cm?] will reduce the exposure time
to about 20 minutes.
{in this case the integrated dose shouild be 12000

to protect the TMM323D. Generally, ultraviolet light [#w/cm?] x (20 x 60) [sec] = 15 [w-sec/cm?].)

with a wavelength of 2537 A is recommended for
TMM323D-erasing, and in this case the integrated
dose (ultraviolet light intensity [w/cm? ] x time [sec])
should be over 15 [w.sec/cm? ]

TMM323D-operation-modes are classified into six
types, as shown in the following table. Each mode
can be selected by TTL level signals only. The Vcc
and Vpp power supplies required are only 5-volt for
read operation, and the Vpp power supply required is
25-volt during program operation only.

—— PINS PD/PGM CS Vpp Vce Outputs
MODE T (18) (20) (21) (24) (9-11,13-17)
Read ViL ViL 5V 5V D out
Read Operation Deselect * VIH 5V 5V High Z
Power Down VIH o 5V 5V High z |
Program TV | vk 25v 5V D in
Program Operation [“prooram Verify ViL ViL 25V 5V D out
Program Inhibit ViL VIH 25V 5V High Z
*ViL or Vi
Read Mode Deselect Mode:

Assuming that PD/PGM = V| and CS = V|, the
output data is available within tacc: (MAX.) after
stabilizing of the address.

And assuming that PD/PGM = V| or CS =V |y, the
outputs will become high impedance in state.

When all addresses are in the fixed state and CS =
ViL. the output data is available within tacc:
(MAX.) after the PD/PGM input is changes to V|_
from the V| level. (Outputs change to data available
state from a high impedance state.)

When all addresses are in the fixed state and PD/
PGM = V|, the output data is available within tco
(MAX.) after the CS input is changed to V|_ from
the V| level. (Outputs change to data available state
from a high impedance state.)

Assuming that CS = VIH, the outputs will be in a
high impedance state. So two or more TMM323Ds
may be tied together on the same data bus. And the
CS input of the selected chip must be at the V|
level, and that of the other chip must be at the V|H
level.
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Power Down Mode

Assuming that PD/PGM = V|, the power dissipa-
tion will be reduced to one-fourth of normal active
power. (i.e.5256mW - 132mW)
Then all outputs will become high impedance in state
independent of the CS input level.

Program Mode

Initially when received by customers all bits of the
TMM323D are in the ''1" state which is the erased
state.

Therefore programming is carried out by electrical-
ly writing in the “'0"' state at the desired bit locations.

Programming can be completed by applying the
TTL level pulse signal with a pulse width of from 45
to 55 ms to PD/PGM input under the condition
where Vpp =25V and CS = V.

Programming the TMM323D is permitted in any
sequence and also at any particular bit location.

But the PD/PGM pulse width applied at one bit
location should be over 45ms up to 55ms, and
rewriting into the written location is not permitted.

When programming is carried out by applying a
DC voltage (V| level) instead of a pulse to the PD/
PGM input, erroneous writing may occur sometimes,

OUTLINE DRAWINGS

32.4 MAX

7.1%0.2

2423 22 21 [20 19 18 17/ 16 15 14 13
4 21 20 19 18 1

13.8 MAX.

RO.64

el e e S
1.2 3 5 6 7 8 9 10 1112

1524403

so a pulse whose recommended width is 50ms should
be used in programming.

Programming the same data to two or more TMM
323Ds simultaneously can be accomplished by con-
necting the respective pins together.

Program Verify Mode

In this mode the VPp power supply is 25V.

But assuming that PD/PGM = V|| and CS = V|,
it can be possible to read written data.

For normal read operation, the Vpp power supply
voltage required is 5V.

Program Inhibit Mode

Assuming that PD/PGM = VL and CS = V|H under
Vpp =25V, it is able to inhibit the programming.

According to the above, programming into two or
more TMM323Ds mounted on a board will be pos-
sible.

Programming into a desired chip tied on a common
bus line independently is possible by connecting all
respective inputs except PD/PGM together and apply-
ing a pulse to the PD/PGM input of a desired chip and
applying DC voltage at the V| level to the PD/PGM
inputs of the other chip.

Note

1. 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.

2. This value is measured at the end of leads.

3. All dimensions are in millimeters.

1
|
0.5
J.,"f;w_

Note 1

2.5 MIN.

+0.15 “
0.25 55
16.2~17.5
Note 2

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.
©Jun., 1980 Toshiba Corporation
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2048 WORD x 8 BIT EPROM

N CHANNEL SILICON STACKED GATE MOS.

“TMM323D|
TMM323DI-1

The TMM323D! is a 2048 word x 8 bitu

I+
erasable and electrically programmable read only
memory. For read operation it requires a single
5-volt power supply only. The maximum active pow-
er dissipation is 5256mW while the maximum standby
power dissipation is only 158mW, a 70% savings.
Programming can be executed by applying 25-volt
and 5-volt at the Vpp and Vcc terminals respectively,
and applying a TTL level signal at the other input
terminals. Programming the one bit location requires

FEATURES
e Wide operating temperature range
Ta=-40~ 85°C
e Single 5-volt power supply
e Access time: TMM323DI ; 450ns (MAX.)
TMM323DI-1 ; 350ns (MAX.)

Current : 100mA (active) ; TMM323DlI
120mA (active) ; TMM323DI-1
30mA (standby)

'PIN CONNECTION PIN NAMES
1 Ao —Ajo \ Addresses
5 000, | Outputs |
s CS | Chip Select
6 | Power down/ !
d 7 PD/PGM | Program |
d 13 Vee, VpprLEkoer Supply |
i [ oND [Growd ]
[~~__PINS| PD/PGM| CS | Vpp | Vec | Outputs
MODE (18) (20) | (21) | (24) | (9-11,13-17)
Read ViL ViL 5V 5V D out
Deselect * ViH 5V | bV High-Z
Power Down ViH * 5V | 5V High-Z
Program _ﬂﬂ_x:r [Vin| 25V | BV | Din
P
{j’egrﬁ'y“ Vi |ViL| 25V | BV | Dout
P
etk VIL |[ViH| 25V | BV | High-Z

*:ViL or ViH

only a single pulse, and it is possible to program
sequentially, individually or at random. Under the
condition Vpp = 25V, read operation is permitted in
the program verify mode, and also programming is
inhibitted by selecting the program inhibit mode.

The TMM323DI is fabricated with the N-channel
silicon double layer gate MOS technology and is
packaged in a standard 24-pin dual-in-line cerdip
package.

Three state output

Particular bit location programming

Programs with one 50ms pulse

Total programming time: 100 second

Inputs and outputs TTL compatible during read
and program

e Pin to pin compatible to 2716 type EPROM

BLOCK DIAGRAM

Vpp 0

| H T T
ro oA RERERE
A o= £3 i Icolumn 1/0 Circult |
A o3¢ A A A

N S N S N
A
e A Ry = =R ERERENZRENE
+ o] T Tl
As o3 P .
As o3 3 P o
16384 bit M Cell

ar o3 g (128 aownsz:u‘:;miabn
As o3— 3 P P
nofem €| | » N
Arao—{3— b P
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ITEM ~ SYMBOL 1 RATING UNIT
Ve Supply Voltage with respect to Ground Vce t —-03~+7 \
Vpp Supply Voltage with respect to Ground Vpp ;r —0.3~+265 \Y
All Input Voltages with respect to Ground VIN | -03~+7 Y
All Output Voltages with respect to Ground VouT [ —-03~+7 \Y
Power Dissipation Po | 15 w
Soldering Temperature - Times o TSOLDER 260-10 °C - sec
Storage Temperature TsTG ) —65~+125 °C
Operating Temperature TorR —40 ~ 85 °C
D.C. and A.C. OPERATING CONDITIONS
PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Power supply Vee (1,2) TMM323DI 4.75 5 5.25 \
TMM323DI-1 45 5 5.5 \
Power supply Vep  (2) Vee—0.6 5 Vee +0.6 \
PARAMETER SYMBOL MIN. TYP.3) MAX. UNIT CONDITIONS
Input Load Current '] +10 uA V|n =5.26V
Output Leakage Current ILo +10 uA VouT =5.25V/0.45V
Vpp Current (Read) Ippy 5 mA Vpp =5.85V
Ve Current (Standby) lccy 10 30 mA PD/PGM = Vi, CS =V
Vee Current (Active) mnggh Icc, :Z :23 mA PD/PGM =CS =V,
Input Low Voltage ViL —-0.1 0.8 \%
Input High Voltage VIH 22 Vee +1 \Y
Output Low Voltage Vou 0.45 \ loL =2.1mA
Output High Voltage Von 24 \% lon = —400uA
Ta = —40 ~ 85°C, Vpp = V¢ *0.6V
TMM323D1 TMM323D1-1
PARAMETER SYMBOL UNIT CONDITIONS
MIN. MAX. MIN. MAX.
Address to Output Delay taCCt 450 350 ns PD/PGM =CS =V,
PD/PGM to Output Delay tacC2 450 350 ns CS =V
Chip Select to Output Delay tco 120 120 ns PD/PGM =V,
PD/PGM to Output Float tpg 0 100 0 100 ns CS =V,
Chip Deselect to Output Float toF 0 100 0 100 ns PD/PGM = V)
Address to Output Hold toH 0 0 ns PD/PGM = CS = V)

® A.C. Test Conditions

Output Load : ITTL + 100pF
Input Rise and Fall Times (10%~ 90%) : < 20ns
Input Pulse Levels : V=08V, Viy = 2.2V
Timing Measurement Reference Level : Inputs 1V & 2V, Outputs 0.8V & 2V
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(Note 4)

Ta=25°C,f=1MHz

PARAMETER SYMBOL LIMITS UNIT CONDITIONS
MIN. TYP. MAX.
Input Capacitance CIN 4 6 pF VIN =0V
Output Capacitance CouT 8 12 pF Vout =0V
‘A. Read Mode PD/PGM = V| _
) Address
. TOH
= (150ms) (Ons Min)
MAX
¢ R DF
(450N AX) (0~100 ng)

B. Standby Mode

CS=vy

Note: 1.

O A WN

Output

Address

Data Out Valld

: High 2

Address N

Address N + m

PD/PGM

Output

Data Valid
for Address N

Standby

tACCy —
(450ns MAX),
High Z

(5)

. The Vpp terminal Is permitted to connect the V¢ terminal directly during non-programming.
. Typical values are at Ta = 25°C and nominal supply voltages.

- This parameter is periodically sampled and is not 100% tested.
- The tacc?2 is a output data delay time (i.e. access time) from address or PD/PGM whichever changes late.

Data Valid High Z

for Address N + m

Ve must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp ———w Vccm

veo — L

| PARAMETER SYMBOL MIN TYP. MAX. UNIT CONDITIONS

| InputCurrent L - | 210 | wA | vin=525V/045V
Vpp Supply Current lpp, 5 mA PD/PGM = V|
Vep Supply Current 30 A v

| During Programming Pulse IPP2 m “f‘?/PGM IH
Vcc Supply Current Icc 100 mA I0UT =0 mA
Input Low Level Vit -0.1 08 v [
Input High Level | ViH 20 Vec+1 v -
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PARAMETER SYMBOL MIN. TYP. MAX. UNIT CONDITIONS
Address Setup Time tAS 2 us
CS Setup Time tcss 2 us
Data Setup Time tps 2 us
Address Hold Time tAH 2 us
CS Hold Time tcsH 2 us
Data Hold Time tDH 2 - us
Chip Deselect to Output Fibé;Delay tDF 0 120 ns PD/PGM = ViL
Chip Select to Output Delay tco 120 ns PD/PGM = V)L
Program Pulse Width tPW 45 50 55 ms
Program Pulse Rise Time tPRT ns
Program Puise Fall Time tPFT 5 ns

® A.C. Test Conditions

Input Rise and Fall Times (10% ~ 90%) : < 20ns
Input Pulse Levels : ViL =0.8V, VIH =2.2V
Timing Measurement Reference Level : Input 1V & 2V, Output 0.8V & 2V

Vpp =25VE1V, Voo =5visy%

Program rogram Verify ————={
Address Address N K Address N +m
= tas tAH—1
(ZA_lsMIND (2S MIN) High
o High g Tn Stable High Z Ba@outly Z /Datain Stable
ata 2= |Address N o AdaragN Address N +m
OF _' == (120ns o
(120ns MAX)| 120ns
_ MAX MAX)
cs
tps tOH
_.J (25 1= —t(2pst=-
MIN) MIN)
tCSS —=q =— tCSH
- PO/PGM (24s MIN) (2445 MIN) /—
e
BRT PET
(snsMIN T e P sns Min)
(45~55ms)

Note: 1. V¢ must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp, ——_»

2. Sometimes removing the device from socket and setting the device in socket under the condition Vpp = 25V 11V may destroy its

device, so it should be noted during programming.

3. VPP supply voltage is permitted up to 26V programming, so the voltage over 26V should not be applied to Vpp-
Particularly when switching pulse voltage is applied to Vpp, also the over-shoot voltage of its pulse should not be exceeded 26-volt.
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The TMM323DI’s memory cell data can be erased
by applying light with wavelengths shorter than 4000
A. (1A =10"% cm)

Sunlight and Othe fluorescent lamps may
3000 ~ 4000 A wavelength components.

Therefore when wused under such lighting for
extended periods of time, an opaque seal (Toshiba
EPROM Protecting Seal AC 901 etc.) will be required

include

When Toshiba sterilizing lamp GL-15 is used and

the device is exposed at a distance of 1-cm from the
lamp surface, erasure should be completed in about
60 minutes.

And using a lamp whose ultraviolet light intensity

is a 12000 [uw/cm?] will reduce the exposure time
to about 20 minutes.
{In this case the integrated dose should be 12000

to protect the TMM323DI. Generally, ultraviolet light [uw/cm?] x (20 x 60) [sec] = 15 [w-sec/cm?].)

with a wavelength of 2537 A is recommended for
TMM323Dl-erasing, and in this case the integrated
dose (ultraviolet light intensity [w/cm?] x time [sec])
should be over 15 [w.sec/cm? ]

TMM323DI-operation-modes are classified into six
types, as shown in the following table. Each mode
can be selected by TTL level signals only. The Vcc
and Vpp power supplies required are only 5-volt for
read operation, and the Vpp power supply required is
25-volt during program operation only.

