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The TMM323D's memory cell data can be erased When Toshiba sterilIZIng lamp GL-15 IS used and 
by applying light with wavelengths shorter than 4000 the device is exposed at a distance of l-cm from the 
A. (lA = 10-8 cm) lamp surface, erasure should be completed in about 
Sunlight and the fluorescent lamps may Include 60 minutes. 
3000 - 4000 A wavelength components And uSing a lamp whose ultraviolet light intensity 

Therefore when used under such lighting for is a 12000 [IIw/cm') will reduce the exposure time 
extended periods of time, an opaque seal (Toshiba to about 20 minutes. 
EPROM Protecting Seal AC 901 etc) will be required (In this case the Integrated dose should be 12000 
to protect the TMM323D Generally, ultraviolet light [,lw/cm') x (20 x 60) [sec) '" 15 [w·sec/cm') ) 
with a wavelength of 2537 A IS recommended for 
TMM323D-eraslng, and in this case the integrated 
dose (ultraviolet light intenSity [w/cm') x time [sec]) 
should be over 15 [w sec/cm' ] 

�~�~�:� 
TMM323D-operatlon-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 V PP power supplies required are only 5-volt for 
read operation, and the Vpp power supply required IS 
25-volt during program operation only. 

�~� 
PD/PGM 

MODE (18) 

Read V,L 

Read Operation Deselect . 
Power Down V,H 

Program 
...f1.fL V,H 

V,L 
Program Operation Program Verify V,L 

Program Inhibit V,L 

CS Vpp Vce Outputs 

(20) (21) (24) (9-11,13-17) 

V,L 5V 5V D out 

V,H 5V 5V High Z . 5V 5V High Z 

V,H 25V 5V D 10 

V,L 25V 5V D out 

V,H 25V 5V High Z 

* VIL or V,H 

Read Mode 

Assuming that PD/PGM = V,L and CS = V'L, the 
output data is available within tACCI (MAX.) after 
stabilizing of the address. 
And assuming that PD/PGM = V,H or CS = V'H, the 
outputs wi II become high impedance in state 

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

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

Deselect Mode-

Assuming that CS = V'H, 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 I L 
level, and that of the other chip must be at the V,H 
level 
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"-' Down Mode 
Assuming that PD/PGM = VIH. the power dIssipa­

tion will be reduced to one-fourth of normal active 
power. (Le.525mW -+ , 32mW) 
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 "'" state which is the erased 
state. 

Therefore programming is carned out by electrical· 
Iy 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 = VIH. 

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

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

When programming is carried out by applying a 
DC voltage (VIH level) instead of a pulse to the PDI 
PGM input. erroneous writing may occur sometimes. 

32i1MAXI 

, 2 3 .. 5 II 7 • , 

NoU1 

so a pulse whose recommended width IS 50ms shou· 
be used in programming. 

Programming the same data to two or more TMI 
323Ds simultaneously can be accomplished by COl 

necting the respective pins together. 

Program Verify Mode 

In this mode the Vpp power supply is 25V, 
But assuming that PD/PGM = VI Land CS = VI L 

it can be possible to read written data. 
For normal read operation. the Vpp power suppl' 

voltage required is 5V. 

Program Inhibit Mode 

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

According to the above. programming into two 0 

more TMM323Ds mounted on a board will be pos 
sible. 

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

Note 

to Each Ind pitch I. 2 54 mm. All I •• d, .re locaMci 
within 0.26 mm of thalr true longitudinal pOiltion 

with r-.:lect to No.1 end No. 24 I .... 
2 This valua f. mauured at the end of lead •. 
3. All dun.nllan •• r. In mllltmMeF1. 

L ",.to, I 

I."~,, \ 
I ,,,~::. I 

Note: Toshiba does not DIU,.,. any retPonlfblllty for u. of eny circuitry dftcrlbed; no Circuit pa~nt llcen ....... l'1'plled. MId Toshiba .......ws 
the right. at MY tim. without notice. to change.kI circuitry. 

@Jun., 11SO TOIhlbe Corporetion 
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2048 WORD x 8 BIT EPROM 

N CHANNEL SILICON STACKED GATE MOS. •. _-
The TMM323DI is a 2048 word x 8 bit ultraviolet 

erasable and electrtcally programmable read only 
memory For read operation It reqUires a single 
5-volt power supply only The maximum active pow­
er dissipation IS 525mW while the maximum standby 
power dissipation IS only 158mW, a 70% savings. 
Programming can be executed by applYing 25-volt 
and 5-volt at the Vpp and Vcc terminals respectively, 
and applYing a TTL level signal at the other Input 
terminals Programming the one bit location reqUires 

• Wide operating temperature range 
Ta = -40 - 85°C 

• Single 5-volt power supply 
• Access time TMM323DI 

TMM323DI-l 
Current 100mA (active) 

120mA (active) 
30mA (standby) 

, 450ns (MAX.) 
350ns (MAX.) 
TMM323DI 
TMM323DI-l 

A.-A ,o Addresses 
0 0 -0, Outputs 

CS ChIp Select 

PD/PGM Powerdownl 
Program 

Vee, Vpp Power Supply 

GND Ground 
~---

~S PD/PGM CS Vpp Vee Output. 
MODE (lB) (20) (21) (24) (9-11,13-17) 

Read V,L V'L 5V 5V Dout 
Deselect . V'H 5V 5V HI9h-Z 
Power Down V'H . 5V 5V HI9h-Z 

Program JUL V'H IV'H 
V'L 

25V 5V Din 

Program 
V'L' V'L 25V 5V 00U1 Verify 

Program 
V'L V'H 25V 5V H,gh-Z Inhibit 

• V'L or V'H 

TMM323DI 
TMM323DI-l 

only a Single pulse, and It IS pOSSIble to program 
sequentIally, IndIvidually or at random Under the 
condItIon Vpp = 25V, read operatIon IS perml11ed In 
the program vertfy mode, and also programming IS 
Inhlbl11ed by selecting the program InhIbIt mode 

The TMM323DI IS fabricated with the N-channel 
silIcon double layer gate MOS technology and IS 
packaged In a standard 24-pm dual-In-Ilne cerdlp 
package 

• Three state output 
• Particular b,t location programming 
• Programs With one 50ms pulse 
• Total programming t,me 100 second 
• Inputs and outputs TTL compatIble during read 

and program 
• Pin to pm compatible to 2716 type EP·ROM 

~ILOCK. DIAGRAM 

VccO--­
VppO--
0000--

i 
I I I ! I 
I I I I • 

18384 bIt Memory Cell 
28 Row x 16 Column JIt 8 bit) 

! ! i i ! 
! i I! : 
1 ! ! I ! 
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ITEM 
-~-------

Vee Supply Voltage with respect to Ground 

Vpp Supply Voltage with respect to Ground 

All Input Voltages with respect to Ground 

All Output Voltages with respect to Ground 

Power Dissipation 

Soldering Temperature· Times 

Storage Temperature 

Operating Temperature 

D.C. ond A.c. OPERATING CONDITIONS 

PARAMETER SYMBOL 

Power supply Vee (1.21 

Power supply Vpp (21 

Ta = --40 _ 85·C 

PARAMETER SYMBOL 

Input Load Current III 
Output Leakage Current ILO 
Vpp Current (Readl Ipp 

Voc Current (Standby 1 Icc, 

.ITMM323DI 
Voc Current (Activel!TMM323DI_l Icc. 

Input Low Voltage VIL 

Input High Voltage VIH 

Output Low Voltage VOL 
Output High Voltage VOH 

Ta = --40 _ 85·C. Vpp = Vee to 6V 

PARAMETER SYMBOL 

Address to Output Delay tAee, 
PD/PGM to Output Delay tAce. 
Chip Select to Output Delay teo 
PD/PGM to Output Float tpF 

Chip Deselect to Output Float tOF 
Address to Output Hold tOH 

• A.C. Tilt Condition. 
Output Load ITTL + l00pF 
Input Rise and Fall Times (10%-90%1 ~ 20ns 
Input Pulse Levels VIL = 0 8V. VIH = 22V 

SYMBOL RATING UNIT 

Vee -0.3 - + 7 V 

Vpp -0.3 - + 26.5 V 

VIN -0.3 - + 7 V 

VOUT -03-+7 V 

Po 1.5 W 

Tso LOER 260·10 °C . sec 
TSTG -65-+125 ·C 

TOPR --40-85 ·C ----

MIN. TYP MAX UNIT 

TMM323DI 4.75 5 525 V 
TMM323DI·l 45 5 55 V 

Vee-a 6 5 Vcc +06 V 

MIN. Typ.(31 MAX. UNIT CONDITIONS 

tID p.A VIN =525V 
tlO p.A VOUT = 5 25V 10 45V 

5 mA Vpp - 5 85V 

10 30 rnA PD/PGM - VIH. CS = VIL 

57 100 
PDIPGM = CS = VIL rnA 

57 120 

-0.1 08 V 

2.2 Vee + 1 V 

045 V IOL-21mA 
24 V IoH = --400p.A 

TMM323DI TMM323DI-l 

MIN MAX MIN. MAX 
UNIT CONDITIONS 

450 350 ns PD/PGM = CS = VIL 

450 350 ns Cs = V IL 
120 120 ns PD/PGM=V 

a 100 a 100 ns CS = VIL 
0 100 a 100 ns PD/PGM = VI 

0 a ns PD/PGM = CS = VIL 

Timing Measurement Referenoe Level Inputs IV & 2V. Outputs a BV & 2V 
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~ote 4) 

,::APACITANCE 

ra=25·C.f=lMHz 

PARAMETER 

I nput Capacitance 

Output Capacitance 

T SYMBOL 

i C'N 

I COUT 

TIMING WAVEFORMS IREAD) 

A. Read Mode PD/PGM - VIL 

8. SUndby Mode 

1 
I MIN 

i 
T 

LIMITS 
UNIT CONDITIONS 1 TYP T MAX 

T 4 T 6 pF Y,N =OV 

I 8 I 12 pF Vout=OV 

Addr ... ---------.... ".-------------
AddNMN +m 

PDIPGM 

No.: 1. Vee must be IPpll~ Ilmuluneoully or !Mfo,. Vpp and cut off ,Imullan_ully or aft8r VpP. _ VCC~ 
2. Tho Vpp _mln.II, .. nnl ..... to connoc. _ Vee ... m'n.,d,_,. d.,'no non-p' .. 'ommlno. Vpp ~. 
3. Typlca' valu ... r. at T. - 2SoC and nominal supply volta .... 
4. This parameter 'I periodically .. mpl.t and I, not 100" ten8d. 

Ii, The tACC2 iI. output ~ delay time (I •• acce. time) from IIdd,... or PDIPGM whlchner chengH , ... 

T. = 2S·C ± S·C. Vee = SV ± S%. Vpp = 2SV ± 1 V (Note 1. 2. 3) 

'. , ... - . ' . . '~' .. 

PARAMETER SYMB~)L MIN. TYP. MAX. UNIT CONDITIONS 
f--. 

I nput Current ILl .±10 JJA Y,N = 5.25VIO.45V 
Vpp Supply Current Ipp, 5 mA PDIPGM - VIL 

Vpp Supply Current Ipp, 30 mA PD/PGM =V,H During Programming Pulse 

Vee Supply Current lee 100 mA IOUT=OmA 

I nput Low Level VIL -01 08 V 

Input High Level VIH 20 Vcc+l V 
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PARAMETER SYMBOL 

Address Setup Time tAS 

CS"Setup Time tess 

Data Setup Time tos 

Address Hold Time tAH 

CSHoid Time tesH 

Data Hold Time tOH -----
Chip Deselect to Output FloatDelay tOF 

Chip Select to Output Delay teo 

Program Pulse Width tpw 

Program Pulse Rise Time tPRT 

Program Pulse Fall Time tPFT 

• A.C. Tut Condition. 
Input Rise and Fall Times (10% - 90%) . ~ 20ns 
InputPulseLevels V'L=08V.VIH=22V 

MIN. TYP. 

2 

2 

2 

2 

2 

2 

0 

45 50 
5 

5 

Timing Measurement Reference Level Input 1V & 2V. OutputO.8V & 2V 

Vpp - 2!V±1V, Vee" 5V±S% 

Add ..... 

Dot. 

PD/PGM 

--~ 

tpw 
(45"""'55",,) 

MAX UNIT CONDITIONS 

p.s 

p.s 

p.s 

p.s 

p.s 

p.s 
--

120 ns PD/PGM = V,L 

120 ns PD/PGM = VIL 

55 ms 

ns 

ns 

Note: vcc..J L 1. Vee mutt be .ppll«I slmult ..... ou.ly pr b.t'ore Vpp .nd cut off .Imulteneously or .fter VPP. ~ ,-----, 

Vpp--l L--. 

2. Sometime. removing the device from socket end setting the device In socket under the condition Ypp - 26V ± 1 V mey dntroy Its 
device, 110 It should be noted dUring Pl"OIIrernmlng. 

3. Vpp .upply volt ... I. permlttllcl up to 28V programming. so the voltege ov.r 28V mould not be eppll«l 1:0 Vpp. 
P.rtlculerly when switching pul .. vott ... I •• ppll«l 1:0 Vpp, .Iso the over-shoot volt. of Its pul ••• hould not be exceeded 2&-volt. 
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EIW!URECIWJACT~ 
The TMM323DI's memory cell data can be erased When Toshiba steriliZing lamp GL-15 IS used and 

by applYing light With wavelengths shorter than 4000 the deVice IS exposed at a distance of l-cm from the 
A_ (lA = 10-8 cm) lamp surface, erasure should be completed in about 
Sunlight and the fluorescent lamps may Include 60 minutes 
3000 - 4000 A wavelength components And uSing a lamp whose ultraviolet light intensity 

Therefore when used under such lighting for IS a 12000 [llw/cm'l will reduce the exposure time 
extended periods of time, an opaque seal (Toshiba to about 20 minutes_ 
EPROM Protecting Seal AC 901 etc) Will be required (In thiS case the Integrated dose should be 12000 
to protect the TMM323DI. Generally, ultraviolet light [llw/cm'l x (20 x 60) [secl '" 15 [w sec/cm'I.) 
With a wavelength of 2537 A IS recommended for 
TMM323DI-eraslng, and In thiS case the Integrated 
dose (ultraviolet light intensity [w/cm' I x time [sec I ) 
should be over 15 [w sec/cm' I 

.~_JNFO""~noN. 
TMM323DI-operation-modes are classified Into six 

types, as shown In the follOWing table Each mode 
can be selected by TTL level signals only The Vcc 
and Vpp power supplies required are only 5-volt for 
read operation, and the Vpp power supply required IS 
25-volt dUring program operation only. 

~ PD/PGM 

MODE (18) 

Read VIL 

Read Operation Deselect . 
(Ta = --40 - 8S0C) Power Down VIH 

Program 
...fln.... VIH 

VIL 
Program Operation Program Verify VIL (Ta = 2S± SoC) 

Program Inhibit VIL 

CS VPp Vcc Outputs 

(20) (21) (24) (9-11,13-17) 

VIL SV SV o out 

VIH SV SV High-Z . SV SV High-Z 

VIH 2SV SV Din 

VIL 2SV SV Oout 

VIH 2SV SV Hlgh-Z 

Read Mode 
* VIL or VIH 

D_lectMode 

Assuming that PD/PGM = Vil and CS = Vll, the 
output data IS available within tACC, (MAX.) after 
stabilizing of the address. 
And assuming that PD/PGM = VIH or CS = VIH, the 
outputs will become high impedance in state 

When all addresses are in the fixed state and CS = 
Vll, the output data is available Within tACC, 
(MAX.) after the PD/PGM Input is changes to VIL 
from the VIH level. (Outputs change to data available 
state from a high impedance state.) 

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

Assuming that CS = VI H, 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 VI L 
level, and that of the other chip must be at the VIH 
level. 
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Power Down Mode 

Assuming that PD/PGM = V I H, the power dIssipa­
tion will be reduced to one-fourth of normal active 
power_ 
Then all outputs will become high Impedance in state 
Independent of the CS Input level. 

