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1. Dynamic RAM

Access Cycle P ‘Power Dissipation
Time Time . ower Max.
Capacity Device Number Organization | Process Max. Min. Supplies (mwW) Pins
{ns) (ns) (V) active stand-by
TMM416D/P—2 150 320 +5
16 K Bit TMM416D/P—3 16384 x1 |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 65536 x 1 120 260 +5 275 275 16
* | TMM4164P—3 N-MOS 150 260
* | TMM4164P—4 200 330
2. CMOS Static RAM
P Dissipatio
T | Tome | Power | Fower goipecion
Capacity Device Number Organization | Process Max Min. Supplies (mwW) Pins
(ns) (ns) (V) active stand-by
TC5501P/D 450 450
256 x 4 C—MO! +5 X
TC5601P/D—1 * S 650 650 83 00% | 22
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
1024 x 4 C-MO! +5 1 1
TC5047AP—2 024 x "800 1000 1o o ®
TC5504AP/AD—2 200 300 275 0.11
TC5504AP/AD—3 300 420 ) )
C—-Mi +5 18
TC5504APL/ADL—2 4096 x1 0% 200 300 25 | 0008
TC5504APL/ADL—3 300 420 ) ’
4 K Bit TC5514AP/AD—2 200 200 275 011
TC5514AP/AD-3 300 300 )
1024 x4 | C—MO! +5 18
TC5514APL/ADL-2 X S 200 200 275 0.005
TC5514APL/ADL-3 300 300 )
TC5513AP/AD-2 011
1024 x 4 C—MOS
TC5513APL/ADL—2 * 200 200 " A Y
TC5514P 450 450 138 01
TC5514P—1 1024 x 4 C—-MO0S 650 650 +5 110 011 18
TC5514P—-2 800 800 )
TC5516AP/AD/AF 250 250 0.165
TC5516AP/AD/AF—-2 200 200 3
2048 x 8 C—-MO! +5 24
TC5516APL/ADL/AFL x s 250 250 35 0.005
TC5516APL/ADL/AFL—2 200 200 )
TC5517AP/AD/AF 250 250 0165
TC5517AP/AD/AF—2 200 200
16 K Bit TC5517 APL/ADL/AFL 2048 x 8 C-MOSs 250 250 +5 385 0005 24
TC5517APL/ADL/AFL—2 200 200
* | TC5517BP/BD/BF 0165
2048 x 8 —
* [ TC55178PL/BDL/BFL x8 |C-MOs| 200 200 * 55 ooos | >4
* | TC5518BP/BD/BF 0165
* | TC5518BPL/BDL/BFL 2048 x8 c-Mos 200 200 s % 0.005 24
* | TC5564P 100 100 011
* | TC5564P—1 150 150
192 x 8 C—|
» | Tcs564PL 8192x MOS ™00 100 s 5 0008 %
64 K Bit * | TCs564PL—1 150 150
* | TC5565P 100 100 55
* | TC5565P—1 150 150
C—Ml
* | TC5565PL 8192x8 08 100 100 A 55 085 »
* | TC5565PL—~1 150 150
Note Package Material P Plastic, D Cerdip, C Ceramic, F Flat package
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3. Static RAM

Access Cycle Power Dissipation
Time Time P°'“.' Max.
Capacity Device Number Organization | Process | .- Min, | Supplies (mw) Pins
(ns) (ns) (V) active stand-by
TMM314AP 450 450
TMM314AP-3 300 300 550 -
TMM314AP—1 200 200
1024 — 1
ekBn | TMM314APL x4 | N-MOS 55 450 * 8
TMM314APL-3 300 300 385 -
TMM314APL—1 200 200
TMM315D 70 70 880 110
4096 x 1 ] +5 1
TMM315D—1 * N-MOS 55 55 990 165 8
TMM2016D/P—1 100 100 660 83
16 K Bit TMM2016D/P _ | 2048x8 N-MOS 150 150 +5 550 83 24
TMM2016D/P-2 200 200 770 165
4. Erasable Programmable ROM
Access Cycle Power Dissipation
Time Time Power Max.
Capacity Device Number Organization | Process Max Min Supplies (mwW) Pins
(ns) (ns) V) active | stand-by
TMM323D 450 450 526 132
TMM323D-1 350 350 550 138
i 2048x8 | N~
18K B TvmazaD] X8 IN-MOS ™5 450 » 525 we | A
TMM323DI1-1 . 350 350 660 165
TMM2732D 350 350 132
TMM2732D—2 250 250 184
i I +5 7!
32K Bit TMM273201 4096 x 8 N-MOS 30 350 88 158 24
TMM2732D1-2 250 250 210
TMM2764D 250 250
Bit - 192 | 4
BIK B ., Tumzzean 2 B192x8 | N-MOS 555 200 * 6% 18 =
Note TMM323DI/DI—1 and TMM2732D1/D1-2 are industrial spec parts
(operating temperature range —40°C ~.85°C)
5. Mask Programmable ROM
Al Py Di: ion
e [ St ] o [ TR
Capacity Device Number Organization | Process Max. Min. Supplies (mW) Pins
(ns) (ns) V) active stand-by
16 K Bit TMM334P - 2048 x8 | N-MOS | 450 450 +5 440 - 24
TMM333P 4096 x8 | N—-MOS 450 450 +5 526 - 24
TMM2332P 4096 x 8 | N—MOS 350 350 +5 550 83 24
32K Bit * TC5332P 4096 x8 | C—MOS 450 450 +5 39 0.11 24
* | TC5333P 4096 x8 | C-MOS 450 540 +5 39 0.1 24
* | TC5334P 4096 x8 | C—MOS | 450 450 5 39 0.1 24
* | TC5335P 4096 x8 | C—MOS 450 540 +5 9 0.1 24
64 K Bit TMM2364P 8192 x8 N-MOS 250 350 +5 220 83 28
256 K Bit TMM23256P 32768 x 8 N-MOS 150 230 +5 220 55 28
Note Package Material P Pastic, D Cerdip, C Ceramic, F Plastic Flat
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MEMORY SELECTION GUIDE 1.

800 TC55047AP-2
TC5514P-2
700
TC5501P/D TC5514P-1
600
Access
Time in
Nanosecond | TC5508P-1 TC5047AP-1
500
TC5510P/D-1 | TC5514P, TMM314AP TMM323-D/DI TC5332P, TC5333P, TC5334P
TCE508P-4 TMM334P TC5535P, TMM333P
400
TCE508P
TMM323D/DI-1 TMM27320/D!
TMM2332P
300
TC5504AP/AD-3, TMM314AP-3
TC5514AP/AD-3
TC5516AP, TMM416P/D-4 TMM27320/DI-2 TMM2364P, TMM2764D
200 TC5517AP
TCE504AP/AD-2, TMM314AP-1| TC5616AP-2, TMM2016P/D-2 TMM4164P/C-4, TMM2764D-2
TC5514AP/AD-2 TMMA416P/D-3, TC5617AP-2,
TC5513AP/AD-2 TC55178P, TC55188P
TMM2016P/D, TMM416P/D-2 TMMA4164P/C-3, TMM4164P-2 | TMM23256P
00 TC5564P-1, TCE565P-1
100} ——
TMM315D TMM2016P/D-1 TC5564P, TCE565P
TMM315D-1
0
1K Bit 4K Bit 16 K Bit 32K Bit 64 K Bit 256 K Bit

Memory Capacity




MEMORY SELECTION GUIDE 2.

DEVICE

MEMORY CAPACITY

| MEMORY TYPE 1KBt 4K Bit 16 K Bit 32K Bit 64 KBit 256 K Bit
Dynamic RAM TMM416P/D TMM4164P/C
TMM314AP TMM2016P/D
RAM Nch Static RAM TMM315D
Tos0uTAP, TCSB16AP/AD/AT
504AP/AD | TC5517AP/AD/AF
CMOS static RAM | TEI501R/D TCE514P TC55178P/BD/BF ICss0dr
TC5514AP/AD | TC5518BP/BD/BF
TC55134P/AD
TMM3230 TMM2732D
EPROM TMM323DI TMM2732D| TMM2764D
TMM334P TMM333P TMM2364P TMM23256P
ROM Nch MASK ROM TMM2332p
TC5332P
TC5333P
CMOS MASK ROM Taae

TC5335P




MEMORY SELECTION GUIDE 3

WORD

BIT

1Bt

4Bit

8 Bit

256

TC5501P/D

1024

TC5508P

TMM314AP
TC5514P/AP
7 AP

T Al
TC5513AP/AD

2,048

TMM2016P/D
TC5516AP/AD/AF
TC5517AP/AD/AF
TC5517BP/BD/BF
TC5518BP/BD/BF
TMM323D/DI
TMM334P

4,096

TC5504AP
TMM315D

TMM2732D/DI
TC5332P
TC5333P
TC5334P
TC5335P
TMM333P
TMM2332P

8,192

TMM2764D
TMM2364P
TC5564P
TC5565P

16,384

TMM416P/D

32,768

TMM23256P

65,536

TMM4164P/C




256
K Bit

MROM (TMM23256)

CRAM (TC5564/65)

MROM (TMM2364)

64 K Bit

EPROM (TMM2764)

CMOS MROM (TC5333)

CMOS MROM (TC5332)

32 K Bit

MROM (TMM2332)

EPROM (TMM2732)

CRAM (TC5517)

CRAM (TC5516/18)

SRAM (TMM2016)

16 K Bit

MROM (TMM334)

EPROM (TMM323)

EPROM (TMM323)

MROM (TMM334)

TOSHIBA BYTE-WIDE MEMORY PIN OUT

16 K Bit

SRAM (TMM2016)

CRAM (TC5516/18)

CRAM (TC55617)

EPROM (TMM2732)

MROM (TMM2332)

32K Bit

CMOS MROM (TC5332)

CMOS MROM (TC5333)

EPROM (TMM2764)

64 K Bit

MROM (TMM2364)

CRAM (TC5564/65)

256

K Bit

MROM (TMM23256)
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CROSS REFERENCE

1. 16 K Bit Dynamic RAM

Access Time 150 ns 200 ns 250 ns
Toshiba TMM416D-2/P-2 TMM416D-3/P-3 TMM416D-4/P-4
Fairchild F16K-2 F16K-3 F16K4
Fujitsu MB8116H MB8116E MB8116N
Hitachi HM4716A-2 HM4716A-3 HM4716A4
Intel 21172 2117-3 21174
Intersit IM7116-3 IM71164
Mitsubishi M5K4116-2 M5K4116-3 M5K4116-4
Mostek MK4116-2 MK4116-3 MK4116-4
Motorola MCM4116C-2 MCM4116C-3 MCM4116C-4
National Semi. NM5290-2 MM5290-3
NEC uPD416C/D-3 MPD416C/D-2 uPD416C/D-1
Tl TMS4116-15 TMS4116-20 TM4116-25
2. 64K Bit Dynamic RAM.
120 ns 150 ns 200 ns
Toshiba TMM4164P-2 TMM4164P/C-3 TMM4164P/C4
Fujitsu MB8264-16 MB8264-20
Hitachi HMA4864-2 HM4864-3
Intel 2164-15 2164-20
Mitsubishi M5K4164N-15 M5K4164N-20
Motorola MCM6665-15 MCM6665-20
NEC uPD4164-3 uPD4164-2
OKI MSM3764-12 MSM3764-15 MSM3764-20
T TMS4164-156 TMS4164-20
3. 4K Bit Static RAM
1,024 x 4 4,096 x1
ss Time 200 ns 300 ns 450 ns 55 ns 70 ns
Toshiba TMM314AP-1/APL-1 TMM314AP-3/APL-3 TMM314AP/APL TMM315D-1 TMM315D
AMD Am9114EPC Am9114CPC Am9114BPC
AMI $2114-2 $2114-3 $2147
Fujitsu MB8114EL MB8114NL MB8147H MB8147E
Hitachi HMA472114AP-2 HM472114AP-3 HM472114AP-4 HM6147-3 HM6147
Intel 2114-2/L2 2114-3/L3 2114/L 21473 2147
Intersil IM7114-2/L2 IM7114L
Mitsubishi M5L2114LP,S-2 M5L2114LP, S-3 M5L2114LP, S
M | MCM2114-20 MCM2114-30 MCM211445 MCM2147-55 MCM2147-70
National MM2114-2/-2L MM2114-3/-3L MM2114/-L MM2147-3 MM2147
NEC uPD2114LC/D-3 #PD2114LC/D-1 uPD2114LC/D uPD2147D-3 uPD2147D-2
SYNERTEK SY2147
T TMS4045-20 TMS4045-45 TMS2147-5 TMS2147-7




4. 1K/4K Bit CMOS RAM

1 K Bit 4 K Bit
256 x 4 1,024 x 1 1,024 x 4 1024x4 4,096 x 1
I P
Toshiba TeesoiD Tes508P TesoaraP e b rcss13A TCas04AP
Fujitsu MB8401 MB8414 MB8404
Harris HM6501 HM6508 HM6514 HM6504
Hitachi HMA435101 HM4334 HM4315
Intel 15101L
Intersil IM6508 IM6514 IM6504
Mitsubish M5L5101P-1 M58981S5-45
NEC uPD5101 uPDA443 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 uPD446 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 HNA482764 HN46332P
Intel i2716 12732 12764 i2332 i2364
Mitsubishi M5L2716K M5L2732K
Mostek MK4716 MK32000 MK37000
Motorola MCM2716
NEC uPD2716D uPD2732D uPD2332
Oki MSM2716AS MSM2732AS MSM2764AS
Ti TMS2516 TMS4732
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Dynamic Random Access Memories
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16384 WORD x 1 BIT DYNAMIC RAM

N CHANNEL SILICON GATE MOS

“TMM416P/D-2, T
TMM4 | 6P/D-4

MM4 1 6P/D-3,

“DESCRIPTION
The TMM416P/D 1s 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

high speed and low power disstpation 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 16,384 words by 1 bit organization e Qutput unlatched at cycle end allows two-dimen-
e Fast access time and cycle time sional chip select
DEVICE tRAC tRC e Common 1/0 capability using “Early Write” opera-
TMM416P/D-2 150 ns 320 ns tion I
TMM416P/D-3 200 ns 375 ns e Read-Modify-Write, RAS-only refresh, and Page-
TMM416P/D-4 250 ns 410 ns Mode capability
e Industry standard 16 pin DIP e All inputs and output TTL compatible
e Standard + 10% power supply (+12V, £ 5V) : (1:28 ref:fr cy(;:‘esM/K24r1n1sgc
e Lower power 462mW operating (max ) ompatible wi
20mW standby (max ) ® Package
Plastic DIP- TMM416P
. . Cerdip DIP. TMM416D
(TOP VIEW)
veed1 BLOCK DIAGRAM
Din[j2
WRITE[]3 WRITEO=
Aolls OoIn
Ay (e
Arg? TAS }=0 Dout
Voo Qs
i
. 288 Row MemoRY ARRAY
PIN NAMES :; Q A% ;> (128 x
Az v
Ay @ DUMMY CELLS (128)
Ao O ATA BUS]
Ag-Ag Address Inputs Row — SELECT
CAS Column Address Strobe T jonm iﬂﬁuﬁh‘o’:cgézfn,«) ] “r2)
DN Data In VoD O— L] DUMMY CELLS (128)
DOUT Data Out Vee O— i ) X | MEMORY ARRAY
RAS Row Address Strobe Vss O— o & (128 x 64)
‘WRITE | Read/Write Input Ves O— 1
Vgg Power (—5V) As
Vee Power (+5V)
Vpp Power (+12V)
Vss Ground




e

WM RATINGS

RATING VALUE UNITS NOTES
Voltage on any pin relative to Vgg —05~+20 vV 1
Voltage on Vpp, Ve supplies relative to Vgg -10~+15 \% 1
Vgg-Vss (Vpp-Vss > 0V) o] \ 1
Operating temperature 0~70 °C 1
Storage temperature -55~ 150 °C 1
Soldering temperature Time 260 10 °C sec 1
Power dissipation l TMM416P 600 mwW 1
| TMM416D 1000
Short circuit output current 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS  (Ta =0~ 70°C) (Note 2)

SYMBOL PARAMETER MIN TYP MAX UNITS | NOTES
Voo 108 120 132 \ 3
Vee 45 50 55 \ 34
Vs Supply Voltage o o o v 3
Vs —-45 50 —-55 \ 3
Vinc Input High Voltage, RAS, CAS, WRITE 27 70 Vv 3
ViR Input High Voltage, except RAS, CAS, WRITE 24 70 v 3
ViL Input Low Voltage, all inputs -10 08 \ 3

DCELECTRICAL CHARACTERISTICS.
(Vpp =12.0V* 10%, Ve =5.0V+10%, Vss =0V, Vgg = —5.0V  10%, Ta = 0°C ~ 70°C) (Note 2)
SYMBOL PARAMETER MIN. MAX. UNITS NOTES
Ipp1 OPERATING CURRENT 35 mA 5
lcct Average power supply operating current 6
Igg1 (RAS, CAS cycling trc = minimum value) 200 RA
Iop2 STANDBY CURRENT 15 mA
Icc2 Power supply standby current -10 10 MA
l8B2 (RAS = V|nc. Doy = High Impedance) 100 A
lpp3 REFRESH CURRENT 27 mA 5
lccs Average power supply current, refresh mode. -10 10 HA
1883 (RAS cycling, CAS = V¢ trc = minimum value) 200 uA
Ibp4 PAGE MODE CURRENT 27 mA 5
lcca Average power supply current, page mode operation 6
lsg4 (RAS = ViL. CAS cycling tpc = minimum value) 200 A
INPUT LEAKAGE CURRENT

[FNTH) Input leakage current, any input (Vgg =—5V -10 10 uA
OV <V n <+7 0V, all other pins not under test = OV)
OUTPUT LEAKAGE CURRENT

lo(v) ) -10 10 kA
(DouT 'sdisabled, OV < Vo1 < +5.5V)

Vou OUTPUT LEVELS 24 v 4
Output “H" level voltage (lgyT = —~BmA)

VoL OUTPUT LEVELS 04 v 4
QOutput “L" level voltage (lgyT =4.2mA)




" ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Vpp = 120V£10%, Veg =5.0VE10%, Vss =0V, Vgg = —6 0V + 10%, Ta = 0°C ~ 70°C)

(NOTES 2,7,8, 10)

TMM416P/D-2 | TMM416P/D-3 | TMM416P/D-4
SYMBOL PARAMETER MIN. | MAX MIN | MAX. | MIN. | MAX UNITS | NOTES

tRC Random read or write cycle time 320 375 410 ns 9
tRWC Read-write cycle time 320 375 425 ns 9
tRMW Read-modify-write cycle time 320 405 500 ns 9
tpc Page mode cycle time 170 225 275 ns
tRAC Access time from RAS 150 200 250 ns 11,13
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
T Transition time (rise and fall) 3 35 3 50 3 50 ns 10
tRp RAS precharge time 100 120 150 ns
tRAS RAS pulse width 150 | 32,000 | 200 | 32,000 | 250 | 32,000 ns
tRSH RAS hold time 100 135 165 ns
tcsH CAS hold time 150 200 250 ns
tcAS CAS pulse width 100 | 10,000 135 | 10,000 | 165 | 10,000 ns
trRcD RAS to CAS delay time 20 50 25 65 | 35 85 ns 15
tcrp CAS to RAS precharge time -20 -20 —20 ns
tASR Row Address set-up time 0 0 0 ns
tRAH Row Address hold time 20 25 35 ns
tasc Column Address set-up time ~10 -10 -10 ns
tcAH Column Address hold time 45 55 75 ns

Column Address hold time
taR referenced to RAS 9% 120 160 ne
trRCS Read command set-up time 0 0 0 ns
tRCH Read command hold time 0 0 o] ns
tWCH Write command hold time 45 55 75 ns

Write command hold time
tweR referenced to RAS 9% 120 160 ns
twp Write command pulse width 45 55 75 ns
tRWL Write command to RAS lead time 50 70 85 ns
tcwiL Write command to CAS lead time 50 70 85 ns
ips Data-in set-up time 0 0 0 ns 16
iDH Data-in hold time 45 55 75 ns 16
DHR Data-in hold time referenced to RAS | 95 120 160 ns
tep CAS precharge time (for page- 60 80 100 ns

mode cycle only)
tREF Refresh period 2 2 2 ms
twcs Write command set-up time -20 -20 -20 ns 17
tcwD CAS to WRITE delay 60 80 90 ns 17
tRwD RAS to WRITE delay 110 145 175 ns 17|

_15 —



' TINING WAVEFORMS

® READ CYCLE tRC
tRAS
J— \Y — X tAR
AAS IHC ix Z
ViL— | 7
tesh RP_
tRCD L tRSH tCRP
v i tcAas
=5z IHC — \ + /
CAS
ViL— /
tRAH tasc tcaH
Vig— \
ADDRESSES "" ROW COLUMN
ADDRESS ADDRESS
tRes tRCH
e I
s/ ////f N
WRIT
Vie— tcac A
tRAC tOFF
I
VoH— 2
° OPEN VALID DATA o
ouTt VoL— %

©® WRITE CYCLE (EARLY WRITE)

[//}oon't care

e :—_\‘——‘ﬂ—‘j N
cas v:/".f N \ tcas /‘F
S N/ Ess:@@// T / XK
W I = f/{/{//////////////{/////////ﬂﬁ
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oD oo W//////////////// T
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® READ-WRITE/READ-MODIFY-WRITE CYCLE

tRWC
tRAS
tAR
Vine—
AAS e— N \
Vi tRP
tASH =
1
tRCD csH tcRP
tcas
cAS ViHe— j\ i
ViL—
tASR| | 'RAH tasc tcAH
ViH—, ROW COLUMN
ADDRESSES
ViL— ADDRESS ADDRESS W / ///////////////ﬁ(
tRWD towL _|
d
‘RFS tcwD TRWL
1
WRITE Vine— N
ViL— A
tOFF
tcac twp

VOH—
Dout

VoL

tRAC

OPEN __Z‘

VALID DATA

tps

o~ Wi

tDH
—

S

® “RAS-ONLY"” REFRESH CYCLE

tRC

Don‘t Care

tRAS
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ViL—

|
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.

tRAH

tASR

e

N

tRp

R P—
soonesses (47777777770 now aoness X))

i

Von—
Dout

OPEN

VorL—

Note CAS =V yc, WAT

TE = Don’t Care
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® PAGE MODE READ CYCLE

tRAS
tAR
RAS ViHe —
e \
tosh
tpc tCAS , tRSH tRP
tRCD tcAs tcp - tcas tCRP
CAs N N
N
T
tcaH tCAH
ltasc __'_J'ASC
coL coL
ADDRESSES ADD. | peey’,
tcac l tcAC
k k
tOFF tOFF tOFF
Y
v b
Dour A p
tRCS
tRCH
WEITE ViHe — /!
WRITE
Vi 7 X,
Don‘lCare
® PAGE MODE WRITE CYCLE
tRAS
tAR
AAs Vine — SR
Vie — 7
{
TCSH: tRSH tRP
tpC
tRCD tcas CRP
cAS Vine —
CAs
Vi
v
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Vie
W Viue
TE
WA vir \ ’f
twep| j~ WP
tDs t tos t
10s| DH lLfoH
oin Vin — VALID Y VALID \/ALID
Vie DATA DATA DATA
DHR
Don'tCare




(Vbp =120V 10%, Vce =50V £10%, Vsg = OV, Vgg = =5 OV+ 10%, f = IMHz, Ta =0°C ~ 70°C)

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

POWER DERATING CHARACTERISTICS
Cvete Time thc (on)
1 1000 500 400 300 250 1000 500 400 300 250
s [T y 3 |
. T (Max) _ £ RIS ’4[,\_
] A P
g 6of :: 20 7
H —of o)l (-2 3
Cycle Rate (MHz) = 103/tac (ns) z
o1 Tow tac o BUIMER L 6
Cycle Rate (MH2) = 103/tpc (ne)
Cycia Time tac ) T 3 tae = loon
1000 500 400 300 730
50, Cyla Tume tpc (o0)
. o100 50 40 30 200
i N
£ 3
i g ¢
H . = § oL
P g
< H AN
H P L
H A 3 ) S
H > T + H =
| H
| ol
° 10 20 30 40 50 e 20 30 40 5o

Cycos Rate (MH2) = 103/tac (ne)
F19 2 tacw ooy

NOTES
Stresses greater than those listed under “‘Absolute Maximum Ra-
tings”’ may cause permanent damage to the device
2 T, s specified here for operation at frequencies to
tRc = tre (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 degating curve
All voltages are referenced to Vgg
Output voltage will swing from Vgg to Vg when activated with
no current !oading For purposes of maintaining data in standby
mode, Vcc may be reduced to Vgs without affecting refresh
or data vever, the Vo (min ) specifica-
tion is not guaranteed In this mode
5 Ipp1. 'pD3 and Ippg depend on cycle rate  See figures 2, 3 and
4 for Ipp hmits at other cycle rates
6 lcct and Iccq depend upon output loading During readout of
high level data Ve is connected through a low impedance to data
- out At all other times Icc consists of leakage currents only
7 After the application of supply voltages or after extended periods
of bias (greater than tRgf 2ms) without clocks, the device must
perform about eight initiahization cycles prior to normal opera-
tion
8 AC measurements assume t1 = 5ns
9 The specifications for tgc (min ), tgmw (min) and trwe (min )
are used only to indicate cycle time at which proper operation
over the full temperature range (0 C < T, <70°C) 1s assured
ViHe (min) or Vg (min ) and V| (max ) are reference levels for

& w

12
13
14

19 —

Cycle Rate (MH2) = 103/tpc (o)

Fig 4 tecwaipng

measuring timing of input signals Also, transition times are meas-
ured between Vo V) and V|

Assumes that trcp StRCD (max ) If tRep Is greater than the
maximum recommended value shown in this table, trac will in-
crease by the amount that tgcp exceeds the value shown

Assumes that trep 2 tRep (max )

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

torfF (max ) defines the time at which the output achieves the
open circuit d and s not ref 1o output volitage
levels

Operation within the trcp (max ) imit insures that tgac (max )
can be met tgcp (max) is specified a reference point only If
tRCD s greater than the specified tpcp (max ) imit, then access
time 1s controlled exclusively by tcac

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

twCS: tcwD and tpyp are not restrictive operating parameters
They are included in the data sheet as electrical characteristics
only

If twes 2 twes (min ), the cycle s an early write cycle and the
data out pin will remain open circuit (h-gh impedance) throughout
the entire cycle

1f tewp 2 tcwp (min) and tawp 2 tawp (min ), the cycle s a
read-write cycle and the data out will contain data read from the
selected cell If netther 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 -

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 ofa
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 (DN) 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 1s 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 s referenced to
WRITE in the timing diagrams depicting the read-
write and page-mode write cycles while the “early
write” cycle diagram 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 (DgyT)
of the TMM416P/D is the high impedance (open-
circuit) state. That is to say, anytime CAS sata high
level, the Do yT pin will be floating. The only time
the output will turn on and contain either a logic 0 or
logic 1 is at access time during a read cycle. DouT
will remain valid from access time until CAS is taken
back to the inactive (high level) condition.

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 vald
until CAS s 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 Do yT 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 1s
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 1s 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 1s most easily accom-
plished with “RAS-only” cycles, RAS only refresh
results in a substantial reduction in operating power.
This reduction in power 1s reflected in the Ipp3
specification

POWER CONSIDERATIONS

Most of the circuitry used in the TMM416P/D s
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 1s 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 (< trc min.) results in higher
power dissipation and, therefore, a reduction in
ambient temperature is required. Refer to Fig 1 for
derating curve.

POWER UP

The TMM416P/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 1Is applied first and removed
last. Vg should never be more positive than Vsg
when power is applied to Vpp.

- TYPICAL CURRENT WAVEFORMS
- RAS/CAS CYCLE LONG RAS/CAS CYCLE J AAS ONLY CYCLE
* ,‘ A \ i
NI AN AN AN
oo v v'l .’\n Al AJ Al
|
. | Uy T LIS
w0 T V VIMA WY
I 1l
| |
it 1 T - T
i A N VA NN f
-y PN VN TP

50 ns / Division

Fig 5
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TOSHIBA MOS MEMORY PRODUCTS

65,536 WORD X 1 BIT DYNAMIC RAM

N-CHANNEL SILICON GATE MOS

TMM4 | 64C-3
TMM4164C-4

DESCRIPTION

The TMM4164C 1s the new generation dynamic
RAM organized 65,536 words by 1 bit, 1t 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

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

DEVICE tRAC tRC
TMM4164C-3 150 ns 320 ns
TMM4164C-4 200 ns 330 ns

e Single power supply of 5V + 10% with a built-in
Vgg generator
® Low power, 275mW operating (MAX )
v 27 5mW standby (MAX )

PIN CONNECTION

(TOP VIEW)

PIN NAMES
Ao ~ A, Address Inputs - T
CAS Column AddressStrobe |
DN Data In T T
I NC | No — Connection
Dout Data Out
RS | Rowadsessvow
WRITE Read/Write Input
_V—cc 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 1s 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 Qutput unlatched at cycle end allows two-dimen-
sional chip selection

Common 1/O capability using “EARLY WRITE"
operation

® Read-Modify-Write, RAS-only refresh and Page
Mode capability
e All inputs and output TTL compatible
® 128 refresh cycles/2ms
BLOCK DIAGRAM
- Vce
—~——0 Vgg
WRITE DATA IN ° Dy
BUFFER
. No 2 CLOCK
CAS GENERATOR DATA OUT Dout
BUFFER
COLUMN
ADDRESS T
Ao BUFFERS (8) +- N SS&:&'\;
A,
Apo— | N e
A 512
Aq SENSE AMP
A, 1/0 GATING
As
A, ROW S5 L
ADDRESS  [H— < 512
BUFFERS 8) H - d =
2§ MEMORY
ARRAY
FAS o No. 1 CLOCK e
GENERATOR




ITEM SYMBOL RATING UNITS NOTES

Input and Output Voltage Vin, Vout -1~7 \4 1

Power Supply Voltage Vee —1~7 \ 1

Operating Temperature Torr 0~70 °C 1

Storage Temperature Tste —56 ~ 150 °C 1

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

Power Dissipation Po 1 w 1

Short Circuit Output Current lout 50 mA 1

(Ta=0~ 70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNITS NOTES
Vee Supply Voltage 45 50 55 \% 2
ViH Input High Voltage 24 65 \Y 2
ViL Input Low Voltage -10 08 \ 2

38 (Voc =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 i
STANDBY CURRENT

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

lccs Average Power Supply Current, Refresh Mode 40 mA 3
(RAS Cycling, CAS = Vi tpe =trc MIN
PAGE MODE CURRENT

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

Iy ) Input Leakage Current, any Input ovs Vin <65V, —-10 10 HA
All Other Pins Not Under Test =0V)

l OUTPUT LEAKAGE CURRENT

o (L) {Dou 15 disabled, OV £ v 1 < 45 5v) -10 10 HA

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

Vou gSJDZ?TLLEIiEL‘I Voltage (loyT =4 2mA) 04 v




ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Vec =5V + 10%, Ta=0~ 70°C) (Notes5, 6, 7)
TMM4164C-3 TMM4164C4
SYMBOL PARAMETER MIN MAX MIN MAX UNITS NOTES

tRC Random Read or Write Cycle Time 320 -330 ns
tRWC Read-Write Cycle Time 320 3%0 | ns
tRMW Read-Modify-Write Cycle Time 320 405 ns
tpC Page Mode Cycle Time 170 225 ns
tRAC Access Time from RAS 150 200 ns 8,10
tcac [ Access Time from CAS [ 100 | | 13 | ns | 9,10
tore 1 Output Buffer Turn-Off Delay 0 }' 40 0 50 ns 1
tT | Transition Time (Rise and Fall) 3 . 35 3 | 80 ns 6
tRP " RAS Precharge Time 100 120 ns
tRaAs RAS Pulse Width I 150 10,000 200 10,000 ns
tRSH RAS Hold Time 100 135 ns
tesH CAS Hold Time o s | 20 | | ns
tcas CAS Pulse Width 100 | 10,000 135 | 10000 | ns -
thReo RAS to CAS Delay Time o 2% 50 30 65 ns 12
tcrp CAS to RAS Precharge Time i 0 0o | ns
tASR Row Address Set-Up Time i 0 0 _ns
tRAH Row Address Hold Time ' 15 o 20 7 T ns |

| tasc Column Address Set-Up Time 0 0 ns |
tcaH Column Address Hold Time 45 55 ns

lum r m

taR ggf:re:cégioe?THSMd e | % 120 ns
tRCS Read Command Set-Up.Time [} 0 ns
tRCH Read Command Hold Time i 0 [¢] ns H
tWeH Write Command Hold Time : 45 - 755” T B s ]
won | e Commang ol Tine i .
twe Write Command PulseWidth | 45 | '”;7 7§75ﬂ J’ loons
tRWL Write Command to RAS Lead Time | 50 70 ns ,
towL Write Command to CAS Lead Time 50 70 ns !
tps Data-In Set-Up Time 0 7 0 s "v}” -,1:3._‘
o Data-in Hold Tme - 55 s 113
tDHR ~_Data-In Hold Time Referenced to RAS 95 120 s
tep (CzégePge:R’a)rge Time (for Page Mode 60 80 ns
tReF RefreshPerod L2 2 |
twes -10 =10 |
tewp .60 | | 8 |
tRWD 110 145




® READ CYCLE

RAS

ADDRESSES

WRITE

DouTt

ADDRESSES

WRITE
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vt Z7R wosmiss WYX ssseess X S
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® READ-WRITE/READ-MODIFY-WRITE CYCLE

m - o
_ e “neo = o v e
p—— %:DRM'*:s;:;";K/{////// THTTTITK
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® PAGE MODE READ CYCLE

CAS

ADDRESSES

Dout

WRITE

ViH —
ViL —

tRAS

tAR

tpc

tCAS

CAS

Vi —
ViL —

Vie —
ViL —

VoH —
VoL —
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ViH —
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® PAGE MODE WRITE CYCLE
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v
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Vi

WRITE
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tRAS )
tAR .
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CSH T
treo [T TCAS tCRP
ViH — Y t
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e
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o
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weH
TCWL
VIH —
ViL — 1/
wer twe
tps tDH DS toH DS DH
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ViL — DATA 4 DATA DATA
DHR
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(Vcc= 5V + 10%,

f=1MHz, Ta=0~ 70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNITS
Cn Input Capacitance (Ag ~ A;, D) 4 5 pF
Cp Input Capacitance (RAS, CAS, WRITE) 8 10 pF
Co Output Capacitance (Douyt) 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. lecs. 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 1s required after power-up followed by any 8 RAS cycles before proper device operation is achieved
6  AC measurements assume tt = 5ns
7. Viy (min.) and Vi (max ) are reference levels for measuring timing of input signals Also, transition times are measured be-

tween V)4 and V) . .
Assumes that trep S trep (max ). If trep s greater than the maximum recommended value shown in this table, trac will

torf (max) defines the time at which the output achieves the open circuit condition and 1s not referenced to output voltage

Operation within the trep (max ) limit insures that trac (max ) can be met tgep (Mmax ) 1s specified a reference point only
If trep 1s greater than the specified trep (max ) limit, then access time 1s 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-

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
13.
modify-write cycles
14

twcs. tcwp and trwp are not restrictive operating parameters They are included in the data sheet as electrical characteristics
only If twcs b4 twes (min), the cycle 1s an early write cycle and the data out pin will remain open circuit (high impedance)
throughout the entire cycle

If tewp 2 tewp (min.) and tgwp 2 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) s indeter-
minate

ADDRESSING
The 16 address bits required to decode 1 of the

65,536 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. -
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
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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 tlmmg 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
(WRTTE or CAS) to make its negative transition ts 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, Diy 1s 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 TMM4164C s the high impedance (open cir-

2 11 10 9

cuit) state. That s to say, anytime CAS s 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 s 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 s
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 1s
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 s reflected
in the lec 3 specification
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nal position with respect to No. 1 and No. 16 leads
All dimensions are in millimeters

Each lead pitch is 2.564 mm. All leads sre located within 0.26 mm of théir true longitudi-
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66,536 WORD X 1 BIT DYNAMIC RAM

N-CHANNEL SILICON GATE MOS

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

The TMM4164P 1s the new generation dynamic
RAM organized 65,5636 words by 1 bit, 1t 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.

® 65,536 words by 1 bit organization

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.

Industry standard 16 pin plastic DIP

® Fast access time and cycle time e Qutput unlatched at cycle end allows two-dimen-
DEVICE tRAC - thc sional chip selection .

TMM4164P-2 120 ns 260 ns ® Common /O capability using "EARLY WRITE"
TMM4164P-3 150 ns 260 ns operation
TMM4164P-4 200 ns 330 ns o Read-Modify-Write, RAS-only refresh and Page

® Single power supply of 5V £ 10% with a built-in Mode capability
Vgg generator e All inputs and output TTL compatible

® Low power; 275mW operating (MAX.) e 128 refresh cycles/2ms

27.5mW standby (MAX.)
(TOP VIEW)

WRITE

——o0 Vee

~—0 Vgs.

2] bATAIN Din
BUFFER

EAS o I No. 2CLOCK
cas GENERATOR !.