—— PINS PD/PGM [ Vpp Vee | Outputs
MODE T | 8 (20) 21) (24) (9-11,13-17)
| Read ViL ViL 5V 5V D out
Read Operation Deselect * ViH 5V 5V High-Z
(Ta = —40 ~ 85°C) Power Down » VIH * 5V 5V High-Z
Program UL \\j:[' ViH 26V 5V Din

P(rToagr=ar2n5(2psewr(a:§ion | Program Verify 1 v Vi 25V 5V Dout

Program Inhibit ViL ViH 25V 5V High-Z
*ViL or Viy
Read Mode Deselect Mode

Assuming that PD/PGM = V) and CS = V), the
output data is available within tacc: (MAX.) after
stabilizing of the address.

And assuming that PD/PGM = V| or CS = V|, the
outputs will become high impedance in state.

When all addresses are in the fixed state and CS =
ViL, the output data is available within tacc:
(MAX.) after the PD/PGM input is changes to VL
from the V4 level. (Outputs change to data available
state from a high impedance state.)

When all addresses are in the fixed state and PD/
PGM = V|, the output data is available within tco
(MAX.) after the CS input is changed to V,_ from
the V4 level. (Outputs change to data available state
from a high impedance state.)

Assuming that CS = ViH, the outputs will be in a
high impedance state. So two or more TMM323Dls
may be tied together on the same data bus. And the
CS input of the selected chip must be at the V.
level, and that of the other chip must be at the V|
level.
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Power Down Mode

Assuming that PD/PGM = V |y, the power dissipa-
tion will be reduced to one-fourth of normal active
power.

Then all outputs will become high impedance in state
independent of the CS input level.

Program Mode

Initially when received by customers all bits of the
TMM323DI1 are in the 1" state which is the erased
state.

Therefore programming is carried out by electrical-
ly writing in the 0" state at the desired bit locations.

Programming can be completed by applying the
TTL level pulse signal with a pulse width of from 45
to 55 ms to PD/PGM input under the condition
where Vpp =25V and CS = V.

Programming the TMM323DI is permitted in any
sequence and also at any particular bit location.

But the PD/PGM pulse width applied at one bit
location should be over 45ms up to 55ms, and
rewriting into the written location is not permitted.

When programming is carried out by applying a
DC voltage (V|H level) instead of a pulse to the PD/
PGM input, erroneous writing may occur sometimes,

32.4 MAX

. -
I

| .

|

12423 22 21 20 19 18 17/ 16 15 14 13 |
4m.—a.a—..aﬂ+‘¢u« chchohca -

T ; + T T

x
€
SR P H
©
RO64 °

SO a pulse whose recommended width is 50ms should
be used in programming.

Programming the same data to two or more TMM
323DIs simultaneously can be accomplished by con-
necting the respective pins together.

Program Verify Mode

In this mode the VPp power supply is 25V.

But assuming that PD/PGM = V| and CS = V|,
it can be possible to read written data.

For normal read operation, the VPp power supply
voltage required is 5V.

Program Inhibit Mode

Assuming that PD/PGM = Vi and CS =V|H under
Vpp =25V, it is able to inhibit the programming.

According to the above, programming into two or
more TMM323DIs mounted on a board will be pos-
sible.

Programming into a desired chip tied on a common
bus line independently is possible by connecting all
respective inputs except PD/PGM together and apply-
ing a pulse to the PD/PGM input of a desired chip and
applying DC voltage at the V| level to the PD/PGM
inputs of the other chip.

Note

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

2. This value is measured at the end of leads.

3. All dimensions are in millimeters.

9 10 1112
%
a
b3
M
@ _1824%03
I
f If )
-f___ 40.15 &
o 25—4),10
H
3 16.2~17.5
H L tea~irs
b Note 2

Note 1

Note:

the right, at any time without notice, to change said circuitry.
©Nov., 1981 Toshiba Corporation

Toshiba does not assume any responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves
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4096 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY

PROGRAMMABLE ROM
N-CHANNEL SILICON STACKED GATE MOS

TMM2732D
TMM2732D-2

The TMM2732D is a 4096 word x 8 bit ultraviolet
light erasable and electrically programmable read only
memory. For read operation, the TMM2732D's
maximum access time is 350ns/250ns, and the

TMM2732D operates from a single 5-volt power sup-

ply and has a 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 CE input. The maximum
active current is 150mA and the maximum standby
current is 26mA/35mA.

Single 5-volt power supply
Fast access time
TMM2732D . 350ns
TMM2732D-2 : 250ns
e Power dissipation
150mA (Max.) (Active)
25mA (Max.) (Standby : TMM2732D)
35mA (Max.) (Standby : TMM2732D-2)
e Low power standby mode : CE

(TOP VIEW)

-“Addréss I—n puis

Data Outputs (Inputs)
Chip Enable Input

Output Enable A'._”P,“_,‘,/E'f’,gfirlf?;"f’_
Power (+5V)
Ground

For program operation, the programming is achiev-
ed by applying a 50ms active TTL low program pulse
to the CE input, andit is possible to program sequen-
tially, individually, or at random,

The TMM2732D is fabricated with the N-channel
silicon double layer gate MOS technology and is
packaged in a standard 24 pin dual in line cerdip
package.

Output buffer control . OE
Fully Static operation
Programs with one 50ms pulse
Single location programming
Total programming time about 200 seconds
Three state outputs
Inputs and Outputs
Directly TTL compatible
e Pin compatible with i2732 and ROM-TMM2332P

Vpp GND Vee

bl

0001 0,030405060,

I

GE o—L— __ _
OE'-CE I Output
Logic Buffers
SE o—o Circuit
Ao O
Ay O——— Column Column 1/0
Ay O——  Decoder [ ] Circuit
Ay O—
A4 Ol
As O—
A6 O]l Memory Cell
A7 O——f Row Array
Ag O] Decoder [T 4096 x 8
Y- —
A0 O—ri
Al O—
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PINS (NO.) CE OE/Vpp Vee Outputs
MODE (18) (20) (24) (9-11,13-17)
Read Vi Vi +5V Dout
Output Deselect * ViH +5V High Impedance
Standby ViH * +5V "High Impedance
Program ViL Vep +5V Din
Program Verify ViL ViL +5V Dout
Program Inhibit T Vin Vep +5V High Impedance
*: Vg or Vi
SYMBOL ITEM RATING UNIT
Vee Vce Supply Voltage -0.3~7.0 \Y
OE/Vpp Program Supply Voltage -03~265 v
VIN Input Voltage -03~7.0 \
VouT Output Voltage -03~70 \%
Pp Power Dissipation 1.6 | W
TSOLDER Soldering Temperature - Time "~ 260 - 10 °C - sec
TsTRG Storage Temperature —65~ 125 °C
Topgr Operating Temperature 0~70 °C
READ OPERATION
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vee Vec Supply Voltage 4.75 5.0 5.25 \Y
ViH Input High Voltage 20 - Vee +1.0 \%
ViL Input Low Voltage —-0.3 - 0.8 \Y
(Ta=0~70°C, Vcc =5V * 5%, unless otherwise noted)
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
L Input Load Current ViN =0~ 5.26V - - +10 MA
ILo Output Leakage Current VouTt =0.4 ~5.26V - - +10 MA
leca Ve Current (Standby) CE=Vi TMM2732D - - % mA
TMM2732D-2 - - 35
Iccz Vce Current (Active) CE=V)_ - - 150 mA
Voo Output Low Voltage loL =2.1mA — - 0.4 \4
VoH Output High Voltage lon = —400uA 24 — - \Y
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(Ta=0~70°C, Vec =5V + 5%, unless otherwise noted)
CcC

SYMBOL PARAMETER CONDITIONS TMM27320 TMM2732D2 UNIT
MIN, MAX. MIN, MAX.

tace Address Access Time CE=0E =V,_ - 350 - 250 ns
tee CE to Output Valid OE = v, - 350 - 250 ns
toE OE to Output Valid CE=V,_ - 120 - 100 ns
tDF1 CE to Output in High-Z OE=V, ,CE=Vj 0 100 0 90 ns
tora OF to Output in High-Z CE=V, OE=Vy 0 100 0 ao ns
toH Output Data Hold Time CE=0E=V,_ 0 - 0 ns

Output Load : 1TTL Gate and C_ (100pF)

Input Pulse Rise and Fall Times : £20ns

Input Pulse Levels . 0.8 ~ 22V

Timing Measurement Reference Level : Inputs 1V and 2V

Outputs 0.8V and 2V
*(Ta=25°C, f=1MHz)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Cing Input Capacitance Except OE/Vpp Vin =0V - - 6 pF
CiN2 Input Capacitance (OE/Vpp) Vin =0V - - 20 pF
CouT Output Capacitance VouT =0V - - 12 pF

* This parameger is periodically sampled and is not 100% tested.
Ao ~A1L
i ] toH
tCE
e \
K
» toE DF1
o \F /
) DF2
tacc
0p ~0q High Impedance 7 ; High Impedance
Data Outputs
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PROGRAM OPERATION

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 20 - Vee +1.0 \%
Vie Input Low Voltage -03 - 0.8 v

T Vee Vce Supply Voltage 475 5.0 5.25 v
Vpp Program Input Voltage 24 25 26 \Y
! (Ta=25+5°C, Ve = BV £5%, Vpp = 25V £1V)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Iy Input Current Vin =0 ~ 526V - - +10 uA
VoH Output High Voltage lon = —400uA 24 - - \%
Vou Output Low Voltage loL =2.1mA — - 0.4 \
lcc Ve Supply Current - - - 150 mA
Ipp Vpp Supply Current CE=V_, OE=Vpp - - 30 mA

(Ta=25+5°C, Ve = BV £5%, Vpp = 25V £ 1V)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
tAS Address Set Up Time 2 - - us
toEs OE Set Up Time 2 - - us
tps Data Set Up Time 2 - - Ms

(Mtan Address Hold Time 0 - - us
tOEH OE Hold Time 2 - - Hs
toH Data Hold Time 2 - - s
tDF CE to Output in High-Z - - 100 ns
tcE CE to Output Valid - - 350 ns
tpw Program Pulse Width 45 50 55 ms
tPRT Vpp Pulse Rise Time 50 - - ns
tvR Vpp Recovery Time 2 - - us

Note (1) tan (Program Operation 1) = Ous min.
taH (Program Operation 2) = 2us min.
Refer to Timing Waveforms
e Input Pulse Rise and Fall Times < 20ns
® |nput Pulse Levels 0.8V ~ 2.2V
e Timing Measurement Reference Level — Inputs 1V &2V
Outputs 0.8V & 2.0V
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(PROGRAM OPERATION)

Program Operation 1.

PROGRAM MODE PROGRAM
VERIFY MODE

Ao ~Ayg ADDRESS N

tAS wPW VR L TAH

I
o —_— L —
e / ’\
-
tPRT t0ES tOEH
Vep —----- =
OE/Vpp
ViL ___J'“ tps tDH -
tcE DF
0p ~0 = DATA IN T DATA OUT
(ADDRESS N) (ADDRESS N)
Program Operation 2. (OE/Vpp = Vpp)
- N
Ao~ A1 >< ADDRESS N X
N
tAS tPw tAH
tps tDH
~ Ny
O0 0 —-{ DATA IN (ADDRESS N) K[
Note: 1. Vg must be applied simultaneously or before Vpp and cut off simultaneously or after Vep,

2. Sometimes removing the device from socket and setting the device in socket under the condition Vpp = 25V £1V may cause permanent

damage to the device.

3. The Vpp supply voltage is permitted up to 26V for program operation, so the voltage over 26V should not be applied to the Vpp input.
When the switching pulse voltage is applied to the Vpp input, the over-shoot voltage of its pulse should bot be exceeded 26V.

The TMM2732D’s erasure is achieved by applying
shortv°vave ultraviolet light which has a wavelength of
2537A (Angstroms) to the chip through the trans-
parent window. Then integrated does (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 1cm from
the lamp surface, the erasure will be achieved within
60 minutes.

And using commercial lamps whose ultraviolet
light intensisty is a 12000 [uw/cm?] will 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 TMM2732D’s erasure begins to occur when
exposed to light with wavelength shorter than 4000A.
The sunlight and the fluorescent 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.
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The TMM2732D’s six operation modes are listed in
the following table. Mode selection can be achieved
by applying TTL level signal to all inputs except for
OE/VpPp. In the read operation mode, a single b-volt

power supply is required and the levels required for
all inputs are TTL.

In the program operation mode the OE/Vpp is
pulsed from a TTL level to 25V.

\ —— ——
MODE \P'NS_(NO‘) CE (18) |OE/Vpp (20) | Vee (24) 0o ~ 05 (9-11,13-17)
READ READ Vi ViL +5V DATA OUTPUT
OPERATION OUTPUT DESELECT B Vin 15V HIGH IMPEDANCE
(Ta=0~70°C) STANDBY Vin B +5V HIGH IMPEDANCE
PROGRAM PROGRAM Vi Vep +5Y/ DATA INPUT
OPERATION PROGRAM VERIFY Vi Vi +5Y DATA OUTPUT
(Ta =26+5°C) PROGRAM INHIBIT Vin Vep +5V HIGH IMPEDANCE

* 1 Vg or VL

'READ MODE

The TMM2732D has two control functions. Chip
Enable (CE) controls the operation power and should
be used for device selection. Output Enable (OE)
controls the output buffers, independent of device
selection.

Assuming that CE = OE = V,__, the output data is
valid at the outputs after address access time (350ns/

'OUTPUT DESELECT MODE

Assuming that OE = Vi, the outputs will be in a
high impedance state. So two or more TMM2732D'’s
can be connected together on a common bus line.

