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1. DYNAMIC RANDOM ACCESS MEMORIES

R Access Cycle Power Power Package
Capacity ND:r:'t(::r C;z?:r" Process Time Max Time Min Supplies Dissipation ackag A;f r::;e
{ns) (ns) (V) Max (mw) | Material Pins u
TMM416D —2 150 320 +5
-3 116,384 x1 NMOS 200 375 -5 462/20 Cerdip 16 MK4116
—4 250 410 +12
16 K Bit
TMM416P -2 150 320 +5
-3 16384 x1 NMOS 200 375 -5 462/20 Plastic 16 MK4116
—4 250 410 +12
*TMM4164C -3 150 320
64 K Bit _a 65,536 x 1 NMOS 200 330 +5 275/27 5 Ceramic 16 —_
2. CMOS STATIC RANDOM ACCESS MEMORIES
R Access Cycle Power Power Package
Capacity ,\II:L en:IbC:r 22‘:3;[" Process Time Max Time Min Supplies Dissipation ackag Aslte‘:::ete
' (ns) (ns) (V) |[Max  (mw) | Material | Pins | =9
TCs801P 4 256 x 4 CMOS ggg 46553 +5 83/0 055 Plastic 22 15101L
TCB501D 450 450
1 KBt 1 256 x 4 CMOS 650 650 +5 83/0 055 Cerdip 22 15101L
TC5508P 370 450
—4 1024 x1 CMOS 450 550 +5 55/0 055 Plastic 16 1IM6508
—1 550 700
TCB047AP —1 550 650
— 1024 x4 CMOs 800 1000 +5 110/0 11 Plastic 20 _
TC5504P 450 550
-1 4096 x 1 CMOS 550 700 +5 110/0 11 Plastic 18 HM6504
-2 800 1000
*TCB504AP —
99044 2 | apeex1 | cmos 200 hros +5 | 275011 | Plasuc | 18 | HMe504
*TCB504APL—
COS04APL2 | apeex1 | cmos 2 - 27500005 | Plasuc | 18 | HM6504
*TC5504AD —
990440 2 | 4pg6x1 | cmos - oot 275011 | Cedip | 18 | HME504
*TCB504AD |
4 K Bit C5504AD L_i 4096 x 1 CMOS ;gg ‘31(2)3 +5 27 5/0 005 Cerdip 18 HMB504
TC5514P 450 450 138/0 11
—1 1024 x4 CMOS 650 650 +5 110/0 11 Plastic 18 HM6514
—2 800 800
*TCB5514AP
S514A _g 1024 x4 CMOS ;gg ?*?g +5 275/0 11 Plastic 18 HM6514
*T 14, —
Cs5 APL_; 1024x4 | CMOS ggg ?383 275/0005 | Plastic 18 | HM6514
* —
TC8614AD 2 | 10244 | cwvos P ggg +5 275/0 11 Cerdip | 18 | HM6514
TCE514AD L:g 1024 x4 CMOS ggg ?;))g +5 27 5/0 005 Cerdip 18 HM6514
*TC5516AP 250 250 385/0 165
ro | TCE510APL 2b48x8 | CMOS 250 250 A 3s/i0005 | este | 24 -
l
*TC5517AP 250 250 385/0 165
*TCE517APL 2048 x8 CMOs 250 250 +5 385/0 005 Plastic 24 —_—
Note

*  New Memory Products




3. STATIC RANDOM ACCESS MEMORIES

Power ]

R Access Cycle Power Package
Capacity ,\‘Duemvg::r c:;,a:r: Process Time Max Time Min Supplies Dissipation I~ A;toe‘:rn:ete
(ns) (ns) (V) [Max (mw) Materal | Pins
TMM314AP 450 450
-3 | 1024 x4 NMOS 300 \ 300 +5 550 Plastic 18 2114
-1 200 . 200
akgi | TMM314APL 450 | 450
-3 | 1024x4 NMOS 300 300 +5 385 Plastic 18 2114L
=1 200 200
TMM315D 70 | 70 880/110
1 4096 x 1 NMOS 55 55 +5 990/165 Cerdip 18 2147
TMM2016P 150 150 550/83
16 K Bit -1 2048 x8 NMOS 100 100 +5 660/83 Plastic 24 —_—
-2 200 200 770/165 |
4. ERASABLE/PROGRAMMABLE READ ONLY MEMORIES
R Access Cycle Power Power Package
Capacity r\?ui:—llll::r Oz;g“a;r: Process Time Max Time Min Supplies Dissipation Asltoes:):ete
(ns) (ns) (v) Max_ (mw) | Material Pins
TMM323D 450 450 525/132
16 K Bit 4 2048 x8 NMOS 350 3850 +5 550/138 Cerdip 24 12716
*TMM323D | 2048 x8 NMOS 450 450 +5 525/158 Cerdip 24 12716
2K Bt TMM2732D 4096 x 8 NMOS 350 350 +5 788/132 Cerdip 24 12732
I
*TMM2732D1 4096 x 8 NMOS 350 350 +5 788/158 Cerdip 24 12732
Note TMM323DI and TMM2732D| are industrial spec (wide operating temperature range —40 ~85°C) parts
5. MASK PROGRAMMABLE READ ONLY MEMORIES
Access Cycle Power Power Package
Capacity ND:":E::" gggtlaonr: Process Time Max Time Min Supplies Dissipation A;t:;::;e
(ns) (ns) (V) |[Max (mw) | Material | Pins
16 K Bit TMM334P 2048 x 8 NMOS 450 450 +5 440 Plastic 24 12316E
32 K Bit TMM333P 4096 x 8 NMOS 450 450 +5 525 Plastic 24 TMS4732
32 K Bit TMM2332P 4096 x8 NMOS 350 350 +5 550/83 Plastic 24 12332
64 K Bit TMM2364P 8,192 x8 NMOS 250 350 +5 220/83 Plastic 28 12364
Note

* New Memory products

NOTE Power Dissipation

Active Power/Standby Power
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* Note In the case of synchronous device,
the chart of microcomputer
application 1s not always applicable
because of the timing requirements

Application
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Power Dissipation in Milhwatt
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MEMORY SELECTION GUIDE 3

Bit
1 Bit 4 Bit 8 Bit
Word
256 TC5501P/D
TMM314AP/APL
TCB5047AP
1024 TC5508P
5508 TC5514P
TC5514AP/AD
TMM2016P
TMM323D
2048 TMM334P
TC5516AP
TC5517AP
TMM315D TMM2732D
4096 TC5504P TMM2332P
TC5504AP/AD TMM333P
8192 TMM2364P
16384 TMM416P/D
32768
65536 TMM4164C




CROSS REFERENCE
1. 16K Bit Dynamic RAM

" Access Time 150 ns 200 ns ] 250 ns
Toshiba TMMA416D-2/P-2 TMM416D-3/P-3 ‘ TMM416D-4/P-4
Fawrchild F16K-2 F16K-3 F16K-4
Fujitsu MB8116H MB8116E MB8116N
Hitachi HM4716A-2 HM4716A-3 | HM4716A-4
Intel 21172 21173 [ 21174
Intersil IM7116-3 i IM7116-4
Mitsubishi M5K4116-2 M5K4116-3 { M5K4116-4
| Mostek 1 mKane2 MK4116-3 | MK4l164
Motorola MCM4116C-2 MCM4116C-3 | MCM4116C-4
National Semi. MM5290-2 o MM5290-3 5
NEC upDalECD3 | uPD416C/D-2 uPD416C/D-1
I TMS4116-15 TMS4116.20 TMS4116-25
2. 4K Bit Static RAM
1,024 x 4 I 4,096 x 1
Access Time 200 ns 300 ns 450 ns 55 ns 70 ns
Toshiba TMM314AP-1/APL-1 | TMM314AP-3/APL-3 | TMM314AP/APL TMM315D-1 TMM315D
AMD Am9114EPC Am9114CPC 'Am9114BPC -
AMI $2114-2 521143 52147
Fujitsu MB8114EL MB8114NL | mB8147H MB8147E
Hitachi HM472114AP-2 HM472114AP-3 HM472114AP4 | HMB1473 HM6147
Intel 21142/L2 2114-3/L3 2114/L 21473 2147
Intersil IM7114-2/L2 IM7114L
Mitsubishi M5L2114LP, S-2 M5L2114LP, S-3 M5L2114LP.S .
Motorola MCM2114-20 MCM2114-30 MCM2114-45 MCM2147-55 MCM2147-70
National MM2114-2/-2L MM2114-3/-3L MM2114/—L MM2147-3 MM2147
NEC kPD2114LC/D-3 uPD2114LC/D-1 uPD2114LC/D uPD2147D-3 uPD2147D-2
SYNERTEK SY2147
TI TMS4045-20 TMS4045-45 TMS2147-5 TMS2147-7




3. CMOS RAM

1K Bit 4K Bit 16 K Bit
256 x 4 1,024 x 1 1,024 x 4 1024 x4 | 4096 x 1 2,048 x 8
Toshiba Igggg:g TCE508P TC5047AP T s ) Igggﬁw TC5516AP
Fujitsu MB8401 MB8414 MB8404
Harris HMB501 HM6508 HM6514 | HMes04 | |
| Hitachi | HM435101 | | " HM4334 HM4315 HM6116
Intel 15101L I
Intersil IMB508 IM6514 IM6504 | ]
Mitsubishi MBLS101LP1 | M589815-45 o
NEC uPD5101 uPD443 uPD445 uPD444
Oki MSM5114 MSM5104
RCA MWS5114

4. ROM (EPROM & MROM)

EPROM MROM
16 K Bit 32K Brt 16 K Bit 32K Bn ) | eakBrt |
| Toshba | TMM323D | TMM2732D | TMM334P | TMM333P | TMM2332P | TMM2364P
| Fupsu | MB8S16 mBgs32 | wmeste | |
Hitachi HN462716 HN462732 HN2316E HNge332P | | |
et | 2716 12732 12316E 2332 | 2304
Mitsubishi | M5L2716K M5L2732K -
Mostek MK4716 MK34000 MK32000 MK37000
Motorola MCM2716 o
NEC uPD2716D 1PD2332
ok | MSM2716AS MSM2732AS |  MSM3781AS
T TMS2516 o TMS4732
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TOSHIBA MOS MEMORY PRODUCTS

16384 WORD x 1 BIT DYNAMIC RAM

N CHANNEL SILICON GATE MOS

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

DESCRIPTION

The TMM416P/D s 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 achreve

FEATURES

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

DEVICE tRAC tRC
| TMMa1eP/D2 | 150 ns 200 |
| TMM416P/D-3 | 200 ns 375 ns
TMM416P/D-4 250 ns 410 ns

e [ndustry standard 16 pin DIP

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

e Lower power 462mW operating (max )
20mW standby (max )

PIN CONNECTIONS

(TOP VIEW)
VesQ1 16 Vgs
oing 15{JCAS

high speed and low power dissipation Multiplexed
address inputs permit the TMM416P/D to be pack-
aged in a standard 16 pin plastic and cerdip DIP This
package size provides high system bit densities and I1s
compatible with widely available automatic testing
and insertion equipment

e Qutput unlatched at cycle end allows two-dimen-
stonal chip select

e Common /O capability using “Early Write” opera-
tion .

e Read-Modify-Write, R—AS-only refresh, and Page-

Mode capability

All inputs and output TTL compatible

128 refresh cycles / 2 msec

Compatible with MK4116

Package
Plastic DIP TMM416P
Cerdip DIP TMM416D

BLOCK DIAGRAM

WRITE(] 140DouT
130146
A3
1104,
10045
9fvee

RAS(]
Aol
A2 0
Ar g

Voo [

® 9 @ 0 & w0 N
N

WRITE

cLocks
DATA IN
BUFFER

DATA OUT
BUFFER

RELEASE

O
PIN NAMES n g
Q-
O
O

Ap-Ag Address Inputs
CAS Column Address Strobe
Din Data In

DouT Data Out

N

RAS Row Address Strobe

ROW ;) MEMORY ARRAY
Ao 6 |\ {128 x 64)
BuFFeRs[ 7 ) ]
]
Row L DUMMY CELLS (128) PATA sus}
Fsecoosa SENSE AMPS (128) & L Jsecect
T [unee COLUMN DECODER (1/64) T/'E{ (172)

DUMMY CELLS (128)

jcoLumn | A ¢
JaoDRESS MEMORY ARRAY

(128 x 64)

T

WRITE Read/Write Input
Vgg Power (-5V)
Vee Power (+5V)

Vbbp Power (+12V)

Vss Ground

BUFFERS
7




ABSOLUTE MAXIMUM RATINGS

RECOMMENDED DC OPERATING CONDITIONS  (Ta=0~ 70°C) (Note 2)

RATING VALUE UNITS NOTES
Voltage on any pin relative to Vgg —05~+20 \ 1
Voltage on Vpp, Vg supplies relative to Vgg —10~+15 B
Vgg-Vss (Vpp-Vsg > 0V) 0
| Operating temperature 0~70
| Storage temperature T CBE~1B0
Soldering temperature T\Fwe - o - . 7"W§ES'O¥.F_‘"
Power dissipation TMM4T6P 600
TMM416D ) 1000
Short circuit output current 50

SYMBOL PARAMETER MIN TYP MAX UNITS NOTES
VoD 108 120 132 \ 3
Vee Supply Voltage 45 50 55 \Y 34
Vss 0 0 0 \% 3
Vee I —45 | -50 —55 \Y 3
Vine Input High Voltage, RAS, CAS, WRITE 27 70 v | 3
Vin Input High Voltage, except RAS, CAS, WRITE T 24 70 v | 3
ViL Input Low Voltage, all inputs ] - 08 v 3

DC ELECTRICAL CHARACTERISTICS

(Vpp =120V £ 10%, Ve =5.0V210%, Vss =0V, Vgg = —5.0V+10%, Ta =0°C ~ 70°C) (Note 2)
SYMBOL PARAMETER MIN. MAX. UNITS NOTES
IoD1 OPERATING CURRENT 35 mA 5
lcch Average power supply operating current 6
Igg1 (RAS, CAS cycling  tre = minimum value) 200 HA
IbD2 STANDBY CURRENT 15 mA
lcco Power supply standby current -10 10 uA
Igg2 (R—AS=V|HC,DouT=H|gh Impedance) 100 uA
1oD3 REFRESH CURRENT T 27 mA 5
lces Average power supply current, refresh mode —-10 10 A
I3 (RAS cvcling,%=\/mc trc = minimum value) 7 200 LA
Iopa PAGE MODE CURRENT ~ ~ ~ 27 mA 5
lcca Average power supply current, page mode operation 6
IsB4 (%=\/|L,mcyclmg tpc = minimum value) 200 uA
INPUT LEAKAGE CURRENT 1 ‘

ly(L) Input leakage current, any input (Vgg = —5V -10 .‘ 10 uA !
OV <V Ny <+7 0V, all other pins not under test = OV) } V’
OUTPUT LEAKAGE CURRENT ! ]

lo (L) —10 i 10 uA |
(DouyT 1s disabled, OV < Vg1 < +5 5V) } ;

Vo OUTPUT LEVELS b4 i v i .
Output “H"" level voltage {lgyT = —5mA) !
OUTPUT LEVELS ‘ f

Vou 0.4 | \% | 4
Output ""L" level voltage (loyT =4 2mA) |




ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Vpp = 120V+10%, Ve =50V +10%, Vss =0V, Vgg = —5 0V * 10%, Ta = 0°C ~ 70°C) (NOTES2,7,8,10)
S
SYMBOL PARAMETER [ TMM416P/D-2 | TMM416P/D-3 | TMM416P/D-4 UNITS NOTES
MIN MAX MIN MAX. | MIN MAX
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 || 100 135 166 ns 12,13
OFF Output buffer turn-off delay 0 40 0 50 0 60 ns 14
tT Transition time (rise and fall) 1 3] s 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 R 200 250 ns
tCAS CAS pulse width 100 | 10,000 135 | 10,000 | 165 | 10,000 ns
tRCD | RASto CAS delay time 20 50 25 65 | 35 85 ns 15
tcrpP CAS to RAS precharge time —20 —20 -20 R ns
tASR Row Address set-up time 0 0 0 ns
tRAH Row Address hold time i 76 | 25 35 ns
taSC Column Address set-up tme | -10| | -10] -10 ns
tcAH Column Address hold time 45 55 | 75 ns
- Column Address hold time . ‘ 120 160 s
referenced to RAS | |
tRCS Read command set-up time ol T—WO ‘ 0 ns
tRCH Read command hold time 0 I | 0 0 ns
‘TW-C7|:|7 “Write command hold time ‘ 45 55 75 ns
wen Write commarmld time | 05 120 160 s
referenced to RAS
twp Write command pulse width 45 55 75 ns
tRWL }__V\{rlte command to RAS lead time 50 ‘ 70 | 85 ns
tewlL Write command to CAS lead time 50 ! 70 ‘ 85 ns
tps Data-in set-up time 0 ! I 0 | 0 ns 16
toH Data-in hold time 45 | 85 | 75 ns 16
tDHR Data-in hold time referenced to RAS 95 | | 120 I"160 ns
top CAS precharge time (for page- \ 60 80 100 ns
mgde cycle only) 4L
tREF Refresh period 2 2 2 ms
twces 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




TIMING WAVEFORMS
® READ CYCLE tRe
tRAS
. Vine— _Nx tAR . Zl
ViL— K. v N—
tcsH tRP
tRCD , 'RSH tcrP
v . tcAs
cAS He — \ ' /
IL— 2
tasp | |[TRAH tasc tCAH
ey -
ViH— ROW COLUMN
ADDRESSES
ViL— ADDRESS ADDRESS 4
tRcs tRCH
—
WRITE Vi/"‘c - / / j W
= tcAC
1
tRAC OFF
= -
cour Yo oo )
Don’t Care
® WRITE CYCLE (EARLY WRITE)
tRC
tRAS
__——_5 T,
AAS ViHe AR 1
Vi —
L K l 7 \
-+
tcsH tRp
! I
tRCD tRSH tcRe
—+
CAs ViHe Y tcAs I
Vi \ ' / /
TASR 'RAH tasc tCAH
e Bdatid
ViH—, v
appresses M ROW COLUMN
w— | ADDRESS ADDRESS
tewL I
-
twes wcH
twP
WRITE ViHe / J /// / /
ViL—,
I tRWL |
tWCR
tDs tDH
e
ViH— \
Din v / m VALID DATA
L= -
DHR
Vv, pa— T r .
oout vg:_ oPEN Don’t Care



® READ-WRITE/READ-MODIFY-WRITE CYCLE

tRWC
tRAS
[ Vine— ‘AR
RAS L”C_ \( N\
I N
tRSH I RP
tesH tcRe
‘RO tcas
cAs ViHc— \ p
CAS
ViL— . /
tASR| | 'RAH tasc tcAH
ViH—) \
ADDRESSES 1H ROW COLUMN ﬁ(
ViL— ADDRESS ADDRESS 4
TRWD tcwL ’
!
tRCS t
- tcwp RWL
B!
WRITE ViHc— N
ViL—,
tOFF
tCAC twp
DouT VoH— OPEN ___gf VALID DATA ‘}——
VoL— - A
tRAC
tps DH
Din ViH— VALID Y
ViL— DATA
Don’t Care
“RAS-ONLY’ REFRESH CYCLE
1 RC
tRAS
y~ —\
AAS ViHe— 7
ViL— \
tRAH tRp
tASR
-
ADDRESses  UH ROW ADDRESS W //// /
ViL—, A
VoH—
D OPEN
ouT VoL

Note CAS =V, yc, WRITE = Don’t Care

Don‘t Care



® PAGE MODE READ CYCLE

CAS

ADDRESSES

Dout

WRITE

® PAGE MODE WRITE CYCLE

ADDRESSES

WRITE

tRAS
v tAR
IHC —
ViL — X A
tesH
tpc tcas tRSH | RP
tRCD tcAs tcp tcas tCRP
ViHe — 4 'l .
Vie — \ / S X Z
RAH tCAH tCAH tcAH
tASR tAsC tAsC tAsC
B8 e L
Vin — ROW' COL Y coL Y coL
vViL — ADD, ADD ADD ADD
tcAc | tcac , I tcac
I ' I
tRAC _[foFF _|toFF tOFF
VOH — r— —
OPEN +f {
VoL — 3
tRCS
tRCS tRCH TRCH
M
e \Y ' \Y
VL —
Don'tCare
RAS
tAR
ViHe —
Vie — p 7
§
tRSH tRP
tee tcas tcAs _ tcrpP
ViHe / 1
Vie A N £ =
cAH tCAH
tAsc>_ tASC
<He g~
ViH coL coL
VL ADD ADD
5
twcH tweH
- tCWL tewl
ViHe / /'//;;ZZZ) /
Vi 2
1 L
tweR twe WP WP tRWLI
tps DS tDH
—
Vin — VALID
Vie DATA

D oon core



CAPACITANCE
(Vpp =120V +10%, Ve =50V +10%, Vss =0V, Vgg = —5 0V £ 10%, f = IMHz, Ta = 0°C ~ 70°C)

SYMBOL PARAMETER TYP MAX UNIT
Cny Input Capacrtance (Ag-Ag), Din 4 5 oF
Ciy | Input Capacitance RAS, CAS, WRITE 8 10 oF
Co —J[ Output Capacitance (DoyT) ‘——‘5 7 pF

POWER DERATING CHARACTERISTICS

Cyele Time tac (ns)

500 400
T

Ambent Temp Ta (°C)

Cycle Rate (MHz) = 103/tpc (ns)
Fig 1 Tavs tac

Cycle Time tac (ns)

1000 500 400 300 250

Max Ippy Supply Current (mA)

Cycoe Rate (MH2) = 103/tac  (ns)
Fie 2 tac s lppy

NOTES

1

2

W

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

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

All voltages are referenced to Vgg

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

Ipp1. 'pD3 @nd Ippg4 depend on cycle rate  See figures 2, 3 and
4 for Ipp hmits at other cycle rates

Icct and Iccq depend upon output loading During readout of
high level data Vg is connected through a low impedance to data
out At all other times Icc consists of leakage currents only

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

AC measurements assume ty = 5ns

The specifications for tgc (min ), tgpmw (min ) and tgwc (min)
are used only to indicate cycle fime at which proper operation
over the full temperature range (0 C < T, <70°C) 1s assured
ViHe (min)or Vi (min) and V| (max ) are reference levels for

12
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Fig 4 tpcusipps

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

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

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

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

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

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

twcs. tcwbD and tgrwp are not restrictive operating parameters
They are included in the data sheet as electrical characteristics
only

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

If towp = tcwp (min) and tryp tRwp (min ), the cycle 1s a
read-write cycle and the data out will contain data read from the
selected cell If neither of the above sets of condrtions is satisfied,
the condition of the data out (at access time) Is indeterminate




APPLICATION INFORMATION

ADDRESSING

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

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

The two clock chains are linked together logically
in such a way that the address multiplexing operation
I1s done outside of the critical path timing sequence
for read data access. The later events In the CAS
clock sequence are inhibited until the occurence of a
delayed signal derived from the RAS clock chain.
This ““gated CAS" feature allows the CAS clock to be
externally activated as soon as the Row Address Hold
Time specification (traH) has been satisfied and the
address inputs have been changed from Row address
to Column address information.

DATA INPUT/OUTPUT

Data to be written into a selected cell is latched
into an on-chip register by a combination of WRITE
and CAS while RAS is active. The later of the signals
(WRITE or CAS) to make its negative transition Is the
strobe for the Data In (DyN) register This permits
several options In the write cycle timing In a write
cycle, if the WRITE input is brought low (active)
prior to CAS, the D) 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 is referenced to
WRITE in the timing diagrams depicting the read-
write and page-mode write cycles while the “early
write’* cycle diagram shows DN referenced to CAS).

Data is retrieved from the memory in a read cycle
by maintaining WRITE in the inactive or high state
throughout the portion of the memory cycle in which
CAS 1s active (low). Data read from the selected cell
will be available at the output within the specified
access time.