DATA OUT
BUFFER
COLUMN
ADDRESS
A BUFFERS (8) 2] Sprumn
A, DECODER
N NAMES ~d T e
Ay
Ag ~ A, Address Inputs Al
SENSE AMP
CAS Column Address Strobe A 110 GATING L]
Din Data In As
NC No — Connection Ay ROW H | | P
ADDRESS H <
Dout Data Out BUFFERS (8) | =8
RAS Row Adderess Strobe & § MEMORY
WRITE Read/Write Input RS o o ARRAY
Vee Power (+5V) GENERATOR
Vss Ground




ITEM SYMBOL RATING UNITS NOTES
Input and Output Voltage Vin, Vout —1~7 \4 1
Power Supply Voltage Vce —1~7 \ 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 mW 1
Short Circuit Output Current louTt 50 mA 1

IR S RTINS CONGONGS (72 - 0 ~ 70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNITS NOTES
Vee Supply Voltage 45 50 55 \ 2
ViH Input High Voltage 24 6.5 v 2
ViL Input Low Voltage -1.0 0.8 \4 2

NI . -5 0%, T2 -0 ~ 700

SYMBOL PARAMETER MIN TYP MAX UNITS NOTES
OPERATING CURRENT
Iecs Average Power Supply Operating Current 50 mA 34
(RAS, CAS Cycling. trc =tpc MIN.)
STANDBY CURRENT

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

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

lcce Average Power Supply Current, Page Mode 40 mA 3.4
(RAS = Vy_, CAS Cycling tpc =tpc MIN.)
INPUT LEAKAGE CURRENT

hw Input Leakage Current, any Input (OV S Viy £ 6.5V —~10 10 A
All Other Pins Not Under Test =QV)
OUTPUT LEAKAGE CURRENT

low (Dour is disabled, OV € Vout S +6.5V -10 10 uA

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

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




(Vee =5V + 10%, Ta=0~ 70°C) (Notes5, 6, 7)
TMM4164P-2 | TMM4164P-3 | TMM4164P-4
SYMBOL PARAMETER MIN. | MAX. |MIN. | MAX. [MIN. | MAX. UNITS | NOTES
tRC Random read or write cycle time 260 260 330 ns
trwe Read-write cycle time 260 270 336 ns
tRMW Read-modify-write cycle time 265 310 390 ns
tpc Page mode cycle time 140 170 226 ns
tRAC Access time from RAS 120 150 200 ns 8,10
tcaC Access time from CAS 80 100 1356 ns 9,10
tOFF Output buffer turn-off delay 0 35 0 40 0 50 ns 1
tr Transition time (rise and fall) 3 35 3 35 3 50 ns 6
tRP RAS precharge time 90 100 120 ns
tRAS RAS pulse width 120 | 10,000 | 150 | 10,000 | 200 | 10,000 ns
tRSH RAS hold time 80 100 135 ns
tcsH CAS hold time 120 160 200 ns
tcas CAS pulse width 80 | 10,000 | 100 | 10,000 | 135 | 10,000 ns
tReD RAS to CAS delay time 25 40 25 50 | 30 65 ns 12
tcre CAS to RAS precharge time 0 0 0 ns
tASR Row Address set-up time 0 0 0 ns
tRAH Row Address hold time 15 15 20 ns
tasc Column Address set-up time 0 0 0 ns
tcAH Column Address hold time 40 45 55 ns
taR Column Address fold time 80 9% 120 ns
tRcs Read command set-up time 0 0 0 ns
tRCH Read command hold time 0 0 0 ns
twcH Write command hold time 40 45 65 ns
tWer | pqie command hold time 80 95 120 ns
twp Write command pulse width 40 45 55 ns
tRWL Write command to RAS lead time 40 45 55 ns
towL Write command to CAS lead time 40 45 55 ns
tps Data-in set-up time 0 0 0 ns 13
tpH Data-in hold time 40 45 55 ns 13
tpHR Data-in hold time referenced to RAS 80 95 120 ns
tcp | CAS Precharge time (for page 50 60 & ns
tREF Refresh period 2 2 2 ms
twes Write command set-up time -10 -10 -10 ns 14
towp CAS 1o WRITE to delay 50 60 80 ns 14
tRWD RAS to WRITE delay 90 110 145 ns 14




® READ CYCLE b
tRAS
SR Si— 5 \
tcsH | tAp
tRCD tASH tCRP
=ows N ——— i
tasR Z:IH tAs«:l tcAH
ADDRESSES VIH — ROW ! _COLUMN
w ymmtb@{ SSsees X0
tRCS - | _tRcH
R -—-’7////////{///}‘ L e N
tRAC ‘OFF
1
Pour zz:‘: OFEN % VALID DATA )
Don'tc-n
® WRITE CYCLE (EARLY WRITE)
tRC
tRAS
o) /AN
tcsH tRP
tRCD ' tASH L _tcme
N T va
tash | | tRAH tasc - '_c:ti
aoonssses MM mom W’/g/m
' towL ]
twes WCH
ViL—,
tWCR J“w"
tos tDH |
e R Y
Oout :OH_ — OPEN Don'tc-r-
oL —



® READ-WRITE/READ-MODIFYWRITE CYCLE

tRWC/tRMW
tRAS
tAR —
— ViH— N
Ras ViL— \L ’? tRP I
A’
theo CRP
cas Vin— X \ ¢
cas
ViL— L
tASR RAH tasc TCAH
o] e
ViH— ¢ n ~ CoLUMN Y
soonesses uy(' —7)X acomtss Sesness K/ /I / VA
tRWD tewe
*RCS tcwp tAWL '
et
W LT N
L—,
T,
tcac we OFF
| —
VoH —
DouT OPEN TA
VoL — VALID DA’
tRAC
tDs tOH

o WS //ﬂ){(—%ﬁ"?

LI

o “RAS-ONLY” REFRESH CYCLE

Don’t Care

N X ) X
ApDRESSES  \ 1 /////////////%‘ ROW ADDRESS

Note: CAS = Viy, WRITE = Don’t Care, A7 = Don’t Care

Don’t Care



©® PAGE MODE READ CYCLE

tRAS
— tAR
RAS ViH— L
ViL — L
tcsH
tpC
*RCD icas tcp
Cas
tcAH
ADDRESSES
tcac
tRAC tOFF
Pour — open —4 5
tRCH
WRITE
Don’t Care
® PAGE MODE WRITE CYCLE
tRAS
— tAR
RAS ViH —
w_ . , N
CSHT ¢ ) tRSH tRP
tRCD TCAS tcp tcAS tcAS _ tcre
Cas Vin /q( ;
ViL — \
tRAH tCAH tCAH tCAH
ASR| taASC tasc ‘Ascq
ADDRESSES UM —; RO coL coL coL
Vie — DD ADD ADD ADD
wcH WCH tweH
. tcwL tcwL towL
WRITE Vie — /
ViL — P,
tweR | | WP twe WP | tawi
tos || toH tos toH tos tDH
o ViH — VALID VALID VALID
ViL — DATA A4 DATA DATA

DHR

Don‘t Care



(Vce=5V + 10%,

f=1MHz, Ta=0~ 70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNITS
Cpy 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. lees. lccs depend on cycle rate
4 lcci. lcca depend on output loading  Specified values are obtained with the output open.
5  An initial pause of 200us is required after power-up followed by an 8 H_AS'cycles before proper device operation is achieveq.
6  AC measurements assume tT = 5ns.
7. Viy {min) and V), (max.) are reference levels for measuring timing of input signals. Also, transition times are measured be-
tween Vi and V.
8. Assumes that trep S trep (max.) If trep Is greater than the maximum recommended value shown in this table, trac will
increase by the amount that trcp exceeds the value shown
9 Assumes that trep 2 trep (max.)
10 Measured with a load equivalent to 2 TTL loads and 100pF
11 torr (max ) defines the time at which the output achieves the open circuit condition and is not referenced to output voltage
levels
12 Operation within the trep (max ) limit insures that trac (Max ) can be met trep (max.) is specified a reference point only.
Iftpep 1s greater than the specified trep (max.} limit, then access time is controlled exclusively by tcac
13 These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in read-write or read-
modify-write cycles.
14.  twcs. tcwp and trwp are not restrictive operating parameters They are included in the data sheet as electrical characteristics

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

If towp < tewp (min.) and tawp < tgwp. (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. -

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 (tgap) 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 while RAS is active. The later of the signals
(WRTTE 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 CTSyhas 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 1s to say, anytime CAS is at a high
level, the Doyt pin will be floating. The only time
the output will turn on and contain either a logic 0 or
logic 1 is at access time during a read cycle. Doyt
will remain valid from access time until CAS is taken
back to the inactive (high level) condition.

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 1s
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 1s 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 lgc 3 specification.
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1024 WORD x 4 BIT STATIC RAM

N CHANNEL SILICON GATE DEPLETION LOAD

TMM3 | 4AP
TMM3 | 4AP- |
TMM314AP-3 TMM3| 4APL-3

TMM3 I 4APL
TMM3 1 4APL- |

DESCRIPTION

TMM314AP family 1s 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 s able to be connected to

TTL directly and todrive 1 STTL or 5 LSTTLS.

TMM314AP family 1s fabricated with N channel
silicon gate depletion load type MOS technology by
lon 1mplantation for fast speed, stable performance
and reliability

The chip 1s 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 ® Low Power dissipation and Access time
® Static operation — No clocks or refresh period Power and Access time {maximum value)
® Single 5V supply voltage — Vcc =5V + 10% Access time Power
® Easy memory expansion — CS input TMM314AP-1 200 ns 550 mW
® Three state output — Wired OR tie capapnhty TMM312AP3 300 ns 550 mW
® [nputs and outputs directly TTL compatible TM314AP 5 550 W
o Data input/output terminal i1s common 0 ns m
® Input protected — All inputs have protection TMMS314APL-1 200 ns 385 mW
against static charge TMM314APL-3 300 ns 385 mW
® 2114 Type Pin compatible TMM314APL 450 ns 385 mW
PIN CONNECT!ON (TOP VIEW) BLOCK DIAGRAM
\J Ag—]
As 111 18] vee N - vee
As []2 170 A Ag—] Row Memory cell array <« GND
A3 16(1 Ag A7 — Decoder 3 64 x 64
Asfja 1580 Ag Ag—|
Ao s 141 104 Ao—
A1Qs 130 vo, @
Al 12[] 1o /01—
(:_52 . b 1;0: 1/0;—e] :;;;:t Column input/output
GND[]o 101 WE :;2"‘*' control Column decoder
AAER
PIN NAMES Ag A1 Az A3
M Ao Ag ’”WCqumn Address lnputs - AAi
A, ~ A, Row Address Inputs _1 cs
I/O, ~ I/04 Data |nput/0utput :
7:7 [ Chip Select lnput ] We
L Write Enable Input
— -
V(;c Supply Voltage
GND Grgtind ]




SYMBOL ITEM RATING UNIT
vee Supply Voltage -06~70 \
Vi/o Input/Output Voltage -05~7.0 \
TOPR Operating Temperature 0~70 °c
TSTG Storage Temperature —55~ 150 °C
TSOLDER Soldering Temperature - Time 260 - 10 °C sec
PD Power dissipation (Ta =70°C) 850 mwW
{DE RECOMMENDED OPERATING CONDFTIONS
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
VIH Input High Voltage - 2.0 - Vce \%
ViL Input Low Voltage - —05 - 0.8 \%
vee Supply Voltage - 45 5 55 v
DG CHABACTERISTICS (Ta=0~a0C):

SYMBOL PARAMETER CONDITIONS MIN. TYP.* MAX. UNIT
IiH Input High Current VIN =5.50 V - - 10 MA
he Input Low Current VIN=0V - - -10 nA

VOH Output High Voltage ISOURCE =—1.0mA 24 28 - \2

VoL Output Low Voltage ISINK =2.1mA = 0.15 04 \

IoH Output High Current VouT =24V -1.0 -6.5 - mA

loL Output Low Current VouT =04V 2.1 65 - mA

Lo Output Leakage Current CE=ViHorWE =V, - - +10 uA
VouTt =04 V~Vcc

Icct Supply Current THM314A PL/PL-1/PL-3 25:C — 50 64 mA
louT =0 mA 0°C - - 70

Icc2 Supply Current TMM314A P/P-1/P-3 25:(3 - 70 90 mA
louT =0 mA 0°C - - 100

* Ta=25°C, V¢c =5V




READ CYCLE

TMM314AP-1/APL-1 | TMM314AP-3/APL-3 | TMM314AP/APL
SYMBOL PARAMETER MIN. MAX. MIN MAX. MIN. MAX. unIT
tRC Read Cycle Time 200 - 300 - 450 - ns
tacc Access Time - 200 - 300 - 450 ns
tco Chip Select Time - 70 - 100 - 100 ns
tex Output Active from CS 20 - 20 - 20 - ns
top Chip Deselect Time 0 40 0 80 0 100 ns
toH Output Hold from Address Change 20 - 20 - 20 - ns
WRITE CYCLE
SYMBOL PARAMETER TMM314AP-1/APL-1 | TMM314AP-3/APL-3 | TMM314AP/APL UNIT
MIN MAX. MIN. MAX MIN. MAX.
twe Write Cycle Time 200 — 300 - 450 - ns
twp Write Pulse Width 120 - 150 200 - ns
twR Write Recovery Time 0 — 0 — 0 - ns
topw Output High Z from WE 0 40 0 80 0 100 ns
tps Data Setup Time 120 - 150 - 200 - ns
tDH Data Hold Tome 0 - 0 — 0 - ns
tAw Address to Write Setup Time 30 - 30 - 30 - ns
[ GAPACITANCE [(Ta=25°C, 1=
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX UNIT
CiNn Input Capacitance Vin = AC Ground - - 5 pF
CouTt Output Capacitance VouTt =AC Ground - - 5 pF

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




READ CYCLE

Ag ~Ag

1/01 ~ /04

WRITE CYCLE

Ag ~Ag

al

1/0y ~1/04

tRC

& X

ViH tco
\; : : S\I.SV - 1,5\1/1 ; ; ;

Viu

v tex ToH oD

OH

HIGH IMPEDANCE I/} ¥ sy DATAOUT
/ : VALID )
VoL
tacc
twe

Vin
< sV ><.sv
Viu

Vik ——
~ / /
1.5V %15V 1,8V
v X A1/
v tAW twp TWR
H
\l\nsv }/1.5v
Viu
tCx topw tps DH
Vor/Vin I
HIGH IMPEDANCE I/f [ lsy DATAIN sy DON'T CARE
: STABLE
Vou/Viu

Note 1 WE 1s high for a READ CYCLE.
2 typ ismeasured from the latter of CS or WE going low to
the earlier of CS or WE going high.



TYPICAL CHARACTERISTICS
tacc — €L tacc — Ta
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Note: Toshiba does not sssume any responsibliity for use of any circultry described; no circuit patent licenses are implied, and Toshiba reserves
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Notes Each lead pitch is 2.64 mm. All leads are located within

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

Distributed by

0.25 mm of their true longitudinal position with respect to
No. 1 and No. 18 leads.
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TMM3 15D

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

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

Ap ~ As Row Address inputs
Ag ~ Ay, Column Address inputs
DiN Data input

DouT Data output

s Chip select input

WE Write enable input
Vce/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.

o Current and Access time (Maximum value)

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

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

Ao -
A -—Vee
Memory -~

Az Row Cell Array ene
A3——{g——] Decoder (64 x 68)
a—{——

As"—b
OIN Column 1/0 Dout

circult
Column decoder
a3

e

Ag A7 Ag Ag A10A1)




WE Output Power Mode
» High-Impedance Standby Deselected
Data out Active Read
L High-Impedance Active Write
SYMBOL ITEM RATING UNIT
Vce Power supply voltage -1656~70 \
VIN, OUT Input and output voltage -156~70 \%
Topr Operating temperature 0~70 °C
Tstrg Storage temperature —55~ 150 °C
Tsolder Soldering temperature - time 260 - 10 °C - sec
PD Power dissipation (Ta =70°C) 1.0 w
lout DC output current 20 mA
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
VIH Input high voltage —_ 20 - 60 \
ViL Input low voltage _— -10 - 08 \2
Vcec Power supply voltage _ 45 50 556 \
DG and OPERATING CHARACTERISTICS
Ta=0~70°C, Vcc =5.0V+ 10%,unless otherwise noted
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
VoH Output high voltage Isource = —4.0 mA 24 - - \Y
Vou Output low voltage Isink =8 mA - - 04 v
loH Output high current VoH =24V —40 - — mA
loL Output low current VoL =04V 8.0 - - mA
[N Input leakage current VIN =0~ Vcc — +0.01 +10 KA
VouTt =0~45V
ILo Output leakage current TS5 = Vin or WE = V1L - +0.1 +50 uA
e Operating current CS=ViL TMM315D - - 160 mA
output open TMM316D-1 - - 180 mA
CS=Vin TMM315D - - 20 mA
's8 Standoy current output open TMM316D-1 - - 30 mA
Issp Peak power on current CS=Vin TMM3150 - - % mA
during power on | TMM315D-1 = - 70 mA

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




Ta=0~70°C, Vcc

® READ CYCLE

= 5V 10%,unless otherwise noted.

TMM315D-1 TMM315D
SYMBOL PARAMETER MIN. MAX. N MAX. UNIT
tRC Read cycle time 55 - 70 - ns
tacc Address access time - 55 - 70 ns
tco, Chip select access time 1 - 55 - 70 ns
tco, Chip select access time 2 - 65 - 80 ns
toH Output hold from address change 5 - 5 - ns
tLz Chip selection to output in low Z 10 - 10 - ns
tHZz 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 MIN, WA N MAX. UNIT
twe Write cycle time 55 - 70 - ns
tcw Chip selection to end of write 45 - 55 - ns
tAwW Address valid to end of write 45 - 55 - ns
tAS Address set up time 0 - 0 - ns
twp Write pulse width 35 - 40 - ns
WR Write recovery time 10 - 15 - ns
tDS Data set up time 25 — 30 - ns
tDH Data hold time 10 - 10 — ns
tobw Write enable to output in high Z 0 30 0 35 ns
two Outpl{t active from end of write 0 - 0 - ns
® AC TEST CONDITIONS vee
Input pulse levels 0~3.5V
Input rise and fall times 10ns 5100
Input and output timing reference levels 15V DouT 30pF
Output load See Fig. 1

30082 J;

Fig."1 Output load

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

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



oour Provious Data vaite Cata valld

READ CYCLE2 {WE = viu) (1)

@ ™
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iss

WRITE CveLE we

w -
Pe—"as 108——t=tom
om Dute tn vella
—{ toow ——wo:
Sour Gata undefine e

Note: (1) Addreses are to valid prior to or coincident with TS transition low.
(2) tco1: Chipis desslected for a time that is grester than 55 ns prior to selection.
tco2: Chip is deselectsd for a time that is less then 55 ns prior to sslection.

k! 37 . RT3 18 13 RY k3 10 Unit i
" Amcieicicicien

A4
7.5 MAX.

I o

23.2 MAX.

7.9%0.25
1
]
S| H
0
ol L 4
H 3 0~18°
~
Note. 1. Each lead pitch is 2.64 mm. All E § 25101 ~
leads are located within 0.26 mm of ~ -0.06
their true longitudinal position with 8
respect to No. 1 and No. 18 lesds. 284 Ty e 8.00~10.20
2. All dimensions are in millimeters. -54 Tye. | . 1.62£0.26
0.4620.15

Note: Toshiba does not assume any responsibility for use of any circuitry described; no circuit pstent licenses are implied, and Toshiba reserves the
right, at any time without notice, to change said clrcyitry.
©Aug., 1980 Toshiba Corporation

Distributed by



m/lm

2048 WORD X 8 BIT STATIC RAM

N CHANNEL SILICON GATE DEPLETION LOAD

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

The TMM2016P/D 1s a 16384-bit static random ac-
cess memory organized as 2048-words by 8-bits and
operates from a single 5V power supply Common
8-bit input/output, output enable (OE) and pin-com-
patibility with 2716 type EPROM (TMM323D) allow
a wide application in microprocessor peripheral
memory

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

® Pin compatible with 2716 type EPROM
o Single 5V supply — Ve =5V £ 10%
® Access time and current

TMM2016P/D [TMM2016P-1/D-1{TMM2016P-2/D-2
Access time (MAX ) 150 ns 100 ns 200 ns
Operating current (MAX ) |  100mA 120mA 140mA
Standby current (MAX ) 15mA 15mA 30mA

e Power down feature — CS

1S 1n Vyy level, the device i1s in low power standby
mode

TMM?2016P/D 1s fabricated with ion implanted N-
channel silicon gate technology This technology pro-
vides high performance and high reliability. The
TMM2016P/D 1s offered in both standard 24 pin
plastic and cerdip packages, 0.6 inch in width.

e Output buffer control — OF

e Easy memory expansion — CS

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

e Directly TTL compatible — All inputs and outputs

e Common data input and output

e Three state outputs — Wired OR capability

e Inputs protected — All inputs have protection

against static charge.

SYMBOL NAME
Ag~A3z Column Address Inputs
Ag~A10 Row Address Inputs
cs Chip Select Input
WE Write Enable Input
1/04 ~1/0g Data Input/Output
OFE Output Enable Input
Vee Power (5V)

GND Ground

Memory €—o Ve
[—>>{  Cell Array <€—o GND
(128 x 16x 8)
> — ' >
== oo S
>
= s
>
o s TR =
oy = RAR =
[ 468
08 = Ag A1Az A3 =
cso 4 )
WEo I
O o——




i

SYMBOL ITEM RATING UNIT
Vee Power Supply Voltage —05~70 \%
ViN, ouT 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
Po Power Dissipation (Ta = 70°C) 10 w
SYMBOL PARAMETER MIN TYP MAX UNIT
Vin Input High Voltage 22 — Vec +10 v
ViL Input Low Voltage —05 08 \%

Vee Supply Voltage 45 50 55 \%
SIMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
e Ihput Leakage Current VN =0~55V - - +10 nA
loH Output High Current Voutr =24V -10 - -~ mA
oL Output Low Current Vourt =04V 21 - - mA
Vou Output High Voltage loyt =—10mA 24 - — \4
VoL Output Low Voltage lout =2 TmA - - 04 \
CS =V, or WE =V,_or OE =V,

Io Output Leakage Current H O I H - - £10 | pA
Vout =0~ Vee
€S =Vee TMM2016P/P-1/D/D-1|  — - 30 mA
*lsgp Peak Power-on Current louT =0mA
during power on | TMM2016P2/D2 - - 45 mA
| Standby Current CS=Viy TMM2016P/P-1/D/D-1|  — - 15 mA
Irr
se ancby Lurren louT =OmA TMM2016P2/D 2 - - 30 | mA
— TMM2016P/D - — 100 mA
CS=v,
[ Operating Current TMM2016P-1/D-1 — - 120 mA
. louT =0mA
TMM2016P-2/D-2 - - 140 mA

*Note Igog exceeds lgg maximum during power on A pull-up resistor to Vg on the CS input 1s required to keep the device deselected, otherwise,
cc s8 cc
power-on current approaches lcc active

SYMBOL PARAMETER CONDITIONS MAX UNIT
CiN Input Capacitance Vin =A C Ground 5 pF
Cout Output Capacitance Vout =A C Ground 10 pF

* Note This parameter is periodically sampled and 1s not 100% tested




A.C:CHARACTERISTICS (Ta =0~ 70°C, Vg =56V & 10%)

READ CYCLE
TMM2016P/D | TMM2016P-1/D-1 | TMM2016P-2/D-2
SYMBOL PARAMETER MIN MAX MIN MAX MIN. MAX UNIT
tRC Read Cycle Time 150 - 100 — 200 - ns
tacc Address Access Time - 150 - 100 - 200 ns
tco Chip Select Access Time - 150 - 100 — 200 ns
toE Output Enable Time - 55 — 35 - 55 ns
toH Output Hold Time from Address Change 10 - 10 = 10 - ns
teLz 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 OF 5 - 5 - 5 - ns
toHZ Output 1n High-Z from OE - 50 — 35 - 50 ns
tpy Chip Selection to Power up Time 0 - 0 - 0 - ns
tpp Chip Deselection to Power down Time - 60 — 50 - 60 ns
WRITE CYCLE
SYMBOL PARAMETER TMM2016P/D TMM2016P-1/D1 | TMM2016P-2/D-2 UNIT
MIN MAX MIN MAX MIN MAX

twe Write Cycle Time 150 - 100 - 200 - ns
tcw Chip Selection to End of Write 120 - 90 - 160 - ns
tas Address Set up Time 20 - 20 - 20 - ns
twep Write Pulse Width 100 = 70 - 120 - ns
twR Write Recovery Time 10 . 10 — 10 - ns
tps Data Set up Time 60 - 40 - 60 - ns
toH Data Hold Time 15 - 10 — 15 - ns
twiz Output in Low-Z from WE 5 - 5 - 5 - ns
twHz Output in High-Z from WE - 50 - 35 - 50 ns
Input Pulse Levels 0~35V

Input Rise and Fall Times 10ns

Input and Output Timing Reference Levels 15V

Output Load See Note

Note Output Load — 1TTL Gate and C_ = 100pF

(Including scope and jig)




(A) READ CYCLE (1)

RC

ADDRESS
tacc toH
a TOE ———m=i
oLz
OouT OUTPUT DATA VALID
UNKNOWN

(B) READ CYCLE (2)

_ tRC
s T\
— tcLz
OouT OUTPUT DATA VALID >
|
D
icc - .U
SUPPLY  |5p
CURRENT
(C)WRITE CYCLE (1)
twe
aponess D4 NS
o %4 RN
ty
cs N
& N\ Z /7 /%
—=  TWR
W iy e 1’“—‘
%
“\X N i
o |- toHZ
AT TS

b, XTI Y

OUT XK

DS — ™ tDH
oiN DATA IN STABLE

56 —



(D) WRITE CYCLE (2)

ADDRESS

S X

" ‘As"l wp

out - LERXIRXRKEEEEEER

N

WHZ ——1 [—-—

HIGH IMPEDANCE

~7

tDg———e=] toH

DATA IN STABLE

* Note READ CYCLE (1) —
READ CYCLE (2) —

WRITE CYCLE (2) —

WE s high for Read Cycle _

Device 1s continuously selected, CS = V| _ _

All addresses are valid prior to or coincident with CS transition low.
WE s high for Read Cycle OE = ViL.

OE = v,



@ Plastic package

@ Cerdip package

24 232221201918 1716 15 14 13

mmmrh
: X
| [ g
R15 — - I - 2
. h ¢
|
o g o o
1234 56 789101112
32 4 MAX x 1524 TYP
<
10° s
,7,\ o
4 ey PSR R
T TH T T T
2641025 J L14io15 F
1 T <
05%0.15 i 17 4 MAX
©
32.4 MAX
2423222120191817 16 15 14 13
sprhehchchehchrhrpchoac
x
:
2 dd o
o
\ . N
o T T T T T T T T
12345678 9101112
x
<
2 z
N H 15.24+0.3
o @
1 a
: 1
T+ 02s*91%
Z 254+025 1.3%0.25 )
2 t
H +015 ~
2 046’y 10 15.24~17.78
o

Note' Each lead pitch 1s 2.54 mm All leads are located within 0.25 mm of their true longitudinal position with respect to

No. 1 and No. 24 leads.
All dimensions are in millimeters

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

PRELIMINARY

Characteristics are subject to change without notice



TMM2016AP: 2K WORD x 8 BIT STATIC RAM

N CHANNEL SILICON GATE DEPLETION LOAD

TMM20 | 6AP

FEATURES |

® Fast Access Time 100ns
® Power Dissipation
Operating Current ~ 656mA (MAX )
Standby Current 7mA (MAX)
® 5V Single Power Supply
® Power Down Feature CS
® Qutput Buffer Control OE

] (Top View)

A1 T aBvee
A2 23[A,
A,O3 22[1A,
A4 21[AWE
A, 05 20 N0E
A,O06 190A,,
A7 18{1CS
A.C]8 17031/0,
10,49 16[31/0,
1/0,]10 153170,
o, 11 1410,
GNDE 12 13310,

SYMBOL NAME

Ao ~ Az Column Address Inputs
Ags ~ A Row Address Inputs
CS Chip Select Input

WE Write Enable Input
1/0, ~ 1/Og Data Input/Output
OE Output Enable Input
Vee Power (5V)

GND Ground

*This 1s 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

NN,

e

1/0 Circurt

Column Decoder

£1e9

AD Al A: A3

-0V
Memory cc
Cell Array

(128x16x8) ~—oGND

| S




e bl @ G Flbengi s
B R
S R

£

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 Toshsba Corporation




‘ 2
TMM2016HD: 2K WORD x 8 BIT STATIC RAM

TMM20 | 6HD

N CHANNEL SILICON GATE DEPLETION LOAD

*This 1s advance information and specifications are

subject to change without notice.

Output Buffer Control OE

Easy Memory Expansion CS

® Power Dissipation Common Data Input/Output
Operating Current ~ 150mA All Inputs and Outputs Directly
Standby Current 20mA TTL Compatible

® Fast Access Time
tacc = 35/45 ns

® 5V Single Power Supply Three State Outputs
® Fully Static Operation ® 24 Pin Standard Cerdip Package
® Power Down Feature. CS (0.6 inch and 0.3 inch width)

A1 N~ 2abvec
A 02 23P1A,
A O3 2200A,
A, 04 21awWE
A, s 2010E A,
a,ds 199, A, g
A7 183Cs A ] Memory ~——oVee
A, Cs 17favo, :: a et ~—0GND
1o, Oo 1810, A, H
/o, &10 1s[a1/0, A, «
1o, oj11 1af31/0,
GNDTJ12 13131/0, 1/0,0-
10, 1/O Circuit _|le
10,
/0, Column Decoder —l_k
SYMBOL NAME 1/0,
Ao ~ A Column Address Inputs /0,0
Ag ~ Ao Row Address Inputs 1/0,0- % % % %
[ Chip Select Input 110,
WE Write Enable Input Bo AL A2 A
1/0y ~1/Og Data Input/Output
OE Output Enable Input =
Vee Power (5V) §
GND Ground ’g:




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



CMOS Static Random Access Memories






4 KBit CMOS STATIC RAM COMPARISON TABLE

1K x 4 CMOS STATIC RAM

Device Number TC5514AP TCE513AP
Pin Name —_
Mode ! CE R/W Addresses 1/0ya Power CE R/W Addresses 1/010a Power
WRITE L L Valid Din IpDO L
OPERATION b L Valid DiN Iopo
MODE
READ L H Valid DouT IbDO L H Valid Dout 1bDO
STANDBY H . !:H",‘i‘: v High-Z I0DS H * . High-Z lobs
H * Transition High-Z lopo
All address input circuits are not controlled by CE All address input circuits are controlled by CE
r CE
o o—oI
Ao Address :> ?o Address D
14
Difference in control function Ao Buffers Ago—ro Buffers
Once address transition occur, the device is activated Only when address transition occur under the
independent of CE input levels condition of CE = L, the device 1s activated
time
Difference in access time from Address Access ti 200 ns Address Access time 200 ns
address and chip enable
Chip Enable Access time 70 ns Chip Enable Access time 200 ns




16KBit CMOS STATIC RAM COMPARISON TABLE

PIN CONFIGURATION

TC5517AP

TC5516AP TC55178P TC55188P
BVop B Voo BVoo
DA, Oa, F1Ag
A, TA, BA,
CJR/W O R/w O R/W
DCE, =k ncE,
JAW :Aw :Alo
nCE, I CE D CE,
£1/0, B11/0, B 1/0,
OPERATION MODE
' TCB517AP
Device Number TCE516AP TC5518BP
TC5517BP
Pin No 1~8,22] 9~11 1~8,22] 9~1, 1~8, 22| 9~11
8 [ 20| 21 | 23719 [13~17 | b N 18 | 20| 21 | 23719 13~17 power Lo | 20 | 2 | 23719 [13m17 | oo
Mode ~\Name [ zE, | CE, | RW | Ag~Aso| /015 CE | OF | RMW |Ao~Aso| I/0y..5 CE, | CE, | R/W | Ag~Ayo| 1/01s
WRITE L L L Valid Din lpbo L * L Valid Din 1pDO L L L Vahd Din IpDo
READ L L H | Vaid | Dout | lbpo | L L H | Vaid | Dout | lopo | L L H | vaid { Dout | lpDO
STANDBY 1 L | H * . High-Z | Ippo B H . * High-Z | tobs
STANDBY 2 H * * * High-Z Ipps H * * * High-Z Ipps H * * * High-Z ipDS
OUTPUT
DESELECT L B * | Hghz | lopo




o T 3

SYMBOL PARAMETER CONDITIONS Min. Max. UNIT
, VbR Data Retention Voltage 0V € CE € 0.2V 2.0 5.5 Vv
i or
‘ Ibps Data Retention Current Vop—0.2V £ CE £ Vpp*@ - Note (1) | pyA
Chip Deselection to
tcor Data Retention Time 0 - us
tr Recovery Time tgeNote(2) _ uS
Note (1) Refer to Ipps specification in individual data sheet.
(2) © Read cycle time,
TIMING CHART
DATA RETENTION MODE
Voo ——— e v—
asv \ 7 asv
Voo VDR —-=-==----~ |-
GND

- on

ViH
CE
0.2v 0.2v
tCOR fo— —* ®
Vpp—0.2V-——f-
CE
Vi

Note (3) * For 16K Bit CMOS RAM, Vpp—0.5V £ €& S vpp
Details are specified in TC5516/17/18 data sheets.







256 WORD x 4 BIT CMOS RAM

* DESCRIPTION

The TC5501P/D 1s 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 5V power supply with a static operation, so
that the no refresh periods are required This simpli-
fies the power supply circuit design.

e Low Power Dissipation
+ 55uW (MAX.) STANDBY
- 83mW (MAX.) OPERATING
e Single 5V Power Supply
e Data Retention Voltage 2V to 5 5V
® Package
- PlasticDIP TC5501P
- Cerdip DIP . TC5501D

“PINCONNECTION

{TOP VIEW)

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 1s 2V, the battery back
up system needsonly simple circuit. By using Toshiba’s
original C2MOS technology, the device circuitry Is
not only simphfied but wide operating margin and
noise margin are also realized.

The TC5501P/Dis offered in standard 22 pin plastic
and cerdip packages, O 4 inch in width

30 Vop
A0 2 Aq
Aals R/W
Aol 4 CE,
Asls oo
Asl]6 CEy
ArQ7 DouTa
GND(] 8 Dinag
Oinile DouTs
DouTtit0 1300 oing
Din2011 120) DoyT2
PIN NAMES
Ag ~Aq Address Inputs
R/W Read Write Input
CE;.CE, Chip Enable Inputs
DiN1~4 Data Inputs
DouT1 ~4 Data Outputs
oD QOutput Disable Input
Vpp/GND Power Supply Terminals

o Fully static operation
® Three State Output
e Input/output, TTL Compatible
® Access Time
TC5501P/D  , tACC S 450ns (MAX.)
TC5501P-1/D-1, tACC S 650ns (MAX.)
‘BLOCK DIAGRAM
wo] T H Cve
Ao @ g Memory Cell Array —~——0 GND
Ao 2 a
Aso ‘g H 32x 32
3 '3
A40 :B—Onoun
B—Ol’ourz
CEjo
- Boooun
DiN1©
Din2
DIN3o] o 4
Dingo
oD

As As Ay



SYMBOL ITEM RATING UNITS
Voo Power Supply Voltage —03~70 \4
Vin Input Voltage —03~Vpp +03 \%
Vout Output Voltage 0~ Vpp \
Po Power Dissipation (Ta = 85°C) 800 mw
TSOLDER Soldering Temperature - Time 260 10 °C-sec
Tste Storage Temperature —56~ 150 °C
Toerr Operating Temperature -30~85 °c

o

SYMBOL PARAMETER MIN TYP. MAX. UNITS
Vpp Power Supply Voltage 45 - 55 \2
Vin Input High Level Voltage 22 - Vpp +03 \2
ViL Input Low Level Voltage —0.3 = 0.65 Vv
VpH Data Retention Voltage 20 - 55 Vv
SYMBOL PARAMETER CONDITIONS MIN TYP(1) MAX. UNITS

[ Input Current o< Vin < Vbo - +005 10 HA

Vpp =2.0V to 5.5V

| Standby Curren - 02 10 :

oS v Current CE, =0.2V, Output open A

lopo Operating Current Vpp =55V, toyc = 1us - 6.2 15 mA

Lo Output Leakage Current 0SVout S Voo - +0.05 1.0 A

loH Output High Current Vpp =4.5V, Vg =24V -1.0 -20 - mA

loL Output Low Current Vpp =45V, VoL =04V 20 3.0 - mA
Note (1) Ta=26°C  Vpp=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

TC5501P/D TC5501P-1/D-1
SYMBOL PARAMETER WIN WMAX MIN MAX UNIT
tRe Read Cycle Time 450 - 650 - ns
tacC Address Access Time - 450 - 650 ns
tacc CE, Access Time - 400 - 600 ns
tacc2 CE, Access Time — 500 - 700 ns
topo OD Access Time - 250 - 350 ns
tcoE Output Enable Time 0 - 0 - ns
tpis Output Disable Time 0 130 0 160 ns
toH Output Data Hold Time 0 - 0 - ns ]
® WRITE CYCLE
SYMBOL PARAMETER TC5501P/D TCB501P-1/D-1 UNIT
MIN MAX MIN MAX

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
toH Data Hold Time 50 — 100 - ns
twR Write Recovery Time 50 = 50 = ns

A.C. TEST CONDITIONS

e Output Load 100 pF +1 TTL Gate
e Input Pulse Levels 045V, 24V
o Timing Measurement Reference Levels

Input 065V, 2.2V
Output 065V, 22V
® |nput Pulse Rise and Fall Times 10ns

-7



Read Cycle
L e
0 T
aopRess (YT UM STABLE
Write Cycle 1 f we n
IH H W
aporess I M STABLE it

Write Cycle 2

op Vin
wmt
Dout >
{08 | |0
DN - visTABLE v:



tace (ns)

tace (ns)

twp (ns)

10p0 (mA)

tacc — Voo

Ta=25°C Vop= 45V
L= 100pF Cy = 100 pF
00| - : 600)
A 78501 5., o0 I;
1 =
~N Tt 7 L1
4 o 4
Q
— TCs501p,p, X ]
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OUTLINE DRAWINGS
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1024 WORD X 1 BIT CMOS RAM

TC5508P TC5508P-4

- SILICON GATE CMOS T05508P-|
EREIEION .