Program Mode 
Initially when received by customers all bits of the 

TMM323DI are In the "'" state which is the erased 
state_ 

Therefore programming IS carned 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 = VIH 

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

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

When programming IS carned out by applying a 
DC voltage (VIH level) Instead of a pulse to the PDI 
PGM Input, erroneous Writing may occur sometimes, 

32. MAX 

71:1:02 

Note 1 

so a pulse whose recommended width IS 50ms shou 
be used In programm Ing. 

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

Program Verify Mode 

In this mode the Vpp power supply IS 25V 
But assuming that PD/PGM = VI Land CS = Vil 

It can be possible to read written data 
For normal read operation, the Vpp power suppl 

voltage required IS 5V. 

Program Inhibit Mode 

Assuming that PD/PGM = VI Land CS = VI H unda 
Vpp = 25V, It IS able to inhibit the programming. 

According to the above, programming Into two c 
more TMM323Dls mounted on a board will be POi 
sible 

Programming Into a desired chip tied on a commo 
bus Ii ne Independently IS possible by connecting a 
respective Inputs except PD/PGM together and applv 
ing a pulse to the PD/PGM Input of a deSired chip an. 
applying DC voltage at the VIL level to the PD/PG~ 
Inputs of the other chip. 

No. , 
1. Each lead pitch's 264 mm. All lead, art! located 

wlth,n 026 mm of thair true longitudinal position 

With r.'Pact to No 1 and No. 24 leads 
2 ThiS value 'I ma •• ured at the and of lead, 
3 All dlmenllons ar. In millimeter •. 

Note 2 

Nota· Toshiba doH not anum. any responsibility for u. of any circuitry described, no circuit patent hClln ... a,.. Implilld. and Toll1ltNi ,...rv .. 
the tlgh't, 8t any tlma without nottce, to change Mid circuitry 

©Nov. 1981 Tolluba Corporation 
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)96 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY 
ROGRAMMABLE ROM 

TMM2732D 
TMM2732D-2 -CHANNEL SILICON STACKED GATE MOS 

DESCfttPiION , 

The TMM2732D IS a 4096 word x 8 bit ultraviolet 
,ght erasable and electrically programmable read only 
nemory, For read operation, the TMM2732D's 
naxlmum access time IS 350ns/250ns, and the 
[MM2732D operates from a single 5-volt power sup­
)Iy and has a low power standby mode which reduces 
he power dissipation without increasing access time. 
[he standby mode IS achieved by applying a TTL­
llgh level signal to the CE Input. The maximum 
Ictlve current IS 150mA and the maXlmllm standby 
:urrent IS 25mAl35mA 

, Single 5-volt power supply 
, Fast access time 

TMM2732D 350ns 
TMM2732D-2 250n$ 

, Power diSSipation 
150mA (Max.) (Active) 
25mA (Max.) (Standby TMM2732D) 
35mA (Max.) (Standby TMM2732D-2) 

• Low power standby mode CE 

PJII~crlON 

Ao -- All Address Inputs 

0.-0, Data Outputs (Inputs) 

CE Chip Enable Input 

OENpp Output Enable I nput/Program Power 

Vcc Power (+5V) 

GND Ground 

For program operation, the programming IS achiev­
ed by applYing a 50ms active TTL low program pulse 
to the CE Input, ancldt is pOSSible to program sequen­
tlally, individually, or at random. 

The TMM2732D IS fabr Icated With the N-channel 
Silicon double layer gate MOS technology and IS 
packaged In a standard 24 pin dual In line cerdlp 
package, 

• Output buffer control OE 
• Fully Static operation 
• Programs with one 50ms pulse 
• Single location programming 
• Total programming time about 200 seconds 
• Three state outputs 
• Inputs and Outputs 

Directly TTL compatible 
• Pin compatible with 12732 and ROM-TMMi332P 

~Ot~ 

Ao 

'1 
" As 

A. 

AS A, 
A, 
A, 
A, 

A,. 
AU 

Output 
BuffWII 

Column I/O 

AlTay 

4,096 II: • 
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SYMBOL ITEM RATING UNIT 

Vee Vee Supply Voltage -0.3-7.0 V 

OENpp Program Supply Voltage -0.3-26.5 V 

VIN Input Voltage -03-7.0 V 

VOUT Output Voltage -03-70 V 

Po Power Dissipation 1.6 W 

TSOLOER Soldering Temperature Time 260 . 10 °C . sec 

TSTRG Storage Temperature -65-125 ·C 

TOPR Operating Temperature 0-70 ·C 

READ OPERATION 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

Vee Vee Supply Voltage 475 5.0 5.25 V 

VIH Input High Voltage 2.0 - Vee + 1.0 V 

VIL Input Low Voltage -0.3 - 0.8 V 

(Ta = 0 -70·C. Vee = 5V f 5%. unless otherwise noted) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT I 

IlL Input Load Current VIN = 0 - 5.25V - - ±10 jJ.A 

ILO Output Leakage Current VOUT = 0.4 - 525V - - flO jJ.A 

icc. Vee Current (Standby) CE = VIH 
I TMM2732D - - 25 

I TMM2732D-2 35 
rnA 

- -
lee. Vee Current (Active) CE = VIL - - 150 rnA 

VOL Output Low Voltage IOL -2.1mA - - 0.4 V 

VOH Output High Vo ltage IOH - --4OOjJ.A 2.4 - - V 
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(Ta = 0 -70·C, Vee = 5V ± 5%, unless otherwise noted) 

SYMBOL PARAMETER CONDITIONS 
TMM2732D 

MIN. 

lAcc Address Access Time CE = OE = Vil -
tCE CE to Output Valid OE = V,l -
toE OE to Output Valid CE - V,l -
tOF1 CE to Output In Hlgh-Z OE = V,l , CE = V,H 0 

tOF2 OE to Output In Hlgh·Z CE = V'l, OE - V,H 0 

tOH Output Data Hold Time CE - OE = V,l 0 

Output Load 
Input Pulse Rise and Fall Times 
I nput Pulse Levels 

!TTL Gate and CL (l00pF) 
:::;; 20 ns 
O.S - 2.2V 

Timing Measurement Reference Level _ .. 
• (Ta = 25·C, f = lMHz) 

SYMBOL PARAMETER 

C,NI Input Capacitance Except OENpp 

C,N2 Input Capacitance (ITENpp) 

COUT Output Capacitance 

Inputs 1 V and 2V 
Outputs a SV and 2V 

CONDITIONS 

Y,N =OV 

Y,N =OV 

VOUT -OV 

* This parameger IS penodlcally sampled and IS not 100% tested 

°0 ..... °7 
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MAX. 

350 

350 

120 

100 

100 

-

MIN 

-
-

TMM2732D-2 

MIN. MAX. 
UNIT 

- 250 ns 

- 250 ns 

- 100 ns 

0 90 ns 

0 90 ns 

0 - ns 

TYP. MAX. UNIT 

- 6 pF 

- 20 pF 

12 pF 
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PROGRAM OPERATION 

;O».:.~~~T_~"'· 

SYMBOL PARAMETER 

VIH Input High Voltage 

VIL I nput low Voltage 

Vee Vee Supply Voltage 

Vpp Program Input Voltage 

SYMBOL PARAMETER 

III Input Current 

VOH Output High Voltage 

VOL Output Low Voltage 

ICC Vee Supply Current 

Ipp Vpp Supply Current 

SYMBOL PARAMETER 

tAS Address Set Up Time 

tOES OE Set Up Time 

tos Oata Set Up Time 

(lltAH Address Hold Time 

tOEH OE Hold Time 

tOH Oata Hold Time 

tOF CE to Output In Hlgh·Z 

teE CE to Output Valid 

tpw Program Pulse Width 

tpRT Vpp Pulse Rise Time 

tVR Vpp Recovery Time 

Note (1) tAH (Program Operation 1) = Op.s min. 
tAH (Program Operation 2) = 2p.s min. 
Refer to Tlmlng,Waveforms 

• Input Pulse Rise and Fall Times 

• I nput Pulse Levels 
• Tlmlng'Measurement Reference Level 

MIN TYP. MAX. 

20 - Vee + 1.0 

-03 - 08 

475 50 5.25 

24 25 26 

(Ta = 25± 5°C. Vee = 5V ± 5%, Vpp = 25V ±IV) 

CONOITIONS MIN TYP. 

VIN =0-525V - -
IOH =-400p.A 24 -
IOL =2.1mA - -

! - - -
CE = VIL, OE = Vpp - -

(Ta=25±5°C. Vee = 5V±5%, Vpp = 25V± IV) 

Inputs 
Outputs 

MIN. 

2 

2 

2 

0 

2 

2 

-
-
45 

50 

2 

;;; 20ns 
O.8V- 2.2V 
lV&2V 
O.8V & 2.0V 
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TYP. MAX. 

- -
- -
- -
- -
- -
- -
- 100 

- 350 

50 55 

- -
- -

UNIT 

V 

V 

V 

V 

MAX. UNIT 

±10 p.A 

- V 

0.4 V 

150 mA 

30 mA 

UNIT 

p.s 

p.s 

p.s 

p.s 

p.s 

p.s 

ns 

ns 
ms 

ns 

p.s 



.1.fl_II.. (PROGRAM OPERATION) 

Program Operation 1. 

PROGRAM MODE PROGRAM 

OE/Vpp 

00""07 

Program Operation 2. (OENpp· Vpp) 

VERIFY MODE 

DATA OUT 
(ADDRESS N) 

ADDRESS N 

DATA IN (ADDRESS N) 

Nota 1. Vee mUlt ba applied slmultaneou.ly or before Vpp and cut off simultaneously or after Vpp 
2. Sometimes removing the device from lockat and .etting the devIce In locket under the condition Vpp "" 25V ± 1 V may cause parmanent 

damage to the device, 
3, The Vpp supply voltage II permitted up to 26V for program opftratlon. 10 the voltage ovar 26V should not ba applied to the Vpp Input. 

When the switching pul .. voltage 'I applied to the Vpp tnpU[, the Qva,-shoot voltage of It I pulse should bot be exceeded 26V 

The TMM2732D's erasure IS achieved by applYing 
shortwave ultraviolet light which has a wavelength of 
2537 A (Angstroms) to the chip through the trans· 
parent Window. Then Integrated does (ultraViolet 
light Intensity [w/cm'] x exposure time [sec.] ) for 
erasure should be a minimum of 15 [w. sec/cm']. 

When the Toshiba steriliZing lamp GL-15 IS used 
and the device IS exposed at a distance of lcm from 
the lamp surface, the erasure Will be achieved Within 
60 minutes. 

And uSing commerCial lamps whose ultraviolet 
light Intenslsty is a 12000 [!,w/cm2] Will reduce the 
exposure time to about 20 minutes (I n thiS case, the 
Integrated does IS 12000 [!'w/cm'] x (20 x 60) 
[sec] '" 15 [w. sec/cm] ) 

The TMM2732D's erasure begins to occur when 
exposed to light With wavelength shorter than 4000A 
The sunlight and the fluorescent lamps will mclude 
3000 - 4000A wavelength components. Therefore 
when used under such IIghtmg for extended periods 
of time, the opaque seals· Toshiba EPROM Protect 
Seal AC901 . are available 
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The TMM2732D's SIX operation modes are listed In 
the following table. Mode selection can be achieved 
by applYing TTL level signal to all inputs except for 
OE/Vpp In the read operation mode, a single 5·volt 

~.) -
(18) 

MODE 
CE 

READ READ VIL 
OPERATION OUTPUT DESE LECT . 

ITa = 0 _70°C) STANDBY VIH 
PROGRAM PROGRAM VIL 

OPERATION PROGRAM VERIFY VIL 
ITa = 25 ± 5°C) PROGRAM INHIBIT VIH 

READ MODE 

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

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

OUTPUT DESELECT MODE 

Assuming that OE = VIH, the outputs Will be in a 
high Impedance state. So two or more TMM2732D's 
can be connected together on a common bus line. 

STANDBY MODE 

The TMM2732D has a low power standby mode 
controlled by CE signal. By applYing a TTL high 
level signal to the CE Input, the TMM2732D IS placed 
In the standby mode which reduce the operating cur-

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

In the program operation mode the OE/Vpp IS 
pu Ised from a TT L level to 25V. 

GENpp (20) Vcc 124) 0 0 - 0, (9·11,13·17) 

VIL +5V DATA OUTPUT 
VIH +5V HIGH IMPEDANCE . +5V HIGH IMPEDANCE 

Vpp +5V DATA INPUT 

VIL +5V DATA OUTPUT 
Vpp +5V HIGH IMPEDANCE 

250ns max,) from stabilizing of the addresses. 
The CE to output valid (tCE) Isequal to the address 

access time 
Assuming that CE = VIL and address are stable, the 

output data IS valid at the outputs after toE (120ns/ 
lOOns max) from the failing edge of OE, 

When CE IS decoded for device selection, all deselect­

ed devices are In low power standby mode. 

rent from l50mA to 25mA/35mA, and then the out­
puts are In a high Impedance state, independent of 
the OE input. 
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.~ 

PROGRAM MOM 

" , 
", :'1', 

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

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

PROGRAM VERIFY MODE 

The verify mode is to check that the desired data is 
correctly programmed on the programmed bits. The 
verify is accomplished with Ol:/Vpp and CE at VIL. 

PROGRAM INHIBIT MODE 

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

OUTLINE DRAW1NGS 

I 327~:: I 
2423 22 21 20"'817 1815 14 ~ I 

...... -+----+] 
1 2 3 4 5 8 7 8 It 101112 

~ . , . .::, 

the addresses and data are stable. ThiS program pulse 
should be a single pulse with 50ms pulse width per 
address word, and its maximum value is 55mS. The I ' 

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

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

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

Nate 1 each lead pitch Is 2 54mm. Alii_ads are located within 0 2t5mm of their true longitudinal pOiltlon with r"pect to No, 1 and No. 24 IIhdL 
2. This value Is m .. sured at the and of leads 
3. All dimension, ara in mllhmeters 

©Nov. 1981 Toshiba CorpOration 
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TOSItBA MOS MEMORY PRODUCTS 
4096 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE ROM TMM2732DI 

TMM2732DI-2 N CHANNEL SILICON STACKED GATE MOS 

DIiiSCRIPTION 

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

FEATURES 

• Wide operating temperature range 
Ta = -40 - 85°C 

• Fast access time 
TMM2732DI 350 ns 
TMM2732DI-2, 250 ns 

• Power dissipation 
150 mA Max. lactive current) 
30 mA Max Istandby TMM2732DI) 
40 mA Max Istandby TMM2732DI-2) 

PIN CONNECTION A, , Vee 
A, , A. 

A, , A. 