DATA OUTPUT CONTROL

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

If the memory cycle In progress I1s a read, read-
modify write, or a delayed write cycle, then the data
output will go from the high impedance state to the
active condition, and at access time will contain the
data read from the selected cell This output data Is
the same polarity (not inverted) as the input data
Once having gone active, the output will remain valid
until CAS 1s taken to the precharge (logic 1) state,
whether or not RAS goes into precharge

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

PAGE MODE OPERATION

The ""Page-Mode’" feature of the TMM416P/D al-
lows for successive memory operations at multiple col-
umn locations of the same row address with increased
speed without an increase in power This is done by



strobing the row address into the chip and maintain- rent waveforms in Fig 5) In system applications

ing the RAS signal at a logic 0 throughout all succes- requiring lower power dissipation, the operating
sive memory cycles in which the row address 1s com- frequency (cycle rate) of the TMM416P/D can be re-
mon  This “page-mode’’ of operation will not dis- duced and the (guaranteed maximum) average power
sipate the power associated with the negative going dissipation of the device will be lowered in accord-
edge of RAS Also, the time required for strobing in ance with the Ipp 1 (max ) spec limit curve illustrated
a new row address 1s eliminated, thereby decreasing in Fig 2
the access and cycle times It 1s possible to operate certain versions of the
TMM416P/D family (=2 and 3 speed selections for
REFRESH example) at frequencies higher than specified, provid-
ed all AC operating parameters are met Operation at
Refresh of the dynamic cell matrix 1s accomplished shorter cycle times (< tgc min.) results in higher
by performing a memory cycle at each of the 128 power dissipation and, therefore, a reduction Iin
row addresses within each 2 millisecond time interval ambient temperature Is required Refer to Fig 1 for
Although any normal memory cycle will perform the derating curve

refresh operation, this function is most easily accom-

plished with “RAS-only”’ cycles, RAS only refresh POWER UP

results in a substantial reduction in operating power The TMM416P/D requires no particular power sup-
This reduction in power 1Is reflected In the Ipp3 ply seqguencing so long as the Absolute Maximum
specification Rating Conditions are observed. However, in order to

insure compliance with the Absolute Maximum Rat-

POWER CONSIDERATIONS ings, TOSHIBA recommends sequencing of power

Most of the circurtry used in the TMM416P/D 1s supplies such that Vgg Is applied first and removed
dynamic and most of the power drawn is the result of last Vg should never be more positive than Vsg
an address strobe edge (refer to the TMM416P/D cur- when power is applied to Vpp

TYPICAL CURRENT WAVEFORMS
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TYPICAL CHARACTERISTICS
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Ippa (RAS Only)
vs T, Junction Temparature

1oD4 (Page Mode)

IpDa4 (Page Mode)
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Note 1 Each lead pitch i1s 2 564mm Al leads are located within 0 25mm of their true longitudinal position with respect to No 1 and
No 16 leads
2 Al dimensions are in milimeters

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



TOSHIBA MOS MEMORY PRODUCTS

65,536 WORD X 1BIT DYNAMIC RAM

N-CHANNEL SILICON GATE MOS

TMM4164C-3
TMM4164C-4

DESCRIPTION

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

[ 1

DEVICE tRAC tRC [
TMM4164C3 150 ns_ 320 ns |
TMM4164C-4 200 ns } 330 ns -

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

PIN CONNECTION

(TOP VIEW)

PIN NAMES

[(Ag~A, Address Inputs

" CAS Column Address Strobe

[ D Dataln B

i—liNC” No — Connection

. Dout Data Out

[ RAS Row Address Strobe |
WRITE Read/Write Input I

" Vee Power (+5V) :‘

| Vss Ground j

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

e [ndustry standard 16 pin ceramic DIP

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

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

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

e All inputs and output TTL compatible

e 128 refresh cycles/2ms

BLOCK DIAGRAM
~ o Vee
———0 Vss
WRITE DATA IN Din
BUFFER
I No 2 CLOCK
CAS GENERATOR DATA OUT
BUFFER
COLUMN
ADDRESS
Ao BUFFERS (8) 95' S:é’c%’[?"s'l
A,
Ajo—t T
A3
As SENSE AMP
Al 1/0 GATING
As
Ay ROW i I e
ADDRESS M= « 512
BUFFERS (8) 7] = &
g§ 5128 MEMORY
@, ARRAY
AS No. 1 CLOCK
GENERATOR



ABSOLUTE MAXIMUM RATINGS
ITEM SYMBOL RATING UNITS NOTES
Input and Output Voltage ViNn, VouT -1~7 \Y, 1
Power Supply Voltage Vee —1~7 \Y 1
Operating Temperature Toerr 0~70 °C 1
Storage Temperature TstG —55 ~ 160 °C 1
Soldering Temperature Time TSOLDER 260 10 °C sec 1
Power Dissipation Pp 1 W 1
Short Circuit Output Current lout 50 mA 1
RECOMMENDED DC OPERATING CONDITIONS (Ta=0~ 70°C)
SYMBOL PARAMETER MIN VP | MAX UNITS NOTES
Vee Supply Voltage 45 50 55 \Y 2
ViH Input High Voltage 24 65 2
ViL Input Low Voltage -10 08 2
DC ELECTRICAL CHARACTERISTICS (Voc =5V +10%, Ta=0~ 70°C)
SYMBOL PARAMETER MIN TYP MAX UNITS NOTES
OPERATING CURRENT
lcct Average Power Supply Operating Current 50 mA 34
(RAS, CAS Cycling tge =tge MIN
STANDBY CURRENT
lcc2 Power Supply Standby Current 5 mA
(RAS = V|4, Doyt = High Impedance)
REFRESH CURRENT
lccs Average Power Supply Current, Refresh Mode 40 mA 3
(RAS Cycling, CAS =V tgc =trc MIN
PAGE MODE CURRENT
lcca Average Power Supply Current, Page Mode 40 mA 3.4
(RAS = V|, CAS Cycling tpc =tpc MIN o
INPUT LEAKAGE CURRENT
[T} Input Leakage Current, any Input (0V < \VINES 65V, —10 10 uA
All Other Pins Not Under Test =0V)
! OUTPUT LEAKAGE CURRENT
0 (L) (Doyt 15 disabled, OV < VouT < +5 5V) —-10 10 uA
OUTPUT LEVEL I |
VoH Output "H"" Level Voltage (lgyt = —5mA) 24 \ v
OUTPUT LEVEL
Vou Output “L" Level Voltage (loyT =4 2mA) 04 v




ELECTRICAL CHARACTERISTICS AND RECOMMENDED AC OPERATING CONDITIONS

(Vee =5V + 10%, Ta =0~ 70°C)

(Notes 5, 6, 7)

T

T

T M4164C- TMM4164C4 ‘
SYMBOL | PARAMETER | TMM4164C3 jf 4164C4 UNITS | NOTES
A T [TMIN | mAX MIN | MAX I
| tRc | Random Read or WLIE‘CV_de Time ~—1~ 320 | , 330 17_ ns ‘
| tmwc | ReadWrite Cycle Time 8’ 350 I ns i
tamw |  Read-Modify-Write Cycle Time ] 320 405 | ns [
| tec [ Page Mode Cycle Time I 170 { 225 | ns J_ -
_trac | Access Time from RAS I 200 ns | 810
| tecac | Access Time from CAS T oo | S [ a0
tOFF Oquut Buffer Turn-Off Delay 0o L 40 l [ 50 ns 1
ot lrarﬂonime (Rise and Fall) 3 35 ‘ 3 7J’_“ 5 | ns | 6
tRp | RAS Precharge Time 100 | 120 | ns !
tras |  RAS Pulse Width [ 150 | 10000 | 200 | 10000 | ns |
tRsy | RASHodTme [ 100 | | 13 [ ns |
tesH CAS Hold Time B - 150 I,, l_ I L
tcas CAS Pulse Width - 100 | 10000 | ns | |
tRCD RAS to CAS Delay Time 25 | | 6 | ns 12
tcrp CAS to RAS Precharge Time 0 1 | ns !
tASR " Row Address Set- Up Time B o | - ) 7| o L oons
r tRAH Row Address Hold Time 20 l_ l*’ 25 [ l ns
tasc Column Address Set-Up Time 1 —! | [ -5 L— | ns
Pl | IS I
tCAH Column Address Hold Time | 45 | 55 Y o T— ns |
Column Address Hold Time | | Wir o [ [
% | Pefeencedtofas | % | L™ |
tRCS Read Command Set-Up.Time ' 0 | 0 ‘ ns
S O S S S S
tRCH Read Command Hold Time | 0 N 0 ] ns
tweH | Write Command Hold Time - 77 i 7LE) T 55 | | ns |
¢ Write Command Hold Time 1 95 I— 120 | | ns |
| WCR | Referenced to RAS _ S Y IS IR R R S
twp ~ Write Command Pulge W’dth 45 | 55 | ns i B
trRwe | Write Command to RAS Lead Time 50 [ | 70 | ns i
towL I Write Command to CAS Lead Time ! 50 | [ 70 ns |
tps | Data-In Set-Up Time o 1 o | 1 nms | 13
tpH |  Data-In Hold Time [ 45 55 l ns |
T S S R 177 S T
IDHR | *D_aga-ln Hold Time Referenced to RAS 95 120 | ns i
‘ CAS Precharge Time (for Page Mode I \ |
tep | Cycle Only) ‘ 60 80 | ns
tREF _Refresh Period | i 2 | 2 ms I
_ nefresnferiod ! < 1 ] __£ s
twes Write Command Set-Up Time -10 | -10_ | ns 14
towp | CAS toWRITE Delay | 60 | 80 ns | 14
tawp |  RAS to WRITE Delay | 110 145 | ns |14




TIMING WAVEFORMS

t
® READ CYCLE RC
tRAS
— ——————— T
AAS Vig — _x AR . A
vie — . il 7 —
tcsH : tRP
tRCD ' tRsH tcRP
N | tcas
cAs ViH — N \ — / 4
Vi — \ N /
1
tASR RAH tasc tcaH
ADDRESSES VIH — £ Row 7 coLumn
ViL — ADDRESS L ADDRESS 4
— 4
tRCS tRCH
f— -——‘

WRITE Vin X@
ViL —, tcAC
tOFF

| tRAC
-
v -_ L
Pour VOH OPEN € VALID DATA
oL —
Don’t Care
® WRITE CYCLE (EARLY WRITE)
tRC
tRAS
tAR | {———_ﬂ
— Vi |
RAS H
ViL— \( _! 12
tcsH tRP
tRCD l tRSH tCRP
CAs ViH T | tcas
Ve N /
tASR tRAH tASC CAH
i -
ViH— p!
ADDRESS ROW COLUMN
&8 ViL— ADDRESS [ ADDRESS
tcwi j
1
twes WCH
—_— wp
WRITE ViH % ?7;/ / /
ViL—, 4 / ; i j
tRWL ]
WCR -
tDs OH
-]

DHR

S/ { RN

VOoH —

Dout VoL

OPEN Don’t Care



® READ-WRITE/READ-MODIFY-WRITE CYCLE

RAS

cas

ADDRESSES

WRITE

OouT

Oin

tRWC/tRMW

tRAS

AR

ViH— SK

Vie—

tRCD

Vig—
ViL—

tRAH

tasc
|

A

tCAH

Vg —

Vg —

ROW
ADDRESS 1

COLUMN

Y
\__ADDRESS 4

TRWD

tRCS

—

tcwp

Vg —
ViL —,

Vor

7

tcac

vl

toFF
1

VoL

TRAC

OPEN —Z

VALID DATA

DS DH

ViH
Vi

VALID
DATA

e “RAS-ONLY” REFRESH CYCLE

RAS

ADDRESSES

DouT

Don’t Care

tRC

tRAS

Vig—
ViL—

7T

tRAH

tASR

tRP

ViH—
VL —,

ROW ADDRESS

K/

VOH —

VoL

Note:

CAS

OPEN

ViH, WRITE = Don’t Care

Don’t Care



® PAGE MODE READ CYCLE

CaAs

ADDRESSES

Dout

WRITE

RAS

tRAS
tAR
ViH —
Vi — L
"+ tcsH T
tpc tcas tRSH tRP
RCD TcAS icp tcas TCRP
T\ a
N
tCAH tCAH tCAH
L‘ ASC tASC tasc
a..). —
coL Y fcoL coL
ADD L ADD ADD
tcac
tRAC
VoH —
}—— OPEN
VoL —
tRCS L
Vi — Aééf 42%22*‘ JK%Z/
ViL —
Don‘t Care
® PAGE MODE WRITE CYCLE
TRAS
AR
ViH —
ViL — N
csH TRSH tRP
trC
"Rep [ | | fcas tcp tcAs cAs tCRP

CAS

ADDRESSESES \\;

WRITE

Vin -—7 /c
Vi — 4 4 / D

weR | | WP twp T .

tDs tDH tos DH tDs tDH
Vi — VALID ¥ VALID VALID
ViL DATA A DATA DATA

DHR
Don‘t Care




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

SYMBOL PARAMETER MIN TYP. MAX. UNITS
Cyy Input Capacitance (Aq ~ A;, D) 4 5 pF
Ci Input Capacitance (RAS, CAS, WRITE) 8 10 pF
Co Output Capacitance (Doyrt) 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 lect. lcca. leca depend on cycle rate
4 lIcci. 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 = bns
7 Vi (min) and V|_ (max ) are reference levels for measuring timing of input signals  Also, transition times are measured be-

tween Vjy and V)
8  Assumes that tpep S tpep (max) I treD s greater than the maximum recommended value shown in this table, tgac will
increase by the amount that tgcp exceeds the value shown
9 Assumes that tgep > trcp (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 ) imit insures that tgac (max ) can be met trep (max ) is specified a reference point only
Iftrep 1s greater than the specified trep (max ) limit, then access time 1s controlled exclusively by tcac
13 These parameters are referenced to CAS leading edge in early write cycles and to WRITE leading edge in delayed write or read-
modify-write cycles
14 twcs. tcwp and trwp are not restrictive operating parameters They are included in the data sheet as electrical characteristics
only If twcs Z twes (min), the cycle is an early write cycle and the data out pin will remain open circuit (high impedance)
throughout the entire cycle
If tewp = tewp (min) and trwp = trwp (min), the cycle is a read-write cycle and the data out will contain data read from
the selected cell  If neither of the above sets of conditions is satisfied, the condition of the data out (at access time) i1s indeter-
minate

APPLICATION INFORMATION

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 o

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

delayed internal clocks

The two clock chains are linked together logically
in such a way that the address multiplexing operation
1s 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 (tgapn) has been satisfied and the
address inputs have been changed from Row address
to Column address information
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DATA INPUT/OUTPUT

Data to be written into a selected cell is latched
Into an on-chip register by a combination of WRITE
and CAS while RAS isactive The later of the signals
(WRITE or CAS) to make Its negative transition is the
strobe for the Data In (D) register This permits
several options In the write cycle timing  In a write
cycle, 1f the WRITE input 1s brought low (active)
prior to CAS, the Diy 1s strobed by CAS and the set-
up and hold times are referenced to CAS. If the input
data 1s 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 1s 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 s 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 1s the high impedance (open cir-

OUTLINE DRAWINGS

curt) 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 O or
logic 1 1s at access time during a read cycle Doyt
will remain vahd 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 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 1s most
easily accomplished with "RAS-only’”” cycles, RAS
only refresh results in a substantial reduction In
operating power This reduction in power is reflected
in the lcc s specification

77 MAX

4 5
20 6 MAX

130 MAX

762205

it 1

25MIN 42MAX

025+01
“f——-005
90 MAX

Note  Each lead pitch 1s 2 54 mm Al leads are located within 0 25 mm of their true longitudi-

nal position with respect to No 1 and No 16 leads
All dimensions are 1n milhmeters

Note Toshiba does not assume any responsibility for use of any circuitry described, no circurt patent licenses are imphed, and Toshiba reserves

the right, at any time without notice, to change said circurtry
© Mar , 1981 Toshiba Corporation
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" B TOSHIBA MOS MEMORY PRODUCTS

1024 WORD x 4 BIT STATIC RAM

TMM3 1 4AP
TMM3 | 4AP- I

TMM3 | 4APL
TMM3 | 4APL -1

N CHANNEL SILICON GATE DEPLETION LOAD TMM3 I 4Ap _3 TMM3 ' 4APL -3

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

FEATURES

TTL directly and todrive 1 STTL or 5 LSTTLS

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

The chip 1s moulded in the standard 18 pin plastic
package of 0 3 inch width for low cost and high den-
sity assembly

e Fully decoded 1024 word x 4 bit organization e Low Power dissipation and Access time
e Static operation — No clocks or refresh period Power and Access time (maximum value)
® Single 5V supply voltage — Vcc =5V £ 10% | Access time Power |
U _'lE_asy memory expansion — CS input TMM314AP1 200 ns 550 mW
® Three state output —Wired OR tie capability TMM312AP3 300 s 550 mWW
e |nputs and outputs directly TTL compatible TMM31AAP 250 50 mWy
e Data input/output terminal 1s common ! ns 50 m
e Input protected — All inputs have protection TMM314APL-1 200 ns 385 mW
agarnst static charge TMM314APL-3 300 ns 385 mW
e 2114 Type Pin compatible TMM314APL 450 ns 385 mW
PIN CONNECTION (TOP VIEW) BLOCK DIAGRAM
A,
~e PO N ~—vee
As Ag— Row Memory cell array <— GND
Aq A7 — Decoder :> 64 x 64
A3z Ag —
Ao Ag —
: g
A_2 :731 | Input D Column Input/output
cs I/O; data
GND[] 9 1/0a control Column decoder
PIN NAMES Ao A1 Ay A3
Ao ~ Az Column Address Inputs
Ag ~ Ag Row Address Inputs cs
1/0; ~1/04 Data Input/Output
cs Chip Select Input WEe
WE Write Enable Input
Vee Supply Voltage
GND Ground




MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
vee Supply Voltage —-05~70 \Y
Vi/o Input/Output Voltage —-05~7.0 Y,
TOPR Operating Temperature o 0~70 °c
TSTG Storage Temperature —565 ~ 150 °C
TSOLDER Soldering Temperature - Time 260 - 10 °C sec
PD Power dissipation (Ta =70°C) 850 mwW
DC RECOMMENDED OPERATING CONDITIONS
SYMBOL | PARAMETER [ conoiTions [ miN TYP. [ MAX. [ UNIT
VIH Input High Voltage - 2.0 - Vee \Y
ViL Input Low Voltage - —-05 - 08 \%
Vee Supply Voltage — 45 5 55 \%
DC CHARACTERISTICS (Ta=0~ 70°C)
SYMBOL PARAMETER o CONDITIONS MIN. TYP.* MAX. UNIT
I1H Input High Current VIN =5.50 V - - 10 kA
e Input Low Current VIN=0V - - -10 nA
VOH Output High Voltage ISOURCE =—10mA 2.4 28 — \Y
VoL Output Low Voltage ISINK = 2.1 mA - 015 04 \Y
IoH Output High Current VouTt =24V -1.0 —55 - mA
loL Output Low Current VouTt =04V 21 65 - mA
CE=V WE =V
ILo Output Leakage Current 1H o I - - +10 MA
VouT =04V ~Vcc
TMM314A 5 ]
Icct Supply Current PLPLAPLE [ 22C L = &0 64 mA
louT =0 mA c) - - 70
TMM314A o
Icc2 Supply Current P/P-1/P3 25°C = 70 90 mA
louT =0 mA 0°C - - 100

* Ta=25°C, Ve =5V



AC CHARACTERISTICS (Ta =0~ 70°C, VCg = 5V * 10%, CL = 100pF, tr, tf

< 10 ns)

READ CYCLE
SYMBOL PARAMETER TMM314AP-1/APL-1 | TMM314AP-3/APL-3 TMM314AP/APL UNIT
MIN MAX. MIN MAX MIN MAX
tRe Read Cycle Time 200 — 300 — 450 - ns
tace Access Time - 200 - 300 -~ {450 ns
tco Chip Select Time — 70 - 1 100 - T 100 ns
tex Output Active from CS 20 - 20 | - 20 | - ns
oD Chip Deselect Time 0 40 ) 0 | 100 ns
toH Output Hold from Address Change 77 20 _J_;T 20 ] - 20 | - ns
WRITE CYCLE
SYMBOL PARAMETER TMM314AP-1/APL-1 | TMM314AP-3/APL3 | TMM314AP/APL NIT
MIN MAX MIN MAX MIN MAX

twe Write Cycle Time 200 — 300 - | 450 P Y | )
twe Write Pulse Width 120 - 150 ~ 200 = s
twRr Write Recovery Time 0 — 0 — 0 — ns
topw | Output High Z from WE o | 40 0o | 80 0 100 ns
tos Data Setup Time 120 | - 150 | - 200 - ns
tpH Data Hold Tome 0 ! - 0 - 0 = ns
AW Address to Write Setup Time 30 | - 30 | - 30 - ns

CAPACITANCE (Ta= 25“9’, f=1MHz)
SYMBOL PARAMETER CONDITIONS MIN J_‘TYP. ] MAX UNIT

Cin | Input Capacitance VN = AC Ground — - ] 5 pF
CouT Output Capacitance VouT =AC Ground N - i 5 pF

Note This parameter is periodically sampled and not 100% tested
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TIMING WAVEFORMS
READ CYCLE
tRC
ViH
Ag ~Ag 1.5V
ViL
ViH tco
[+ \ \\\\st 1,5vj
Vi
TCx oH top
VoH
MPEDANCE DATA OUT
1/01 ~1/04 RIgH IMPED 15V, 15V 1.5V
VALID
VoL
tACC
WRITE CYCLE
twe
ViH
Ag ~Ag <5v ><1 5V
Vi
Vin ——
- N ™ 4
cs \ 15V "R‘ 5V H#1.5V.
Vi A / / /
taw twe tWR
Viu
WE \\1,5v )/1.5V
v
' tex toow - tps 'OH
VoH/ViH
HIGH IMPEDANCE DATA IN
1/01 ~1/04 LK 1.5V 15V 15V DON'T CARE
STABLE

Vou/ViL

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



TYPICAL CHARACTERISTICS

tacc — CL tacc — Ta
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OUTLINE DRAWINGS

Unitin mm

24 232221201918 1716 15 14 13
mohoichrhehrh o oh

= : i
q Pz
R1.5 - I E
. 1] 3
|
PO GO g o o gy
1234 56 78 9101112
32 4 MAX x 1524 TYP
<
10° b
,—7\ v

2541025 J 1.4%015
T

05%0.15

17.4 MAX

32 MIN.

Note. Each lead pitch 1s 254 mm All leads are located within 025 mm of their
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 circult patent licenses are implied, and Toshiba reserves

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



| TOSHIBA MOS MEMORY PRODUCTS

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

TMM3 15D
TMM3|5D- |

DESCRIPTION

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

FEATURES

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

5V single power supply

Easy memory expansion — CS input

Standby feature — CS=V|H

1/0 separate

Three state output

Directly TTL compatible

PIN CONNECTION (TOP VIEW)

Ve As A7 Ag Ag Agg A1 DN T8

15 14 13 12

11 10

2 3 4 5 6 7 8 9
o R R Ry Ry R oW oo
PIN NAMES
Ao ~ As Row Address inputs
Ag ~ A Column Address inputs
DiIN Data input
Dout Data output
[ Chip select input
WE Write enable input
Vcc/GND Power supply

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

® Current and Access time (Maximum value)

PARAMETER TMM315D-1 TMM315D
Active Current (Max ) 180 mA 160 mA
Standby Current (Max ) 30 mA 20 mA
Address Access time 65 ns 70 ns
Chip select Access time 55 ns 70 ns

® Pin to pin compatible —12147/i2147-3
® |nputs protected — All inputs have protection
against static charge

BLOCK DIAGRAM
Ao—>— -
A—{— = Vee
Ay | Row Memory -~—GND
Decoder Cell Array
As— © (64 x 64)
Ag
As—>—] =
D|N Column 1/0 Dout
circuit
Column decoder
c3

e

Ae A7 Ag Ag A10A11




OPERATION MODE
CS WE Output Power Mode
H * High-Impedance Standby Deselected
L H Data out Active Read
L L High-Impedance Active Write
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
Vce Power supply voltage -15~70 \Y
VIN, OUT Input and output voltage —-15~70 \Y
Topr Operating temperature 0~70 ~°c
Tstrg Storage temperature —55 ~ 150 °C
Tsolder Soldering temperature - time 260 10 °C sec
Pp Power dissipation (Ta =70°C) 10 w
lout DC output current 20 mA
DC OPERATING CONDITIONS
SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT
ViH Input high voltage —_— 20 - 60 \%
ViL Input low voltage _— —10 - 08 \Y
Vce Power supply voltage _— 45 50 55 \%
DC and OPERATING CHARACTERISTICS
Ta=0~70°C, Vcc = 5.0V 10%,unless otherwise noted
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
VoH Output high voltage Isource = —4 0 mA 24 - - Vv
VoL Output low voltage Isink =8 mA - - 04 \2
loH Output high current VOH =2 4V —4.0 - - mA
loL Output low current VoL =04V 80 — — mA
[N} Input leakage current VIN =0~ Vcc — +001 +10 uA
VouT =0~45V
| Output leakage current — — — +01 +50 A
© putleara TS =Vin or WE = V1L .
| Operating current cs=viL TMM315D - — 160 mA
ce P 9 output open TMM315D-1 — — 180 mA
| Standby current C=Vin TMMS15D = . 0 mA
S8 v output open TMM315D-1 - - 30 mA
CS=ViH TMM315D - - 50 mA
Issp Peak power on current i
during power on | TMM315D-1 - - 70 mA

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




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

® READ CYCLE

TMM315D-1 TMM315D
SYMBOL PARAMETER -4 UNIT
S B B MIN MAX ) MIN MAX
tRC Read cycle time 55_ e 727
tACC - Address access time o - - '—,,, 55 <‘ -
tCco, Chip select access time 1 - }, 55 -
| tco, Chip select access time 2 _r — 65 -
tOH Output hold from address change | 5 - 5
tLz 1 Chip selection to output n l | 10 — 10
tHZz Chip deselection to output in hlgh z 0 40 0
tPU. Chnp selection topoweruptime | l = 0
tPD Chlp deselection to power down time - | 30 =
® WRITE CYCLE
- [ TMm3isDa TMM315D
SYMBOL PARAMETER — UNIT
) MIN MAX MIN MAX ]
twe - 7Wr|tre cycle time R 5_5 I . 70 - ns
tcw Chip selection to end of wme 457* e 55 - ns
taw Address valid to end of write 45 - 55 - ns
tAS  Address set up time 0 T — ns
twp Write pulse width 35 — 40 - ns
[ tWR L Write recovery time ‘ 10 - 15 — ns
DS l Data set up time I 25 - 30 | s
tDH " Data hold time | — 10 - ns. _—
tobw Write enable to output in high Z_ | 0 35 ns
B Aottt sl S _ — -
two Outpuf active fr from end of wr wrrte | o | — ns
® AC TEST CONDITIONS v
cc
Input pulse levels o 0~35V
—— - — 51082
Input rise and fall imes 10 ns
i Input and output timing reference levels 15V OouT 30pF
| Output load B | See Fig 1 30082 J;
CAPACITANCE (Ta=25°C, f= 1.0 MHz)
Fig. 1 Output load
SYMBOL PARAMETER MAX. UNIT
CIN Input capacitance 5 pF
CouT Output capacitance 7 pF

This parameter is periodically sampled and i1s not 100% tested
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READ CYCLE 1 (WE = Vi T3 = Vi)
TIMING WAVEFORMS - f———————e————
Addross (
le———tacc
Pour Previous Data valld Date valia
Vou
READ CYCLE 2 (WE = V) (1)
3 ﬁ,& 4(_———
Wz
High v
Sour Vou o
Vou
orm-l  —
Vee Icc
Supely f —
Current 58
WRITE cvCLE we — -
Address \<
_ PO
&
N
WE
1ps———1=10H
o Oate in valid
%oyt Oste undefinea
vou

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

[ENT] 16 15 1 13 12 n 10 Unit in mm
OUTLINE DRAWINGS f1m 171 1111
x
g
D s
©
~
My g g
oo ——232MAX ———————]
79%025
X
<
s |
©
o L .
Z o
H z 1 \o~1s
Note 1 Each lead pitch 1s 254 mm All E H o 25+0 1
leads are located within 0 26 mm of o~ ° -0 05
their true longitudinal position with o
respect to No. 1 and No 18 leads. 2.54 Typ ° 8 00~10 20
2 All dimensions are in millimeters T 15210 25
0.46%0 15

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

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



TOSHIBA MOS MEMORY PRODUCTS

2048 WORD X 8 BIT STATIC RAM

N CHANNEL SILICON GATE DEPLETION LOAD

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

DESCRIPTION

The TMM2016P 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

FEATURES

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

1s N Vi level, the device is in low power standby
mode

TMM 2016P s fabricated with 1on implanted N-
channel silicon gate technology This technology pro-
vides high performance and high reliability The chip
1s moulded In a 24 pin standard plastic package, 0 6
inch in width

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

TMM2016P [TMM2016P-1 \TMM2016P»27 quired
| Access time_(MAX ) 7180 ns 100 ns | 200 ns e Directly TTL compatible — All inputs and outputs
Operating current (MAX ) | 100mA | 120mA | 140mA e Common data input and output
Standby current (MAX) | 15mA | 15mA | 30mA ® Three state outputs — Wired OR capability
® |nputs protected — All inputs have protection
e Power down feature — CS against static charge
PIN CONNECTION BLOCK DIAGRAM
A7 g
Ag O B
As d Ay o——5——
As o—F——o
:3 E _ A: o——P5— § Memory <€<—o0 V¢e
A2 g A7 o——DF— & = CellAmay <—0 GND
A1g H Ag o—— = (128x 16 x 8)
2 2 Ay o—P— <
101 £ A
10,4 10o——L—— |
1/03d]
o
ey :/o; ) 1/0 Crrcurt
3o k Column Decod
PIN NAMES 1104 o =] olumn Decoder
1/05 o ]
SYMBOL NAME 1/06 o =]
1107 r>
Ag~ Az Column Address Inputs 1/0g o 3
Ag AqAg A
Ag~ A0 Row Address Inputs s ]
cs Chip Select Input — .
WE Write Enable Input -
cs
1/01 ~1/0g Data Input/Output wE
OE Output Enable Input OE |
Vee Power (5V)
GND Ground




MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vce Power Supply Voltage —05~70 \
ViN, ouT Input and Output Voltage —06~70 \Y
TorR. Operating Temperature 0~70 °C
Tsto Storage Temperature —55 ~ 150 °C
TsoLDER Soldering Temperature - Time 260 10 °C sec
Po Power Dissipation (Ta = 70°C) 10 w
D.C. RECOMMENDED OPERATING CONDITIONS (Ta=0 ~ 70°C)
SYMBOL PARAMETER MIN TYP MAX UNIT
Viy Input High Voltage 22 — Vec+10 v
ViL Input Low Voltage —05 — 08 \
Vee Supply Voltage 45 50 55 \
D.C. CHARACTERISTICS (Ta=0~ 70°C, Vcc =5V * 10%)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
I Input Leakage Current VinN =0~55V — — +10 MA
lon Output High Current VouTt =24V -10 | - - mA
loL Output Low Current Vout =04V 21 l‘ — — mA
Vou Output High Voltage louT = —1 0mA 24 | — — v
VoL Output Low Voltage louT =2 TmA — : — 04 \

— — — T
Cs=V WE =V, orOE=V
Lo Output Leakage Current H or e H - | - +£10 A
Vout =0~ Ve |
S = [
*| Peak Power-on Current ICs \ic(():mA TMM2016P/P-1 - — 30 mA
SBP et TMM2016P-2 - - 45 mA
uring power on
CS=V TMM2016P/P-1 - - 15 mA
Isg Standby Current H 6P/
loyT =0mA TMM2016P-2 - - 30 mA
— TMM2016P - - 100 mA
CS =V
lec Operating Current TMM2016P-1 — — 120 mA
louT =0mA
TMM2016P-2 - - 140 mA

*Note Icc exceeds Igg maximum during power on. A pull-up resistor to Vg on the CS input 1s required to keep the device deselected, otherwise,

power-on current approaches |cc active.