The TC5508P is a static read write memory The three state output simplify the memory
organized as 1024 words by 1 bit using CMOS expansion making the TC5508P suitable for use in a
technology. Because of ultra low power dissipation, microprocessor peripheral memory. Since the mini-
the TCH5508P can be used as battery operated mum data retention voltage is 2V, the battery back
portable memory system and also as a nonvolatile up system needs only simple circuit. By using
memory with battery back up. The TC5508P oper- Toshiba’s original C>*MOS technology, the device
ates from a single 5V power supply with a static circuitry is not only simplified but wide operating
operation, so that the no refresh periods are required. margin and noise margin are also realized.

This simplifies the power supply circuit design.

® Low Power Dissipation
- B5uW (MAX.) STANDBY
- 55mW (MAX.) OPERATING
® Single 5V Power Supply
e Data Retention Voltage; 2.0~5.5V
® 16 PIN Plastic Package
® Static Operation

(TOP VIEW)

The TC5508P 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.)
TC5508P4, tacc =450ns (MAX.)
TC5508P-1; tacc = 550ns (MAX.)

Ajo—r &
o g
A '; Memory Cell Array | «=—o0Vpp
A,0—
: 5 32x32 ~——OGND
A, o0—— 3
Ao—— 3
o

5

Column Address
Register

R/W

As Ag A; Ay Ay

A ~A, Address Inputs

R/MW Read Write Input

CE Chip Enable Input

Din Data Input

DouTt Data Output

Vpp/GND Power Supply Terminals

Din o
Dout
32
. { o



MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vpp Power Supply Voltage -03~70 \%
VN Input Voltage —03~Vpp +03 \
Vout Output Voltage 0~ Vpp \Y
Po Power Dissipation (Ta = 85°C) 500 mw
TsoLoer Soldering Temperature * Time 260+ 10 °C-sec
Tstg Storage Temperature —55~ 150 °c
Topr Operating Temperature —30~85 °C
D.C. CHARACTERISTICS (Ta=-30~85°C)
SYMBOL PARAMETER CONDITIONS MIN | TYP () | MAX UNIT
Iy Input Current OV EVin S Vpp - +0 05 10 A
Vpp =2V~55V
Ibps Standby Current CE= Vpp—0 2V Output open - 02 10 MA
Other Inputs=0.2Vor Vpp-0 2V
Ibpo Operating Current Vpp =55V, teyc= 1Hs - 6 10 mA
Lo Output Leakage Current 0V=VouT VoD - 01 £50 WA
loH Output High Current Vpp =45V, Voy =24V -10| -20 - mA
loL Output Low Current Vpp=4 5V, Vo =04V 20 30 - mA
C, (2 Input Capacitance f=1MHz - 5 10 pF
Co @ Output Capacitance f=1MHz - 7 15 pF
Note (1) Ta=25"C Vpp =5V
Note (2) This parameter 1s periodically sampled and 1s not 100% tested
D.C. RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER MIN TYP MAX UNIT
Vop Power Supply Voltage 45 50 55 \
Vin Input High Leve! Voltage Vpp—-20 - Vpp+0 3 i
ViL Input Low Level Voltage —03 - 08 \
Vbu Data Retention Voltage 20 - 55 \
A.C. CHARACTERISTICS (Ta=-30~85°C)
® TC5508P
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
tacc Access Time Vpp =45~556V - - 370 ns
tcoe CE To Output Enable Time Vou =24V 0 - - ns
toIs CE To Output Disable Time | Vo =08V - — 100 ns
tROE RM To Output Enable Time | Cp = 100 pF 0 - - ns
tROD RM To Output Disable Time - - 100 ns




o TC5508P-4

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
tacc Access Time . Vo = 4.5~55V - - 480 ns
tCoE (_:E To Output Enable Time Von = 2.4V 0 — - ns
tDIs CE To Output Disable Time Ver =0 'BV - - 130 ns
tROE R/W To Output Enable Time CO‘; 106 . 0 - - ns
tROD R/M To Output Disable Time L P - - 130 ns

e TC5508P-1
SYMBOL PARAMETER CONDITIONS MIN TYP MAX. UNIT
tacc Access Time Vpp =45~55V - - 550 ns
tcoE CE To Output Enable Time | Vou =24V 0 — — ns
tois CE To Output Disable Time | Vg =08V - — 150 ns
tROE R/W To Output Enable Time | C =100 pF 0 - - ris
tROD R/W To Output Disable Time — — 150 ns
A.C. RECOMMENDED OPERATING CONDITIONS
o TC5508P
SYMBOL PARAMETER CONDITIONS MIN MAX. UNIT
tAS Address Setup Time 20 = ns
tAH Address Hold Time 50 - ns
tpc Precharge-Time Vop =4 5~55V 80 - ns
teE CE Pulse Width C_ =100 pF 370 - ns
twp Write Pulse Width ViH=Vpp—2 OV~Vpp+0 3V | 200 - ns
tws Write Setup Time Vi =08V 0 - ns
twh Write Hold Time Ta=—30~85"C 200 - ns
tEEH CE Hold Time 200 - ns
tow Output Valid to RW 0 - ns
tps Data Setup Time 200 — ns
tDH Data Hotd Time 0 — ns
tRS Read Setup Time 0 - ns
tRH Read Hold Time 0 - ns
o TC5508P-4
SYMBOL PARAMETER CONDITIONS MIN MAX UNIT
tas Address Setup Time 20 - ns
tAH Address Hold Time 80 - ns
tpe Precharge Time 100 = ns
1CE CE Pulse Width 450 - ns
twp Write Pulse Width Vpp =4 5~55V 250 - ns
tws Write Setup Time CL =100 pF 0 - ns
twH Write Hold Time V4 =Vpp—-20V~Vpp+0.3V 250 - ns
1CEH CE Hold Time V)L =0.8V 250 - ns
tow Output Valid to RW 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 Vop=4.5~56.5V 150 — ns
tEE CE Pulse Width C_=100pF 550 - ns
twp Write Pulse Width ViH=Vpp—2.0V~Vpp+0.3V| 300 — ns
tws Write Setup Time Vi =0.8V 0 - ns
twH Write Hold Time Ta=-30~85°C 300 - ns
tCEH CE Hold Time 300 - ns
tow Output Valid to RW 0 - ns
tDs 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 z:[‘ STABLE x:f K DON'T CARE X
R tpc tAH
cE ViH VinN v, viL / Vin
tRs tGE 'RH
| — = vin
R/W / ViH
tois
tcOoE UNKNOWN el
HIGH 2 v
OouT 4 vg: VALID
tacc
® Early Write Cycle 1 tas
—
ADDRESS X v:t STABLE \‘;:t X DON'T CARE )(
tpc tAH _
tCE ol
3 Vin vin N vie vie Vv
tws tWH
RW Vi viL Y| ViH
tps tDH
DN DON'T CARE \\;:[‘ STABLE z:t}( DON'T CARE
Dout ). HiGh 2 UNKNOWN
_ 7/

— 80




® Early Write Cycle 2

tas
| e—]
H ViH ,
ADDRESS vy sTaBe M DON'T CARE
tpc taH =
= CE
CE A Vin Vin N vie Vie Vin
tws twH |
RW \ Vie
ViL
tps *DH
v v
o\N DON'T CARE V:r STABLE V:r P(
—\ HIGH Z
Dout /)
® Read Modify Write Cycle
tas
v v
ADDRESS vt staste /! }( DON'T CARE X
. trc tAH CEH
cE Vin Vin N vie ) Vin
Vit
twp
v, v,
RW M N VL v Y Vim
t, t
tacc ow __tos ,DH
o ON‘T CARE i H DON'T CARI
IN D Vv, ViL CARE
STABLE
tcoE tROD OE [tDiS
HIGH 2 Von HIGH Z
UNKNOWN  VALID UNKNOWN



Unit in mm
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Note Each lead pitch is 2.64mm All leads are located within 0 26mm
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



TOSHIBA M0S MEMORY

s, 2 2

1024 WORD X 4BIT CMOS RAM

SILICON GATE CMOS

TC5047AP- |
TC5047AP-2

DESCRIPTION

The TCH5047AP s 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 stngle 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
110uW (MAX ) STANDBY
110mW (MAX.) OPERATING
® Single 5V Power Supply
® Data Retention Voltage, 2.0~5.5V
® 20 PIN Plastic Package

PIN CONNECTION
(TOP VIEW)
A Voo
Ao A,
AQ R/W
A CE,
As( ob
A0 CE,
A A,
GND(] A,
Data 1/0, ] Data 1/0,
Data 1/0,0] Data 1/0,
PIN NAMES
A,~A, Address Inputs
R/W Read Write input
CE,, CE, Chip Enable inputs
Data 1/0,., | Data Input/Output
oD Output Disable Input
VpD/GND Power Supply Terminals

The three state outputs simplify the memory
expansion making the TC5047AP suitable for use ina
microprocessor peripheral memory. Since the mini-
mum data retention voltage 1s 2V, the battery back
up system needs oOnly simple circuit. By using
Toshiba's original C2*MOS technology, the device
circuitry 1s not only simplified but wide operating
margin and notse margin are also realized.

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

o Static Operation

® Three State Outputs

@ Input/Output, TTL Compatible

® Access Time
TC5047AP-1, tacc = 550ns (MAX.)
TC5047AP-2, tacc < 800ns (MAX.)

:

o
I\Il w
1
Aoo—] o] -0V
ao gl] & (1)
Az Lil] 8 MEMORY ~-—OGND
13
Az #g a CELL ARRAY
™ 3 2 64 x64
As 2 hd
L
Data 1/0y _O, SENSE AMP
Data 1/0, — < COLUMN
Data 1/03 . g; ce— DECODER
o
Data 1/04 Hel © ADDRESS
BUFFERS

&,

|

As A7 As A9

&, +—CE




SYMBOL ITEM RATING UNIT
VDD Power Supply Voltage —03~70 \%
VN Input Voltage —03~Vpp +03 \2
Vout Output Voltage 0~ Vpp \%

Po Power Dissipation (Ta = 85°C) 700 mw
TSOLDER Soldering Temperature * Time 260+ 10 °C . sec
Tst16 Storage Temperature —55 ~ 150 °c
TopR Operating Temperature -30~85 °c

SYMBOL PARAMETER MIN TYP MAX. UNIT
Vpp Power Supply Voltage 4.5 50 55 \%
V4 Input High Level Vottage Vpp-15 — Vpp+0.3 \
Vi Input Low Level Voltage -03 — 0.6 \%
Vpu Data Retention Voltage 2.0 — 5.5 \4
REORRAERISHESH (. - -20~55°C)
SYMBOL PARAMETER CONDITIONS MIN TYP. (1 | MAX. | UNIT
N Input Current oVSVin £ Vop 0 +0.06 £10 A
Vpp =2~55V
CE, = 02V, Output Open
Ioos Standby Current : put Ope 0 02 20 | wA
Ibbo Operating Current Vpp=55V, tcyc=1us o] 10 20 mA
ILo Output Leakage Current ov £Vour £Vop 0 +0 1 50 A
lon Output High Current Vpp=4 5V, Vo = 2.4V -1.0 | =20 - mA
loL Output Low Current Vpp = 4.5V, Vo = 0.4V 1.6 20 - mA
C @ Input Capacitance f=1MHz - 5 10 pF
Co @ Output Capacitance f=1MHz - 7 15 pF
Note (1) Ta=25°C, Vpp=5V

Note (2)

This parameter 1s periodically sampled and i1s not 100% tested.




AC; RECOMMENDED OPERATING CONDITIONS

® TC5047AP-1
SYMBOL PARAMETER CONDITIONS MIN MAX UNIT
Tre Read Cycle Time 650 — ns
twe Write Cycle Time 650 - ns
tces CE Setup Time 2003 — ns
tceH CE Hold Time Vpp =45~ 55V 20 - ns
tpc Precharge Time C =100pF 100 - ns
tEE CE Pulse Width Vi =Vpp — 15V 550 - ns
twp Write Pulse Width ~Vpp +03V 300 - ns
tps Data Setup Time ViL=-03~086V 300 - ns
tDH Data Hold Time Ta=-30~85°C 0 — ns
tow Write Setup Time 360 - ns
tRs Read Setup Time 0 - ns
tRH Read Hold Time 0 - ns
Note (3) tcgs + tegn 2 100 ns
® TC5047AP-2
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
tRC Read Cycle Time . 1000 - ns
twe Write Cycle Time 1000 - ns
tces CE Setup Time 20(4) — ns
tcEH CE Hold Time Vpp =45~ 55V 20(4) — ns
tpc Precharge Time Cp =100 pF 200 - ns
teE CE Pulse Width Vin = Vpp — 156V 800 - ns
twp Write Pulse Width ~Vpp + 03V 500 - ns
tps Data Setup Time ViL=-03~06V 500 — ns
toH Data Hold Time Ta=-30~85°C 0 - ns
tow Write Setup Time 550 - ns
tRs Read Setup Time 0 — ns
tRH Read Hold Time 0 - ns
Note (4) tcgs + togq 2 200 ns
“ALSCHARACTERISTICS  (Ta=—30~85°C)
® TC5047AP-1
SYMBOL PARAMETER CONDITIONS MIN | TYP MAX. | UNIT
tacc | Access Time Vpp =45~ 55V — — 550 ns
tpIs Output Disable Time Cp = 100 pF - - 100 ns
tcoe | Output Enable Time Vou =24V, Vg =0.6V - 100 - ns
® TC5047AP-2
SYMBOL PARAMETER CONDITIONS MIN | TYP MAX | UNIT
tacc | Access Time Vpp =45~55V - - 800 ns
tpis Output Disable Time Cp =100 pF — - 200 ns
tcoe | Output Enable Time VoHn =24V, Vg =06V - 200 - ns




©® Write Cycle

ADDRESS

tRC

R/W

S0

ADDRESS

cE,

Vin
STABLE vie
tCE tCES]
—
Vin
ViL
Vin
Vi
Vin¥
oo \ "
ViL
tRS tRH
ViH ViH
tacc
oIS
oIS -
HIGH 2
VALID DATA
twe
Viny
STABLE viL
tCE tCES
ViH
ViL
Viny
Vi
'cw
oo /
we
Vin

R/W \

Pyo

Ds

DATA IN ViH
STABLE v,

DON'T CARE
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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.
©Mer, 1980 Toshiba Corporation
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4096 WORD x 1BIT cMos sTATIcRaM | C5504AP-2/-3, TC5504APL-2/-3

SILICON GATE CMOS TC5504AD-2/-3, TC5504ADL-2/-3

The TCB5504AP/AD 1s 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-

FEATURES

o Standby Current

0 2uA (Max ) at Ta=25°C

1.0uA (Max ) at Ta = 60°C TC5504APL/ADL
20uA (Max.) © TC6504AP/AD
Low Power Dissipation 156mW (Typ ) operating
Single 5V Power Supply 5V £ 10%

Data Retention Supply Voltage . 2~ 55V

All Inputs and Output  Directly TTL Compatible

(TOP VIEW)
U
Ao 18{vpp
A2 170A1;
Asl]3 16[JA10
Aslla 15[]Ag
A5 1af1Ag
Aslls 13JA,
ooutll? 12fJag
RwIs 1oy
GND[e 10[ICE
PIN NAMES
Ao ~ Ay Address Inputs
RMW Read Write Control Input
CE Chip Enable Input
Din Data Input
Dout Data Output
Voo 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 s guaranteed for data reten-
tion at a power supply as low as 2 volts The TC5504
AP/AD s 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 ) TC5504AP/APL/AD/ADL-3

e Static Operation
® On Chip Address Register
e Three State Output
e Package
Plastic DIP  TC5504AP/APL
Cerdip DIP  TC5504AD/ADL
BLOCK DIAGRAM
CcE ci
i i
AgO——r - —
alo—— E 5 Memory Cell
A20—— T3 38 Array —OVoo
::o—— §§ ""g 64 x 64 ~—OGND
AsO— — |
o
IN 2] CQ ;::,I:;n::;:ud.r and o . aj oo
Column Address
Register
R/W b ‘o
S Ag A7 Ag Ag AjgAy,
c9 )

ﬁo—c{> £




SYMBOL ITEM RATING UNIT
Vobp Power Supply Voltage —03~70 \
VIN Input Voltage —0.3~7.0 \%
Vout Output Voltage 0~ Vpp v
N Power Dissipation [ TC5504AP/APL 550 mw

° (Ta=85°C) | TCB504AD/ADL 800 mw

TsoLpER Soldering Temperature Time 260 10 °C -sec
Tsto Storage Température —56~ 150 °C
Torr Operating Temperature -30~85 °c

DA RECOMMENCEDTORERRE (NGOG ING.

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vop Power Supply Voltage 45 5.0 5.5 \
Vin Input High Voltage 22 - Voo +0.3 v
ViL Input Low Voltage —0.3 - 08 \
\o Data Retention Voltage 20 - 55 v

B RERETEREIEE (Voo -5V : 0%, Ta=—30°C to 85°C, unless otherwise noted)

{1SYMBOL PARAMETER CONDITIONS MIN. [TYP.O)[ MAX | UNIT
I Input Leakage Current OVS Vin S Vop - - | 10| pA
o Output Leakage Current | CE =Vpp —02V,0V < Voyut £ Vpp - — | 50 | wA
loH Output High Level Current| Vou =24V -10 - - mA
loL Output Low Level Current| Vg =03V 2.0 — - mA

Vpp =2V~5.5V | TCS504APL [Ta=26°C| — - 02

CE=Vpp —02V | TCBS04ADL [Ta=60°C| - e
lpps Standby Current )

other inputs = TCB504AP _ 005 20 | wA

02V or Vpp —0.2V| TC5504AD '

'ooos Operating Current feycle = 165, loyt =0mA — i 100 | mA

lbpoz teycle = 1S, Vi =V pp ViL =0V, loyt =0mA - 30 50 | mA
Note (1) Vpp =5V, Ta=25°C
i3 (Ta = 25°C)
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
Cin Input Capacitance ViN =0V f=1MHz - 4 8 pF
Cout Output Capacitance Vout =0V f=1MHz - 5 10 pF

Note (2). This parameter is periodically sampled and 1s not 100% tested




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

TC5504AP-2/APL-2 TC5504AP-3/APL-3
SYMBOL PARAMETER TC5504AD-2/ADL-2 TC5504AD-3/ADL-3 UNIT
MIN MAX MIN. MAX
tRC Read Cycle Time 300 = 420 — ns
twe Write Cycle Time 300 - 420 - ns
tRMWC Read Modify Write Cycle Time 390 — 580 - ns
tas Address Setup Time 5 - 5 et ns
tAH Address Hold Time 60 - 80 — ns
tpc Precharge Time 80 - 100 - ns
tCEH Chip Enable Hold Time 200 — 300 — ns
taCC Access Time — 200 — 300 ns
tob Output Disable Time — 70 - 100 ns
tcoE Output Enable Time 0 - 0 - ns
tRs Read Setup Time 0 - 0 - ns
tRH Read Hold Time 0 - 0 - ns
tws Write Setup Time 0 - 0 - ns
twH Write Hold Time 60 - 80 - ns
tps Data Setup Time 5 - 5 — ns
toH Data Hold Time 60 - 80 - ns
tweH Write Enable to CE Hold Time 80 - 150 - ns
tMD Modify Time 0 - 0 - ns

Output Load
Input Pulse Levels : 06~ 24V
Timing Measurement Reference Levels
Input : 0.8Vand 22V
Output . 0.8Vand 22V
Input Pulse Rise and Fall Times . 10 ns

100pF + 1TTL Gate




® READ CYCLE

tas tAH
Vv ViH
Address Vi sTaBLE v“_)< >(
tpc tRC .
_ ViH  VIH _/VIH
CE ViL ViL ie
RS _| tCEH ] |_tRH
w701/ J . ‘Ix
H Acc v,
tcoE
HIGH IMPEDANCE Vou
DouT vory vaLD
UNKNOWN
® WRITE CYCLE
tas taH
'--—-
Address MsrasLe M
Vi Vi
tPC twe X
— tCEH
cE Vin ViR "~
TVIL Vi
ws wH
LN\ Wil Vi
tos | | tDH

q ViH Vin
)(EV"_ STABLE v,

HIGH IMPEDANCE

® READ MODIFY WRITE CYCLE

tAS | | tAH
ViH
Address >< [ Xﬁ X
R D tRMWC
3 Vi Vi N tweH ViH
Vi
fivie ViL
RS _ | tMD WH
ViH
AW %H \VlLVlL
tacc ‘D§| tDH top
Vin - VW
Din Mie Vi
tCOE STABLE
=]
ouT @\63: VALID

UNKNOWN




(nA)

IpDS

Ipps (mA)

Ippo (mA)

Ipps VS. Vpp Ipps VS. Ty
6.0 100.0
Ta=256°C Vpp = 5.5V /
5.0 CE=Vpp CE=Vpp g
VIN = VDD VIN=VDD /
40 =< 10.0
k] //
30 %]
20 | "0 /
11 //
1.0 /
0 0.1
3.0 4.0 5.0 6.0 —40 0 40 80
VDD (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=5.5V
20 z 2
1\
(%]
a
= \\
10 1
\\
P —
/ T —
0 A 0
0 4 6 0 1 2 3
VIN (V) teycle (1S)
Ippo VS. Vpp Ippo VS. Ty
6 6
Ta=25°C Vpp = 5.5V
teycle = 1 uS teycle = 1 1S
4 - 4
£
// S~ I
— [] I
/// _8
2 2
0 0
4.5 50 55 60 —40 0 40 80
Vpp (V) T, (°C)




IoH (mA)

(mA)

oL

IDDO VS. teycle

Ta=25°C
Vpp =5.5V
- 4
<
£
[
a
o
- 2
\
0
2 3
teycle (uS)
IOH Vs, Ta
-30
Vpp = 4.5V
VOH =2.4V
-20
e~
-10 e —
0
—40 40 80
Ta (°C)
loL VS. T,
30
Vpp = 4.5V
VoL =04V
» \
~—
~
10
0
—-40 40 80
Ta (°C)

10H (mA)

(mA)

oL

VIH . VIL VS. VDD

3.0
Ta=25°C
S 20
=
> VIH
T /l L —
> 0 ViL
0
3.0 4.0 5.0 6.0
Vpp (V)
10H VS. VOH
-120
N Ta=25°C
Vpp = 4.5V
-8.0 N
N
-40 \
| \
2.0 3.0 40 6.0
VOH (V)
loL vs. VoL
60
Ta=25°C
VDD = 4.6V
40 //
/ g
20
/
0
0 0.5 1.0 15
voL (V)



Normalized tacc

Atace (ns)

Normalized tacc VS. Ty

14
VDD = 4.5V
1.2
P
10 /
08
-40 0 40 80
Ta (°C)
Atace VS. CL
30
Ta=26°C
VppD = 4.5V
20
L~
10
0
100 200 300
CL (pF)

Normalized tacc

Normalized tacc VS. VDD

3.0

Ta=25°C

20

1.0

—

0

30 40 5.0 6.0
Vpp (V)




® PLASTIC PACKAGE

18 17 16 15 14 13 12 11 10
Unit in mm

<
3
R1.0 °
©
9 .
12 3 4 56 7 8 %
<
b3
- 22.8 MAX. P 762%+0.26
r Z
I | s
0
o
\I 0~15°
e +0.1
7 02570
2.5410.25 14t0.15 H
' il 0.5%+0.15 ] 762~8.8
o
® CERDIP PACKAGE
18 17 16 15 14 13 12 11 10
252 62 52 97 £2 2 e o
x
<
H
o
n
[ . e e
1 2 3 4 5 6 7 8 9
z| %
228 MAX H H 84%02
Wl ®
M
[ :
| ]
H ~ 0~18°
f— +01
025 505
254 TYP 1621025 z
+—t t H
0461015 © 82~95
o

Note Each lead pitch is 2 54 mm Al leads are located within 0 26mm of their longitudinal position
with respect to No 1 and No 18 leads
Al dimensions are in millimeters

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



1024 WORD X 4 BIT CMOS RAM
SILICON GATE CMOS

TC5514P-2

TC5514P TC5514P-I

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

.
® Low Power Dissipation

110 uW (MAX.) STAND BY

110mW (MAX.) OPERATING, TC5514P-1/-2
138mW (MAX.) OPERATING, TC5514P
Data Retention Voltage 2V to 5.5V

Single 5V Power Supply

18 PIN Plastic Package

(TOP VIEW)

Ag ~ Ay Address Inputs

RW Read Write Input

CE Chip Enable Input
Data /0y ~ 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 C2MOS 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.

e Full Static Operation

e Three State Outputs

o Input/Output TTL Compatible

® Access Time
TC5514P , tacc = 450ns (MAX.)
TC5514P-1, tacc = 650ns (MAX.)
TC5514P-2; tacc = 800ns (MAX.)

Ao
-0 Vpp
A1 g H -0 GND
Ay 3 § Memory Cell Array
A3 il
5 2 64 x 64
Aq 3 e
As
D|/°| g Sense Amp.
DI/0, é Column Decoder
D1/03 =
01/04 3 Address Buffer
AgOA0Ag0 A9
CE
R/W
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SYMBOL ITEM RATING UNIT
Voo Power Supply Voltage —-0.3~7.0 \
VIN Input Voltage -0.3~Vpp +0.3 \
Vout Output Voltage 0~Vpp v
[ Power Dissipation (Ta = 85°C) 550 mwW
TSOLDER Soldering Température - Time 260-10 °C sec
Tste - Storage Temperature -55~150 °c
ToPR Operating Temperature —30~85 °c
AR ARSI
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Voo Power Supply Voltage 45 5.0 55 \
ViH Input High Level Voltage 22 - Vpp +0.3 v
ViL Input Low Level Voltage -0.3 - 0.65 \2
VbH Data Retention Voltage 20 - 5.5 v
IR (Ta = 30 ~ 85°C)
SYMBOL PARAMETER CONDITIONS MIN. TYP. (1) | MAX. | UNIT
™ Input Current 0S VN S Vpp - +005 | £1.0 | wA
Vpp =2V to 5.5V
Ipps Standby Current CE = Vpp —0.2V; Output Open - 02 20 MA
Other Inputs = 0.2V or Vpp —0.2V
. Vpp =55V, t =1 TC5514P - 13 25 mA
looo Operating Current Output Open ° TCs514P1/2 | — 10 20 | mA
Lo Output Leakage Current | 0SVout < Vpp - £005 | £10 | pA
lom Output High Current Vpp =45V, Vou = 2.4V —10 | —20 - mA
lovL Output Low Current Vpp =45V, VgL =0.4V 20 3.0 - mA
C (2) Input Capatitance f=1MHz - 5 10 pF
Co (2) Output Capacitance f=1MHz - 7 15 pF

Note (1) Ta=28°C

Vpp =6V

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

- 100 —




TC5514P

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
tRc Read Cycle Time 450 - ns
- o T —
s A e = s
iLid © ! CL = 100pF + 1 TTL Gate
tps Data Setup Time Vi =22~ Vpp +0 3V 200 - ns
tDH Data Hold Time V'H -—03 N(?st 0 - ns
twR Write Recovery Time T;L- 30'~ g5°C 0 - ns
taw Address Setup Time 30 — ns
toH OutputData Holu Time 30 - ns
TC5514P-1
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
tRC Read Cycle Time 650 = ns
e | e el
we e CL = 100pF + 1 TTL Gate
tps Data Setup Time 200 - ns
- Vi =2.2~ Vpp +0.3V
tDH Data Hold Time 0 - ns
- - ViL =-0.3~0.65V
twr Write Recovery Time Ta =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
Write Cycle Ti 8 —
twe rf e Cycle !me Vop =4.5~655V 00 ns
twp Write Pulse Width 450 - ns
- Ci =100pF + 1 TTL Gate
tps Data Setup Time v 250 - ns
toH Data Hold Time 1H =22~ Vpp +0.3V o - ”
) " Vi =-0.3~065V
twR Write Recovery Time T 30 ~ 85°C 0 — ns
a=-30~
taw Address Setup Time 50 - ns
toH Output Data Hold Time 30 - ns
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TC5514P

(Ta=-30 ~ 85°C)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
tacc Access Tume. Vop =45~55V = - 450 ns
tco CE Access Time C1 =100 pF - 450 ns
tors Output Disable Time VL - ,;/ Vol =065V — — 150 ns
tcoE Output Enable Time OH = 2.2%. VoL 20 150 - ns

TC5514P-1

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT

t A Til - -
ACC Access |me. Vop =45 ~55V 650 ns
tco CE Access Time - 650 ns
- " Cp =100 pF
tois Qutput Disable Time Von = 2.2V, Ve =0.65V — — 150 ns
tcoe Output Enable Time OH = <%, VoL =% 20 150 - ns
TC6514P-2

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT

tace Access Time - - 800 ns
== Vpp =45~ 5.5V

tco CE Access Time CD?_ 100 oF - — 800 ns

tors Output Dissble Time v ZDV Ver =065V = = 200 ns

tcoe Output Enable Time Ok = £2¥. YoL =0 20 200 - ns
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® Read Cy/cle“)

ADDRESS

Dout

® Write Cycle 1 (R/W Controlled)

ADDRESS

—(2)
CE

RW

Pour

® Write Cycle 2 (CE Controlled)

ADDRESS

" A\

Dout

tRC
ViH ViH Vin
ViL Y\ Vie ViL
tACC t
Al UL
Vin \ Vin
ViL / /
tco tois,
k
Vo Vou'
Vou VoL
tCOE
wc
ViH Vi Vin
Vi N Vie Viu
tWR
\\\\\ \\\\\\\\ A ViH
Vie vin/l/ / /
taw twp
1
ViK " ViH
ViL Vi |
DS tDH
Vin Vin
Vie Vi
tcoE

Vin
Vie

Vin
ViL

e,

NN

wp

ViH
Viu

ViK'
vict

Notes: (1) R/W is high for a Read Cycle.
(2) 1f the CE low transition occurs simultaneously with the R/W low transition, the output
buffers remain in a high impedance state.
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18 17 16 15 14 13 12 11 10

7% Ma&;? SRR AR )
R o N R e o
S

D

Ve
preies

All leads are located within 0.25mm of their true longitudinal

Unitin mm
x
<
R10 2
©
1.2 3 4 5 6 7 8 9 N
X
<
2
= 22.8 MAX ° 7.62£0 25
I i
| | s
L _i_ T B R g
|I|l|1 ‘|o~1s°
~T0250
z —0.05
2.54%0 25 1.4%0 15 H
™
0.5%015 0 7.62~8.8
~
Note. Each lead pitch 1s 2.54mm.
position with respect to No. 1 and No. 18 leads.
Note: T does not assume sny responsibility for use of any circuitry described; no circuit patent licenses are implied, and Toshiba reserves
the at any time without notice, to change said circuitry.
©Sept., 1979 Toshibs 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 TC5514AP/AD is a 4,096 bit high speed and
low power static random access memory organized as
1,024 words by 4 bits using CMOS technology, and
operates from a single 5-volt supply.

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

The TC5514AP/AD 1s a fully CMOS RAM, there-
fore it is suited for use in low power applications
where battery operation and battery back up for

Standby Current

0.2uA (Max.) at Ta=25°C R

o (Max) S TaaoeG | © TCS514APL/ADL
20uA (Max ) TC5514AP/AD
Low Power Dissipation . 156mW (Typ.) operating
Single 5-volt Supply 5V 10%

Data Retention Supply Voltage 2~ 5.5V

Three State Outputs

All Inputs and Outputs  Directly TTL Compatible

(TOP VIEW)
Ag]1 18[]Vbp
As[2 17[JA,
Aq[]3 16[]As

As[]a 16[JAg
Ao(]s 14[]Data 1/0;
Aids 13[]Data 1/0,

Az 12[]Data 1/03
cells 11[]Data 1/04
[I=1s ) 10JRMW
PIN NAMES
Ao ~ Ay Address Inputs
R/MW Read Write Control Input
CE Chip Enablé Input
Data 1/0; ~ 4 Data Input/Output
Vpp/GND Power Supply Terminals

DI/0; O—
DI/03 0

D1/04 O

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

The TC5514AP/AD 1s 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 TCB514AP/AD 1s offered in both standard 18
pin plastic and cerdip packages, 0.3 inchs in width

® Access Time

200ns (Max ) . TC5514AP/APL/AD/ADL-2

300ns (Max ) TC5514AP/APL/AD/ADL-3

Fully Static Operation

On-chip Address Transition Detector

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

e Package

Plastic DIP  TC5514AP/APL

CerdipDIP  TC5514AD/ADL

Clock
Generator H Precharge Circuit

1 1

Memory Cell -0 Vpp

Array «—O GND
(64 x 64)

Row Address
Row Address

Register
Row Address

Decoder

Sense Amp and
Column Decoder

Column Address
Buffers

SN
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SYMBOL ITEM RATING UNIT
Vpop Power Supply Voltage -03~70 \%
VIN Input Voltage -03~70 \
Vio 1/0 Voltage 0~ Vpp \Z
P Power Dissipation TC5514AP/APL 550 mwW

o (Ta=85°C) TCE514AD/ADL 800 mW

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

SYMBOL ¢ PARAMETER MIN TYP MAX UNIT
Vop Power Supply Voltage 45 50 5.5 \2
Vin Input High Level Voltage 22 - Vpp +03 \2
ViL Input Low Level Voltage -03 - 08 \
VpH Data Retention Voltage 20 - 55 \%

D.C. CHARACTERISTI(:S (Vpp =5V * 10%, Ta = —30 ~ 85°C unless otherwise noted )

SYMBOL PARAMETER CONDITIONS MIN [TYP (1) | MAX | UNIT
i Input Leakage Current ovEVvin £ Vob - — 1.0 | uA
Lo Output Leakage Current | CE =V, 0VE Vo S Vpp — — £10 | pA
loH Qutput High Current Vo =24V -10 — - mA
loL Output Low Current VoL =04V 20 - - mA

TC5514APL [Ta=26°C[ — - 02 | pA
Vpp =2V~ 55V
po TC5514ADL [Ta=60°C| — - 10 | WA
Ipps Standby Current All Inputs = TC5512AP
Vpp — 02V, - . A
02VorVpp =02V Lo 0.05 20 u

| =1us, | =0mA -

boot Operating Current foycle = 145, loyt =0m 50 90 mA

Ippo2 teycle = Tis, Viy = Vpp, ViL =0V, loyt =0mA - 3.0 50

Note (1) Vpp =5V, Ta=25°C

CAPACITANCE®  (Ta=25°C, f=1MH2)

SYMBOL PARAMETER CONDITIONS MIN TYP. MAX UNIT
CiNn Input Capacitance ViN =0V - 4 8 pF
Ci/o Input/Output Capacitance Vijo =0V - 5 10 pF

Note (2) This parameter 1s periodically sampled and 1s not 100% tested
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; (Vpp =5V *10%, Ta=-30~ 85°C)
® READ CYCLE

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

o Qutput Load

Input Pulse Levels

Timing Measurement Reference Levels
Input .08V, 22v
Output 0.8v, 2.2v

Input Pulse Rise and Fall Times : 10ns

100 pF + 1 TTL Gate
0.6V, 2.4V
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® Read Cycle'!! hGIS
ADI Vin Ve v
ORESS Vi AAVIL STABLE V:: X
tacc toH
XV
= AN Vit
o oIS
Dout
tCOE
® Write Cycle 1 (R/W Controlled)
twe
v v
ADDRESS v:: x,\’:: STABLE \‘l/:: X
tWR
=@ s
GEBNNNNNN\ \NNN\NN\N R s
taw twe
1 —
ViH ViH
R/W \ X ViL ViL /
oS toH
v
DIn v:: STABLE :',"':X

oo SRROOGEEONNN)

® Write Cycle 2 (CE Controlled)

tDIs

twe

tCOE

ViH ViH v
ADDRESS STABLE 1H
MIWANITY Vi
tAw WR
— XV 3
3 ) / Vin
(ViL ViL A
AW \ we FVin
xViL ViL yz
‘os DH
v
DIN x IH H
viL STABLE ViL
tcoE tois
-
oouT I

Notes

(1) R/W 1s high for a Read Cycle

—

(2) 1f the CE low transition occurs simultaneously with the R/W low transition, the output
buffers remain in a high impedance state.
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tacc VS. Vpp

tcot VS. Vpp

300 120
Ta=25°C Ta=256°C
CL = 100pF €, = 100pF
@ o
H "2 \
Q ™. -
< )
8 ~ 8 \
100 \ 40/
P~
r
Vpo (V) Vpp (V)
tacc tco1 VS. Ta Atacc VS. Cp
1.4 60
Vpp = 4.5V Vpp = 4.5V
o
CL = 100pF Ta = 26°C
-
o
242 l 40
8 0
g tacc 2
2 // X
H L oo Q
= 1.0 20
o
z 7
l/
- /
os °
~40 40 80 100 200 300 200
Ta(°C) c (pF)
Vin, ViL VS. Voo VW, Vi VS. Ta
25 2.5
Vin
Vpp = 5.5V
Ta = 25°C Vit
Vpp = 45V
20 ~ 20
s s ' ’
a4 / 2
N V"‘/ > Vin
: I
z / S
> s _ 1.5
/ v
1 (I8
/ e
1.0 1.0L 1
4 5 7 ~40 C 40 80
Vpp (V) Ta(°C)



'bpo VS Voo
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Vou (V)

Ippo VS. Ta
1 12
Te = 25°C Vpp = 6.5V
teycle = 14S teycle = 14S
10
3 - ro
s < ViN=22V,08V
% 2 —
g V|N = 2.2V, 0.8V §
5 | | ] Pl T a
\/ M
VIN = Vpp-0.2V, 0.2V Vin =563V, 0.2V
]
[ r 5 6 —40 40
Voo V) Ta (°C)
'DDO VS: teycle Ipps VS. Vpp
Vpp = 5.5V v 6.5V
8 0 oD = o
Ta=26°C 8 Ta=25°C
VIN = 2.2V, 0.8V
- <
< z
2 g ~ &
o N 8
8 o
8 5
S~ //
[ — | "1
o s
3
o 2 4 6 4 s )
teycle (US) Vpp (V)
- Ipps VS. ViN IoH VS. Vou
Vpp = 5.5V Vpp = 4.5V
CE = 5.5V Ta=25°C
10 -20,
E \
3 4
"3 \ b3 \
o < N
o I
- °
5 \ —10
\\ \\
° 2 4 6 2.0 3.0 40 5.0
VIN (V)




loL VS VoL

40|

Vpp = 4.5V

Ta = 26°C

Fy /
H /)
a Y
°
20|
o0s 1.0 1.6
Vou V)
Ipps VS. Te
Vpp = 55V
CE = 6.5V

//

50

/

]
= 10! /
2 /
o
) 7
3
1
0.5 //
03
0.1
Ta (°C)
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® PLASTIC PACKAGE

18 17 16 15 14 13 12 11 10

— Unitin mm
. A
X
s
R10 °
_°y
4 56 7 8 9
12 3 x
<
b3
22.8 MAX o 7.6210 25
. 2 o
s
"]
o
0~15°
0 o5 0.1
Z 025 g'os
2.564+0.26 14015 H
T T
05015 0 762~88
o~
® CERDIP PACKAGE
18 17 16 156 14 13 12 11 1
252 S2 S22 S2 £2 9
x
<
3
o
~
| . e o e 5
12 3 4 5 6 7 8 9
zl £
228 MAX =z = 84202
o ®
o|
(L: L
0~18°
——tf— +01
028 905
- 284 TYP 18621026 z
+ HH+ H
0461015 © 82~96
~

Note Each lead pitch is 2 54 mm  All leads are located within 0 26mm of therr longitudinal position

with respect to No 1 and No 18 lesds
All dimensions are in millimeters.