A, , 
A, , OElVpp 

A, , Aw 

A, "" A, , 0, 

0, 9 0, 

0, 0, 

0, " 0, 

0, 

PIN NAMES 

Ao -All Address Inputs 

~O7 Data Outputs (Inputs) 

CIO Chip Enable Input 

OE I Vpp Output Enable I nput/Program Power 

Vcc Power (+5V) 

GND Ground 

For program operation, the programming IS achiev­
ed by applYing a 50 ms active TTL low program pulse 
to the CE Input, and It IS possible to program sequen­
tially, Individually, or at random 

The TMM2732D I IS fabricated with the N-channel 
silicon double layer gate MaS technology and IS 
packaged In a standard 24 pin dual In line cerdlp 
package 

• Low power standby mode CE 
• Output 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 
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• 
MODE SELECTION 

~ CE OE / Vpp vee Outputs 
MODE (181 (201 (241 (9 -11, 13- 171 

Read V,L V,L +5V DOUT 
Output Deselect . V,H +5V High Impedance 
Standby V,H . +5V High Impedance 
Program V,L Vpp +5V D,N 
Program Verify V,L V,L +5V DOUT 

I 
Program Inhibit V ,H Vpp +5V High Impedance 

MAXIMUM RATINGS 

SYMBOL ITEM I RATING UNIT =1 Vee Vee Supply Voltage I -03-70 V 

~IVpp Program Supply Voltage 1 -03 - 26 5 V I 
__ VIN Input Voltage 

-~ 
-03 70 V I 

~UT Output Voltage -03 -7 0 V I 
PD Power DISSipation 16 W I 

I 260 10 °c sec 
---j 

T SOLDER Soldering Temperature Time 

~ T STRG Storage Temperature 1 -65-125 °c 
TOPR Operating Temperature I -40- 85 °c 

READ OPERATION 

D.C. RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER MIN TYP MAX UNI1:_ 

Vee Vee Supply Voltage 475 50 525 V 

V,H Input High Voltage 22 - Vee + 1 0 V 

V,L Input Low Voltage -03 - 08 V 

D.C. and OPERATING CHARACTERISTICS 

(Ta: -40 ...... 85Q C Vee = 5V ± 5% unless otherwise noted) 
----- ~-

~L PARAMETER CONDITIONS MIN TYP MA2<_ l-..lJ.~ ._---
IlL I nput Load Current V ,N = 0 - 5.25V - - ±10 jJ.A 

l---'LO Output Leakage Current VOUT = 04- 5.25V - - +10 jJ.A 

ICC 1 
- I TMM2732DI 

1------
- - 30 

Vee Current (Standby) CE = V ,H r TMM2732DI2 
mA 

- ---=--t- 40 
lee2 Vee Current (Active) CE = VIL I - - 150 mA 

VOL Output Low Voltage IOL - 2.1mA - - 04 V 
---.::~ 

VOH Output High Voltage IOH - -400 jJ.A I 24 - - V L-~ ___ 
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A.C. CHARACTER Isncs 

Output Load 
Input Pulse Rise and Fall Times 
Input Pulse Levels 

Timing Measurement Reference Level 

1TTL Gate and CL (100 pFJ 
:;:;: 20 ns 
08- 22V 

Inputs 1 V and 2V 

Outputs a 8V and 2V 

CAPACITANCE * ITa: 25"C, f= 1MH,z) 

• 

, "Me" eAe~me co'm~ M" fm M" ± UNIT 

r~~~----L :~~;~:~~~!t;~~;~~=. t-~~:~~~o0'+--.- '. ~~~ 2;- _+-~~ -
~ [ Output Capacitance _J VOUT ~ ovT=-_. ~--=-_~_~~_ 1_ pF [ 

* ThiS parameter IS periodically sampled and IS not 100% tested 

TIMING WAVEFORMS (READl 

CE 

DE 
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PROGRAM OPERATION 

D.C. RE~D·orMAT.Jl\lO CONQIT~N8 

SYMBOL PARAMETER 

VIH Input High Voltage 

VIL Input Low Voltage 

Vee Vee Supply Voltage 

Vpp Program Input Voltage 

D.c. Pf:'OGRAMMJNG CHARACTERIStICS 
(Ta = 25 ± 5°C. Vee = 5V ± 5%, Vpp = 25V ± 1V) 

SYMBOL PARAMETER 

MIN 

22 
--{)3 

475 

24 

CONDITIONS 

III Input Current VIN =0-525V 

VOH Output High Voltage 10H = -400p,A 

VOL Output Low Voltage 10L =21 mA 

lee Vee Supply Current -
Ipp Vpp Supply Current CE = V IL OE = Vpp 

~.PQOG~~B" 
(Ta = 25 ± 5°C, Vee = 5V ± 5%, Vpp = 25 ± 1V) 

SYMBOL PARAMETER 

tAS Address Set Up Time 

tOES OE Set Up Time 

tos Data Set Up Time 

(1) tAH Address Hold Time 

tOEH OE Hold Time 

tOH Data Hold Time 

tOF CE to Output m Hlgh-Z 

teE CE to Output Valid 

tpw Program Pulse Width 

tPRT Vpp Pulse RISe Time 

tVR Vpp Recovery TIme 

Note (1) tAH (ProgramOperatlOn1)=0p,smm 

tAH (Program Operation 2) = 2 p,s min 

Refer to Timing Waveforms 

,Mi,tfa.-IJ ... · 
Input Pulse Rise and Fall Times 
Input Pulse Levels 

MIN 

2 

2 

2 

0 

2 

2 

-
-
45 

50 

2 

;:; 20 ns 
08- 22V 

Timing Measurement Reference Level - Inputs 1 V & 2V 
Outputs O.8V & 2 OV 
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TYP MAX UNIT 

- Vee + 10 V 

- 08 V 

5.0 525 V 

25 26 V 

MIN TYP MAX UNIT 

- - ±10 p,A 

24 - - V 

- - 04 V 

- - 150 mA 

- - 30 mA 

TYP. MAX UNIT 

- - p,s 

- - p,s 

- - p,s 

- - p,s 

- - p,s 

- - p,s 

- 100 ns 

- 350 ns 

50 55 ms 

- - ns 

- - p,s 



Program Operation 1 

PROGRAM MODE 

Program Operation 2 (OENpp = Vpp) 

ADDRESS N 

tpw 

00-0 , DATA IN (ADDRESS Nl 

tCE 

·,': . 

PROGRAM 
VERIFY MODE 

.,', 

NOTE 1. Vee must be applied simultaneously or before Vpp and cut off simultaneously or after Vpp. 

• 

2. Sometimes removing the devioe from socket and setting the devloe in socket under the condition 
Vpp = 25V :t 1 V may cause permanent damage to the devioe. 

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 exoeeded 26V. 

ERASURE CHARACTERISTICS 

The TMM2732DI'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/cm'] x exposure time [sec 1) for erasure should be a minimum of 15 [w sec/cm']. 

When the Toshiba sterilizing lamp G L·15 IS used and the devloe IS exposed at a d,stanoe of 1 cm from the lamp 
surface, the erasure will be achieved Within 60 minutes And uSing commercial lamps whose ultraViolet light 
intenSity IS a 12000 [jlw/cm'] will reduoe the exposure time to about 20 minutes (In thiS case, the Integrated 
dose IS 12000 [jlw/cm'] x (20 x 60) [sec] '" 15 [w sec/em'] ) 

The TMM2732DI's erasure beginS to occur when exposed to light With wavelength shorter than 4000A The 
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sunlight and the fluorescent lamps Will Include 3000 - 4000A wavelength components Therefore when used 
under such lighting for extended periods of time, the opaque seals - Toshiba EPROM Protect Seal AC901 -
are available 

The 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 OENpp In the read operation mode, a signal 5-volt power 
supply I~ required and the levels required for all Inputs are TTL 

In the program operation mode the OENpp IS pulsed from a TTL level to 25V 

~ MODE 
CE 1181 OENpp 1201 Vcc 1241 O. -0, 19-11,13-17) 

READ READ V,L V ,L +5V DATA OUTPUT 

OPERATION OUTPUT DESE LECT . V,H +5V HIGH IMPEDANCE 

STANDBY V,H . +5V HIGH IMPEDANCE 

PROGRAM PROGRAM V,L Vpp +5V DATA INPUT 
OPERATION PROGRAM VERIFY V,L V,L +5V DATA OUTPUT 

PROGRAM INHIBIT V,H Vpp +5V HIGH IMPEDANCE 

The TMM2732DI has two control functions Chip Enable (CE) controls the operation power and should be 
used for deVice selection. Output Enable (OE) controls the output buffers, Independent of deVice selection 

Assuming that CE = OE = VIL, the output data IS valid at the outputs within address access time (350 ns max.) 
after stabilIZing of the addresses. 

The CE to output valid (tCE) IS equal to the address access time 
Assuming that CE = VIL and addresses are stable, the output data IS valid at the outputs within tOE (120 ns 

max) after the falling edge of OE. 

Assuming that OE = VIH or CE = VIH, the outputs Will be In a high Impedance state So two or more 
TMM2732Dlscan be connected together on a common bus line When CE IS decoded for deVice selection, all 

deselected deVices are In low power standby mode 
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• 
STANOIY MODI 

The TMM2732D I has a low power standby mode controlled by CE Signal By applYing a TTL high level Signal 
to the CE Input, the TMM2732D I IS placed In the standby mode which reduce the operating curr~nt 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 TMM2732DI are In the "1" state which IS erased state 
Therefore the program operation IS to Introduce "as" data Into the deSired bit locations by electncally program­
ming The TMM2732D I IS set up In the program operation mode when applied the program Input voltage (+25V) 
to the OE!Vpp Input under CE = VIH 

Then programming IS achieved by applYing a 50 ms active low TTL program pulse to the CE Input after the 
addresses and data are stable ThiS program pulse should be a Single pulse With 50 ms pulse width per address 
word, and ItS maximum value IS 55 ms The levels reqUired for the address and data Inputs are TTL The 
TMM2732D I can be programmed at any time indiVidually, sequentially, or at random The TMM2732D I must not 
be programmed With a DC Signal applied to the CE Input 

PROGRAM VERIFY MODE 

The venfy mode IS to check that the deSired data IS correctly programmed on the programmed bits The venfy 
IS accomplished With OE!Vpp and CE at V,L Data should be venf,ed Within tCE (350 ns max) after the failing 
edge of CE 

PROGRAM INHIBIT MODE 
Under the condition that the program Input voltage (+25V) IS applied to the OE!Vpp Input, a TTL high level 

CE Input inhibits the TMM2732D I from being programmed 
Programming of two or more TMM2732DI s In parallel With different data IS easily accomplished That IS, all I 

Inputs except for CE are commonly connected, and the program pulse IS applied to the CE Input of the deSired 
deVice only and the TTL high level Signal IS applied to the other deVices 
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I,' 
32.41 MAX. 

I 
t7.,% •.• I 

A 0.64 ] 
" « 
l! 1 Ei.24±0.3 
"! .. 

0215+0•16 
-0.10 

" « 
l! O.46~.~: 16.2-17.6 

" N 

Note 1 Note 2 

Note: 1. Eech lad pitch I. 2.M mm All leMls .re locatacl within 0.26 mm of thel, true longltudlnel position With 'MPect to No.1 
.ndNo.24I .... 

2. Thl. velu. Is m.sured n the end of I .. ds. 
3. All dl~MloM ere In mllllmftW •• 

Note: Tolhlbe; do. not ..... me ItfIY '.POnsibllity for u .. of eny circuitry d...:rlbed. no circuit ~ lie..,... .,.Implled. end Toehlbll NMfYel the 
right. et eny time without notice, to ct.,.. .. Id drcultt.y. 

@Oct.., 188t T.,Ib11 Corporetlon 

- 200-



8,192 WORD x 8 BIT UV ERASABLE AND ELECTRICALLY 
PROGRAMMABLE READ ONLY MEMORY TMM2764D 

TMM2764D-2 N~HANNEL SILICON STACKED GATE MOS 

2 
The TMM2764D is a 8192 word x 8 bit ultraviolet 

light erasable and electrically programmable read only 
memory. For read operation, the TMM2764D's access 
time is 200 ns, and the TMM2764D operates from a 
single 5·volt power supply and has low power stand· 
by mode which reduces the power dissipation with­
out increasing access time. The standby mode is 
achieved by applying a TTL-high level signal to the 

The maximum active current is 120mA 

• power supply 
• Fast access time . TMM2764D 250 ns 

TMM2764D-2 200 ns 

• Power dissipation 
120 mA (active current) Max. 
35 mA (standby current) Max. 

• Low power standby mode : IT 

and the maximum standby current is 35mA. 
For program operation, the programming is achiev­

ed by app)Ylng a 50ms active TTL low program pulse 
to the PGM input<- and It is possible to program 
sequentially indi~ldually., or at random. 

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

• Output buffer control . OE 
• Fully static operation 
• Programs with one 50 ms pulse 
• Single location programming 
• Three state outputs 
• Inputs and outputs TTL compatible 
• Pin compatible with 12764 and ROM TMM2364P 

Lower 24 PinS compatible with 32K 
(TOP VI EW) bit EPROM TMM27320 

Vpp ~ 
TMM2732D 

A'2 PGM 
(TOP VIEW) 

A7 N.C. Vee 
As As As 
As A9 A9 
A. A" A. A" 
A3 OE A3 01:/Vpp 
A2 A,o A2 A,o 
A, cr A, CE 
AD Ao 0 7 
0 0 0 0 0. 
0, 17 0, Os 
°2 16 O2 0. 

GND 15 GND 0 3 

lAo -A'2 I Address Inputs _______ ---j 

O. - 0, Outputs (I nputs) 

Array 

8192 x 8 bits 

oqv;I:%~o,~; I I 
--"t-""-'--F"-I'I"022".'1+' ,,1',,-1 ~1:3JT'911 Powe, ! 

l ~aOut r I 
I i High i I 

+--_+-----+_H---+ CV I I mpedance I Active I 
, 5VI,IHI9h I 
~' Standby 5V I mpedance Standby I 

Program ~v Data I;:;---·t-~ 
P-,og-,om--- I, . 'H 5V II H~'-'I i 

I <.0 Impedance " ! 

l,lnhlblt ,1,;-) L II H 21V i~, 5-v-1 H;Qh -----: Active ! 
____ J __ ~ ~-__ ~~~ I 

~a~H'----L":--,-.":L--,-_-,-'"5V."..l'.':D"",,,<>'''0 ... ",,---J._---.J 

Note * HorL 
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I 
SYMBOL ITEM RATING UNIT 

f----,-"'-"c"'c ___ -+ __ -,"'-"c"'c_P-'o-"we-,-r'--S::.:u"-p-'-P:.:.ly_V'-'o:.:.lt:.:::ag"'ec-________ + __ -O--=".6=-- 7.0 V 

"'VPPIN Program Supply Voltage -t ___ --;:0-,6:--_2;:-2-;:.0 __ -+ ___ --:-VV:---__ --1 
f------c'-!"'-___ + __ -:I:-:np"'u::.:t-'Vc:.o::"lt=age"=-_.~ -06 - 7 ° 

VOUT O_u-'-tP_u--,t:-V_o:-ltag--"--e _________ --1 ___ -_0_.6~-~~-7~.-O::~~~~~-:~~~~~~~~V~~~~~~~~ 
Po Power DIssipation 1.5 W 

TSOLDER Soldering Temperature Time 

=i~~~~--:_ ~e~:t~e;=~::~::re 
260 10 °C sec 

--+----6"'5 ..... 125 ---+---------- °C 

0--70 -.:: _r~~oc --

READ OPERATION 

D.C. RltOMMENDED QP.11'ta1UIG CDNPIT~ 

SYMBOL -~PARAMET~ - ---TM~t ·TYP. ., MAX. UNIT 

r---~I~ _ _ _ ~~ ~~~~;~:;; ____ ~ __ + ___ ~ ______ =~- -_ ~~; 1:0'_+ __ ~-'---_---1 
I--_~~____ Vcc Power Supply Voltage -+ 4.75 - +---:cc-5_.2_5-;:--,:--+ __ cV-;-_--1 
L. Vpp _ Vpp _Power Supply Vo~tage _ I __ 2:.0 _ _ VCC VCC + 0 6 V 

(Ta = 0 -70°C. Vce = 5V ± 5% Unless otherwise noted) 
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•• 
Ta = a -70°C, VCC = 5V± 5%, Vpp = 2 OV - Vcc + a 6V, Unless otherwise notedl 

--"TMM2764D.2 TMM2764D 
SYMBOL PARAMETER CONDITIONS UNIT 

______ -+ __________ . ________ -r~~~~---===_--~--~M~I~N--~~M,~A~X~ .. ~-M~IN~._+~M~A~X~._+----_+ 
tAce Address Access Time CE "" OE ;: VIL._~~_.= VH.i ___ __ , ___ ~~____ 250 os 

tCE CE to Output Valid .. ~ - V,L I'GM = V,H _____ =. __ ...3()()"'. 250 ns 

__ .ctO"-E,-__ +",OE,,E=to __ Occu..:..tput ValiCl _____ c:E.:.'.IlL. PGM=-""f:l. __ . ___ +-.~'l[) ___~ ~: ns 

tpGM I'GMtoOutputVal,d OE=CE=VIL '~'----f-----=--~.2Cl.. .. ~ ns 
tOFt crtoOutPutinHlgh'Z ___ ~=VI",--I'GM~-",~ __ ._. ___ .o.......f-----6.'l...............Cl..... 90 ns 

tOF2 OE to Output In High·Z CE = VIL,I'GM = VIH a 60 a 90 ns 

tOF3 I"G1Vl to Output In High·Z at = cr = VIL ___ I--_() ____ 6O""'" ----.Cl. 90 ns 

tOH Output Data Hold Time IT - OE -- VIL, PGM - VIH .0 __ . -----=-_----=-_ . _____ . ____ n~ __ 

• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pulse Levels 
• Tlmmg Measurement Reference Level 

1 TTL Gate and CL = 100pF 
10ns Max. 
0.8V to 22V 
Inputs lV and 2V, Outputs 0.8V and 2.0V 

* (Ta=25°C, f=lMHz) 

PARAMETER CONDITIONS 

1------,= ____ + __ --'-'1 nput Capacitance 
Output Capacitance 

VIN = OV:c-;-____ + __ _ 

____ ~__ V~O~U~T_=_O_V ____ ~ ______ _L 

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

High Z 
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PROGRAM OPERATION 

SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

VIH Input High Voltage 2.0 - Vee + 1.0 V 

VIL Input Low Voltage -0.3 - 0.8 V 

Vee Vee Power Supply Voltage 4.75 5.0 5.25 V 
-

Vpp Vpp Power Supply Voltage 20.5 21.0 21.5 V _ ... __ .- .. .-~.------ -- ----_ .. 