_STANDBY MODE

The TMM2732D has a low power standby mode
controlled by CE signal. By applying a TTL high
level signal to the CE input, the TMM2732D is placed
in the standby mode which reduce the operating cur-

250ns max.) from stabilizing of the addresses.

The CE to output valid (tce) isequal to the address
access time.

Assuming that CE = V| and address are stable, the
output data is valid at the outputs after tog (120ns/
100ns max.) from the falling edge of OE.

When CE is decoded for device selection, all deselect-
ed devices are in low power standby mode.

rent from 150mA to 256mA/35mA, and then the out-
puts are in a high impedance state, independent of
the OE input.

- 191 —



Initially, when received by customers, all bits of
the TMM2732D are in the ‘1’ state which is erased
state. Therefore the program operation is to intro-
duce ‘Os’ data into the desired bit locations by electri-
cally programming. The TMM2732D is set up in the
program operation mode when applied the program
input voltage (+25V) to the OE/Vpp input under
CE=VH,

Then programming is achieved by applying a 50ms
active low TTL program pulse to the CE input after

The verify mode is to check that the desired data is
correctly programmed on the programmed bits. The
verify is accomplished with OE/Vpp and CE at V|

Under the condition that the program input volt-
age (+25V) is applied to the OE/Vpp input, a TTL
high level CE input inhibits the TMM2732D from
being programmed.

_ S24MAX.

- —

| 71202

|

“ 2423 22212019 1817/ 16 15 14 13
g

13.8 MAX.

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 556mS. The
levels required for the address and data inputs are
TTL. The TMM2732D can be programmed at any
time individually, sequentially, or at random. The
TMM2732D must not be programmed with a DC
signal applied to the CE input.

Data should be verified after tcg (350ns max.) from
the falling edge of CE.

Programming of two or more TMM2732D’s in
paralled with different data is easily accomplished.
That is, all inputs except for CE are commonly con-
nected, and the program pulse is applied to the CE
input of the desired device only and the TTL high
level signal is applied to the other devices.

1524203

Note 1.
2. This value is measured at the end of leads.
3. Ali dimensions are in millimeters.

©Nov., 1981 Toshiba Corporation

+0.156

T 500

|
-

_18.2~178

Note 2

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.
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4096 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY

PROGRAMMABLE ROM

N CHANNEL SILICON STACKED GATE MOS

TMM2732DI
TMM2732DI-2

The TMM2732D1 is a 4096 word x 8 bit ultraviolet
light erasable and electrically programmable read only
memory. For read operation, the TMM2732DI’s
maximum access time is 350ns /250ns and the
TMM2732D1 operates from a single 5-volt power
supply and has a low power standby mode which
reduces the power dissipation without increasing ac-
cess time. The standby mode is achieved by applying
a TTL-high level signal to the CE input. The maxi-
mum active current is 150 mA and the maximum
standby current is 30 mA/40 mA.

e Wide operating temperature range
Ta=-40~ 85°C
e Fast access time:
TMM2732D1  ; 350 ns
TMM2732D1-2 ; 250 ns
e Power dissipation:
150 mA Max. (active current)
30 mA Max. (standby : TMM2732D1)
40 mA Max. (standby : TMM2732DI-2)

PIN CONNECTION |

Ag ~ A, Address Inputs
Op ~ 04 Data Outputs (Inputs)
CE Chip Enable Input
OE / Vpp Output Enable Input/Program Power
Vee Power (+5V)
GND Ground

For program operation, the programming is achiev-
ed by applying a 50 ms active TTL low program pulse
to the CE input, and it is possible to program sequen-
tially, individually, or at random.

The TMM2732D1 is fabricated with the N-channel
silicon double layer gate MOS technology and is
packaged in a standard 24 pin dual in line cerdip
package.

Low power standby mode: CE

Qutput buffer control : OE

Fully static operation

Programs with one 50 ms pulse

Single location programming

Total programming time: about 200 second
Three state outputs

Inputs and outputs TTL compatible

Pin compatible with 2732 and ROM TMM2332P

 DIAGRAM

=

Vpp GND Ve

il

|
6E o—I1—

00 01 0,03 04050607

RERRARR|

OE , CE

Logic e Output
E o Circuit Suffers
Ao o—
A O——— Column Column 1/0
A, O——— Decoder - Circuit
A3 O—
LY R Sm—
As O—rd
A6 O——f Memory Cell
A7 O—r Row Array

|

A8 O———{ Decoder 2,096 x 8
Ay O—udi
A10 O———
A1l O—]
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PINS (No.) CE OE / Vpp Vee Outputs

MODE (18) (20) (24) (9-11,13- 17)
Read Vil ViL +5V Dout
Output Deselect * Vin +B5Vv High Impedance
Standby ViH * +B5Vv High Impedance
Program ViL Vpp +5V DN
Program Verify ViL ViL +5V Dout
Program Inhibit ViH Vpp +5V High Impedance

¥ Vg or Vi
o
SYMBOL ITEM RATING UNIT

Vee Vee Supply Voltage -03~70 \
OE / Vpp Program Supply Voltage —0.3~265 v

VIN Input Voltage -03~70 \%

Vout Output Voltage -03~70 \%

Pp Power Dissipation 1.6 W
TSOLDER Soldering Temperature - Time 260-10 °C -sec
TSTRG Storage Temperature —65~ 125 °C
Topr Operating Temperature —40~ 85 °c

READ OPERATION
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vee Ve Supply Voltage 4.75 5.0 5.25 \
ViH Input High Voltage 22 — Vee +1.0 \
ViL Input Low Voltage -0.3 - 0.8 \
(Ta= —40 ~ 85°C, V¢ =5V * 5%, unless otherwise noted)

SYMBOL PARAMETER CONDITIONS MIN TYP. MAX. UNIT
he Input Load Current Viny =0~ 5.25V - - +10 HA
Lo Output Leakage Current VouTt =0.4~ 5,256V - — +10 MA
lec, Vcc Current (Standby) CE=Viy [ TMM275201 — = 20 mA

_|_TMM2732D1-2 - - 40
Icc, Ve Current (Active) CE=vV)_ - - 150 mA
VoL Output Low Voltage loL =2.1mA - - 0.4 \
VoH Output High Voltage lon = —400 pA 24 - - \
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(Ta = —40 ~ 85°C, Vce =5V * 5%, unless otherwise noted)

TMM2732D1 TMM2732D1-2
SYMBOL PARAMETE UNIT
AMETER Rl MIN. MAX. MIN. MAX.
tace Address Access Time CE=0E =V — 350 250 ns
tee ~ CE to Output Valid GE =V - 350 - 250 ns
0 OE to Output Valid CE =V - 120 — 100 ns
tor CE to Output in High-Z OE =V, .CE =V 0 100 0 9 | ns
oF, OE to Output in High-Z CE =V, OE =V} 0 100 0 90 ns
toH Output Data Hold Time CE =0OE =V, 0 - 0 - ns
Output Load 1TTL Gate and C, (100 pF)
Input Pulse Rise and Fall Times < 20 ns
Input Pulse Levels 0.8~ 22V
Timing Measurement Reference Level Inputs 1V and 2V
Outputs 0.8V and 2V
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Cing Input Capacitance Except OE/Vpp Vin=0V - - 6 pF
CiNn2 Input Capacitance (OE/Vpp) Vin =0V - - 20 pF
Cout Output Capacitance Vout =0V - - 12 pF
* This parameter is periodically sampled and is not 100% tested .
Ag ~Aqy
i toH
tcE
cE \
K.
toE DF1
& N /
tDF2
tacc
N ] L
09 ~04 High Impedance >@ High Impedance
Data Outputs >______
@ ;‘________4
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PROGRAM OPERATION

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 2.2 — Vee +1.0 \%
ViL Input Low Voltage —0.3 — 0.8 \
Vee Ve Supply Voltage 4.75 5.0 5.25 \
Vpp Program Input Voltage 24 25 26 \

:
(Ta=25+5°C, Ve =5V +5%, Vpp =25V +1V)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Iy Input Current Vin =0~ 525V - - +10 HA
VoH Output High Voltage lon = —400 uA 24 - — \
Vou Output Low Voltage loL =2.1 mA — — 0.4 \
Ice Vce Supply Current - — — 150 mA
Ipp Vpp Supply Current CE =V, OE =Vpp - - 30 mA

(Ta=25+5°C, VoC =5V 5%, Vpp =25%1V)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
tAS Address Set Up Time 2 - - us
toES OE Set Up Time 2 - - us
tDs Data Set Up Time 2 - - us

(1) tam Address Hold Time 0 — — us
toEH OE Hold Time 2 - — us
tpH Data Hold Time 2 — — HMs
toF CE to Output in High-Z — - 100 ns
tce CE to Output Valid — — 350 ns
tw Program Pulse Width 45 50 55 ms
tPRT Vpp Pulse Rise Time 50 - — ns
tvR Vpp Recovery Time 2 - - s

Note (1) tan (Program Operation 1) =0 us min.

tan (Program Operation 2) = 2 pus min.
Refer to Timing Waveforms

+ Input Pulse Rise and Fall Times S 20ns

« Input Pulse Levels : 08~ 22V
Timing Measurement Reference Level — Inputs : 1V & 2V

Outputs: 0.8V & 2.0V
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Program Operation 1.

PROGRAM
PROGRAM MODE VERIFY MODE
Ao~ A1l ADDRESS N ><
I tAH
_ [ tas tew VR
CE ——-—-——.\\ T\  —
tPRT 0ES tOEH |
N [ — I
OE/Vpp / \
T D L
N S toH T
cE tOF
r DATA IN DATAOUT |
0o ~ 07 L (ADDRESS N) (ADDRESS N) |

Program Operation 2 (OE/Vpp = Vpp)

%
Ao ~ A1l ){ ADDRESS N >(
ke e

tAs tPW tAH
CE ﬂ\ o
j
tpsS DH

e -‘\
09 ~ 09 ———< DATA IN (ADDRESS N)

NOTE: 1. Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp.
2. Sometimes removing the device from socket and setting the device in socket under the condition
Vpp = 25V + 1V may cause permanent damage to the device.
3. The Vpp supply voltage is permitted up to 26V for program operation, so the voltage over 26V
should not be applied to the Vpp input. When the switching pulse voltage is applied to the Vpp
input, the over-shoot voltage of its pulse should not be exceeded 26V.

The TMM2732DI's erasure is achieved by applying shortwave ultraviolet light which has a wavelength of 2637A
(Angstroms) to the chip through the transparent 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 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 TMM2732DI's erasure begins to occur when exposed to light with wavelength shorter than 4000A. The
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sunlight and the fluorescent 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.

The TMM2732D1's six operation modes are listed in the following table. Mode selection can be achieved' by
applying TTL level signal to all inputs except for G—E/Vpp In the read operation mode, a signal 5-volt power
supply is required and the levels required for all inputs are TTL.

In the program operation mode the Cﬁ/Vpp is pulsed from a TTL level to 25V.

PINS (NO.) _ _
MODE CE (18) OE/Vpp (20) Vee (24) 0 ~ 0,3 (9-11,13-17)
READ [ READ ViL ViL +5V DATA OUTPUT
OPERATION ‘ OUTPUT DESELECT B Vin +5V HIGH IMPEDANCE
STANDBY Vin . +5V HIGH IMPEDANCE
PROGRAM PROGRAM ViL Vpp +5V DATA INPUT
OPERATION | PROGRAM VERIFY Vi ViL +5V DATA OUTPUT
PROGRAM INHIBIT Vih Vpp +5V HIGH IMPEDANCE
* Vi or Vi

The TMM2732D1 has two control functions. Chip Enable (CE) controls the operation power and should be
used for device selection. Output Enable (OE) controls the output buffers, independent of device selection.

Assuming that CE = OF = VL. the output data is valid at the outputs within address access time (350 ns max.)
after stabilizing of the addresses.

The CE to output valid (tce) is equal to the address access time.

Assuming that CE = ViL and addresses are stable, the output data is valid at the outputs within toe (120 ns
max.) after the falling edge of OE.

Assuming that OE = VIH or CE = V4, the outputs will be in a hig_h_impedance state. So two or more
TMM2732DIscan be connected together on a common bus line. When CE is decoded for device selection, all
deselected devices are in low power standby mode.
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The TMM2732D1 has a low power standby mode controlled by CE signal. By applying a TTL high level signal
to the CE input, the TMM2732Dl is placed in the standby mode which reduce theﬂ)erating current from 150 mA
to 30mA, and then the outputs are in a high impedance state, independent of the OE input.

initially, when received by customers, all bits of the TMM2732D1 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 program-
ming. The TMM2732D1 is set up in the program operation mode when applied the program input voltage (+25V)
to the OE/Vpp input under CE =V .

Then programming is achieved by applying a 50 ms active low TTL program pulse to the CE input after the
addresses and data are stable. This program pulse should be a single pulse with 50 ms pulse width per address
word, and its maximum value is 55 ms. The levels required for the address and data inputs are TTL. The
TMM2732D1 can be programmed at any time individually, sequentially, or at random. The TMM2732D| must not
be programmed with a DC signal applied to the CE input.

The verify mode is to check that the desired data is correctly programmed on the programmed bits. The verify

is accomilished with OE/Vpp and CE at ViL. Data should be verified within tce (350 ns max.) after the falling
edge of CE.

Under the condition that the program input voltage (+25V) is applied to the OE/Vpp input, a TTL high level
CE input inhibits the TMM2732D! from being programmed.

Programming of two or more TMM2732D1 s in parallel with different data is easily accomplished. That is, all
inputs except for CE are commonly connected, and the program pulse is applied to the CE input of the desired
device only and the TTL high level signal is applied to the other devices.
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32.4 MAX.

7.110.2

5
#+
£

g

chichich cachoh
{— T

~
4

R 0.64 r - -

12 3 4 5 6'7 8 9 10 1112

1.3%0.256

+0.15
0-46_g 10

Note 1

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

and No. 24 leads.
This value is measured at the end of leads.
All dimensions are in millimeters.