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

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

- 112 -



1024 WORD x 4 BIT CMOS STATIC RAM

SILICON GATE CMOS

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

The TC5513AP/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 TC55613AP/AD is

o Low Power Dissipation
27.5m W/MHz (MAX.):Operating
e Standby Current
0.2pA (MAX.) at Ta= 25°C.
10uA (MAX.) at Ta = 60°C } TCBBI3APL/ADL
20 pA (MAX.) TC5513AP/AD
e Fast Access Time
tacc: 200ns (MAX.)
e Single 5V Power Supply

Aq 01 18] Voo

A; [2 17034,

A, [Os 16[] As

A Qs 150 A,

A, [s 14[] Data I/0,

13[]) Data /0,
12[] Data I/O,
11[] Data I1/0,
0[] A/W

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

guaranteed for data retention at power supply voit-
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.

o Data Retention Supply Voltage
2V t0 5.5V

e Fully Static Operation
® On-chip Address Transition Detector
® Three State Outputs
e |nputs and outputs Directly TTL compatible
® Plastic DIP: TC5513AP-2/APL-2

Cerdip DIP: TC5513AD-2/ADL-2

Clock
Generator

Precharge
Circuit
T

Ag ~ Ay Address Inputs

RW Read Write Input

CE Chip Enable Input

Data 1/01 ~aq Data Input/Output

Vpp/GND Power Supply Terminals

A 2
* H ——0 Voo
A, 3 Memory Cell
e rrey
A N (64 x 64) —=—oanp
7 2E
o3
A, o
A, H
110, 0—
Lt Sense Amp. and
Column Decoder
pl/0, O—
Column Address
/0, O k Buffers
bI/0, O— &- J) l l l
— | Ao Ay Ay A
CE 'L
R/W
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SYMBOL RATING UNIT
Vbb Power Supply Voltage -0.3~7.0 \%
ViN Input Voltage -0.3~7.0 \"
Vio 1/0 Voltage —03~ Vpp 405 v
TC5513AP/APL 550 mwW
P Power Dissipation (Ta =85°C
o ower Dissipation (Ta ) [ Tcss1aap/anL 800 T
TSoLDER Soldering Temperature * Time 260 - 10 °C « sec
TstG Storage Temperature -55 ~ 150 °C
TorR Operating Temperature -30 ~ 85 °C
SYMBOL PARAMETER MIN TYP. MAX UNIT
Vpp Power Supply Voltage 45 5.0 55 \
Vi Input High Level Voltage 22 — ‘'pp +0.3 \2
VL Input Low Level Voltage -0.3 - 0.8 \2
VpH Data Retention Voltage 2.0 - 55 A
SYMBOL PARAMETER CONDITIONS MIN. | TYP!| MAX. | UNIT
I Input Leakage Current oV EVin € Voo - - 10 | pA
Lo Output Leakage Current CE=Viy,0VEVy0 <Vpp - - 10 | pA
loH Output High Current Vou =24V -1.0 — — mA
loL QOutput Low Current VoL =0.4V 2.0 - - mA
TC5513APL | Ta=25° - - 0.2
Vpp =2V ~55V 3 2225 C KA
lpps Standby Current E>V 0.2V TC6513ADL | Ta=60"C = - 1.0 MA
= 7DD " TCE513AP, TC5513AD | — | 005 | 20 | wA
lopot teycle = 1M, loyT = OmA - 5.0 90
Operating Current teyae = 1S, ViH = Vpp, VL =0V, mA
Ipp02 ovee™ B TiH T T0D Tk - | 30| s0
lout =0mA
Note (1) Vpp =5V, Ta=25°C
SYMBOL PARAMETER CONDITIONS MIN. TYP MAX UNIT
CiN Input Capacitance VN =0V - 4 8 pF
Cio Input/Output Capacitance Vo =0V - 5 10 pF

Note (2). This parameter is periodically sampled and 1s not 100% tested.
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® READ CYCLE
TCB513AP-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
tpis Output Disable Time - 60 ns
tcoE 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
tDH Data Hold Time 0 — ns
twR Write Recovery Time 0 - ns

Qutput Load 100pF + 1 TTL Gate
Input Pulse Levels : 0.6V, 2.4V
Timing Measurement Reference Levels
Input 0.8V, 2.2v
Output . 08V, 22v

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

ADDRESS

= Ny e

tRC

Vi
ViH

Vie

STABLE
Vie

1 tacc

T

tco oIS
(T2 Vo D —
tCOE
® Write Cycle 1 (R/W Controlled) twe
) I 1
twR
= NN vedy777///
AW T
RW VIH\\\\\VM. Vu./ Y
tos toH
DIN X z‘lt‘ STABLE x:t‘ X
= tcoE
DouTt N
® Write Cycle 2 (CE Controlled) twe
ADDRESS ‘\’,": { \\;‘I': STABLE :’/::‘ X
] taw twR
= NN
Al
NN\ RN 7/
tps tpH
PN z:: STABLE x"t K
| eee tols
Dout >i

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

(2) |f the CE low transition occurs simultaneously with the R/W low transition, the output buffers remain in high impedance state.
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[ TYPICAL CURRENT WAVEFORM |

ADDRESS

'op
(mA)

80

60

40

20

— L 1 ]

B e N

50ns/DIVISION
Vpp = 5.5V
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® PLASTIC PACKAGE

18

17 16 156 14 13 12 11 10

5.0 MAX,

Unit: In mm

7.620.25

X
q
b3
©
@<
72 3 4 56 7
228 MAX. Z
.;__5
Arrh—rhrby ol
2.54:0.25 1.4£0.15 Z
it s
0.5¢0.15 4
o~

® CERDIP PACKAGE

Notes: (1) Each lead pitch is 2.54mm. All leads are locsted within 0.28mm of their longitudinal position with respect to No. 1 and No. 18 leads.

1817 16 15 14 13 12

11 10

e gy
%
<
s
o
~
B a3 & O OO
12 3 4 6 6 7 8 9 .
;%
gl =
22.8 MAX. HIE 8.4:0.2
°
H
0~ 18°
el
T 028703,
1.5210.25 Z
H 82~9.5
0.4610.16 w
L]

All dimensions are in millimeters.

Note: Toshibs 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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&5 TOSHIBA MOS MEMORY PRODUCTS

TCS55I6AP/-2, TcssleApL/
2048 WORD x 8 BIT CMOS STATIC RAM TCSSISAD/- TC55I6ADL/
SILICON GATE CMOS TC55I6AF/- TC55I6AFL./-

DESCRIPTION

The TC5516AP/AD/AF 1s 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 s 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

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/

5.0uA (Max.) at Ta=60°C | AD/AF
o Low Power Dissipation 200mW (Typ.)
Operating
e Single 5V Power Supply 5V £10%

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

PIN CONNECTION (Tor vIEW)

17013 o

170,310

o331

PIN NAMES ene12
Ao ~Ajso Address Inputs

R/W Read/Write Control Input

CE,,CE, Chip Enable Inputs
1/0y ~ 1/0g Data Input/Output
Vbp Power (+5V)
GND Ground

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

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

® Access Time
250ns (Max.): 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 : TC5516AP/APL
CerdipDIP TC5516AD/ADL
Plastic FP - TC5516AF/AFL

BLOCK DIAGRAM g,

—-—oVpp
MEMORY CELL
ARRAY
128 x 128

—~—o GND

ROW DECODER

1/04
3 SENSE AMP. ]
« it
25 | HcoLUMN DECODER]
go
1/0g © ]
CE;
A7 Ag Ag Ajo

LU
EE%

8
i

—{>———CE;
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ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING
Voo Power Supply Voltage —-03v~70V
ViN Input Voltage —0.3V~Vpp +0.3
Vio Input/Output Voltage —03V~Vpp+03
Po Power Dissipation (Ta = 85°C) 0.8W (0.45W)*
Tste Storage Temperature —56°C ~ 150°C
TopR Operating Temperature —-30°C ~ 86°C
TSOLDER Soldering Temperature Time 260°C 10 sec
*Plastic FP
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vob Power Supply Voltage 45 5.0 55 \
Vin Input High Voltage 22 — Vop + 0.3 v
ViL Input Low Voltage —0.3 - 0.8 \4
VpH Data Retention Voltage 2.0 - 55 v
SYMBOL PARAMETER CONDITIONS MIN. | TYP | MAX. | UNIT
L Inpu't Leakage Current 0 Vin £ Vo - - $10 | pA
Lo 1/0 Leakage Current CE; =ViH.OVEVio £ Voo - - 150 | pA
loH Output High Current Vou =24V -1.0 |-20 - mA
loL Output Low Current VoL =0.4V 2.0 3.0 -~ mA
Iops: CE, =22V — 10 | 30 | mA
TC5516APL/ | Ta =25°C - - 0.2
CE2=Voo 05V | \pi/aFL  [Ta=e0°c | = | — | 10
Ipps2 Standby Current Tessteap)  LLAS 25:c - 005| 1.0 | pA
Vop =2~85V | ¢ Ta=60°C | — - 5.0
Ta=85°C | — - 30
Ippo1 ) CE, =0V, Vin = ViV, lout =0mA - |40 70
iooog | OPeréting Current TE, =0V, Vin = Vop/GND, lout =0mA ~ T3 | | ™
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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® Read Cycle

TC5516AP-2/APL-2 TC5516AP/APL
SYMBOL PARAMETER TC5516AD-2/ADL-2 TC5516AD/ADL UNIT
TC5516AF-2/AFL-2 TC5516AF/AFL
MIN MAX. MIN. MAX.
tre Read Cycle Time 200 - 250 - ns
tacc Access Time — 200 - 250 ns
tco1 CE, to Output Valid - 100 - 100 ns
tcoz CE, to Output Valid - 200 — 250 ns
tcoE CE, or CE, to Output Active 10 - 10 - ns
top Output High-Z form Deselection - 80 - 80 ns
toH Output Hold from Address Change 10 - 10 = ns
® Write Cycle
TC5516AP-2/APL-2 TC5516AP/APL
SYMBOL PARAMETER TC5516AD-2/ADL-2 TC5516AD/ADL UNIT
TC5516AF-2/AFL-2 TC5516AF/AFL
MIN. MAX. MIN. MAX.
twe Write Cycle Time 200 - 250 - ns
twp Write Puise 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
QOutput Load : 100 pF + ITTL Gate
Input Pulse Levels . 0.6V, 24V
Timing Measurement Reference Levels
Input : 0.8V and 2.2V
Output 0.8V and 2.2V
Input Pulse Rise and Fall Times 10ns
4 ~ \ i il tac
®Read Cycle
Addresses >< ViH ViH ViR
ViL Vie Vi
tacc toH
_ \S Viu tco2 Vin
CE2 N\ >tVIL / / // /////
' top
ViH
tco1 ViH
NN U Y
tcoE oo
1cOE
G oo v




® Write Cycle 1

we
Vin Vin \A ViH
Addresses X&L o X;Vm
tAw
— \
ck2 k \\\\\ M Vi
= NN v 00
twe (2) L _WR
|t
R/W Vin \ /I‘ Vin
kViL A ViL
o ﬂ", tOEW
ST S XGRS (TR IR
o 0000990090, XXX
o R A R T T e KRR
oy
o Vin ViH ><
IN Vi / Vi |

® Write Cycle 2

7
DATA IN STABLE

wce
Vi Vin ViH
Addresses viL ViL ViL
(7) CE, (CEq) \\\\ \ ViL ViL // / /i/i
tAw twe (2) tWR
(7) TEy (CE,) in 1\ \\ /chH
vie 1o L Vi ViL

SN\

Vi

T

tCOE

\\\\ ViL

PouT

topw

(6)

tps (3)

OIN

Vin Vin)
ViL ViL

AN

: UNKNOWN
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NOTE

(1) R/W 1s high for a Read Cycle

(2) twp 1s specified as the logical “AND" of CE1, CE2 and R/W.
twp 1s measured from the latter of CE1, CE2 or R/W going low to the earlier of CE1, CE2 or RW
going high.

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

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

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

(6) If the R/W 1s 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 hlgh impedance state in this period.

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vor Data Retention Power Supply Voltage 20 = 55 \
TC5516APL/ | Ta=25°C - - 0.2
ADL/AFL Ta=60°C - - 1.0
Ipps Standby Current TCB516AP/ Ta= 25:c - 0.05 10 A
AD/AF Ta= GODC — — 5.0
Ta=85"C - - 30
tcDR From Chip Deselection to Data Retention Mode 0 - - us
tR Recover Time tre (1) - - Mus

Note (1) trr Read Cycle Time.

TION MODE
Voo DATA RETEN o
8.6V = — e — — — ———————— e
VIH e () (2)
& Vpp ~0.5V
CE2 tcDR op R
ViL
GND

Note: (2) If the Vi level of CE 3 1s 2 2V, during the period that the Vpp voltage s going down from 4.5V to 2.7V, iggp1 current flows.

D
(Refer to D.C. CHARACTERISTICS or TYPICAL CHARACTERISTIC FIGURES.)
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tacc Vs Voo oon tco1 Vs Vbp
Ta=25°C Ta=26°C
250 cL = 100pF CL = 100pF
150
_. 200 N
: H
3 S o
X 4s0 L
F—
i~ 50
\r\
100
°
3 [:
Voo V) Vpp (V)
TACC: 1CO1 vs- Ta 0 Atacc vs- C)
1.4 Vpg = 4.5V Vpp = 45V
Cu = 100pF Ta=25°C
) y
Sz //, 3 /
Q £
s oo § w0
o <
% 10 / tace 4 A
L] -
3
5 o~ 20
o
z // L~
0.8
-
—-40 30 80 100 300 400 500
Ta (°C) L oF)
ViH, ViL Vs VoD Vin. ViL Ve Ta
28 Te=25°C 25 ViH. Vop = 6.5V
ViL, Vop = 4.5V
=
2 20 < 20
7 i s [ —
~ fe——
>ﬂ ViH - P—— R
N — >
>E 1.5 / 2 s
— Py o
Viu —
S ——
o 1.0 3
* f ~40 40 80
Vpop (V) Ta (°C)
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Ippo vs. V

DD

Ippo vs- Te
80
CE; =ov 70 Vpp = 5.5V
Ta=25"C SE,-ov
60
<
E 3z 60
8 £ | N
o 40
o - 9
o
~ 50
~
20 _
40
L
6 —40 a0 80
Voo ) Ta (°C)
IDDO V8- teycle IbDS1 v VDD
- 5.0
Vop =85V Ta =25
Ta=25°¢ 2.0| SEy =22V
/ other inputs
H - / _
£ < 0.8 ~2.2V
o £ 10
2 so -
B 8 os
30 03 //
0.1
1.0 5.0 r
teycle (us) Voo (V)
16 'DDs1 V8- T2 'pps2 v+ Voo
Vpp = 5.5V
—DD a Ta=25°C
CEp =2.2v 3. oo
TE, = Vpp —0.5V
1.4 other inputs
=0.8~22V ~
- ~ 2 2 a2
H £
5 o
5 2 g
o 8 ]
o = a0 -
|1
1.0
2.8
L i
—40 20 30 ] | !
Ta (°%C) Voo V)
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Ipps1 (mA)

1pps2 (nA)

lpps1 vs. Vin (CE2)

2.0 Ipps2 vs. VN (CE3)
Vpp = 6.5V 50
other inputs ‘ Vpp =55V
1.5 =0.8~2.2V 30 other inputs
\ Ta=26% =0.8~22V
Ta=25°C
\ 3
1.0 £ 10
. o
1]
\ a \
AN £
05 N 3 \¥
1
1.0 2.0 3.0 2.0 5.0 35 vy = =
VN (CE2) (V) _
INTE VIN (CE2) (V)
|OH V8. VOH
-20
Vpp =4.5
Ipps2 vs- Te Ta=25°C
600 Vpp = 5.5V —-156
CE; =5.0v _
300 ]
< -10 IS
I
o
100 4
Vi -
50 \
/ N
30 o
1.0 2.0 3.0 2.0
Vor (V)
10 %
oL vs- VoL
5 20
/ Vpp = 4.5V
3 / Ta=25°C
16 /
/!
1 -~
2 /
/ E 10 i
=
0.5 3 /|
0.3
s
0.1 L o /
-4 B
° ° 4: 0.4 o8 1.2
Ta (°C)
Vou (V)
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® Plastic DIP

24 232221201918 17161514 13
oonoonaononnn

d X
<
- _ =
R1.5 o
<
=
123465667 89101112
10° 32.4 MAX. » 15.24 TYP.
<
b3
,-}7\ b
Q
E— 0.254 0.05
2.54 +0.25 1.440.15 F4
T 0.5+0.15 E 17.4 MAX.
o
o Cerdip DIP
1 32.4 MAX.
2423222120191817 161514 13
el ieioisiciniclclcle]
X
[ <
- =
R0.64 [ @
I}
e
e g g = e g
1234567 8 9101112
%
< .
H z 15.24 +0.3
I 3
il 8
= ] © I |
f +0.15
-+ 0.25
. 2544025 |||| 131025 .
g I 1| 0.as*015 15.24 ~17.78
- ~0.10 -
o
Note. Each lead pitch is 2.564mm. All leads are located within 0.25mm of their true longitudinal position with respect to No. 1 and

No. 24 leads. All dimensions are in millimeters.
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o Plastic FP

0.1 0.1

LA 4
Uiuuuu l]uuu

16.6 MAX.

Each lead pitch is 1.27mm.

(0.6)
1.5 +0.1

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

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

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

Length 16.5 324

Width 9.0 14.2

Lead Pitch 1.27 2.54

Thickness 1.6 5

FP
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

"
o Vpp LINE
N
T
i
:

13.0 €y CEj (mm)
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e 4.:‘

Tv
o ﬁs’w :ﬁ%}
A6
B

Note  Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent hcenses are implied, and Toshiba reserves
the right, at any time without notice, to change said circuitry
© Apr., 1982 Toshiba Corporation
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S

it 2

2048 WORD x 8 BIT CMOS STATIC RAM

SILICON GATE CMOS

TC
TC5517AD/-2,TC5517ADL/-2
TC5517AF/-2,TC5517AFL/-2

5517AP/-2.TC55 1 7APL/-2

The TC5517AP/AD/AF s 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 TC5517AP/AD/AF s 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 1s 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 OuA (Max ) at Ta=60°C / ADL/AFL
1 OpA (Max ) at Ta=25°C } TCB517AP/
5 OpA (Max.) at Ta=60°C J AD/AF

® [ow Power Dissipation . 200mW (Typ )
operating

® Single 5V Power Supply 5V * 10%

® Data Retention Supply Voltage 20~ 55V

Fully Static Operation

S PIN_ CONNECTION (Tor view)

A O Voo
A, 02 A,
A3 Ay
Ags R/W
A Os OF
A.Os Ao
A, 07 CE
A, 08 1/04
170, o 16[71/0,
70, 10 1571/0,
1o, g1 1410,
GND[J 12 /0,
PIN NAMES
Ao ~ Ao Address Inputs
R/W Read/Write Control Input
OE Output Enable Input
CE Chip Enable Input
1/0; ~1/0g Data Input/Qutput
Vpp 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 TC5517AP/AD s also featured by pin com
patibility  with 2716 type EPROM. This means
that the TC5517AP/AD and EPROM can be in-
terchanged in the same socket, and the flexibility
in the definition of the quantity of RAM versus
EPROM obtained as a result allows the wide applica-
tion in microcomputer system

® Access Time

250ns (Max )  TC5517AP/APL/AD/ADL/AF/
AFL

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
Cerdip DIP  TC5517AD/ADL
Plastic FP TCB517AF/AFL

BLOCK DIAGRAM

CE

-—oVpp

MEMORY CELL | ——<GND
ARRAY

128 x 128

ININANRIRNRRN
ROM DECODER

10,

SENSE AMP

COLUMN DECODER|

DATA
l CONTROL

170,

CE A, A Ay Ay




SYMBOL ITEM RATING

Vpp Power Supply Voltage -03v~70Vv

VIN Input Voltage -03V~Vppt0 3V
Vijo Input/Output Voltage -03V~ Vpp+0 3V
Po Power Dissipation (Ta = 85°C) 0 8W (0 45W)*
TstG Storage Temperature -55°C~ 150°C
ToPR Operating Temperature -30°C~ 85°C
TSOLDER Soldering Temperature * Time 260°C * 10 sec

*Plastic FP

SYMBOL PARAMETER MIN TYP MAX UNIT
Vpp Power Supply Voltage 45 5.0 55 \Y
ViH Input High Voltage 22 - Vpp+0 3 \
ViL Input Low Voltage -03 - 08 \Y
Vpu Data Retention Voltage 20 - 55 Vv
SYMBOL PARAMETER CONDITIONS MIN TYP MAX | UNIT
e Input Leakage Current 0< VN € Vpp - - +10 uA
o 1/O Leakage Current CE=V|4, OV Vio £ Vpp - = +50 A
loH Output High Current Vou =24V -10 | -20 - mA
loL Output Low Current VoL =04V 20 30 - mA
Ippst CE=22Vv - 10 30 mA
TC5617APL/[Ta=26°C| - - 02
— ADL/AFL [Ta=60°C| — - 10
| Standby Current “E=Vop - 05V = T: 25°C 006 | 10 | uA
u = —_
ODS2 v Vop=2~66V | TCSBI7AP/ (== o
AD/AF
/ Ta=85°C| — - 30
Ibpo1 CE=0V, V|y = Viu/ViL, louT =0mA - 40 70
Operat t A
Tooog | COPeratng Curren TE=0V, Vin = Voo /GND, louT = OmA e I e
Note Typical values are at Ta = 25°C, Vpp = 5V
ANCE (Ta % 26°C; 1= AMH2Y
SYMBOL PARAMETER MIN TYP MAX UNIT
Cin Input Capacitance - 5 10 pF
Cijo Input/Output Capacitance - 5 10 pF
Note This parameter is periodically sampled and is not 100% tested.
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A.C. GHARACTERISTICS {Ta = -

® Read Cycle

;CSE')};QBZZ//AAII’DLZ TC5517AP/APL
SYMBOL PARAMETER B3I AP /AP LS. TCBa1AP/ARL unIT
MIN MAX. MIN. MAX
tRC Read Cycle Time 200 — 250 — ns
tacc Access Time - 200 - 250 ns
toE OE to Output Valid - 100 - 100 ns
tco CE to Output Valid - 200 - 250 ns
tcoE OE or CE to Output Active 10 - 10 - ns
top Output High-Z from Deselection - 80 - 80 ns
toH Output Hold from Address Change 10 - 10 - ns
® Write Cycle
SIS | R
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 - ns
twr Write Recovery Time 10 - 10 - ns
topw Output High-Z from R/W - 80 - 80 ns
toEW Output Active from R/W 10 - 10 - ns
tps Data Set Up Time 80 - 120 - ns
tpH Data Hold Time 0 - 0 - ns
Output Load : 100pF + 1TTL Gate
Input Pulse Levels 1 0.6V, 24V
Timing Measurement Reference Levels
Input . 0.8Vand 2.2V
Output . 0.8Vand 22V
Input Pulse Rise and Fall Times : 10ns
TIMING WAVE | tac
® Read Cycle (1)
Addresses X ViH Vin N[ Vin
Vie Vi Vi
tacc toH
Vin t, Vin
cE \\\\ W &Vu. = j //
! top
ViH N
o] —— ViH
& N 7
tcoe top
tcoE
bout VoH OUTPUT VoH
|_VoL DATAVALID Vg E@
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® Write Cycle 1 (1)

we
2 Vi) v
Vi 1] x H
Addresses X ViL Vi viL
taw
e ]
CE § \ \\ V|L
twp (3)
R/W Vin
ViL
Y02 07007 High Impedance
RETEIRRY
Sour e hea:
tps (4
ViH
DATA INSTABLE
Pin
Vi Vi
® Write Cycle 2 (2)
we
Vin Vin FVin
Address viL Vi ViL
t
..A_"Ll twp (3) tWR
CE /(Vm
ViL
AW Vi / / ////
DouT
tpg (4) tpH (4)
ViH| Vin
e DATA IN STABLE
ViL ViL

m ¢ UNKNOWN
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NOTE (1) R/W s high for a Read Cycle.
(2) OE = Viyy or V. If OE = V4 during write cycle, the output buffers remain in a high impedance
state.

(3) twp 1s 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) tpy, tps are measured from the earlier of CE of R/W going high
(5) If the CE low transition occurs simultaneously with or latter from the R/W low transition in a Write
Cycle 1, the output buffers remain in a high impedance state in this period.

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

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

- DATA RETENTION. CHARACTERISTICS {Ta:s =30 ~ 86°C} -

SYMBOL PARAMETER MIN TYP MAX UNIT
VpRr Data Retention Power Supply Voltage 20 — 55 \
TC5517APL/ | Ta=25°C - - 02
ADL/AFL Ta=60°C - - 10
I tandby Current Ta=25° — 005 A
DDS2 Standby Curren TC5E17AP/ a 25° 0! 10 "
AD/AF Ta=60"C - - 50
Ta=85°C - - 30
tcDR From Chip Deselection to Data Retention Mode 0 — - us
tr Recovery Time tre(1) - - us
Note (1) tgc  Read Cycle Time
DATA RETENTION MODE
(2)
cE CDR Voo—05V tR
Vi
GND
Note (2)
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@ Plastic DIP

24232221201918 1716151413

P 3
- R =
R1.5 '{ o
<
=
1234667 89101112
32 4 MAX. N 15.24 TYP.
10° ;
- 2
0.25:0.05
z
1.4:0.16 s
0.510.15 o 17.4 MAX.

® Cerdip DIP

138 MAX.

%
<
=
o 15.24+0.3
o r_____.'
! I
4 ﬂ
+0.15
0.2573:-18
Z
H 15.24~17.78
n
o~

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

All dimensions are in millimeters.
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® Plastic FP

Note: Each lead pitch is 1.27 mm,
All leads a
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PACKAGE INFORMATION FOR FLAT PACKAGE |

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

Differences are as follows.

1 Difference in dimension between flat and standard

package
Unit_mm
Flat package Standard package
Length 16.5 324
Width 9.0 14.2
Lead Pitch 127 254
Thickness 1.6 5

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

Note Toshiba ¢ res not assume any responsibility for use of any circuitry described,
the right, at any time without notice, to change said circuitry

2. Comparison in occupied space

oIP

FP

(-E) ((?‘E) " )
;f :': i: " Vpp LINE
] | | 1" 0
1 i " | } |
- ——\_lJI_' g
= N |
= —8 =
= :
== e — =
&

8520’

-0

i | |18

| GNDLINE |n
1 3

©Nov, 1981 Toshiba Corporation

Distributed by
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2048 WORD x 8 BIT CMOS STATIC RAM

SILICON GATE CMOS

TC5517BP, TC5517BPL
TC5517BD, TC5517BDL
TC5517BF, TC5517BFL

The TC5517BP/BD/BF 1s a 16384-bit high speed
and low power fully static random access memory
organized as 2048 words by 8 bits using CMOS
technology, and operates from a single 5 volt supply.

The TC5517BP/BD/BF has a output enable input
(OE) for fast memory access and output control and
chip enable mput (CE) which 1s 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 1s 200ns and maximum
operating current 1s 5(mA/MHz are achieved.

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/
5.0nA (Max.) at Ta=60°C | BF
Single 5V Power Supply 5V£10%
Data Retention Supply Voltage 2.0 ~ 5.5V
e Fully Static Operation

(TOP VIEW)
A1 24 (Voo
As ]2 23 [Ag
As]3 220 Ag
Al a 21 R/wW
Ass 20[16€
A2l] 6 19[JA10
A7 18 [ITE
Ao[] 8 17 [J1/0g

Vo1 9 16 [J1/07
/02 1o 15[11/0¢
170311 " 14avos
L T

Ao ~ Ao Address Inputs
RW Read/Write Control Input
OE Output Enable Input
CE Chip Enable Input
1/0; ~1/0g 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 is pin compatible with
2716'type EPROM. This means that the TC5517BP/
BD 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.)
tog = 70ns (Max.)
e Output Buffer Control . OE
e On-chip Address Transition Detector
e All inputs and outputs Directly TTL Compatible
e Three State Outputs
e Package
Plastic DIP  TC5517BP/BPL
Cerdip DIP. TC5517BD/BDL
Plastic FP  TC5517BF/BFL

CLOCK
GENERATOR

PRECHARGE CIRCUIT ]

MEMORY CELL
ARRAY

i

ROW ADDRESS

i

ROW DECODER

128 x 128

ROW ADDRESS

BUFFER
REGISTER

SENSE AMP_AND
COLUMN DECODER

COLUMN ADDRESS
BUFFER

N
o ? T
DATA CONTROL|

ClRCUIT
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CE OE R/W Ao ~Aro 1/0; ~3 POWER i
Read L L H Stable Data Out Ibpo [
Write L * L Stable Data In Iopo ﬂ
Output Deselect L H * * High Impedance Iboo o
**Standby H * * * High Impedance Ibps B
Note * HorlL ** Data Retention Mode
ITEM RATING
Vpp Power Supply Voltage -03vV~70V
Vin Input Voltage —0.3V~Vpp +0 3V
Viio Input/Output Voltage —0.3V ~Vpp +03V
Po Power Dissipation (Ta =85°C) 0 8W (0.45W) *
Tsto Storage Temperature —55°C ~ 160°C
Torr Operating Temperature —30°C ~ 85°C
TSOLDER Soldering Temperature Time 260 °C 10 sec.
* Plastic FP =0 45W
SYMBOL PARAMETER TYP MAX UNIT
Voo Power Supply Voltage 5.0 55 \
ViH Input High Voltage — Vpp +0.3 \
ViL Input Low Voltage - 0.8 Vv
VpH Data Retention Voltage - 55 \
b o s SR AR e
DCCHARACTERISTICS 175 = ~30°C ~ 85°C, Vo =6V £.10%)
SYMBOL PARAMETER CONDITIONS MIN | TYP. | MAX | UNIT
e Input Leakage Current | O £ Vin £ Vpp — - +10 HA
Lo 1/0 Leakage Current CE = Vi, 0V < Vo £ Vop - - 50 | pA
loH Output High Current Vou =24V -1.0 | =20 - mA
oL Output Low Current VoL =04V 20 30 - mA
lppst CE =22V - 10 30 | mA
TC5517BPL [Ta=25°C | — - 02
CE 2 Voo -0V /BDL/BFL [Ta=60°C | — - 1.0
Ipps2 | Standby Current Ta=25°C = 005 10 BA
Vpp =2~5.5V ;gﬁ;g;mp/ Ta=60°C| — - 5.0
Ta=85°C | — - 30
Ippo1 thEycle =200ns Vin = Vin/ViL - - 30
Ibpoz =0V, lout =0mA Vin = Vpp/GND — — 25
Operating Current < mA
[T toyce = THs Vin = VinMi - - 10
Ippoa CE =0V, oyt =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
Cio Input/Output Capacitance = 5 10 oF

Note This paramter 1s periodically sampled and 1s not 100% tested
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A.C. CHARACTERISTICS (Ta = —30 ~ 85°C, Vpp =5V ¢ 10%)

» Read Cycle

SYMBOL PARAMETER MIN MAX UNIT
tRre Read Cycle Time 200 - ns
tacc Access Time - 200 ns
toE OE to Output Valid - 70 ns
tco CE to Output Vald - 200 ns
tcoE OE or CE to Output Active 10 — ns
top Output High-Z from Deselection - 60 ns
toH Output Hold from Address Change 10 - ns
® Write Cycle
SYMBOL PARAMETER MIN MAX UNIT
twe Write Cycle Time 200 - ns
twp Write Pulse Width 150 - ns
tAw Address Set up Time 0 - ns
twR Write Recovery Time 0 - ns
topw Output High-Z from R/W - 60 ns
10EW Output Active from R/W 10 - ns
tps Data Set up time 90 - ns
tDH Data Hold Time [¢] - ns
A.C. TEST CONDITIONS
Output Load 100pF + 1TTL Gate
Input Pulse Levels . 0.6V, 24V
Timing Measurement Reference Levels
Input 0.8V and 2.2V
Output. 0.8V and 2.2V
Input Pulse Rise and Fall Times 10ns
TIMING WAVEFORMS
® Read Cycle (1) e
Addresses ><_V'“ Vin Vin
N Vi Vie Vi
tacc —o! ton e
J in tco ViH
cE ViL /
T
Vin oo
tOE Vinke
58 e /
tcoe tob
1
cot VoH OUTPUT VonT
| VoL DATAVALID vg

— 141 —




® Write Cycle 1(2)

twe
Addresses ViH Vin ViH
Vi ViL ViL
tAW
e \ \ Vio ViL
WR
RIW Vin Wp (3) T
N Viu Vi
toEwW
TODW =t
Dout (5) It
tps (4) toH (4) KRRRRRARIKRXK
ViH ViH
DN DATA INSTABLE
Viu Vio
® Write Cycle 2 (2)
twe
+ Vv
v H v
Addresses >< H x H
VIL Vie \ViL
_‘.A_w_| e (3) wh
cE
ViH \ / ViH
Viu ViL Vio
ViH
RW \ /
ViL ViLy
t toDW
COE | oo
tps (4) tpH (4)
Vin

Din >< DATA IN STABLE ><

Vio ViL
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Note

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

(2) OE = ViH or ViL. If, OE = V4 during write cycle, the output buffers remain in a high impedance
state.

(3) twp 1s 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 R/W going high.