* CAPACITANCE (Ta=25°C, f=1MHz)

SYMBOL PARAMETER CONDITIONS MAX UNIT
CiN Input Capacitance Vin =AC Ground 5 pF
Cour Output Capacitance VouTt =A C Ground 10 pF

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



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

READ CYCLE
TMM2016P TMM2016P-1 TMM2016P-2
SYMBOL PARAMETER MIN MAX MIN MAX MIN MAX UNIT —‘
tRe 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
toLz Output in Low-Z from CS 10 — 10 - 10 - ns
tcHZ Output in High-Z from CS - 55 - 40 - 55 ns
toLz Output in Low-Z from OE 5 - 5 - 5 — ns
toHz Output in High-Z from OE - 50 - 35 - 50 ns
tpy Chip Selection to Power up Time 0] - 0 - 0 - ns
tpp Chip Deselection to Power down Time — 60 - 50 - 60 ns
WRITE CYCLE
TMM2016P TMM2016P-1 TMM2016P-2
SYMBOL PARAMETER MIN MAX VIN MAX MIN MAX UNIT
twe Write Cycle Time 150 - 100 - 200 - ns
tew Chip Selection to End of Write 120 - 90 — 150 — ns
tas Address Set up Time 20 - 20 - 20 - ns
twp Write Pulse Width 100 - 70 - 120 - ns
twR Write Recovery Time 10 - 10 - 10 - ns
tps Data Set up Time 60 — 40 — 60 — ns
tpH 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
A.C. TEST CONDITIONS
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)
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TIMING WAVEFORMS

(A) READ CYCLE (1)

tRC

ADDRESS ><

tacc toH

OE — ™\ - toE

=t tQLZ
DouT OUTPUT DATA VALID

UNKNOWN

(B) READ CYCLE (2)

tRC

DouTt —-——-‘J OUTPUT DATA VALID

SUPPLY
CURRENT

(C) WRITE CYCLE (1)
twe

Y4 X

oE j( N

cw

t, —={ tWR

e -— As——l we h‘

X{R\ N T
— f=- toHZ

I

tDs ———™ tDH

Oin DATA IN STABLE




(D) WRITE CYCLE (2)

ADDRESS }K >l(

tcw

bouT ’0‘”" . ;'; HIGH IMPEDANCE

tpg————==] toH

Din

DATA IN STABLE

* Note READ CYCLE (1) —

READ CYCLE (2) —

WRITE CYCLE (2) -

WE s high for Read Cycle

Device I1s continuously selected, CS = Vi

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

OE =V,
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OUTLINE DRAWINGS
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Note Each lead pitch i1s 254 mm All leads are located within 0 25 mm of their
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
© Mar., 1981 Toshiba Corporation

PRELIMINARY

Characteristics are subject to change without notice
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TOSHIBA MOS MEMORY PRODUCTS

256 WORD x 4 BIT CMOS RAM

SILICON GATE CMOS

TC5501P/-1
_TC5501D/-1

DESCRIPTION

The TC5501P/D s 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

FEATURES

e | ow Power Dissipation
- B5uW (MAX ) STANDBY
- 83mW (MAX ) OPERATING
e Single 5V Power Supply
e Data Retention Voltage 2V to 5 5V
e Package
- PlasticDIP  TC5501P
- Cerdip DIP . TC5501D

PIN CONNECTION

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 simplified but wide operating margin and
noise margin are also realized

The TC5501P/Dis offered In standard 22 pin plastic
and cerdip packages, 0 4 inch in width

e Fully static operation

® Three State Output

e |nput/output, TTL Compatible

® Access Time
TCB501P/D  , tacC < 450ns (MAX.)
TC5601P-1/D-1, tacc S 650ns (MAX )

BLOCK DIAGRAM

(TOP VIEW) d U 2hv
3001 2 A o —
g e ¢ $ g -——oVpp
A0 2 211 Aq Ay 3 183
A ls 20{] R/W Ao ﬂ & Memory Cell Array ~——0 GND
- 2 2
Aol] 4 19[] CE, Axo g 2 32x 32
3 3 o
Ass 18[]1 op < 4
As0 — DouT1
Asl] 6 171 CE,
Ar07 16[1DouTa E—Ooourz
GND[] 8 15(0DINg CEyo Sense Amp. R
Prgs  14poouTs - e e
D 1o 1301p CE;o
P oiNa Column Decoder DouTa
Dinz2g11 12[1 DouT2 RW
DiNnt1©
Din20 J
D Address Buffers
PIN NAMES D::-:» ress Buffer
Ao ~Aq Address Inputs obo DO l )-
R/W Read Write Input ) )
— As Ag Agy
CE;, CE, Chip Enable Inputs
DNt ~4 Data Inputs
DouTt1 ~4 Data Outputs
oD Output Disable Input
Vpp/GND Power Supply Terminals
DD! |




MAXIMUM RATINGS

SYMBOL RATING UNITS
Vpbp Power Supply Voltage —-03~70 \%
ViN Input Voltage —03~Vpp +03 \%
Vour Output Voltage 0~ Vpp \Y
Po Power Dissipation (Ta = 85°C) 800 mw
TsoLDER Soldering Temperature Time 260-10 °C sec
Tste Storage Temperature —65~ 150 °C
Topr Operating Temperature —30~85 °C
DC RECOMMENDED OPERATING CONDITION

SYMBOL PARAMETER MIN TYP MAX UNITS
Vop Power Supply Voltage 45 - 556 \%
ViH Input High Level Voltage 22 - Vpp +03 \%
ViL Input Low Level Voltage -03 — 065 \
Vph Data Retention Voltage 20 - 55 \Y
DC CHARACTERISTICS  {Ta=-30~ 85°C)

SYMBOL PARAMETER CONDITIONS MIN TYP(1) MAX UNITS
1IN Input Current 0Svin EVpp - +005 £10 kA
Vpp =20V to 565V
! Standby Ci t - 2 10 (A

bbs andoy turren CE, =0 2V, Output open 0 s

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

ILo Output Leakage Current 0 < Vout £ Voo — +005 10 HA

loH Output High Current Vpp =45V, Vo =24V =10 —20 — mA

loL Output Low Current Vpp =45V, Vg =04V 2.0 30 - mA
Note (1) Ta=25°C  vpp =5V
CAPACITANCE (2) (Ta=25°C)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
CiN Input Capacitance ViN =0V, f=1MHz - 5 10 pF
Cout Output Capacitance Vout =0V, f=1MHz - 7 15 pF

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



A.C. CHARACTERISTICS
® READ CYCLE

SYMBOL PARAMETER TC5501P/D TC5501P-1/D-1 UNIT
MIN MAX MIN MAX
tRe Read Cycle Time 450 — 650 - ns
tacc Address Access Time - 450 - 650 ns
tacci 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 0 150 ns
ﬁ;;. Output Data Hold Time 0 — 0 — ns
® WRITE CYCLE
SYMBOL PARAMETER TC5501P/D TC5501P-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
s DataSetup Time 250 - 400 = ns
tDH Data Hold Time 50 — 100 - ns
twr Write Recovery Time 50 - 50 - ns

A.C. TEST CONDITIONS

Output Load
Input Pulse Levels
Timing Measurement Reference Levels

Input

100 pF +1 TTL Gate

045V, 24v

0.65v, 2 2v

Output 065V, 22v
® |nput Pulse Rise and Fall Times

10ns
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TYPICAL CHARACTERISTICS
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OUTLINE DRAWINGS
PLASTIC PACKAGE
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Notes Each lead pitch 1s 254 mm All leads are located within
025 mm of their true longitudinal position with respect to
No 1 and No 22 leads.

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



B4 TOSHIBA MOS MEMORY PRODUCTS

1024 WORD X 1 BIT CMOS RAM

SILICON GATE CMOS

TC5508P
TC5508P- |

TC5508P-4

DESCRIPTION

The TCBHBO8P s a static read write memory
organized as 1024 words by 1 bit using CMOS
technology Because of ultra low power dissipation,
the TCH508P can be used as battery operated
portable memory system and also as a nonvolatile
memory with battery back up. The TC5508P oper-
ates from a single 5V power supply with a static
operation, so that the no refresh periods are required.
This simplifies the power supply circuit design

FEATURES

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

PIN CONNECTION

(TOP VIEW)

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

The three state output simphfy the memory
expanston making the TC5508P surtable for use in a
microprocessor peripheral memory. Since the mini-
mum data retention voltage 1s 2V, the battery back
up system needs only simple circuit. By using
Toshiba’s original C2MOS technology, the device
circurtry 1s not only simplified but wide operating
margin and noise margin are also realized.

The TCH5508P family 1s 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

TCB508P , tacc = 370ns (MAX.)
TC5508P-4, tace =450ns (MAX.)
TCB508P-1, tacc = 550ns (MAX.)

BLOCK DIAGRAM

Memory Cell Array ~—O0Vpp

32x 32 —~—OGND

Row Decoder

Row Address Register

32

DIN
Dout
32
o—qi >

Column Address
Register

R/W ©




MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vop Power Supply Voltage —03~70 \
Vin Input Voltage -03~Vpp +03 \%
Vout Output Voltage 0~ Vpp \Y
Pp Power Dissipation (Ta = 85°C) 500 mw
TSOLDER Soldering Temperature * Time 260+ 10 °C-sec
Tstg Storage Temperature —55~ 150 °c
Topr Operating Temperature —-30~ 856 °c
D.C. CHARACTERISTICS (Ta=-30~85°C)
SYMBOL PARAMETER CONDITIONS MIN | TYP (1) | MAX UNIT
i Input Current oV <V inE Voo - +0 05 +10 uA
Vop =2V~ 55V
IoDs Standby Current CE = Vpp—0 2V Output open - 02 10 uA
Other Inputs=0.2Vor Vpp-0 2V
Ibpo Operating Current Vpp =55V, tcyc= Tus - 6 10 mA
ILo Output Leakage Current oV VouT §VDD - +01 50 uA
lon Output High Current Vpp =45V, Vo =24V -101| =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
Voo Power Supply Voltage 45 50 55 \
Viy Input High Level Voltage Vpp—20 - Vpp+03 V
ViL Input Low Level Voltage -03 - 08 \
VbH Data Retention Voltage 20 — 55 \4
A.C. CHARACTERISTICS (Ta=—30~85°C)
® TC5508P
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
tacc Access Time Vpp =45~55V - - 370 ns
tcoE CE To Output Enable Time Vou = 2.4V 0 - - ns
to1s CE To Output Disable Time VoL =08V - - 100 ns
tROE R/M To Output Enable Time | C =100 pF 0 - - ns
trROD R/M To Output Disable Time - - 100 ns




® TC5508P-4

SYMBOL _ PARAMETER CONDITIONS _ MIN | TYP | MAX UNIT
tacc /ﬁcess Time Vop =4 5~55V - — I 450 ns
tcoE (ETO Output Enable Time Vo =24V 0 - - ns
tpis CE To Output Disable Time Ve =08V — — 130 ns
tROE R/W To Output Enable Time COI; 10(; F 0 — — ns
tROD R/W 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 Von =24V 0 - = ns
tois CE To Output Disable Time | Vo =08V - - 150 ns
tROE R/W To Output Enable Time | C;_ =100 pF 0 — - s
tROD R/MW To Output Disable Time — - 150 ns
A.C. RECOMMENDED OPERATING CONDITIONS -
e TC5508P
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
tAS Address Setup Time 20 — ns
tAH Address Hold Time 50 - ns
tpc Precharge-Time Vpp = 4 5~5.5V 80 - ns
teE CE Pulse Width C =100 pF 370 - ns
twp Write Pulse Width Viy=Vpp—2 0V~Vppt+0 3V 200 - ns
tws Write Setup Time Vi =08V 0 — ns
twH Write Hold Time Ta=—30~85°C 200 — ns
tCEH CE Hold Time 200 - ns
tow Output Valid to R/W 0 — ns
tps Data Setup Time 200 - ns
toH Data Hold Time 0 - ns
tRs Read Setup Time 0 - ns
tRH Read Hold Time 0 - ns
® TC5508P-4
SYMBOL PARAMETER CONDITIONS MIN MAX UNIT
tAS Address Setup Time 20 - ns
tAH Address Hold Time 80 — ns
tpc Precharge Time 100 — ns
tCE CE Pulse Width 450 - ns
twp Write Pulse Width Vpp =4.5~5.5V 250 - ns
tws Write Setup Time Cr =100 pF 0 — ns
twH Write Hold Time Viy=Vpp—2 0V~Vpp+0.3V 250 — ns
CEH CE Hold Time Vi =08V 250 - ns
tow Output Valid to R/W Ta=-30~85°C 0 — ns
tps Data Setup Time 250 — ns
tDH Data Hold Time 0 — ns
tRs Read Setup Time o] - 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 Vpp=4 5~6 5V 150 - ns
teE CE Pulse Width C_ =100 pF 550 - ns
twp Write Pulse Width ViH=Vpp—2 0V~Vpp+0 3V| 300 - ns
tws Write Setup Time Vi =08V 0 — ns
twh Write Hold Time Ta= -30~85°C 300 - ns
tEEH CE Hold Time 300 - ns
tow Output Vahd to RW 0 - ns
tps Data Setup Time 300 — ns
toH Data Hold Time 0 - ns
tRs Read Setup Time 0 - ns
tRH Read Hold Time 0 - ns
“TIMING WAVEFORMS
® Read Cycle tas
—
ViH ViH ,
ADDRESS ){ vii STABLE v,/ DON'T CARE )(
) tpC tAH
CE Vin ViH N v, Vu./ ViH
tRs CE tRH
= T viu
R/W / ViH
tois
tCoE , UNKNOWN le oy
o HIGH Z o
ouT C vop VALID
tacc
® Early Write Cycle 1 tas
A
p—
Vin ViH B
ADDRESS )< vip staste ./ }( DON'T CARE X
tpc tAH _
tCE P ——
CE ViH Vin | v Vu_j ViH
tws twWH
RW ViL Vi | ViH
- tps tDH
Din DON'T CARE ){x:t_‘ STABLE \‘;:'L' DON'T CARE
tROE tois
DouT ) HiGH 2 UNKNOWN [pet 2
-/ N




® Early Write Cycle 2

tas
\Y v
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_ tpc taH =
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CE f‘VlH Vi N vie Vie YVin
tws twH
R/W \ Vie
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©® Read Modify Write Cycle
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B TOSHIBA MOS MEMORY PRODUCTS

1024 WORD X 4BIT CMOS RAM

SILICON GATE CMOS

TC5047AP- |
TC5047AP-2

DESCRIPTION

The TCbHO47AP 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 TCb047AP
operates from a single 5V power supply with a static
operation, so that the no refresh periods are required.
This simplifies the power supply circuit design.

FEATURES

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

PIN CONNECTION

(TOP VIEW) U
As]1 20[]Vvpp
A2 1907 4,
AQgs 18] AW
A Q4 17[] CE,
As g 5 t6[]op
Al 15[] cE,
A7 140 A,
GND[]8 130 A,
Data 1/0,[] 9 12{] Data 1/0,
Data 1/0,[] 10 11 Data 1/0,
PIN NAMES
A,~A, Address Inputs
R/W Read Write Input
CE,, CE, Chip Enable inputs
Data 1/0, 4 Data Input/Output
oD Output Disable Input
Vpp/GND Power Supply Terminals

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

The TCB047AP family 1s moulded in a dual-in-line
20 pin plastic package, 0.4 inch in width.

® Static Operation

® Three State Outputs

® |nput/Output, TTL Compatible

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

BLOCK DIAGRAM
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MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
VDD Power Supply Voltage —-03~70 \4
VN Input Voltage —03~Vpp +03 \
VouT Output Voltage 0~ Vpp \
Pp Power Dissipation (Ta = 85°C) 700 mwW
TSOLDER Soldering Temperature « Time 260+ 10 °C -+ sec
TsTG Storage Temperature —566~ 150 °C
ToPR Operating Temperature —30~ 85 °c
DC RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER MIN TYP MAX UNIT
Voo Power Supply Voltage 45 50 5.5 \%
ViH Input High Level Voltage Vpp—1.5 - Vop+03 v
Vi Input Low Level Voltage —-03 - 06 \Y
VpH Data Retention Voltage 20 — 55 \
DC CHARACTERISTICS (Ta=-30~85°C)
SYMBOL PARAMETER CONDITIONS MIN TYP (1) | MAX UNIT
N Input Current ovEvin SVpp 0 +0 05 10 WA
Vpp =2~55V
CE, = 02V, Output Open
loos Standby Current : utput e 0 02 20 A
Iboo Operating Current Vpop=55V, teyc=1us 0 10 20 mA
Lo Output Leakage Current oV £Vout SVop 0 01 50 uA
lon Output High Current Vpp=4 5V, Von =24V -10 -20 - mA
loL Output Low Current Vpp =45V, Vo =04V 16 20 - mA
C, @ Input Capacitance = 1MHz - 5 10 pF
Co @ Qutput Capacitance f=1MHz - 7 15 pF
Note (1) Ta=25°C, Vpp=5V

Note (2)

This parameter is periodically sampled and is not 100% tested



A.C. 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 203 - ns
tcEH CE Hold Time Vpp =45~55V 2013 - ns
tpc Precharge Time Cp =100 pF 100 - ns
teE CE Pulse Width Vi = Vpp — 15V 550 - ns
twp Write Pulse Width ~Vpp + 03V 300 - ns
tps Data Setup Time ViL=-03~06V 300 - ns
tpH Data Hold Time Ta=-30~85°C 0 - ns
tew Write Setup Time 350 - ns
tRs Read Setup Time 0 - ns
tRH Read Hold Time 0 - ns
Note (3) tces + tcgH = 100 ns
® TC5047AP-2
SYMBOL PARAMETER CONDITIONS MIN MAX UNIT
tRC Read Cycle Time 1000 — ns
twe Write Cycle Time 1000 - ns
tces CE Setup Time 20(4) — ns
 tCEH CE Hold Time Vpp =45~55V 20(4) — ns
tpc Precharge Time Cp =100pF 200 - ns
teE CE Pulse Width Vin =Vpp — 15V 800 - ns
twp Write Pulse Width ~Vpp + 03V 500 - ns
tps Data Setup Time ViL=-03~06V 500 - ns
tDH Data Hold Time Ta=-30~85°C 0 - ns
tew Write Setup Time 550 — ns
tRS Read Setup Time 0 - ns
tRH Read Hold Time 0 - ns
Note (4) tcgs + tcgH = 200 ns
A.C. CHARACTERISTICS (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 C, =100 pF — - 100 ns
tcoe | Output Enable Time Von =24V, Vo =06V -~ 100 - ns
® TC5047AP-2
SYMBOL PARAMETER CONDITIONS MIN [ TYP MAX | UNIT
tacc Access Time Vpp =45~55V - — 800 ns
tpis Output Disable Time C_ =100pF — - 200 ns
tcoe | Output Enable Time Von =24V,VoL =06V - 200 - ns




" TIMING WAVEFORMS
® Read Cycle
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TYPICAL CHARACTERISTICS
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the right, at any time without notice, to change said circuitry

©Mar, 1980 Toshiba Corporation
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B TOSHIBA MOS MEMORY PRODUCTS

4096 WORD X 1 BIT CMOS RAM
SILICON GATE CMOS

TC5504P TC5504P- 1|

TC5504P-2

DESCRIPTION

The TCH504P s a static read write memory
organized as 4096 words by 1 bit using CMOS
technology. Because of ultra low power dissipation,
the TC5504P can be used as battery operated
portable memory system and also as a nonvolatile
memory with battery back up. The TCbb04P oper-
ates from a single 5V power supply with a static
operation, so that the no refresh periods are required.
This simplifies the power supply circuit design.

FEATURES

® [ow Power Dissipation
110 uW (MAX ) STANDBY
110mW (MAX ) OPERATING
® Single 5V Power Supply
® Data Retention Voltage, 2 0~5 5V
® 18 PIN Plastic Package
® Static Operation

PIN CONNECTION

(TOP VIEW) A1 ~ ,BEVDD
A02 170 A,

A3 16 A,

Asf 4 1500 A,

A 05 14[] Ag

A6 1301 A,

DoutQ 7 12[] Ag

R/wd 8 100N

GND[] 9 100 CE

PIN' NAMES
I Ay~A Address Inputs
R/W Read Write Input
CE Chip Enable Input
Din Data Input
Doyt Data Output
Vpp/GND Power Supply Terminals

The three state output simphfy the memory
expansion making the TC5504P suitable for use in a
microprocessor peripheral memory. Since the mini-
mum data retention voltage i1s 2V, the battery back
up system needs only simple circuit By using
Toshiba's orniginal C2MOS  technology, the device
circuitry 1s not only simphfied but wide operating
margin and noise margin are also realized.

The TC5504P family 1s moulded in a dual-in-line
18 pin plastic package, 0.3 inch in width

Three State Output

Input/Output, TTL compatible
Latched Address Inputs

Access Time

TCH504P |, tacc =450ns (MAX )
TCB504P-1, tacc =550ns (MAX)
TC5504P-2, tace =800ns (MAX )

BLOCK DIAGRAM

~—0 VDD
Memory Cell Array | ™—© GND

64x64

Row Address Register
Row Decoder

B Sense Amp

'I Column Decoder
I Column Address

Register

R/W




MAXIMUMRATINGS
l SYMBOL ITEM RATING UNIT
Vop Power Supply Voltage -0.3~7.0 \%
Vin Input Voltage —0.3~ Vpp +0.3 \
VouTt Output Voltage 0~ Vpp \Y
Po Power Dissipation (Ta = 85°C) 5560 mW
..,TS,Q,LDE,E Soldering Temperature * Time 260 10 °C sec
Tsto Storage Temperature —55~150 I °c
Toer Operating Temperature e -30~85 [ °c
DC CHARACTERISTICS (Ta=—30~80°C)
[ svymBoL PARAMETER CONDITIONS MIN_ [ TYP (0] MAX [ UNIT
Iin Input Current oV £ Vin S Voo - *005 | 10 A
Vpp = 2V to 6 5V f
Ibps Standby Current CE = Vpp —0 2V, output open - 02 | 20 MA
{ Other Inputs =02V or Vpp—0 2V
[ lopo OE)_éaIfa_(lng Curre[\}' Vop =55V, tcye = 1us - 10 20 mA
Lo Output Leakage Current | OV <Vout S Vpp - +0.1 5.0 uA
loH QOutput High Current Vpp=4 5V, Vou=2 4V -1.0 —-2.0 | - mA
oL " Output Low Current Vpp=4.5V, Vo_=0.4V 2.0 30 | - mA
B 7C| (2) | Input Capacitance f=1MHz - 5 | 10 pF
Co (2) * Output Capacitance f=1MHz - 7 | 15 pF
Note (1) Ta=256°C Vpp=5V
Note (2) This parameter 1s periodically sampled and 1s not 100% tested.
DC RECOMMENDED OPERATING CONDITIONS
[ symBoL | PARAMETER | MIN TYP MAX. UNIT
| . Voo Power Supply Voltage Y 50 55 v
i Vin_ Input High Level Voltage Vpp—20 — Vpp+0 3 \
ViL Input Low Level Voltage ~ —03 — 0.8 \%
L VDH Data Retention Voltage 20 - 55 \
AC CHARACTERISTICS (Ta=-30~85°C)
TC5504P
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
tacc Access Time Vpp =45~55V - - 450 ns
tcoE CE To Output Enable Time CL =100 pF 0 - - ns
tDIs CE To Output Disable Time Von =24V - — 100 ns
tROE R/W To Output Enable Time VoL =08V 0 — — ns
tROD R/W To Output Disable Time Ta=—30~85°C - - 100 ns




TC5504P-1

SYMBOL PARAMETER CONDITIONS MIN TYP. MAX. | UNIT
tacc Access Time Vpp = 4.5~ 5.5V — - 550 ns
tcoe CE To Output Enable Time Cy =100 pF 0 - - ns
oIS CE To Output Disable Time Vo = 2.4V - - 100 ns
tROE R/W To Output Enable Time Vo = 0.8V 0 - - ns
tROD R/W To Output Disable Time Ta=—30~85°C - - 100 ns

TC5504P-2
SYMBOL PARAMETER CONDITIONS MIN TYP MAX.| UNIT
tace Access Time Vpp =45~55V - - 800 ns
| tcoe CE To Output Enable Time Cp =100 pF 0 - - ns
T s CE To Output Disable Time Vo = 2.4V _ _ 200 s
tROE R/W To Output Enable Time VoL = 0.8V 0 - - ns
tROD R/W To Output Disable Time Ta=-30~85°C - - 200 L ns
AC RECOMMENDED OPERATING CONDITION
TC5504P
SYMBOL PARAMETER CONDITIONS MIN MAX UNIT
tas Address Setup Time 20 - ns
tAH Address Hold Time 80 - ns
tpc Precharge Time 100 - ns
tCE CE™ Pulse Width 450 - ns
twp Write Pulse Width Vpp =45~55V 250 - ns
tws Write Setup Time CL =100 pF 0 - ns
twH Write Hold Time Viy = Vpp—2V~Vpp+0 3V 250 — ns
tEEH CE Hold Time Vi =08V 250 - ns
tow Output Valid to R/W Ta=-30~85°C 0 - ns
tps Data Setup Time 250 - ns
1DH Data Hold Time 0 — ns
tRs Read Hold Time 0 - ns
tRH Read Hold Time 0 - ns
TC5504P-1

SYMBOL PARAMETER CONDITIONS MIN MAX UNIT
tas Address Setup Time 20 - ns
tAH Address Hold Time Vpp =45~55V 80 - ns
tpc Precharge Time Cp = 100pF 150 - ns
tCE CE Pulse Width ViH=Vpp—2V~Vpp+0.3V 550 - ns
twp Write Pulse Width VL =0.8vV 300 - ns

. tws Write Setup Time Ta= -30~85°C 0 - ns
twh Write Hold Time 300 - ns
tTEH CE Hold Time 300 - ns
tow Output Valid to R/W 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




TC5504P-2
SYMBOL PARAMETER CONDITIONS MIN MAX UNIT
tAS Address Setup Time 20 - ns
tAH Address Hold Time Vpp =45~ 55V 100 — ns
tpc Precharge Time CL = 100pF 200 - ns
CE CE Pulse Width Vi4=Vpp—2V~Vpp+0.3V 800 — ns
twp Write Pulse Width VL =08V 500 - ns
tws Write Setup Time Ta=-30~85°C 0 - ns
twH Write Hold Time 500 — ns
tCEH CE Hold Time 500 - ns
tow Output Vahd to R/W 0 - ns
tps Data Setup Time 500 - ns
toH Data Hold Time 0 - ns
trs Read Setup Time 0 - ns
tRH Read Hold Time 0 - ns

TIMING WAVEFORMS

® Read Cycle
tas
s \
ADDRESS >§ \\;'H STABLE x'“ X DON'T CARE X
\ViL IL 4
- tpc tAH
CE ViH Vin \ ViH
FVIL ViLg
tRs tCE tRH
v ViH
R/W fVm
DI
b HIGH 2 Vo VALID
ouT VoL
® Early Write Cycle 1
___'As_.‘
.
Vin Vin , X
ADDRESS DON'T CARE
>§t vip STABLE v,
- tpc tAH
tCE o ————r
cE ViH ViH A Vin
{ Vi Vi
tws WH
ViH
w
R/ Vi Vio
tbs tDH
v v
DN DON'T CARE )q(vl‘f STABLE v X DON'T| CARE
tROE DIs
\ HIGH Z
Dout ) —(  UNKNOWN | )—————

76 —



® Early Write Cycle 2
tas

e

V| v
ADDRESS IH. BLE H .
>§LV|L sTABLE DON'T CARE
tpC tAH _
= — tCE
- AVin VIH EVin
CE \(VIL v.L,f
tws twH
R/W
Vie Vi
tps tDH
v v
Din DON'T CARE xxv:[‘ sTABLE )}
\ HIGH Z
Dout >
® Read Modify Write Cycle
tas
{ v v
H 'H
ADDRESS :
>§‘ v, STABLE V"_’K DON'T CARE 3(
t t p—
- PC AH GEH
B - - o
CE H H IH
VI Vi
twp
ViH Vi
AW Nvie vii/]
TACC tow tDs tDH
Vin  Vie
D . .
IN DON'T | [CARE XL\,”_/ VL DON'T CARE
STABLE
tCOE tRrOD tROE |tDIS
AV HIGH Z
o &
VALID
UNKNOWN UNKNOWN
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OUTLINE DRAWINGS
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©May , 1980 Toshiba Corporation



22 TOSHIBA MOS MEMORY PRODUCTS

4096 WORD x 1 BIT CMOS STATIC RAM

SILICON GATE CMOS

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

DESCRIPTION

The 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 TCB504AP/AD 1s a fully CMOS RAM, there-
fore 1t s suited for use in low power applications
where battery operation and battery back up for non-

FEATURES

e Standby Current

0 2uA (Max ) at Ta=25°C
1 0uA (Max ) at Ta = 60°C
20uA (Max.)