(Ta - 25±5°C, Vee = 5V± 5%, Vpp - 21V ±0.5VI 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

III I nput Current VIN-O-Vee - - ±10 /lA 

-----vqH. Output High Voltage IOH - -400/lA 2.4 - - V 

VOL Output Low Voltage IOL = 2.1mA - - 0.4 V 

Icc Vee Supply Current - - - 120 mA 

IpPl Vpp Supply Current Vpp = 21.5V - - 30 mA 

(Ta 25+5°C, Vee =5V+5%. Vpp =21V±05VI 

SYMBOL PARAMETER CONDITIONS MIN. Typ MAX UNIT 

tAS Address Setup Time 2 /lS 

)--_t",A"-H,-_+~A=d,,,dc..rec..s.=.s_H-,o-,ldc..T,-I-,m-,e _____ t--_______ +_-=2_--+ ___ .. ___ /lS 
teES CE Setup Time 2 /lS 

~EH ___ t __ ~Ct~H_O~I_d_T_'m=e _____________ )--______________ +-___ 2~_+-_____ ~ ____ ~ __ ~/l_S_~ 
t05 Data Setup Time 2 lots 

~~tO~H~--4-~D~a-ta~H~o-ld~T~,-m-e------------}--------·--·-·----· ~ ... - /ls 

~_t.:'p-,,-s __ +-__ J5GM ..s"t_u_p_TI~ ___ . ___ .. _ ... _______ . __ ---:2~===~========~==::...-~~--j:~--~/l~S~~~~ 
tpH J5GM Hold Time 2 /ls 
tOES DE Setup Time -- -= .. ~- --2- ----- ---/l;-

tvs Vpp Setup Tlme_. __ . ____ .~........;:..---.- . __ .... _. __ .__ _ /lS 

tpw Program Pulse Width PGM = CE = VIL._ _-'15 ---J---.!)() _)--_ ~ ms 

tcp Program Recovery Time ___ ~ __ ~ _____ 0_ I __ -=-- - J.LS I 
~RT Program Pulse Rise Time 5 -----r- ns 

~FT -- - Program Pulse Fall Time 5 --+ --~ 
--Ie~--- --CEWOuw;rtVaiid~--- -- -- -= -- -- - =--1---:"-- - 250 ns 

:~:I Ct 10 Oui~H,QhZ----- -
DE to Output Valid --- -O-E ~ VI-L ----- - -_- J -_-- -lO

g
O'
O 

11----;;---nSs 

~~-- DE to Out£ljl Irl_HI9."- Z __ ..l.. IT - VIL ~- . =- -=_ .. ~ gO ns ---

• Output Load 
• Input Pulse Rise and Fall Times 
• Input Pu Ise Levels 
• Timing Measurement Reference Level 

1TTL Gate and CL (100 pF) 
10ns Max 
a B - 22V 
Input 1V and 2V Output O.BV and 2.0V 
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PROGRAM OPERATION 1. (VP. = 21V±O.5V) 

tos 

tpFT 

Vpp tvs 

PROGRAM OPERATION 2. (V •• = 21V ± O.5V) 

High Z 

vpp tvs 

Note. 1. Vee must be applied simultaneously or before Vpp and cut off simultaneously or aftar VPP. 
2. Removing the device from socket and setting the device in socket with Vpp" 21V may cau •• parmanent damage to the device. 
3. The Vpp supply voltage II permitted up to 22V for program operation, 10 the voltage over 22V should not be applied 10 the Vpp 

terminal. 
Whan the switching puis. voltage Is applied to the Vpp terminal, the over-shoot voltage of Its pulse should not be exceeded 22V. 
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The TMM2764D's erasure is achieved by applying 
shortwave ultraviolet light which has a wavelength of 
2537A (Angstroms) to the chip through the trans­
parent window. Then integrated dose (Ultraviolet 
light Intensity [w/cm'] x exposure time [sec.]) for 
erasure should be a minimum of 15 [W sec/cm']. 

When the Toshiba steriliZing lamp G L-15 IS used 
and the device is exposed at a distance of 1 cm from 
the lamp surface, the erasure will be achieved within 
60 minutes. And using commercial lamps whose 
ultraviolet light Intensity is a 12000 [Ilw/cm'] will 

The TMM2764D's SIX operation modes are listed In 
the follOWing table Mode selection can be achieved 
by applYing TTL level signal to all Inputs. In the read 

.. ~ 

reduce the exposure time to about 20 minutes. (Ir 
this case, the integrated does is 12000 [Ilw/cm'] 
x (20 x 60) [sec] '" 15 [w. sec/cm'] .) 

The TMM27640's erasure beginS to occur whee 
exposed to light with wavelength shorter than 400C 
A. The sunlight and the fluorescent lamps will 
Include 3000 - 4000 A wavelength components. 
Therefore when used under such lighting for extend· 
ed periods of time, the opaque seals - Toshiba 
EPROM Protect Seal AC901 - are available. 

operation mode, a Single 5V power supply IS required 
and the levels required for all Inputs are TTL. 

r-------- ------- --- -- -- -- - ---- --- ,-= ------- --- --- - ~. - ---r--'----~ 

CE OE t- vpp PGM vcc 0 0 """ 0 7 

(271 (20) __ ~~~~ __ -~§~ f.-111-13.15-19) 
Power 

READ Read H L L Data Out Active 

OPERATION Output Deselect * * H 5V 5V High Impedance Active 

(Ta = 0 -70°C) Standby * H ----
Program L L 

PROGRAM 
Program I 

* H 
OPERATION 

(Ta = 25±5°C) 
Inhibit H L 
Program Venfy H L 

Note H, VIH. L VIL, *, VIH or VIL 

The TMM27640 has three control functions. The 
chip enable (CE) controls the operation power and 
should be used for device selection. 

The output enable (OE) and the program control 
(PGM) control the output buffers, Independent of 
deVice selection. 

Assuming that CE = OE = VIL and PGM = VIH, the 
output data IS valid at the outputs after address access 
time from stabiliZing of all addresses. 

* High Impedance 
._.-- ----- ~-"---i 

* 

* 
H 
L 

Data In I Active 

5V ~h Impedance iA~ 21V 
Active ~ High Impedance 

Data Out Active _:.J ... - --

The CE to output valid (tCE: IS equal to the address 
access time (tACCI. 

Assuming that CE = VIL, PGM = VIH and all ad­
dresses are valid, the output data is valid at the out­
puts after tOE from the failing edge of OE. 

And assuming that CE = OE = VIL and all addresses 
are valid, the output data IS valid at the outputs after 
tPGM from the riSing edqe of PGM. 
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OUTPUT DESELECT MOOE 

Assuming that CE = VIH or OE = VIH, the outputs 
'III be In a high Impedance state. So two or more 
MM2764D can be connected together on a common 

STANDBY MOOE 

The TMM2764D has a low power standby mode 
ontrolled by the CE signal By applYing a TTL high 
)Vel to the CE Input, the TMM2764D IS placed In the 
tandby mode which reduce the operating current 

PROGRAM MODE 

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

Therefore the program operation IS to Introduce 
'Os" data Into the deSired bit locations by electrically 
Jrogrammlng. 

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

The program operation occurs during the overlap 
Jf the CE low and the PGM low Then the program­
nlng IS achieved by applYing a 50ms (tpw) active low 

The verify mode IS to check that the deSired data IS 
correctly programmed on the programmed bits. 

Under the condition that the program voltage 
(+21V) IS applied to Vpp terminal, a high level CE or 
PGM Input inhibits the TMM2764D from being pro­
grammed. Programming of two or more TMM2764Ds 
In parallel With different data IS easily accomplished. 

• 
bus line. When CE IS decoded for deVice selection, all 
deselected deVices are In low power standby mode. 

from l20mA to 35mA, and then the outputs are In a 
high Impedance state, Independent of the OE and the 
PGM Inputs. 

program pulse to the CE or the PGM Input after the 
addresses and data are stable 

This program pulse should be a Single pulse With 
50ms pulse width per address word, and ItS maximum 
value IS 55ms 

The levels reqUired for all Inputs are TTL 
The TMM2764D can be programmed any location 

at anytime - either individually, sequentially, or at 
random 

The TMM2764D should not be programmed With 
DC. signal applied to both CE and PGM Inputs. 

The verify IS accomplished With OE and CE at VIL 
and PGM at VIH. 

That is, all inputs except for CE or PGM may be 
commonly connected, and a TTL low level program 
pulse IS applied to the CE and PGM .of the desired 
deVice only and TTL high level signal is applied to the 
other devices. 
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1918 17 16 15 

AO.84 ------l] 
1 2 3 4 6 6 7 8 9 10 11 12 13 14 

\' 
15.24:t0.3 

'\ I 

O.25~:~: 
... 

I . .I .; .. 0.48~:~: 17.4 MAX. N 
I'i 

Note 1 Note 2 

Note: 1. Each I •• d pitch I. 2.54mm. All leeds are lOCated within 0.25mm Of their true longltudlnel position with resp-=t No.1 end No. 28 l .. dL 
2. Thll value Is m...ured at the and of leadL 
3. All dlmanslons ara In millimeters. 

Note Toshiba do .. not assume .ny responSibility for use of any circuitry described, no cirCUit patent hcen581l ara Implied, and Toshiba reserves the 
right, at any time Without nOtice, to change said circuitry 

©Nov., 1981 Toshiba Corporation 
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Mask Programmable Read Only Memories 
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TOSHIBA Mas MEMORY PRODUCTS 
2048 WORD x 8 BIT MASK ROM 

N CHANNEL SILICON GATE DEPLETION LOAD 

DESCRIPTION 

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

TMM334P's mask making IS camed out by com· 
puter uSing punched paper tape data of customer and 
then sample manufacturing will start Then for cus­
tomer, 16384 bits memory data and three chip select 
Input active logiC are programmable. 

Therefore TMM334P manufactUring -procedure 
goes through three steps before mass production 
First step IS a acceptance of customer's punched 

FEATURES 
• Single 5V supply voltage, Vee = 5V ± 10% 
• Access time, tAee = 450 ns (Max) 
• Directly TTL compatible, All Inputs and outputs 

TMM334P 

paper tape data. Second step IS a presentation of 
programmed sample (Engineering Sample) for cus­
tomers. Third step IS a verification of Engineering 
Sample by customers Sample verification is most 
important and Toshiba will enter into mass produc­
tion after above three steps are concluded. Then 
Toshiba will adopt a established on-line system and so 
can respond to a customer's needs qUickly and can 
maintain a stable delivery. 

TMM334P IS fabricated Jilth Ion Implanted N­
channel silicon gate technology. ThiS technology 
allows a production of high performance TMM334P 
IS moulded In a 24 pin standard plastiC pac~age 

• Programmable chip select Inputs, CS1, CS2, CS3 Easy memory expansion 
• Three state output, OR tie capability 
• Static operation, No clocks are required 
• Input protected, All Inputs have protection against static charge 
• Pin to Pin compatible, TMM323C, 12316E, 12716 

PIN CONNECTION 
(TOP VIEW) vee 

A, 

CS3/CS3 

CSI/CSI 

AlO 

CS2/CS2 

0, 

0, 

0, Os 

0, 0, 

GND 0, 

PIN NAMES 
_.-

Ao - A6 Row address Inputs 
----

A7 "" Alo Column address Inputs 
Do -07 Data outputs 

es,/ES; - eS,/C5, Chip select Inputs 

Vee Vee Power Supply Voltage 

GND Ground 

BLOCK DfAGRAM 

cs,jcs, 
CS2/CS-2 

CSJ/CS3 

211 -

A, 

A, 
A, 

A" 
AO 

A. 

A, 
A) 

A, 

AS 

A, 

TT 

Memory cell array 

128 x 128 

I 



SYMBOL ITEM RATING UNIT 

VCC Power supply voltage -0.5-70 V 

VIN.VOUT I nput and output voltage -0.5-7.0 V 

Topr Operating temperature 0-70 °c 

Tstg Storage temperature -55 -150 °c 

TSOLDER Soldering temperature time 260 . 10 °c sec 

PD Power Dissipation (Ta = 700 e) 10 W 

SYMBOL PARAMETER CONDITIONS MIN. TYP MAX. UNIT 

VIH I nput high voltage - 20 - Vee +' V 

VIL Input low voltage - -05 - O.S V 

VCC Power supply voltage - 45 - 55 V 

,~ 

~ .. .'. "q.~M~'· 
".no> 

SYMBOL PARAMETER CONDITIONS MIN. TYP MAX. UNIT 

IIH Input high current ,VIN = Vce - 0.Q1 10 I'A 
IlL I nput low current VIN = GND - -0.01 -10 I'A 
VOH Output high voltage ISOURCE = -0 4mA 2.4 3.0 - V 

.-~--~,--- -
VOL Output low voltage ISINK =2.1mA - 0.2 04 V 

-- ----------1--:=04 10H Output high current VOUT = 2.4V -3.0 - mA 

10L Output low current VOUT = O.4V 2.1 5.0 - rnA 

ILO Output leakage current 
CS' = O.SV. CS' = 2.0V - ±0.01 ±1O I'A VOUT = O.4V to Vce 

Icc Supply current lOUT =OmA - 40 SO mA 

• Ta = 25°C. Vee = 5V 

. " ..•.. ·w .. ..... -.", -" 
SYMBOL PARAMETER CONDITIONS MIN TYP.· MAX UNIT 

tACC Access time tAC .,; lOOns - 270 450 ns 
tco Output delay time from chip select tAC ~ tACC - SO 120 ns 
too Output deselect time RL = lOOn 0 70 100 ns 
tAC Read cycle time - 450 - - ns 

• Ta = 25°C. Vce = 5V 

PARAMETER CONDITIONS UNIT 

Input capacitance VIN = A. C. GND pF 

Output capacitance VOUT = A. C. GND pF 

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

cs/cs 

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

NUl.L 

'f' TMM334P· XXXX .. 

CR L.F 

.... MSB-D, .. 

CR LF 

N8; 

CR LF 

RuuuO; X07P3; .... ; XF1Pf5; 

CR LF 

CR LF 

R2040; X01Pl; . .. : X3AP4; 

CR L.F 

(CSt-G) 

CR LF 

CR L.F 

(CS3" 0) 

CR LF 

CR LF 

NULL. 

Take NULL more than fifty characters. 

Contents in single quotation mark ('II' . .. 'II') indicates a comment and XXX X is a user's 
number. 
CR and LF indicate carriage return and line feed respectively. 

Specify MSB pin. (D, or Do) 

N8 indicates a 8·bit mask pattern. 
Semicolon ( ;) indicates a punctuation of data. 

R indicates an absolute address. Enter the address by decimal code every eight 
words. 

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

P indicates a check sum of its word. So enter a sum of one's number in a word by 
decima I 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 0 address to 2047 address. 

Customers can program the active logic of three chip select inputs independently. 
Specify the active logic of chip select input in the brackets. 
The example is shown in Figure. In this example, chip is active under the condition 
that CS1 = 'O~ and CS2 = '1' and CS3 = '0'. 

$ Indicates an End mark. 

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

NULL 

"'TMM334P - XXXX'Y 

CFI l.F 

.Msa .. o,. 