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

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

(7) If the R/W 1s 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

VbR Data Retention Power Supply Voltage 2.0 — 55 \
TCB517BPL/ | Ta=25°C - - 0.2
BDL/BFL Ta=60°C - - 1.0
Ibps2 Standby Current Ta=25°C - 0.05 1.0 BA
;S::BP/ Tas60°C_| - - 50
Ta=85°C - - 30
1CDR From Chip Deselection to Data Retention Mode 0 - - Ms
tR Recovery Time tre(1) - - s
Note (1) tgc - Read Cycle Time
vpp—mm— DATA RETENTION MODE
4.5v ———Q [ ——
ViH e (2) _tar
e tCDR Vpp — 0.5V R
Viu
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.
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@ Plastic DIP

2423222120 1918 17161514 13

14.2 MAX.

32.4 MAX. . L _16.24 TYP. |

5 MAX.

0.26 +0.05
2.54 +0.256 z
LB s
0.5 +0.15 o 17 4 MAX.
©
e Cerdip DIP
L 32.4 MAX. ]
24 23222120191817 16 151413
%
<
- b
R0.64 )
@
e
12346678 9101112
X
s
z 15.24 £0.3
0
n
[= |
—_ 0252915
. 2.54t0.25 ||} 1.3+0.25 -
S S _¥0.186 ~
H 048918 15.24 ~17.78
9
o~

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

c
+
°

Note.

Each lead pitch is 1.27mm.

z
< = <
o 3 ]
+H ® o~ +H
e S - °
~ = o~
24 23 22 21 20 17 16 15 14 13
~
o
+
©
@
RO 64
12 8 9 1112
0.43 +0.05 lrl: 27 +01 0~ 1.27 _“ 0.15 +0.05
i
16 5 MAX

-

Bl o

el H

Tl

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

1. Difference in dimension between flat and 2. Comparison in occupted space
standard package.
Unmit mm
Flat package | Standard package
Length 16.5 324 DIP
Width 9.0 14.2
Lead Pitch 1.27 254
Thickness 16 5
3. Advantage of this package FP
Small dimensions
Capability of High Density Assembly

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

4. PC pattern layout example

Vpp LINE

S0

8520
¥ST'0

“lgsz'o

e

i
13.0 (CE) (GE) (mm)

Note Toshiba does not assume any responsibility for use of any circustry described, no circuit patent hicenses are impled, and Toshiba reserves
the night, at any time without notice, to change said circustry
© 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 1s 200ns and maximum
operating current i1s 5BmA/MHz are achieved.

Thus the TC5518BP/BD/BF 1s most suitable for

o Low Power Dissipation
27.56mW/MHz (Max.) Operating

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

e Single 5V Power Supply 5V+10%

e Data Retention Supply Voltage
20~ b5V

e Fully Static Operation

(Top VIEW)

PIN NAMES

Ao ~ Ao Address Inputs

R/MW Read/Write Control Input

(f, , C_E, Chip Enable Inputs
1/0, ~ 1/0g Data Input/Qutput
Voo Power (+5V)

| GND Ground

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

And the TCB5518BP/BD s pin compatible with
2716 type EPROM. This means that the TC5518BP/
BD and EPROM can be interchanged in the same
socket, and the flexibility in the definition of the l
quantity of RAM versus EPROM allows the wide
application in microcomputer system

e Fast Access Time
tacc = 200ns (Max.)
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 TC5518BF/BFL

cLOCK PRECHARGE
GENEATOR CIRCUIT

Ago]

MEMORY CELL
ARRAY
128 x 128

>
ROW ADDRESS

BUFFER
ROW ADDRESS

REGISTER
ROW DECODER

A100-—

F——
= SENSE AMP_AND
—
—

DATA CONTROL|

CIRCUIT
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CE, CE, RW Ao ~Aro 1/0; ~ g POWER
L L : H Stable Data Out lopo
Write L L L Stable Data In Ibpo
** Standby 1 * H * * High Impedance Ipps.
** Standby 2 H * * * High Impedance Ibps i

Note, * Hor L

** Data Retention Mode

SYMBOL ITEM RATING

Vop Power Supply Voltage -03vV~70V
ViN Input Voltage —03V ~ Vpp+0 3V
Vio Input/Output Voltage —03V ~ Vpp+0 3V
Pp Power Dissipation (Ta = 85°C) 0 8W (0 45W)*
Tsta Storage Temperature —56°C ~ 150°C
TopR Operating Temperature —30°C ~ 85°C
TsoLDER Soldering Temperature  Time 260°C 10 sec

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

Plastic FP =0 45W

SYMBOL PARAMETER MIN TYP MAX UNIT
Vpp Power Supply Voltage 45 50 55 N
ViH Input High Voltage 22 — Vpp+0 3 V]
ViL Input Low Voitage —03 - 08 vV
VoH Data Retention Voltage 20 _ 55 V
D.C. CHARACTERISTICS (Ts = —30°C ~ 85°C, Vpp = 5V+10%)
SYMBOL PARAMETER CONDITIONS MIN | TYP MIN UNIT
e Input Leakage Current | 0 < Vin < Vpp - - 10 RA
Lo 170 Leakage Current | CE, = Vi, OV < Vy0 £ Vpp — — 150 | MA
loH Output High Current VoH =24V —-10 [ =20 - mA
loL Output Low Current VoL =04V 20 30 - mA
lppst CE, =22VorCE; =22V - 10 30 mA
=
TE, = Voo —0 5V o '/I'BCSSIBBPL jg:gsec - - 02 mA
ik DL/BFL | Ta=60"C - - 10
Ipps2 Standby Current CE,; =Vpp -05V ——5
TCE5188P/ (220 - 0051 10 4 ya
Vpp =2~55V BD/BF Ta=60°C - - 50
Ta=85°C - - 30
Ibpo1 Teycle = 200ns, CE1 = VIN = Vin/ViL - — 30
Ippo2 CE, =0V, loyt =0mA | Vjy = Vpp/GND - = 25
15003 Operating Current Toyele = 145, CE, = Vin = Vi Vi - - 10 mA
IbpDoa CE, =0V, lgyt =0mA [V|y = Vpp/GND - — 5
Note Typical Values are at Ta = 26°C, Vpp =5V
CAPACITANCE
SYMBOL PARAMETER MIN TYP MAX UNIT
CN Input Capacitance - 5 10 pF
Ciio Input/Output Capacitance - 5 10 pF

Note This parameter is periodically sampled and is not 100% tested
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.C. CHARACTERISTICS (Ta = —30 ~ 86°C, Vpp =56V  10%)

2ad Cycle
SYMBOL PARAMETER MIN TYP MAX UNIT

tRC Read Cycle Time 200 - - ns
tacc Access Time - - 200 ns
tco1 CE, to Output Vald -~ - 200 ns
tcoz CE, to Qutput Valid - - 200 ns
tcoE CE, or CE, to Output Active 10 — - ns
ton Output High-Z from Deselection - - 60 ns
tOH Output Hold from Address Change 20 — - ns

rite 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 RW | - — 60 ns
toEw Output Active from R/W ; 10 — — ns
tos Data Set up Time 90 = - ns

tpu Data Hold Time 0 - - ns

\.C. TEST CONDITIONS

Jutput Load 100pF + 1TTL Gate

nput Pulse Levels 0.6V, 2.4V

“iming Mesurement Reference Levels
Input 0.8V and 2.2V
Output 0.8V and 22V

nput Pulse Rise and Fall Times . 10ns
FMING WAVEFORMS
Read Cycle (1) tRC
Addresses Vin Vin Vin
ViL Vie Vie
tacc toH
= WV'H tco2 ViH 45 1
5
: J:v.,_ // A//
T T
Viu top
tco1 Vin
CE1 Eé] Vio /V
tcoE top
tCOE Vou VoH
Is
Pout @{ OUTPUT DATA VALID

VoL Vou
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Write Cycle 1.

Addresses

2l
3

Al

Dout

DN

Write Cycle 2.

Addresses

(7) CE, (CEy)

(7) CE (TE2)

R/W

DouT

wc
3{ Vin Vin Vin
ViL Vi < ViL
AW
\l Vie Vie
\ \ Vio ViL g
WR
v
H \ WP (2) /
N Vi ViL
tobw

toEW
BIRRRITIRS

<
5K

ViH

"’é‘;‘:”“;:i:;: High Impedance

_'D_S‘i’.‘

tpH (3)

RENKX
Vin

KX

X

DATA IN STABLE

ViL Viu
we
ViR Vin ViH
ViL Vie Vie
ViL VlL,/
| taw wwe (2) WR
ViH \ Vi
ViL Vi
4
\ \ x VL / /
tcoE | toow

|
|
| SRR
XXX

tps (3) tpH (3)
Vin Vin
X DATA IN STABLE X
ViL Vi

m - UnKNowN
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ol | o

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

(2) twp s specified as the logical “AND" or CE1, CE2 and RW
twp 1s measured from the latter of CE1, CE2 or R/W going low to the earlier of CE1, CE2 or
R/W going high

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

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

(5) 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.

(6) If the R/W is low or the R/W low transition occurs prior to or simultaneously with the CE1or
CE 2 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, low CE2 and low R/W
In write cycle 2, write 1s controlled by either CE 1 or CE2

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

SYMBOL PARAMETER MIN TYP MAX UNIT
VbR Data Retention Power Supply Voltage 20 - 55 \%
TC5518BPL/| Ta=25°C - - 02
BDL/BFL Ta=60°C - - 10
'DDS2 Standby Current TC55188P/ Ta= 25:c — 005 10 A
BD/BF Ta= 60°C - - 50
Ta=85C - - 30
ICDR From Chip Deselection to Data Retention Mode 0 - — us
tR Recover Time trell) - - us

ste (1) trc  Read Cycle Time

Vob DATA RETENTION MODE

(2)

Vig - — —

CE;or CE, tcDR Voo 05V tR

Vi

GND
Note (2) if the Vy level of CE 2 (CE 1) 15 2 2V, during the period that the Vpp voltage 1s going down from 4 5V to 2 7V, Ipps

current flows
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OUTLINE DRAWINGS

® Plastic DIP

x
o<
R1.5 e 2
b <
hd
ToOoooo oo o0
723456 789101112
32 4 MAX. x 1524 TYP.
<
10° s
/"7\ w
[t
[ 0.25 +0 05
2.54£025 1.4£0.15 z
T <
0.5 +0.15 z 17.4 MAX.
[}
e Cerdip DIP
| 32 4 MAX.
2423222120191817 161561413
X
<
2
H0.64 ©
]
?
X
< ,
2 z
2 s 15.24 £0.3
w0 g
[ s ] |
| 025918
A 2.54 +025 13+0.25
2 T
< +015 ~17 7
S 0.467912 15.24 ~17 78
n
o~

Note Each lead pitch is 2 54mm. All leads are located within 0.25mm of thewr true longitudianl position with respect to No 1 and No.24 leac
All dimensions are in millimeters
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® Plastic FP

S
+H
-
S

E4
b3
~
< : <
o - o
H - H
o e °
o~ e ~
24 23 22 21 20 19 18 17 16 15 14 13
N
o
< +
«
4 ©
RO 64
12 3 4 5 6 7 8 9 10 11 12
— - -
U 1
|Lo.4sio.05 1.27 £0.1 0~127 H 0.15 +0.05
T ' ™
16.5 MAX.
8l s
S|+
0
-

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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Mltosriea

PACKAGE INFORMATION FOR FLAT PACKAGE:.

This new flat package 1s a very small and thin compared with conventional standard dual-in-line package
Differences are as follows.

1. Difference indimension between flat 2. Comparison in occupied space
and standard package
) Unit mm
[ Flat package Standard package DIP
Length 165 324
Width 90 14.2
Lead Pitch 127 254
Thickness 16 5
FP
3. Advantage of this package
Small dimensions
Capabihity of High Density Assembly
Capability of thin Assembly — Capability of Assembly on both side of PC board.
4 PC pattern layout example
CE, T
— i

m
Y Vpp LINE
I
T
j
.

Note Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reser
the right, at any time without notice, to change said circuitry
©Mar , 1982 Toshiba Corporation
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E3 TOSHIBA MOS MEMORY

L e

8,192 WORD X 8 BIT CMOS STATIC RAM
SILICON GATE CMOS

TC5564P/P- |
TCBB84PL/PL- |

DESCRIPTION

The TC5564P 1s a 65,536-bit high speed static
random access memory organized as 8,192 words by
8 bits using CMOS technology, and operates from a
single 5-volt supply.

The TCbH564P features output enable and chip
enable inputs, that is, OE for fast memory access and
CE1, CE2 for a mimimum standby current mode.
So i1t 1s surted for a high speed, and low power appli-
cations where battery operation and/or battery back
up for nonvolatility are required. The TC5564P s
guaranteed for voltage as low as 2.0 volt. Furthermore
the TC5564PL s guranteed a standby current equal

FEATURES
e Low Standby Current
0.2uA (Max.) at Ta=25°C TCB564PL
1.0 A (Max.)at Ta=60°C TC5564PL-1
TC5564P
20 pA (Max.)

TCB564P-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)

TC5564P 84k bit EPROM
TCB664PL. ™

PINNAMES:

Ap ~Aq, Address Inputs -
RW B Read/Write Control Input
OE Output Enable Input
CE,,CE, Chip Enable Inputs
" 1/0, ~1/0g Data Input/Output
Vbp Power (+5V)
| GND Ground
NC No Connection -

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

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

The TC5564P also features pincompetibility with
the 64K bit EPROM (TMM2764D). This means that
the TC55664P and EPROM can be interchanged in
the same socket, and flexibility in the definition of
the quantity of RAM versus EPROM obtained as a
result allows the wide application in microcomputer
system.

The TC5564P i1s moulded in a dual-in-line 28 pin
standard plastic package, 0.6 inch width.

® Access Time

TC5564P TC5564P-1
TC5564PL TC5564PL-1
Address Access
Time (Max.) 100ns 190 s
CE; Access Time
( '\1,1 ax) 100 ns 150 ns
CE, Access Time
(Max.) 100ns 1%
Output Enable 50 ns 70 ns
Time (Max.)

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

fBLocK:

cLock
SEmERATOR PRECHARGE CIRCUIT

-—oVpp
~—0GND

MEMORY CELL
ARRAY
256 x 286
(e8836)

ROW ADDRESS.
REGISTER
ROW ADDRESS

DECODER

SENSE AMP

CONTROL

COLUMN DECODER

DATA

cE
Ag OAg OA19OA110A;;

ce;

o, ce
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Operation Mode CE, CE, OE R/W 1/0y ~ 1/Og Power ]
Read L H L H DouT Ibbo
Write L H * L Din Ippo
Output Deselect L H H * High-Z Ippo

| H * i - High-Z Io0s
Standb ; =
neby I L . . HighZ Iops
SYMBOL ITEM RATING UNIT
Vop Power Supply Voltage ~03~70 \%
Vin Input Voltage -20~70 \
Viio Input and Output Voltage —0.5~Vpp +05 \
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
D.C. RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER MIN. TYP . MAX UNIT
Voo Power Supply Voltage 45 50 55 v
Vin Input High Voltage 22 - Vpp +0.3 \%
ViL Input Low Voltage -05 - 08 \2
VoH Data Retention Supply Voltage 20 -7 55 \%

D.C. and OPERATING CHARACTERISTICS

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

SYMBOL PARAMETER MIN TYP MAX | UNIT
he Input Leakage Current | Vi =0~ Vpp - - 10 RA
lon Output High Current Vou =24V -1.0 - - mA
oL Output Low Current | Vo = 0.4V 40 - - mA
CE, =Vyy or CE, =V)_or

Io 2:::::; Leakage R/ =Vy_or OF = Vi - ~ lx10 ] pA
Vout =0~ Vpp
CE; =Vj_ andCE; =Viy | teycle =1 S - - 10

'ooo1 | Operating Current Other Input = Vip /My tc:c;e =100ns - s | ™
CE, =0.2V and oy = Ths _ B 5

Ippo2 Operating Current CEs =Vop —02V ¢ mA
Other Input teycle = 100ns - - Jao

=Vpp —0.2V/0 2V
Ipps1 Standby Current CE, =Viy ;r—C-é;;—Vil‘ - - 2 mA
o CE, =Vpp —02Vor | TC5564PL | Ta=25°C - = 02

Iops2 Standby Current CE, =02V | TC5564PL-1 b’é =60°C | - | - 10 | wA

Vpp =20~55V TC5564P/TC5564P-1 - - |20

Note In_standbyi mode wi(i—rﬁz:; 2 Vpp —0.2V, these specification limits are guaranteed under the condition of CE, 2 Vpp
—0.2V or CE, £0.2V.
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CAPACITANCE (Ta=25°C)
SYMBOL L PARAMETER CONDITIONS MAX UNIT
Cin ! Input Capacitance ViN = GNP 5 pF
Cout | Output Capacitance VouT = GND 7 pF
Note This prameter is periodically sampled and 1s not 100% tested
A.C. CHARACGTERISTICS. (Ta=—30~ 85°C, Vpp =5V +10%)
Red Cycle
TC5564P/PL TC5564P-1/PL-1
SYMBOL PARAMETER CONDITIONS WiN MAX. MIN, MAX UNIT
tRe Read Cycle Time Viy =2.4V/06V | 100 - 150 - ns
| tacc Address AccessTime Vig=22V | - 100 - 150 ns
~ tcot CE,; Access Time VjL =08V - 100 - 150 ns
tco2 CE, Access Time t, s < Bns - 100 - 150 ns
Output Enable to VoH =22V
t - 50 - 70
OF Output in Valid VoL =08V ne
Chip Enable (CE,, CE,) to Output
1 - 1 -
fcoe Output in Low-Z Load ° 0 ns
N Output Enable to Cy (100pF) 5 5 n
OEE Output in Low-Z and 1-TTL s
Chip Enable (CE, CE,) to Gate
- - 0
too Output in High-Z 50 7 ns
. Output Enable to 20 60
0DO Output in High-Z - ns
toH Output Data Hold Time 30 - 30 - ns
Write Cycle
TC5564P/PL TC5564P-1/PL-1
YM P. TE
SYMBOL ARAMETER CONDITIONS MIN, VIAX MIN MAX. UNIT
twe Write Cycle Time ViN =2.4V/0.6V 100 - 150 - ns
twp Write Pulse Width Vig =22V 70 - 100 - ns
Chip Selection to ViL=08vV
1 - 1 -
cw End of Write tr, ts < Bns 80 0 ns
tAw Address Set up Time 0 0 - ns
twR Write Recovery Time 0 - 0 - ns
topw R/W to Output High-Z - 50 - 70 ns
| toew R/W to Output Low-Z 10 - 10 - ns
tps Data Set up Time 40 - 60 - ns
L tpH Data Hold Time 0 - 0 - ns
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TIMING WAVEFORMS

READ CYCLE (1)

tRC
Addresses ﬂi \
toH
- //////////)?l tco2 \K \
top
tco1
= DM W
top
toE
NN\ Y I
10EE tobo
DouT OUTPUT DATA VALID
WRITE CYCLE 1 (R/W Controlled Write)
twe -
¢
taw | WR
twp
o LN A
/i AR\
tcw
= AN T
topwW—{ (= tOEW
oo R IR KR AR

DN

1 1
DS | |ton
DATA IN h
STABLE ;
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WRITE CYCLE 2 (4) (CE, Controlled Write)

- TSN W77

“ 7777771« i
tew I
e, ) \ \\L "2‘
tcoE ! f=tobw
bout \.\z::i:i:i:?:
tps tDH,
Y ar

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

|
Addresses )‘
N~
AW WR
twP

" NN LI

¢ A N

= 4 / tew St

T,

al
v
.

A

DS DH

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

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

SYMBOL PARAMETER MIN, TYP. MAX. UNIT
VpH Data Retention Supply Voltage 20 - 5.5 \
Ta=25°C - - 0.2 KA
Ipos2 Standby Current TC864PL I 60°C - - 1.0 uA
TC5564P - — 20 MA
tCOR Chip Deselection to Data Retention Mode 0 - - uS
iR Recovery Time tRC - - us

Note (1)  tpc . Read cycle time

CE, Controlled Data Retsntion Mode (2)

Voo
Voo Data Retention Mode
ABY  — e m— e W e e e - _———\
(3) 3)
\ /
e, coR Vpp —0.2V R

GND

CE, Controlled Data Retention Mode (4)
Voo Voo Data Retension Mode
45V o — R g —————————

CE3 tCDR R
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NOTE
(2) In CE1 controlled data retention mode, minimum standby current mode isachieved under the condition
of CE2 £ 0.2V or CE2 2 Vpp —0.2V
(3) If the Vi of CE1 15 2.2V In operation, during the period that the Vpp Voltage is going down from
4.5V to 2.4V, Ipps current flows
(4) In CE2 controlled data retention mode, minimum standby current mode 1s achieved under the con-
dition of CE2 £0.2V.

‘OUTLINE DRAWINGS

Unit. mm

28 2
ininlsSslinlinicinininiainlalial

N
N
o
N
o
I
>
N
©
N
N
N
=
N
o
-
©
®
-
N}
Y
=
o

t
R1.5 ]
' X
| <
- - 2
| b
1 <
l p
t
L=y
7
15.24 TYP,
z
s
0|
x
e <
3 =
w0
! 05+015 z
2544025 142015 02 MAX 2 17.4 MAX
T T ]
©

Note Each lead pitch 1s 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 responsibiity 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 circustry
©Apr., 1982 Toshiba Corporation
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3 TOSHIBA MOS MEMORY PRODUCTS

8,192 WORD X 8 BIT CMOS STATIC RAM

SILICON GATE CMOsS

TC5565P/P-1
TC5565PL/PL-1

DESCRIPTION

The TC5565P 1s 65,536 bit static random access
memory organized as 8,192 words by 8 bits using
CMOS technology, and operates from a single 5V
supply. Advanced circuit techniques provides both
high speed and low power features with a maximum
operating current of 5mA/MHz and maximum access
time of 100ns/150ns.

When CE2 1s a logical low or CE1 sa logical high,
the device 1s placed in low power standby mode in
which standby current 1s 2u A typically. The TC5565P
has three control inputs. Two chip enables (CEn,
CE2) allow for device selection and data retention
control and an output enable input (OE) provides

FEATURES
o Low Power Dissipation

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

100u A (Max.)  TCB565PL

1mA(Max.) . TC5565P

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

PIN CONNECTION

(TOP View)

64k bit EFROM
Tessese TMM2764D

PIN NAMES
Ag ~ A2 Address Inputs
R/W Read/Write Control Input
|oE Output Enable Input B
CE,,CE, Chip Enable Inputs
1/0, ~1/Og Data Input/Output
Voo Power (+5V)
GND Ground
NC ! No Connection

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

fast memory access. Thus the TC5565P Is suitable
for use 1n various microprocessor application systems
where high speed, low power and battery back up
are required

The TC5565P 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 1n microprocessor application
systems.

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

e Access Time

TC5565P | TC5565P-1

TCH565PL | TC5565PL-1
Address Access Time (MAX ) 100 ns 150 ns
ICE; 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 Outputs
e Standard 28 Pin DIP
e Pin Compatible with 2764 type EPROM

TOCK
GENERATOR PRECHARGE CIRCUIT
Ag 1
As ~—o0 Voo
A 2118 ~—o0 GND
7 H ] MEMORY CELL

As FHEER ARRAY
A b <3 266 x 256

20 (65536)
Ato 8o 138

cz| lza
A1 O—
A1z -

SENSE AMP,
COLUME DECODER

170y
c

Ao _ A1 Az A3 A4

NN
[oata
CONTROL

AW -

O

sl ——ce
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_OPERATING MODE:;

Operation Mode CE, CE, OE R/W 1/0, ~ 1/0g Power
Read L H L H Doyt Ibbo
Write L H ¥ L Din 1500
Output Deselect L H H * High-Z lbbo

H . ¥ * High-Z IoDs

Standb

ancoy v T - > Figh-Z Ioos
MAXIMUM RATINGS :
SYMBOL ITEM RATING UNIT B
Vbbb Power Supply Voltage —-0.3~7.0 \
Vin Input Voltage -20~70 \
Vijo Input and Output Voltage —0.6 ~Vpp H0.5 \
Po Power Dissipation 1.0 W
Teolder Soldering Temperature 260-10 °C - sec
Tsrg Storage Temperature ~55 ~ 150 °c B
Topr. Operating Temperature 0~70 °c
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vpp Power Supply Voltage 45 5.0 5.5 \
ViH Input High Voltage 22 - Vpp +0.3 \
ViL Input Low Voltage -0.5 - 0.8 \4
VbH Data Retention Supply Voltage 20 - 55 v
. and OPERATING CHARACTERISTICS: (Ta=0~ 70°C, Vpp = 5V +10%)

SYMBOL PARAMETER CONDITIONS MIN_ [ TYP [ MAX | UNIT
he Input Leakage Current VIN =0~ Vpp - - +10 A
lon Output High Current Von =24V -10 - - mA
loL Output Low Current VoL =0.4V 4.0 - = mA

CE, =V, CE, =V,
Output Leakage 1= Vi Oor LB, =Yy or
o Current RMW =Vy_or OE = iy - - 10 | pA
Vout =0~ Vpp
Vpp =55V, CE; =V
teycie =1 - - 1 A
Ippo1 Operating Current CE; =Viy cvcle = s 0 m
Other Input = Vi /V) teycle = 100ns - - 45 mA
Vpp =56.5V
bo teycle = 1M - - 5 mA
CE, =02V,
lobo2 Operating Current
CE2 = Voo —0.2V teycle =100ns 40 A
Other Input = Vi /Vy cycle "
Ibpsi Standby Current CE, =Vjy or CE; =V - - 3 mA
CE, = Vpp —0.2V or CE, =0.2V[TC5665PL| — 2 100 uA

* Standby C 't

DDS2 andby Curren Vpp =20 ~55V TC5665P - — 10 mA

Note.  In standby mode with CE; 2 Vpp —0.2V, these specification limits are guaranteed under the condition of CE; 2 Vpp
—02V or CE, £0.2V
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CAPACITANCE  (Ta=25°C)
SYMBOL PARAMETER CONDITIONS MAX. UNIT
CiNn Input Capacitance Vin =GND 5 pF
CouT Output Capacitance VouTt =GND 7 pF
Note This parameter is periodically sampled and is not 100% tested
A.C. CHARACTERISTIC (Ta=0~ 70°C, Vpp =5V +10%)
Read Cycle
TC5565P/PL TC5565P-1/PL-1 UNIT
SYMBOL PARAMETER CONDITION
s MIN MAX MIN MAX
tRC Read Cycle Time Vin =2.4V/0.6V| 100 - 150 - ns
tace Address Access Time Vg = 2.2V - 100 - 150 ns
tco1 CE, Access Time Vi =08 - 100 - 150 ns
tco2 CE, Access Time tr, t S 5ns - 100 - 150 ns
Output Enable to VoH =2.2V
1 — -
OE Output in Valid VoL =08V % 70 ne
Chip Enable (CE,, CE,) to
1 10 - -
COE Output in Low-Z Output Load: 10 ns
. Output Enable to C (100pF) 5 5 n
OEE Output Low-Z and 1-TTL s
Chip Enable (CE,, CE,) to Gate
top Output in High-Z B % B 0 ns
Output Enable to -
t -
oo Output in High-Z 40 60 ns
toH Output Data Hold Time 30 - 30 - ns
Write Cycle
TC5565P/PL TCB565P-1/PL-1
Y| P ER CONDITION:!
SYMBOL ARAMET S MIN. MAX. MIN. MAX UNIT
twe Write Cycle Time Vin =2.4V/0.6V| 100 - 150 - ns
twp Write Pulse Width ViH=22v 70 - 100 - ns
Chip Selection to V=08V
1 - -
cw End of Write tr, ty $5ns % 120 ns
tas Address Set up Time 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 | - Tns |
s Data Set up Time 40 60 - ns
toH Data Hold Time 0 - 0] - ns
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TIMING WAVEFORMS
® READ CYCLE (1)

tRC |

Addresses >—(
tacc toH
= ﬂ AZ‘ oz x \ \ \\“
top
tco,y
TR A0
J o ! top
M LTI
n;::i topo
DouT fcot _i OUTPUT DATA VALID :@&———
Unknown

WRITE CYCLE 1 _(4) (R/W Controlied Write)

Addresses )
tAS | WR
wp

" RN i
v R\
= AN T,

DW
et

X KR X KRR RIS
LR

A

AN

DouT

V‘V’V’v’v.v’v’v’v VS SR AR

SRRt BB ]
tps D

X o ,lF<
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WRITE CYCLE 2 (4) (CE, Controlled Write)

. :4
ddresses
Addr <
tAS WR

R/W ’J

tCOE tODW
Dout >\

DS DH
o DATA IN
IN STABLE

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

wc

34

Addresses )(

tas wh |
o LTI 4 LI
2 D
e, MUIIIIINNY

COE

-

=

i

Dout
tps DH
DATA IN %
o >§: STABLE
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NOTE:
(1) R/W s High for Read Cycle.
(2) Assuming that CE1 Low transition of CE2 High transition occurs coincident with or after R/W Low
transition, Qutputs remain in a high impedance state.
(3) Assuming that CE1 High transition or CE2 Low transition occurs coincident with or prior to R/W
High transition, Outputs remain in a high impedance state.
(4) Assuming that OE is High for Write Cycle, Outputs are in high impedance state during this period.

. DATA RETENTION CHARACTERISTICS. (Ta=0~ 70°C)

SYMBOL PARAMETER MIN. TYP. MAX UNIT
VpH Data Retention Supply Voltage 20 - 55 v

| Stand by | TCBE65PL - - 100 A
DDs2 Supply Current | TC5565P — — 1.0 mA
tcoR Chip Deselection to Data Retention Mode 0’ - - us
tR Recovery Time tre(1) - - us

Note (1): Read cycle time

e CE, Controlled Data Retsntion Mode *

Vpp ——————— Data Retention Mode /
4BV ——m e A ] —_———
(3) (3)
ViH ————— \
Vpp 0.2V N
e, tCDR R
GND

® CE, Controlled Data Retention Mode

Vpp —m—m— — Data Retention Mode /——————
45V ——— —— —_ _ —

Vi ——— tCDR R

T N Yy
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NOTE
(2) InCE1 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 1s 2.2V in operation, during the period that the Vpp voltage is going down from
4.5V to 2.4V, Ipps1 current flows
(4) In CE2 controlled data retention mode, minimum standby current mode is achieved under the con-
dition of CE2 £ 0.2V.

nooaOononoanoOanOomn Unit - mm
R1.6 | :
' x
: | <
- - b
p I 9
N <
| 2
| N8 W g RN [ N A g N R O [ N [ U NN N Oy AN
12 346 6 7 8 9 1011 1213 14
37.4 MAX. 15.24 TYP.
z 5°
z
s I~ I
© T -\ ]
o S WA Hp iy P T W By \__ X
| T T T H
m | ]
E
| 0.5+0.16 z
H H
2.54+025 1.4%0.15 0.2 MAX. o 17.4 MAX.
T )

Note" Each lead pitch is 2.64 mm.
All leads are located within 0 26mm of their true longitudinal position with respect to No. 1 and No. 28 leads.

— 169 —



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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rasable/Programmable Read Only Memory
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EX TOSHIBA MOS MEMORY PRODUCTS

2048 WORD x 8 BIT EPROM

N CHANNEL SILICON STACKED GATE MOS.

TMM323D
TMM323D- 1

DESCRIPTION

The TMM323D s a 2048 word x 8 bit ultraviolet
erasable and electrically programmable read only
memory For read operation 1t requires a single
5-volt power supply only The maximum active pow-
er dissipation 1s 525mW while the maximum standby
power dissipation i1s 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
terminals. Programming the one bit location requires

FEATURES

e Single.5-volt power supply
® Access time TMM323D , 450ns (MAX )
TMM323D-1, 350ns (MAX )
Current 100 mA (active )
25mA (standby )
e Three state output
® Particular bit location programming

PIN NAMES

Ao —Ajo | Addresses

d 1
g 06 —04 Outputs
g & CS Chip Select
6 Power down/ ‘
; PD/PGM Program |
13 Ve, Vpp | Power Supply |
di3 GND | Ground ]
MODE SELECTION
PINS! PD/PGM| CS | Vpp | Vec | Outputs
MODE (18) [ (20)] (21) | (24) | (9-11,13-17)
Read ViL [ViL| BV | 5V D out
Deselect » ViH| 5V | 8V High Z
Power Down ViH » 5V | 5V High Z
Vin |

Program ViU ViH | 26V | 5V Dn

P

(/"egr'j;“ Vie [ViL| 28V | BV | D out
Program

inhibit ViL ViH | 25V | 5V High Z

* ViL or ViH

only a single pulse, and 1t I1s 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 s fabricated with the N-channel
silicon double layer gate MOS technology and s
packaged in a standard 24-pin dual-in-hine cerdip
package

e Programs with one 50ms pulse

Total programming time 100 second

Inputs and outputs TTL compatible during read
and program

e Pin to pin compatible t0.2716 type EPROM

BLOCK DIAGRAM

Vee O—= 00 001 002 093004 005 006007

I
|

Column 1/0 Circuit

Column
Decoder
e T

o HHHHHHH

16384 bit Memoly Cell
28 Row x 16 Column x 8 bl})

Row Decoder

- 173 —




ITEM SYMBOL RATING UNIT
Vcce Supply Voltage with respect to Ground Vee -03~+7 \
Vpp Supply Voltage with respect to Ground Vep -03~+265 \
All Input Voltages with respect to Ground VIN -03~+7 \%
All Output Voltages with respect to Ground VouT -03~+7 \
Power Dissipation PD 15 w
Soldering Temperature Times TSOLDER 260-10 °C -sec
Storage Temperature TsTG B —656~+125 °C
Operating Temperature TopPR 0~70 °C
¥ WM b
PARAMETER SYMBOL MIN. TYP MAX UNIT
TMM323D 475 5 525 \
Power suppl Vi 1,
ower supply cc 1.2 TMM323D-1 45 5 55 Y
Power supply Vep (2) Vee—06 5 Vec +06 v
Ta=0~70°C
PARAMETER SYMBOL MIN. TYP. 3 MAX. UNIT CONDITIONS
Input Load Current %) +10 A L VIN =5.25V
Output Leakage Current Lo +10 A VouT =5.256V/045V
Vpp Current (Read) : Ippy 5 mA Vpp =585V
Ve Current (Standby) ] lccy 10 25 mA PD/PGM = V|H, CS=V|L
Vcc Current (Active) Icca 57 100 mA PD/PGM = CS = ViL
Input Low Voltage ViL -01 08 \%
Input ngh Voltage VIH 2.0 Vee +1 \"
Output Low Voltage VoL 0.45 \Y loL =2.1mA
Output High Voltage VoH 24 \Y loH = —400uA
Ta=0~70°C, Vpp = Ve £ 0.6V
TMM323D TMM323D-1
PARAMETER Y| N N N!
SYMBOL MIN MAX MIN. MAX UNIT CONDITIONS
Address to Output Delay tacct 450 350 ns PD/PGM =TS = V)
PD/PGM to Output Delay tacC: 450 350 ns CS=Vy
Chip Select to Output Delay tco 120 120 ns PD/PGM =V
PD/PGM to Output Float top 0 100 0 100 ns CS=V)
Chip Deselect to Output Float toF 0 100 0 100 ns PD/PGM = Vi
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 : Vi =0.8V, V)y =2.2V

- Timing Measurement Reference Level
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(Notﬂe}4) )
CAPACITANCE

Ta=25°C,f=1MHz

f LIMITS
PARAMETER l SYMBOL - UNIT CONDITIONS
‘ Min Typ Max.
Input Capacitance CIN | 4 -6 pF VIN =0V
Output Capacitance Cout L 8 12 pF Vout =0V
TIMING WAVEFORMS (READ)
A. Read Mode PD/PGM = V|
Address
K.
N H —_—
— CO 4 Ons M
(S — (120ns) (ons Min)
MAX
taccl ‘or
™ (450ns MAX) ] (0~100n, High 2
ig]
v — M2 N orroumn ot
K
8. Standby Mode CsS=v|_
Address
Address N P Address N +m
-
Standby
PD/PGM Active
oF (6)
(0~100ns))
Data Valid High2
Output
ey for Address N
Note 1 Vg must be applied simultaneously or before Vpp and cut off or after Vpp Vcc—-l____\__
2 The Vpp terminal Is permitted to connect the VcC terminal directly during non-programming. Vop -—r_L—
3 Typical values are at Ta = 25°C and nominal supply voltages
4. This parameter s periodically sampled and is not 100% tested.
§ The tocc2 is a output data delay time (i e. access time) from address or PD/PGM whichever changes late.

Ta =26°C+5°C, Vcc =5V 5%, Vpp =25Vt 1V (Note 1, 2, 3)

PARAMETER SYMBOL MIN TYP. MAX. UNIT CONDITIONS
Input Current N Y +10 nA VIN =5.25V/0 45V
Vpp Supply Current Ipp, 5 mA PD/PGM = Vi
Vpp Supply Current =
During Programming Pulse IpP2 30 mA PD/PGM =V
Ve Supply Current lcc 100 mA louT =0mA
Input Low Level ViL -01 . “_Q_B__ ol __\/
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 tos 2 us
Address Hold Time tAH 2 us
CS Hold Time tCSH 2 us
Data Hold Time o tDH 2 us
Chip Deselect to Output FloatDelay tDF 0 120 ns PD/PGM = ViL
Chip Select to Output Delay tco 120 ns PD/PGM = ViL
Program Pulse Width tPW 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

Prograr ogr Verify ———e={
Address X Address N Address N +m
= tas t
(28 MIN)
High 45 ata T Stabl Bata in Stable
Dsta Z Address N Address N +m
tOF ~=] po—
(120ns MAX
= __._/
tps
MIN)
le— tcss —e CSH
PD/PGM (2445 MIN) (2418 MIN) /—
PRT PET
(5ns MIN) W {5ns MIN)
(45~55ms)
Note: 1. Vg must be applied simultaneously pr before Vpp and cut off v or after Vpp_ Vcc_‘l———\_
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2. Sometimes removing the device from socket and setting the device in socket under the condition Vpp = 25V 1V may destroy its
device, 30 it should be noted during programming.