Low Power Dissipation
Single 5V Power Supply 5V = 10%

Data Retention Supply Voltage 2~5bV

All Inputs and Output Directly TTL Compatible

TCB5504APL/ADL

TC5504AP/AD
15mW (Typ ) operating

PIN CONNECTION
(TOP VIEW)
Y
Aol 180vpp
ArQj2 17[0A1;
Aaf]3 16[JA10
As[la 15{] Ag
A2Qs 14{]Ag
A3fle 1301a,
boutl? 121 Ag
R/wI[]8 1{lo)y
Gwoas 10[]cE
PIN NAMES
Ap ~ A Address Inputs
R/MW Read Write Control Input
CE Chip Enable Input
Din Data Input
Dout Data Output
Vpp Power
GND Ground

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

The TC5504AP/AD 1s 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 TCB5504AP/AD is offered in both standard 18
pin plastic and cerdip packages, O 3 inch in width

® Access Time
200ns (Max ) TC5504AP/APL/AD/ADL-2
300ns (Max ) TCb5504AP/APL/AD/ADL-3
Static Operation

On Chip Address Register

Three State Output

Package
Plastic DIP
Cerdip DIP

TC5504AP/APL
TC5504AD/ADL

BLOCK DIAGRAM

CE

=2
m

Memory Cell
Array OVoo

64 x 64

Row Address
Decoder

Register
Row

——OGND

Coiumn Decoder and
Sense AMP

Column Address
Register

© 0 0 0 0 O
Ag A7 Ag Ag AjpA;;

T~

E




MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vpp Power Supply Voltage —-03~70 \
ViN Input Voltage -03~70 \
Vout Output Voltage 0~ Vpp \Y,

P Power Dissipation TC5504AP/APL 550 mW
P (Ta=85°C) TC5504AD/ADL 800 mw

TSOLDER Soldering Temperature Time 260 10 °C sec
Tste Storage Temperature —55~ 150 °C
ToPR Operating Temperature B —30~ 85 °c

D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT

Vbbb Power Supply Voltage 45 5.0 55 \4

ViH Input High Voltage 2.2 - Vpp +0.3 \Y

ViL Input Low Voltage -0.3 - 08 \%

VoH Data Retention Voltage 20 - 55 \

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

SYMBOL PARAMETER CONDITIONS MIN TYP.W| MAX | UNIT
hie Input Leakage Current oV Vin SVpp — - 10 MA
ILo Output Leakage Current CE =Vpp —02V,0VS VouT £ Vop - - +50 HA
loH Output High Level Current| Vou =24V -10 — — mA
loL Output Low Level Current| Vg =03V 20 — — mA

Vpp =2V ~ 55V TCB504APL | Ta =25°C — — 02 A
== Ku
E= —0. =60° — —
1605 Standby Current C \./DD 0.2V TC5504ADL | Ta=60°C 10
other inputs = TC5504AP 005 20 A
02VorVpp —02V| TC5504AD K
| = = — _
obor Operating Current teycle = 14S, oyt =0mA 100 | mA
IDD(:)Z tcycle= 1MS,V|H =V DD,VlL =0V, IOUT =0mA - 30 50 mA
Note (1) Vpp =5V, Ta=25°C

CAPACITANCE!2! (Ta=25°C)

SYMBOL PARAMETER CONDITIONS MIN TYP. MAX. UNIT
Cin Input Capacitance Vin =0V f=1MHz - 4 8 pF
CouT Output Capacitance VouTt =0V f=1MHz - 5 10 pF

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



A.C. CHARACTERISTICS (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 - ns
tAH Address Hold Time hi 60 - 80 — ns
tpc Precharge Time ! 80 = 100 - ns
tcen Chip Enable Hold Time 200 — 300 — ns
tacc Access Time — 200 — 300 ns
top Output Disable Time — 70 — 100 ns
tcoE Output Enable Time 0 — 0 — ns
tRs Read Setup Time 0 - 0 — ns
tRH Read Hold Time 0 = 0 — ns
tws Write Setup Time 0 - 0 - ns
twh Write Hold Time 60 - 80 — ns
DS Data Setup Time 5 - 5 - ns
tDH Data Hold Time 60 - 80 — ns
tweH Write Enable to CE Hold Time 80 — 150 - ns
tMD Modify Time 0 — 0 — ns
A.C. TEST CONDITIONS

Output Load 100pF + 1TTL Gate

Input Pulse Levels . 06~ 24V

Timing Measurement Reference Levels
Input 0.8V and 2.2V
Output 0.8V and 2.2V

Input Pulse Rise and Fall Times . 10 ns




TIMING WAVEFORMS

® READ CYCLE

tAs tAH
ViH ViH
Address >< Vi STABLE Vil
tPC TRC —
_ Vi ViH / ViH
CE NV VL Ve
tRs | tCEH | ,_tRH
—4 1 T
R/W /ﬂ‘ . X
o ACC v,
tcoE
HIGH IMPEDANCE Von
DouT %VOL vALID
UNKNOWN
® WRITE CYCLE
tAs tAH
.‘__’
Vv Vv
Address x vip sTasLe ! >< X
tpPC twWC )
- CEH
CE ViH ViIH \ " —
18
I Vie Vie
ws tWH
R \VIL ViL
DS [ tDH
=
7 ViH ViH
DiNn ><LVIL STABLE v,
DouT HIGH IMPEDANCE
® READ MODIFY WRITE CYCLE
tas, tAH
[IalA
H VIH
Address L X
\Z v
e 't ' tRMWC |
CE Vin - VI tweH | AVin
Vi v
T Vi ViU
‘Rs_} tMD twH
ViHY
Rw ﬂ VILVL / ;;
tacc os, DH oD
] - —
Vi ViH
BN Vie V)
tcOE STABLE
D v
ouT oH VALID
VoL

UNKNOWN



TYPICAL CHARACTERISTICS
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‘OUTLINE DRAWINGS

® PLASTIC PACKAGE
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Note Each
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All dimensions are in millimeters

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

right, at any time without notice, to change said circuitry
©Feb, 1981 Toshiba Corporation
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3 TOSHIBA MOS MEMORY PRODUCTS

1024 WORD X 4 BIT CMOS RAM
SILICON GATE CMOS

DESCRIPTION

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

FEATURES

e Low Power Dissipation
110 uW (MAX ) STAND BY
110mW (MAX ) OPERATING, TC5514P-1/-2
138mW (MAX ) OPERATING, TC5514P

e Data Retention Voltage 2V to 5 5V

e Single 5V Power Supply

® 18 PIN Plastic Package

PIN CONNECTION
(TOP VIEW)
As 1 Vpp
As[]2 A
Asf]3 Ag
Asf]a Ay
Ao 5 Data 1/0
Arge Data 1/0,
A2 Q47 Data 1/03
CEfjs Date 1/0;4
GND [Jo R/W
PIN NAMES
Ag ~ Ay Address Inputs
RMW Read Write Input
CE Chip Enable Input
Data I/0; ~ 4 Data Input/Output
Vpp/GND Power Supply Terminal

TC5514P TC5514P-|
TC5514P-2

The three state outputs simplify the memory
expansion making the TC5514P surtable for use in a
microprocessor peripheral memory  Since the mini-
mum data retention voltage 1s 2V, the battery back
up system needs only simple circuit By using
Toshiba’s original C2*MOS technology, the device
circuitry 1s not only simphfied but wide operating
margin and noise margin are also realized

The TC5514P family 1s moulded in a dual-in-line
18-pin plastic package, O 3 inch in width

Full Static Operation

Three State Outputs

Input/Output TTL Compatible
Access Time

TCH514P | tacce = 450ns (MAX )
TCB514P-1, tacce = 650ns (MAX )
TCB514P-2, tacc = 800ns (MAX )

e o o o

BLOCK DIAGRAM
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MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vop Power Supply Voltage -03~70 \2
ViN Input Voltage —03~Vpp +03 \
VouT Output Voltage 0~Vpp \%
Pp Power Dissipation (Ta = 85°C) 550 mW
TsoLDER Soldering Temperature Time 260 10 °C sec
TstG Storage Temperature —55~150 °c
ToPR Operating Temperature —30~85 °C
D.C. RECOMMENDED OPERATING CONDITION
SYMBOL PARAMETER MIN TYP MAX UNIT
Vop Power Supply Voltage 45 50 556 \
Viy Input High Level Voltage 22 - Vpp +0.3 \2
ViL Input Low Level Voltage -03 - 065 \Y
VpH Data Retention Voltage 20 — 55 \Y
D.C. CHARACTERISTICS (Ta=-30 ~ 85°C)
SYMBOL PARAMETER CONDITIONS MIN TYP (1) | MAX | UNIT
N Input Current 0§V|N SVDD — +005 10 MA
Vpp =2V t0 55V
IpDS Standby Current CE = Vpp —0 2V, Output Open - 02 20 uA
Other Inputs =0 2V or Vpp —0 2V
1600 Operating Current Vpp =55V, tcyc = 1uS | TC6514P — 13 25 mA
Output Open TC5514P-1/-2 - 10 20 mA
lio Output Leakage Current | 0 §VouT < Voo — +005 +10 uA
lon Output High Current Vpp =45V, Vo =24V -10 -20 - mA
loL Output Low Current Vpp =45V, VgL =04V 20 30 — mA
G (2) Input Capatitance f=1MHz — 5 10 pF
Co (2) Output Capacitance f=1MHz - 7 15 pF

Note (1) Ta=25°C

Vpp =5V

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




A.C. RECOMMENDED OPERATING CONDITION

TC5514P
SYMBOL PARAMETER CONDITIONS MIN. MAX UNIT
tRc Read Cycle Time 450 - ns
t Write Cycle Tim 450 —
| we rite Cyc | e Voo =45~55V ns
twp Write Pulse Width 350 — ns
- CL =100pF + 1 TTL Gate
tps Data Setup Time Vi =22~ Vi 403V 200 — ns
tDH Data Hold Time H Db 0 - ns
- V)L =-0.3~065V
twr Write Recovery Time Ta= 30 ~85°C 0 — ns
taw Address Setup Time @ 30 - ns
toH Output Data Hold Time 30 — ns
TC5514P-1
SYMBOL PARAMETER CONDITIONS MIN MAX UNIT
tRC Read Cycle Time 650 — ns
t Write Cycle T 650 -
we rite Cycle Time Voo =45~55V ns
twp Write Pulse Width 360 — ns
Cp =100pF + 1 TTL Gate
tps Data Setup Time Vi =22~ Vs +0 3V 200 — ns
toH Data Hold Time H oo 0 - ns
ViL =-03~065V
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
TC5514P-2
SYMBOL PARAMETER CONDITIONS MIN MAX UNIT
tRc Read Cycle Time 800 — ns
t Write Cycle Tim 800 -
we fe —yel me Vpp =45~55V =
twp Write Pulse Width 450 — ns
C_ =100pF + 1 TTL Gate
tps Data Setup Time v 250 - ns
toH Data Hold Time =22~ Vop +03V 0 - ns
ViL=-03~065V
twR Write Recovery Time Ta = —30 ~ 85°C 0 — ns
tAw Address Setup Time @ 50 — ns
toH Output Data Hold Time 30 - ns




A.C. CHARACTERISTICS (Ta=-30~ 85°C)

TC5514P
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
A T — - 4
tacc _ccess ime Vpp =45~55V 50 ns
tco CE Access Time Ci =100 oF - - 450 ns
tpIs Output Disable Time VL -7 2pv Ve =065V - - 150 ns
tcoE Output Enable Time OH Yo 20 150 - ns
TC5514P-1
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
t Access Time - - 650
ACC Ac ! Vpp =45~55V =
tco CE Access Time ¢ =100 oF - — 650 ns
tDIs Output Disable Time VL -5 2pv Ver =065V - — 150 ns
tcoE Output Enable Time OH YoL 20 150 - ns
TC5514P-2
SYMBOL PARAMETER CONDITIONS MIN TP [ MAX | UNIT
tACC Access Time — — 800 ns
— Vpp =45~55V
tco CE Access Time CD? 100 of — — 800 ns
tDIs Output Disable Time VL - 2pv Ve =065V — - 200 ns
| tcoe Output Enable Time OH Yot 20 200 - ns




TIMING WAVEFORMS

® Read Cycle“)

tRC
Vin R ViH ViH
ADDRESS viL x viL ViL
tacc tOH
— Vnﬂ ViH
CE viL
co oIS
)
DouT VoH VoH
Vor VoL
tCOE
® Wnte Cycle 1 (R/W Controlled)
- we
Vin Vin ViKT
ADDRESS
Vi Vi Vi
WR
=2 / ViH
ViL Vi
AW wp
1 o
ViH T ViH
R/W
\ _‘VIL VIL_/
DS DH
ViH
oin
VIL_X
| fcoE
PouT
® Wnte Cycle 2 (CE Controlled) we
Wi
Vin Vin Vin
ADDRESS
ViL L Vie Vi
AW WR
S —
_ ViH / Vin
ce L ViL Vi
wep 8
o~ \ /
ViL ViL
ps DH
A ViH ViH
D
N >< Vio ViL }(
tCOE tpis
CXTX KR
Pour XX
\
R
Notes (1) R/W s high for a Read Cycle

(2) If the CE low transition occurs simultaneously with the R/W low transition, the output
buffers remain in a high impedance state
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OUTLINE DRAWINGS

Unitin mm
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o
°
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1.4%0.15

05%0.15

17 4 MAX

32 MIN

Note Each lead pitch 1s 254 mm All leads are located within 0 25 mm of their
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 implied, and Toshiba reserves

the right, at any time without notice, to change said circuitry
©Sept . 1979 Toshiba Corporation



i TOSHIBA MOS MEMORY PRODUCTS

1024 WORD X 4 BIT CMOS STATIC RAM
SILICON GATE CMOS

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

DESCRIPTION

The TC5514AP/AD 1s 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 1s 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 1t 1s suited for use in low power applications
where battery operation and battery back up for

FEATURES

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

10uA (Max.) at Ta=60°C } - TC5514APL/ADL

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

The TC5514AP/AD 1s guaranteed for data reten-
tion at a power supply as low as 2 volts The TC5514
AP/AD s directly TTL compatible in all inputs and
outputs

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

® Access Time
200ns (Max )
300ns (Max )

TC5514AP/APL/AD/ADL-2
TC5514AP/APL/AD/ADL-3

20uA (Max ) TC5514AP/AD e Fully Static Operation
e Low Power Dissipation  15mW (Typ ) operating o On-chip Address Transition Detector
e Single 5-volt Supply 5V + 10% ® Fully Compatible with TMM314AP Family
e Data Retention Supply Voltage 2~ 55V (Nch 2114 type 4KRAM)
e Three State Outputs e Package
e All Inputs and Outputs Directly TTL Compatible Plastic DIP  TC5514AP/APL
CerdipDIP  TC5514AD/ADL
PIN CONNECTION BLOCK DIAGRAM
(TOP VIEW)
[ gleonc;'atoj Precharge Circuit
Asl1 Vob 1 [
As[]2 Ag Ad 1
Asf]3 Ag As ¢ g |8 Memory Cell <—0vVop
A3[]a Ag As E E S E ] Array ~—OGN
Aol]s Data 1/0y A70 z :el|38 °
s Data 1/0, AgO « ccflco (64 x64)
A7 Data 1/03 A9 O 1
cells Data I/O4
anof]s A e e
D1/0, O Jk
Column Address
PIN NAMES 1
DI/04 O—— —{k
Ag ~ Ag Address Inputs Ao M1 A2 2o
R/W Read Write Control Input CE
CE Chip Enable Input
Data 1/0; ~ 4 Data Input/Output AW
Vpp/GND Power Supply Terminals




MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vob Power Supply Voltage -03~70 \Y
ViN Input Voltage —-03~70 \%
V|/o 1/0 Voltage 0~ Vpp \%

P Power Dissipation TC5514AP/APL 550 mW
P (Ta=85°C) TC5514AD/ADL 800 mw

TSOLDER Soldering Temperature Time 260 10 °C sec
Tsto Storage Temperature —B5 ~ 150 °C
Topr Operating Temperature -30~85 °C

D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MmN [ TYe MAX UNIT
Vbp Power Supply Voltage 45 50 55 \%
\m Input High Level Voltage 22 — Vpp +03 \%
ViL Input Low Level Voltage —03 - 08 \
VbH Data Retention Voltage 20 — 55 \

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

SYMBOL PARAMETER ~__ CONDITIONS MIN [TYP (1) [ MAX | UNIT
m Input Leakage Current ovEVn € Voo - - £10 | pA
ILo Output Leakage Current | CE =V;4.0V S Vy0 S Vpp - — £10 | pA
l0H Output High Current Vou =24V -10 — — mA
loL Output Low Current VoL =04V 20 - - mA

TCB514APL [Ta=25°C| — - 02 A
Vpp =2V~ 55V 2T K
TC5514ADL |Ta=60C — — 10 MA
Ipps Standby Current All Inputs = TCB514AP
V or Vpp — 02V — 05 20 A
02VorVop =02V) roeeianp 0 K
[ = =0mA - 9
oot Operating Current toycle = 145, loyt =0m 50 0 mA
Ibpo2 teycle = 1us, Viy =Vpp, ViL =0V, loyt =0mA | — 30 50
Note (1) Vpp =5V, Ta=25°C

CAPACITANCE®  (Ta=25°C, f=1MH2)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT

CiNn Input Capacitance VN =0V — 4 8 pF

Cijo Input/Output Capacitance Vi0 =0V — 5 10 pF

Note (2)  This parameter is periodically sampled and i1s not 100% tested




A.C. CHARACTERISTICS

® READ CYCLE

(Vpp =5V +10%, Ta=-30~85°C)

TC5514AP2/APL2 |  TC5514AP-3/APL3
SYMBOL PARAMETER TC5514AD-2/ADL-2 TC5514AD-3/ADL-3 UNIT
MIN MAX MIN MAX
tre Read Cycle Time : 200 — 300 - ns
possTme - me | - | o ns
tco CE Access Time - 70 - 100 ns
' ton |  Output Data Hold Time 15 - 20 - ns
| tos | Output Disable Time - 60 - 80 ns
| tcoe Output Enable Time s — 5 — ns
e WRITE CYCLE
] o o | TCB514AP-2/APL2 | TCB514AP3/APL3 ||
SYMBOL PARAMETER TC5514AD-2/ADL-2 |  TC5514AD-3/ADL-3 UNIT
MIN MAX MIN MAX
twe Write Cycle Time o 200 | - ] so0 | - ! ns
taw Address Setup Time ! 0 — 0 - . ns
twp Write Pulse Width 120 — 150 — | ns
og DataSetup Time | 120 | = 180 - T ns
tDH Data Hold Time 0 - 0 - ns
twr Write Recovery Time o] — 0 - ns
A.C. TEST CONDITIONS

e Qutput Load

e [nput Pulse Levels

100 pF +1 TTL Gate
06V, 24V

Timing Measurement Reference Levels

Input Pulse Rise and Fall Times

Input
Output

o8V, 22v
o8V, 22v
10 ns



TIMING WAVEFORMS

® Read Cycle(1 )

RC
\
ADDRESS ViH H Vi
vie Avie STABLE vie
tacc tOH
_ Ve 4
& \_Iv fviny /
I
tco IS
Dout
tCOE
® Write Cycle 1 (R/W Controlled)
we
ViH X Vin ViH
ADDRESS STABLE
Vie Vi Vi
TWR
cE (2 Vin
CcE \Vu. ViL Z
X Z
tAaw twp
!
Vin- v
R/W \ 1H
\ \ X Vi Vi
tos DH
ViR v
IS IH
IN X vy, STABLE Vn.X
1
__‘i . tcoE
DOUT M W
® Write Cycle 2 (CE Controlled)
twe
ViH ViH v \
ADDRESS STABLE "
Vi /N Vio Vie
tAW WR
p v EE—
& VIHY / Vin
\ LViL ViL £
twp
R/W \ /va
ViL Vie £ /
DS DH
Vin v
Din X viL STABLE v:’:
tCOE T tois
——— o
DouT §\,
Notes (1) R/W s high for a Read Cycle

(2) 1f the CE low tr

occurs

ly with the R/W low transition, the output

buffers remain in a high impedance state



OUTLINE DRAWINGS

® PLASTIC PACKAGE

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

-
x
3
R10 ©
©
1.2 3 4 5 6 7 8 9
X
3
° 7621025
Z| w
L .S
0w
2 )
" 0~15°
| f-— +0.1
2 0257 0
2541025 |_14%015 s
T T UL ~
05015 0 762788
N
® CERDIP PACKAGE
18 17 16 15 14 13 12 11 10
2 $2 57 §2 Lwrd 2 51
x
<
s
3
~
35 €5 €5 &5 &5 &35 &5
1 2 3 4 5 7 8 9
z| £
228 MAX y I 8402
0! Ld | 1
o ® |
|
- 0~15°
+01 '
025_0
254 TYP z
H b3
0461015 o
——ff-0as2015 ~
Note Each lead pitch 1s 2 54 mm Al leads are located within 0 25mm of their longitudinal position

with respect to No 1 and No 18 leads
All dimensions are in millimeters.
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Notes Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves the
right, at any time without notice, to change said circuitry
©Feb, 1981 Toshiba Corporation



- [E3 TOSHIBA MOS MEMORY PRODUCTS

2048 WORD x 8 BIT CMOS STATIC RAM

SILICON GATE CMOS

TC5516AP
TC5516APL

DESCRIPTION

The TC5516AP 1s a 16384-bit static random access
memory organized as 2048 words by 8 bits using
CMOS technology, and operates from a single 5
volt supply

The TC5516AP s featured by two chip enable
inputs, that 1s, CE, for fast memory access and CE,
for a minimum standby current mode, and 1Is suited
for low power application where battery operation
or battery back up for nonvolatility are required
Furthermore the TC5516APL guaranteed a standby
current equal to or less than TuA at 60°C ambient

FEATURES

e Standby Current
0 2uA (Max ) at Ta = 25°C
10uA (Max ) at Ta=g0°C | COP16APL
30 uA (Max ) . TC5516AP
e Low Power Dissipation 200mW (Typ ) Operating
e Single 5V Power Supply

e Data Retention Supply Voltage 20~ 5.5V

PIN CONNECTION

(TOP VIEW)

Arg1 24 Vpp
As] 2 23§As
AsC3 22[04g
Asa 21 [dRW
Asf]s 20 (1T,
A2e 19[3JA10
Az 18[0CE2
AoOs 17?,'/06
1/01 Ho 16 [11/07
170, (10 15 [71/0¢
1703311 14 71/05
GND 12 13 jr/o4

PIN NAMES
Ao~ Ao ADDRESS INPUTS
R/W READ/WRITE CONTROL INPUT
CE,,CE, | CHIP ENABLE INPUTS
1/0,~1/0g | DATA INPUT/OUTPUT
Voo POWER (+5V)
GND GROUND

temperature Is avallable

The TC5516AP 1s also featured by pin compatibili-
ty with 2716 type EPROM  This means that the
TC5516AP and EPROM can be interchanged in the
same socket, and the flexibility in the definition of
the quantity of RAM versus EPROM obtained as a
result allows the wide application in microcomputer
system

The TC5516AP 1s moulded in a dual-in-line 24 pin
standard plastic package

e Fully Static Operation

e Fast Access Time _250ns (Max )

e Two Chip Enable (CE,;, CE,) for Simple Memory
Expansion and Battery Back Up

o All Inputs and Outuput Directly TTL Compatible

e Three State Outputs

e Standard 24 pin Plastic Package

BLOCK DIAGRAM

CE,
VDD
-5
o 5 GND
Ay a
A, 3 MEMORY CELL
A3 w ARRAY
Aq ; 128 x 128
A
s <]
Ae '3
L




'ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM ' RATING

Voo Power Supply Voltage [ —03V ~ 70V

VIN Input Voltage ! —03V ~ 70V i

Vio Input/Output Voltage oV ~ Vpp

Po Power Dissipation (Ta = 85°C) 08W

TstG Storage Temperature —55°C ~ 150°C

TopPr Operating Temperature —30°C ~ 85°C

TSOLDER Soldering Temperature Time 260°C - 10sec
RECOMMENDED D.C. OPERATING CONDITIONS (Ta= —-30°C ~ 85°C}

SYMBOL PARAMETER ! MIN TYP MAX UNIT

Vbbp Power Supply Voltage 45 50 55 \

_VmH Input High Voltage 422 - | Voo*03 v
Vil Input Low Voltage | —-03 — 08 v

L VDH Data Retention Voltage 2 O - 55 \Y

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

[SYMBOL | ~ PARAMETER | CONDITIONS _ MIN [ TYP [MAX | UNIT
N Input Load Current o< VINéﬁYDD, o . - — — 10 | MA
Lo 1/0 Leakage Current CE; =Vin, OV £ Vyjo S Vpp - - £50 | pA

| lon Output High Current Von =24V -10 | =20 — mA

_loL Output Low Current VoL =04V 20 30 - mA
'bDs1 CE, =22V - 10 | 30 mA

T T T g

__ [ Ta= - -
| Standby Supply Current CE;=Vpp —05V | TC5516APL iTa (252"2 ? 5 MA
DDS2 | a= _ _
Vpp =2~556V
| oo | Tces16AP — Joos [ 30 | |

R T — 1= .
| CE, =0V, V|ny =V o =0mA - 40 | 7

SRCLIL Operating Supply Current —2 IN ML loyr =0m | 0 0 mA
IDDOZ N CE2 =0V, VIN =VDD/GND, 'OUT =0mA [ - 30 ]7 55

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

CAPACITANCE (Ta=25°C, f = TMHz)

SYMBOL PARAMETER } MIN TYP MAX UNIT

_,,MC'N Input Capacitance - 5 10 pF

Cio Input/Output Capacitance 1 - 5 10 pF

Note This parameter Is 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 TYP MAX UNIT
tpc Read Cycle Time 250 - - ns
tacc Access Time = - 250 ns
| tcor CE, to Output Vahd — - 100 ns
tco2 CE, to Output Valid - - 250 ns
tcoE CE, or CE, to Output Active 10 - - ns
top | Output High-Z from Deselection — - 80 ns
L tOH ’ Output Hold from Address Change 10 - - ns
® Write Cycle
SYMBOL PARAMETER MIN TYP T MAX UNIT
| twe Write Cycle Time 250 - ' - ns
twp Write Pulse Width 200 - - ns
tAw Address Set up Time 0 = - ns
twr Write Recovery Time 10 - - ns
topw Output High-Z from R/W - - 80 ns
toew Output Active from RW 10 - - ns
tps Data Set up Time 120 . - ns
tpH Data Hold Time 0 - - ns
A.C. TEST CONDITIONS
Output Load 100pF + 1TTL Gate
Input Pulse Levels 06V, 24V
Timing Measurement Reference Levels
Input 08Vand 22V
Output 08V and 22V
Input Pulse Rise and Fall Times 10 ns
TIMING WAVEFORMS
tRC |
® READ CYCLE
"4
Addresses Vi ViM
VL ViL
tacc toH
. Nl tco2 v,
CE, viL /
top .
ViH tco1 —|
Y ViH A
CE1 \(Vn_
tCcoE too
tcoE
D DHOUTPUT DATA VALID VOH:
ouT VoL VoL,
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® WRITE CYCLE 1. we

v Vin Vin
Addresses H IH !
3 Vi Vi ViL

AW

N [ v v
CE, /
N VIL ViLg

twp(2 L WR

Viny Z\‘VIH
R/W \ vie Y
topw _._L_“‘ TOEW |
.. P

% VAV OV,
SRR KX R XL ST
PouT SRS TG
VIH ViH
DN DATA IN STABLE ><
ViL ViL

® WRITE CYCLE 2.

twc

Add FVm ViH Vin
resses

KVIL VlL,x\_Vn.
EE, @ N\

i ViL Vit L
AW twp(2 twR
(NEE, (CEy iy Yoo
%5& N ViL Vn.,,/
I ViH
Vs
R/W /
—\VlL VIL74..
tCOE -—4'.—. topw
DouT (6
1ps'® @
Vin Vin
Din DATA IN STABLE
KViIL Vi

m o UNKNowN
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NOTE

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

(2) twp 1s specified as the logical “AND’’ of CE, , CE, and R/W.
twp Is measured from the latter of CE,, C_E2 or R/W going low to the earlier of CE,, ﬁ2 or R/W
going high

(3) tpH, tos are measured from the earlier of CE, , CE, or R/W going high

(4) If the ﬁ, or ﬁz low transition occurs simultaneously with or latter from the R/W low transition
inaWrite Cycle 1, the output buffers remain in a high impedance state in this period

(5) If the ﬁ, or ﬁz 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 CE, or CE,
low transition, the output buffers remain in a high impedance state in this period

(7) A write occurs during the overlap of a low CE, , low CE, and low R/W
In write cycle 2, write i1s controlled by either C—El or C—Ez

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

SYMBOL ~ PARAMETER CMIN | TYP

| MAX UNIT
vDi L D;ta I-f(rg’tfantlﬁopfower Supply Voltage 20 - \ 55 \Y
Ta =25°C - - T o2 uA
IpDs2 Standby Supply Current ! TCoBTEAPL | Ta=60°C - - 90 | MA
.\ | TCo516AP - - 1 30 pA
|  tcom Chip Deselection to Data Retention Mode 0 o ; - s
L;;;g o Recovery Tim tre (1) — - B s |

Note (1) tgc  Read cycle time

Note
(2) if the

Issp1

DATA RETENTION MODE

4BV —— e e N e ——— e ——— e —— —

(2) (2)

ViH————

— Vpp—0.5V
CE, CDR R

GND.

ViH level of &2 1s 2 2V, during the period that the Vpp voltage i1s going down from 4 5V to 2 7V,
current flows

(Refer to D C CHARACTERISTICS OR TYPICAL CHARACTERISTICS)
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TYPICAL CHARACTERISTICS

tacc ¥ Vob

tcor vs Vop

— 104 —

tacc: tcor Vs Ta
200 _
50| Ta=25°C Ta=25°C 14 Vpp =45V
C, = 100pF CL = 100pF Ci = 100pF
8
200 212
5 /
: T [P
8 150 5 3 A tace
S150 g | i
_ — 2
I o 5 —
e Z o8
° 4 —40 40 80
Vop (V) Vpp (V) Ta (°C)
Atace vs Cu Vin. Vie vs Voo Vin, ViL vs Ta
- Vop =45V 2 Ta=25°C 25 ™
5 - _
Ta=25°C v Vop =55V
nw
60 Vpp =45V
] s2 S 20
2 s 2 =
S0 2 Vi = Y T
3 = .
A3 .
a 15 Z1s
’/ = v |+
— | E— . YT
10— 10 =
I~
[
100 200 300 400 500 4 7 —40 4\3 80
CL (pF) Voo (V) Ta (°C)
. lopo ¥s Vop lopo vs Ta % 1pD0 Vs teycle
GE, =0V 70 Vop =55V Vop =55V
Ta=25°C CE, =0V Ta=25°C
60 _m
g
Ed _ 60 E
E < o
540 E 850
E =
20 — 30
40|
0
4 —40 0 40 80 10 , 50
Voo (V) Ta (°C) teycle (Us!




lppst s Vop
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. lops1 vs Ta lopsz ¥ Voo
1 = o
5 I Ta=26°C YLE:’D:B:'V 34 Ta=25°C
30 CE,=22v CE, =22V CE, =Vpp 05V
/1 other mputs = 14 other inputs =
= LT 08~22v H ~ 08~22v _ 12
g 1o 5 ~ z
= 212 =
" g 3
- a
8os 830 1
8 ~
03 10 | —
/ | 28
01
6 -40 0 20 80 2
Vpp (V) Ta (°C) Vpp (V)
| vs Vi (CE;) ! vs Vi (CE,) low vs Vou
20 DDS1 IN 2 DD?? IN 2 20 -
Vpp =55V 50 \ Vpp =55V Vpp =45V
gt;er IZr\ZI\A/!s = 30, other inputs = Ta=25°C
15 ~ ~ 1t e
\ Ta=25°C o8 zfv
_ z Ta=25°C
3 \ Z10
Eqo . \
5 8
2 a5 |
[=3
2o 3 1 TN
o 1 1 H
10 20 30 20 50 30 20 50 60 10 20 30 40
Vin (CEy) (V) Viy (CE;) (V) Vou (V)
Ippsz ¥ Ta loL ¥ VoL
50 Vpp =566V Voo =4 5V
. CE, =50V Ta=25°C
’ 15]
<
100 £
/ 210 ”
/ , |
= |
) 0 |
2 04 08 12
2 VoL (V)
o 5 ]/
b
Q
83
1
0 /
03]
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OUTLINE DRAWINGS

24 23 22 21 2019 18 17 16 15 14 13
AonnOonononOonm
L %
<
- - s
N
<
L
12 3456 6 7 8 9101112
| 32.4 MAX. | % 15.24 TYP.
<
10° b
0
| 0.25+0.05
2.56410.25 1.4%0.15 2
P z
0.5+0.15 E 17.4 MAX.
©

Note Each lead pitch 1s 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
All dimensions are in millimeters

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

2048 WORD x 8 BIT CMOS STATIC RAM

SILICON GATE CMOS

TC5517AP
TC5517APL

DESCRIPTION

The TCB517AP 1s a 16384-bit static random access
memory organized as 2048 words by 8 bits using
CMOS technology, and operates from a single 5 volt
supply.

The TC5517AP 1s featured by output enable and
chip enable inputs, that 1s, OE for fast memory access
and CE for a minimum standby current mode, and is
suited for low power application where battery opera-
tion or battery back up for nonvolatility are required
Furthermore the TC5517APL guaranteed a standby
current equal to or less than TuA at 60°C ambient

FEATURES

e Standby Current
0 2uA (Max.) at Ta = 256°C
1 OuA (Max.) at Ta=60°C } TCE517APL
30uA (Max.) TCB5517AP
e Low Power Dissipation  200mW (Typ ) Operating
e Single BV Power Supply
e Data Retention Supply Voltage 20~ 55V

PIN CONNECTION  (top viEW)
Arga 24[JVpp
As] 2 23[JAg
AsO3 22[1Ag
Aal]a 21[dR/W
As]s 201 GE
A6 19[0A10
Argy 18[dCE2
AoCls 17[J1/0g
1701 Qo 1611707
1/0, 10 15 [1/06
170311 14 1/05
GND [O12 13 (1o,
PIN NAMES
Ao ~ Ao Address Inputs
. Rw ReadMrite Control Input |
OE Output Enable Input
CE Chip Enable Input
1/0y ~1/0g Data Input/Output
Vb Power (+5V)
GND Ground

PRELIMINARY

temperature Is available

The TC5517AP 1s also featured by pin compatibili-
ty with 2716 type EPROM  This means that the
TC5517AP and EPROM can be interchanged in the
same socket, and the flexibility in the definition of
the quantity of RAM versus EPROM obtained as a
result allows the wide application in microcomputer
system

The TC5517AP 1s moulded In a dual-in-line 24 pin
standard plastic package

e Fast Access Time :
tACC = 250ns (Max )
tOE =100ns (Max )
All Inputs and Output Directly TTL Compatible
Three State Outputs
Standard 24 pin Plastic Package
Fully Static Operation

BLOCK DIAGRAM

CE
1| VDD
—~———0
Ao 4
A w GND
1 ) -0
Ay o MEMORY CELL
A3 2 ARRAY
Ag o 128 x 128
As g
A6 [
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ABSOLUTE MAXIMUM RATINGS

SYMBOL ITEM RATING

Vpp Power Supply Voltage —-03Vv ~ 70V

ViN Input Voltage —03Vv ~ 70V ]
Vio Input/Output Voltage 0 ~ Vpp

Po Power Dissipation (Ta =85°C) 08W

Tst6 Storage Temperature —55°C ~ 150°C

ToPR Operating Temperature —30°C ~ 85°C

TSOLDER Soldering Temperature ~ Time 260°C 10 sec

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

SYMBOL PARAMETER MIN TYP MAX UNIT
Vpp Power Supply Voltage 45 50 55 \%
Vin Input High Voltage 22 - Vpp +03 \
ViL Input Low Voltage —03 - 08 \4
VpH Data Retention Voltage 20 - 55 \%

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

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
m Input Load Current 0SVin SVpp - - +10 | pA
ILo 1/O Leakage Current CE=Vi.0V<Vy0 SVpp - - 50 MA
loH Output High Current Von =24V -10 | =20 - mA
loL Output Low Current VoL =04V 20 30 - mA
IDDS! CE=22V - 10 | 30 mA
— Ta=25°C| — - 02
Standby Supply Current CE=Vpp —05V TCB517APL a 5 1
IbDs2 Vi =2 ~ 6 5V Ta=60"C - — 10 MA
oo TC5517AP - Joos [ 30
I CE =0V, Vy = Vi/ViL, louT =0mA - 40 70
boot Operating Supply Current —— 0 IN H/VIL. ouT =M mA
([ CE =0V, V|n = Vpp/GND, IguT =0mA - 30 55
Note Typical values are at Ta = 256°C, Vpp =5V
CAPACITANCE (Ta=25°C, f=1MH2)
SYMBOL PARAMETER MIN TYP MAX UNIT
CiN Input Capacitance - 5 10 pF
Cio Input/Output Capacitance - 5 10 pF

Note  This parameter is periodically sampled and 1s not 100% tested
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A.C. CHARACTERISTICS

(Ta=—30 ~ 85°C, Vpp =5V + 10%)

® Read Cycle
SYMBOL PARAMETER MIN TYP MAX UNIT

tRC Read Cycle Time 250 — — ns
tace - - 250 ns
toE OE to Output Valid - — 100 ns
tco CE to Output Valid — - 250 ns
tcoE OE or CE to Output Active 10 - - ns
top Output High-Z from Deselection - — 80 ns
toH Output Hold from Address Change 10 — — ns

® Write Cycle

SYMBOL PARAMETER MIN TYP, MAX UNIT
twe Write Cycle Time 250 — - ns
twp Write Pulse Width 200 - — ns
taw Address Set up Time 0 - - ns
twr Write Recovery Time 10 — — ns
topw Output High-Z from R/W — — 80 ns
toEW Output Active from R/MW 10 - - ns
tps Data Set up Time 120 - - ns
tDH Data Hold Time 0 - - ns
A.C. TEST CONDITIONS

Qutput Load 100pF + 1TTL Gate

Input Pulse Levels o6vV,24v

Timing Measurement Reference Levels

Input 0.8V and 2 2V
Output 08Vand 22V

Input Pulse Rise and Fall Times

TIMING WAVEFORMS

® Read Cycle(1)

Addresses

DouT

10 ns

*RC |

Vin Vin ViH
Vi Vi Vi
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® Write Cycle 1(2)

we |
v VinT v
Addresses H 1H H
\ViL ViL ViL
AW
& //
NViL ViL
L WR
R/W m twel® )‘VIH
Vi
TOEW
High Impedance o'vvvvvvv‘v.v
Pout @ @ Yoe
|, KR
ViH ViH
DN DATA IN STABLE ><
ViL ViL
® Write Cycle 2(2)
twe
.
v v v
Addresses H H X H
=ViL ViL ViL
taw el WR
= Vin \ /"Vlﬂ
N \ViL Vio
Vid
R/W \
NViL Vi f/
tcoE lw—topw
DouT (7)
tost4 ton'4
ViH ViH
-
DIn >< DATA IN STABLE ><
N A
ViL Vie
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NOTE (1) R/W is high for a Read Cycle

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

(3) twp is specified as the logical “AND"" of CE and R/W.
twp 1s measured from the latter of CE or R/W going low to the earlier of CE or R/W going high

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

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

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

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

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

SYMBOL PARAMETER MIN TYP MAX UNIT

VbR Data Retention Power Supply Voltage 20 — 55 \
Ta=25°C - - 02 A

TCB517APL 5
IpDs2 Standby Supply Current Ta=60C - - 10 uA
TCB517AP — — 30 MA
tcDR From Chip Deselection to Data Retention Mode 0 - - us
tR Recovery Time trel! - - s

Note (1) tgc  Read cycle time

DATA RETENTION MODE

(2)

ViH

_ Vpp—0.5V
CE tCDR R

Note (2) I the Vyjy level of CE 1s 2 2V, during the period that the Vpp voltage is going down from 4.5V to 2.7V, Ipps1 current flows.
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TOSHIBA

'OUTLINE DRAWINGS

24 23 22 212019 18 17 16 15 14 13
I o 0 e o B e B B o
I X
) - - s
< o~
<
OO0 oogo o0
172 345 6 7 8 9101112
32.4 MAX ; 1 YP.
% 524 T
10° s
n
025+005
254%0.25 1.4%015 z
05%015 2 17 4 MAX.
[y

Note. Each lead pitch 1s 2.64 mm Al leads are located within 0.256 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 implied, and Toshiba reserves

the right, at any time without notice, to change said circuitry
©Feb., 1981 Toshiba Corporation
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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 s 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 is carried out by com-
puter using punched paper tape data of customer and
then sample manufacturing will start Then for cus-
tomer, 16384 bits memory data and three chip select
input active logic are programmable

Therefore  TMM334P manufacturing procedure
goes through three steps before mass production
First step I1s 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 1n a 24 pin standard plastic package

® Single 5V supply voltage, Vcc =5V = 10%
® Access time, tacc =450 ns (Max )
o Directly TTL compatible, All inputs and outputs
® Programmable chip select inputs, CS1, CS2, CS3 Easy memory expansion
e Three state output, OR tie capability
e Static operation, No clocks are required
e Input protected, All inputs have protection against static charge
® Pin to pin compatible, TMM323D, 12316E, 12716
PIN CONNECTION BLOCK DIAGRAM
(TOP VIEW)
Vee GND
o ©
Do Dy D D3D4 DsDg D7
O 0 00O OO0 O
—
csyfcs, EE 8, g,
s H 3 § EE] utput buffer
553/053 S oaga R
L 8
a
-
As O— 5 8 x 16
PIN NAMES Ao o— ¢
A10O——rH H
Ao ~ As | Row address inputs Ap O——— % s
A A o— 8 3
Aq~Arp Column address inputs A 2 9
2 o—ro H 7 s |128 Memory cell array
Do ~ D, Data outputs A o—— 5 I e 128 x 128
CS,/CS; ~CS3/CS3 Chip select inputs As o—— < ¢
As O——
VCC V¢ Power Supply Voltage As O
GND Ground LI
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MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT

Vee Power supply voltage -05~70 \

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

PD Power Dissipation (Ta =70°C) 10 W

D.C. OPERATING CONDITION

SYMBOL PARAMETER CONDITIONS MIN. TYP MAX UNIT
ViH Input high voltage - 20 - Vee +1 \
ViL Input low voltage - —05 - 08 \ B
Vce Power supply voltage - 45 - 55 \Y

D.C. and OPERATING CHARACTERISTICS (Ta=0°C ~ 70°C)

SYMBOL PARAMETER _CONDITIONS MIN TYP MAX UNIT
IH Input high current | VIN=Vcc o - | oo 10 uA
IR Input low current VIN = GND — —0.01 —-10 uA
VoH Qutput high voltage ISOURCE =—04mA | 24 30 - \%
VoL Output low voltage | sl 21mA - | 02 04 \
loH Output high current VouT =24V -04 -30 - mA
loL Output low current VouT =04V 21 50 - mA

CS=08V,CS=20V
Lo Output leakage current VouT =04V 10 Vee _— +001 +10 A
Icc Supply current louT =0mA - 40 80 mA
*Ta=25°C, Vcc =5V

A.C. CHARACTERISTICS (Ta=0°C ~ 70°C, Vcc =5V 10%, Co = 100pF, ty, tf = 20ns)

SYMBOL PARAMETER CONDITIONS MIN TYP.* MAX UNIT
tacc Accesstime tAC §jggg§_ o - 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

- CAPACITANCE (Ta=25°C, f=1MHz)

p

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX UNIT
CiNn Input capacitance VIN =A.C GND - 4 10 pF
CouTt Output capacitance VouTt =A.C GND - 8 15 pF

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

PAPER TAPE FORMAT

tRC

v
H 90% 50%
Ag~Alo
10
viL N 10% 10%
tac

H 50% 50%
CHIP DISABLE CHIP ENABLE
10% 10%

tace top

Von HIGH IMPEDANCE Z 20V ravaun OV 3 HiGH
Do ~07 08V o1v : IMPED ANCE

tco

CHIP DISABLE

Punched paper tape data must be a positive logic and use a 7 to 8 bit ASCII code
Format 1 (including Data and Check sum every word).

NULL
¥ TMM334P - XxxXX ¥
CRLF
VY MSB = D7 ¥
CR LF
N8,

CR LF

Ruuu0, X07P3, . , XF1P5,

CR LF

CR LF

R2040, X01P1, . X3AP4,

CR LF

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

$
CR LF

Take NULL more than fifty characters

Contents In single quotation mark (¥
number
CR and LF indicate carriage return and line feed respectively

¥) indicates a comment and XXXX is a user's

Specify MSB pin. (D, or Dy)

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

R indicates an absolute address
words

Enter the address by decimal code every eight

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

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

Data modification Enter the modified address before the End mark and then enter
the data following above procedure independently or serialy Modification can be
allowed from O address to 2047 address

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

The example 1s shown in Figure. In thisexample, chip is active under the condition
that CS1 ='0"and CS2 = "1"and CS3 = ‘0’

$ Indicates an End mark

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

NULL
¥ TMM334P - XXXXY
CR LF

YmsB=D,; ¥

CR LF
N8,
CR LF
Ruuu0, X075A ..3BF1, R Indicates an absolute address Enter the address by decimal code every sixteen
words
CR LF .
X indicates a hexadecimal code and so enter the data of sixteen words continuously
after X.
Data modification. This procedure is following to Format 1 Otherwise specified in
R2032, XBCAE . 0085,
Format 1
CR LF
(csy =0)
Format 1 and Format 2 are Toshiba preferred Format
CR LF The other acceptable Format i1s Intel BNPF Format
(€S, = 0)
CR LF
(CS3 =0)
OUTLINE DRAWINGS
CR LF
$ 24 2322212019 18 171615 14 13
thrrhrhrohohichhocttirhrh
CR LF B Tt 1 1 1t 1
NULL q h %
b — 1 s
R15 o~
q P =
i g o o
I:JHZJL‘!:T SHGJ 7 8 9101112
1524 TYP
Note Each lead pitch is 2 54 mm Al leads are located within 32.4 MAX %
025 mm of thelr true longitudinal position with respect 10° b3
to No 1 and No. 24 leads - 0
All dimensions are in millimeters
F g _i__l + J—A]. + T\
2.54+025 14%10.15 z
05+0.15 E 17 4 MAX.
o

Note  Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves
the right, at any time without notice, to change said circuitry
©Mar , 1980 Toshiba Corporation
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TOSHIBA MOS MEMORY PRODUCTS

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

TMM333P

DESCRIPTION

The TMM333P 1s a 32,768 bits read only memory
organized as 4,096 words by 8 bits. It 1s suitable for
use In programming of production apparatus used
micro processor because of its low cost per bit

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

Therefore the TMM333P manufacturing procedure
goes through three steps before mass production
First step 1s a acceptance of customer's punched
paper tape data. Second step Is a presentation of

FEATURES
Single 5V supply voltage, Vcc =5V £ 5%
Access time, tacc =450 ns (Max )
Directly TTL compatible, All nputs and outputs

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

Pin to pin compatible, TMS4732

PIN CONNECTION.
(TOP VIEW)
PIN NAMES
Ag ~ Ag Row address inputs
A~ A Column address inputs
Do ~ D, Data outputs
CS, /CS, . CS,/CS, Chip select inputs
Vce Power supply terminal
GND Ground

programmed sample (Engineering Sample) for cus-
tomers  Third step Is a verification of Engineering
Sample by customers Sample verification is most
important and Toshiba will enter into mass produc-
tion after above three steps are concluded. Then
Toshiba will adopt a established on-line system and so
can respond to a customer’s needs quickly and can
maintain a stable dehvery.

The TMM333P is fabricated with 1on implanted N-
channel silicon gate technology  This technology
allows a production of high performance The TMM
333P 1s moulded in a 24 pin standard plastic package

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

Input protected, All inputs have protection against static charge

BLOCK DIAGRAM

Vce GND
o O
Do D; D; D3D4DsDg Dy
00 00000 O

|

input buffer

Output buffer
Column decoder

8 x 32

Chip select
Chip select
program
Chip select
decoder

l

o

J

128 Memory cell array
™~ 128 x 256

Address input buffer

~
Row decoder

-
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MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT

Vee Power supply voltage —-05~70 \Y

VIN, VouT Input and output voltage -056~70 \

Topr Operating temperature 0~70 °C

Tstg Storage temperature —55 ~ 150 °C
TSOLDER Soldering temperature time 260 - 10 °C sec

PD Power Dissipation (Ta =70°C) 10 w

D.C. OPERATING CONDITIONS

SYMBOL PARAMETER CONDITIONS MIN. TYP 1 MAX | UNIT
ViH ~Input high voltage - 20 — | Vee+t1 | \
ViL Input low voltage - -05 — 08 \%
Vce Power supply voltage - 475 50 525 \%

D.C. and OPERATING CHARACTERISTICS (Ta=0°C ~ 70°C)

SYMBOL PARAMETER CONDITIONS MIN TYP. MAX UNIT
IH Input high current VIN = VC,CW - 001 10 uA
ho Input low current o ViN = GND ) — -0 01 —10 LA
VoH Output high voltage _Isource =—04mA 24 3.0 — \Y
VoL Output low voltage 1 lsink=21mA — 02 04 \
loH Output high current VouT =24V -04 -30 — mA
loL Output low current VouTt =04V 2.1 50 - mA

CS=08V,CS=2.0V |
Lo Output leakage current B VouT =04V to Vec i — +001 +10 unA
Icc Supply current louT =0mA | - 60 100 mA
*Ta=25°C, Vcc =5V

A.C. CHARACTERISTICS (Ta=0°C ~ 70°C, Vcc =5V + 5%, C_ = 100pF, ty, tf = 20ns)

SYMBOL | PARAMETER CONDITIONS MIN TYr.* | MAX UNIT
tacc | Accesstime B | tac S100ns - 300 450 ns
tco Output delay time from chip select tac 2 tacc — 120 200 ns
toD Output deselect time - 0 100 | 150 ns
tRC Read cycle time - 450 - - ns

* Ta=25°C, Vcc =5V

CAPACITANCE (Ta=25°C. f=1MHz)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX UNIT
CIN Input capacitance VIN =A.C GND - 4 10 pF
CouT Output capacitance VouT =A.C GND - 8 15 pF

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

PAPER TAPE FORMAT

ViH £ 50%
Ao ~ALL
Vi 10%

%
50% 90%

CHIP DISABLE CHIP ENABLE
d10% 10%

tace oo

Vom HIGH IMPEDANCE Z 2oV ravauo Y ‘ HIGH
Dg~07 oy o1v ’ > IMPEDANCE

tco

cs /s CHIP DISABLE

Punched paper tape data must be a positive logic and use a 7 to 8 bit ASCII code
Format 1 (including Data and Check sum every word).