CR loF 

N8: 

CR LF 

RuuuO, X075A •• 3BF1; 

CR LF 

R2032; XBCAE ••• 0085: 

CR LF 

CR Lf 

CR LF 

CR LF 

CR loF 

NULL 

R Indicates an absolute address. Enter the address by decimal code every sixte, 
words. 

X indicates a hexadecimal code and so enter the data of sixteen words continuous 
after X. 
Data modification. This procedure is following to Format 1. Otherwise specified 
Format 1. 

R1,5 

Format 1 and Format·2 are Toshiba preferred Format. 
The other acceptable Format I, Intel BNPF Format. 

242322212019181716151413 

----lI-J 
1 2 3 4 5 6 7 8 9 1011 12 

Note: Each lead pitch il 2.54 mm. AU I •• ds .r. locatl8d within 
0.25 mm of their true longitudinal pOlltlon with respect 
to No.1 and No. 24 lead' CJ 

~ 
All dimensions ar. In mllllm •• r. 

O.S±O.15 [ 17<MAX. 

Note: Toshiba does not assume any responsibility for u .. of any circuitry described, no circuit patent llcen .... r. Implied, and Toshiba r ... rve 
the right, at any tim. wIthout notice, to change _Id circuitry, 

©Mar. 1980 Toshiba Corporation 
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I. TOSIIBA MOS MEMORY PRODUCTS 
196 WORD x 8 BIT MASK ROM 

CHANNELSILICON GATE DEPLETION LOAD 

:lESCRIPTlON 

The TMM333P IS a 32,768 bits read only memory 
'ganlzed as 4,096 words by 8 bits. It IS sUitable for 
;e In programming of production apparatus used 
'Icro processor because of ItS low cost per bit 
The TMM333P's mask making IS carried out by 

)mputer USI ng punched paper tape data of customer 
ld then sample manufacturing will start Then for 
Jstomer, 32,768 bits memory data and two chip 
,Iect Input active logiC are programmable 

Therefore the TMM333P manufacturing procedure 
:les through three steps before mass production 
Irst step IS a acceptance of customer's punched 
aper tape data Second step IS a presentation of 

FEATURES 
Single 5V supply voltage, Vee ~ 5V± 5% 
Access time, tAee ~ 450 ns (Max) 
Directly TTL compatible, All Inputs and outputs 

TMM333P 

programmed sample (Engineering Sample) for cus· 
tomers Third step IS a verification of Engineering 
Sample by customers. Sample verification is most 
Important and Toshiba Will enter Into mass produc­
tion after above three steps are concluded. Then 
Toshiba will adopt a established on-line system and so 
can respond to a customer's needs qUickly and can 
maintain a stable delivery 

The TMM333P IS fabricated With Ion Implanted N­
channel silicon gate technology ThiS technology 
allows a production of high performance The TMM 
333P IS moulded In a 24 pin standard plastiC package 

Programmable chip select Inputs, CS1, CS2, Easy memory expansion 
Three state outputs, OR tie capability 
Static operation, No clocks are required 
Input protected, All Inputs have protection against static charge 
Pin to Pin compatible, TMS4732 

PIN CONNECTION BLOCK DIAGRAM 
(TOP VIEW) 

PIN NAMES 

Ao -.... A6 Row address Inputs 

___ ~A,-, _---'=A'-"'--__ +-~ec:o'_'u:.m_"n address Inputs 
Do -., D7 Data outputs 

Chip select Inputs 

I 

-1 
1 

CSli cs ] 
CS2/ CS 2 

A, 

A, 

A, 

A" 

A" 
AO 

A, 

A, 

A, 

A, 

A; 
A, 

Vee ===±=Epower supply terminal 
---~G'ND G d raun 
------------ ------~ I 
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SYMBOL ITEM RATING UNIT \: 

VCC Power supply voltage -0.5-70 V .'1' 

VIN.VOUT Input and output voltage -0.5-7.0 V 

Topr Operating temperature 0-70 °C 

Tstg Storage temperature -55 -150 °C 

TSOLDER Soldering temperature· time 260· 10 °C sec I 

PD Power Dissipation (Ta = 70°C) 10 W 

SYMBOL PARAMETER CONDITIONS MIN. TYP MAX. UNIT 

VIH I nput high voltage - 2.0 - VCC + 1 V 

VIL I nput low voltage - -0.5 - O.B V 

VCC Power supply voltage - 4.75 50 5.25 V 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

IIH Input high current VIN =VCC - 0,01 10 p.A 

IlL Input low current VIN =GND - -0.01 -10 p.A 
VOH Output high voltage ISOURCE = -0 4mA 2.4 3.0 - V .. - ------
VOL Output low voltage ISINK =2.1mA - 0.2 0.4 V _ .. -----
IOH Output high current Your = 2.4V -0.4 -3.0 - mA 

IOL Output low current Your =O.4V 2.1 5.0 - rnA 

ILO Output leakage current 
CS = O.BV. CS'= 2.0V - ±0.01 ±10 p.A Your = O.4V to Vcc 

IcC Supply current lour =OmA - 60 100 mA 

"Ta = 25°C, Vcc = 5V 

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

tACC Access time tAC ~ 100ns - 300 450 ns 
tco Output delay time from chip select tAC ~ tACC - 120 200 ns 
too Output deselect time - 0 100 150 ns 
tRC Read cycle time - 450 - - ns 

"Ta = 25°C. Vcc = 5V 

PARAMETER CONDITIONS UNIT 
Input capacitance VIN = A. C. GND pF 
Output capacitance Your = A. C. GND pF 

Note. This parameter is periodically sampled and is not 100% tested. 
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1IIiIl'" •• 
v'"---f::':;~--:b",-------"", 

cs Ics 

~"~J;~tMf 
nched paper tape data must be a positive logic and use a 7 to 8 bit ASC II code 
'rmat 1 (Including Data and Check sum every word). 

NULL 

• TMM333P· XXX X • 

CR LF 

CA LF 

N8. 

CR LF 

RuuuO, X07P3,. ,XF1 P5, 

CR LF 

CR LF 

R4088,X01Pl, ,X3AP4, 

CA LF 

CA LF 

CR LF 

CR LF 

NULl. 

Take NULL more than fifty characters 

Contents In single quotation mark ('O .. 'O) indicates a comment and XXXX IS a user's 
number. 
CR and LF indicate carnage return and line feed respectively. 

Specify MSB Pin. (D, or Do) 

N8 indicates a 8·blt mask pattern 
Semicolon ( , ) Indicates a punctuation of data 

R Indicates an absolute address Enter the address by decimal code every eight 
words 

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

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

Data modification. Enter the modified address before the End mark and {hen enter 
the data following above procedure Independently or seflaly Modification can be 
allowed from 0 address to 4095 address 

Customers can program the active logic of two chip select Inputs Independently 
SpeCify the active logic of chip select Input In the brackets 
The example IS shown In Figure. In thIS example, chip IS active under the condition 
that CS1 = '0' and CS2 = '1' 

$ Indicates an End mark. 

Take NULL more then fifty characters 
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"TOIIHIIlA 

I ,I 

Format 2 (Including Data only every word) 

NULL 

.,TMM333P. XXXX. 

CR LF 

"MSB = 0," 

CR LF 

N8; 

CR LF 

RuuuO; X075A ... 3BF1; 

CR L.F 

R4080. XBCAE .. 0085, 

CR LF 

ICSl '"'0) 

CR l.F 

CR LF 

CR LF 

NULL 

R Indicates an absolute address. Enter the address by decimal code every sixt, 
words. 

X indicates a hexadecimal code and so enter the data of sixteel" words continuaL 
after X. 
Data modification. This procedure is following to Format 1. Otherwise speclflec 
Format 1. 

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

OUTLINE DRAWINGS 

~::::[3] 
1 2 3 4 6 6 7 8 9 1011 12 

Note. each lead pitch 1.254 mm. All leads are located wlthl" 
0.25 mm of their true longitudinal position With respect 
to No 1 and No. 24 lead. 

['5.24_TYP 
All dimensions are In millimeters 

t2Do:'~ 
O.S±O.15 I 174 MAX. 

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

@Sept.,1980 Toshiba Corporation 

- 218-



TOSIIBA Mas MEMORY PRODUCTS ... 
4,096 WORD X 8 BIT MASK ROM 

N-CHANNEL SILICON GATE MOS 

DESCRIPTION 

The TMM2332P is a 32768-blt read only memory 
organized as 4096 words by 8 bits with a low bit 
cost. thus being most sUitable for use In programming 
of production apparatus uSing microprocessor. 
The TMM2332P features an automatic power down 
mode When deselected by Chip Select (CS/CS). 
the device IS In low power (lSB=15mA MAX.) stand­
by mode. ThiS device feature results In system power 

,fE.AT~RES 

• Single 5V-Power Supply 
• Fast Access Time 350ns (MAX.) 
• Low Power Dissipation 

Operating Current = 100mA (MAX.) 
Standby Current = 15mA (MAX.) 

• Power Down Feature CS I CS 
• Programmable Chip Select CS I CS 
• Output Buffer Control DE 
• Easy memory Expansion CS I CS 

PIN CONNE.CTION 

A, 

A6 
As 

A., 
A, 
A, 
A, 
Ao 
Do 
0, 
0, 

GND 

PIN NAMES 
Ao ...... A l1 

0 0-0, 
CS/CS' 

(jE' 

VCC 
GNO 

(TOP VIEW) 

Address Inputs 

Data Outputs 

Chip Select Input 

Vee 
A. 
A. 
All 
OE 
AIO 

CS/CS 
0, 
D. 
Os 

D. 
0, 

Output Enable Input 

Power (+5V) 

Ground 

TMM2332P 

saving in larger systems. where the majonty of de­
vices are deselected. 

The TMM2332P is fabricated with Ion Implanted 
N-channel silicon gate technology ThiS technology 
allows a production of high performance. 

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

• Static Operation 
• Pin Compatible with 2732 Type EPROM and 

i2332 
• All I nputs and Outputs' 

Directly TTL Compatible 
• Three State Outputs Wired OR Capability. 
• Inputs Protected All Inputs have protection against 

static charge. 

BLOcK DIAGRAM 

CS/Cll 

OE 

MemorY Cell Array 
(256 x 128) 
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,,' 
SYMBOL ITEM RATING UNIT 

, 

Vee Supply Voltage -05-7.0 V I, 
I 

V,N Input Voltage -05-7.0 V 

VOUT Output Voltage -0.5-7.0 V 

TOPR Operatmg Temperature 0-70 'c 
TSTRG Storage Temperature -55- 150 'c 
TSOLOER Soldenng Temperature-Time 260' 10 °C-Sec 

Po Power DIssipation (Ta"" 70o e) 10 W 

p.c. OPERATING CONDITIONS 

SYMBOL PARAMETER MIN. TYP MAX. UNIT 

V,H Input High Voltage 20 - Vee+1 0 V 

V,L Input Low Voltage 05 08 V 

Vee Power Supply Voltage 45 50 5.5 V 

p.c. CHARACTERISTICS (Vee = 5V±10%, T. = 0-70'C) 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

I,L Input Leakage Current V,N =O-Vee - ±o 02 ±10 JlA 

IOH Output High Current VOH =24V -04 -20 - mA 

IOL Output Low Current VOL=04V 20 40 - mA 

ILO Output Leakage Current 
OE - V IH or CS - V IH 

VOUT = 0 4V - Vee - ±O 05 ±10 JlA 

Icc Operating Current CS=V'L or CS=V'H - - 100 mA 

IS9 Standby Current CS=V'H or CS=V,L 
I 

- - 15 mA 

CAPACITANCE (T.=O-70'C, f=1MHz) 

PARAMETER CONDITIONS 

Input Capacitance V,N - OV 

Output Capacitance VOUT = ov 

Note ThIS parameter IS periodically sampled and is not 100% tested. 
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As;. CHARAc:TlRISTteS <Vee= 5V±10%, T. = 0 - 70°C) 

SYMBOL PARAMETER MIN. 

tRC Read Cycle Time 350 

tACC Access Time -
tco Chip Selection to Output Valid -
too OE to Output Valid -

tODC Chip Deselection to Output in High-Z -
tODO OE to Output in High·Z -
tpu Chip Selection to Power Up Time 0 

tpD Chip Deselection to Power Down Time -

As;. TE:Sl' CONDITIONS 
Input Rise and Fall Times 

Timing Measurement Reference Levels 
20ns 
Input 0.8V and 2.0V 

Output 0.8V and 2.0V 

Output Load. l·TTL Gate and CL = l00pF 

TYP. MAX. 

- -
- 350 

- 350 

- 120 

- 100 

- 100 

- -
- 100 

~--------------------tRC:------------------------~ 

SupplV 
Current 

Addr ... 

111----'---,. 
cs/cs 

ICC --------~f 
ISB 

Output Data Valid 

- Note: (1) CS and CS waveforms .... shown by dotted IIna and straight lin. respecti"a'y. 
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ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

I 



~;j~1; 
Toshiba can accept programming and masking 

information for TMM2332P in the form of punched 
paper tape with Intel BNPF format or master devices 
(EPROM). 

~~r:::I::::i~] 
, 2 3 4 5 6 7 8 9 1011 12 

32.4 MAX. 

10· 

'"'.,,~> 
a.StO.1S i 

" ,; 

c 
e~ 
I 17.4 MAX. I 

Note. Each teed pitch's 2.54 mm. All , •• ds are loeated within 0.25 mm longitudinal pOlltion With respect to No.1 and No. 24 Illads. 

All dimensions ar. In millimeter •. 
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64K BIT (8K WORD X 8 BIT) MASK PROGRAMMABLE ROM 
TMM2364P 

N CHANNEL SILICON GATE 

The TMM2364P IS a 65536 bit read only memory 
organized as 8192 words by 8 bits with a low bit cost, 
thus being most sUitable for use In programming of 
production apparatus uSing mlcro-prooessor 

Consisting of static memory cells and clocked pe­
npheral 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 

• Single 5V ± 10% power Supply 
• Access Time 250ns max 
• Low Power Dissipation 

Average Current 40mA max. 
Standby Current 15mA max. 

• I nput and Output TTL Compatible 
• Three State Outputs Wired OR Capability 

N.C. 28 Vee 

~12 CSl/CSt 
A, cs,/CS, 
A, A, 
A, A, 
A, &J 
A, OE 
A, ~ 
A, CE 
A, 0, 
D. 0, 
0, 0, 
0, 0, 

GND 0, 

Ao ..... All Address inputs 

Do - 0, Data outputs 

cstcs Chip select Inputs 

DE Output enable Inpu 

CE Chip enable Input 

NC No connection 

Vcc Power supply terminal 

GND Ground 

15mA Output Enable (OE) IS effective In preventing 
data confliction on a common bus line 

The TMM2364P uses the address latch system that 
the failing edge of CE latches all inputs except for 
OE, thus can be easily connected to a system where 
address and data buses are commonly used 

The TMM2364P IS fabncated with Ion Implanted 
N-channel silicon gate technology. This technology 
allows a production of high performance 

The TMM2364P IS moulded In a 28 pin standard 
plastic package, 0 6 Inch In width 

• Edge En~bled Operation CE 
• Output Buffer Control. OE 
• Programmable Chip Select CS I , CS2 

Easy Memory Expansion 
• Pin Compatible with i2364 
• I nputs protected All inputs have protection 

against static charge. 

Vee GND 

DE ~-===:-=== II 
0, 0, 0, 0, 0, 0, 0, 0, 

CS1/CS1 

es, iCS, 

Ao-_s---, 

~ ~------1-~~~~~ 
A, .. 
A, 
Ao 
A, 
A, 
A. 