WN

Note:
right, at any time without notice, to change said circuitry.
© Oct.,, 1981 Toshiba Corporation
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8,192 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY

PROGRAMMABLE READ ONLY MEMORY
N-CHANNEL SILICON STACKED GATE MOS

TMM2764D
TMM2764D-2

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 5-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

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

and the maximum standby current is 35mA.

For program operation, the programming is achiev-
cd 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

Vpp GND Vee

PIN CONNECTION  (tor view) biEraom Thmayasn. oo 040, 0,030,05040,
i R ARERARN
o] FGM
A,o02 2700 PGM (ToP VIEW) CE o— . a.nd i 1 Output Buffers
A Mio— Circuit
703 26[ON.C. A0 1 Vee
As 4 250As  AgO 2 Ag l i +
As5 240A, A5 3 Ag 20 o— 5| Column |32 Column 1/0
Asg6  23DA,  Ag4 A Az o] Decoder Circui
AsgQ7 2M0E  Asds OE/V¢p ﬁi o ircuit
Axr]8 210A,, A206 Ao A2 SAddress| l ‘}'
Aige  20RCE Ay CE A8 utrers
goC 10 1900;  Aodg o, % o—] 8 Row 56| Memory Cell
00': 11 1800s 0,09 Oe Aloo 1 Decoder 1 Array
112 17hos 0, Os A1 0—| ecoder 8192 x 8 bits
0213 16h0, 0,0 0, 12 o0—]
GNDO14 150003 GND( (o
PIN NAMES T T
Wi AMES OE | Vpp | Vec Op ~ 04 Power |
e —— (22) | (1) |(28) [(11~13,16~19)
AQ A‘|2 Address ]npUtS 7 T T e - 1
— ] L 1 6V | Data Out
0o ~ 0, " Outputs (|nputs) Output D ) T o High
. CTE - Chip Enable Input u(put ‘estalect . : " l L v Impedance Active .
— O_—E - - OUtPUt E_nat}k_e In__put_ S Standby " H " { o 1 Bv HI‘?T’\"pedance Standby
PGM Program Control Input Cﬁrogvarﬁ ) e sV [Dswin I E—
__NC. | No ponnect|on . R . sv High K
| Vep | Program Supply Voltage | Ir:s?t:la!m o2 Hl,;:‘pwame' 1 Active
- Vee ) Vee Supply \/oltage (+5V) | H | LH 5v | Impedance
“GND [ Ground | Program Venfyw H L] L [sv pamout | |

Note: *: H or L



SYMBOL ITEM RATING UNIT
Vee Vcc Power Supply Voltage —-06 ~ 70 \
T Vpp Program Supply Voltage -06 ~ 22.0 \%
VN ) Input Voltage —-06 ~ 70 \%
T Vour Output Voltage —06 ~ 70 v
i Po Power Dissipation 1:5 | w
| TsoLoer Soldering Temperature - Time 260 - 10 i °C - sec
| TsTRG. Storage Temperature 65 ~ 125 : °C
| Toen. | Operting Temperaure L e
READ OPERATION
___PARAME S N L 7. S ]
Input High Voltage 20 | - | Veet10 |
- \ putLowVoaee | =03 - | o8 N
Vce Power Supply Voltage 475 | - | 5.25 |
o I" Vep Power Supply Voltage | 20 [ Vee ' { Ve +06 | v

(Ta=0~70°C, Vcc =5V £ 5% Unless otherwise noted)

_SYMBOL _ A[,,
] Iy i

~Output High Voltage
Output Low Voltage
Vpp Current !

_______ PARAMETER |
!nput Currem
Supply Current (Standby)

CONDITIONS

Vin =0~ Vce

Si

ly Cu

nt (Active__)_

1
Lo J

Output Leakage Current

Vpp =0~ Vcc +06

~ Vout =04~ Vce

[ MmN [ oTve. [ MAX. | UNIT |
- — +10 MA
- - 36 mA
- - | 120 mA
24 | - v
2L . e
- - TuA |
- - A
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(Ta=0~70°C, Vec =BV £5%, Vpp = 2.0V ~ Ve + 0.6V, Unless otherwise noted)

SYMBOL ‘ PARAMETER ] CONDITIONS TMMZ?MD (N ’TMM?“EP } UNIT
% T MIN. | MAX. | MIN. | MAX.
| tacc ! AddrgssﬂAccess Time CE=0E = ViL, PGM Vi | - 200 | - | 250 | ns |
tce | CE to Output Valid OE =V, PGM= Vin - | 200 - 260 | ns |
_ toe L OE to Output Valid | CE- - | 70 - | w0 | ns |
| tgm | PGM 1o O Output Vahdﬁ OTE i - 70 - | 100 ns
RN EEtﬁoQ}itput in High-Z OE 0o | 60 m_roi_‘iﬁﬁ 90 | ns |
toF2 OE}O»OUIput in High-Z CE 0 |60 o | 9 ns
1DF3 PGMto Output in High Z OE 0 60 | O 90 ns
toH Output Data Hold Time (?E 0 i e s
e Output Load 1 TTL Gateand Ci = 100pF
e [nput Pulse Rise and Fall Times 10ns Max.
e Input Pulse Levels 0.8V to 2.2V
e Timing Measurement Reference Level Inputs 1V and 2V, Outputs 0.8V and 2.0V
* (Ta=25°C, f=1MHz)
SYmBOL | PARAMETER _CONDITIONS | MIN. | TYp. MAX. UNIT ]
| O~ | Input Capacitance VIN =0V - J{ R 6 | pF
Cout ...._t,, _ Output Capacitance Vour =0V | - 8 12 pF |
* This parameter is periodically sampled and is not 100% tested.
Ap ~Ar2 X
tOH
tce
tDF1
t0E
CTE- : \ - .
tPGM tDF2
] /
taCC DF3
™
High Z i 3 High 2
Op~ 09 Data Outputs
L 4
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SYMBOL PARAMETER MIN. T TYR MAX. UNIT ]
Vin Input High Voltage 20 - Ve + 1.0 v
ViL T Input Low Voltage -0.3 - 0.8 \%
- 7\7€c T W{/Ec Power Supply Voltage 475 50 525 \. Y,
Vpp Vpp Power Supply Voltage 205 210 215 [ v |

o

SYMBOL PARAMETER CONDITIONS MN. | Tve. | mAX. [ UNIT |
Iy Input Current ViN =0~ Vce - - +10 MA
VoH Output High Voltage lon = —400 uA 24 - — Vv
VoL Output Low Voltage loL =2.1mA - - 04 \%
Icc Vce Supply Current - - - 120 mA
Ippa ) Vpp Supply Current Vpp =21.5V I 30 mA

(Ta=26%5°C, Vo = 5V £ 5%, Vpp = 21V £ 0.5V)

SYMBOL PARAMETER CONDITIONS MIN I Tvp MAX. UNIT
Address Setup Time 2 — - us
| Address Hold Time - — 2_ — - T us
CE Setup Time 2 - Hus
_ CEHoldTime - 2 - ) T us
Data Setup Time B R 2 - - o us» ]
Data Hold Time o - 2 - - - ﬂsu )
~ PGM Setup Time - o N — T2 - - us
P_GT/IHoldTlme - 2 7 - - us T
G—Setup Time — 2 - - Cus |
Vpp Setup Time = 2 - - Ms
-wﬁrbgra.rr; Pulse Wldth R CE 45 50 55 | ms
F’rogram Recovery Tim - - o T — . us T
Program Pulse Rise Time N - 5 - - ns
Prbbgrarh Pulse Fall Time - B 5 - - - :[\s_ __
EwOuputVeid | o
OF to Output Valid__ - == e ]
CE to Output in High Z OE =V, - - 90
O'E to Output m"}:hgh z CE= V|L S TC - B 90

e Output Load

® |nput Pulse Rise and Fall Times

e !nput Pulse Levels

e Timing Measurement Reference Level

1TTL Gate and CL (100 pF)

10ns Max.

0.8 ~ 2.2V

Input 1Vand 2V ;  Output 0.8V and 2.0V
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PROGRAM OPERATION 1. (Vpp

Ao ~ A2

Op ~ 04

Vep

Ao ~ A2

OE

PGM

=21V+0.5V)
tAs taH
tces tCEH - //
 S—— 7
/ / DF2
tDF2 -t
tOE tDF1
=
UNKNOWN Djn STABLE >T< Dout Valid
tps tDH
tPW
i /|
tPRT
PROGRAM OPERATION 2. (Vpp =21V +0.5V)
P X
tAS PW AH
N - F_—'—
N /| N V%

PFT tPRT tce

tDF1
\ \ttos——
tcp |
_jf"’—s~ e T
I tos ‘OH
Ojn STABLE } High 2 \7: Dout Valid 2&

Note: 1.

Ve 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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The TMM2764D's erasure is achieved by applying
shortvovave 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

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
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 5V power supply is required
and the levels required for all inputsare TTL.

Note: H; Viy, L ViL, *;Vjq 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.
ﬂe 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 outputs after address access
time from stabilizing of all addresses.

PGM CE OE Vi V Oy~ 0O
) o | o | ea | 0| es | mi~isaseie) | PO
" 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 1
Program L | L e T W__VD"é}»gﬂlnﬁi ' Active ‘
oreRAnON |_Promam . H * g | sy | fishimpedance | Actve
(Ta=255°¢) | nhibit__ H NS . _High Impedance | Active |
| Program Verify H L | L B | | DataOut | Active

The CE to output valid (tcg is equal to the address
access time (tacc).

Assuming that CE = ViL, PGM = ViH 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 DESEL

Assuming that CE = V| or OE = V|H, the outputs
will be in a high impedance state. So two or more
TMM2764D can be connected together on a common

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 = VIH.

The program operation occurs during the overlap
of the CE low and the PGM low. Then the program-
ming is achieved by applyinga 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 CEor
PGM input inhibits the TMM2764D from being pro-
grammed. Programming of two or more TMM2764Ds
in parallel with different data is easily accomplished.

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 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 B5ms.

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 ViL
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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R 37.7 MAX.
7.1%0.2
28 27 26 25 24 |23 22 21 20| 1918 17 16 15
i fac) mrdencho
X
<
S b3
@
RO.64 o
T S R T R N N R R S SR T
LI T O G O O O L G G L7 4o g
12 34 5 6 7 8 9 1011 12 13 14
X
<
b3
o~
I __15.24%0.3
+0.15
0.25_4 10
1.3%0.25
8 +0.15
+ g
N 0.46" 10 17.4 MAX.
o B
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.
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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Mask Programmable Read Only Memories
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2048 WORD x 8 BIT MASK ROM

N CHANNEL SILICON GATE DEPLETION LOAD

TMM334P

'DESCRIPTION

TMM334P is a 16,384 bits read oniy memory
organized as 2048 words by 8 bits and is compatible
with 12716 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
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

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.

e Single 5V supply voltage; Vcc =5V +10%
e Access time; tacc =450 ns. (Max.)
e Directly TTL compatible; All inputs and outputs
e Programmable chip select inputs; CS1, CS2, CS3 Easy memory expansion
e Three state output; OR tie capability
e Static operat_ion; No clocks are required.
e Input protected; All inputs have protection against static charge
e Pin to pin compatible; TMM323C, i2316E, i2716
PIN CONNECTION BLOCK DIAGRAM
(TOP VIEW)
Vee GND
o
Do D} D2 D304 D506 Dy
O 0 OO0 0 00 O
]
CSI[C—Sl ng g € g N
oaen, | 5 1 £
N za 9 23
Ccs3/Cs;y £ oa 63
8
.
Bi A iz © 5 8x 16
>IN NAMES Awo___‘*——‘ H _T
Ao ~ As Row address inputs Ag O——— 3 s
— - - ress et A 0——oF B H
A, ~ A Column address inputs A; o—nd A , g 128 Memory cell array
Do ~D4 Data outputs Ay o—— 13 -1 ‘; R 128 x 128
CS, /CS; ~ CS;3/CS3 Chip select inputs A4 O < -
As O—i
vce Vc Power Supply Voltage Ag O]
GND Ground L
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SYMBOL ITEM o B RATING UNIT
Vce Power supply voltage -05~7.0 \%
VIN, VOouT Input and output voltage -05~7.0 \
Topr Operating temperature I - 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
SYMBOL PARAMETER CONDITIONS MIN. _TYP. MAX. UNIT
Vin Input high voltage B . 2.0 - Vee +1 v
ViL Input low voltage - -05 - 0.8 \%
Vce Power supply voltage - 45 - 55 \Y
SYMBOL PARAMETﬁEﬁmm o MIN. TYP. MAX. UNIT
liH Input high current — 0.01 10 uA
lie Input low current — -0.01 -10 uA
VoH Output high voltagg o 24 3.0 - 2
VoL Output low vohglg'eh N o - 02 0.4 \%
loH Output high current -04 -3.0 - mA
loL Output low current 2.1 5.0 - mA
ILo Output leakage current - +0.01 +10 MA
lcc Supply current — 40 80 mA
*Ta=25°C, Vcc =5V
SYMBOL PARAMETER CONDlTlO{\l,S”’_M_‘_“MLN_.’_‘ TYP.* MAX. UNIT
tacc Access time o tAC $100ns — r 270 450 ns
tco Output delay time from chip select tac 2 tacc - 80 120 ns
top Output deselect time RL =100 82 100 ns
tRC Read cycle time - - ns
* Ta=25°C, Vcc =5V
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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v
" W oow 50%
Ag~Aro
< 10%
viL 10%

v
_ #-90% 90%
cs /CS  CHIP DISABLE CHIP ENABLE CHIP DISABLE
10% 10%
viL
tacc =too

HIGH IMPEDANCE

AoV v %3 HIGH
Vor DATA VALID
Do ~0D7 N _o.8v 0.1V : IMPEDANCE

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).

/_\_/

NULL
¥ TMM334pP - xxXxXx ¥
CRLF
VYMSB = D; ¥
CR LF

N8;

CR LF

CR LF
R2040; X01P1;...; X3AP4;

CR LF

(cs; =0)
CR LF
(Ccsy = 1)
CR LF
(cs3 =0)
CR LF

$
CR LF

e

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. Enter the address by decimal code every eight
words.