3. VPP supply voltage is up to 26V p
Particularly when switching pulse voltage is applied to Vpp, also the over-shoot voltage of its puise should not be exceaded 26-volt.

30 the voltage over 26V shouid not be applied to Vpp-




The TMM323D’s memory cell data can be erased

When Toshiba sterihzing lamp GL-15 s used and

by applying light with wavelengths shorter than 4000 the device is exposed at a distance of 1-cm from the

A. (1A =10 cm)

lamp surface, erasure should be completed in about

Sunlight and the fluorescent lamps may include 60 minutes.

3000 ~ 4000 A wavelength components

And using a lamp whose ultraviolet hight intensity

Therefore when used under such lighting for is a 12000 [uw/cm? ] will reduce the exposure time
extended periods of time, an opaque seal (Toshiba to about 20 minutes.
EPROM Protecting Seal AC 901 etc ) will be required (In this case the integrated dose should be 12000
to protect the TMM323D  Generally, ultraviolet ight [#w/cm?] x (20 x 60) [sec] = 15 [w-sec/cm?] )

with a wavelength of 2537 i1s 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? ]

TION:

TMMB323D-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 Vep Vee Outputs
MODE (18) (20) (21) (24) (9-11,13-17)

Read ViL ViL 5V 5V D out
Read Operation Deselect * Vin 5V 5V High Z
Power Down VIH * 5V 5V High Z

Program Ealpl g:f Vin 26V 5V D

Program Operation |™p o2 Verity ViL ViL 25V 5V D out

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 = Vi or CS = V)u, 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 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 Vi 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 TMM323Ds
may be tied together on the same data bus. And the
CS nput of the selected chip must be at the V|
level, and that of the other chip must be at the V|y
level
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Power Down Mode

Assuming that PD/PGM = V4, the power dissipa-
tion will be reduced to one-fourth of normal active
power. (i.e.526mW - 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|4 level) instead of a pulse to the PD/
PGM input, erroneous writing may occur sometimes,

324 MAX/
7102

19 18 1
o
T

123
s
ha
Bz
B3

R

i
)
R

138 MAX

52MAX

|

S0 a pulse whose recommended width 1s 50ms shou:
be used in programming.

Programming the same data to two or more TM!
323Ds simultaneously can be accomplished by cot
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 = VL
it can be possible to read written data.

For normal read operation, the VPP power suppl®
voltage required is 5V.

Program Inhibit Mode

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

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

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

Note

1. Each lead pitch is 254 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.

1524%03

1

i

2541018

26MIN

Note 1

]

015
925 910
162~175

Note 2

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

the right, at any time without notice, to change said circuitry.
©?Jun., 1980 Toshibs Corporation
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A MOS MEMORY PRODUCTS

2048 WORD x 8 BIT EPROM

N CHANNEL SILICON STACKED GATE MOS.

TMM323DI
TMM323DlI-1

The TMM323DI is a 2048 word x 8 bit ultraviolet
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 1s 5256mW while the maximum standby
power dissipation 1s 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

e

e Wide operating temperature range
Ta=-40~ 85°C
e Single 5-volt power supply
® Access time

TMM323D1 , 450ns (MAX.)
TMM323DI-1, 350ns (MAX.)

Current  100mA (active) , TMM323D!
120mA (active) ; TMM323DI-1
30mA (standby)

TioN  PINNAMES
d 1 hvee Aop —Ajo | Addresses
q 2 b A8 0o—0, | Outputs
9 & ¥ CS | Chip Select
46 P A1o Power down/
: ; Et:/PGM PD/PGM Program
g H ; 3¢ Vee, Vpp | Power Supply
di2 g; 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 | 8V D out
Deselect * ViH 5V | 5V High-Z
Power Down ViH * 5V | BV High-Z
Program x::‘ Vi | 26V | 5V Din
P{j’gf’;;" Vi |ViL| 28V | 5V | Dout
Pjgg:g’l‘: VIL |ViH| 26V | 5V | Highz

* VIL or VIH

only a single pulse, and 1t I1s 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 s
inhibitted by selecting the program inhibit mode

The TMM323DI 1s fabricated with the N-channel
silicon double layer gate MOS technology and s
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

Ve O—= 00001 902 003004 005 006007

4

'O Circul

L &

lumn

Column
Decoder
-

HHHHHHH

>
o
- SS———

emory Cell
Column x 8 bit)

-
)
@

84
28 Row
f

Row Decoder
-
L3

S
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ITEM _ SYMBOL RATING UNIT
Ve Supply Voltage with respect to Ground Vce ~03~+7 \%
Vpp Supply Voltage with respect to Ground Vpp —0.3~+265 \
All Input Voltages with respect to Ground VIN —03~+7 \
All Output Voltages with respect to Ground VouT -03~+7 \
Power Dissipation Pp 15 w
Soldering Temperature - Times TSOLDER 260-10 °C - sec
Storage Temperature TsTG _ —65 ~ + 125 °C
Operating Temperature TopPR —40~ 85 °C
D.C. and A.C. OPERATING CONDITIONS
PARAMETER SYMBOL MIN, TYP MAX UNIT
TMM323D! 4.75 5 525 \
Power supply Vee (1.2 TMM323D1-1 45 5 55 v
Power supply Vep (2) Vec—06 5 Vec 406 \%
Ta=—40 ~ 85°C
PARAMETER SYMBOL MIN. TYP.3) MAX. UNIT CONDITIONS
Input Load Current '] +10 nA Vin =5 25V
Output Leakage Current Lo +10 A VouT =5 26V/0 45V
Vpp Current (Read) lpp, 5 mA Vpp =5 85V
Ve Current (Standby) lcc, 10 30 mA PD/PGM =V, CS = V)
.| TMM323Di 57 100 =
Vec Current (Active) TMM323011 lcc, 5 120 mA PD/PGM =CS =V
input Low Voltage ViL -0.1 08
Input High Voltage VIH 22 Vee +1
Output Low Voltage Vou 045 loL =2 1mA
Output High Voltage Vou 24 lon = —400uA
Ta = —40 ~ 85°C, Vpp = V¢ 20 6V
PARAMETER SYMBOL TMM32301 TMM323011 UNIT CONDITIONS
MIN MAX MIN. MAX
Address to Output Delay tACC1 450 350 ns PD/PGM = CS = Vi
PD/PGM to Output Delay tacca 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=vy
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

- Timing Measurement Reference Level

ViL=08V,Viy=22v

Inputs 1V & 2V, Outputs 0 8V & 2V
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Vote 4)
CAPACITANCE
fa=25°C,f=1MHz
LIMITS *
PARAMETER UNIT CONDITIONS
SYMBOL MIN TYP MAX
Input Capacitance Cin | 4 6 pF VIN =0V
Output Capacitance Cout 8 12 pF Vout =0V
TIMING WAVEFORMS (READ)
A. Read Mode PD/PGM = Vj_
Address j‘
o IR——
= ﬂ (Ons M)
MAX
. tDF
~ (asom MAX)™] 0~100ns)

B. Standby Mode

Note: 1. Vg must be applied simultaneously or before Vpp and cut off

aBwWN

SS=v

Address

c Standby \
PD/PGM

' 4
oupue ——HONZ @

Data Out Valld

High Z

Address N X

Address N + m

=t

Data Valld

tput
Outp for Address N

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

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

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

D.C. PROGRAMMING C}

or after Vpp

PARAMETER SYMBQL MIN. TYP. MAX. UNIT CONDITIONS
Input Current 1N} +10 kA VIN =5.25V/0.45V
Vpp Supply Current lpp, 5 mA PD/PGM = ViL
Vep Supply Current -
During Programming Pulse IpP2 30 mA PD/PGM =V
Vece Supply Current Icc 100 mA louT =0mA
Input Low Level Vi -01 08 \4
Input High Level ViH 20 Vee +1 \%
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PARAMETE'R 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 o tDH 2 'y
Chip Deselect to Output FloatDelay | tDF 0 120 ns PD/PGM = VIL
Chip Select to Output Delay tco 120 ns PD/PGM = ViL
Program Puise Width tPW 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, V|H =22V

Timing Measurement Reference Level Input 1V & 2V, Output 0.8V & 2V

g

PO TR e e

Vpp =25VE1V, Ve =5VE% og

rogram Verify ———e=
Address X Address N X Address N +m
t
= AS tAH
(ZI.uMIN)—t (2018 MIN) High
o High Y Data Tn Stab High 2 Deta Out Data in Stable
ata z Address N o Adgg Address N +m
tDF b (120m tDF
(120ns MAX)| M) ‘h‘ﬂf&')‘
c—s 1 t
DS DH
— (281~ = (zysL
MIN)| MIN)
tCSS —= =— tCSH
PD/PGM (2445 MIN) (245 MIN) /_
AT tPET
(Sns MIN) tow (5ns MIN)
(45~55ms)
Note: 1. V¢ must be applied simultaneously pr before Vpp and cut off ly or after Vpp, VCC—J__—L'

device, $0 it should be noted during programming.

2. Sometimes removing the device from socket and setting the device in socket under the condition Vpp = 26V £ 1V may destroy its

3. VPP supply voitage is up to 26V prog: 30 the voltage over 26V should not be applied to Vpp-
Particularly when switching pulse voltage is applied to Vpp, also the over-shoot voitage of its pulse should not be exceeded 26-volt.
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ERASURE CHARACTERISTICS
The TMM323DI’s memory cell data can be erased

When Toshiba sterihizing lamp GL-15 1s used and

by applying light with wavelengths shorter than 4000 the device Is exposed at a distance of 1-cm from the

A. (1A =107 cm)

lamp surface, erasure should be completed in about

Sunlight and the fluorescent lamps may include 60 minutes

3000 ~ 4000 A wavelength components

And using a lamp whose ultraviolet light intensity

Therefore when used under such lighting for is a 12000 [uw/cm?] will reduce the exposure time
extended periods of time, an opaque seal (Toshiba to about 20 minutes.
EPROM Protecting Seal AC 901 etc ) will be required (In this case the integrated dose should be 12000
to protect the TMM323DI. Generally, ultraviolet light [#w/cm? ] x (20 x 60) [sec] = 15 [w sec/cm?].)

with a wavelength of 2537 A 1s 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? ]

OPERATING INFORMATION.

TMM323Dl-operation-modes are classified into six
types, as shown in the following table Each mode
can be selected by TTL level signals only The V¢
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 Vep Vce Outputs
MODE (18) (20) (21) (24) 9-11,13-17)
Read ViL Vie 5V 5V D out
Read Operation Deselect * ViH 5V 5V High-Z
(Ta = ~40~85°C) pguer Bown ViH B 5V 5V High-Z
Program Juo x:t‘ VIH 25V 5V Din
Fga sy ™ | Program Verify ViL Vi 265V 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 = V4 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 V)L
from the V|4 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 Vi_ 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 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 |y
level.
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Power Down Mode

Assuming that PD/PGM = V4, 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
TMM323DI are in the 1" state which is the erased
state.

Therefore programming s 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_lnput under the condition
where Vpp =25V and CS =V |y

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 1s carried out by applying a
DC voltage (V| level) instead of a pulse to the PD/
PGM input, erroneous writing may occur sometimes,

324 MAX
71302

[20 19 18 17|
S s

138 MAX

RO64

L 52MAX

so a pulse whose recommended width 1s 50ms shou
be used in programming.

Programming the same data to two or more TM
323Dls simultaneously can be accomplished by co
necting the respective pins together

Program Verify Mode

In this mode the Vpp power supply I1s 25V

But assuming that PD/PGM = V| and CS = V|
1t can be possible to read written data

For normal read operation, the Vpp power suppl
voltage required 1s 5V.

Program Inhibit Mode

Assuming that PD/PGM = V| and CS =V|H unde
Vpp =25V, 1t 1s able to inhibit the programming.

According to the above, programming into two ¢
more TMM323DIs mounted on a board will be po:
sible

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

Note ,

. Each lead pitch is 254 mm. All leads are located
within 025 mm of their true longitudinal position
with respect to No 1 and No. 24 leads
This value 1s measured at the end of leads
All dimensions are in millimeters.

w N

152403

j 1

4015
010

25MIN

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

|

02570 10
162~175

Note 2

Toshiba does not assume any responsibility for use of any circusitry described, no circuit patent licenses are implied, and Toshiba reserves
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TOSHBA MOS MEMORY PRWUOT S

)96 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY

ROGRAMMABLE ROM
CHANNEL SILICON STACKED GATE MOS

TMM2732D
TMM2732D-2

DESCRIPTION |

The TMM2732D 1s a 4096 word x 8 bit ultraviolet
\ght erasable and electrically programmable read only
nemory. For read operation, the TMM2732D’s
naximum access time is 350ns/250ns, and the
TMM2732D operates from a single 5-volt power sup-
»ly and has a low power standby mode which reduces
he power dissipation without increasing access time.
[he standby mode 1s achieved by applying a TTL-
ugh level signal to the CE input. The maximum
ictive current is 150mA and the maximum standby
surrent 1s 25mA/35mA

FEATURES

» Single 5-volt power supply
» Fast access time
TMM2732D . 350ns
TMM2732D-2  250ns
» Power dissipation
150mA (Max.) (Active)
25mA (Max.) (Standby TMM2732D)
36mA (Max.) {Standby TMM2732D-2)
» Low power standby mode CE

PIN CONNECTION

(TOP VIEW)

Ap ~ Ay, 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 1s achiev-
ed by applying a 50ms active TTL low program pulse
to the CE input, anduit is possible to program sequen-
tially, individually, or at random.

The TMM2732D s fabricated with the N-channel
sihicon 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
® Pin compatible with 12732 and ROM-TMM2332P

BLOCK DIAGRAM.

Vpp GND Vee

guER i

GE o—1— 5i.6E
Logic -] Output
Cuwrcurt Buffers
CE O—rof
A0 O
At O— Colmn | | Cotumn 1/0
Ay O——] Decoder Circurt
A3 O—
A+ o—rf
As Ol
- sm— Memory Cell
A7 O——rl Row Array
A8 Q=] Decoder 4,096 x 8
Ay o—rof
A
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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 * ViH +5V High Impedance
Standby Vi » +6V “High Impedance
Program ViL Vep +5V Din
Program Verify ViL ViL +5V Dout
Program Inhibit Vin Vep +5V High impedance
* Vg or V)L
SYMBOL ITEM RATING UNIT
Vee Vcc Supply Voltage -0.3~7.0 \
OE/Vpp Program Supply Voltage —03~265 \
VIN Input Voltage —03~7.0 \
Vout Output Voltage -03~70 Vv
Pp Power Dissipation 1.6 w
TsoLDER Soldering Temperature Time 260 - 10 °C - sec
TsTRG Storage Temperature —-65~ 126 °C
Toer Operating Temperature 0~70 °C
READ OPERATION
SYMBOL PARAMETER MIN. TYP. MAX, UNIT
Vee Vcc Supply Voltage 475 5.0 5.26 \%
Vi Input High Voltage 20 - Vec +1.0 \%
ViL Input Low Voltage -0.3 - 08 \
(Ta=0~70°C, Vcc =5V 5%, unless otherwise noted)
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
i Input Load Current ViN =0~ 5.25V - - +10 MA
o Output Leakage Current Vout =0.4 ~ 525V - - +10 HA
lcca Ve Current (Standby) CE=Vj LTMM27320 - — e mA
| TMM2732D-2 - - 35
lecz Vcc Current (Active) CE=Vy_ - - 150 mA
Voo Output Low Voltage loL =2.1mA - - 0.4 \
VoH Output High Voltage lon = —400nA 24 - - v
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(Ta=0~70°C, Vcc =5V * 5%, unless otherwise noted)

TMM2732D TMM2732D-2
SYMBOL PARAMETER CONDITION: UNIT
TIONS MIN. | MAX. | MIN. | MAX.

tacc Address Access Time CE=0E=V) - 350 - 250 ns
tce 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 = Vjy 0 100 0 90 ns
tDF2 OE to Output 1n High-Z CE=V,_ OE=Vjy 0 100 0 90 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 : 08 ~ 22v

Timing Measurement Reference Leve Inputs 1V and 2V

Outputs 0 8V and 2V
*(Ta=25°C, f=1MHz)

SYMBOL PARAMETER CONDITIONS MIN TYP. MAX. UNIT
Cins Input Capacitance Except OE/Vpp Vin =0V - - 6 pF
Cinz2 Input Capacitance (OE/Vpp) ViN =0V - — 20 pF
Cout Output Capacitance Vout =0V - - 12 pF

* This parameger 1s periodically sampled and i1s not 100% tested
Ag ~AqyL
] toH
tCE
CE

,  t0E ‘OF1

tDF2

tacc

0o ~07 High impedance 22222 :‘
*

Data Outputs
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PROGRAM OPERATION
DC. RECOMMENDED OPERATING CONDITIONS'

SYMBOL PARAMETER MIN TYP. MAX, UNIT
\m Input High Voltage 20 - Vec +1.0 \2
ViL Input Low Voltage -03 - 08 \
Vee Vcc Supply Voltage 475 50 5.26 \
Vpp Program Input Voltage 24 25 26 \2

(Ta=25+5°C, Ve = 5V 5%, Vpp =25V £1V)

SYMBOL PARAMETER CONDITIONS MIN TYP, MAX. UNIT
L Input Current ViN =0~ 525V - - +10 nA
Vou Output High Voltage lon = —400uA 24 — - v
VoL Output Low Voltage loL =2.1mA - - 0.4 \
lec Ve Supply Current N - - — 150 mA
Ipp Vpp Supply Current CE=V,_, OE = Vpp - - 30 mA

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

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
tas Address Set Up Time 2 - - us
toES OE Set Up Time 2 - - us
ips Data Set Up Time 2 - - Hs

{(1)tan Address Hold Time 0 - - us
toEH OE Hold Time 2 - - Us
tpH Data Hold Time 2 - - us
toF 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)  tay (Program Operation 1) = QOus min.
taH (Program Operation 2) = 2us min.
Refer to Timing . Waveforms
e Input Pulse Rise and Fall Times < 20ns
e [nput Pulse Levels 0.8V ~ 2.2V
o 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 ~Ag X ADDRESS N
tAS tpw | VR | tAH
|- F_.
| —
* N/
tPRT tOES 10EH
Vpp ==---- r
OE/Vep
Vi ——— tps toH -~
tce tDF
00 ~0, DATA IN N DATA OUT
(ADDRESS N) (ADDRESS N) |
Program Operation 2. (OE/Vpp = Vpp)
Ag~Ay x ADDRESS N
tAS tPw tAH
Ce /
tos tOH
~ e
G001 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 inpuc, the overshoot voltage of its pulse should bot be exceeded 26V

JERASURE CHARACTERISTICS

The TMM2732D'’s erasure Is achieved by applying
shortvovave ultraviolet hght which has a wavelength of
2537A (Angstroms) to the chip through the trans-
parent window., Then integrated does (ultraviolet
hght 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 1s used
and the device i1s 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 @ 12000 [uw/cm?] will reduce the
exposure time to about 20 minutes (In this case, the
integrated does 1s 12000 [uw/cm?] x (20 x 60)
[sec] = 15 [w. sec/cm ] )

The TMM2732D’s erasure begins to occur whe;n
exposed to light with wavelength shorter than 4000A
The sunlight aond 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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OPERATION INFORMATION

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

power supply is required and the levels required for
all inputsare TTL.
In the program operation mode the OE/Vpp is

OE/VPP In the read operation mode, a single 5-volt pulsed from a TTL level to 25V.

MODE PINS (NO.) CE (18) |OE/Vpp (20) | Ve (24) 0p ~ 05 (9-11,13-17)
READ READ Vi ViL +5V DATA OUTPUT
OPERATION OUTPUT DESELECT B Viy +5V HIGH IMPEDANCE
(Ta=0~70°C) STANDBY ViH * +5V HIGH IMPEDANCE

PROGRAM PROGRAM ViL Vpp +5V DATA INPUT
OPERATION PROGRAM VERIFY ViL ViL +5V DATA OUTPUT
(Ta=25+5°C) PROGRAM INHIBIT VIH Vpp +5V HIGH IMPEDANCE

* Vi orV_

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 = V|, 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 s placed
in the standby mode which reduce the operating cur-

250ns max.) from stabilizing of the addresses.

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

Assuming that €E = V|| and address are stable, the
output data 1s valid at the outputs after tog (120ns/
100ns max ) from the falling edge of OE.

When CE 1s 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.
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Erosriea

PROGRAM MODE

Initially, when received by customers, all bits of
the TMM2732D are in the ‘1’ state which 1Is erased
state. Therefore the program operation is to intro-
duce ‘Os’ data into the desired bit locations by electri-
cally programming. The TMM2732D 1s 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 50ms
active low TTL program pulse to the CE input after

PROGRAM VERIFY MODE

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),

PROGRAM INHIBIT MODE

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.

the addresses and data are stable. This program pulse
should be a single pulse with 50ms pulse width per

address word, and its maximum value is 55mS. The '’

levels required for 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 tce (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.

OUTLINE DRAWINGS
— 324MAX
71402
2423 22 212019 1817 16 15 14 13
o cheh -hu:. ﬂ'-n o oh
2
Jr b
ROBA 2
123456 788101112
i
=
S 1524203
= | |
4 HHA HHHICIH
0 4015
P D 025
s o Lzsies | 30 g
H 046’315 182~17.5
o~ T =TT
Now1 Novw 2
Note 1

2. This value is measured at the end of leads
3. Al dimensions are in millimeters
©Nov . 1981 Toshiba Corporation

Each lead pitch is 2 54mm. All leads are located within 0 256mm of their true longitudinal position with respect to No. 1 and No. 24 leads.
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‘B3 TOSHIBA MOS MEMORY PRODUCTS

4096 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY

PROGRAMMABLE ROM

N CHANNEL SILICON STACKED GATE MOS

TMM2732DI
TMM2732DI-2

DESCRIPTION

The TMM2732D1 1s a 4096 word x 8 bit ultraviolet
light erasable and electrically programmable read only
memory  For read operation, the TMM2732Dl’s
maximum access time is 350ns /250ns and the
TMM2732DI 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 1s 150 mA and the maximum
standby current is 30 mA/40 mA.

FEATURES

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 TMM2732DI)
40 mA Max (standby TMM2732DI-2)

PIN CONNECTION

PIN NAMES
Ao ~Ary Address Inputs
Op ~ 0, 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 1t 1s possible to program sequen-
tially, individually, or at random

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

e Low power standby mode CE

e Qutput buffer control  OE

e Fully static operation

e Programs with one 50 ms pulse

® Single location programming

e Total programming time about 200 second

e Three state outputs

e Inputs and outputs TTL compatible

e Pin compatible with 12732 and ROM TMM2332P

BLOCK DIAGRAM

Vpp GND Vce
0001 020304050407

iRttt
cﬁo-—‘j e, cE Output

rowre Butfers
3 Crrcurt
Ao o—
A} O——— Column Column 1/0
Ay O—— Decoder [ 1 Circurt
Ay O—
A+ o—
As O———if
A6 O— Memory Cell
A7 O—— Row Array
Ag O——| Decoder [ ] 4,096 x 8
Ay o
Ao O——
An O—‘

- 193 —



MODE SELECTION
PINS (No ) CE OE / Vpp Vee Outputs

MODE (18) (20) (24) (9-11,13-17)
Read ViL VL +5V DouTt
Output Deselect * Vin +5V High impedance
Standby VIH * +5V High Impedance
Program ViL Vpp +5V Din
Program Verify ViL ViL +5V Dout
Program Inhibit ViH Vpp +5V High Impedance

¥ Vg or Vi
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT

Vee Vce Supply Voltage -03~70 \4
OE / Vpp Program Supply Voltage —-03~265 Vv

VN Input Voltage -03~70 Vv

VouTt Output Voltage —03~70 \

Po Power Dissipation 16 w
TSOLDER Soldering Temperature Time 260 10 °C sec
TsTRG Storage Temperature —65~ 125 °c
Torr Operating Temperature —40 ~ 85 °c

READ OPERATION
D.C. RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER MIN TYP MAX UNIT
Vee Vcc Supply Voltage 475 50 525 \
ViR Input High Voltage 22 - Vec+10 \%
ViL Input Low Voltage -03 - 08 )
D.C. and OPERATING CHARACTERISTICS
(Ta= —40 ~ 85°C, Vee =5V 5%, unless otherwise noted)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
he Input Load Current VN =0~5.25V - - +10 MA
Lo Output Leakage Current Vout =04 ~5.25V - — +10 uA
| - _ [ TMM2732DI - - 30 A
cCy Ve Current (Standby) CE=Vy [ TMM2732012 - ” 20 m
Icc, Ve Current (Active) CE=vV,_ - - 150 mA
VoL Output Low Voltage loL =2.1mA - - 04 Vv
Vou Output High Voltage lon = —400 uA 24 - — \%
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A.C. CHARACTERISTICS
(Ta = —40 ~ 85°C, Ve = 5V + 5%, unless otherwise noted)
TMM2732D1 TMM2732DI1-2
YMBOL PARAMETER NDITIONS —— UNIT
s COND MIN MAX MIN MAX
tace Address Access Time CE=0E=V) - 350 - 250 ns
| tce CE to Output Valid OE =V E 350 - 250 ns
oF OE to Output Valid CE=V) 120 100 ns
tor, CE to Output in High-Z OE =V ,CE =Vjy 0 100 0 90 ns
toF, OE to Output in High-Z CE=V) ,0E=Vy 0 100 0 90 ns
tOH Output Data Hold Time CE=0E =V)_ 0 - 0 - ns

A.C. TEST CONDITIONS

Qutput Load 1TTL Gate and C. (100 pF)

Input Pulse Rise and Fall Times < 20ns

Input Pulse Levels 08~22V

Timing Measurement Reference Level Inputs 1V and 2V
Outputs 08V and 2V

CAPACITANCE * (Ta=25°C, f = 1MHz}

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
CiNi Input Capacitance Except OE/Vpp ViN=0V - - 6 pF
Cinz Input Capacrtance (OE/Vpp) VN =0V - - 20 pF
Cout Output Capacitance VouT =0V - - 12 pF

* This parameter 1s periodically sampled and 1s not 100% tested

TIMING WAVEFORMS (READ)
Ag ~Aqy
toH
tCE
K
tDF1
tOE
OE /
tDF2
tacc
0o ~07 High Impedance 522522 i '@; High Impedance
Data Outputs
-
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PROGRAM OPERATION

D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN TYP MAX UNIT

Vin Input High Voltage 22 - Vec +10 \4
ViL Input Low Voltage —03 - 08 Vv
Vee Ve Supply Voltage 475 5.0 525 \
L Vpp Program Input Voitage 24 25 26 \
D.C. PROGRAMMING CHARACTERISTICS
(Ta=25%5°C, Voc =5V £5%, Vpp =25V £ 1V)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
I Input Current Vin =0~ 525V - - +10 MA
Vou Output High Voltage loH = —400 uA 24 - - \4
Voo Output Low Voltage loL =21mA — — 04 \2
Icc Vce Supply Current — — — 150 mA
Ipp Vpp Supply Current CE = ViL OE = Vpp - - 30 mA

A.C. PROGRAMMING CHARACTERISTICS

(Ta=25+5°C, Voo =5V 6%, Vpp =25+1V)

SYMBOL PARAMETER MIN TYP. MAX UNIT
tAs Address Set Up Time 2 — - s
toES OE Set Up Time 2 — - us
tps Data Set Up Time 2 - - us

(1) tan Address Hold Time 0 - — us
toEH OE Hold Time 2 - - us
tpH Data Hold Time 2 — — us
1DF CE to Output in High-Z — — 100 ns
tcE CE to Output Valid - - 350 ns
tow Program Pulse Width 45 50 55 ms

tPRT Vpp Pulse Rise Time 50 — — ns
tvR Vpp Recovery Time 2 - - Ms

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

tan (Program Operation 2) = 2 us min
Refer to Timing Waveforms
+ Input Pulse Rise and Fall Times < 20ns
+ Input Pulse Levels 08~22Vv

Timing Measurement Reference Level — Inputs . 1V & 2V
Outputs 0.8V & 20V
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TIMING WAVEFORMS (PROGRAM OPERATION)

Program Operation 1

PROGRAM
PROGRAM MODE VERIFY MODE
Ao ~A11 ADDRESS N
tas tPw wh | TAH
" / N /
tpRT toES tOEH i
_ Vep————— 3
OE/Vpp / \
Vie—— 7 os x
foH tCE N
oF
r DATA IN DATA OUT
Q¢ ~ 01 (ADDRESS N) (ADDRESS N) |

~

Program Operation 2 (OE/Vpp = Vpp)

%
Ao ~ A1 >< ADDRESS N ><

tAs tPw tAH

tos DH

N
09 ~097 —< 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.

ERASURE CHARACTERISTICS

The TMM2732D1's erasure is achieved by applying shortwave ultraviolet light which has a wavelength of 2537A
(Angstroms) to the chip through the transparent window Then integrated dose (ultraviolet hight 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 1s used and the device 1s 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 1s a 12000 [uw/cm? ] will reduce the exposure time to about 20 minutes (In this case, the integrated
dose 1s 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 hghting 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 OE/Vpp In the read operation mode, a signal 5-volt power
supply is required and the levels required for all inputsare TTL

In the program operation mode the OE/Vpp 1s pulsed from a TTL level to 25V

PINS (NO) — —
MODE CE (18) OE/Vep (20) Vee (24) Op ~ 07 (9-11,13-17)
READ READ ViL ViL +5V DATA OUTPUT
OPERATION OUTPUT DESELECT * Vi +5V HIGH IMPEDANCE
STANDBY Vi * +5V HIGH IMPEDANCE
PROGRAM PROGRAM VL Vpp +5V DATA INPUT
OPERATION PROGRAM VERIFY ViL ViL +5V DATA OUTPUT
PROGRAM INHIBIT Vin Vpp +5V HIGH IMPEDANCE
* Vi or Vi

The TMM2732DI 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 1s valid at the outputs within address access time (350 ns max.)
after stabilizing of the addresses.

The CE to output valid (tcg) 1s equal to the address access time

Assuming that CE = V| and addresses are stable, the output data I1s valid at the outputs within tog (120 ns
max ) after the falling edge of OE.

Assuming that OE = V|y or CE = Vi, the outputs will be in a high impedance state So two Qr more
TMM2732DIscan be connected together on a common bus hine When CE 1s decoded for device selection, all
deselected devices are in low power standby mode
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STANDBY MODE

The TMM2732D1 has a low power standby mode controlled by CE signal By applying a TTL high level signal
to the CE input, the TMM2732Dl1 1s placed in the standby mode which reduce the operating current from 150 mA
to 30mA, and then the outputs are in a high impedance state, independent of the OE input

PROGRAM MODE

Initially, when received by customers, all bits of the TMM2732D| are in the *“1"" state which 1s erased state
Therefore the program operation s to introduce ""0s’’ data into the desired bit locations by electrically program-
ming The TMM2732DI is set up in the program operation mode when applied the program input voltage (+25V)
to the OE/Vpp input under CE =V 4

Then programming s 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 1ts maximum value 1s 55 ms 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 TMM2732D1 must not
be programmed with a DC signal applied to the CE input

PROGRAM VERIFY MODE

The verify mode |st_ocheck thatLhe desired data Is correctly programmed on the programmed bits The verify
1s accomplished with OE/Vpp and CE at V| Data should be verified within tce (350 ns max ) after the falling
edge of CE

PROGRAM INHIBIT MODE

Under the condition that the program input voltage (+25V) 1s applied to the OE/Vpp input, a TTL high level
CE input inhibits the TMM2732D1 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 1s applied to the CE input of the desired

device only and the TTL high level signal i1s applied to the other devices
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32.4 MAX. !

7.1%0.2

ch opoh b chiche s o sk

LI S

A\ Vo
13.8 MAX

RO.64 \
N—— :
12 346 6!'78 8 101112
X
<
b 15.24%0.3
o
0
+0.15
025_g10
J 1.3%0.25
s 015
+
.2 ~172.5
© 0-46_4.10 16:2
~
Note 1 Note 2

Note: 1. Each lead pitch is 2.564 mm All leads are located within 0.26 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 miliimeters.

XN

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 circuitty.
© Oct.,, 1981 Toshiba Corporation
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8,192 WORD x 8 BIT UV ERASABLE AND ELECTRICAL
PROGRAMMABLE READ ONLY MEMORY

N-CHANNEL SILICON STACKED GATE MOS

v TMM2764D
TMM2764D-2

The TMM2764D is a 8192 word x 8 bit ultraviolet and the maximum standby current is 35mA.
light erasable and electrically programmable read only For program operation, the programming is achiev-
memory. For read operation, the TMM2764D's access ed by applying a 50ms active TTL low program pulse
time is 200 ns, and the TMM2764D operates from a to the PGM input,_and i1t is possible to program
single 5-volt power supply and has low power stand- sequentially individually., or at random.
by mode which reduces the power dissipation with- The TMM2764D is fabricated with the N-channel
out increasing access time. The standby mode is silicon double layer gate MOS technology and 1s
achieved by applying a TTL-high level signal to the packaged in a standard 28 pin dual in line cerdip
CE input. The maximum active current is 120mA package.
e Output buffer control . OE
e Single 6-volt power supply e Fully static operation
e Fast access time . TMM2764D 250 ns e Programs with one 50 ms pulse
TMM2764D-2 200 ns e Single location programming

e Power dissipation e Three state outputs

120 mA (active current)  Max. e Inputs and outputs TTL compatible

35 mA (standby current) Max. e Pin compatible with 12764 and ROM TMM2364P

e Low power standby mode : CE

Lo
(TOP VIEW) pjt EPROM TMM2732D

wer 24 pins compatible with 32K

Vee GND Vee 000, 0,030,05060,

JTITTIITT

TMM27320 oE 5E oE e
and
(TOP VIEW) CE Circurt Output Buffers
N [ { 1
A0 o] 5| Column |32 Column 1/0
ﬁ;" o Decoder Circuit
i Y
ﬁss o—JAddress
A7 Buffers
’Rg 8 Row P Memory Cell
Rw =] Decoder | ™| Array
A1112 8192 x 8 bits
Pin PGM | CE | OE |Vpp |Vc 0p ~ 0, P
Moge (27) (200 |(22) | (1) |(28) [(11~13,15~19)| PO
~A Add )
go 012 . ress '('I‘PU‘S ; Read H el 5V | Data Out
o ~ 0, utputs (Inputs; High
— Output Desel « |« |H
CE Chip Enable Input r uiput Deseeet i e
OE Output Enable Input Standby . W |V Y] High Standby
PGM Program Control Input Program L L« 5V | Datain
N.C No Connection « | H |« sy | Hn
P
Vep Program Supply Voltage o 21v H:;"h”m"” Active
Vee Vec Supply Voltage (+6V) S Bl v
GND Ground Program Venfy | H L L 5V | Data Out

Note * Hor L
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oy

SYMBOL ITEM B RATING T uniT ]
Vee Vcc Power Supply Voltage —06 ~ 7.0 \2
Vep Program Supply Voltage o -06 ~‘§§‘07 \
Vin Input Voltage o —06 ~ 70 v
Vout Output Voltage -06 ~ 70 \4
Pp Power Dissipation 1.5 W
—TSQLDER"-Hv w_—”Soldering Temperature Time 260 10 °C sec
TsTRG Storage Temperature o —65 ~ 125 : °C
Torm Operating Temperature i - ) L ) 5)757767 ; ~T7‘_‘j:(—:_ o
READ OPERATION
D.C. RECOMMENDED OPERATING CONDITIONS
SYMBOL |~ PARAMETER | MIN. TYP. ] MAX. | UNIT ]
ViH Input High Voltage 2.0 - Vee +1.0 \
ViL Input Low Voltage ~03 i - ~ o8 %
| Vec | Ve Power Supply Voltage 475 - 5.26 v
Vep " Vpp Power Supply Voltage 20 | Ve Ve +06 v

D.C. and OPERATING CHARACTERISTICS

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

SYMBOL PARAMETER I coNDITIONS | MIN. [ Tvp [ max | UNIT |
L Input Current TViN=0~Vee - 210 Iy
T ecr Supply Current (Standby) CE=Vy - - | 38 mA
lecz Supply Current (Active) CE =VjL - - 120 mA
" Vou | Output High Voltage {7 low = —400pA o241 C _ v
| Vou | OutputLowVoltage g =2amA e T
™ “Vep Current  Vpp=0~Vec +06 - - 0 | wA |
Lo Output Leakage Current T “Vout =04~ Vee — - £10 | WA
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Ta=0~70°C, Vgc =5V $5%, Vpp =2 0V ~ V¢ + 0 6V, Unless otherwise noted)

SYMBOL PARAMETER CONDITIONS TMM27640-2 TMM2764D UNIT
MIN MAX. MIN, MAX.
tace Address Access Time CE=0E =V PGM=V)y - 200 - 250 ns
tee CE to Output Valid OE = V) PGM=V)y — 200 — 250 ns
toE OE to Output Vahd CE=V, PGM=V) - 70 - 100 ns
tpGM PGM to Output Vahid OE=CE=V,_ — 70 - 100 ns
toF1 CE to Output in High-Z OE=V) PGM=Vy | 0 60 0 90 ns
toF2 OE to Output in High-Z CE=V, P_GM =Viy ) 0 60 0 90 ns
tDF3 PGM to Output in High-Z OE=CE= 0 60 0 90 ns
tOH Output Data Hold Time CE=0E= v.._ PGM = Vy 0 - - - ns
e QOutput Load 1 TTL Gate and C = 100pF
e Input Pulse Rise and Fall Times 10ns Max.
e Input Pulse Levels 0.8V to 22V
o 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
Cin Input Capacitance ViN =0V — 4 6 pF
Cout Output Capacitance Vout =0V - 8 12 pF

* This parameter is periodically sampled and 1s not 100% tested.