/‘x/

NULL
¥ TMM333P - Xxxx ¥
CRLF
vMmsB = Dy ¥
CR LF

N8,

CR LF

Ruuu0, X07P3,. ., XF1P5,

CR LF

CR LF

R4088, X01P1, ., X3AP4,

CR LF

(csy =0)
CR LF
(€83 = 1)
CR LF

$

CR LF
NuULL

Take NULL more than fifty characters.

Contents In single quotation mark (Y. ..Y) indicates a comment and XXXX is a user’s
number.
CR and LF indicate carriage return and line feed respectively.

Specify MSB pin (D, or Do)

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

R indicates an absolute address.
words

Enter the address by decimal code every eight

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

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

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

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

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

$ Indicates an End mark .

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

NULL
¥ TMM333P - XxXxXXV
CR LF
VmsB=D; V¥
CR LF
N8,
CR LF
RuuuO, X075A  3BF1,

CR LF

R4080, XBCAE .. 0085,

R indicates an absolute address

words

Enter the address by decimal code every sixteen

X indicates a hexadecimal code and so enter the data of sixteen words continuously

after X,

Data modification  This procedure is following to Format 1

Otherwise specified in

Format 1
CR LF
(CSy =0)
Format 1 and Format 2 are Toshiba preferred Format
CR LF The other acceptable Format is Intel BNPF Format
(CSz =0)
CR LF
$
CR LF OUTLINE DRAWINGS
/\NUL;/
242322212019 18 17 1615 14 13
rhehchrhohrhich i b rh
~—F—+ T
X
P <
s
R15 ~
ﬁ h <
W g oy g o
1 2 33“56 7 8 9101112
1524 TYP
Note Each lead pitch 1s2 54 mm  All leads are located within |~ 324 MAX % —
025 mm of their true longitudinal position with respect 10° 2
to No 1and No. 24 leads 0
All dimensions are in millimeters —
!
0.25+¢ g5
254%025 14%015 z
t —H z
05%015 2 17 4 MAX
o

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

©Sept., 1980 Toshiba Corporation
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TOSHIBA MOS MEMORY PRODUCTS

4,096 WORD X 8 BIT MASK ROM

N-CHANNEL SILICON GATE MOS

DESCRIPTION

The TMM2332P 1s 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 (Igg=15mA MAX ) stand-
by mode This device feature results in system power

FEATURES

® Single 5V-Power Supply
® Fast Access Time 350ns (MAX )
® Low Power Dissipation
Operating Current = T00mA (MAX.)
Standby Current = 15mA (MAX )
Power Down Feature CS/CS
Programmable Chip Select CS/CS
Output Buffer Control OE
Easy memory Expansion CS/CS

PIN CONNECTION

(TOP VIEW)
" _]
A70 1 240 Vee
As 2 23EA8
AsQ 3 221 Ay
Aalé 4 210A,
A3 s 20 0E
A0 6 190 A0
AQ 7 18[1 Cs/CS
Ao 8 17@ D,
Do 9 16 Dg
D;O10 15ED5
D211 140D,

GND[]12 1303

PIN NAMES
Ao~Ap Address Inputs
Do~D4 Data Outputs
CS/CS Chip Select Input
OE Output Enable Input
Vee Power (+5V)
GND Ground

TMM2332P

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

The TMM2332P 1s fabricated with ion implanted
N-channel silicon gate technology This technology
allows a production of high performance

The TMM2332P 1s moulded in a 24-pin standard
plastic package

® Static Operation

® Pin Compatible with 2732 Type EPROM and
12332

® All Inputs and Outputs

Directly TTL Compatible

® Three State Outputs Wired OR Capability

® [nputs Protected All inputs have protection against
static charge

BLOCK DIAGRAM

v CGND Do Dy D; D3 D4 Ds DgD-

Pl 977971799
‘—\_,l ﬂ
—-l Column(l}ecoder —|

Cs/CSo—{  Control
OE o— Circurt

Output Buffers

Memory Cell Array
(256 x 128)

Address Input Buffers

Row Decoder
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MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vee Supply Voltage -056~70 \%
ViN Input Voltage -05~70 \Y%
VouT Output Voltage -05~70 \%
TopPR Operating Temperature 0~70 °c
TsTRG Storage Temperature -55~ 150 °C
TSOLDER Soldering Temperature* Time 260 - 10 °C+Sec
Pb Power Dissipation {Ta = 70°C) 10 w
D.C. OPERATING CONDITIONS
SYMBOL PARAMETER MIN TYP MAX. UNIT
Vin Input High Voltage 2.0 - I Vect10 v
ViL Input Low Voltage -05 — 08 \
Vee Power Supply Voltage 45 50 5.5 \%
D.C. CHARACTERISTICS (Ve = 5V:10%, T, = 0~ 70°C)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
I Input Leakage Current Vin =0~ Vee — +0 02 +10 uA
loH Output High Current Vou =24V -04 -20 — mA
loL Output Low Current VoL =04V 20 40 - mA

(E=V|H 0r(§=V.H
| O Leak:
LO utput Leakage Current Vour = 04V ~Vee _ +005 £10 uA
lce Operating Current CS=V)_ or CS=Vy - - 100 mA
Isg Standby Current CS=Viy or CS=V,_ - - 15 mA
CAPACITANCE (T,=0~ 70°C, f=1MHz)

SYMBOL PARAMETER CONDITIONS MIN TYP. MAX UNIT
CiNn Input Capacitance Vin =0V - 5 10 pF
Cout Output Capacitance VouT = 0V - 8 15 pF

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

Von
. VoL

SYMBOL PARAMETER MIN TYP MAX UNIT
tRe Read Cycle Time 350 — — ns
tacc Access Time — — 350 ns
tco Chip Selection to Output Valid - - 350 ns
too OE to Output Vahd - - 120 ns
topc 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 20ns
Timing Measurement Reference Levels . Input 08V and 20V
Output 08V and 20V
Output Load, 1-TTL Gate and Ci_ = 100pF
A.C. TIMING WAVEFORMS
tRC
i Vin
Address Stable
-(Vn. ViL
tacc
J'——\gc‘vm ————————————— o
cs/cs
7 Vil -ILVH_
e tcO——] [e——toDC——
ViH [
OE
" WAL T
00— toDo
Do~D7 /__

lcc
Supply
Current

s

Note (1) CSand 'CS waveforms are shown by dotted line and straight line respectively
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ACCEPTABLE FORMAT

Toshiba can accept programming and masking
information for TMM2332P in the form of punched
paper tape with Intel BNPF format or master devices
(EPROM).

OUTLINE DRAWINGS

24 2322212019 181716 15 14 13
thehrhrhrchrhlh rhrh thehch _
x
[ p 1
- b3
R15 o
d | b=
N : -
o e R e s e e
123466 7 89101112
324 MAX x 1524 TYP
o b3
1
I 02530 o5
254+0 26 141015
T 1 S
051015 s 17 4 MAX
o~
3

Note Each lead pitch 1s 2 54 mm All leads are located within 0 25 mm longitudinal position with respect to No 1 and No 24 leads
All dimensions are in millimeters

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, 1980 Toshiba Corporation
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TOSHIBA MOS MEMORY PRODUCTS

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

N CHANNEL SILICON GATE MOS

TMM2364P

DESCRIPTION

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 is reduced from 40mA to

FEATURES

e Single bV + 10% power Supply

e Access Time 250ns max

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

e [nput and Output TTL Compatible
e Three State Outputs Wired OR Capability
PIN CONNECTION
Nncg1 Vee
An Q2 €S, /CS;
A, 03 Cs,/CS
A, 04 Ag
AsO5 Ao
As06 2 Ay
AO7 S OE
A, 08 o Ao
Ago 2 CE
A Q10 T D,
Do 011 Dy
D, g12 Ds
D, 013 D,
GNDO 14 D,
PIN NAMES
Ay ~Ap Address inputs
Dy ~ D, Data outputs
CS/CS Chip select inputs
OE Output enable input
CE Chip enable input
NC No connection
Vee Power supply terminal
GND Ground

15mA  Output Enable (OE) 1s 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 mputs except for
OE, thus can be easily connected to a system where
address and data buses are commonly used

The TMM2364P s fabricated with 1on implanted
N-channel silicon gate technology This technology
allows a production of high performance

The TMM2364P 1s moulded in a 28 pin standard
plastic package, O 6 inch in width

Edge Enabled Operation CE
e Output Buffer Control OE
o Programmable Chip Select CS,, CS,
Easy Memory Expansion
e Pin Compatible with 12364
Inputs protected All inputs have protection
against static charge

BLOCK DIAGRAM

Vce GND

Do D, D; Dy D; Ds Dy D,

|

Cs, /CS, o—r

buffers and latches
Chip select program

Chip select input
and decoder

CS,/CS; o |
CE Chip enable input
buffer and clock

1
8x32

Output buffers —l

65536 bits
Memory cell

Address input buffers

and latches

5
3
3
8
s
3
H
3
<

array
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MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT

Vee Power Supply Voltage -05~70 \

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

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

Vin Input High Voltage — 22 - Vee +1 \

Vi Input Low Voltage - —-05 — \

Vee Power Supply Voltage - 45 50 \

D.C. and OPERATING CHARACTERISTICS (Ta=0~ 70°C)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
Iy Input High Current ViN =55V — 005 10 MA
hiL Input Low Current Vin = GND - —005 -10 MA
VoH Output High Voltage loy = —400uA 24 33 — \%
VoL Output Low Voltage loL =3 2mA - 03 04 \4
lLon Output Leakage Current Voyr =55V @ s22vor — 0% 10 sA
ILoL VouT =04V OE =22V - —01 —20 HA
Icct Standby Current CE=22V - 8 15 mA
lecz Average Current teye =350ns, loyt = 0MA - 20 40 mA |

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

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
tcE CE pulse width - 250 - - ns
tas Address Setup Time - 0 — — ns
tAH Address Hold Time - 50 - - ns
tacc Access Time — — 150 250 ns
t00 Output Delay Time from OE - — 50 120 ns
top Output Turn off Delay — — 40 70 ns
tcc CE off Time — 90 - - ns
teye Cycle Time tas =0ns, tr, tf =5ns 350 — - ns

* Typical values are at Ta = 25°C and V¢ = 5V
cc

A.C. TEST CONDITIONS

e Qutput Load ITTL Gate + 100pF

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

e |nput Pulse Levels 08~ 24V

e Timing Measurement Reference Levels Input, 1V and 2.2V
Output, 08V and 2 0V
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CAPACITANCE (Ta=25°C, f=1MHz)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
CiN Input Capacitance Vin =AC GND - 5 10 pF
CouTt QOutput Capacitance VouTt =AC GND - 8 15 pF

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

TIMING WAVEFORMS
Ao~ An ADDRESS, CS
. Csy,
X CS; VALID ADDRESS, CS, CS; MAY CHANGE
csy, Csy K e
(s tAH tce
ce —ﬂ\ tce ’ﬁ
~
_ 00
OE \t——‘
tacc top"
HiGHz KX ' HIGH-Z

Po~er DATA VALID I

w | | S ———

tcve

Note (1) top s specified from OE or CE, whichever occurs first
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OPERATION MODE
CE €Sy, CS,, Address OE OUTPUT MODE
H (1) (1) High Z Standby
L Valid (1) High Z Latch
L (2) L Data out Read
Note (1) Don't care
(2) Csj, CS,, Address may change after ta
1 cycle
APPLICATION INFORMATION cE \\/Im m\
L
1. POWER SUPPLY DECOUPLING e o
The operating current lec waveforms for TMM2364P are shown in Fig ~ (mA) gg - 5
1,2 20 I
The TMM2364P 1s a clocked device, so the transient current peaks are pro- 10 { /
duced on the CE transition and CE active level °0 00 200 200 200 500
The lgc current transients require adequate decoupling of Vec power
supply Time (ns)
Fgi 1 lgc vs time (CS Select)
1 I
2. POWER ON e
The TMM2364P requires initialization prior to normal operation Two ‘E\\/,"t M) SR
initialization methods are as follows 60
(1) A minimum 100us time delay 1s required after the application of :sz) ig
Vee (+BV) Efore proper device operation is achieved And during 30 A T \Jl
this period, CE must be at Vi level 20 t i
(2) A minimum 100us time delay 1s required after the application of 12
Vee (BV), and then a minimum of one initialization cycle must be 0 100 200 300 400 500
performed before proper device operation 1s acheived Time (ns)

Fig 2 Icc vstime (CS  Deselect)

Initialization cycle An initialization cycle i1s one Chip Enable clock cycle from the first down edge of the
CE till the next down edge
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TOSHIBA PAPER TAPE FORMAT

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

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

NULL

‘TMmz3esr 000" )/

‘MSB =D;" )
N8, )
ROOCo, x7FP7, X07P3, )
ROOOs, x38P3, . XESP5, J
rR[OO1s, xX10P1, iX6BP5, )
R8176, X4DP4, XB5P5, )
R8184, X2CP3, XAaP3, )
(€s =1 )
(csy=0) )
$ )
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 ndicates carriage return and line feed

Specify the most significant bit (MSB) of the device outputs (D, or Do )
N8 indicates that the mask pattern is an 8-bit pattern

Semicolon (, ) signifies a punctuation of data

R signifies an address Enter the address with the four decimal digits
every 8-words after the character R

X signifies a hexadecimal digit
Enter the data with the two hexadecimal digits every word after the
character X

P signifies the check sum per word
Enter the sum of 1 in a one word decimal after the character P

* Data Modification

Modifying single and continuous word data can be carried out by
specifying the modifying addresses and inputting the data following the
above procedure before the end symbol

Modification can be allowed from O to 8191 addresses

Specify the active logic of chip selects (CS; and CS,) in the parentheses
respectively

Enter /1" and "'0"" when active at high and low levels, respectively

An example Is shown in the left figure

In this example, the device Is selected under the condition that CS,; and
CS, are at high and low levels, respectively

$ signifies the End symbol
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B Format 2 (When a check sum per word is not used)

N8, /
rROOOo, x7F5A
rROO16 |, x108C

RrROO32 , x2D08BA

R8160, X1EC5

R8176, X4DA6

NULL

‘TMm2364P-01000° )

‘MSB =D; )

(csp=1
(Ccs2=0) J

s J

3965
8241, J

36C7, J

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)



TOSHIBA

OUTLINE DRAWINGS

Unit mm
28 27 26 25 24 23 22 21 20 19 18 17 16 15
miminisinininEninininiainls!

R15 I

' 1] x
<
\_ | _ s
I o~
" h hd
| 8y g g
1.2 3 45 6 7 8 9 10 11 12 13 14
37 4 MAX 1524 TYP
° °

X "175\ +5

2 4 ™t

© X [

- < I

1\ b3 HER—

0
Y +01
025" oo
—
z
b3
254%025 14%015 02 MAX : 17 4 MAX

Note Each lead pitch is 2 54 mm

All leads are located within 0 26 mm of their true longitudinal position with respect to No 1
and No 28 leads

Note Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves
the right, at any time without notice, to change said circuitry
©Aug , 1980 Toshiba Corporation
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Erasable/Programmable Read Only Memory
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2 TOSHIBA MOS MEMORY PRODUCTS

2048 WORD x 8 BIT EPROM

N CHANNEL SILICON STACKED GATE MOS.

TMM323D
TMM323D- 1

DESCRIPTION

The TMM323D 1s 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 i1s 526mW while the maximum standby
power dissipation 1s 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
® Accesstime TMM323D , 450ns (MAX )
TMM323D-1, 350ns (MAX )
Current 100mA (active )
25mA (standby )
e Three state output
e Particular bit location programming

PIN CONNECTION PIN NAMES

Ag —Ajo | Addresses

0o —04 Outputs
CS Chip Select

Power down/
PD/PGM | b

Vee, Vpp | Power Supply

1
2
3
a4
5
6
q7
8
q9
10

911

GND Ground

N

MODE SELECTION
PINS| PD/PGM| CS | Vpp | Vec [  Outputs
MODE (18) (20)| (21) | (24) | (9-11,13-17)
Read ViL ViL bV | bV D out
Deselect * ViH 5V | BV High Z
Power Down VIH * 5V | bV High Z
Program x:[‘ ViH | 25V | BV D in
P(}’grrf;{)’ Vie |[ViL| 25V | 5V | D out
[ Program
'nﬂibit VIL {ViH| 28V | BV | 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 I1s 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 MQOS technology and s
packaged in a standard 24-pin dual-in-line cerdip
package

Programs with one 50ms pulse

e 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

T

i
3 |
3 Column 1/0 Circuit
: N

Column

HEHHHHAN

!
16384 bit Memoly Ceil

28 Row x 16 Column x 8 bi}

Row Decoder
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MAXIMUM RATINGS

ITEM = SYMBOL RATING UNIT
Ve Supply Voltage with respect to Ground Vee —03~+7 \
Vpp Supply Voltage with respect to Ground Vep —03~+265 \Y
All Input Voltages with respect to Ground VIN —03~+7 v
All Output Voltages with respect to Ground VouT —03~+7 \%
Power Dissipation o PD 15 w
Soldering Temperature Times TSOLDER 260-10 °C - sec
Storage Temperature TsTG B —65~+125 °C
Operating Temperature ToPR 0~70 °C
READ OPERATION
D.C. and A.C. OPERATING CONDITIONS
PARAMETER SYMBOL MIN. TYP MAX UNIT
TMM323D 475 5 525 \
Power [ \Y (1,2
ower supply cc 1.2 TMM323D-1 45 5 55 v
Power supply Vep  (2) Vee—-06 5 Vec +06 \
D.C. and OPERATING CHARACTERISTICS
Ta=0~70°C
PARAMETER SYMBOL MIN | TYP B | mAX UNIT CONDITIONS
|
Input Load Current Ly +10 HA ‘\ VIN =525V
Output Leakage Current Lo +10 MA 1+ Vour =525V/045V
Vpp Current (Read) L lepy 5 mA | Vpp =585V
Vcc Current (Stfndby) } Iccy 10 25 mA | PD/PGM = ViH, CS=V|L
Vce (Efej} (égtlvei) B Icce ) 57 100 mA PD/PGM = CS = V)L
Input Low Voltage Vit —01 08 \Y%
_anutﬁ@bl/_o}lﬁtaﬁge VIH 20 Vee +1 \%
Output Low Voltage VoL 045 \Y loL =2 1mA
Output High Voltage VoH 2.4 \ loH = —400pA
A.C. CHARACTERISTICS
Ta=0~70°C, Vpp = Ve * 0.6V
TMM323D TMM323D-1
PARAMETER SYMBOL UNIT CONDITIONS
MIN. MAX MIN. MAX
Address to Output Delay tacct 450 350 ns PD/PGM =TS = V,,_
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=V,
Chip Deselect to Output Float D 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 V) =08V, V|y =22V

Timing Measurement Reference Level Inputs 1V & 2V, Outputs 0 8V & 2V
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(Note 4)
CAPACITANCE

Ta=25°C,f=1MHz

M
PARAMETER SYMBOL ’ LIMITS UNIT CONDITIONS
‘ I min Typ Max
Input Capacitance ‘ CIN , 4 6 pF VIN =0V
Qutput Capacitance | CouTt —[ 8 12 pF Vout=0V
TIMING WAVEFORMS (READ)
A. Read Mode PD/PGM = V)
Address
N toH —
= (15:0%)‘] L
MAX
tACCl tor
(450nsMAX) (0~1001n5)

B. Standby Mode Cs=v_

Output

Data Out Valid

High 2

Address
Address N Address N + m
Standby
PD/PGM Active
(5)
1,
ne taccy
(0~100ns) (@50ns MAX)
Output  Data Valid High Z Data Valid High Z
for Address N for Address N + m

Note 1 Vcc must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp ———— = Vg _J_—l_
2 The Vpp terminal is permitted to connect the V¢ terminal directly during non-programming Vpp —I—_L—
3 Typical values are at Ta = 25°C and nominal supply voltages
4  This parameter s periodically sampled and is not 100% tested
5 Thetpcc?2 s a output data delay time (1 e access time) from address or PD/PGM whichever changes late
PROGRAM OPERATION
Ta=25°C*5°C,Vcc =5V£5%, Vpp =25V + 1V (Note 1,2, 3)
D.C. PROGRAMMING CHARACTERISTICS
PARAMETER SYMBOL MIN TYP. MAX UNIT CONDITIONS
| Input Current T +10 ;Kﬁ VIN =5 25V/0 45V
Vpp Supply Current lppy 5 mA PD/PGM = V|L
Vpp Supply Current -
During Programming Pulse PP 0 mA PD/PGM =V
Ve Supply Current lcc 100 mA louT =0mA
Input Low Level ViL —01 08 v o o
Input High Level ViH 20 Vee +1 v
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A.C. PROGRAMMING CHARACTERISTICS

PARAMETER SYMBOL MIN TYP. MAX UNIT CONDITIONS
Address Setup Time tAS | 2,, - us
CS Setup Time “tcss 2 us
Data Setup Time tps 2 us
Address Hold Time tAH 2 | ms
TS Hold Time | wcsu | 2 | us
| _DaatoldTme | tom 2 w0
Chip Deselect to Output FloatDelay | toF 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

TIMING WAVEFORMS (PROGRAM)

Vpp=25VE1V, v =5Visy rogram: rogram Verify ———e|
—
Address X Address N ’5( Address N +m
= ‘tas tAH
("’“’M'N‘_I (24S MIN) High
o H1gh e e Tn Stable e outly 2 /Datan Stable
ata z \ Address N ,Addr:sls N Address N +m
tDF f— tDF~—
(120ns MAX) (120ns

. MAX)
cs

R o

— st~ —1(2us
MIN) MIN)
tcss ——t ~— tCsH
PD/PGM (2s MIN) (25 MIN) f
=2 N
PRT PFT
(5ns MIN) . = (5ns MIN)
PW
(45~55ms)

Note 1 Vg must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp ———— & VCC_"

2 Sometimes removing the device from socket and setting the device in socket under the condition Vpp = 25V £ 1V may destroy its
device, so it should be noted during programming

3 VPP supply voltage 1s permitted up to 26V programming, so the voltage over 26V should not be applied to Vpp
Particularly when switching pulse voltage is applied to Vpp, also the over-shoot voltage of its pulse should not be exceeded 26-volt
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ERASURE CHARACTERISTICS
The TMM323D’s memory cell data can be erased

A (1A = 107% cm)

When Toshiba sterilizing 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

Sunlight and the fluorescent lamps may include 60 minutes
And using a lamp whose ultraviolet light intensity

Therefore when used under such lighting for 1s a 12000 [uw/cm?] will reduce the exposure time
extended periods of time, an opaque seal (Toshiba toabout 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 hght [#w/cm?] x (20 x 60) [sec] = 15 [w sec/cm?] )

3000 ~ 4000 A wavelength components

with a wavelength of 2537 A 1s 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? ]

OPERATING INFORMATION

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

lamp surface, erasure should be completed in about

*ViL or Viy

Read Mode

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

And assuming that PD/PGM = V4 or CS =V |y, the
outputs will become high impedance in state.

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

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

Deselect Mode:

R PINS PD/PGM cS Vpp Vee Outputs
MODE T (18) (20) (21) (24) (9-11,13-17)

| Read ViL ViL 5V 5V D out

Read Operation \E§elect ) * ViH b 5V 5V High Z
Power Down VIH » 5V 5V High Z

Program il p BV ViH 25V 5V D

Program Operation ™p 0o Verify ViL ViL 25V 5V D out

Program Inhibit “vie | vk 25V 5V High Z

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

Power Down Mode

Assuming that PD/PGM = V|, the power dissipa-
tion will be reduced to one-fourth of normal active
power. (1e.5256mW - 132mW)
Then all outputs will become high impedance in state
independent of the CS input level

Program Mode

Initially when received by customers all bits of the
TMM323D are in the 1" state which i1s 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 input under the condition
where Vpp =25V and CS = V

Programming the TMM323D s 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,

OUTLINE DRAWINGS

324 MAX

71402

2423 22 21 [20 19 18 17|
e i

RO 64

138 MAX

s

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

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

Program Verify Mode

In this mode the Vpp power supply 1s 26V

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

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

Program Inhibit Mode

Assuming that PD/PGM = V) and CS = V/H under
Vpp =25V, 1t i1s able to inhibit the programming

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

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

Note

1 Each lead pitch 1s 254 mm  All leads are located
within 0256 mm of their true longitudinal position
with respect to No 1 and No 24 leads

N

This value 1s measured at the end of leads

W

All dimensions are in millimeters

152403

]

25 MIN

Note 1

‘[ 4015 h
0257010
162~175

Note 2

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

the right, at any time without notice, to change said circuitry
©Jun, 1980 Toshiba Corporation
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TOSHIBA MOS MEMORY PRODUCTS

2048 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY

PROGRAMMABLE READ ONLY MEMORY

N CHANNEL SILICON STACKED GATE MOS.