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)

Py

NULL
¥ TMM334P - XXX XV
CR LF

YMSB=D, ¥

CR LF
N8;
CR LF
RuUUUD; XO7SA . .. 3BF1; R indicates an absolute address. Enter the address by decimal code every sixteen
words.
CR LF .
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
R2032; XBCAE ... 0085;
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)
CR LF
$
CR LF
NULL _— [ b X
L— <
R1.5 2
I
T gy g g gy g o
L‘*IJE 3T5f7 8 9 101112
Note: Each lead pitch is 2.64 mm. All leads are located within e 32.4 MAX. § 15.24 TYP.
0.26 mm of thelr true longitudinal position with respect 10° 2
to No. 1 and No. 24 leads. 0
All dimensions are in millimeters.
/ 4 Fa - TIR B gt
IRTHRTHTH I I
2.54%0.25 1.4t0.15 2
} z
0.5+0,15 E 17.4 MAX.
o

Note: Toshlba does not assume any responsibility for use of any circuitry described; no circult patent licenses are implied, and Toshiba reserves
the right, at any time without notice, to change sald circultry.
©Mar., 1980 Toshiba Corporation
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Fashiba

4096 WORD x 8 BIT MASK ROM
N CHANNEL SILICON GATE DEPLETION LOAD

TMM333P

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 |

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.

® Single 5V supply voltage; Vcc =5V + 5%
e Access time; tacc =450 ns. (Max.)
e Directly TTL compatible; All inputs and outputs
e Programmable chip select inputs; CS1, CS2, Easy memory expansion
e Three state outputs; OR tie capability
e Static operation; No clocks are required.
® |nput protected; All inputs have protection against static charge
® Pin to pin compatible; TMS4732
PIN CONNECTION BLOCK DIAGRAM
(TOP VIEW) Aq 24{]Vcc
As]2 23[]As
As{s 22[)Aq Vce GND
p— Q o
Aal]a 21[])Cs,/CS, Do D; D, D3D43 D506 Dy
Asds 20cs, /55, O 0O 00000 O
ade 190A 10 —
A7 180A -d -
Aofds 170, csyfcsy étg 8 8
3 35 3 utpu v
coess | 5[ 1 £
o, G0 15[10s oE oa 5% o
DU 14[] D4
Ag O]
A9 O—— 5 8 x 32
PIN NAMES Apo—o % —
- Ajo———— 2
Ao ~ As Row address inputs Ay O——r] 2 5
~ i Ay o——y £ 3
A; ~ A Column address inputs A; o 3 , § 128 Memory cell array
Do ~ D4 _ Data outputs | Ay Ol g 1 : 1 128 x 256
CS,/CS;; CS,/CS, Chip select inputs Ago—rod < 3
e Power supply terminal :2
GND Ground L
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SYMBOL ITEM RATING UNIT
Vce Power supply voltage -05~70 \
VIN, VOouT Input and output voltage —-05~70 \
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
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
\m Input high voltage - 2.0 - Vee +1 \4
ViL Input low voltage - -05 - \%
Vce Power supply voltage - 4.75 5.0 5.25 \
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
’7 I Input high current VIN = V__c__c__ ] - 0,0_1___ 10 MA
hie Input low current o VIN = GND - -0.01 -10 uA
VoH Output high voltage ISOURCE = —0.4mA 2.4 3.0 - \
VoL Output low voltage | Isink =2.1m - 02 0.4 \
loH Output high current VouTt =2.4V —-0.4 -3.0 - mA
loL Output low current VouT =04V 2.1 5.0 - mA
CS=08V,CS=20V
Lo Output leakage current VOUT =04V to Voo - +0.01 +10 MA
Icc Supply current louT =0mA - 60 100 mA
*Ta=25°C, Vcc =5V
Ac.cl
SYMBOL PARAMETER CONDITIONS MIN. TYP.* MAX. UNIT
tacc Access time tac $100ns - 300 450 ns
tco Output delay time from chip select tac 2 tACC - 120 200 ns
too Output deselect time - 0 100 150 ns
tRC Read cycle time — 450 — - ns
* Ta =25°C, Vcc =5V
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
CIN Input capacitance VIN =A.C.GND - 4 10 pF
CouTt Output capacitance VouT =A.C.GND - 8 15 pF

Note: This parameter is periodically sampled and is not 100% tested.
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¢50%
Nlo%
tac
t£90% 0%
cs /cs CHIP DISABLE >< CHIP ENABLE CHIP DISABLE

\10% 10%

tacc too

2.0v 0.1V HIGH
Vou HIGH IMPEDANCE Z DATA VALID > G
S0~07 bo.8v [ w:‘ 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).

¥ TMM333P - xXxX ¥
CR LF

VvMSB = D7 ¥
CR LF

N8;

CR LF

CR LF

CR LF

CR LF

(csy =0)
CR LF
(csy =1
CR LF

$
CR LF

Ruuu0; X07P3;....; XF1P5;

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. Enter the address by decimal code every eight
words.

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 this example, chip is active under the condition
that CS1='0"and CS2="1".

$ Indicates an End mark .

Take NULL more then fifty characters.
- 217 —



Format 2 (including Data only every word)

NULL
¥ TMM333P - XXXXY

CR LF

YMsB =D, ¥V
CR LF
N8;

CR LF

Ruuu0; X075A . ..3BF1;

CR LF

R4080; XBCAE . ..0085;

CR LF
{Csy =0)
CR LF
(csy = 0)
CR LF

$
CR LF

j— L

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.

Format 1 and Format 2 are Toshiba preferred Format.
The other acceptable Format is Intel BNPF Format.

24 2322212019 18 17 1615 14 13
rhchrhchohirhhich hrh rh
= At
g P%
2
R1.5 ~
I
P o Qi o g gy gy o
123466 789101112
; 15.24_ TYP.
Note: Each lead pitch is 2.54 mm. All leads are located within 32.4 MAX. % =
0.25 mm of thelr true longitudinal position with respect 10° b3
to No. 1 and No. 24 leads. ’7\ 0
All dimensions are in millimeters. 0
e e\ _._Jr_._
T ]
0.2549 g5
2.5410.25 1.4%0.15 z
Hit <
0.5%0,15 E 17.4 MAX.
o~

Note: Toshiba does not assume any responsibility 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.

©Sept., 1980 Toshiba Corporation
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4,096 WORD X 8 BIT MASK ROM

N-CHANNEL SILICON GATE MOS

TMM2332P

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 (Igg=15mA MAX.) stand-
by mode. This device feature results in system power

e 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

(TOP VIEW)

A0 1 ~ 24 Ve
AsO 2 230 Ag
AsO 3 220 Ag
A 4 21 Ay,
A0 s 20 0E
A0 6 190 A
Aad 7 18[1cs/Cs
Ao 8 17Q D,
Do o 161 D¢
D;O10 15 Ds
D211 14[1D4
GND[]12 13D3

Ao~An Address Inputs
Do~D7y 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.

® |nputs Protected: All inputs have protection against
static charge.

VCCGTD DoD; Dy D3 Dg Ds Dg D
CcS/CSo—{  Control { T T T T T T T T
OE o— Circuit -

Output Buffers

ﬁ

Aq o—
Ag o— ___—_{ Column Decoder
Ag 0—
A‘OM« E 0

5
Ano— @
Ago— 5

a
Apo— £ 5
Ay o— g B
A :'8- g Memory Cell Array

3 O— < o (256 x 128)

Az o— g
As o— «
Ag o—
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SYMBOL ITEM RATING UNIT
Vce Supply Voltage -0.5~7.0 \Y
ViN Input Voltage -0.5~7.0 \
VouTt Qutput Voltage -0.5~70 \%
Topr Operating Temperature 0~ 70 °c
TSTRG Storage Temperature -556~ 150 °C
TSOLDER Soldering Temperature- Time 260 * 10 SCeSec
Pp Power Dissipation (Ta = 70°C) w
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vin Input High Voltage 2.0 - Vee+1.0 \
ViL Input Low Voltage -0.5 — 0.8 Vv
Vee Power Supply Voltage 45 5.0 5.5 \
(Vec = 5V£10%, T, =0~ 70°C)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
I Input Leakage Current Vin =0~ Vee — +0.02 110 MA
lon Output High Current VoH = 2.4V -0.4 -2.0 — mA
loL Output Low Current VoL = 0.4V 2.0 4.0 - mA

OE=Vy or(§=V|H
| [¢] t Leakage C t
LO utput Leakage Curren VouT = 0.4V ~ Ve _ +0.05 +10 uh
Icc Operating Current CS=V_or CS=Vy - - 100 mA
Isg Standby Current CS= Vi or CS =V, - - 15 mA
T,=0~ 70°C, f=1MHz)

SYMBOL PARAMETER CONDITIONS MIN. TYP, MAX, UNIT
Cin Input Capacitance ViN =0V - 5 10 pF
CouT Output Capacitance Vout =0V - 8 15 pF

Note: This parameter is periodically sampled and is not 100% tested.
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(Vec=5V+10%, T, =0~ 70°C)

SYMBOL PARAMETER MIN, TYP. MAX. UNIT
tRe Read Cycle Time 350 — — ns
tace Access Time - — 350 ns
tco Chip Selection to Output Valid - - 350 ns
00 OE to Output Valid - - 120 ns
tobc Chip Deselection to Output in High-Z - - 100 ns
topo 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
Input Rise and Fall Times . 20ns
Timing Measurement Reference Levels ; lnput @ 0.8V and 2.0V

Output: 0.8V and 2.0V
Output Load; 1-TTL Gate and C|_ = 100pF
tRC
- ViH Vin
Address Stable
X ViL - ViL
tacc
_""—\gﬁﬁu_"———_"’_'_—_—_ Y 370
cs/cs
—— RV Xd‘:_________
tco [e——toDC——
ViH
NN NN
ViL
L—too——— tobpo
-Von
Do~D7 Output Data Valid
VoL
—= tPU tPD
16— ———— "—
Supply
Current
Iss

Note: (1) CS lndEw-vM‘orm: are shown by dotted line and straight line respectively.
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Toshiba can accept programming and masking
information for TMM2332P in the form of punched
paper tape with Intel BNPF format or master devices
(EPROM).

24 2322212019 18 1716 15 14 13
chthrhrhrhh thrch hrh th
X
q po X
- - b3
R1.5 o
. L3
TH O O O Oy O oy G G G o
123466 789101112
| 32.4 MAX. X 15.24 TYP.
o
3
10 -
L
2.54+0.25 1.4+0.15 .
L T z
0.5£0.15 s 17.4 MAX.
N
L

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.
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64K BIT (8K WORD X 8 BIT) MASK PROGRAMMABLE ROM

N CHANNEL SILICON GATE

TMM2364P

Dl |

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

e Single 5V + 10% power Supply

® Access Time: 250ns max.

e | ow Power Dissipation
Average Current: 40mA max.
Standby Current: 15mA max.

e Input and Output: TTL Compatible

e Three State Outputs: Wired OR Capability

N.c.O1 Vee
Ap 2 €S, /TS,
A,03 s, /CS,
AsO4 Ag
Asd5 A
A6 3 Ay
A g7 3 OF
A 08 o Ao
ade 2 CE
Ao = D,
Do O D
D, Qg Ds
D, 013 D4
GND O 14 D,
Ao ~ An Address inputs
Do ~ D, 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

156mA. 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.

e Edge Enabled Operation: CE
e Output Buffer Control: OE
e Programmable Chip Select: CS,, CS,
Easy Memory Expansion
e Pin Compatible with 2364
e Inputs protected: All inputs have protection
against static charge.

Vec GND

.8 g D, D, D, D, Dy Ds Dy D,
2% 4
. gE g
Cs, /CS, o— ° = F}
e i £3
Ea4 3
e § ol
. 25 2
CS,/CS; o O 2 5§

3 Chip enable input
buffer and clock

Column decoder

8x 32

656536 bits
Memory cell

Address input buffers

and latches
®
Row decoder |
N
]
-

array
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SYMBOL ITEM RATING UNIT
Vee Power Supply Voltage -056~70 \

ViN. VouT Input and Output Voltage -05~70 \
TopPr Operating Temperature 0~70 °C
TsTRG Storage Temperature —55 ~ 150 °C
Tsp Soldering Temperature - Time 260 - 10 °C - sec
Pp Power Dissipation (Ta = 70°C) 1.0 w

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT

Viy Input High Voltage — 2.2 - Vee +1 \

ViL Input Low Voltage - —-0.5 - 0.8 \

Vee Power Supply Voltage - 4.5 5.0 55 \%

, (Ta=0~ 70°C)

SYMBOL PARAMETER CONDITIONS MIN. TYP, MAX. UNIT
[ Input High Current Vin =5.5V — 0.05 10 MA
i Input Low Current Vin = GND — —0.05 -10 MA
Vor Output High Voltage loH = —400uA 2.4 3.3 — \
VoL Output Low Voltage loL =3.2mA — 0.3 0.4 \
lLon Output Leakage Current Vour =58V E =2.2Vor - 0.05 10 BA
lLoL Vouyr = 0.4V OE =2.2V - —0.1 —-20 HA
Icc Standby Current CE =22V - 8 15 mA
lcca Average Current tcye = 350ns, loyt =0mA - 20 40 mA

* Typical values are at Ta = 25°C and Vcc = 5V.
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(Ta=0~ 70°C, V¢ =5V +10%)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
tce CE pulse width - 250 - - ns
tas Address Setup Time - 0 - - ns
tAH Address Hold Time - 50 — — ns
tacc Access Time — — 150 250 ns
too Output Delay Time from OE - — 50 120 ns
ton Output Turn off Delay - — 40 70 ns
tce CE off Time — 90 - - ns
tcye Cycle Time tas =0ns, tr, tf =5ns 350 - - ns

* Typical values are at Ta = 25°C and Vg = 5V.