Ao ~ Az
toH
e}
tCE
L
toF1
10E
PGM tOF2
PGM / / \
I
tACC tDF3
High Z 3 High Z

0o~ 09 Data Outputs
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PROGRAM OPERATION

l

SYMBOL PARAMETER MIN. TYP, MAX. UNIT
Vi Input High Voltage 2.0 — Vee +1.0 \4

ViL Input Low Voltage -0.3 - 08 \4

Vee Vcc Power Supply Voltage 475 5.0 525 \2

Vep Vpp Power Supply Voltage 205 21.0 215 \%
(Ta=25+6°C, Vg = 5V £5%, Vpp =21V £0.5V)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX, UNIT
L Input Current Vin =0~ Ve - - +10 nA
Von Output High Voltage lon = —400uA 24 - - \4
VoL Output Low Voltage loL =2.1mA - - 04 \
lcc Vce Supply Current - - - 120 mA )
Ipp2 Vpp Supply Current Vpp =21.5V - - 30 mA

(Ta=25%5°C, Vgc =5V +5%, Vpp =21V 0 5V)

SYMBOL PARAMETER CONDITIONS MIN. Typ MAX UNIT
tas Address Setup Time - 2 - - us
tAH Address Hold Time - 2 - - us
1CES CE Setup Time - 2 - - us
tCEH CE Hold Time - 2 - - us
tps Data Setup Time - 2 - — us
toH Data Hold Time - 2 . - us
tps PGM Setup Time - 2 - - us
tp PGM Hold Time - 2 = - us
t0ES OE Setup Time - 2 - - us
tvs Vpp Setup Time — 2 - - us
tew Program Pulse Width PGM = CE = ViL 45 50 55 ms
tcp Program Recovery Time - 0 - - us
tPRT Program Pulse Rise Time - 5 - - ns
tPET Program Pulse Fall Time - s - - ns
tce CE to Output Valid - — - 250 ns
10€ OE to Output Vahid — — - 100 ns
tDF1 CE to Output in High Z OE =V - - 90 ns
tDF2 OE to Output in High Z CE=V, - - 90 ns

Output Load

Input Pulse Rise and Fall Times
Input Pulse Levels

Timing Measurement Reference Level

1TTL Gate and C (100 pF)

10ns Max
08 ~ 22v

Input 1V and 2V
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PROGRAM OPERATION

0 ~A12 >€

1. (Vpp =21V 05V)

tAs tAH
— tcES
° Ny ' i Y
1
¢ / / tDF2
tDF2
t0E tDF1
0~07  UNKNOWN i Djn STABLE >_Highz_< Doyt Valid
tos TDH
tpw
tPET PRT
1
w T
PROGRAM OPERATION 2. (Vpp =21V £0.5V)
0~ A2 ><
tas W tAH .
5 . N L/ /|
PFT PRT tCE
tDF1
w3 N _—
tcp :
trs tPH
- ﬂ_. -__-_J )
' tos toH
~ High 2
0~ 07 ————-< Din STABLE oh Dout Valid

Note.

e

1. Vg must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp,
2. Removing the device from socket and setting the device in socket with Vpp = 21V may cause permanent damage to the device.
3. The Vpp supply voitage is permitted up to 22V for program operation, so the voitage 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
shortwave ultraviolet light which has a wavelength of
2537A (Angstroms) to the chip through the trans-
parent window. Then integrated dose (Ultraviolet
light intensity [w/cm?] x exposure time [sec.]) for
erasure should be a minimum of 15 [W sec/cm?].

When the Toshiba sterilizing lamp GL-15 is used
and the device is exposed at a distance of 1 cm from
the lamp surface, the erasure will be achieved within
60 minutes. And using commercial lamps whose
ultraviolet hight 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. (Ir
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 wher
%xposed to light with wavelength shorter than 400C
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.

PGM CE OE Vep Vee Op ~ 0y Power
(27) (20) (22) (1) (28) (11~13,16~19)

READ Read H L L Data Out Active
OPERATION Output Deselect * * H 5V 5V High Impedance Active
(Ta=0~70°C) | Standby * H * High Impedance Standby

Program L L * Data In Active
O’)I:E?((Z?IA(;AN Progr‘am * H * 21V 5v High Impedance Active
(Ta = 2546°C) Inhibit H L H High Impedance Active
Program Verify H L L Data Out Active

Note H, Vi, L. VL, *, Viy or V)L

The TMM2764D has three control functions. The
chip enable (CE) controls the operation power and
should be used for device selection.

The output enable (OE) and the program control
(PGM) control the output buffers, independent of
device selection,

Assuming that CE = OE =V, and PGM = V|, the
output data Is valid at the outputs after address access
time from stabilizing of all addresses.

The CE to output valid {tce; Is equal to the address
access time (tace).

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 = Vj_ and all addresses
are vald, the output data s valid at the outputs after
tpgm from the rising edge of PGM.
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DUTPUT DESELECT MODE

Assuming that CE = Vjy or OE = V|, the outputs
11l be In a high impedance state. So two or more
MM2764D can be connected together on a common

STANDBY MODE

The TMM2764D has a low power standby mode
ontrolled by the CE signal By applyinga TTL high
wel to the CE input, the TMM2764D s placed in the
tandby mode which reduce the operating current

PROGRAM MODE

Initially, when received by customers, all bits of
he TMM2764D are in the 1" state which Is erased
tate.

Therefore the program operation Is to introduce
‘Os'’ data into the desired bit locations by electrically
yrogramming.

The TMM2764D is set up in the program operation
node when applied the program voltage (+21V) to
he Vpp terminal under CE = PGM= OE =V

The program operation occurs during the overlap
>f the CE low and the PGM low Then the program-
ning 1s achieved by applying a 50ms (tpw) active low

PROGRAM VERIFY MODE

The verify mode 1s to check that the desired data I1s
correctly programmed on the programmed bits.

Under the condition that the program voltage
(+21V) 1s applied to Vpp terminal, a high level CE or
PGM input inhibits the TMM2764D from being pro-
grammed. Programming of two or more TMM2764Ds
in parallel with different data is easily accomplished.

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 1s 55ms

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 Vj_
and PGMat V4.

That is, all inputs except for CE or PGM may be
commonly connected, and a TTL low level program
pulse I1s applied to the CE and PGM of the desired
device only and TTL high level signal is applied to the
other devices.

— 207 —



37.7 MAX.

7.1%0.2

N
kY

23 22 21 20
hhrh

-

B
18
it
-

( AL o .W
H]
\ + :
«
RO.64 o
o
12 3465 6 7 8 9 1011 12 13 14
%
<
b
N
'
F ]
0 N
~ 2.5410.25 1.310.25
]
+ +0.15
o 046 510
]

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. Al 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

Note 1
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Mask Programmable Read Only Memories
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TOSHIBA MOS MEMORY PRODUCTS

2048 WORD x 8 BIT MASK ROM
N CHANNEL SILICON GATE DEPLETION LOAD

TMM334P

DESCRIPTION

TMM334P 1s a 16,384 bits read only memory
organized as 2048 words by 8 bits and 1s compatible
with 12716 type (16K EPROM). It s suitable for use
in programming of production apparatus used micro
processor because of its low cost per bit.

TMM334P’s mask making s 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 1s 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 1s 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 s fabricated with 1on implanted N-
channel silicon gate technology. This technology
allows a production of high performance TMM334P
1s moulded in a 24 pin standard plastic package

BLOCK DIAGRAM

Vce GND

Dg Dy D; D304 D5 D6 Dy
0000000 O

—
3 . .
csyfcsy §§ §§ %‘
i o 13 S B
cs3/cs; o€ 33 ¢

IS

Column decoder

Ay o] & 8x16

A100——iq H

Ag o——d % N

A o—o & §

Az O—— 7] 8 |28 Memory cell array

N 3 ™ H 128 x 128
< L3

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 operation, No clocks are required
® [nput protected, All inputs have protection against static charge
® Pin to pin compatible, TMM323C, 12316E, 12716
PIN CONNECTION
(TOP VIEW)
PIN NAMES
Ao ~ Ag Row address inputs
A; ~Ajo Column address inputs
Do ~ D4 Data outputs
CS, /CS; ~ CS3/CS3 Chip select inputs
vce Ve Power Supply Voltage
GND Ground

|
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SYMBOL ITEM RATING UNIT
Vce Power supply voltage -05~70 \Y
VIN, VouT 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
Pp Power Dissipation (Ta =70°C) 10 w
SYMBOL PARAMETER CONDITIONS MIN. TYP MAX. UNIT
ViH Input high voltage - 20 — Vee +1 \%
ViL Input low voltage - —-05 - 08 \%
Vce Power supply voltage - 45 - 55 A\
SYMBOL PARAMETER CONDITIONS MIN. TYP MAX. UNIT
ITG] Input high current ‘VIN =Vce - 0.01 10 uA
liL Input low current VIN =GND - —0.01 -10 uA
VoH Output high voltage ISOURCE =-04mA 24 3.0 - \
VoL Output low voltage ISINK =2.1mA - 0.2 04 \Y
loH Output high current Vout =24V -04 -3.0 - mA
loL Output low current VouT =04V 21 5.0 - mA
CS=0.8V,CS=2.0V
ILo Qutput leakage current VouT =04V to Vee - +0.01 +10 BA
Icc Supply current louT =0mA - 40 80 mA
*Ta=25°C, Vcc =5V
SYMBOL PARAMETER CONDITIONS MIN TYP.* MAX UNIT
tacc Access time tac € 100ns - 270 450 ns
tco Output delay time from chip select tac 2 tacc — 80 120 ns
toDp Output deselect time RL =100Q 0 70 100 ns
tRC Read cycle time — 450 — — ns
* Ta=25°C, Vcc =5V
P e . P S e .,
CAPACITANCE ' (Ta=26°C. =1 MHz}
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
CIN Input capacitance VIN =A.C.GND - 4 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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3

v I

Vin 50% So%
Ao ~A10
viL N10% NIoX

v
— “90% 0%
cs /cs CHIP DISABLE CHIP ENABLE CHIP DISABLE
Vi I o 10%
tacc top
F
Vom HIGH IMPEDANCE 20V aravauo OV ‘ HiGH
0o ~07 - 8v 01v ; IMPEDANCE
VoL

co

nched paper tape data must be a positive logic and use a 7 to 8 bit ASCII code. f

rmat 1 (including Data and Check sum every word).

NULL
¥ TMM334P - XXXxX ¥
CRLF
vMSB = D; ¥
CR LF
N8;

CR LF

Ruuul; X07P3; . ...; XF1P5;

CR LF

CR LF
R2040; XO1P1;. .. ; X3AP4;

CR LF

€Sy =0)
CR LF

(csy = 1)
CR LF

(cs3 = 0)
CR LF

$
CR LF

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 this example, chip is active under the condition
that CS1 ="0’and CS2="1"and CS3 ='0".

$ Indicates an End mark .

Take NULL more then fifty characters.
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Format 2 (including Data only every word) '

NULL
¥ TMM334P - XXXXY
CR LF
VMSB =D, ¥
CR LF
N8;
|
CR LF
Ruuud, XO76A .. 3BF1; R indicates an absolute address. Enter the address by decimal code every sixte:
words.
CR LF i . . ) .
X indicates a hexadecimal code and so enter the data of sixteen words continuous
after X.
. Data modification. This procedure is following to Format 1. Otherwise specified
R2032; XBCAE . .. 0085;
Format 1.
CR LF
(csy =0)
Format 1 and Format.2 are Toshiba preferred Format.
CR LF The other acceptable Format is Intel BNPF Format.
(CS3 = 0)
CR LF
(cs3 = 0) IO
CR LF ) -
$ 24 2322 212019 18 17 1615 14 13
M
CR LF | LB
NULL — q l p%
L
R1S | i
[ : h b
gy
1234 56 7 89101112
¢ 15.24 TYP.
Note: Each lead pitch is 2.564 mm. Al leads are located within 32.4 MAX. % 2
0.25 mm of their true longitudinal position with respect 10° 3
to No. 1 and No. 24 lesds )
All dimensions are in millimeters 7 {
._._._il..‘._L. _._‘__._
CHTRTEH T !
0.25 49 o5
2,54%0.25 1.4%0.18 2
0.5+0,15 2 17 4 MAX.
o

Note: Toshiba does not assume any responsibliity for use of any circuitry described, no circuit patent licenses are Implied, and Toshiba reserve
the right, at any time without notice, to change said circultry.
©Mar, 1980 Toshiba Corporation
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2 TOSHIBA MOS MEMORY PRODUCTS

)96 WORD x 8 BIT MASK ROM
CHANNEL SILICON GATE DEPLETION LOAD

TMM333P

DESCRIPTION

The TMM333P is a 32,768 bits read only memory
-ganized as 4,096 words by 8 bits. It 1s suitable for
;e In programming of production apparatus used
jicro processor because of its low cost per bit

The TMM333P’s mask making is carried out by
>mputer using punched paper tape data of customer
1d then sample manufacturing will start  Then for
astomer, 32,768 bits memory data and two chip
xlect Input active logic are programmable

Therefore the TMM333P manufacturing procedure
oes through three steps before mass production
irst step 1s a acceptance of customer’'s punched
aper tape data Second step i1s a presentation of

FEATURES
Single 5V supply voltage, Vce =5V + 5%
Access time, tacc =450 ns (Max )
Directly TTL compatible, All inputs and outputs

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 s fabricated with 1on implanted N-
channel silicon gate technology  This technology
allows a production of high performance The TMM
333P is moulded in a 24 pin standard plastic package

Programmable chip select inputs, CS1, CS2, Easy memory expansion

Three state outputs, OR tie capability
Static operation, No clocks are required

Input protected, All inputs have protection against static charge

Pin to pin compatible, TMS4732

PIN CONNECTION
(TOP VIEW) Aqd1 24{]Vce
Asl]2 23(]Ag
As(s3 22A,
Asl]a 210)cs,/Cs,
Ass 20f]cs, /CS,
a6 19041,
I 3%a k4 180A,
Ao(ds 170D,
Do(Qse 16[]D¢
o, Qo 15[ADs
o, O 140 D4
anpf]12 1300p;
PIN NAMES
Ag ~ Ag Row address inputs
A, ~ Ay Column address inputs
Do ~ D, Data outputs
CS; /63: CS;/CTz Chip select inputs
vee Power supply terminal
GND Ground

BLOCK DIAGRAM

T Do Dy Dy D3D4 D5 Dg D
0O 00000 O

5@ 5 .
csyfcs, 33 ie L
- b ael %3 Output buffs
csycsy 23 28 a3
£Q £9 8
o< oa oo

Column decoder

8 x 32

]

128 Memory cell array

B 128 x 256

Address input buffer

~
Row decoder
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SYMBOL ITEM RATING UNIT | %
vee Power supply voltage -05~70 A\
VIN, VouT Input and output voltage -05~7.0 \2 i
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) 10 W
SYMBOL PARAMETER CONDITIONS MIN, TYP MAX. UNIT
ViH Input high voltage - 2.0 - Vee +1 \
ViL Input low voltage - -05 - \%
Vce Power supply voltage - 4.75 50 5.25 v
SYMBOL PARAMETER CONDITIONS MIN TYP. MAX. UNIT
liH Input high current VIN =Vcce - 0.01 10 HA
hie Input low current VIN = GND - -0.01 -10 MA
VoH Output high voltage ISOURCE = —0 4mA 24 3.0 - \%
Vou Output low voltage ISINK =2.TmA - 0.2 04 \"
loH Output high current B Vout =24V 04 -3.0 - mA
loL Output low current Vout =04V 21 5.0 - mA
Lo Output leakage current 5?3:,??6‘}3:)2\/%\2 - +0.01 +10 nA
Icc Supply current louT =0mA - 60 100 mA
*Ta=25°C, Vcc =5V
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
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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Vin \oon
Ao ~A1y
viL. 10%

v p—
— 90% 90
cs /cs CHIP DISABLE CHIP ENABLE CHIP DISABLE
Vi i 10%
tace too
Vom HIGH IMPEDANCE 20V atavauo OV 1: HIGH
Do~07 {osv 01v > IMPEDANCE

nched paper tape data must be a positive logic and use a 7 to 8 bit ASCI| code
rmat 1 (including Data and Check sum every word).

NULL
V¥ TMM333P - xXxx ¥
CRLF
vymMse = D; ¥
CR LF
N8,

CR LF

Ruuu0, XO7P3, . . XF1PS5,

CR LF

CR LF

R4088, X01P1, . X3AP4,

CR LF

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

$
CR LF

NULL

Take NULL more than fifty characters

Contents In single quotation mark (Y. . Y)indicates a comment and X XXX is a user’s
number.

CR and LF indicate carriage return and line feed respectively.

Specify MSB pin. (D, or Do)

N8 indicates a 8-bit mask pattern
Semicolon ( , ) indicates a punctuation of data

R indicates an absolute address
words

Enter the address by decimal code every eight

X indicates hexadecimal code So enter the data represented by hexadecimal code
every word after X.

P indicates a check sum of its word So enter a sum of one’s number in a word by
decimal code after P

Data modification. Enter the modified address before the End mark and then enter
the data following above procedure independently or serialy Modification can be
allowed from O address to 4095 address

Customers can program the active logic of two chip select inputs independently
Specify the active logic of chip select input in the brackets

The example i1s shown in Figure. In thisexample, chip is active under the condition
that CS1 ="0"and CS2 = ‘1"

$ Indicates an End mark .

Take NULL more then fifty characters
- 217 —
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Format 2 (including Data only every word)

S

NULL

¥ TMM333P - XXXXY

CR LF
VYMSB =D, ¥
CR LF
NS8;
CR LF
Ruuul; XO75A . .. 3BF1; R indicates an absolute address. Enter the address by decimal code every sixt:
words.
CR LF R . N ) .
X indicates a hexadecimal code and so enter the data of sixteen words continuot
after X.
. Data modification. This procedure is following to Format 1. Otherwise specifiec
R4080, XBCAE .. 0085,
Format 1.
CR LF
(csy =0)
Format 1 and Format 2 are Toshiba preferred Format.
CR LF The other acceptable Format is intel BNPF Format.
(csy = 0)
CR LF
$
CR LF OUTLINE DRAWINGS
242322212019 1817161514 13
hmohrhochrhich %mrﬁ m
o SEES =t
q P %
R1.5 i
q P2
P W g g gy g
1 234 56 7 89101112
3 15.24 TYP
Note. Each lead pitch 152 54 mm. All leads are located within 32.4 MAX % -
b 0.25 mm of thelr true longitudinal position with respect 10° b3
toNo 1 and No. 24 leads '7\ L
All dimensions are in millimeters 4
RIS T S -
T —
0.2549 o5
2.54%025 zZ
t z
= 17 4 MAX.
B
o~

Note  Toshiba does not assume any responsibility for use of any circultry described, no circuit patent licenses are implied, and Toshiba reser.
the right, at any time without notice, to change said circuitry
© Sept.,1980 Toshiba Corporation

— 218 —



3 TOSHIBA MOS MEMORY PRODUCTS

4,096 WORD X 8 BIT MASK ROM

N-CHANNEL SILICON GATE MOS

TMM2332P

DESCRIPTION

The TMM2332P is a 32768-bit read only memory
organized as 4096 words by 8 bits with a low bit
cost, thus being most suitable for use in programming
of production apparatus using microprocessor.

The TMM2332P features an automatic power down
mode When deselected by Chip Select (CS/CS),
the device 1s in low power (ISB=15mA MAX.) stand-
by mode. This device feature results in system power

.FEATURES

® Single 5V-Power Supply

o Fast Access Time 350ns (MAX.)

o Low Power Dissipation
Operating Current = 100mA (MAX.)
Standby Current = 16mA (MAX.)

® Power Down Feature CS/CS

® Programmable Chip Select CS /TS

® QOutput Buffer Control OE

® Easy memory Expansion CS/CS

PIN CONNECTION

(TOP VIEW)
A1 ~ 240 Vee
Asl] 2 231 Ag
AsQ 3 2214,
A 4 21P Ay,
AsQ 5 20[10E
A0 6 190 A
a7 181 Cs/CS
Ao 8 170D,
Do 9 16[1Dg
D10 150D
D211 141D,

GND[]12 130D;

PIN NAMES
Ao~Aq Address Inputs
Do~Dy Data Outputs
CS/CS Chip Select Input
OE Output Enable Input
Vee Power {(+5V)
GND Ground

saving in larger systems, where the majority of de-
vices are deselected.

The TMM2332P is fabricated with 1on implanted
N-channel silicon gate technology This technology
allows a production of high performance.

The TMM2332P is moulded tn a 24-pin standard
plastic package.

Static Operation
Pin Compatible with 2732 Type EPROM and
i2332
® All Inputs and Outputs®
Directly TTL Compatible
Three State Outputs Wired OR Capability.
® |nputs Protected All inputs have protection against
static charge.

BLOCK DIAGRAM

VceGND

Do Dy D, D3 D4 Ds Dg D,

CS/CSo—{  Control
OE o— Circuit

Output Buffers

Column Decoder

A; o—]
Ag o—
Ay 0—]
Ajoo—
Ajjo—]
Ag 0—
Ay o—f
Ay 0—
Az 0—
Aq 00—
As o—
Ag o—]

8

Memory Cell Array
(256 x 128)

Address Input Buffers

Row Decoder
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SYMBOL ITEM RATING UNIT
Vee Supply Voltage -05~7.0 \%
VN Input Voltage -05~7.0 \
VouTt Output Voltage -0.56~ 7.0 \
Toprr Operating Temperature 0~ 70 °c
TstRe Storage Temperature -55~ 150 °c
TSOLDER Soldering Temperature* Time 260 * 10 °C+Sec
Pp Power Dissipation (Ta = 70°C) 10 w
D.C. OPERATING CONDITIONS
SYMBOL PARAMETER MIN. TYP MAX. UNIT
\m Input High Voltage 20 - Vee+1 0 \
VL Input Low Voltage -05 - \
Vee Power Supply Voltage 45 50 \%
D.C. CHARACTERISTICS (V¢c = 5V£10%, T, = 0~ 70°C)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
[ITR Input Leakage Current Vin =0~ Ve — +0 02 +10 MA
lonH Output High Current Vou =24V -04 -20 - mA
lov Output Low Current VoL =04V 20 40 — mA

OE=V orC-—S=V|H
| ki
Lo Output Leakage Current VouT = 04V ~ Vee - +0 05 10 MA
lcc Operating Current CS=V)_ or CS= Vin - - 100 mA
Isg Standby Current CS=Vjn or CS=V,_ - - 15 mA
CAPACITANCE (T,=0~ 70°C, f=1MHz)

SYMBOL PARAMETER CONDITIONS MIN TYP. MAX UNIT
Cin Input Capacitance ViN =0V — 5 10 pF
Cout QOutput Capacitance VouT = 0V - 8 15 pF

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

- 220 —



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

SYMBOL MIN, TYP. MAX. UNIT
tRC Read Cycle Time 350 — - ns
tacc Access Time - - 350 ns
tco Chip Selection to Output Valid - - 350 ns
too OE to Output Valid - - 120 ns
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

A.C. TEST CONDITIONS

Input Rise and Fall Times

Timing Measurement Reference Levels

Qutput Load, 1-TTL Gate and C,_ = 100pF

20ns
Input - 0.8V and 2.0V
Output 0.8V and 2.0V

RC

Xvie

Vin
Vi

[V

Do~D7

Supply
Current

Von
Vou

Output Data Valid

" Nete: (1) CS and CS waveforms are shawn 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 181716151413

X
P«
- - =
R1S ' o
pos
e
W
123456 7889101112
\ 32.4 MAX ﬁ 15.24 TYP.
o b3
10 o
i
l 0.25:0.05
2.5410.25 1.4£0.15 R
Tt T z
0.5:0.15 H 17.4 MAX.
o
©

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

All dimensions are in millimeters.
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Rate s

54K BIT (8K WORD X 8 BIT) MASK PROGRAMMABLE ROM

N CHANNEL SILICON GATE

TMM2364P

The TMM2364P 1s 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 1s reduced from 40mA to

e Single 5V + 10% power Supply

e Access Time 250ns max

e Low Power Dissipation
Average Current  40mA max.
Standby Current  15mA max.

e |nput and Output TTL Compatible

e Three State Outputs Wired OR Capability

(TOP VIEW)

156mA Output Enable (OE) s 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 s fabricated with ion implanted
N-channel silicon gate technology. This technology
allows a production of high performance

The TMM2364P s moulded in a 28 pin standard
plastic package, O 6 inch in width

® Edge Enabled Operation CE
e Output Buffer Control. OE
e Programmable Chip Select CS,, CS,
Easy Memory Expansion
o Pin Compatible with 12364
e |nputs protected All inputs have protection

against static charge.

Vee GND

]lDoDxU:D; Dy D5 Dg D,

[ Output buffers
8

buffers and latches

Chip select program
and decoder

Chip select input

1

3 Chip enable input
buffer and clock
i

Ao 5
i
Ao ~Ax Address inputs :;: é 8x32
Do ~ D, Data outputs ::: é
Cs/CS Chip select inputs Aso—ri| g £ . § 256 65536 brts
OE Output enable inpu Ago— ] § S 3 Memory cell
CE Chip enable input A’::‘ 1% é array
NC No connection :::
Vee Power supply terminal
GND Ground
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SYMBOL ITEM RATING UNIT
Vee Power Supply Voltage -05~7.0 \
ViN. VouT fnput and Output Voltage —-05~70 \2
TopPr Operating Temperature 0~70 °C
TsTRG Storage Temperature —55 ~ 150 °c
Tsp Soldering Temperature - Time 260 10 °C_sec
Po Power Dissipation (Ta = 70°C) 10 w
SYMBOL PARAMETER CONDITIONS MIN TYP. MAX UNIT
Vi Input High Voltage - 22 - Veec +1 \Y
ViL Input Low Voitage — 05 - 08 \%
Vee Power Supply Voltage - 45 5.0 55 \
i (Ta=0~ 70°C)

SYMBOL PARAMETER CONDITIONS MIN. TYP, MAX. UNIT
[I™ Input High Current ViN =5.5V - 0.05 10 uA
i Input Low Current Vin =GND — -0.05 -10 MA
Von Output High Voltage lon = —400pA 24 3.3 - \
VoL Output Low Voltage loL =3.2mA - 0.3 0.4 N
ILoH Vout =55V CE=22Vor - 0.05 10 uA
oL Output Leakage Current Vour =04V BE =29V = o1 20 uA
lcca Standby Current CE=22V - 8 15 mA
lccz Average Current teve = 350ns, loyt =0mA - 20 40 mA

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

YMBOL 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
00 Output Delay Time from OE - — 50 120 ns
top Output Turn off Delay - — 40 70 ns
tee CE off Time — 90 - - ns
tcye Cycle Time tag =0ns, tr, tf =5ns 350 - - ns

ypical 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 08~ 24V

+ Timing Measurement Reference Levels

Input, 1V and 2.2V
Output, 0.8V and 2.0V
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- (Ta=25°C, f=1MH2)

SYMBOL PARAMETER CONDITIONS MIN TYP. MAX UNIT |
CIN Input Capacitance Vin=AC GND - 5 10 pF -
Cout Output Capacitance Vout =A.C GND - 8 15 pF |

Note: This parameter is periodically sampled and is not 100% tested
Ag ~A; Y
o~he ADoREse csi. avoness, sy, sy maY cnance X
Cs), €Sy —
tas tAH tce
& tce /‘;_—_—';l\
L
_ too
OE ~ [——-‘
tacc
f__—”-—-—__1
Do ~D7 fienz LN DATA VALID enz
XXX N

tcye

Note (1) top is specified from OE or CE, whichever occurs first.
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OPERATION MODE
CE CSy, CS,, Address OE QUTPUT MODE
H (1) (1) High Z Standby
= Valid (1) High Z Latch
L (2) L Data out Read
Vote (1) Don’t care
(2) CS;, CS;, Address may change after taH
1 cycle
APPLICATION INFORMATION ML M
I
1. POWER SUPPLY DECOUPLING e % A
The operating current lcc waveforms for TMM2364P are shown in Fig (™4 29 T
1,2 20 ]
The TMM2364P 15 a clocked device, so the transient current peaks are pro- 10 |
duced on the CE transition and CE active level °

The lce current transients require adequate decoupling of Ve 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 i1s required after ‘the application of lec
Vee (+6V) before proper device operation is achieved And during

this period, CE must be at Vi level

(mA)

(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

CE t1ll the next down edge

— 227 —

o

100 200 300 400 500

Time (ns)

Fgi 1 Icc vs time (CS Select)

CEVIH
Vie

60
50
40
30
20
10

o
]

1 cycle

—

1220

100 200 300 400 500

Time (ns)

Fig 2 Icc vstime (CS  Deselect)

Initialization cycle An initialization cycle is one Chip Enable clock cycle from the first down edge of the



TOSHIBA PAPER TAPE FORMAT

Use 7 or 8-bit (even parity) ASCII code paper Tape for ROM data input.
Two acceptable formats which are described in section A and B are available.

A. Format 1 (when a check sum per word is used)

NULL
Tmm23sar 0000 )/
‘Ms8 =Dy’ )

N8, J
ROOD0, x7FP7, . ,X07P3, )
RODOOe. x38p3, . . xesPs, J
rROO16, x10P1,.. .., X6BP5, )
R8176, X4DP4, ,X86P5, )
R8184, X2CP3, XA4P3, )
(csy=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
000 O indicates a four-digit user pattern number

4 indicates carriage return and line feed

Spequ 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 Modfication

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 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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3 Format 2 (When a check sum per word is not used)

NULL

“TmMm2364p-0000

‘MSB =D; )

N8, )

ROOOo, x7F5A .. ..

ROO16 | x108C

ROO32 , x208A .. 36C7, J

R8160, X1ECS ...

R8176, X4DA6
(csy =1 J
(€s3=0) J

s J

NULL

39E5- J

. B241; )

.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 TMM2364P in the form
of punched paper tape with Intel BNPF format or master devices (EPROMs).
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OUTLINE DRAWINGS'

Unit mm
28 27 26 25 24 23 22 21 20 19 18 17 16 15
iminlisisinsininsicsinisfaininlin]
R1S 1
x
| i
- - b3
1 o
j b b
L™ QI U S W gy S g SN R N gy Sy WS gy Sy S g SN ma gy am )
12 3465 6 7 8 9 1011 12 13 14
37 4 MAX. 1524 TYP
50
x -
3 ™~ 4
® g ! e e o\ x '
pis < H
1 [T I
U 0
N B— ¥ !
z
05%015 Zz
b3
2541025 14%015 02 MAX : 17 4 MAX

Note Each lead pitch 1s 2 54 mm.

Al leads are located within 0 256 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, nb circuit patent licenses are implied, and Toshiba reserves
the right, at any time without notice, to change said circuitry

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

N CHANNEL SILICON GATE

TMM2365P

® Access Time 200ns
® Power Dissipation
Operating Current . 100mA (MAX.)
Standby Current @ 25mA (MAX.)
® 5V Single Power Supply
BV + 10%
® Fully Static Operation

64k Bit EPROM
{Top View) TMM2764D

2
(2]

Prrr >

&

coorrr2
OV WN =

)
b4
o

Ao ~Ap Address Inputs

Do ~ D, Outputs

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

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

® Three Programmable Chip Select Inputs
s, /CS,, CS,/CS,, CS,/CS,
® All Inputs and Outputs Directly
TTL Compatible
® Three State Outputs
® Compatible with 2764 type EPROM TMM2764D
® 28 Pin Standard Plastic Package

— D, "—\D,
Cs, /CS, o— e
B[] =
Cs,/CS,0— 3o = £3 Output Buffers
23| | 85
— 58
CS,;/CS,0— ~ T
3 o——————f
Sense Amp.
— and
A, o— Column Decoder
e
£
3
@
H]
a
£
= Memory Cell
g ‘§ Array
3 L, 8kx8
<8
2
¢
A, 0—
.
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no circuit patent hicenses are impiled, and Toshiba reserves

Note: Tashiba does not assume any responsibility for use of any cn:giu-tvv described;
the right, at any time without notice, to change said circuitry.
© Apr., 1982 Toshiba Corporation
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TMM2366P: 8K WORD x 8 BIT

N CHANNEL SILICON GATE

TMM2366P

® Access Time 200ns
® Power Dissipation
Qperating Current ~ 100mA
Standby Current 25mA
® 5V Single Power Supply

5V £ 10%

*Ths 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

32k Bit Mask ROM

(Top View)
A, A, 01
A, A,
A As
A, A,
A, A,
A, A,
A, A,
A, A,
D, D,
D, D,
D, D,
GNDH 12 GNDO12

Pin Compatible with 32K Bit ROM TMM333P

for Memory Expansion

TMM333P

Ag~Ap Address Inputs

Do ~ Dy Outputs

CS/CS Chip Select Input
Vbp Power Supply (5V)
GND Ground

Vee GND

&S Control
Cs/Cs Circuit Output Buffers

Sense Amp.
— and
A, 0— Column Decoder
H
£
5
@
'g 5 Memory Cell
g § Array
'§ 8kx8
2
]
@
A,, o—]
L]
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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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Foshiba

TMM23256P 256K BIT (32K WORD x 8 BIT) MASK PROGRAMMABLE ROM T M M232 56P

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 Low Power Dissipation
Average Current : - 40mA (Max.)
Standby Current : 10mA (Max )

e Inputs protected : All Inputs have Protection
Against Static Charge

Ag ~Ajsg Address Inputs
Do ~ D4 Data Outputs
OE Output Enable Input
CE Chip Enable Input
N.C. No Connection
Vee Power Supply Terminal
GND Ground

10mA. Output Enable (OE) is effective in preventing
data confliction on a common bys line.

The TMM23256P uses the address latch system
that the falling edge of CE latches all inputs except
for OE, thus can be easily connected to a system
where address and data buses are commonly used.

The TMM23256P is fabricated with ion implanted
N-channel silicon gate technology. This technology
allows a production on high performance.