A .. 
A" 
A,,_-t......_-' 

65536 bits 
Memory cell 

array 
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SYMBOL ITEM RATING UNIT 

Vcc Power Supply Voltage -0.5 -7.0 V 

VIN. VOUT Input and Output Voltage -05-7.0 V 
TOPR Operating Temperature 0-70 'c 
TSTRG Storage Temperature -55 -150 'c 
TSO Soldering Temperature· Time 250 10 'c sec 
Po Power Dissipation (Ta = 70'C) 10 W 

SYMBOL PARAMETER CONDITIONS MIN TYP. MAX UNIT 
V,H Input High Voltage - 22 - Vcc + 1 V 

V,l Input Low Voltage - -0.5 - 08 V 

Vcc Power Supply Voltage - 4.5 5.0 5.5 V 

ITa = 0 - 70'C) 

SYMBOL PARAMETER CONDITIONS MIN. TYP. MAX. UNIT 

I'H Input High Current Y,N =5.5V - 0.05 10 p.A 

I,l I nput Low Current Y,N =GND - -0.05 -10 p.A 

VOH Output High Voltage IOH = -4OOp.A 24 3.3 - V 

VOL Output Low Voltage IOl =3.2mA - 0.3 0.4 V 

IlOH 
Output Leakage Current 

VOUT = 5.5V I CE=22Vor - 0.05 10 p.A 

ILDl VOUT =0 4V I 5E =2.2V - -0.1 -20 p.A 

ICCI Standby Current CE = 2.2V - 8 15 mA 

Icc. Average Current tCYC = 350ns. lOUT = OmA - 20 40 mA 

• Typical values.reat Ta - 2SoC and Vee" 6V. 
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••• 11 •••• (Ta = 0 - 70°C, Vee = 5V ± 10%) 

YMBOL PARAMETER 

tCE CE pulse width 

tAS Address Setup Time 

tAH Address Hold Time 

tACC Access Time 

too Output Delay Time from DE 

tOD Output Turn off Delay 

~ CE off Time 

teye Cycle Time 

vpical values are at Ta" 2S0C and Vee = 5V 

Output Load: ITTL Gate + 100pF 
Input Rise and Fall Times (10% - 90%)' 5ns 
Input Pulse Levels 08- 24V 

CONDITIONS 

-

-
-

-

-
-

-
tAS = Ons, tr. tf = 5ns 

Timing Measurement Reference Levels Input, 1V and 2.2V 
Output, 0.8V and 2.0V 
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MIN TYP MAX UNIT 

250 - - ns 

0 - - ns 

50 - - ns 

- 150 250 ns 

- 50 120 ns 

- 40 70 ns 

90 - - ns 

350 - - ns 

I 



•••• 111 (Ta = 25·C. f = 1MHz) 

PARAMETER CONDITIONS UNIT 

Input Capacitance VIN =AC GND pF 

Output Capacitance VOUT - A.C GND pF 

Note: This parameter Is pariocllcally sampled and is not 100% tested 

CSt. CS2 

ADDRESS, CS" CS, MA~ CHANGE X~ _____ _ 
'cc 

'CE 

'00 
OE 

00- 0 7 
HIGH-Z HIGH-Z 

tCYC 

Note (1) too Is specified from De or CE. whichever occurs first. 
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• 
OPERATION MODE 

CE CS 1 , CS" Address OE OUTPUT MODE 

H (1) (1) High Z 

<- Valid (1) High Z 

L (2) L Data out 

~ote (lJ Don't care 
(2) CSt, CS2, Address may change after tAH 

APPLICATION INFORMATION 

1. POWER SUPPLY DECOUPLING 

The operating current Icc waveforms for TMM2364P are shown In Fig 
1,2 

The TMM2364P IS a clocked deVice, so the transient current peaks are pro­
duced on the CE transition and CE active level 

The Icc current transients requrre adequate decoupllng of Vcc power 
supply 

2. POWER ON 

The TMM2364P requrres initialization prror to normal operation Two 
Initialization methods are as follows. 

(1) A minimum 100!,s time delay IS requrred after 'the application of 
Vcc (+5V) before proper deVice operation IS achieved And durrng 
thiS perrod, CE must be at V ,H level 

(2) A minimum 100!,s time delay IS requrred after the application of 
Vcc (5V), and then a minimum of one Initialization cycle must be 
performed before proper deVice operation is achelved 

60 

ICC 50 
(mA) 40 

30 

20 

10 

~ 

Standby 

Latch 

Read 

1 cycle 

r-

100 200 300 400 500 

Time (ns) 

Fgl 1 ICC \IS tlma (CS Select) 

ce-VIH 
V,L 

60 

ICC 50 
(mA) 40 

30 

20 
10 

o 

1 cycle 

i-"1 

io"'" 
a 100 200 300 400 500 

Time (nsl 

Fig 2 tcc vs time (CS Deselectl 

Initialization cycle An initialization cycle is one Chip Enable clock cycle from the frrst down edge of the 
CE till the next down edge 
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Use 7 or 8-bit (even parity) ASCII code paper Tape for ROM data input. 
Two acceptable formats which are described in section A and B are available. 

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

NULL 

'TMM2364P.QODO' ) 

·MSB = 0, ) 

NO. ) 

ROOOJ, X7FP7, ,X07P3, ) 

ROODs. X38P3, . ,XE5P5, ) 

R DO 16, Xl0Pl,. . "X6BP5. ) 

RS17G, X4DP4, ,XB5P5,,, 

R8184, X2CP3, ,XA4P3.) 

ICS, = 1) ) 

ICS, = 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 
DOD 0 indicates a four-digit user pattern number 

) indicates carnage return and line feed 

Spec.,fy the most significant bit (MSB) of the deVice outputs (0, or.oo) 

N8 indicates that the mask pattern IS an 8-blt 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 Mod Ificatlon 
ModifYing single and continuous word data can be carned out by 
specifying the modifYing addresses and inputting the data following the 
above procedure before the end symbol 
Modification can be allowed from a to 8191 addresses. 

Specify the actIve logic of chip selects (CS, and CS,) In the parentheses 
respectively 
Enter" 1" and "0" when active at high and low levels, respectively 
An example is shown in the left figure 
In thiS example. the deVice is selected under the condition that CS, and 
CS, are at high and low levels, respectively 

$ signifies the End symbol 
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3 Format 2 (When a check sum per word IS not used I 

NULL 

'TMM2364P-DDDD .) 

'MSB" 07,) 

N8,~ 

RODDa, X7F5A.. 39ES") 

RoD16 . Xl08C 8241; ) 

RD032 . X2DBA .. 36C7, ) 

R8160, X1EC5.. .310E,) 

RS'76, X4DA6 1 BA4, ) 

(CSt"" 1) ) 

ICS, -01 ) 

$ , 

NULL 

R signifies an address. 
Enter the address with the four decimal digits every sixteen words after 
the character R. 

X signifies a hexadecimal digit 
Enter the data of sixteen words continuously after the character X 

Otherwise specified In Format 1 

In additIon, Toshiba can also accept programming and masking information for TMM2364P in the form 
of punched paper tape with Intel BNPF format or master deVIces (EPROMsl. 

- 229-

I 



28 27 26 25 24 23 22 21 20 19 18 17 16 15 

~:~~~~[:~~]] 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 

374 MAX. 

5° 

x 

" " .. 
Z 

2 
264±026 1 4±0 15 02 MAX " M 

Note EKh leed pitch IS 2 54 mm. 
All leeds are located Within 026 mm of thel' true longitudinal pOSition with respect to No 1 
end No 28 leads 

Unit mm 

1524 TYP 

5° 

025+01 
-005 

I. 17 4 MAX .1 

Note. Toshiba do .. not ... ume any responslblhtY for use of any Circuitry dascrlbed, n'O circuit patent llcen .. s a,.. Implied, and Toshiba , ... rv .. 
the fiGht, 111: any tune without notice, to change uld CirCUitry 

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

N CHANNEL SILICON GATE 

• Access T I me 200ns 
• Power Dissipation 

Operating Current. 100mA (MAX.) 
Standby Current 25mA (MAX.) 

• 5V Single Power Supply 
5V ± 10% 

• Fully Static Operation 

64k Bit EPROM 
(Top View) TMM2764D 

N.C. Vee 
Au CS1/CS, Au 

A, CS1 /CS1 A, 

A. A. 
A, A, 
A. A. 
A, A, 
A, A, 
A, A, 
A, A, 
0, 0, 

0, 0, 
0, 0, 

GND GND 

Ao '" An Address Inputs 

Do - 0 7 Outputs 

CS" CS2 • CS3 Chip Select Inputs 

OE Output Enable Input 

Vee Power Supply (5V) 

GND Ground 

Vee 
l'ml 
N.C. 

A, 
A. 

A" 
~ 

A" 
Cl!" 
0, 
o. 
0, 
O. 
0, 

TMM2365P 
*This is advance information and specifications.,. 

subject to chenge without notice. 

• Three Programmable Chip Select Inputs 
CS,/CS-" CS2 /CS2 , CS 3 /CS-3 

• All Inputs and Outputs Directly 
TTL Compatible 

• Three State Outputs 
• Compatible With 2764 type EPROM TMM2764D 
• 28 Pin Standard Plastic Package 

VCCGND 

i i 
CS,/CS. 

Do~D, 

CSt/CSt 

CS1 /CS3 

6E 

A, 

~ 
• 
~ 
co 

f 
e Memory Cell 

Arrav 
~ 8kx8 .. 

An 
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Nate: TCiltuba does not a ...... any respon.bllity for u .. _of any cIrCuitry dncrlbad: no ClfC,"t patant lleanses ara Impll«l. and TO .... lba ,...",.. 
the right. at any tl,.,. without notice. 10 chan .. aid CircUitry. 

@Apr •• '982 ToshibeCorporetlon 
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TMM2366P: 8K WORD x 8 BIT MASK HUM 

N CHANNEL SILICON GATE 

• Access Time 200ns 
• Power DIssipation 

Operating Current 100mA 
Standby Current 25mA 

• 5V Single Power Supply 
5V ± 10% 

A, 

0, 
0, 

0, 

(Top View) 

A, 

A. 
A, 

A. 
A, 
A, 

A, 
A. 
0, 
0, 

0, 

GND L... ___ -' 

D. 

0, 
o. 
0, GND 

32k Bit Mask ROM 
TMM333P 

'-------' 

Pm Compatible with 32K Bit ROM TMM333P 
for Memory Expansion 

Ao -All Address Inputs I 
Do - D7 Outputs [ 
CSICS Chip Select Input I 
Voo Power Supply (5VI [ 
GND Ground 

TMM2366P 
*Thls is advance information and specifications are 

subject to change without notice. 

• Fully Static Operation 
• Programmable Chip Select CSICS 
• All Inputs and Outputs Directly TTL 

Compatible 

• Three State Outputs 
• 24 Pin Standard Plastic Package 

Vee 
A. 

A, 

CS1/CS1 

CS,lCS, 

A" 
A" 
0, 

D. 
0, 
D. 
0, 

CS/CS 

A, 

I 
A" 

Vee GND 

r r 0 0 -0, 

" ~ ., 
Memory Cell 
Array 

8kx8 
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Note: TDlhiba does not assume any responsibility for use of any circuitry described, no circuit patent hcenses are Implied, and Toshiba reservu 
the right, at any time without notice, to change said CirCUitry 

©Apr •• 1982 Toshiba Corporation 
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MEMORY 
TMM23256P 256K BIT (32K WORD x 8 BIT) MASK PROGRAMMABLE ROM T M M 2 3 256 P 
N-<:HANNEL SILICON GATE MOS 

The TMM23256P is a 262,144 bit read only 
memory organized as 32,768 words by 8 bits with a 
low bit cost, thus being most suitable Ifor use in 
character generator. 

Consisting of static memory cells and clocked pe­
ripheral cirCUitry, the TMM23256P provides a high 
speed and low power dissipation (access time 150ns, 
operating current 40mA) 

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

• Single 5V Power Supply 
• Fast Access Time 150ns (Max.) 
• Low Power Dissipation 

Average Current : 40mA (Max.) 
Standby Current : 10mA (Max) 

• Inputs protected All I nputs have Protection 
Against Static Charge 

N.C.[ ~ pvcc 
Au[ 2 27 ~~14 A7[ 3 2. p~13 A6[ 4 25 AS 
A,[ • 24 PA9 
A4[ • 23 pAn 
A,e 7 22 poe 
A;[ 8 21 PA,O 
A;[ 9 2. pee 
A~[ 10 19 P07 
Doe 11 18 bo. 
Ol[ 12 17 po, 
0,[ 13 16 po. 

GNO[ 14 16 po, 

A" - A,. Address Inputs 

Do - 0 7 Data Outputs 

OE Output Enable Input 

CE Chip Enable Input 

N.C. No Connection 

Vce Po"",,r Supply Terminal 

GND Ground 

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

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

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

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

• Edge Enabled Operation : CE 
• Output Buffer Control : DE 
• Input and Output: TTL Compatible 
• Three State Outputs: Wired OR Capability 
• 28 pin Standard Plastic DIP 

DODID:J03D4D SD 6D , 

OE 

Output 
Chip, Enable Buff .... 

eE Input Buffer 

and Clock 

AO 

AI Column 
A, DecOder 

A, 

A. 

AS 

A. 8 x 64 

A~ 

AS j 
¥ 
0 

512 262,144 bits 
~ . Memory can II: 

array 
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SYMBOL ITEM RATING 

Vcc Power Supply Voltage -05-70 

Y,N, VOUT Input and Output Voltage -05-70 

TOPR Operating Temperature 0-70 

TSTRG Storage Temperature -55- 150 

TSOLDER Soldering Temperature Time 260 10 

Po Power DISSipation (Ta " 70°C) 10 

SYMBOL PARAMETER CONDITIONS MIN TYP 

V,H Input High Voltage - 22 -
V,L Input Low Voltage - -05 -

Vcc Power Supply Voltage - 45 5,0 

SYMBOL PARAMETER CONDITIONS MIN 

I'H Input High Current Y,N = 5 5V -

I,L 1 nput Low Current Y,N - GND -
VOH Output High Voltage IOH = -400/lA 24 

VOL Output Low Vo Itage IOL - 3 2mA -

ILOH VOUT = 5 5V ICE = 22Vor -

ILDL 
Output Leakage Current 

VOUT =04V I 5E = 2 2V -
ICCI Standby Current CE = 2 2V -

lee2 Average Current tcvc = 230ns, lOUT = OmA -

• TYPical values are at Ta = 25°C and Vee = 5V 

(Ta = 25°C, f = 1 MHz) 

PARAMETER CONDITIONS 

Input Capacitance VIN -A C GND 

Output Capacitance VOUT = A C GND 

Note This parameter IS periodically sampled and IS not 100% tested 
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UNIT 

V 

V 

°C 

°C 

°C sec 

W 

MAX 

Vcc + 1 

08 

55 

TYP MAX 

005 10 

-005 -10 

33 -

03 04 

0,05 10 

-01 -20 

- 10 

- 40 

UNIT 

V 

V 

V 

UNIT 

/lA 

/lA 

V 

V 

/lA 

/lA 

mA 

mA 

I 
II 

, I~: 



ITa = a -70'C, Vcc = 5V ± 10%) 