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
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(Ta=25°C, f=1MHz)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
CiNn Input Capacitance Vin =A.C. GND - 5 10 pF
CouTt Output Capacitance VouTt = A.C. GND - 8 15 pF

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

Ao ~An ADDRESS, CS
. CSy, ADDRESS, CS;, CS, MAY CHANGE
>< CS; VALID { DDRESS, 012

csy,Cs; —
tAs tAH tcc
&F @ — tce |
T
. + oo
OE ~ [ =
tace ‘09(1)

P————‘:
Do ~D1 DATA VALID —

XXX N T

tcye

Note (1) top is specified from OE or CE, whichever occurs first.

— 226 —



CE CS;, CS,, Address OE OUTPUT" MODE
H (1) (1) High Z Standby
v Valid (D) High Z Latch
L (2) L Data out Read
Note (1) Don’t care
(2) CS;, CS;, Address may change after ton-.
1 cycle
== Vin™
cE Viu \
1._POWER SUPPLY DECOUPLING e %o
The operating current lec waveforms for TMM2364P are shown in Fig. (mA) ‘;g N A
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. °

The lge current transients require adequate decoupling of Vee power
supply.

2. POWER ON

The TMM2364P requires initialization prior to normal operation. Two
initialization methods are as follows:

(1) A minimum 100us time delay is required after ‘the application of
Vee (+5V) before proper device operation is achieved. And during
this period, CE must be at V4 level.

(2) A minimum 100us time delay is required after the application of
Vee (BV), and then a minimum of one initialization cycle must be
performed before proper device operation is acheived.

o 100 200 300 400 500
Time (ns)
Fgi. 1 Igc vs time (CS: Select)

1 cycle

CE ViH 1= B
Vi

60
lcc 50
(mA) 40 |—H
30
20
10

1

A

i

o
[} 100 200 300 400 500
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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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

‘TMm23s4r 0000 )/

‘MSB = Dy’ )

N8; )
ROODo; X7FP7; ... .. :X07P3; J
ROOOS: xasp3; ... . ; XESPS; )
RO 16; X10P1; . ... .;X68BPS; J
R8176; X4DP4.. . ... ix85P5; )

RB184; X2CP3;. . ... ;XA4P3; )
(csp=1 J
(cs3 =0 )

s J

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
D00 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 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 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 device 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

“TMm23e4P-0000 Y
‘MSB =D;
N8; J
rROOOo0; X7F5A .. ... 39€5: )
ROO16 ; x108C.. ... B241; )
ROOS32 ; x208A ... 36C7; J
R8160; X1EC5 . .. .. 31DE;
R8176; X4DA6 ....1BA4; )
(csy=1) J
(csy=0) J
s J
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 TMM2364P in the form
of punched paper tape with Intel BNPF format or master devices (EPROMs).
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Unit: mm

e O o O o O o o o | oMM nm
R1.5 ]
X
1 D b
) | R s
I o
? h p
[ e gy g
1.2 3 4 5 6 7 8 9 10 11 12 13 14
37.4 MAX. 15.24 TYP.
°
X 1P
a
2 T
© % !
i g :
1 w
' +0.1
0257 0
—
z
“ 0.5%0.15 S
H b3
2.54%0.25 1.4%0.15 0.2 MAX. : 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. 28 leads.

Note: Toshiba does not assume any responsibility for use of any circuitry described;
the right, at any time without notice, to change said circuitry.

© Aug., 1980 Toshiba Corporation
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TMM2365P: 8K WORD x 8 BIT MASK ROM

N CHANNEL SILICON GATE

TMM2365P

® Access [ime: 200ns
® Power Dissipation

Operating Current :
Standby Current

100mA (MAX.)
25mA (MAX.)

® 5V Single Power Supply

5V + 10%

® Fully Static Operation

64k Bit EPROM

(Top View) TMM2764D
N.c.O1 28[Vee Vep1
A,02 27[Cs, /CS, Ang?2
A, 43 2611Cs, /CS, A, O3
A, Q4 25{1A, A, O4
A, 05 2apA, A, O5
A, 6 23PA,, A, O6
A, 47 22J0E A, 07
A, 8 210A,, A, 8
A O9 20{3Cs, /TS, A, O
A, 10 19p3D, A, d
D, 1 183D, 0, O
D, 012 17{AD; o, g
D, 13 1630, 0, g

GND 14 1530, GND 14

Ap ~ Agp Address Inputs

Do ~ Dy Outputs

CS;, CS,, CS3 | Chip Select Inputs
OE Output Enable Input
Vbp Power Supply (5V)
GND Ground

>9>>>

s

mi

B o

000009
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*This is advance information and specifications are
subject to change without notice.

Three Programmable Chip Select Inputs
Cs, /CS,, CS,/CS,, CS,;/CS;
All Inputs and OQutputs Directly

TTL Compatible
Three State Outputs

Compatible with 2764 type EPROM TMM2764D
28 Pin Standard Plastic Package

Ve GND

I

cs, /CS, o—
cs, /CS, o—

Cs, /CS, 0—

Chip Select
Input Buffers

Control
Circuit

Dy N~ —"\D,

Output Buffers

A, o—

Address Input Buffers

Sense Amp.
and
Column Decoder

Memory Cell
Array
8kx8

Row Decoder




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.
© Apr., 1982 Toshiba Corporation
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N CHANNEL SILICON GATE

TMM2366P: 8K WORD x 8 BIT MASK ROM

TMM2366P

® Access ime: 200ns
® Power Dissipation
Qperating Current : 100mA
Standby Current @ 25mA
® 5V Single Power Supply
5V £ 10%

(Top View)

]
24 OVec

23 PAy s
22 fa,
21 pA,,
ncs/Cs
19 QA
18 A,
17 AD,
16 D
D,
ho,
12 13 o,

> >
Er g
-

B
gnonnnaononoa
©CONO D ON
N
S

)
@

O o0OP>»PP>>P> >

-y
-
S

@
4
o
n

32k Bit Mask ROM
TMM333P

Pin Compatible with 32K Bit ROM TMM333P

for Memory Expansion

Ag ~ Ay, Address Inputs

Do ~ Dq Outputs

CS/CS Chip Select Input
Vbp Power Supply (5V)
GND Ground
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*This is advance information and specifications are
subject to change without notice.

Fully Static Operation
Programmable Chip Select: CS/CS
All Inputs and Outputs Directly TTL
Compatible
Three State Outputs
24 Pin Standard Plastic Package

Vce GND

I

I

&s Control
Cs/Cs o— Circuit
A, o
14
2
5
@
@
g
5 e
° @
< K
]
Q
2
)
o
A 0]

D, ~—~ D,

Output Buffers

Sense Amp.
and
Column Decoder

Memory Cell
Array
8kx8




Note: Twshiba 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.
© Apr., 1982 Toshiba Corporation
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TMM23256P 256K BIT (32K WORD x 8 BIT) MASK PROGRAMMABLE ROM T M M 232 5 6 P

N-CHANNEL SILICON GATE MOS

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

o Single 5V Power Supply

e Fast Access Time : 150ns (Max.)

e | ow Power Dissipation
Average Current
Standby Current : 10mA (Max.)

e Inputs protected : All Inputs have Protection
Against Static Charge

'PIN CONNECTION

40mA (Max.)

N.c.(]1 NVee
A12[02 A4
A3 A3
Asda PDAsg

As[]5 PAg

As0se JAn
A7 [oE

A0Os OA10

Ay Ace
Ao o4
Do 1D
D1 Dos

004
003

Ao ~Ag Address Inputs

Do ~ D5y 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 Inputand Output : TTL Compatible

e Three State Outputs : Wired OR Capability
e 28 pin Standard Plastic DIP

DD D2D3D4D5D6D7

RARASRAI

m_4 Output
Buffers

-8

Chip, Enable
Input Buffer
and Clock

Ag 0—]

A oI Column
Decoder

8 x 64

512 262,144 bits
Memory cell

>
3
?
I
Address Input Buffers and latches
Row Decoder

array
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SYMBOL ITEM RATING UNIT
Vee Power Supply Voltage —-05~7.0 \%

ViNn. VouT Input and Output Voltage -05~7.0 \
Torr Operating Temperature 0~70 °C
TsTRG Storage Temperature —556~ 150 °C
TsoLDER Soldering Temperature - Time 260 - 10 °C - sec
Pp Power Dissipation (Ta =70°C) 1.0 W

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 \%
(Ta=0~70°C)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
(1T} Input High Current Vin = 5.5V - 0.05 10 MA
i Input Low Current Vin = GND - —-0.056 -10 HA
Vou Output High Voltage lon = —400uA 24 3.3 — \
Vou Output Low Voltage loL =3.2mA - 0.3 04 \4
lLon Output Leakage Current Vour = 58V §= 2.2V or — 0.05 10 kA
oL Vout =04V | OE =22V — —0.1 -20 HA
Icca Standby Current CE=22V - - 10 mA
lccz Average Current teye = 230ns, loyt = O0mA — — 40 mA

« Typical values are at Ta = 256°C and Vcc = 5V.
(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.
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(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 - - - 150 ns
too Nmautput Delay Time form OE - - - 70 ns
top Output Turn off Delay — -~ - 70 ns
tee CE off Time - 70 - - ns
teye Cycle Time tas =O0ns, t,, tf =5ns 230 - — ns

Output Load

Typical values are at Ta = 25"C and V¢ = 5V.

1TTL Gate + 100pF

Note (1) top is specified from OE

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
y v/
Ag~Alg ><~ ADDRESS ADDRESS MAY CHANGE X
tAs tAH tcc
cE _ ~ tce F%\
N y k
J— 00
oE Y — /
tacc topf1)
Do~ D7 DATA VALID }—:'_u
N N
tcyc

or CE, whichever occurs first.
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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 buffeiindependent of device selection. Assum-
ing that OE = V|, 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 OE OUTPUT POWER
Standby H * * High Impedance Standby
Latch T Valid * High Impedance —
Read L ** L Data Out Active
Output Deselect L * H High Impedance Active

Note * : Don'tcare
** © Address may change after tay.
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TION |
1. POWER SUPPLY DECOUPLING

The operating current lcc  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 lcc current transients require adequate de-
coupling of Vcc 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 Vce (+5V) before
proper device operation is achieved. And dur-
ing this period, CE must be at V| 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.
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Icc (mA)

al

2.2v
0.0v

80
60
40
20

2.0v
0.0V

— 2.0V

o
m

lcc (mA)

0.0v

80
60
40
20

Time (ns)

Fig. 1 lcc vs. Time (1)

1 cycle
n T
| b
L J
L I Y
A i
[\
VAV Tl _
L/\ Y —
| %
100 200 300 400 500

1 T

A UL

A VI AJVILL
Il

Time (ns)

Fig. 2 Icc vs. Time (2)

500



Unit : mm

nmn M [ W N 1
R1.5 [ .
h h %
N | - s
o~
I LS
|
|
| S I [ N N [ N N O A O
1.2 3 45 6 7 8 9 10 11 12 13 14
X
<
37.4 MAX. 5 15.24 Typ.
X .
3 ”74\ ;
2 [ o Tig
- - i it } " " ! J I | } I L 1 0 0
~— AR FARHERTHEH A
s HHHHHHHHHHH
T 40.1
. 0 0es
H 0.5%0.15
1T Z’
2.54%0.25 1.4%0.15 0.2 MAX. H 17.4 Max.
I N
©™

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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MOS Mask Programble Read Only Memory
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32 K Bit CMOS MASK ROM COMPARISON TABLE

PIN CONFIGURATION

TC5332P

TC5333P

0 Voo A7l 1 240 vpp

TC5334P

240 vpp A7
[ Ag As

[ ce,/CE,

TC5335P

hoe peas nee__ |
;,2; _______ 0 Ao 0 Ao
[1ce/CE 0 A1 (1A
;|_ o, " Xai/hos 0 b7 P o7
Operatiﬂ Mode Table
TC5332P TC5333P
Pi CE CE OE
Iﬁu’\;?l;?ei C(E1/8C)E gg) Addresses | Outputs Power (?8) 80) Addresses | Outputs Power
Address Latch _— _— - T * Valid High-Z -
Read H/L L Valid Dout Active L L * Dout Active
Standby L/H * * High-Z Standby H | o« * 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)

_ TC5534P TC5535P
i CE CE E

P'ﬁﬂ:&? CE(12/0C)E1 C'(5221/)C—E 2| Addresses | Outputs | Power (gg) ((2)1) 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 H/L H/L H High-Z Active L H * High-Z Active

Operation Mode

Fully Static Operation (Asynchronous Type)

Address Latched Operation (Synchronous Type)

— 243 —







4K WORD x 8 BIT CMOS MASK ROM
SILICON GATE CMOS

TC5332P

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 BV sup-
ply.

The TCH332P 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.

® Access Time: 450ns
® Low Power Dissipation
lbpo =7mA (Max.) : Operating
Iops = 20uA (Max.) Standby
e All Inputs and Outputs: TTL Compatible
® Three state outputs

N
A7 24[]Vop
Ag[]2 23[JAs
As[]3 22{J A9
Asq[]a 21 Any
A3[]5 20[] GE
Az[]6 190 A0
A7 18[] CE/CE
Ao[]8 17107
Poo 161 D¢
o110 15[]0s
o0 1 14104
GND[]12 13{ 1 D3

Ao ~ Ay ADDRESS INPUTS

Do ~ D, DATA OUTPUTS

CE/CE CHIP ENABLE INPUT
OE OUTPUT ENABLE INPUT
Vbo POWER (+5V)
GND GROUND

The TCBH332P 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
TC5332P is most suitable for use in low power
applications such as battery operated system.