The TMM23256P is moulded in a 28 pin standard
plastic package, 0.6 inch in width.

o Edge Enabled Operation : CE

e Output Buffer Control : OE

® Input and Output : TTL Compatible

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

Vee GND

I I DgD1D20304D5D6D7
—,___J ARRARANI
Output
_ Chip, Enable Butfers
CEO—1  nput Buffer
and Clock 3
18
Ao o—
A o— Column
Az20— & 8 Decoder
A3 o—] ‘g )
As o—
As o s 4+ 8x64
$
Ay o— :’:
Ag o— & H
s o— & i
Atoo— K 3 [s12] 262,140 0m
Ano— 3 [ & ™ Memorycen
Apo— 3 orray
A13 0—
Aq
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SYMBOL ITEM RATING UNIT

Vee Power Supply Voltage -05~70 \%

Vin. VouTt Input and Output Voltage —-056~70 \%
Torr Operating Temperature 0~70 °C
TsTRG Storage Temperature —55~ 150 °C
TSOLDER Soldering Temperature Time 260 10 °C sec
Pp Power Dissipation (Ta - 70°C) 10 W

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
ViH Input High Voltage - 22 - Vee +1 A
ViL Input Low Voltage - -05 — 08 Vv
Vee Power Supply Voltage - 45 50 55 \%

(Ta=0~70°C)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
19} Input High Current ViN =55V - 005 10 HA
i Input Low Current Vin = GND - —0 05 —10 MA
Vor Output High Voltage lon = —400uA 24 33 - \
VoL Output Low Voltage loL =32mA - 03 04 \
Lon Output Leakage Current Mﬂ-‘ E—E= 22Vor h 0.05 10 BA
oL Vour =04V |OE=22V —01 —20 uA
Icct Standby Current CE=22v - - 10 mA
lcca Average Current teye =230ns, loyt = O0mA — — 40 mA

« Typical values are at Ta = 25°C and Vee =5V
JCAPACITANGE:  (Ta=25°C, f=1MH2)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
Cin Input Capacitance Vin =AC GND - 5 10 pF
Cout Output Capacitance VouTt =AC GND - 8 15 pF

Note This parameter 1s periodically sampled and i1s not 100% tested
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(Ta=0~70°C, Vcc = 5V * 10%)

SYMBOL PARAMETER CONDITIONS MIN. TYP, MAX. UNIT
teE CE pulse width - 150 - - ns
tAs Address Setup Time - 0 - - ns
tAH Address Hold Time - 30 - - ns
tACC Access Time — - - 150 ns
too Output Delay Time form OE - - - 70 ns
top Output Turn off Delay - - - 70 ns
tce CE off Time - 70 - - ns
teye Cycle Time tas =0ns, t, t; =5ns 230 - - ns

« Typical values are at Ta = 26°C and V¢c = 5V

o OQOutput Load - 1TTL Gate + 100pF

e [nput Rise and Fall Times (10% ~ 90%) 5ns

e Input Puise Levels 0.8~ 24V

o Timing Measurement Reference Levels Input , 1V and 2.2V
Output , 0.8V and 2.0V
Ap ~Ass ¥ aooness -
0 1 k VALID § ADDRESS MAY CHANGE
tAas tAH tce
ce _____q\ ce H
N y .
— t00
OE t——‘ /
tacc top(1)
HIGH -Z e B HIGH -2

Do~ D7 DATA VALID S —

52K —

tcye

Note (1) top is specitied from OE or CE, whichever occurs first,
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L e s

The TMM23256P has two control functions. put buffers, independent of device selection. ' Assum-
The chip enable (CE) controls the operation power ing that OE = V,_, the output data is valid at the
and should be used for device selection. The falling outputs after tacc (150ns) from the falling edge of
edge of the CE will activate the device and latch the  the CE.
addresses. The output enable (OE) control the out-

The operation modes of the TMM23256P are listed in the following table

MODE CE ADDRESS OE OUTPUT POWER
Standby H » » High imipedance Standby
Latch . Valid * High Impedance —
Read L L L Data Out Active
Output Deselect L * H High Impedance Active

Note * : Don'tcare

e

Address may change after tay.
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APPLICATION INFORMATION
1. POWER SUPPLY DECOUPLING

The operating current Icc waveforms for TMM
23256P are shown in Fig 1,2

The TMM23256P 1s a clocked device, so the tran-
sient current peaks are produced on the CE transition
and CE active level

The lgc 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 100ps time delay 15 required
after the application of Vcc (+5V) before
proper device operation is achieved And dur-
ing this period, CE must be at Vi level.

(2) A minimum 100us time delay s required
after the application of Vcc (6V), and then a
minimum of one inrtialization cycle must be
performed before proper dewice 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.

— 239 —

al

Icc (mA)

o]
m

al

lce (mA)

1 cycle
2.2v
|- J

oov

. U
ooV

80

60 A

40 n A

20

1 100 200 300 400 500
Time (ns)
Fig. 1 Icc vs. Time (1)
1 cycle

20v YARY
oov
20v
0.0V,

80

60

40 A -
20 \

o AV [

100 200 300 400 500

Time (ns)

Fig 2 Icc vs. Time (2)



Unit : mm

28 27 26 25 24 23 22 21 20 19 18 17 16 15
i O O o o O O e O o e O S o s o B W
R1.5 ‘
. .
x
| ¢ 3
- - s
| 8
h =] 3
S N U N N Dy N N [ N )y
1 2 3 465 6 7 8 9 10 1112 1314
%
<
37.4 MAX. E 15.24 Typ.
%
s - .
o R \
f |
Y A 1
0.2542
. 0.05
0.5%0.15
2.54%0.25 1.4%0.15 02 MAX. ; 17.4 Max,
S § £ LI
T T Q
©

Note  Each lead pitch 15 2.54 mm
All feads 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 circustry 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
>

Operation Mode Table

TC5333P

TC5334P

TC5335P

TC5332P TC5333P
Pmu’\::b";? Cﬁlgﬁ gg) Addresses | Outputs Power (?g) (% Addresses | Outputs Power
Address Latch - * Valid High-Z —
Read H/L L Vahd Dout Active L L * Dout Active
Standby L/H * * High-Z Standby H * * High-Z Standby
Output Deselect H/L H * High-Z Active L H * High-Z Active
{Synchornous Type)

Operation Mode

Fully Static Operation (Asynchronous Type)

Address Latched Operation

e TC5534P . TC5535P

Pnl?‘"?g;?, CE(‘Z/OC)E ! C(EZ’()EE-’ Addresses | Outputs Power (%' (?F) Addresses | Outputs Power
Addresses Latch = * Valid High-Z -
Read H/L H/L Vahd Dout Active L L * Dout Active
Standby 1 L/H * * High-Z Standby H * * High-Z Standby
Standby 2 * L/H * High-Z Standby
Output Deselect L H * High-Z Active

Address Latched Operation (Synchronous Type)

Operation Mode

Fully Static Operation (Asynchronous Type)
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T TOSHBA MOS MEMORY PRODUCTS

K WORD x 8 BIT CMOS MASK ROM
ILICON GATE CMOS

TC5332P

DESCRIPTION.

The TC5332P is a 32,768 bit low power read only

emory organized as 4,096 words by 8 bits using
'MOS technology, and operates from a single 5V sup-
ly.
The TC5332P has a programmable chip enable
aput (CE/CE) for device selection and a output
nable input (OE) for fast access and output control.
"he maximum access times from address and chip
‘nable are both 450 ns.

FEATURES

» Access Time" 450ns
® Low Power Dissipation
Iopo =7mA (Max.) : Operating
lpps = 20uA (Max.) : Standby
® All Inputs and Outputs: TTL Compatible
® Three state outputs

ﬂu OQNNECTK&N (TOP VIEW)

U
A1 240Vop
Asg 2 230 Ag
As[]3 22[J Ao
As[]a 21JAy
A3(]s 201 68
A6 190 A0
ad7 18{} CE/CE
Ao[]8 17{107
Oo[o 16[J1Ds
o110 15[] Ds
D211 14104

GND[]12 13(303

PIN NAMES
Ao ~ Any ADDRESS INPUTS
Do ~ D5 DATA OUTPUTS
CE/CE CHIP ENABLE INPUT
OE OUTPUT ENABLE INPUT
Vpp POWER (+5V)
GND GROUND

The TC5332P 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 1s 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

Qutput Control. OE

Pin Compatible with TMM2332P and TMM2732D
Standard 24 pin Plastic Package

BLOCK DIAGRAM

Vpp GND

T ? Dp D) D3 030405 Dg Dy
©00000 O O

Output Buffers
Column Decoder

Address Buffer

128 Memory Cell Array
(256 x 128)

Row Decoder
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SYMBOL ITEM RATING

Vop Power Supply Voltage -03V~70V “
ViN Input Voltage -03v~70V

Vout Input/Output Voltage 0V ~Vpp }
Pp Power Dissipation (Ta = 85°C) 08W !
TstG Storage Temperature -65°C ~150°C

Topr 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 50 55 v
ViH Input High Voltage 22 - Vpp+03 \
ViL Input Low Voltage -03 - 08 \

SYMBOL PARAMETER CONDITIONS MIN TYP MAX. | UNIT
e Input Load Current 0< VNS VoD - - 0 uA
Lo Output Leakage Current CE =V, (CE=Viy),0VE Vo £ Vpp - - 50 A
lon Output High Current Vo =24V -10 | -40 - mA
oL Output Low Current VoL =04V 20 4.0 - mA
Ipps1 Standby Supply Current CE=0.8V (CE=22V) - 0.5 20 mA

] —
1bDS2 Y Supply CE =02V (CE= Vpp —02V) — [ oo5| 20 | pA
CE= V) (CE =V, ), teye=Tus,
16001 H v - 60 | 100 | mA
Do Operating Supply ViN = ViH/ViL, lout = 0mA
Current CE = Vpp (CE=0V), toyc = Tus
| ' eve . -
D002 ViN = VoD/GND, lgyt = OmA 40 1 70 | mA

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

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

Note This parameter is periodically sampled and is not 100% tested.
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SYMBOL PARAMETER MIN TYP MAX. UNIT
tace Address Access Time - - 450 ns
tce Chip Enable Access Time - - 450 ns
toe Output Enable Access Time - - 150 ns
top Output Desable Time - - 100 ns
tcye Cycle Time 450 - - ns

' Output Load 100pF + 1TTL Gate
1 Input Pulse Levels . 0.6V, 2.4V
» Timing Measurement Reference Levels
Input + 0.8Vand 22V
Qutput : 0.8Vand 2.2V
» Input Pulse Rise and Fall Times : 10ns
tcve
Ag ~ Ay >< Address Stable
tacc
‘\F’ --------- Pe———
Cerce o __ / e _
ce top
o N\ /
too
toE
'4'0'0‘-" )
0g ~D1 W Output Data Valid

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 ins)

tacc Ins)

Ippo1 [mAl

lppo2 [mA]

500
taccvs Vob tcevs. Voo 150 toE vs- VoD
Ta=26"C 400 Ta=25°C Ta=25°C
“oo Cp = 100pF +17TTL €L = 100pF + 1TTL Cu = 100pF +1TTL
~ 100
— 2
300 ¢ 300 <
i o
w
8 S s0
200 200
o
o 100
3 a 5 6 7 3 a 5 6 7 3 4 5 6 7
Vpp (V] Vpp (V] Vpp (V]
taccvs Ta tcevs. Ta togvs. Te
Vpp = 4.5V Vpp = 4.5V Vpp = 4.5V
Cy = 100pF +1TTL €y = 100pF + 1TTL CL = 100pF +1TTL
400 L= 1009 a00 L= 1000 150 L = 1000
e -
300 £ 300 F 100
™ £
o g w
K: u /
200 200! - 50
100 o
-40 [] 40 80 a0 [] 40 80 -40 ) 40 80
Ta [°C) Ta [°C) Ta [°cl
‘ooo1 Vs VoD 1ppot Vs T 10001 vs teycle
CE=o0.8V Vpp = 5.5V Vpp = 5.5V
OE = 0.8V cE? p.8v #2058V
6| Te=25°C L OF = 0.8V 6 OF = 0.8v
s teyele = 1Hs P toycle ™ s z s Te=25°C
o E a E 4 \____
. \- 5
3| 2 3 8 3
2 o s 2
1 1 ]
3 4 5 © 7 Y a0 0 40 80 e 1 2 3 4
o
Vpp (V] Ta{°cl Teyce tis)
‘opo2 vs- Voo 'ppOo2 V8. Ta 'pD0o2 Vs teycle
CTE =o0.2v Vpp = 5.5V Vpp = 5.5V
3 OE = 0.2v 3 =0.2v 3 20.2v
Ta=25°C OF = 0.2v OF -
0.2v
teycle = tus T teycle = Tus - Ta=26°C
<
2 E 2 3 2
3 o cN~—
2 g
1 L 1 o 1
3 4 s 6 7 9 a0 0 a0 80 ) 1 2 3 3 ]
Voo (V] Ta(°Cl

— 248 —

Teycle lus)



Ta [°C]
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1pps1 vs. Vin (€B) so} 'DDs2Vvs VIN (CE) 25 VN, ViL vs. Vpp
Vpp = 5.5V 30 Vpp =55V Ta
Other |nput =08~22V Other ll;pln =08~22Vv
- Ta=25°C
s00 Ta=25°C _ 3 20 ViH
400 E 10 = Vie
300 2 s > 1.5
0 2 FRRE
200 o 3 S
100 1.0
1
2.0 30 40 20 50 60 a 5 ) 7
VN(CE) [V] VIN(CE) [V] Vpp [V]
'
25 ViH, Vi vs. Ta oH s Vo foL vs. VoL
Vin Vpp = 5.5V -1s Yoo~ 3.5V 15 Vpp = 4.5V
a Ta=25°C
20 ViL VDp =48V -
<
Y £ -0 £ 10
I 4
15 viL z 3
-5 5
10
. °
-40 o 40 80 10 20 30 40 "0 04 o8 12
Ta[°C) VoH [V] Vo V]
Ipps2 Vs Ta
100
Vpp =55V
cf2s3v
.10
y
n
3
?
1
“a0 o a0 80



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

TC6332P-0000 /

‘MSB=D," /
N8; J
ROOOIO; X7FPT; . ... ; X07P3; /
ROOOS; X38P3; . . .. ; XESP5; /
R OD16; X10P1; ... . ; X68P5; /

RA4080; X4DP4; . . .. ; X8BP5; /
R4088; X2CP3; . ... ; XA4P3; /|

cs=1.J

¢/

NULL

P

Preceding the first data field and following the last data field there must‘
a leader/trailer length of a least 50 null characters.

Contents In a single quotation mark (, . ... ., ) signify a comment a
0O 0O 0O 0O 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 D
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 evei
8-words after the character R.

X signifies a hexadecimal digit.

Enter the data with the two hexadecimal digits every word after the chara
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

ing the modifying addresses and inputting the data following the abov
procedure before the end symbol.

Modification can be allowed from O to 4095 addresses.

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 i
at high level.

$ signifies the End symbol.
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3. Format 2 (When a check sum per word is not used

NULL

TC5322P-0000 )
‘MSB =D,
N8; J
ROOOO, X7F5A ... 39Eb, / R signifies an address
Enter the address with the four decimal digits every sixteen words after the

R OO16, X108C ....B241, /| character R

R OO32, X2DBA .. 36C7, J X signifies a hexadecimal digit.
Enter the data of sixteen words continuously after the character X

. @therwise specified in Format 1.

R4064, X1EC5 .. 31DE;)
R4080, X4DA6 . . 1BA4, )
cs =1)

$/
NULL )

P

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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24232221201918 17161514 13

X
s
R1.5 o~
k4
| L
g g g g g
123456 789101112
32 4 MAX. g(é 1524 TYP,
b3
e ’0° 0
.
025:0 05
2.5410.25 14£0.15 Z
T " o0sta.15 3 17 4 MAX
[ ~

Note Each lead pitch 1s 2 54 mm All leads are located within 0 26 mm of their true fongitudinal position with respect to No 1 and No 24 leads
All dimensions are in milimeters

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 circutry
© Spt. 1981 Toshiba Corporation

— 252 —



4,096 WORD X 8 BIT CMOS MASK ROM

SILICON GATE CMOS

TCB5333P

The TC5333P is a 32,768 bit low power read only
memory organized as 4,096 words by 8 bits using
CMOS technology, and operates from a single 5V
supply. _

The TC5333P 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

® Access Time: 450 ns
o Low Power Dissipation
Ippo = 7mA (Max.) : Operating
Ipps =20uA (Max.) Standby
e All Inputs and Outputs: TTL Compatible
® Three State Outputs

GBRNEEION] (7oP viEw

]
As[]1 24 [JVpp
AsC]2 23[As
As[]3 22[Ag
Aa]a 21[JA1n
A3[]s 20 (G6E
A6 19[JA10
A2 18[]CE
Aol s 17[JD,
oo[]e 1. gos
o110 15 []Ds
D201 1404
GND[] 12 13[]o3

Ap —Asy Address Inputs

D_o— D, Data Outputs

CE Chip Enable Input

OE Output Enable Input

Vbp Power (+5V)

GND Ground

time from chip enable is 450 ns.

The TC5333P 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 TCB333P is moulded in a 24 pin standard
plastic package.

® Two Control Functions. CE, OE

e Address Latches: CE

e Qutput Control: OE

e Pin Compatible with TMM2332P and TMM2732D
°

Standard 24 pin Plastic Package

VoD GND

DpD31D20304D5 Dg Dy
0000000 O

GE
cE CE Output Buffers
3
Ao O0—
Ay o] cE
A2 O— é
el
@
Ado— @
F-3-—
Aso— £
Aso— @
Aro— § :
H 7 § 128 Memory Cell Array
Ago— 3 a3 (266 x 128)
Ay O—— H
Ao O— ¢
A110—
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SYMBOL {TEM RATING
Voo Power Supply Voltage -03V~7.0V
Vin Input Voltage —03V~70V
Vout Output Voltage QV ~ Vpp
Po Power Dissipation (Ta =85°C) 08W
TstG Storage Temperature —B5°C ~ 150°C
TorR Operating Temperature —40°C ~ 85°C
TSOLDER Soldering Temperature Time 260°C 10 sec
SYMBOL PARAMETER MIN. TYP MAX. UNIT
Voo Power Supply Voltage 45 50 55 \
ViH Input High Voltage 2.2 - Vpp+0.3 \%
O vie Input Low Voltage 03 - 08 v
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
:T!: o Input Load Current 0g Vin € Voo - _ +10 uA
| o Output Leakage Current CE = Vi, OV £ Vour € Voo - — 50 MA
lom Output High Current | Vou =2 4V ~10 | —40 Z mA
| oL Output Low Current 20 40 - mA
foost - other inputs = Vjy or Vj_ - 20 50 mA
— —1 Standby Supply Current —
Ibos2 CE =Vop ~02Y - | oo | 20 A
other inputs =0 2V or Vpp —0 2V
CE=V|, teye =14,
oot Operating Supply VIN =V /t\c/TL, lout = OMA B 60 100 mA
Current CE =0V, teye = 1us,
'opo2 Vin = VDD/C(Y?;ND, lout =OmA - 40 70 | mA
Noéte. Typical values are at Ta = 26°C, Vpp = 5V.
SYMBOL PARAMETER MIN TYP. MAX UNIT
Cin Input Capacitance - 5 10 pF
Cout Output Capacitance - 5 10 pF

Note' This parameter s periodically sampled and is not 100% tested.
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SYMBOL PARAMETER MIN. TYP. MAX. UNIT
tace 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
tce CE OFF time 70 - - ns
tcEH Chip Enable Hold Time 450 - - ns
top Output Desable Time - - 100 ns
tcye Cycle Time 540 - - ns

A.C. TEST CONDITIONS

+ Output Load
« Input Pulse Levels

100pF + 1TTL Gate

= Timing Measurement Reference Levels

= Input Pulse Rise and Fall Times

06V, 24V
Input 08Vand22v
Output 08Vand22V
10ns

Ag ~A11 i Address Stable | Address May Change Xﬁ
i tas tAH -
- = tCEH =
= /| \
tce top I
tacc
- i,
DA 7
toE
oo
Do ~D7 Output Data Valid —
tcyc
OPERATION MODE
| mooe | cE [OE [ aDpmess | outpuTs
Read L L * Data out
Standby H * * High Z
Address .
Valid High Z
Latch 1 9
* Don'tcare
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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 avallable.

A Format 1 (when a check sum per word is used)

NULL
"T€5333P-0000° ) Preceding the first data field and follwing the last data field there
'MSB = D7'} must be a leader/trailer length of at least 50 null characters.
Contents in a single quotation mark (' . .. .. ‘) signify a comment
N8, / and OOOO indicates a four-digit user pattern number.
ROOOO,X7EP7, ,X07P3, } / Indicates carriage return and line feed.
ROCIS,X38P3;. .. ,XESPS, /J Specify the most significant bit (MSB) of the device outputs (D7 or Do)
P X6BPS; / N8 indicates that the mask pattern is an 8-bit pattern.
ROCNMB.X10PT, . - ’ 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
H P5; . .
R4080,X4DP4; . - XBEPS; ) Modifying single and continuous word data can be carried out by
RA0BB.X2CP3,. ... XA4P3, /J specifying the modifying addresses and inputting data following the
above procedure before the end symbol.
Modification can be allowed from O to 4095 addresses.
s/
NULL
/_\_/ $ signifies the End symbol.
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x"‘" m:%g?
as;mmv s

B Format 2 (when a check sum per word fis not used)

NULL
"TC5333P-0000" )
‘MsB=D7" )
Ne, )/
ROOOI0,X7F5A 39€5, J
RODC6,X108C . B241, / 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,X1EC5 3105,/
R4080,X4DA6 . 1BA4, )J
$ )
NULL

In addition, Toshiba can also atcept 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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‘OUTLINE DRAWINGS,

X
5. <
- b3
R1.5 3
<
3
L S J U N D O
1.2 3456 7 8 91011 12
32 4 MAX. ] 1524 TYP.
10° ;
/’74\ ")
Il i AN
Il
L| | 0.25 +0.06
2.54 £0.25 1.4 £015 z
——— S
0.5 +0.15 ~ 17.4 MAX.
©

Note' Each lead pitch is 2.64 mm. All leads are located within 0.26 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
9 Mar., 1982 Toshiba corporation
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= TOSHIBA MOS MEMORY PRODUCTS

4,096 WORD x 8 BIT CMOS MASK ROM

SILICON GATE CMOS

TC5334P

The TC5334P is a 32,768 bit low power read only produced NMOS ROM TMM333P, yet offers a more
memory organized as 4,096 words by 8 bits using than 90% reduction in power of their NMOS equiv-
CMOS technology, and operates from a single 5V alent  The TC6334P's maximum operating and

supply. standby current 1s 7mA and 20uA, respectively Thus
The TC5334P has two programmable chip enable the TC5334P is most suitable for use in low power

inputs (CE 1/CEq and CE3/CE3) for device selection. applications such as battery operated system

The maximum access times from address and chip The TCB5334P s molded - in a 24 pin standard

enable are both 450 ns plastic package.

The TC5334P 1s pin compatible with the industry

e Access Time 450 ns e Fully Static Operation
e Low Power Dissipation e Two Programmable Chip Enables
Iopbo =7 mA (Max.) Operating CE¢/CE4, CE/CE)
Ipps =20uA  (Max.) Standby e Pin Compatible with TMM333P
e All Inputs and OQutputs TTL Compatible e Standard 24 pin Plastic Package

e Three State Outputs

o s
fToPVIEW): 'BLOCK DIAGRAM -
VDD GND
A7 1 24 Vpp T T
As [ 2 23 Ag . Do D1D2D3D405 Dg D7
As 3 22[3 Ag CE, 0020000 O
Ag 4 21 [J CE,/CE,
A 53 o
3 Os 20 [] CEy/CEy CE, Output Buffers
A2 Os 191 Ao
A1 7 18] A T
Ao Os 17 (] 07
oo o 16 [1 D6 A0 O Sense Amp.
o1 1o 15[] ps A1 0—| ce .
b2 On 14{] D4 A20—
woiln A5 anly
N Aro—— £
ﬂ”m& Aso————_—f-_
8
AgO——]
Ao —Aqq Address Inputs 6 3 s
A <
Do — D, Data Outputs 70 3 Memory Cell Array
CE 1 /CE, Chip Enable Inputs " 8 (a6 x 12
— u
CE, /CE, As0— £
Voo Power (+5V) A100
GND Ground At10—




ITEM RATING
Voo Power Supply Voltage —-03V~70V
Vin Input Voltage —03v~70V
VouTt Output Voltage OV ~Vpp
Po Power Dissipation (Ta = 85°C) 08W
TsTG Storage Temperature —55°C ~ 150°C
Torr Operating Temperature —40°C ~ 85°C
TSOLDER Soldering Temperature Time 260°C - 10 sec
PARAMETER TYP MAX. UNIT
Vop Power Supply Voltage 45 5.0 5.5 \%
ViH Input High Voltage 22 - Vpp+03 \%
ViL Input Low Voltage —03 - 08 \
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
i Input Load Current 0<VinE Vop - - +1.0 A
Lo Output Leakage Current | CE =V, (CE =Vjy), 0V < Vour £ Vpp - - 60 LA
loH Output High Current Von =24V -10 —40 - mA
loL Output Low Current VoL =0.4V 20 40 - mA
CE, =08V’orCE, =08V
oost (CE, =22V or CE, =22V) - 08 50 | mA
Standby Supply Current
CE; =02V orCE;, =02V
Iops2 — — - 005 20 pA
(CE,=Vpp —02V or CE, = Vpp ~02V)
CE, =CE; =V
lppo1 (ﬁl =E€2 =ViL) teye = 1us - 60 100 mA
Operating Supply VInN = VIH/VIL lout =0mA
Current CE, =CE, =Vpp
Ibpo2 (CE, =CE, =0V) tcyc = 1us - 40 70 mA
VIN = Vpp/GND gyt =0mA
Note Typlical values are at Ta = 25°C, Vpp = 5V
SYMBOL PARAMETER MIN TYP MAX UNIT
Cin Input Capacitance - 5 10 pF
CouT Output Capacitance - 5 10 pF

Note. This parameter is periodically sampled and is not 100% tested
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AL, GHARAG C:Vop =5V +10%)

SYMBOL PARAMTER MIN TYP MAX UNIT
tacc Address Access Time - - 450 ns
tCE Chip Enable Access Time - - 450 ns
oD Out put Desable Time - - 100 ns
tcye Cycle Time 450 — - ns
A.C. TEST CONDITIONS
» OQutput Load 100pF + 1TTL Gate
= Input Pulse Levels 06V,24Vv

< Timing Measurement Reference Levels
Input 0.8V and 2.2V
Output* 0.8V and 2 2V
< Input Pulse Rise and Fall Times 10ns

T e —"

s T, MM
00 ~07 W outpur Osta valla |

OPERATION MODE.
MODE |CE, (CE,) |CE,(CE,) | ADDRESS | OUTPUTS
Read H(L) H(L) Vahd Data out
L(H) **) * High Z
Standb
aneey. ) L(H) . High Z
*  Don't care
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H

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)

: Preceding the first data field and following the last data field there
must be a leader/trailer length of at least 50 null characters.
NULL Contents in a single quotation mark (" ... .. ‘) signify a comment

and 0000 indicates a four-digit user pattern number
_/ indicates carriage return and line feed.

"TC8334P-000I0 / Specify the most significant bit(MSB) of the device outputs (D7 or Dg)

‘MSB = D7’ / N8 indicates that the mask pattern is an 8-bit pattern.
Semicolon(;) signifies a punctuation of data.
NB'/ R signifies an address. Enter the address with the four decimal digits
ROOOO,X7FP7, . ..:X07P3, / every 8-words after the character R.
ROCC8;X38P3; .. XESPS, / X signifies a hexadecimal digit.
RODI16,X10P1, X68P5, 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/CE4 (20 PIN) and CEo/
R4080,X4DP4, ... . XBSP5; CE2 (21 PIN) in the parentheses respectively. _
Enter CS1 = 1 or CS1 = 0 when active logic of CE¢/CE4 is at high

RA0BBX2CP3; .. ...XA4P3, J or low levels, respectively.

sy =11 Enter CS2 = 1 or CS2 = 0 when active logic of CE2/CEj is at high

(CS, =0)} or low levels, respectively.
An example is shown in the left figure. .
In this example, the device is selected under the condition that CE 4/

/ CE1 and CE2/CE are at high and low levels, respectively.
$
$ signifies the End symbol.
NULL

P
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B. Format 2 (when a check sum per word Is not used)

P

] NULL

TCE334P-0000 )
‘MsB=D7" )

N8,
ROOCIOX7FSA .  39ES.
ROO16,X108C ... B241 /
ROO32.X2DBA 3sc7 /

R4064,X1EC5 31DE J
RA4080,X4DAG . 18A4 )/
s, =n)
(CS, =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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24 23 22 2120 19 18 17 16 15 14 13
iminieioisislicielisialial

X
) - s
R15 o
<
Fl
Dooooooooo g
12 345678 9101112
2.4 MAX. % 15.24 TYP,
10 b
/"% "y
1 i \
! ! U —
0.25 +0.05
N -1
2.54 +0.25 1.4 £0.15 s
T 2
0.5 +0.15 2 17.4 MAX.
o

Note: Each lead pitch is 2.54 mm. All feads are located within 0.26mm 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.
©Mer., 1982 Toshiba corporation
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1,096 WORD x 8 BIT CMOS MASK ROM

JILICON GATE CMOS

TC5335P

The TC5335P s 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
TC5335P uses the address latch system that the
falling edge of CE latches all inputs except for
OE, thus can be connected to a system where address
and data buses are commonly used The maximum

FEATURES
e Access Time 450 ns
o Low Power Dissipation
Ippo =7 mA (Max.) Operating
Ipps =20uA (Max ) Standby
e All Inputs and Qutputs TTL Compatible
o Three state outputs

PIN CONNECTION (TOP VIEW)
Y
A1 247 vpp
As] 2 23] As
As[]3 221 Ag
As[]a 21[J5E
A3l]s 200JcE
A20s 197 A10
A 18] A1
Ao 8 17[J 07
o9 16[JDg
D110 15[ ]Ds
D211 14[7)04
GND[12 13[]03
PIN NAMES
Ag — A Address |nputs
Do — D1 Data Outputs
CE Chip Enable Input
OFE Output Enable Input
Voo Power (+5V)
GND Ground T

access time from chip enable 1s 450 ns The TC
B335P is pin compatible with the industry produced
NMOS ROM TMM333P, yet offers a more than 90%
reduction in power of their NMOS equivalent. The
TMMB335P’s maximum operating and standby current
1s 7 mA and 20 uA, respectively Thus the TC5335P
is most suitable for use in low power applications
such as battery operated system

The TCB335P 1s moulded in a 24 pin standard
plastic package.

Two Control Functions CE, OE
Address Latches L_E

Output Control OE

Pin Compatible with TMM333P

Standard 24 pin Plastic Package

.BLOCK DIAGRAM

VDD GND

DoD1D;03D4D5D6 D7
OO0 00 O O O

Output Buffers

Ap o—]
Sense Amp
Az O——
.
ey
Ag O— n’w
-
Aso— g
<
AsO—— &
A7 0— 3 3
7 2
a 8 7 § 128 Memory Cell Array
80— 3 o (256 x 128)
Ago—o < 5
A10O0—
Ayl O—
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SYMBOL ITEM RATING

Voo Power Supply Voltage -03V~7.0Vv

VIN Input Voltage -03v~70V

VouT Output Voltage OV ~Vpp

[ Power Dissipation (Ta = 85°C) 08w

TstG Storage Temperature -66°C ~ 150°C

ToPR Operating Temperature —40°C ~85°C j
TsoLDER Soldering Temperature Time 260°C 10 sec |

PARAMETER MIN

SYMBOL TYP. MAX UNIT
Voo Power Supply Voltage 4.5 50 55 \
Vi Input High Voltage 22 - Vpp+0 3 Vv
ViL Input Low Voltage -0.3 - 08 \
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
e ' Input Load Current 0<Vin € Voo - - *10 A
o Output Leakage Current | CE =V, 0V < Vour S Vop - - +50 MA
lon Output High Current Vou =24V =10 —-40 - mA
oL Output Low Current VoL =04V 20 40 = mA
CE=22V
| -
DbDs1 other inputs = Vy or Vi 20 50 mA
Standby Supply Current  —
| CE =Vop ~02V - oo | A
DDS2 other inputs =0 2V or Vpp —0.2V s
CE = VL. teye = Thss,
[ -
ODo1 Operating Supply VIN =ViH/V), lout =0mA 60 100 mA
Current CE =0V, tye = 1 b5,
[ ’ - 7
D02 VIN = Vb /GND, loy; =0mA 40 0 | mA
Note: Typicsl 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. This parameter is periodically sampled and I1s not 100% tested.
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A.C. CHARACTERISTICS (Ta = -40 ~ 85°C, Vpp = 5V £10%)

SYMBOL PARAMETER MIN TYP MAX UNIT
tacc Chip Enable Access Time - - 450 ns
toe Output Enable Access Time - - 150 ns
tas Address Setup Time 30 - - ns
tAH Address Hold Time 30 - - ns
tce CE OFF time 70 - - ns
tCEH Chip Enable Hold Time 450 - - ns
top Output Desable Time - - 100 ns
tcye Cycle Time 540 - - ns

A.C. TEST CONDITIONS
* OQutput Load
¢ Input Pulse Levels

Timing Measurement Reference Levels

« Input Pulse Rise and Fall Times

100pF + 1TTL Gate

0
Input. 0O
Output 0

6v,24v

8V and 2 2V
8V and 22V

10ns

TIMING WAVEFORMS
Ag~A1y Address Stable 1 Address May Change X
tAS tAH
R/ B e
oD S
tcc
tacc
t7 £
OE
AN i,
N top
OE
Do ~D7 i Output Data Valid i —
/ tcvye
OPERATION MODE
MODE CE | OE | ADDRESS | OUTPUTS
Read L L * Data out
Standby H * * High Z
t«:i:ss 1 * Valid High Z
* Don’t care
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“TOSHIBA PAPER TAPE FORMAT

Use 7 or 8-bit (even parity) ASCII code paper tape for ROM data input.
Two acceptable formats which are described in section A and B are available.

A. Format 1 {when a check sum per word 1s used)

Preceding the first data field and following the last data field there
must be a leader /trailer length of at least 50 null characters.

NULL Contents in a single quotation mark (' . . ’) signify a comment
and OO0 indicates a four-digit user pattern number
“TC5335P—0000 / ./ ndicates carriage return and line feed. )
Specify the most significant bit (MSB) of the device outputs (D, or
‘MsB=D7 ) Do)
N8 / N8 indicates that the mask pattern 1s an 8-bit pattern

Semicolon (,) signifies a punctuation of data

ROOCIO,X7FP7, XO7P3, / R signifies an address. Enter the address with the four decimal digits
ROOIO8,X38P3, XESP5, _/ every 8-words after the character R
ROO16,X10P1, ,XGBP5,/ 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 1n 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.
R4080,X4DP4, 'X55P5',/ $ signifies the End symbol.
R4088,X2CP3, XA4P3, ,/

s/

NULL
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B Format 2 (when a check sum per word I1s not used)

/_\/

NULL

“Tcs335P-0000" )

'MSB =D7' )

N8, )
ROOICI0,X7FBA 30€5, )
ROCI16,X108C 8241,
ROO32,X2DBA 36C7. )
R4064,X1ECE . 31DE, )
R4080,X4DA6 18A4, )

s )

NULL

P

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 TC6335P in the form of
punched paper tape with Intel BNPF format or master devices (EPROMs)
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OUTLINE DRAWINGS
24 2322 2120 19 18 17 16 15 14 13
o o S o W o W o W o e
b
S _ s
o~
R1.5 <
0 g
7 2 34567 8 910 1112
32.4 MAX. x 15.24 TYP.
<
10°, s
’74\ 0
Il i \
I I
1 - 0.25 +0.05
2.54%0.25 1.4%0.15 Z
T s
0.5+0.15 - 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 circutt patent licenses are implhed and Toshiba reserve the right,
at any time without notice, to change said circuitry
© Mar , 1982 Toshibs corporation
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TC!

£ Tl o TEANE L e S
64P: 8K WORD x 8 BIT CMOS MASK ROM

SILICON GATE CMOS TC5364P

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

m’
o

Three Programmable Chip Enables with Power

Pin Corfipatible with 2764 type EPROM TMM-

2764D Down Feature

Access Time. : 250ns CE,/CE,, CE,/CE,, CE;/CE,

Low Power Dissipation e Output Buffer Control OE

Operating Current . 5mA (MAX.) e All Inputs and Outputs Directly TTL Compatible

Standby Current  : 20z A (MAX.)
5V Single Power Supply: 5V £ 10%
Fully Static Operation

Three State Outputs
28 Pin Standard Plastic Package

64k Bit EPROM
(Top View) TMM2764D Vop GND
Necgt 28 T T
A12C]2 27
A1 3 26
As O] 4 25
As O5 24
As 06 23
As Q7 22
A2 Os8 21
A1 09 20
Ao O
Do O
D O
D, O
GND

Memory Cell
§ Array
SYMBOL NAME 2 § 8kx8
Ao ~ A, Address Input i S
Do ~ Dy Outputs § F
CE,. CE;, CE;3 | Chip Enable Inputs Anz o—| '3
OE Output Enable Input o
Vbb Power Supply (5V)
GND Ground
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Note Tshiba 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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s

TC5365P: 8K WORD x 8 BIT CMOS MASK ROM

SILICON GATE CMOS

TC5365P

o Access Time : 250ns

e Low Power Dissipation

Operating Current . 5mA (MAX.)
Standby Current 20:A (MAX.)
5V Single Power Supply 5V + 10%
e Fully Static Operation

“PIN CONNECTION .

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

« Programmable Chip Enable ~ CE/CE
e All Inputs and Outputs Directly TTL

Compatible

e Three State Outputs
e 24 Pin Standard Plastic Package

32k Bit CMOS ROM

(Top View) TC5334P

Pin Compatible with 32k Bit CMOS ROM TC5334P
for Memory Expansion

SYMBOL NAME

Ao ~Aq, Address Inputs

Do ~ Dy Outputs

CE/CE Chip Enable Input
Vbb Power Supply (5V)
GND Ground
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BLOCK DIAGRAM'
Do — D1
Output Buffers
Sense Amp.
and
Column Decoder
£ Memory Cell
£
2 N Array
g § 8kx8
§ 2
o
4
—




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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CORPORATE OFFICE
2441 Michelle Drive
Tustin, CA 92680
(714) 730-5000

TLX: 183812
WESTERN AREA EASTERN AREA
1400 Quail St - Ste 100 60 State St. - Ste. 405
Newport Beach, CA 92660 Boston, MA 02109
(714) 752-0373 (617) 742-2040
TWX. 910-596- 1886 TWX- 710-321-6730

CENTRAL AREA
1 Corporate Center
7505 Metro Blvd. - Ste. 370
Edina, MN 55435
(612) 831-2566
TWX: 910-576-1321

The information i1n this guide has been carefully checked and is believed to be reliable, however,
no responsibility can be assumed for inaccuracies that may not have been caught All information in
this guide 1s subject to change without prior notice Furthermore, Toshiba cannot assume responsibility
for the use of any j:cense under the patent rights of Toshiba or any third parties

TOSHIBA AMIERICA, INC.