SYMBOL PARAMETER CONDITIONS 

tCE CE pulse width -
tAS Address Setup Time -

tAH Address Hold Time -
tAce Access Time -

too Output Delay Time form OE -

too Output T urn off Delay -

tcc CE off Time -

tCYC Cycle Time tAS - Ons, tr. tf = 5ns 

• TYPical values are at Ta = 25f'C and Vee = 5V 

~~~ 
• Output Load . 1TT L Gate + 100pF 
• Input Rise and Fall Times (10% - 90%) 5ns 
• Input Pulse Levels 0.8 - 2.4V 
• Timing Measurement Reference Levels Input 1 V and 2.2V 

Output, 0.8V and 2.0V 

MIN. TYP. 

150 -
a -

30 -

- -
- -
- -
70 -

230 -

AO -A14 )< ADDRESS K ADDRESS MAY CH~NGE X VALID 

CE ~~ tcc 
tCE I 

~ 
I 

OE 
too 

'\l- / 

00- 0 7 

tAce ~ 
HIGH·Z ~ .,.. 

DATA VALID 
~ ¥ 

tCYC 

Note (1) too IS specified from OE or CE, whichever occurs first. 
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MAX. UNIT 
- ns 

- ns 

- ns 
150 ns 

70 ns 

70 ns 

- ns 

- ns 

~--

HIGH-Z I 



The TMM23256P has two control functions. 
The chip enable (CE) controls the operation power 

and should be used for device selection. The falling 
edge of the CE will activate the device and latch the 
addresses. The output enable (OE) control the out-

put buffers, independent of device selection .. Assum­
ing that OE = VIL, the output data IS valid at the 
outputs after tACC (150ns) from the failing edge of 
the CEo 

The operation modes of tt18 TMM23256P are listed in the following table 

MODE CE ADDRESS OE OUTPUT POWER 

Standby H . . High Impedance Standby 
Latch ""L- Valid . High Impedance ,-

Read L .. L Data Out Active 
Output Deselect L . H High Impedance Active 

Note • Don't care 
Address may change after tAH. 
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.. '; .. " 

_L~~1'lON 

1. POWER SUPPLY DECOUPLING 
The operating current IcC waveforms for TMM 

23256P are shown In Fig 1,2 
The TMM23256P IS a clocked device, so the tran­

sient current peaks are produced on the CE transition 

and CE active level 
The Icc current transients require adequate de­

coupling of Vcc power supply. 

2. POWER ON 
The TMM23256P reqUires Initialization pnor to 

normal operation. Two initialization methods are as 

follows 
(1) A minimum 100llS time delay IS required 

after the application of Vcc (+5V) before 
proper device operation IS achieved And dur­
Ing thiS penod, cr must be at V,H level. 

(2) A minimum 100lls time delay IS required 
after the application of Vcc (5V), and then a 
minimum of one Initialization cycle must be 
performed before proper del/Ice operation IS 

achelved 

Initialization cycle. An initialization cycle IS one 
Chip Enable clock cycle from the first down edge of 
the CE till the next down edge. 
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, 2 3 4 5 6 7 8 9 10 11 12 13 14 

2.54±O.25 1.4±O.15 02 MAX. 

Note Each lead pitch IS 2,54 mm 

i 
:i 
N 

M 

Unit: mm 

15.24 Typ. 

I. 17.4 Max. 

All leeds .relocated within 0.25 mm of their true Ilngitudinal position with respect to No.1 and No 28 leadl. 

Note. Toshiba does not assume any responsIbIlity for use of any circUItry described, no circuit patent licenses are Implied, and ToshIba reserve. 
the fight, at any tlme without notice, to change said circuitry. 

© Nov, 1981 Toshiba Corporation 
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32 K Bit CMOS MASK ROM COMPARISON TABLE 

PIN CONFIGURATION 

TC5332P TC5333P TC5334P 

Operation Mode Table 

~PinName 
l'lumber 

Address Latch 

Read 
Standby 

Output Deselect 

Operation Mode 

CE/CE Ol: 
(18) (20) 

~ ~ 
H/L L 

L/H . 
H/L H 

TC5332P 

Addresses 

--------Valid 

· · 

Voo 

AS 

A, 

Outputs 

--------Dout 
H,gh-Z 

H,gh-Z 

Power 

~ 
ActIve 

Standby 

Active 
Fully Static Operation (Asynchronous Type) 

TC5534P 

~r~Name CEI/CE I CE,/IT, 
Addresses Outputs Power Number (20) (21) 

Addresses Latch 

-------- --------
~ ~ 

-----------
Read H/L H/L Valid Dout Active 

Standby 1 L!H . · H,gh-Z Standby 

Standby 2 . L/H · Hlgh-Z Standby 

Output Deselect -- ----- ----- -- -----Operation Mode Fully StatIc OperatIon (Asynchronous Type) 
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IT 
(18) 

t-
L 
H 

L 

5.E2!~Ei ___ __ _ 
AIO 

All 

07 

OE 
(20) 

· 
L 

· 
H 

TC5333P 

Addresses 

Valid 

· · · 

Outputs 

Hlgh-Z 

Dout 

High-Z 

Hlgh-Z 

All 

07 

Power 

-
ActIve 

Standby 

Active 

Address Latched OperatIon (Synchornous Type) 

TC5535P 

CE OE 
Addresses Outputs Power (20) (21) 

'- · Valid Hlgh-Z -
L L · Oout Active 

H · · Hlgh-Z Standby 

------ ------- ---------- -------
~ 

L H · Hlgh-Z Active 

Address Latched OperatIon (Synchronous Type) 
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tOstlBA MOSMEMORY PRODUCTS 
.K WORD x 8 BIT CMOS MASK ROM 

,ILICON GATE CMOS 

DESCRIPTIoN 

The TC5332P is a 32,768 bit low power read only 
lemory organized as 4,096 words by 8 bits using 
:MOS technology, and operates from a single 5V sup­
,Iy. 

The TC5332P has a programmable chip enable 
lput (CE/CE) for device selection and a output 
nable Input (OE) for fast access and output control. 
"he maximum access times from address and chip 
mble are both 450 ns. 

f!!A lURES 

• Access Time' 450ns 
• Low Power DiSSipation 

1000 = 7mA (Max.) : Operating 
loos = 20p.A (Max.) : Standby 

• All Inputs and Outputs: TTL Compatible 
• Three state outputs 

'~~DrCONNEcTION ITOP VIEW} 

¥IN NAMES 

Ao -All ADDRESS INPUTS 

Do'" 0 7 DATA OUTPUTS 

CE/CE CHIP ENABLE INPUT 

OE OUTPUT ENABLE INPUT 

Voo POWER (+5VI 

GND GROUND 

, 

TC5332P 

The TC5332P is pin compatible with the industry 
produced NMOS ROM TMM2332P, yet offers a more 
than 90% reduction in power of their NMOS equiva­
lent. The TC5332P's maximum operating and stand­
by current IS 7mA and 20p.A, respectively. Thus the 
TC5332P is most suitable for use in low power 
applications such as battery operated system. 

The TC5332P is molded in a 24 pin standard 
plastic package. 

• Fully Static Operation 
• Two Control Functions' CE/CE, OE 
• Programmable Chip Enable: CE/CE 
• Output Control, 5E 
• Pin Compatible with TMM2332P and TMM2732D 
• Standard 24 pin Plastic Package 

BLOCK DIAGRAM 

VDD GND 

r I 
OE o-----<j 

Memory Cell Array 
(256)( 128) 
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SYMBOL ITEM RATING 

Voo Power Supply Voltage -03V-70V 
, 

VIN Input Voltage -0 3V-7 OV 

VOUT Input/Output Voltage OV-VOD 

Po Power DIssipation (Ta - B5 C) OBW I 
I 

TSTG Storage Temperature _55°C -150°C 

TOPA Operating Temperature -40oC-B5°C 

TSOLOEA Soldering Temperature' Time 260 C -lOsec 

~YMBOL PARAMETER MIN TYP. MAX UNIT 

Voo Power Supply Voltage 4.5 50 55 V 

VIH Input High Voltage 22 - Voo+03 V 

VIL Input Low Voltage -03 - OB V 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX. UNIT 

IlL Input Load Current O~VIN ~Voo - - il0 IlA 
ILO Output Leakage Current CE = VIL ICE = VIH). OV~Vout ~Voo - - ±50 IlA 

, 

IOH Output High Current VOH -24V -10 -40 - mA 

IOL Output Low Current VOL=04V 2.0 4.0 - mA 

10DSl CE = O.BV ICE - 2.2V) - 0.5 20 mA 

100S2 
Standby Supply Current 

CE = 0.2V ICE = Voo - 0 2V) 005 20 IlA -

10001 
CE ~ VIH ICE - VIL l. t eve -II'S. - 60 10.0 mA 

Operating Supply VIN = VIHNIL. lout = OmA 
Current CE = Voo ICE - OV). tcyc -II'S. 

10002 
VIN = Voo/GND. lout = OmA 

- 40 7.0 mA 

Note TYPical values are at Ta = 25°C. Voo = 5V. 

-SYMBOL PARAMETER MIN. TYP. MAX. UNIT 

C'N Input Capacitance - 5 10 pF 

Cout Output Capacitance - 5 10 pF 

Note This parameter is periodically sampled and is not 100% tasted. 
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SYMBOL PARAMETER MIN TYP MAX. UNIT 

tACC Address Access Time - - 450 ns 

tCE Chip Enable Access Time - - 450 ns 

tOE Output Enable Access Time - - 150 ns 

taD Output Desable Time - - 100 ns 

tCYC Cycle Time 450 - - ns 

'Output Load . 100pF + lTTL Gate 
, Input Pulse Levels . O.6V,2.4V 
, Timing Measurement Reference Levels 

Input O.BV and 2.2V 
Output O.BV and 2.2V 

, Input Pulse Rise and Fall Times : 10ns 

tCYC 

AO - All )< Address Stable X 
'ACe 

r---------- -_._) 
-----------~ ~-----------

CE/CE 

'CE '00 

~ 
'00 

L toe 
I e Output Data Valid 

MODE CE/CE OE ADDRESS OUTPUTS I 
Read H(Ll L Valid Data out I 
Standby L (H) . . High Z I I 

* Don't care 
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500 

400 

300 

200 

100 
3 

400 

300 

200 

100 

6 

4 

0 

4 

tAcc VI. VOO 

Ta-2SoC 
CL - 100pF + 1TTL 

5 6 
VOO {V} 

tAcc vs. Ta 
VOO-4.5V 
CL" tOOpF + lTTL 

~ 
-40 40 80 

Ta (oC) 

10001 VI. VOO 

~-O.8V 
6E -a.sv 
Ta" 2S'"C 
t cycla -1JtS 

VOO (V) 

Voo (VI 

400 

teE VI. VOO 

Ta" 25°C 
CL" 100pF + lTTL 

! 300 

w 

~ 200 

! 
w 
U 

100L-____________ ~ ______ __ 

3 •• 

VOO (vI 

teE VI. Ta 

VOO-4.5V 

400 
eL" 100pF + lTTL 

300 ~ 
200 

100 -40 80 

:;; 
! 4 

g 3 

~ 

:;; 
! 
:3 
Q 

E 

10001 VI. Ta 

~2;.::;V 
~-O.8V 
tcycla " lps ----

-40 

o -40 

o 40 80 

10002 VI. Ta 
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~2~.~:;V 
c5l: .. O.2V 
tcycla " 1ps 

80 

150 

! 100 

w 
~ 50 

150 

! 100 

w 
2 50 

tOE VI. Voo 

Ta" 2S0C 
CL - 100pF + 1TTl 

5 

VOO (VI 

tOE VIo. Ta 

VOO- 4.5V 
CL -l00pF + lTTL 

-----
O,L-_4~0~--~0--~4~0--~8~0~--­

Ta (oC! 

00 

10001 VI. tcycla 

~~;.:;v 
6E -a.BV 
Ta" 215°C 

--------------------

4 

10002 vs. t cYCl8 

............... _------

4 



500 
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10051 vs. VIN (CE) 

VOO = 5.5V 
Other Input = 0 B-2 2V 
Ta'" 25"C 

VIH. VIL vs. Ta 

VIH VOO = 5.5V 

VIL VOO=45V 

~ 
~ 

40 40 
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IODS2 vs Ta 

-40 40 
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80 

80 

50 

30 
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40 

Other Input = 0 8~2 2V 
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50 60 
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VOH Iv] 
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Use 7 or B-bit (even parity) ASCII code paper tape for ROM data input. 
Two acceptable formats which are described in section A and Bare avai 1-
able. 

A. Format 1 (when 8 check sum per word it ullld) 

NULL 

TC5332P-0000) 

'MSB= 0,' ) 

N8; .J 

ROOOO; X7FP7; .... ; X07P3;) 
R0008; X38P3; .... ; XE5P5; .J 
R 0016; Xl0Pl; .... ; X6BP5;) 

R4080;X40P4; .... ;X8BP5;) 
R4088;X2CP3; .... ;XA4P3;1 

(CS=l») 

NULL 

Preceding the first data field and following the last data field there must 
a leader/trailer length of a least 50 null characters. 

Contents In a single quotation mark (. ..... .I signify a comment a 
0000 indicates a four-digit user pattern number. 

) indicates carriage return and line feed. 

Specify the most significant bit (MSB) of the device outputs (07 or 0 
N8 indicates that the mask pattern is an B-bit pattern. 

Semicolon ( ; ) signifies a punctuation of data. 

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

X signifies a hexadecimal digit. 
Enter the data with the two hexadecimal digits every word after the chara. 
ter X. 

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

• Data Modification 
Modifying single and continuous word data can be carried out by specif., 
ing the modifying addresses and inputting the data following the abov 
procedure before the end symbol. 
Modification can be allowed from 0 to 4095 addresses. 

Specify the active logic of chip enable CE/CE (18PIN) in the parentheses 
Enter CS = 1 and CS = 0 when active logic of chip enable is at high and lOY. 
levels, respectively. 
An example is shown in the left figure. _ 
In this example the device is selected under the condition that CE/CE il 
at high level. 

$ signifies the End symbol. 
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• 
3, Format 2 (When a check sum per word is not used) 

NULL 

TC5322P·0000) 

'MSB = D,) 

NS; ) 

I R 0000, X7F5A . 39E5, ) 

R 0016, X10BC .... B241,) 

R 0032, X2DBA.. 36C7,) 

R4064, X1EC5 31DE;) 

R40S0, X4DA6. . 1 BA4, ) 

(CS = 1)) 

$ ) 

NULL) 

R signifies an address 
Enter the address with the four deCimal digits every sixteen words after the 
character R 

X signifies a hexadecimal digit. 
Enter the data of sixteen words continuously after the character X 

Gtherwlse specified In Format 1. 

In addition, Toshiba can also accept programming and masking information for TC5332P In the form of punched 
paper tape with Intel BNPF format or master deVices (EPROMs). 
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242322212019181716151413 

-----11-] 
1 2 3 4 5 6 7 8 9101112 

o 
UIUII/_--J...~ 

~ 
Not. each Iud pitch IS 2 54 mm All I.adt are locat.d within 0 25 mm of th.lr true longitudinal pOllltlon with respect to No 1 and No 24 leads 

All dlm.nslons ara In mllllm.t .... 

Nota Toshiba does not anum. any responsibility for UH of any CircUity descnbed, no Circuit pat.nt IIc.n ... are Implied and Toshiba reserve the right, 
at any tim. Without notice, to change said Circuitry 

CI Spt. 1981 Toshiba Corporation 
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4,096 WORD X 8 BIT CMOS MASK ROM 

SILICON GATE CMOS 

The TC5333P is a 32,768 bit low power read only 
memory organized as 4,096 words by 8 bits using 
CMOS technology, and operates from a single 5V 
supply. 

The TC5333P has a chip enable input (CE) for 
device selection and ~ output enable input (OE) 
for fast memory access and output control. And the 
TC5333Puses the address latch system that the falling 
edge of CE latches all inputs except for OE, thus 
can be connected to a system where address and data 
buses are commonly used. The maximum access 

• Access Time: 450 ns 
• Low Power Dissipation 

IDDO = 7mA (Max.) : 
IDDS = 20l'A (Max.) 

Operating 
Standby 

• All Inputs and Outputs: TTL Compatible 
• Three State Outputs 

111111111111 (TOP VIEW) 

VDD 

A. A. 

A, A. 
A, All 

A3 DE 
A2 A,O 

AI CE 
Ao 07 

Do D. 

0, 0, 

02 0, 

03 

Ao-Al1 Address Inputs 
Do - D7 Data Outputs 
CE Chip Enable Inout 
OE Output Enable Input 

Voo Power (+5V) 