The TCB332P 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

Do DDz D3D4Ds Dg Dy

Output Buffers
OE

Column Decoder

>
o
Address Buffer

Memory Cell Array
(256 x 128)

Row Decoder
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SYMBOL ITEM RATING
Voo Power Supply Voltage -0.3v~7.0V
Vin Input Voltage -0.3V ~ 7.0V
VouT Input/Output Voltage OV ~Vpp
Po 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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vpp Power Supply Voltage 45 5.0 5.5 \
ViH Input High Voltage 2.2 - Vpp+0.3 \
ViL Input Low Voltage -0.3 — 0.8 \

SYMBOL PARAMETER CONDITIONS MIN. | TYP. | MAX. | UNIT

[ Input Load Current 0< VN S Vpp - — +1.0 HA

ILo Output Leakage Current CE =V, (CE=V)y),0V < Vo £ Vpp - - +5.0 A

loH Output High Current VoH = 2.4V -1.0 -4.0 - mA

loL Output Low Current VoL = 0.4V 20 4.0 - mA

15081 CE = 0.8V (CE = 2.2V) - 05 20 | mA

Standby Supply Current —
lpps2 CE=0.2V (CE =Vpp —0.2V) — 0.05 20 HA
CE=V,y (CE=V| ), teye = Tus,
Ippo1 IH 1) teye = T - 6.0 10.0 mA
Operating Supply VIN = VIH/VIL, lout = OMA
Current CE =Vpp (CE =0V), teyc = 1us
| cove ! - 4.0 7.0 A
pboz2 ViN = Vpp/GND, Loyt = OmA m
Note: Typical values are at Ta = 25°C, Vpp = 5V.
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
CiNn 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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SYMBOL PARAMETER MIN. TYP. MAX. UNIT
tacc Address Access Time — — 450 ns
tcE Chip Enable Access Time - - 450 ns
t0E Output Enable Access Time — - 150 ns
“top Output Desable Time - = 100 ns
tcve Cycle Time 450 - - ns

® Output Load : 100pF +1TTL Gate

® |nput Pulse Levels : 0.6V, 2.4V

® Timing Measurement Reference Levels
Input : 0.8Vand 22V
Output : 0.8Vand 22V

® Input Pulse Rise and Fall Times : 10ns

tcyc
b d
Ag ~ ANy X Address Stable y
- X
tacc
-t <
CE/CE /X /\
tce top
c N\ /
° N top
toE

Do ~D7

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 [ns]

'ppo1 [mA]

Ippo2 [mA]

500
taccvs. Vpp tce vs. Vpp 150 toe vs- Vop
200 Ta=25°C 200 Ta=25°C Ta=25"C
0 €y =100pF +1TTL Cy = 100pF +1TTL CL = 100pF +1TTL
~ 100
— B
300} 2 300 =
o o
w
w < 50
200 200
[
100 100 " N
3 a 5 6 7 3 4 5 6 7 3 a 5 6 7
Vpp (VI Vpp (V] Vpp (V]
taccvs. Ta tcevs. Ta togvs. Ta
Vpp = 4.5V Vpp = 4.5V Vpp = 4.5V
CL = 100pF +1TTL CL = 100pF + 1TTL CL =100pF + 1TTL
400 L 400 L P 150 L P
K —_
300 £ 300 @ 100
™ £
o w
ke w /
200 200 * 50
100 . . s " i
Ta0 0 a0 8o 1003 o a0 8o % o a0 80
Ta (°C] Ta [°C) Ta (°C]
'DDO1 V8- VDD 1pDOY V5. Ta 'pDO1 Vs teycle
CE = 0.8V Vpp = 5.5V Vpp = 5.5V
D = 5. D=5
GE = 0.8V EE- 0.8V C‘E- 0.8V
6 Ta=26"C 6 OE = 0.8V 6 GE = 0.8V
. 3
5 teycle = s 1 teycle = 1Hs _ 5 Ta=25C
g - &
a E a4 £ .
: < \ 5
g 3 g s
2 o 2 o 2
1 1 1
o
3 a 5 G 7 % o a0 8o % 2 3 a
o
Vpp (V] Ta [°C] Teycle us)
1pDO2 vs- Vpp 'DDO2 vs. Ta 1pp02 V5- teycle
CE =0.2v Vpp = 5.5V Vpp = 5.5V
s 6E = 0.2v 3 cB20.2v 3 P20y
Ta=25°C OE = 0.2v OF = 0.2v
teycle = Tus < teycle = 1us — Ta=25°C
<
2 £ )
8 ~ S—
8 3
1 L a 1
. 0 . N
o a 5 6 7 ° "o o 40 80 ) 1 2 3 a 5
Vpp (V] Ta [°C) teycle [us)
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pps2 [nAl

3 CE) 1 . VN (CE!
1pps1 vs. VN (CE) 50 DDs2 Vs VN (CE) 25 VIN. VL Vs, Vpp
Vpp = 5.5V 30 Vpp = 5.5V Ta=25°C
Other Ir;put =0.8~2.2V Other Iv;put =0.8~2.2Vv
= Ta=
500 Ta=25°C B a=25"C 3 20 ViH
—_ < 10 = ViL
g 400 £ 4
3 2
= 300 2 s > s
@ g I
o o 3 I
8 200 >
100 1.0
o 1
20 3.0 40 40 50 6.0 a 5 6 7
VNI(CE) [V] VIN(CE) [V] Vpp (V]
| .V
2.5 ViH. VL vs. Ta onve- Vou 'oLvs. VoL
-15 Vpp = 4.5V
— ViH Vpp = 5.5V 100 e 18 Vpp = 4.5V
2 Ta=25°C
2.0 ViL Vpp = 4.5V
H 2z 2
> & g -10 £ 10
3 E E
- -
S8 viL z 3
-5 5
1.0
0 o
-40 0 40 80 1.0 2.0 30 40 o 04 08 1.2
Ta [°C) Vowu (V] Voo (V]
pps2 vs- Ta
100
Vpp = 5.5V
253y
10
1
-40 ) 40 80
Ta [°C)
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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 Preceding the first data field and following the last data field there must be
a leader/trailer length of a least 50 null characters.
TC5332P-0000 / Contents in a single quotation mark (, . .. .. ,) signify a comment and
00 0O 0O 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 D)
N8 indicates that the mask pattern is an 8-bit pattern.
. . . )
RODODIO; X7FP7; . ... ; XO7P3; Semicolon ( ;) signifies a punctuation of data.
ROOOS; X38P3; . ... ; XEGP5; /
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-
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; /| ing the modifying addresses and inputting the data following the above
R4088; X2CP3; . ... XA4P3:/ procedure before the end symbol.
2 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.
¢/ 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

TC5322P-0000 )

N8; )

$/

‘MSB = D,

ROOOO0; X7F5A ...
R 0O0O16; X108C ...

R 0O0O32; X2DBA . . ..

R4064; X1ECS . ..
R4080; X4DAG6 . . ..
(cs =1))

NuULL /

PRSI

. 39E5; /

.B241; /

36C7; /

_31DE; )

1BA4; )

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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242322 21201918 17161514 13
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R1.5 | - 2
S
A |
o [P g
123456 789101112
32.4 MAX :<; 15.24 TYP.
b3
00 H
n
0.251 0,05
2.540.25 1.4£0.15 z
r " ost0.15 2 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. 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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%;7:;'01

4,096 WORD X 8 BITCMOS MASK ROM

SILICON GATE CMOS

TC5333P

The TCB333P 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 TCB333P has g 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

e Access Time: 450 ns
e Low Power Dissipation
Ippo = 7mA (Max.) : Operating
Ipbps =20uA  (Max.) : Standby
o All Inputs and Outputs: TTL Compatible
® Three State Outputs

(TOP VIEW)
T
A7I:j1 24 [Vpp
Ag] 2 23[]As
As[]3 22[Ag
A a 21[JA1
A3[]s 20 []5E
A2 e 19[JA10
A7 18 [[]CE
Ao 8 17[]D7
Do o 16 [1Ds
o110 15[]Ds
D211 14[]D4
GND[] 12 13[]03

Ao — Apy Address Inputs )
Do — Dy Data Outputs ]
CE Chip Enable Input

OE Output Enable Input

Vob Power (+5V)

oD Groud S

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 TC5333P’s maximum operating and
standby current is 7 mA and 20 uA, respectively.
Thus the TC5333P is most suitable for use in low
power applications such as battery operated system.

The TC5333P is moulded in a 24 pin standard
plastic package.

Two Control Functions: CE, OE

Address Latches: CE

Output Control: OE

Pin Compatible with TMM2332P and TMM2732D

Standard 24 pin Plastic Package

— DpD1D2D3D4D5 Dg Dy

Output Buffers

Sense Amp.

Column Decoder

AL o—] ce

T
1

Address Latches & Buffers

128 Memory Cell Array
(256 x 128)

Row Decoder
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ITEM RATING
Voo Power Supply Voltage —0.3V ~ 7.0V
Vin Input Voltage -0.3V ~ 7.0V
VouTt ~ Output Voltage OV ~ Vpp |
Po Power Dissipation (Ta = 85°C) 0.8W
Tsta Storage Temperature —56°C ~ 150°C
Topr Operating Temperature —40°C ~ 85°C
TsoLDER Soldering Temperature - Time 260°C - 10 sec

~ sYMBOL o PARAMETER MIN. TYP. [ MAX. | UNIT
Voo Power Supply Voltage 45 5.0 5.5 \%
| ViH Input High Voltage 22 - Vpp+0.3 \
VL | Input Low Voltage -0.3 - 0.8 \%
~ SYmBOL PARAMETER f CONDITIONS MIN. TYP. MAX. UNIT
| Input Load Current 0= Vin € Voo - - 1.0 A
.o | Output Leakage Current | CE = Vi, OV < Vour < Vpp - - B0 | A
| lon | Output High Current  Voy =24V -1.0 | —40 - mA
loL Output Low Current VoL =0.4V - .20 | 40 - mA
| CE =22V i
- .0 5.0 A
loost other inputs = Vi or V_ | | 2 m
Standby Supply Current =" I T .
CE = Vpp —0.2V ‘
lops2 : - | 005 20 HA
. otherinputs=0.2Vor Vpp ~0.2V I N .
C_E=VIL'1cyc=1“5' |
I - | 60 | 100 A
| DDEZ | Operating Supply ,,,V'N =Viu/ViL, lout = OmA B | m
Current CE =0V, teye = 1us, 3
Ibpo2 urren ¢t oye = 1HS - | 40 7.0 mA
I Vin = VoD /GND. oy = OmA | |
Note: Typical values are at Ta = 256°C, Vpp = 5V.
[ symsoL ~ 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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SYMBOL " PARAMETER MIN TYP. MAX. UNIT
i 7‘;\CC - Chib Enable Access Time - - 450 ns
toE Output Enable Access Time - [ T ns
tas Address Setup Time 30 - - ns
tAH - Address Hold Time 30 - - ns
“tc¢ | TEOFFtime | 70 - =
—TCEH\ o B (fhip Enable Hold Time " as0 - ns
" top “Output Desable Time [ - ns
E'b tcye - T CycleTime o | 540 A¥w - ns |

A.C. TEST CONDITIONS

Output Load
° Input Pulse Levels

Timing Measurement Reference Levels

Input Pulse Rise and Fall Times

Input

: 100pF + 1TTL Gate
1 0.6V, 2.4V

:0.8Vand 2.2V

Output : 0.8V and 2.2V

210 ns

Ao ~A11 i Address Stable ) Address May Change ><
i tAS tAH
- = tCEH
CE \
* top —
tce
tacc
o€
IO - E— o0
Do ~D7 i Output Data Valid ) e
tcye
OPERATION MODE
MODE | CE | OE | ADDRESS | OUTPUTS
Read L _L L * | Data out
Standby | H | * * High Z
Address \ . .
* Valid High Z
Latch 1} . <

*: Don’tcare.
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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
“TCs333-0000" )
‘MSB =D7" J
Ng; J
ROOCO;X7EP7;. . .. ;XO7P3; J
ROCIOS;X38P3; . . . . . ;XE5P5; J
ROO16;X10P1; . . ... ;X6BP5;
R4080;X4DP4; . . . . .. :XBEPS5;
RA0B8;X2CP3; . . . . .. XA4P3; J
$ /
NULL

Preceding the first data field and follwing 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 O0O0OO 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 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 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 fis not used)

NULL
"TC5333P-0000 /'
‘MSB=D7"
NS;/
ROOOOX7FBA . . . . 39ES5; )
ROO16;X108C . .. .. B241; / R signifies an address.
ROO32;X20BA . .. .. 36C7; ) 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.
R4064;X1EC5 . . . . .. 31DE; )
R40B0;X4DAG . . . . . . 1BA4; )
$ )/
NULL

In addition, Toshiba can also accept programming and masking information for TC5333P in the form of
punched paper tape with Intel BNPF format or master devices (EPROMs).
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X
<
- - b
R1.5 8
3
| S8y R
12 3456 7 8 9101112
| 32.4 MAX. x 15.24 TYP.
105, ;
w
VA i \
! ]
| 0.25 +0.05
2.54 +0.25 1.4 £0.15 Z
T T s
0.5 +0.15 N 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
All dimensions are in millimeters.

Note: Toshiba does not assume any responsibility for use of any circuity described; no circuit patent licenses are im,
at any time without notice, to change said circuitry.
© Mar., 1982 Toshiba corporation
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4,096 WORD x 8 BIT CMOS MASK ROM

SILICON GATE CMOS

TC5334P

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 (CE1/CEq and CE2/CE3) for device selection.
The maximum access times from address and chip
enable are both 450 ns.

The TCH334P is pin compatible with the industry

Access Time: 450 ns

Low Power Dissipation

loppo =7 mA (Max.) : Operating

Ipps =20pA  (Max.) : Standby

All Inputs and Outputs: TTL Compatible
Three State Outputs

~ PIN CONNECTION (TOP V
R
A7 d 1 24 J1Vpp
As [ 2 23] Ag
As [0 3 22 Ag
As [ a 21 [] CE,/CE,
A3 Os 20 [ CE/CE;
Az s 19 [ Aro
Aar 18 [ An
Ao 8 17{] D1
Do 9 16 [ De
01 [J10 15[] Ds
D2 11 141 04
GND [J12 13[] o3
PIN NAMES |
[ oAy | Addessinputs |
_Do=Dy _DataOutputs |
| CE./cE, ,
e hip E |
‘ CE, /CE, | Chip Enable Inputs
‘> Vbp | Power (+5V)
I GND | Ground

produced NMOS ROM TMM333P, yet offers a more
than 90% reduction in power of their NMOS equiv-
alent. The TC5334P's maximum operating and
standby current is 7mA and 20uA, respectively. Thus
the TC5334P is most suitable for use in low power
applications such as battery operated system.