TMM323DI

DESCRIPTION

The TMM323DI 1s a 2048 word x 8 bit ultraviolet
light erasable and electrically programmable read
only memory For read operation it requires a single
B-volt power supply only, the output data is accessed
within 450ns, and power up to 525mW s dissipated
For standby mode, the maximum power dissipation
can be reduced to 158mW, a 70% saving, by changing
the mode to power down mode Also when the mode
is changed from power down to the read mode, the
output data is accessed within 450ns Programming
can be executed by applying 25-volt and 5-volt at the
Vpp and Ve terminals respectively, and applying a

FEATURES

e Wide operating temperature range
Ta=-40~ 85°C
e Single 5-volt power supply
® Access time 450ns (max )
Power dissipation  525mW (active power)
158mW (standby power)
e Three state output

PIN CONNECTION PIN NAMES
T FAO Alo AJ&resses T
3 | 0g—0; | Outputs
b CS | Chip Select
° “ PD/PGM P;ower down/
8 o rogram
10 Vee, Vpp | Power Supply |
i1 GND__| Ground
MODE SELECTION
[~ PiNs[F PD/PGM‘ CS [ Vep | Vec| Outputs |
MODE L 18 | (20)] 1) | (24) | (9-11,13-17)
Read J Vi ViL| 5V | B8V D out
Deselect x |Vin| 5V BV High z |
Power Down | ViH | « 5V | 5V High Z

Program U-U-LV:H “V|H 25V | BV | D mn
Program I f
Verify Vie [ViL| 25V 8V | D out
Program T
| Inhibit viL }VIH{ 25v IBV |t Z
* VL or VIH

TTL level signal at the other input terminal  pro-
gramming the one bit location requires only a single
pulse, and it Is possible to program sequentially,
individually or at random Under the condition
Vpp = 25V, read operation I1s permitted in the pro-
gram verify mode, and also programming is inhibitted
by selecting the program inhibit mode

The TMM323DI 1s fabricated with the N-channel
silicon double layer gate MOS technology and 1s
packaged in a standard 24-pin dual-in-line cerdip
package

Particular bit location programming

Programs with one 50ms pulse

Total programming time 100 second

Inputs and outputs TTL compatible during read
and program

Pin to pin compatible to 2716 type EPROM

BLOCK DIAGRAM

Vee O—= 00001 002 693004 005 006007
Vpp O—=
GND O—
cs
PD/PGM
Vep Power
Down
Ao R H

>
Column
Decoder

Az

i i

|

l Vo

1 o

o
16384 bit Memory Cell

28 Row x 16 Column x 8 blt)

Row Decoder

sttt
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MAXIMUM RATINGS

ITEM SYMBOL RATING UNIT
Ve Supply Voltage with respect to Ground Vce —-03~+7 \
Vpp Supply Voltage with respect to Ground Vpp —-0.3~+26.5 \%
All Input Voltages with respect to Ground VIN —-03~+7 \
All Output Voltages with respect to Ground VouT —03~+7 \Y,
Power Dissipation Po 15 W
Soldering Temperature Times TSOLDER 260-10 °C sec
Storage Temperature TsTG —65~+125 °C
Operating Temperature TopPr —40 ~ 85 °C
READ OPERATION
D.C. and OPERATING CHARACTERISTICS
(Ta =—40~85°C, Ve =5V £ 5%, unless otherwise noted)
[ I
PARAMETER SYMBOL MIN TYP B MAX UNIT | CONDITIONS
Input Load Current L | +10 A | VIN=525V
Output Leakage Current Lo 10 MA | VouTt =525V/045V
Vpp Current (Read) IpPy 6 | mA | Vpp=585V
Vcc Current (Standby) lccy 10 30 mA | PD/PGM =V H,CS=V|L
Vcce Current (Active) lcca 57 100 mA | PD/PGM=CS=VL
Input Low Voltage ViL 01 08 \%
Input High Voltage VIH 22 Vce +1 \Y
Output Low Voltage VoL 045 \Y loL =2 TmA
Output High Voltage VoH 24 \Y loH = —400pA
A.C. CHARACTERISTICS
(Ta = —40 ~ 85°C, Vee =5V 5%, Vpp = Ve £ 0 6V, unless otherwise noted)
[ LIMITS (Note 3)
PARAMETER SYMBOL WIN. Tvp MAX UNIT CONDITIONS
Address to Output Delay tace, 250 450 ns PD/PGM =CS =V,
PD/PGM to Output Delay taccz 280 450 ns CS=V,_
Chip Select to Output Delay tco 120 ns PD/PGM =V,
PD/PGM to Output Float tpr 0 100 ns CS=V,_
Chip Deselect to Output Float 1DF 0 100 ns PD/PGM =V,
Address to Output Hold toH E 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

ViL =08V, V|y =22V
Timing Measurement Reference Level

Inputs 1V & 2V, Outputs 0 8V & 2V
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(Note 4)
CAPACITANCE
Ta=25°C,f=1MHz
PARAMETER T SYMBOL iT LIMES UNIT ‘ CONDITIONS
MIN | TYP max | T
Input Capacitance CIN | 4 6 _pF | VIN =0V
Output Capacitance | Cout | T 8 J 12 pF | Vout=0vV

TIMING WAVEFORMS (READ)

A Read Mode PD/PGM = V|
- .
”
Address )<
K
. oL J——
- CcO (Ons M)
S — (120ns) IN
MAX
+ DF
le. _tacci
(450ns MAX) (0~100n) Hhoh 2
g
Output Data Out Valid i_—
B. Standby Mode CsS=v)_
Address
Address N Address N + m
Standby
PD/PGM Active

(5)

tACCy —

(450ns MAX)]

High Z Data Valid High Z
for AddressN + m

Output _ Data Valid
for Address N

Note 1 Vg must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp ———————w VCCJ__L—

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

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

(LSRN

The tocc?2 1s a output data delay time (i e access time) from address or PD/PGM whichever changes late

PROGRAM OPERATION

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

D.C. PROGRAMMING CHARACTERISTICS

[ [ T 0 T ]
[ PARAMETER I SYMBOL MIN TYP. r MAX | UNIT ‘ CONDITIONS
| i {
| Input Current ILi 10 | uA | VIN=525V/045V
Vpp Supply Current [ lepy 5 | mA [ PD/PGM = VL
| T
Vpp Supply Current i | _
During Programming Pulse | PP 30 | mA PD/PGM =V
Vcc Supply Current Icc | 100 | mA IoUT =0 mA
Input Low Level ViL -01 | 08 77\/7
Input High Level VIH 20 | vec +1 \Y
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A.C. PROGRAMMING CHARACTERISTICS

T ‘
PARAMETER SYMBOL MIN TYP. MAX UNIT CONDITIONS
Address Setup Time -~ tAS g“ us
CS Setup Time tCcss 2 us
Data Setup Time o tps 2 us
Address Hold Time - tAH 2 us
CS Hold Time tCSH 2 | ms
DataHoldTime | tow | 2 RENT
Chip Deselect to Output FloatDelay [ tDF 0 B ‘ ns
Chip Select to Output Delay tco \ ns
Program Pulse Width tPW 45 i 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
TIMING WAVEFORMS (PROGRAM)
Vpp =25VE1V, vee =5VE5% rogram: Program Verify ——e|
Address >< Address N Address N +m
= tas taH
(2“""“"”—) (28 MIN) High
H1gh e e Tn Stable Z /Datan Stable
Data Z=N_ _ [AddressN Address N +m
b— F—
(120ns
_ MAX)
cs
tDs tDH
—(2yst=— ~=t(2s
MIN)) MIN)
tCSS —f tcs
PD/PGM (2Us MIN) ’Tzufmf'm
PRT PFT
(5nsMIN) oW (5ns MIN)
(45~55ms)

Note 1 Vg 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 destroy its
device, $0 i1t should be noted during programming

3 Vpp supply voltage Is permitted up to 26V programming, so the voltage over 26V should not be applied to VPP
Particularly when switching pulse voltage i1s applied to Vpp, also the over-shoot voltage 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 sterilizing lamp GL-15 s used and

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

(1A = 108 cm)

lamp surface, erasure should be completed in about

Sunllght 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 1s 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 ight [gw/cm?] x (20 x 60) [sec] =

with a wavelength of 2537 A 1s recommended for
TMM323D1- erasing, and n this case the integrated
dose (ultraviolet light intensity [w/cm? ] x time [sec])
should be over 15 [w sec/cm?]

OPERATING INFORMATION

TMM323DI-operation-modes are classified into six
types, as shown in the following table Each mode
can be selected by TTL level signals only The Vcc
and Vpp power supplies required are only 5-volt for
read operation, and the Vpp power supply required 1s
25-volt during program operation only.

15 [w sec/cm?] )

e PINS PD/PGM cs ver | Vee | Outputs
MODE T (18) (20) @) | a4 | ©e11,1317)

Read ViL ViL 5V | 5V D out
Read Operation Deselect * VIH 5V 5V I High Z
Power Down T v E sv. | sV ] High Z

Program U \\/:t’ |V 2sv | BV D in

Program Operation ["p oo ram Verify ViL [ vie ‘ 25V | 5V T D out
Program Inhibit ViL | vin | 2sv | 5V High Z

*ViL or Viy

Read Mode

Assuming that PD/PGM =V and CS = V|, the
output data Is available within tacc: (MAX.) after
stabilizing of the address
And assuming that PD/PGM = V| or CS =V, the
outputs will become high impedance in state

When all addresses are in the fixed state and CS =
VL, the output data is available within 450ns after
the PD/PGM input is changes to VL from the Vg
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 120ns
after the CS input is changed to VL from the V4
level  (Outputs change to data avallable state from a
high impedance state)

Deselect Mode

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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ETosHIBA

Power Down Mode

Assuming that PD/PGM = V|, the power dissipa-
tion will be reduced to about one-third of active
power (1e 526mW - 158mW)

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
TMM323D1 are in the 1" state which is the erased
state

Therefore programming 1s 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|4

Programming the TMM323D| 1s 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 5bms, and
rewriting into the written location is not permitted

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

OUTLINE DRAWINGS

138 MAX

RO 64

so a pulse whose recommended width 1s 50ms should
be used Iin programming.

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

Program Verify Mode

In this mode the VVpp power supply 1s 25V

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

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

Program Inhibit Mode

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

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

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

Note

Each lead pitch 1s 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

[*N)

All dimensions are in millimeters

123 4 s
x
<
b
&
© r&.
I S 4
[ [ |
f +015 “
©25 510
254%015 13%025
z i
5 4015 162~175
- 046’0 10
o
Note 2
Note 1

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

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

— 148 —



" 3 TOSHIBA MOS MEMORY PRODUCTS

4096 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY

PROGRAMMABLE ROM

N CHANNEL SILICON STACKED GATE MOS

TMM2732D

DESCRIPTION

The TMM2732D s a 4096 word x 8 bit ultraviolet
light erasable and electrically programmable read only
memory For read operation, the TMM2732D's
maximum access time 1s 350 ns, and the TMM2732D
operates from a single 5-volt power supply and has a
low power standby mode which reduces the power
dissipation without increasing access time The stand-
by mode s achieved by applying a TTL-high level
signal to the CE input The maximum active current
1s 1560 mA and the maximum standby current 1s 25
mA

FEATURES

e Single 5-volt power supply
® Fast access time 350 ns Max
e Power dissipation
150 mA Max (active current)
25 mA Max (standby current)
e Low power standby mode CE
e Qutput buffer control OE

PIN CONNECTION

(TOP VIEW)

E Vee
Ag

hﬂs
DA
[ oE/vep
[A1o
hee
107
P os
[Jos
o4
pos
PIN NAMES
Ao ~ A 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 1s achiev-
ed by applying a 50 ms active TTL low program pulse
to the CE input, and 1t I1s possible to program sequen-
tially, individually, or at random

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

Fully static operation

Programs with one 50 ms pulse

Single location programming

Total programming time about 200 second
Three state outputs

Inputs and outputs TTL compatible

Pin compatible with 12732 and ROM TMM2332P

BLOCK DIAGRAM

Vpp GND Ve

0001 00304050404

;”“jI R 11111111

CEOT G

Logic — Output
— Buffers
CE O———f Circurt
Ay O]
Ap O———1 Column Column 1/0
Ay O——— Decoder - Circuit
Az O—
oY ¢ Summ—
As O—r]
As O— Memory Cell
A7 O—rl Row Array
Ag O0—— 1 Decoder [ ™ 4,096 x 8
YR S—
A0 O——
A1l
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MODE SELECTION
PINS (No ) CE OE / Vpp Vee Outputs

MODE (18) (20) (24) (9-11,13-17)
Read ViL ViL +B5V DouT
Output Deselect * Viy +5V High Impedance
Standby Vi * +5V High Impedance
Program VL Vpp +5V Din
Program Verify ViL ViL +5V DouT
Program Inhibit Vi Vpp +bV High Impedance

* Vi or Vi
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT

Vce Ve Supply Voitage -03~70 \%
OE / Vpp Program Supply Voltage —03~265 Vv

VIN Input Voltage -03~70 \

VouT Output Voltage —03~70 \%

Po Power Dissipation 16 W
TsoLDER Soldering Temperature Time 260 10 °C sec
TstRG Storage Temperature —65~125 °c
Torar Operating Temperature 0~ 70 °C

READ OPERATION
D.C. RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER MIN TYP MAX UNIT
Vee Ve Supply Voltage 475 50 525 \Y
ViH Input High Voltage 20 - Vec +10 \%
ViL Input Low Voltage -03 - 08 \
D.C. and OPERATING CHARACTERISTICS
(Ta=0~70°C, Vcc =5V £ 5%, unless otherwise noted)
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
L Input Load Current Vin =0~ 525V — — +10 MA
ILo Output Leakage Current VouTt =04~ 525V - - +10 MA
Icct Ve Current (Standby) CE=Vy - - 26 mA
lccz Ve Current (Active) CE=V)_ - — 150 mA
VoL Output Low Voltage loL =21 mA - — 04 \
VoH Output High Voltage lon = —400 pA 24 — — \
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A.C. CHARACTERISTICS
(Ta=0~70°C, Vcc =5V +5%, unless otherwise noted)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX UNIT
tacc Address Access Time CE=0E=V_ - - 350 ns
tce CE to Output Valid OE=V)_ - - 350 ns
toe OE to Output Valid CE=V,_ - - 120 ns
tDF1 CE to Output in High-Z OE=Vy CE=vy 0 - 100 ns
toF2 OE to Output in High-Z CE=V ,0E=Vj 0 - 100 ns
toH Output Data Hold Time CE=0E=V,_ 0 - - ns

A.C. TEST CONDITIONS

Output 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 = IMHz)

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

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

TIMING WAVEFORMS (READ)

Ap ~A gy
toH
tce

CE

DF1
toE
ot /
X
DF2
tacc
H
00 ~05 1gh Impedance High Impedance
Data Outputs
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TYPICAL CHARACTERISTICS

tacc Vs Vee tce vs Vcc
300 Ta=25°C 300 Ta=25°
» 250 ‘ 250
£ )
c
8 s N
w
< 200 \ 2 200
N —
— |
150 150
3 4 5 6 7 3 4 5 6 7
Vee (V) Vee (V)
toe vs Vce tACC. tCE . tOE Vs ta
200, -
Vee =50V
Ta=25° N CL =100 pF
o
150 210
w /
O
\ -
7] 3]
2 \ Qo
< 400 Joo
w
8] \ 3 tacc: tCE
* N
E] toE
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z
0 07
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Vee (V) Ta (°C)
Atacc vs CL lcc2 vs Vee
80
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lcc2 vs Ta

lcc1 vs Vee
< 11
CE Vee =50V
CE=20V Ve
CE=0V
2 Ta=25°C
10
o
5] 13)
2 < \
3 g oo
2 =
E T : I~
g " ° \\
o
z I ey Z s
09
07
60 80
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PROGRAM OPERATION
D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN TYP MAX UNIT
Viy Input High Voltage 20 — Vee +10 \4
ViL Input Low Voltage —03 - 08 \
Vee Vcc Supply Voltage 475 50 525 \
Vpp Program Input Voltage 24 25 26 \

D.C. PROGRAMMING CHARACTERISTICS

(Ta=25%5°C, Vec =5V 5%, Vpp =25V £1V)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
N} Input Current Vin =0~ 525V - - +10 HA
VoH Output High Voltage lon = —400 uA 24 — — \%
VoL Output Low Voltage loL =21 mA — — 04 \Y
lcc Vce Supply Current = — — 150 mA
Ipp Vpp Supply Current CE =V, OE = Vpp - - 30 mA

A.C. PROGRAMMING CHARACTERISTICS

(Ta=25+6°C, Ve =5V 5%, Vpp=25%1V)

SYMBOL PARAMETER MIN TYP MAX UNIT
taS Address Set Up Time 2 — — s
10ES OE Set Up Time 2 — — s
tDs Data Set Up Time 2 — - us

(1) tan Address Hold Time 0 — — us
toEH OE Hold Time 2 - - us
tpH Data Hold Time 2 — — Hs
DE 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
tvRr Vpp Recovery Time 2 — — us

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

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

A.C. TEST CONDITIONS

«+ Input Pulse Rise and Fall Times < 20 ns

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

Outputs 08V & 20V
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TIMING WAVEFORMS (PROGRAM OPERATION)

Ag ~ A1

Program Operation 1

PROGRAM MODE

PROGRAM
VERIFY MODE

ADDRESS N

tas

tPW tvR _.<

/

T

/]

Foshita

tPRT t0ES OEH |
Vpp————— T+ =
OE/Vpp /’L JF\
ViL——— 7 |_ oS toH ‘L
fce DF
DATA IN DATA OUT
0o ~07 (ADDRESS N) (ADDRESS N) |
Program Operation 2 (OE/Vpp = Vpp)
Y
Ag ~ A1 >< ADDRESS N D(
tAS tPw tAH
cE \\ S
s - tDH
£
09 ~ 03y DATA IN (ADDRESS N) 31\
o
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 TMM2732D’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 light intensity
[w/ecm?] 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 i1s exposed at a distance of 1 cm from the lamp
surface, the erasure will be achieved within 60 minutes
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 TMM2732D’s erasure begins to occur when exposed to light with wavelength shorter than 4000A The
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sunlight and the fluorescent lamps will include 3000 ~ 4000A wavelength components Therefore when used
under such lighting for extended periods of time, the opaque seals — Toshiba EPROM Protect Seal AC901 —
are avallable

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 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 ﬁ/Vpp 1s pulsed from a TTL level to 25V

PINS (NO) — __
MODE CE (18) OE/Vpp (20) Vee (24) 0o ~ 05 (9-11,13-17)
READ READ Vi Vi +5V DATA OUTPUT
OPERATION OUTPUT DESELECT B Vig +5V HIGH IMPEDANCE
e
(Ta=0~70"C) | STANDBY Vin * +5V HIGH IMPEDANCE
PROGRAM PROGRAM \n Vpp +5V DATA INPUT
OPERATION PROGRAM VERIFY ViL Vi +5V DATA OUTPUT
o
(Ta=26%5°C) | PROGRAM INHIBIT Vin Vpp +BV HIGH IMPEDANCE
* Vi or VL
READ MODE

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

Assuming that CE = OF =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 (tce) 1s equal to the address access time

Assuming that CE = VL and addresses are stable, the output data 1s valid at the outputs within tog (120 ns
max ) after the falling edge of OE

OUTPUT DESELECT MODE

Assuming that OE = V|4 or CE = V|H, the outputs will be in a htgﬂmpedance state So two or more
TMM2732Ds can be connected together on a common bus line  When CE 1s decoded for device selection, all
deselected devices are in low power standby mode
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STANDBY MODE

The DAM2732D has a low power standby mode controlled by CE signal By applying a TTL high level signal
to the CE input, the TMM2732D 1s placed in the standby mode which reduce the_o_peratlng current from 150 mA
to 26mA, 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 is erased state
Therefore the program operation i1s to introduce ""Os’’ data into the desired bit locations by electrically program-
ming The TMM2732D s set up in the program operation mode when applied the program input voltage (+25V)
to the OE/Vpp input under CE = V

Then programming Is achieved by applying a 50 ms active low TTL program pulse to the CE input after the
addresses and data are stable This program pulse should be a single pulse with 50 ms pulse width per address
word, and 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 TMM2732D must not
be programmed with a DC signal applied to the CE input

PROGRAM VERIFY MODE

The verify mode |s£)_check thatlhe desired data is correctly programmed on the programmed bits The verify
1s accomplished with OE/Vpp and CE at Vi 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 TMM2732D from being programmed

Programming of two or more TMM2732Ds in parallel with different data I1s easily accomplished That s, all
inputs except for CE are commonly connected, and the program pulse is applied to the CE input of the desired
device only and the TTL high level signal 1s applied to the other devices
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OUTLINE DRAWINGS
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Note 1 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

This value is measured at the end of leads

All dimensions are in millimeters
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- & TOSHIBA MOS MEMORY PRODUCTS

4096 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY

PROGRAMMABLE ROM

_ NCHANNEL SILICON STACKED GATE MOS

TMM2732DI

DESCRIPTION

The TMM2732D1 1s a 4096 word x 8 bit ultraviolet
light erasable and electrically programmable read only
memory  For read operation, the TMM2732DI’s
maximum access time 1s 350 ns, and the TMM2732D1
operates from a single 5-volt power supply and has a
low power standby mode which reduces the power
dissipation without increasing access time. The stand-
by mode s achieved by applying a TTL-high level
signal to the CE input The maximum active current
15 150 mA and the maximum standby current i1s 30
mA

FEATURES

e Wide operating temperature range
Ta=-40~ 85°C
e Fast access time 350 ns Max
e Power dissipation
150 mA Max. (active current)
30 mA Max (standby current)
e Low power standby mode CE

PIN CONNECTION

(TOP VIEW)

[Vvee
N Ag
Bas
OAn
[ OE/vep
[JA10
hee
po7
[0
fos
foa
Dos
PIN NAMES
Ag ~ A Address Inputs
O ~ 04 Data Outputs (Inputs)
CE Chip Enable Input
OE / Vpp Output Enable Input/Program Power
Vee Power (+5V)
GND Ground

For program operation, the programming is achiev-
ed by applying a 50 ms active TTL low program pulse
to the CE input, and 1t is possible to program sequen-
tially, individually, or at random

The TMM2732D1 1s fabricated with the N-channel
silicon double layer gate MOS technology and is
packaged In a standard 24 pin dual in line cerdip
package

Qutput buffer control OE

Fully static operation

Programs with one 50 ms pulse

Single location programming

Total programming time about 200 second
Three state outputs

Inputs and outputs TTL compatible

Pin compatible with 12732 and ROM TMM2332P

BLOCK DIAGRAM

Vpp GND Vee

T

0p 01 020304050407

[TIT11T

|

OE o——1— —

OE, CE output

——t utpu

_ Logie
CE O——]
Ao o——ro
A1 O——— Column Column 1/0
Ay O—— Decoder Circurt
A3 O—]
LY e Semm——
As O—
As O—f Memory Cell
A7 O—ro Row Array
Ag O0— ] Decoder [ ™ 4,096 x 8
VY e—
A0 O—r
Ayp O—ril
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MODE SELECTION
PINS (No ) CE OE / Vpp Vee Outputs
MODE (18) (20) (24) (9-11,13-17)
Read ViL ViL +5V Dout
Output Deselect * Vin +5V High Impedance
Standby Vin * +5V High Impedance
Program ViL Vpp +5V Din
Program Verify ViL Vi +5V DouT
Program Inhibit Vin Vpp +6V High Impedance
* Vi or Vi
MAXIMUM RATINGS
SYMBOL ITEM RATING UNIT
Vee Vce Supply Voltage —-03~70 Vv
OE/ Vpp Program Supply Voltage —-03~265 \Y
Vin Input Voltage —-03~70 \
VouT Qutput Voltage —-03~70 Vv
Pp 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 Vee Supply Voltage 475 50 525 \
ViH Input High Voltage 22 - Vec+10 \%
VL Input Low Voltage -03 — 08 \

D.C. and OPERATING CHARACTERISTICS
(Ta= —40 ~ 85°C, Ve =5V £ 5%, unless otherwise noted)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
I Input Load Current VN =0~ 525V — — +10 MA
lLo Output Leakage Current Vout =04~ 525V — - +10 MA
lcet Ve Current (Standby) CE=V — — 30 mA
leco Ve Current (Active) CE=V,_ - - 150 mA
Vor Output Low Voltage loL =21 mA - - 04 \
VoH Output High Voltage lon = —400 nA 24 - - \%
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A.C. CHARACTERISTICS

(Ta = —40 ~ 85°C, Ve =5V * 5%, unless otherwise noted)

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX UNIT
tace Address Access Time CE=0E=V)_ - - 350 ns
1ce CE to Output Valid OE =V, — — 350 ns
toE OE 1o Output Valid CE=V|_ — — 120 ns
tDF1 CE to Output in High-Z OE=V) CE=vp 0 — 100 ns
tpF2 OE to Output in High-Z CE=V ,0E=Vy 0 - 100 ns
toH Output Data Hold Time CE = OE = V;_ 0 - - ns

A.C. TEST CONDITIONS

Output 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 0 8V and 2V

CAPACITANCE * (Ta=25°C, f = 1TMHz)

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

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

TIMING WAVEFORMS (READ)
Ag ~A1L
i toH
tCE
CE \ /
K
toF DF1
- y
DF2
tacc
09 ~07 High Impedance _@2 High Impedance
Data Outputs
@ ;;____;
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PROGRAM OPERATION

D.C. RECOMMENDED OPERATING CONDITIONS

Outputs 08V & 20V
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SYMBOL PARAMETER MIN TYP MAX UNIT
ViH Input High Voltage 22 — Vec+10 \
ViL Input Low Voltage —03 — 08 \
Vee Vce Supply Voltage 475 50 525 \
Vpp Program Input Voltage 24 25 26 \%

D.C. PROGRAMMING CHARACTERISTICS

(Ta=25%5°C, Ve =5V 5%, Vpp =25V £1V)

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT
] Input Current VN =0~ 525V - - +10 HA
VoH Output High Voltage lon = —400 pA 24 - - \
VoL Output Low Voltage loL =21 mA — — 04 \
lcc Vce Supply Current — — - 150 mA
Ipp Vpp Supply Current CE =V,_ OE=Vpp - - 30 mA

A.C. PROGRAMMING CHARACTERISTICS

(Ta=25%5°C, Vcc =5V 5%, Vpp =25+1V)

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

(1) tan Address Hold Time 0 — — us
tOEH OE Hold Time 2 - - us
tDH Data Hold Time 2 — - s
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 — - Hs

Note (1) tay (Program Operation 1) =0 ps min

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

A.C. TEST CONDITIONS

- Input Pulse Rise and Fall Times < 20ns

+ Input Pulse Levels 08~22V

- Timing Measurement Reference Level — Inputs : 1V & 2V




TIMING WAVEFORMS (PROGRAM OPERATION)

Program Operation 1

PROGRAM
PROGRAM MODE VERIFY MODE
Ao ~ AL ADDRESS N
tas tPW tvR | tAH
"’ N/ ?l\ /
tPRT tOES tosHi
_ Vpp—————1 e
OE/Vpp \
Vi s x
tDH Toe .
DF
78 DATA IN DATA OUT |
Qo0 ~ 07 N (ADDRESS N) | (ADDRESS N) |

Program Operation 2 (OE/Vpp = Vpp)

¢
Ao ~ A1l >< ADDRESS N
=

tAs tPw tAH

DS DH

Op ~O17 DATA IN (ADDRESS N)

N

NOTE 1 V¢ must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp
2 Sometimes removing the device from socket and setting the device in socket under the condition
Vpp =25V £ 1V may cause permanent damage to the device
3 The Vpp supply voltage 1s 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 TMM2732D!'s erasure is achieved by applying shortwave ultraviolet light which has a wavelength of 25374
(Angstroms) to the chip through the transparent window Then integrated dose (ultraviolet light intensity
[w/cm?] x exposure time [sec ]) for erasure should be a minimum of 15 [w sec/cm?]

When the Toshiba sterilizing lamp GL-15 is used and the device is exposed at a distance of 1 cm from the lamp
surface, the erasure will be achieved within 60 minutes And using commercial lamps whose ultraviolet light
intensity 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 TMM2732D|’s erasure begins to occur when exposed to light with wavelength shorter than 40002 The
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sunlight and the fluorescent lamps will include 3000 ~ 4000A wavelength components Therefore when used
under such lighting for extended periods of time, the opaque seals — Toshiba EPROM Protect Seal AC901 —
are avallable

OPERATION INFORMATION

The TMM2732DI’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 1s required and the levels required for all inputsare TTL

In the program operation mode the 6E/Vpp 1s pulsed from a TTL level to 25V

PINS (NO) — —
MODE CE (18) OE/Vpp (20) Vee (24) 0o ~ 07 (9-11,13-17)
READ READ Vi Vil +5V DATA OUTPUT
OPERATION OUTPUT DESELECT * ViH +5V HIGH IMPEDANCE
STANDBY Vin * +5V HIGH IMPEDANCE
PROGRAM PROGRAM Vi Vpp +5V DATA INPUT
OPERATION PROGRAM VERIFY ViU VL +5V DATA OUTPUT
PROGRAM INHIBIT ViH Vpp +5V HIGH IMPEDANCE
* Viy or V.
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=0E= VL, the output data 1s valid at the outputs within address access time (350 ns max )
after stabmzmg 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 1s valid at the outputs within tog (120 ns
max ) after the falling edge of OE

OUTPUT DESELECT MODE

Assuming that OE = V|y or CE = ViH, the outputs will be in a h|gh impedance state So two or more
TMM2732Dlscan be connected together on a common bus line  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 applyinga TTL high level signal
to the CE input, the TMM2732D1 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 TMM2732D1 are in the 1" state which s erased state
Therefore the program operation is 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|

Then programming Is achieved by applying a 50 ms active low TTL program pulse to the CE input after the
addresses and data are stable This program pulse should be a single pulse with 50 ms pulse width per address
word, and 1ts maximum value 1s 55 ms The levels required for the address and data inputs are TTL The
TMM2732D1 can be programmed at any time individually, sequentially, or at random The TMM2732D| must not
be programmed with a DC signal applied to the CE input

PROGRAM VERIFY MODE

The verify mode |s_tgcheck thatLhe desired data 1s correctly programmed on the programmed bits  The verify
1s accomplished with OE/Vpp and CE at Vi 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 E/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 i1s easily accomplished That s, all
inputs except for CE are commonly connected, and the program pulse i1s applied to the CE input of the desired

device only and the TTL high level signal 1s applied to the other devices
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OUTLINE DRAWINGS
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Note 1 Each lead pitch 1s 254 mm All leads are located within 0 256 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

@ N

Note. Toshiba does not assume any responsibility for use of any circuitry described, no circurt patent licenses are implied, and Toshiba reserves the
right, at any time without notice, to change said circuitry
©Feb, 1981 Toshiba Corporation
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- &= TOSHIBA MOS MEMORY PRODUCTS

2,048 WORD x 8 BIT CMOS STATIC RAM
SILICON GATE CMOS

TC5517BP

DESCRIPTION

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

The TC5517BP 1s featured by output enable and
chip enable inputs, that is, OE for fast memory access
and CE for a minimum standby current mode, and Is
sulted for low power application where battery opera-
tion or battery back up for nonvolatility are required

FEATURES

o Low Power Dissipation
025uW (TYP ) Standby
25 mW (TYP ) Operating
e Fast Access Time
200 ns (Max )
e Single 5V Power Supply
o Fully Static Operation

PIN CONNECTION A7E1—\J_24:| Voo
As[] 2 2307 Ag
As3 22[] Ag
A4 213 RW
A3;Os 20[] OF
A, Os 1907 Ao
A 07 181 CE
Aos 17 [ 1/0g
1701 9 16 []1/04
1/0, [J10 15[ 1/06
1703 11 14[11/05
GND []12 13[1/04
PIN NAMES
Ao ~ Ao Address Inputs
RMW Read/Write Control Input
OE Output Enable Input
CE Chip Enable Input
1/0; ~1/0g Data Input/Output
Vpp Power "(+5V)
GND Ground

* This 1s advance information and specifications
are subject to change without notice.

The TC5517BP is also featured by pin compatibili-
ty with 2716 type EPROM  This means that the
TCH517BP and EPROM can be interchanged in the
same socket, and the flexibility in the definition of
the quantity of RAM versus EPROM obtained as a
result allows the wide application in microcomputer
system

The TC5517BP 1s moulded in a dual-in-line 24 pin
standard plastic package

Low Power Standby Mode CE

Data Retention Supply Voltage . 2V to 5 5V

All Inputs and Outputs Directly TTL Compatible
Three State Outputs

Pin Compatible with TC5516AP

Standard 24 pin Plastic Package

BLOCK DIAGRAM

Ao —
At & Voo
Ay 5] MEMORY CELL -0
A3 g ARRAY N
As = 128 x 128
Ag o ]
As —
L ‘ l !
1/0, —5.—5 S 1 I
1 10 = ENSE AMP
: (e =
18§ || S aTiA
1 © | 7| corumn pECODER i
T T
vou T £ || T | il
1 e a1
| [ |
| ‘J‘ | | CE A7 Ag Ag Ajg I | ‘
il |
o Jl|!
g |
o 1
RMWo—y
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Note

ErosHiBA

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

©Mar, 1981 Toshiba Corporation
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B2 TOSHIBA MOS MEMORY PRODUCTS

2048 WORD x 8 BIT CMOS STATIC RAM
SILICON GATE CMOS

TC5518BP

DESCRIPTION

The TC5518BP i1s 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 is featured by two chip enable in-
puts, that 1s CE,; and CE, for a minimum standby
current mode, and s suited for low power application
where battery operation or battery back up for non-
volatility are required

FEATURES

o Low Power Dissipation
0.25uW (TYP) Standby
25 mW (TYP.) Operating
® Fast Access Time
200 ns (Max )
e Single 5V Power Supply
e Fully Static Operation

* This 1s ad inf ion and
are subject to change without notice.

The TC5518BP 1s also featured by pin compatibili-
ty with 2716 type EPROM. This means that the
TC5518BP and EPROM can be interchanged in the
same socket, and the flexibility in the definition of
the quantity of RAM versus EPROM obtained as a
result allows the wide application In microcomputer
system

The TC5518BP 1s moulded In a dual-in-line 24 pin
standard plastic package

Low Power Standby Mode . CE, or CE,

Data Retention Supply Voltage . 2V to 5 5V

All Inputs and Outputs : Directly TTL Compatible
Three State Outputs

Pin Compatible with TC5516AP

Standard 24 pin Plastic Package

PIN CONNECTION (Top View) BLOCK DIAGRAM
\J .
A1 24 vpp CE, +CE,
A2 23 Ag
AsC 3 22 Ay v
DD
Asl]a 210 g Ao o— H -
asds 200 &g, A1 o i GND
A6 191 a0 Ag o 8 MEMORY CELL -
Ala7 181 CE, A3 o— o ARRAY
Aoe 171 1/04 Aq o ;
1701 o 161 1/04 As o] ] 128 x 128
1702010 1850 1/06 Ag o—
17030 11 147 1/05 n
enor 12 1301 1/04 110, = I
= SENSE AMP
« s
hy COLUMN DECODER
PIN NAMES 38
1/0g .
Ao ~ Ao Address Inputs cE s s 3
+CE
RMW Read/Mrite Control Input 1T A7 T As DAy Al
CE, ., CE, Chip Enable Inputs
1/0; ~ 1/Og Data Input/Output RW
Vbp Power (+56V) —
GND Ground E:E
CE,
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Note Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves the
right, at any time without notice, to change said circuitry
©Mar , 1981 Toshiba Corporation
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2 TOSHIBA MOS MEMORY PRODUCTS

2,048 WORD x 8 BIT STATIC RAM
N-CHANNEL SILICON GATE DEPLETION LOAP

TMM20 |1 6H

DESCRIPTION

The TMM2016H 1s a 16384-bit high speed static
random access memory organized as 2048-words by
8-bits and operates from a single 5V power supply
Common 8 bit inputs/outputs are provided

In memory expansion, low power application is
possible by using the chip select input (CS) When
CS s in V\H level, the device Is in low power standby

FEATURES

® Fast Access Time
tacc = 35/45 ns (Max )

e Power Dissipation

Icc = 150mA (Operating)

Isg =20mA  (Standby)
Single 5V Power Supply
e Power Down Feature CS
® Output Buffer Control . OE

PIN CONNECTION
A0 N~ 2400 vee
Asd2 230 Ag
AsOs 223 A,
Asl4 21 wWE
As0s 20(J oE
A6 190 A
A7 18 b cs
Ao e 17 1/0g
170, 16[31/04
1/0,[J10 15[71/04
170311 143 1/05
PIN NAMES GND[]12 13[31/04
SYMBOL NAME
Ao ~ As Column Address Inputs
Ay~ Ao 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 is advance information and specifications
are subject to change without notice.

mode, and the operating current is reduced to 20mA
from 150mA.

TMM2016H s fabricated with 1on implanted N-
channel silicon gate technology  This technology
provides high performance and high reliabtlity The
chip 1s placed in a 24 pin standard dual in line pack-
age, 0 6 inch in width

e Easy Memory Expansion . CS
e Fully Static Operation
No clocks or timing strobe required
o Common Data Inputs/Outputs
e Three State Outputs — Wired OR Capability

e |nputs protected — All inputs have protection
against static charge
BLOCK DIAGRAM
Ag «
As O—Ik w
Ag o—kj § Memory <—oVce
Aq Z:E la.l :" Cell Array <«—0 GND
Ag
A § (128 x 16 x 8)
A1o
1/0,©
1/0, u 1/0 Circuit FI:E
1105 RS
1/040- k Column Decoder
1/050 k
1/0g0- k
1/070 k -
1/0g0
Ao A1 Ay Az ]
e
cs
WE
OE
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Note

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

Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves the
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TOSHIBA MOS MEMORY PRODUCTS

TMM2764D 8,192 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY

PROGRAMMABLE READ ONLY MEMORY
N-CHANNEL SILICON STACKED GATE MOS

TMM2764D

DESCRIPTION

The TMM2764D 1s a 8192 word x 8 bit ultraviolet
light erasable and electrically programmable read only
memory. For read operation, the TMM2764D’s ac-
cess time is 200 ns, and the TMM2764D operates
from a single 5-volt power supply and has a low
power standby mode which reduces the power dis-
sipation without increasing access time. The standby
mode Is achieved by applying a TTL-high level signal
to the CE input. The maximum active current i1s 150

FEATURES

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

mA and the maximum standby current i1s 35 mA

For program operation, the programming Is achiev-
ed by applying a 50 ms active TTL low program pulse
to the PGM input, and 1t 1s possible to program se-
quentially, individually, or at random

The TMM2764D s fabricated with the N-channel
silicon double layer gate MOS technology and is
packaged In a standard 28 pin dual in line cerdip
package.

e Single 5-volt power supply e Fully static operation
e Fastaccess time . 200 ns e Programs with one 50 ms pulse
e Power dissipation : e Single location programming
150 mA (active current) e Three state outputs
35 mA (standby current) e Inputs and outputs TTL compatible
o Low power standby mode . CE o Pin compatible with 12764 and ROM TMM2364P
e Output buffer control . OE
PIN CONNECTION BLOCK DIAGRAM
(TOP VIEW) Lower 24 pins compatible with VppGND Ve
32K bit EPROM TMM2732D T Ovo 0,0,030405040,
(TOP VIEW) ]TTTTTTT
CEo E Output
CE o— —
PGM o—{ and PGM Buffers
o p— Column Column 1/0
AT  Decoder | | Circurt
As o
o Row Memory Cell
== I o Ay
A, 8192 x 8
PIN NAMES MODE SELECTION
| Ao~ Asp Address Inputs PGM | CE | OE | Vpp VCCT 0o ~09 b
0o ~ 05 Outputs (Inputs) Mode (27) |(20) [(22) | (1) |(28) |(11~13,15~19) | "o
CE Chip Enable Input Read H L L 5V Data Out
— . . High Active
OE Output Enable Input Output Deselect H sv |V |mpedance
PGM Program Control Input Standby . H . 5v High Standby
N.C. No. Connection Impedance
Vpp Program Supply Voltage Program L t b v z?‘: n
[
vee Ve Supply Voltage (+5V) !:r:gt:'am R v |V gImpedanoe Active
GND Ground nhioit H » » 5V Unknown
Program Verify H L L 5V Data Out

Note, *

Hro L
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Note Toshiba does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and Toshiba reserves the
right, at any time without notice, to change said circuitry
©Mar, 1981 Toshiba Corporation
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TUSHIBA MOS MEMORY PRODUCTS _

TMM23256P 256K BIT (32K WORD x BIT) MASK PROGRAMMABLE ROM

N-CHANNEL SILICON GATE MOS

DESCRIPTION

The TMM23256P 1s a 262,144 bit read only memo-
ry 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 peri-
pheral circuitry, the TMM23256P provides a high
speed and low power dissipation (access time 150ns,
operating current 40mA).

The TMM23256P also features an automatic stand-
by power mode When deselected by Chip Enable
(CE), the operating current is reduced from 40mA to

FEATURES

Single 5V Power Supply
Fast Access Time . 160ns (Max )
® Low Power Dissipation
Average Current  40mA (Max.)
Standby Current - T0mA (Max )
® |nputs protected
All Inputs Have Protection
Agalinst Static Charge

< _]

PIN CONNECTION Nc O 28[0Vee
Agl]2 270A14
A703 26[JA13
AsOa 251 Ag
AsOs 24[QAg
Aale 23 jé_l_l
AzO7 22[OE
A Og 210Aj0
Ao 20[1CE
Ao10 190D,
ped11 18[1Ds
D012 17[0Ds
D013 16[1D4
GND[]14 15[1D3
PIN NAMES
Ao ';_A, 4 T AddressrlnrpZtvs;i ) 77
_Do~D; | DataOutputs
O_E | Outputenable Input -
CE | Chipenable Input
NC ~ No Connection . 4‘
Vee Power Supply Termlnal_ -
GND ~ Ground o

* This 1s advance information and specifications
are subject to change without notice.

10mA  Output Enable (OE) 1s effective in preventing
data confliction on a common bus 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 1s fabricated with ion implanted
N-channel silicon gate technology This technology
allows a production on high performance

The TMM23256P 1s moulded in a 28 pin standard
plastic package, O 6 inch in width

Edge Enabled Operation . CE

Output Buffer Control OE

Input and Output . TTL Compatible

Three State Outputs Wired OR Capability
28 pin Standard Plastic DIP

Vee GND

BLOCK DIAGRAM

OE
Chip Enable l —

CEo— InputBuffer

TTTTTTT

Output

Buffers

TMM23256P

and Clock 8

6 Column Decoder

|8 x 64

512 262,144 bits

B Memory cell

Address Input Buffers and latches

©
Row Decoder

array
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right, at any time without notice, to change said circuitry
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TOSHIBA ULTRA LOW STANDBY POWER CMOS MEMORY

FEATURES
Standby Current
02 uA (Max)at Ta=25°C Guaranteed Data Retention Supply Voltage
10prA (Max)at Ta=60°C 20~55bV

This characteristics have made 1t possible to use primary Battery
(for example Lithium Battery — Strong power, long life time)

FAMILY
DEVICE NAME ORGANIZATION | ACCESS TIME (ns) | CYCLE TIME (ns) PACKAGE
TCH504APL — 3
€850 2 200 00 18 PIN PLASTIC 300 MILS
-3 300 420
4K WORDS x 18IT
TCE504ADL =2 200 300 18 PIN CERDIP 300 MILS
-3 300 420
TC5514APL —
€55 2 igg igg 18 PIN PLASTIC 300 MILS
Tess14aDL | < WORDS x 4BITS 200 200
18 PIN CERDIP 300 MILS
_3 300 300
TCB516APL 2K WORDS x 8 BITS 260 250 24 PIN PLASTIC 600 MILS

NONVOLATILE APPLICATION

Example Current Capacity VS Retention Time and Memory Size

Units mA H
Memory Size
Retention (K byte) 2 4 8 16 32 64
Time (Year)
1 88 176 352 70 140 280
5 44 88 176 3562 700 1400
10 88 176 362 700 1400 2800

Nominal Current Capacity of Lithium Battery is usually from 750 to 5000 mA H in Cylinder type and from
60 to 160 mA H in coin type

Even 1f the derating factor is considered, Lithium Battery 1s most suitable battery for nonvolatile memory applica-
tions
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BATTERY BACKUP APPLICATION FOR TC5516AP/APL

vee 2SA966 i
+5V
10Kk$ 10K 3 10K 2
02823.3 3 1K VDD VbD VbD
— CE, +— CE, mEs
25C1815 . -
5K CE, EEI -—4 CE, LITHIUM
BATTERY
R/W R/W B R/W
) GND GND GND
> iR A
WR
7404
Power
Fail -
from CPU
741.500/7400
Yo
Y
—A I
i
Address { —1 B |
—c 1
Y, p- -

7415138 (Decorder)



CMOS RAM DATA RETENTION CHARACTERISTICS

DATA RETENTION CHARACTERISTICS (Ta = Topr[2])

o
SYMBOL b PARAMETER I CONDITIONS | MIN MAX UNIT
v | Data Retention Volt OvSCES02Y 20 55 v
ata ntion Voltage -
OR 9 Vop —02VECES Vpp
¢ Chip Deselection to Data o {
CDR Retention Time | | us
R N
tR | Operation Recovery Time ‘ _ trel | - s
Note [1] tgc Read Cycle Time
[2] Topr Operating Temperature
TIMING CHART
Data Retention Mode
Vobo
R | anm—
cE
——=

Vpp—02V . — [T
j— N
CE / |\ ———
ViL
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Foshita

TC5516AP Low Power Application

When E goes high, the TC5516AP becomes to a low power stin_dby state (IDDSL’S»OuA Max.).

The average operating current of TC5516AP depends on the CE, active duty (CE, active time to cycle time
ratio) and input levels

Following figure show the above characteristics

20 \ TC5516AP

CE, Duty Cycle vs IppO

Ta=25°C
Vpp =55V

w
&
T

30

CE, Timing Waveform

< TTL Level (1us)
_E. Input
MOS!

8 Level
_l@ 2 Input

15

10, \

5

0 02 04 06 08 10

CE, = normally CE, = normally Viy
ViL

(Standby State)

=~

Therefore the application with CEz_clocked offers a reduction in average operating power of TCB516AP
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16K BIT STATIC RAM TMM2016P Low Power Application

Operating Average Current of TMM2016P

When the CS goes high, the TMM2016P becomes to low power standby mode automatically There-

fore using of CS with clock make 1t possible to reduce the operating average power
This characteristics are shown as following.

Icc Average vs cs Duty(”

80—

Icc Average
(mA)

CS Duty (%)

Note (1) CS Duty =tcs * tcycle

teycle

= 5 -
e

tcs
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Application

The synchronous applications using clock from MPU reduce the operating average power of TMM2016P, and

achieve the system power saving.
Examples are as follows.

Example 1. (8085, 280, etc.)

Decode 74L500

signal

cs
TMM2016P
WR : WE
RD OE
Example 2. (8085, Z80)
Decode 74L500 [—
signal
MREQ | oS
(z80)
ALE
(8085) 74Ls04 TMM2016P
WR WE
) 3

Example 3. (6800)

Decode 74L500 —
signal
:D— éE
®2
TMM2016P

R/W WE
LD': oe
74L504

In this application, CS s controlled by WR
and RD signal from MPU.

In MPU-8085 application with 3MHz, the
duty cycle of CS becomes about 40%, and this
application offers an about 50% reduction in
operating power of TMM2016P

In this application, CS s controlled by
MREQ signal from MPU-Z80 or ALE signal from
MPU-8085.

In MPU-Z80 application, the duty cycle of
CS becomes about 65%, and this application off-
ers an about 30% reduction in operating power
of TMM2016P.

In this application, CS is controlled by ¢2
clock.

Use of ¢2 clock with 50% duty cycle offers
an about 40% reduction in operating power of
TMM2016P.

In application with MPU-6802 in space of
6800, enable ¢2 output (E) signal is used as a
clock of CS.
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Example 4

TMM2016P
WR WE
WR
RD OE
RD o
7415138
G1
Yo fo———jcs
Yipo—
G2A I
G2B
Aq1q A I
A2 ———————18 I
A3 c v, l0—
TMM2016P
WR WE
WR
) OE
) o
7415139
I >>—dc  vop—os
Y [0—
Ay ——————————1A o—
11
A2 B o—

— 189 —



Advantage of two chip enable inputs in CMOS Memory

® Two chip enables offers both fast memory access and battery backup.

o Achievement of standby mode i1s simplified by elimination of requirements on inputs Only requirements

involve CEp or CEp  (for example, CE2 for TC5501P/D and TCB047AP, and CE for TC5516AP refer to
specification)

Example 1: Nonvolatile application simplified

o One chip enable can be commonly used
o No gates are required

Lca Lcm ————— Lch

CEg CEj CEp

l L l Data Retention

Control for battery backup

Example 2 : Two-dimensional arrangement by decoding two chip enables

e This application makes memory expansion easy without increase in decoder devices

CE1q CE -——-——1CE1
CEp CEp CE2
|
decoded } ! | !
CEq I ! ! X
[— 1
—CEq CEq —----—CEq
CEp CEp CEp
. v S

decoded CEp
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16K RAM Interchangeability

® TC5516AP and TMM2016P Operation Mode

TC5616AP TMM2016P

MODE CE, 18)|CE, (200 [Rw (21) | TS (18) [OE (20) [WE (21)
Write Mode L | L L *LorH | L |
Read Mode L L | n L L | H

*  Forwrite mode, there is a difference between TC5516AP and TMM2016P
But in usual application, two RAM's are interchangeable 1n same socket each other by simple
Jumper wiring

® 16K RAM’s and Microprocessor Application Example

8085
Case 1
|
]
|
— WA
== WA
b L ON——RD
/

B

] \\ \B, /
decoded

signal
A  TMM2016P
TMM2016P, TC5516AP
]
B
]
=1 WR
e
\ 1l
b &
decoded
n signal

A TMM2016P

B

TMM2016P, TC5516AP

Case 2

z80
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TOSHIBA 16K BIT CMOS RAM COMPATIBILITY TABLE

PIN CONFIGURATION
TC5516AP TC55178P TC5518BP
Aq01
~OPERATION MODE
DEVICE NUMBER TC5516AP TC5517AP/BP TC5518BP
PIN NO 18 20 21 18 20 21 18 20 21
PIN NAME —_ | == POWER — — POWER RN POWER
CE, | CE, |Rmw CE | OE |RMW CE, | CE, | RW
MODE
WRITE L L L ACTIVE L N L ACTIVE L L L ACTIVE
(lppo) (Ippo) (lppo)
READ L L H ACTIVE L L H ACTIVE L L H ACTIVE
(lbpo) (lppo) (Ippo)
Y
STANDBY 1 . | 5 | . [ACTIvE . | 4 | . lsTanDe
(Ibpo) (lops)
Y
STANDBY 2 H . N STANDBY H . . STANDBY H N . STANDB
(Ipps) (Ipps) (lops)
OUTPUT DESELECT o | W | . | ACTIVE
(lppo)

Note *, H or L

Interchangeability of CMOS RAM

1. 4K BIT (4K words x 1 bit) CMOS RAM — TC5504AP Family

TCB504AP’s function is compatible with MK4104.

with NMOS RAM

MK4104-33

TCB504AP-2/AD-2

MK4104-35 TC5504P TCH5504AP-3/AD-3

Operating Temperature (°C) 0~ 70 —30 ~ 85 —30 ~ 85
Vee or Vpp 5V * 10% 5V + 10% 5V + 10%
Vg (Min) 2.2V Vpp — 20V 2.2V

Vi (Max.) osv 08V osv

Icc (Operating Current) (mA) 27 20 5

Isg (Standby Current) 3mA 20uA 20uA
teycle (ns) 310/460 550 300/420
tacc (ns) 200/300 450 200/300
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2. 4K BIT (1K words x 4 bits) CMOS RAM — TC5514AP Family

The TC5514AP Family I1s a high speed and very low power, fully static (asynchronous type) CMOS RAM,
and 1s compatible with Nch 2114 type RAM, yet offers a more than 90% reduction in power of their NMOS

equivalents.
TC5514AP-2/-3
21142 ' 2114-3 | 2114 TC5514P TCB514AD-2/-3
Operating Temperature (°C) 0~ 70 -30 ~ 85 -30 ~ 85
Vce or Vpp (V) 5V = 5% 5V + 10% 5V + 10%
Vi (Min) (V) 20 22 22
V)L (Max) (V) 0.8 0.65 08
lcc (mA) 100/70 25 5
Isg (uA) — 20 20
trc (Read Cycle Time) (ns) 200 300 450 450 200/300
tacc (Access Time) (ns) 200 300 450 450 200/300
tco (Chip Select Access Time) (ns) 70 100 120 450 70/100
twe (Write Cycle Time) (ns) 200 300 450 450 200/300
twp (Write Pulse Width) (ns) 120 150 200 350 120/150
tps (Data Set Up Time) (ns) 120 150 200 200 120/150
tpH (Data Hold Time) (ns) 0 0 0 0 0
3. 16K BIT (2K words x 8 bits) CMOS RAM — TC5516AP
HM6116LP—2
-3 TMS4016N L TMM2016P—1 TC5516AP
—4
Operating Temperature (°C) 0~ 70 0~ 70 0~ 70 —-30 ~ 85
Vee or Vpp (V) 5V + 10% 5V + 5% 5V + 10% 5V + 10%
Vig (Min.) (V) 2.2 20 2.2 22
ViL (Max) (V) 08 08 08 08
Iopo or lec  (mA) 70/60/60 %0 100/120 70 (56)*
(Operating Current)
Ipps or lsg (mA) 01 _ 15 003
(Standby Current)
tre (ns)
120/150/200 450 150/100 250
(Read Cycle Time) 1150/
tacc  (ns) 120/150/200 450 150/100 250
(Access Time)
tco or tcozs (ns) 120/150/200 150 150/100 250
(Chip Select Access Time)
tog or tcor  (ns)
80/1 20 150 55/35 100
(Output Enable Time) /100/1
twe  (ns)
450 150/100 250
(Write Cycle Time) 120/150/200
twp  (ns)
70/90/120 400 120/90 200
(Write Pulse Width) o/
o ps (ns)
35/40/60 400 60/40 120
(Data Set up Time) 140/

* VN = Vpp/GND
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256K 64K BIT 32K BIT 16K BIT CAPACITY 16K BIT 32K BIT 64K BIT 256K

TOSHIBA BYTEWIDE MEMORY FAMILY PIN OUT.

Foshita

BIT BIT
= 5| = = _ = = = Z| s b= s
s 38| 3| 2| 3|z z 2 5| 2| &| 3 2 | 3 =
S s| €] £ e} T © Ol | o € o | s 2
= o s & s Q o [ o o « = > W S o) o
N3 i = = = = Q 2 u w 2 L % = = S v
2 185 31 8 8 5] 2l g o DEVICE o s| <| 5| 8] 818 8| %
* ] ~ ] w = V] o @ = © ¢} ~ ] *
2 ] N IS » 7 ® o 8 ® 7S » & N o =
* | 2| =| © s s s s ol = s s g
S| 5] 5| = s s s s S| 3 s s
= | F [3) = = = = [3) - = -
A\
NC |Vpp |NC O 28 M Vee | Vee | Vee
A A1z 2 27 CS, [PGM| Aja
A, Aq Osm (24)26 [] Vce Vee [Vee |Vop [Vee | Vee [CSy |NC | Ags
Ae | As Oaw@ (23) 25 _H_ As Ag
As As Os (2241 A Ao
As Ag Oew@ @023 Vep css [WE RW AL | An | An | A | Al
Az Az 71 (20022 [] CS cs; | OE |CE; | OE |OE/vpp| OE | OE | OE
As A, Clse 1921 [J Aq Ao
Ay Ay o (18)20 ] PD/PGM |cCS, | CS |CE, | CS CE CE | CE | CE
Ao Ao [J1wo© «un19[] D, D
Do Do 1@ te18[] Ds D¢
D, Dy 0120100 (1817 [1 Ds Ds
D, D, 1301 (14016 [] Da Da
GND GND 10120 (13915 1 D3 Ds
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