The TCB5334P is molded in a 24 pin standard
plastic package.

e Fully Static Operation

e Two Programmable Chip Enables:
CE1/CEq, CE,/CEp

e Pin Compatible with TMM333P

e Standard 24 pin Plastic Package

'BLOCK DIAGRAM
VoD GND
— Do D1D2D3D4Ds5 Dg D7
CE} O———<C o C [SloNe C
CE 2 . Output Buffers
T cE
Ao
E— Sense Amp.
Al O—ro c
Ay s
s
A4 Ol ;:—'
Ag (o] 3
]
Ag O—] _g
Aro—1 < §
7 7 § 128 Memory Cell Array
Ag O— a (256 x 128)
AgO— H
[
A10 O——
A11 0O
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SYMBOL ITEM RATING
Voo Power Supply Voltage —-0.3V ~ 7.0V
RV Input Voltage —0.3V ~ 7.0V
VouT Output Voltage OV ~ Vpp
Po Power Dissipation (Ta = 85°C) 0.8W
TsTG Storage Temperature —55°C ~ 160°C
" Torr Operating Temperature B —40°C ~ 85°C
TsoLDER Soldering Temperature - Time 260°C - 10 sec

[ symoL ~ PARAMETER MIN. TYP. MAX. UNIT
;_ Voo Power__Sqﬁ_p v Voltage o 45 5.0 55 \Y
ViH Input High Voltage 22 - Vpp+0.3 \
T 7 S T S WL N B
% ’»u!\‘w« S Ji %3
SYMBOL -‘l PARAMETER CONDITIONS MIN. TYP MAX UNIT
L | Input Load Current 0<Vin £ Voo - - +1.0 HA
Lo Output Leakage Current | CE =V;_(CE = V), 0V < Vout £ Vpp - - +5.0 A
Dlon Output High Current Vou = 2.4V =10 40 - mA
hlal_' Output Low Current | Vo = 20 4.0 - mA
Ioos1 CE, =08V or CE; =08V - 05 | 50 | mA
-~ Standby Supply Current (CE, =22V or CE, =22V) ! | ~t
CE, =0.2V or CE, =0.2V
Ioos2 ! ) - | o005 | 20 A
Ll o (CEy=Vpp —0.2V or CE, = Vpp —0.2V) If
CE; =CE; =V i [
lppo1 (CE, =CE, = Vi) toye = s - 60 | 100 mA
QOperating Supply VIN = VIH/VIL lout =0mMA |
Current CE, =CE, =Vpp [ |
1bD02 (CE, =CE, = OV) tcye = 1us - 40 | 70 ; mA
Vin = Voo /GND lgyt = OmA | \
Note: Typlcal values are at Ta = 25°C, Vpp =5V.
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
CiNn 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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SYMBOL

PARAMTER

MIN TYP MAX UNIT
tacc Address Access Time - - 450 ns
tcE Chip Enable Access Time — - 450 ns
toém Out put Desable Time - - 100 ns
tcye Cycle Time 450 - — ns

A.C. TEST CONDITIONS

+ Output Load

= Input Pulse Levels
- Timing Measurement Reference Levels

Input Pulse Rise and Fall Times

Input

1 100pF + 1TTL Gate
1 0.6V, 2.4V

1 0.8V and 2.2V

Output: 0.8V and 2.2V

:10ns

- tcye =1,
Ao~ A1y >(‘ Address Stable >{
SN\ Y/
cercen 77777 /M hlnae

MODE ’CE1(CE1) CE,(CE,) | ADDRESS | OUTPUTS

Read H(L) H(L) Valid Data out

Standby f(‘f‘)’ L‘(H’) ¥ :Z:i

* . Don't care
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Use 7 or 8-bit (even parity) ASCI| 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

"TC5334P-0000 )/
‘MSB = D7'/
NB;/
ROOOIO;X7FP7; . ... ;X07P3; /
ROCIO8;X38P3; .. .. XE5PS; /

R4080;X4DP4; . ... .;XBSPS;/
RA4088;X2CP3; . . . ... ;XA4P3; J
(Cs;=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 OO0OO 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 0 to 4095 addresses.

Specify the active logic of chip enables CE 1/CEq (20 PIN) and CE o/
CE2 (21 PIN) in the parentheses respectively. -

Enter CS1 =1 or CS1 = 0 when active logic of CE/CE4 is at high
or low levels, respectively. -

Enter CS2 = 1 or CS2 = 0 when active logic of CE2/CEj is at high
or low levels, respectively.

An example is shown in the left figure. o
In this example, the device is selected under the condition that CE 1/
CEq and CE2/CE3 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)

R

NULL

"TC5334P-0000
‘Msg =D7 )
N8;
ROOOO;X7FBA .. .. 39E5:

ROO16;X108C . .. .. B241: /
ROO32;X2DBA . . . . . 3sc7: J

R40B4;X1ECE .. .. .. 31DE:
RA080;X4DAG . . . . . . 18A4: )/
€sy=1) )
(€s; =0) )

$/

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 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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X
<
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R1.5 N
Zl
OO0 ooy
12 3456 78 9101112
32.4 MAX. N 15.24 TYP.
o <
10 s
- n
/an i \
! |
| 0.25 +0.05
2.54 +0.25 1.4 +0.15 .
— T £
0.5 +0.15 E 17.4 MAX.
©

Note:
All dimensions are in millimeters.

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

at any time without notice, to change said circuitry.

© Mar., 1982 Toshiba corporation
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4,096 WORD x 8 BIT CMOS MASK ROM

SILICON GATE CMOS

TC5335P

The TC5335P 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
TCB335P 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

® Access Time: 450 ns
e Low Power Dissipation
Ippo =7 mA (Max.) : Operating
Ibps =20uA (Max.) : Standby
e All Inputs and Outputs: TTL Compatible
e Three state outputs

N (TOP VIEW)
e
A7|:!1 247 vpp
As[] 2 23[] A
As(]3 22[7] Ag
A 4 210 GE
A3[]s 20[] cE
A2e 19 A10
A7 18] A1
Ao[]s 17[] 07
Do[o 16[J D¢
D110 15[]Ds
D2 11 14104
GND[]12 13[]03

Address Inputs
Do — Dy Data Ohib'hts
CE Chip Enable Input
__O—E_ . Output Enable Input
K Power (+5V)
i TR [Gr;u@ S

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
TMMB336P’s maximum operating and standby current
is 7 mA and 20 pA, respectively. Thus the TC5335P
is most suitable for use in low power applications
such as battery operated system.

The TC5335P is moulded in a 24 pin standard
plastic package.

Two Control Functions: (f, OE
Address Latches: CE

Output Control: OE

Pin Compatible with TMM333P
Standard 24 pin Plastic Package

DD D;03D4D5D¢ D7

o]}
m|

ol
mi
!
o
m

Output Buffers

C‘E
Ag O—
Sense Amp.

At O—] CE
Ay O—

o
A30— & Colum Decoder
Agq O— ;

-

Aso—] @

£
A6 O— .z
Aro—17 3 £

7 a

H 7 g | 128 Memory Cell Array
Ago— 2

b o (266 x 128)
Ag O—i < é
A19O—
A1y O—




SYMBOL

ITEM RATING
Vpb 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
TstG Storage Temperature ~56°C ~ 160°C
TorPr Operating Temperature —40°C ~85°C
TsoLDER Soldering Temperature - Time 260°C - 10 sec

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vobp Power Supply Voltage 4.5 50 5.5 \
ViH Input High Voltage 2.2 - Vop+0.3 \
ViL Input Low Voltage -0.3 - 0.8 \
1
o ity KA
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
I Input Load Current 0<SVin £ Vop - — 1.0 MA
ILo Output Leakage Current | CE =V, OV < Vout € Vpp - - 50 uA
loH Output High Current Vou = 2.4V -1.0 —4.0 - mA
loL Output Low Current VoL =0.4V 2.0 4.0 - mA
! CE =22V 20 | 50 A
obst other inputs = V) or Vi B ) ) m
Standby Supply Current = V 02V
=Vpp —0. _
oos2 other inputs = 0.2V or Vpp —0.2V 005 | 20 kA
CE = V)L, toye = 1Hs,
! cye -
ODO1 Operating Supply ViN = VIH/V L, lout = 0mA 60 100 mA
Current CE =0V, toye = 1 is,
I e - 4 7
bbo2 Vin = Vpp/GND, loge = 0mA 0 0 mA
Note: Typical values are at Ta = 25°C, Vpp = 6V

SYMBOL PARAMETER | MIN. TYP. MAX. UNIT
Cin Input Capacitance - 5 10 pF
CouT Output Capacitance - 5 10 pF

Note: Thisp

is periodically

and is not 100% tested.
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PARAMETER

SYMBOL 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 Address Hold Time 30 - - ns
tcc CE OFF time 70 - - ns
tceH | Chip Enable Hold Time 450 - - ns
10077 1 »Output Desable Time - — 100 | ns

| teve | Cycle Time 540 - - ns

A.C. TEST CONDITIONS

Output Load

* 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 110 ns

: 100pF +1TTL Gate

:0.6V, 2.4V

DQ~D1

Output Data Valid

tcye

MODE CE ADDRESS OUTPUTS
Read L L * Data out
Standby H . . High Z
Address —_ . .

Latch I Valid High Z

*: Don't care.
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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)

q/

’TC5335P—DDDD',/

‘MsB=D7'J
N8; /
ROODO;X7FP7; ... .;X07P3; /
ROOO8;X38P3; . ... XEGPE; /
ROO16;X10P1; . . . . .;XGBPS;/
RA0B0;X4DP4; . . ... xBsps; )/
R4088;X2CP3; . . . . .. xaap3; )

/&_/

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 OO0 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 O 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" )

NULL

‘Msg =07 )
N8; )
ROCOO;X7FBA ...3955;)
; L 1 N

ROCI6:X108C .. 824 / R signifies an address.

ROO32;X2DBA . . . . . 36C7; / 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.

R4064;X1ECE . . . . . . 31DE; )

R4080;X4DA6 . . . . .. 1BA4; }

In addition, Toshiba can also accept programming and masking information 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 21 20 19 18 17 16 15 14 13
Imiminlinliclicisialislislsiel
X
<
_ _ b3
o
R1.5 <
3
| J N N N [ N 0 |
12 346 6 7 8 9 10 1112
L 32.4 MAX. % 16.24 TYP,
10°, §
[+
- 0.25 +0.06
-1
2.54 0.25 1.4t0.15 2
1 ~ T s
0.5 +0.15 b 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. 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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TC5364P: 8K WORD x 8 BIT CMOS MASK ROM

SILICON GATE CMOS

TC5364P

250ns

5mA (MAX.)

Pin Corfipatible with 2764 type EPROM TMM-
2764D

e Access Time:
Low Power Dissipation
Operating Current
Standby Current

20u A (MAX.)

e 5V Single Power Supply: 5V 10%
o Fully Static Operation
64k Bit EPROM
(Top View) TMM2764D
] 1
N.cd 1 280Vop_ VepQ1 28 Vee
A2 2 27[QCE,/CEy A0 2 271 PGM
A1 03 26 [ CE2/CE2 A, (O3 26 AN.C.
As 4 25 1 As As O 4 25 [0 As
As O5 241 As As O5 241 A9
As Os 230 A As O6 230 An
A3 7 22 OE A3 Q7 22 0E
Az s 210Aw0 A, 0s 210 A0
A1 9 20[1CE3/CEs A, o 20 CE
Ao 010 1907 Ao O10 1909
Do 11 181 Ds As O 11 183 06
Dy 012 17[20s 0, 012 17[0s
D2 13 16[3Da 0,013 16304
GND 14 15[D3 GNDO 14 150 03
SYMBOL NAME
Ao ~ Az Address Input
Do ~ Dy Qutputs
CE,, CE,, CE3 | Chip Enable Inputs
OE Qutput Enable Input
Vbb Power Supply (6V)
GND Ground

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

Three Programmable Chip Enables with Power
Down Feature

CE, /CE,, CE,/CE,, CE,/CE,
Output Buffer Control: OE
All Inputs and Outputs Directly TTL Compatible
Three State Outputs
28 Pin Standard Plastic Package

Vpp GND

B

—={ Sense Amp.
and
Ao O_J Column Decoder
Memory Cell

é Array

2 § 8k x 8

¢ g

5 o

2 3
A1z o—] &
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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.
© Apr., 1982 Toshiba Corporation
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TC5365P: 8K WORD x 8 BIT CMOS MASK ROM

SILICON GATE CMOS

TC5365P

e Access Time:

250ns

e Low Power Dissipation

Operating Current
Standby Current

5mA (MAX.)
20uA (MAX.)

e 5V Single Power Supply: 5V + 10%
o Fully Static Operation

'PIN CONNECTION

(Top View)

Pin Compatible with 32k Bit CMOS ROM TC5334P

32k Bit CMOS ROM

for Memory Expansion

PIN NAMES
SYMBOL NAME
Ap ~ Aqz Address Inputs
Do ~ D4 Outputs
CE/CE Chip Enable Input
VDD Power Supply (5V)
GND Ground

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

e Programmable Chip Enable: CE/CE

o All Inputs and Outputs Directly TTL
Compatible

e Three State Outputs

e 24 Pin Standard Plastic Package

'BLOCK DIAGRAM

VDD GND

jj Do __— Dy

CE Output Buffers

CE —={ sense Amp.
and
Ag o—] Column Decoder
g Memory Cell
E . Array
g 3 8k x8
3 8
2 o
2
b2
Ayz 0—
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Note: Tashiba 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.
© Apr., 1982 Toshiba Corporation
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