GND Ground 

TC5333P 

time from chip enable is 450 ns. 
The TC5333P is pin compatible with the industry 

produced NMOS ROM TMM2332P, yet offers a more 
than 90% reduction in power of their NMOS equi­
valent. The TC5333P's maximum operating and 
standby current is 7 mA and 20 I'A, respectively. 
Thus the TC5333P is most suitable for use in low 
power appl ications such as battery operated system. 

The TC5333P is moulded in a 24 pin standard 
plastic package. 

• Two Control Functions. CE, OE 
• Address Latches: CE 
• Output Control: OE 
• Pin Compatible with TMM2332P and TMM2732D 
• Standard 24 pin Plastic Package 

Voo GND 

I I 
DE 

CE 

AO 

AI 

A2 

~ A3 .. 
A, .. 
As 

-I' 

A. ~ 
A7 £ 128 

~ 
Mwnorv Cell Arr.y 

A. .. (266)( 128) 

A. 

A,O 

All 
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SYMBOL -+ ITEM RATING 

Voo Power Supply Voltage -0 3V -7.0V 

VIN Input Voltage -0 3V-7 OV 

VOUT Output Voltage OV-Voo 

Po Power DISSipation (Ta - 85°C) 08W 

TSTG Storage Temperature -55°C - ,50°C 

TOPR OperatIng Temperature -40°C_85°C 

TSOLOER Soldenng Temperature Time 260°C ,0 sec 
--

r~~1 'b."'>i~"! 

SYMBOL .. +- PARAMETER 

Voo .. -'-----1;,' Power Supply Voltage 
~ ______ , _ Input High Voltage 

_V,L_____ ·-;-I_n~p=::..u-:-t~_L-:O~W~_V-:..o_:.l-:-t_'a-"g:e~_-~~~~~~~~~~-~~~~~~~~~~_-1:~~3j;~_-1:~_-~~~~_+::}::i::~1~~_--:j~_-_-1.J 

MIN. TYP MAX. UNIT 
4.5 50 55 V 

2.2 Voo+0.3 V 

-0.3 08 V 

......... 
-...s.Yf,,1BOL PARAMETER , CONDITIONS I MIN TYP MAX UNIT 

_!IL I nput Load Current 0 ~ V,N < Voo - - ±'O p.A 

--'.L9._-C!utput L"akage Current J.~E = V'H.,o."'£"""t ~ Voo I - - ±50 IJA 
~___ Output High Current , VOH = 2 4V _ .. -1.0 -40 - rnA 

_I~L O~~~~_,,~~W Current ___ ~~I,._~ _o~~y 20 I 40 - rnA 

100S1 
CE = 2 2V 

i 
20 50 rnA 

I other InP~~,_~ VIH or VIL 
-

I -- - Standby Supply Current ICE =VOO -02V 
100S2 -

I 
0.05 20 IJA 

"ther Inputs = 0 2V or Voo -0 2V 

I CE = V,L, teye - , IJS, 
I 

'-1-----

10001 I Operating Supply V,N = V,H N,L, lout = OmA 
- 60 ,0.0 mA 

Current CE = OV, teye - 'I'S. 
10002 

V,N = VOO/GND. lout = OmA 
- 40 70 rnA 

Nota. TYPical values are at Ta'" 25°C, Voo = 5V. 

SYMBOL PARAMETER 

Input Capacitance 

COUT Output Capacitance 

Note' This parameter IS periodically sampled and is not 100% tested. 
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SYMBOL PARAMETER 

tACC Chip Enable Access Time 

tOE Output Enable Access Time 

tAS Address Setup Time 

tAH Address Hold Time 

tcc CE OFF time 
---" 

tCEH Chip Enable Hold Time 

too Output Desable Time 

tCYC Cycle Time 

A.C. TEST CONDITIONS 

Output Load 

Input Pulse Levels 
100pF + lTTL Gate 

a 6V, 2 4V 
Timing Measurement Reference Levels 

Input a 8V and 2 2V 
Output a 8V and 2 2V 

Input Pulse Rise and Fall Times 10 ns 

OPERATION MODE 

MODE CE OE ADDRESS OUTPUTS 

Read L L * Data out 

Standby H . * High Z 

Address L * Valid High Z 
Latch 

Don't care 
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MIN, TYP, MAX. UNIT 

- - 450 ns 

- - 150 ns 

30 - - ns 

30 - - ns 

70 - - ns 

450 - - ns 

- - 100 ns 

540 - - ns 



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

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

NULL 

'TC5333P-Oooo' ) 

'MSB = 07') 

N8,) 

RoooO,X7EP7, ,X07P3, ) 

RoooB,X38P3;. . . ,XE5P5,) 

ROO16,Xl0Pl, . ,X6BP5; ) 

R4080,X40P4;. . ,XB5P5; ) 

R4088,X2CP3,. ... ,XA4P3,) 

$) 

NULL 

Preoadlng the first data field and follwing the last data field there 
must be a leader/trailer length of at least 50 null characters. 
Contents in a single quotation mark (' ..... ') signify a comment 
and DODO indicates a four-digit user pattern number. 

) Indicates carriage return and line feed. 
Specify ,the most Significant bit (MSB) of the devioa outputs (07 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 carned out by 
speCifYing the modifYing addresses and Inputting data following the 
above procedure before the end symbol. 
Modification can be allowed from 0 to 4095 addresses. 

$ signifies the End symbol. 
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B Format 2 (when a check sum per word f,s not used) 

NULL 

'TC5333P-OOOO' ) 

'MSB = D7') 

N8,) 

ROOOO,X7F5A 

RP016,Xl08C 

R0032,X2DBA 

R4064,Xl EC5 

R4080,X4DA6 

$ ) 

NULL 

39E5, ) 

B241. J 
36C7, ) 

31DE, ) 

lBA4, J 

R sign if,es an address. 
Enter the address with the four aecimal 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 TC5333P in the form of 
punched paper tape with Intel BNPF format or master devices (EPROMs). 
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1 2 3 4 5 6 7 8 9 10 11 12 

o 
~ 
I 17.4 MAX. I . 

Note' Each teed pitch's 2.64 mm. All leeds ere located within 0.215 mm of theIr true longitudinal polltlon with r •• pect to No.1 and No. 24 leed •• 
All dimensions ... In mTlllmlt'htn. 

Nota Toshiba do .. not anuma any responsibility for use of any circuity descrtbed, no CirCUit patent IIcttnses are Implied and Toshiba reserve the right, 
at any tima without notice, to change seld circuitry 

e Mar., 1982 Toshiba corporation 
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TOSHIBA MOS MEMORY PRODUCTS 
4,096 WORD x 8 BIT CMOS MASK ROM 

SILICON GATE CMOS 

DESC8IPTtC:* 
The TC5334P IS a 32,768 bit low power read only 

memory organ !Zed as 4,096 words by 8 bits uSing 
CMOS technology, and operates from a single 5V 
supply. 

The TC5334P has two programmable chip enable 
Inputs (CE1/CEl and CE2/CE2) for device selection. 
The maximum access times from address and chip 
enable are both 450 ns 

The TC5334P IS pin compatible with the Industry 

-~ • Access Time 450 ns 
• Low Power DISSipation 

1000 = 7 mA (Max.) Operating 
loos = 20/lA (Max.) Standby 

• All Inputs and Outputs TTL Compatible 
• Three State Outputs 

I Ao -All Address Inputs 

Do - 0 7 Data Outputs 

VDD 
As 

A, 

eE2/eE2 
eel/eEl 
AIO 

All 

07 

0, 

0, 

0, 

0, 

CE llCE l I Chip Enable Inputs 
l-_~C_E.-., :.../C_E-','------t . ___ . __ -_.-----------1 

VDD Power (+5VI 

GNO Ground 

eE2 

TC5334P 

produced NMOS ROM TMM333P, yet offers a more 
than 90% reduction In power of their NMOS equIv­
alent The TC5334P's maximum operating and 
standby current IS 7mA and 20/lA, respectively Thus 
the TC5334P IS most sUitable for use In low power 
applications such as battery operated system 

The TC5334P IS molded- In a 24 Pin standard 
plastiC package. 

• Fully Static Operation 
• 'wo Programmable Chip Enables 

CE 1 ICE 1, CE 2/CE2 
• Pin Compatible with TMM333P 
• Standard 24 pin PlastiC Package 

VOD GND 

I I 
DO 0102030405 06 07 
o c 

AO 

Al 0---

A, 

A, 

A'0-

As 

A6 

A7 

AS 

A, 

AlO 

AIIO 

< 

~ 
~ 
~ 
~ 

12. Memory Cell Array 
(256 x 128) 
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I 

~OL ITEM RATING 

VDD Power Supply Voltage -0 3V -70V 

VIN Input Voltage -0 3V -7 OV 

VOUT Output Voltage OV-VDD 

PD Power Dissipation (Ta - 8SoC) 08W 

TSTG Storage Temperature _55°C - 150°C 

lOPR Operating Temperature -40°C - 85°C 

TSOlDER Soldering Temperature Time 250°C· 10 sec 

SYM80L PARAMETER MIN TYP MAX. UNIT r-------
Power Supply Voltage 4.5 5.0 5.5 V VDD t------=-----~ -----------

VIH Input High Voltage 22 - VDD+O 3 V 

_'1IL..._ Input Low Voltage -0 3 - 08 V 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

III I nput Load Current OSVINSVDD - - ±1.0 IJ.A 

ILO Output Leakage Current CE = Vil ICE = VIH), OV S Vout SYDD - - .±5 a IJ.A 

IOH Output High Current VOH -24V -10 -40 - mA 

IOl Output Low Current VOL =OAV 20 40 - mA 
I-c--,---1---

CE, - a 8V'or CE, - OS-V 
IDDSt 

leE, =22VorIT, =22V) 
- 05 50 mA 

Standby Supply Current 
CE, = a 2V or CE, = a 2V 

IDDS2 
leE'=VDD -02VoreE, =VDD -02V) 

- 005 20 JJ.A 
r--~ 

CE, = CE, = VIH 

IDD01 ICE, = eE, = Vll) teye = 1jlS -

I 
50 10 a mA 

Operating Supply VIN = VIHNll lout = OmA 

Current CE, - CE, - VDD 

IDD02 lIT, = eE, = OV) teye = 1IJ.s - 40 70 mA 

VIN = VDD/GND lout = OmA 

Note Typical value, are at Ta '"' 25°C. VOO "" 5V 

SYMBOL PARAMETER 

I----"C"IN'-____ +-_~l nput Capacitance 
COUT Output Capacitance 

Note. This parameter Is perlodlc.l1y sampled and 15 not 100% tested 
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SYMBOL PARAMTER 

IACC Address Access Time 

tCE Chip Enable Access-Time 
taD Out put Desable Time 

tCYC Cycle Time 

A.C. TEST CONDITIONS 

Output Load 100pF + 1TTL Gate 
Input Pulse Levels a 6V, 2 4V 
Timing Measurement Reference Levels 

Input O.BV and 2.2V 
Output· O.BV and 2 2V 

Input Pulse Rise and Fall Times 10 ns 

MODE CE,(CE,I CE,ICE,I ADDRESS OUTPUTS 

Read Hill HIL) Valid Data out 

LlH) '1') * HlghZ 
Standby 

*1*1 LlHI * High Z 

Don't care 
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MIN TYP MAX UNIT 
- - 450 ns 

- - 450 ns 

- - 100 ns 

450 - - ns 

I 



1'1 

Use 7 or S-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 

'TC5334P-0000 ) 

'MSB = 07') 

N8,) 

RoOOO,X7FP7, . ;X07P3, ) 

,XE5P5,) 

,X6BP5,~ 
Roo08;X38P3; 

Roo16,XlOP1, 

R4080,X40P4, . ,XB5P5; ) 

R4088,X2CP3; .. ;XA4P3, ) 

(CS, = 1) ) 

(CS. = 01 ) 

$) 

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 0000 indicates a four-digit user pattern number 
~ indicates carriage return and line feed. 

Specify the most significant bit-{MSB) of the device outputs (07 or Do) 
NS indicates that the mask pattern is an S-bit pattern. 
Semicolon(;) signifies a punctuation of data. 
R signifies an address. Enter the address with the four decimal digits 
every S-words after the character R. 
X signifies a hexadecimal digit. 
Enter the data with the two hexadecimal digits every word after the 
character X 
P signifies the check sum per word. 
Enter the sum of 1 in a one word decimal after the character P. 

• Data Modification 
Modifying single and continuous·word data can be carried out by 
specifying the modifying addresses and inputting data following the 
above procedure before the end symbol. 
Modification can be allowed from 0 to 4095 addresses. 

Specify the active logic of chip enables CE ,tCEl (20 PIN) and CE2/ 
CE2 (21 PIN) in the parentheses respectively. 
Enter CS1 = 1 or CS1 = 0 when active logic of CE ,tCEl is at high 
or low levels, respectively. 
Enter CS2 = 1 or CS2 = 0 when active logic of CE 2/CE2 is at high 
or low levels, respectively. 
An example is shown in the left figure. 
In this example, the device is selected under the condition that CE 1/ 
CEl and CE2/CE2 are at high and low levels, respectively. 

$ signifies the End symbol. 
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• 
B. Format 2 (when a check sum per word IS not used) 

NULL 

TC5334P-DDDD) 

'MSB = D7') 

N8.) 
RDDDO.X7F5A 39E5) 

B241 "/ 

38C7 ) 

RDD16.X108C 

RDD32.X2DBA 

R4064.X1 EC5 31 DE ) 

R4080.X4DA6 . 1 BA4 ) 

(CS, = 1) ) 

(CS, = 0) ) 

$) 

NULL 

R signifies an address. 
Enter the address with the four decimal digits every sixteen words 
after the character R. 
X signifies a hexadecimal digit. 
Enter the data of sixteen words continuously after the character X. 
Otherwise specified In Format 1 

In additon, Toshiba can also accept programming and masking Information for TC5334P in the form of 
punched paper tape with Intel BNPF format or master devices (EPROMs). 
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~~~~~j] 
1 2 3 4 5 8 7 8 8 10 " 12 

~±O.215 1.4±O.15 

O.5±O.15 

r:::J 
-B 
I ".<MAX. I . . 

Not.: Each lead pl1l:h 1,2.64 mm. AIIIHdI.,. loceted within O.25mm of their true longitudinal pOSItion With resplM:t to No.1 and No. 24 IMd •• 
All dlm.n.lonl .r. In mllllmeDl'tI. 

Note Toshiba doft not allum. any responsibility for un of any CirCUity d_crlMd, no CirCUIt patent hean ... ara Implied and Toshiba reserve the right, 

at any tim. Without notl~. to change "Id circuitry. 
CM.,., 1982 Toshlt. corporation 
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1,096 WORD x 8 BIT CMOS MASK ROM 

;1 L ICON GATE CMOS 

~lP'J,IOft. 
The TC5335P IS a 32,768 bit low power read only 

memory organIZed as 4,096 words by 8 bits uSing 
CMOS technology, and operates from a single 5V 
supply 

The TC5335P has a chip enable Input (CEI for 
device selection and a output enable Input (OEI for 
fast memory access and output control And the 
TC5335P uses the address latch system that the 
failing edge of CE latches alJ Inputs except for 
OE, thus can be connected to a system where address 
and data buses are commonly used The maximum 

t=£ATUR£& 
• Access Time 450 ns 
• Low Power DIssipation 

1000 = 7 mA (Max.1 Operating 
looS = 20JJ.A (Max I Standby 

• All Inputs and Outputs TTL Compatible 
• Three state outputs 

PIN CONNECTION (TOP VIEW) 

A, VDD 
A, A, 

As A, 

A, OE 
A3 CE 
AZ AlO 

Al All 

A. 0, 

D. 0, 

01 Os 

Dz 0, 

03 

PIN NAMES 

Ao -All Address Inputs 

Do - 0 7 Data Outputs 

CE Chip Enable Input 

OE Output Enable Input 

~----- Power (+5Vi 

GNO Ground 

-

TC5335P 

access time from chip enable IS 450 ns The TC 
5335P IS Pin compatible with the Industry produced 
NMOS ROM TMM333P, yet offers a more than 90% 
reduction In power of their NMOS equivalent. The 
TMM5335P's maximum operating and standby current 
IS 7 mA and 20 JJ.A, respectively Thus the TC5335P 
IS most SUitable for use In low power applications 
such as battery operated system 

The TC5335P IS moulded In a 24 pin standard 
plastiC package. 

• Two Control Functions CE, OE 
• Address Latches CE 
• Output Control OE 
• Pin Compatible with TMM333P 
• Standard 24 Pin PlastiC Package 

.at..OCK DIAGRAM 

Voo GND 

I I 
o<o----..q 

A. 

Al 

AZ 

43 

A, 

As i 
A, 5 
A, 

~ A, 
~ 

12. 

A, " 
AI. 

A" 
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IIIIIII-"i 
SYMBOL ITEM RATING 

, 
VOO Power Supply Voltage -0 3V -7.0V 

VIN Input Voltage -0 3V -7 OV 

VOUT Output Voltage OV-Voo 

Po Power Dissipation (Ta = 85°C) 08W 

TSTG ~torage Temperature -55°C - 150°C I 

TOPR Operating Temperature -40°C _85°C 

TSOLDER Soldering Temperature Time 260°C 10 sec i 

.1 IIIIII~~~'~ 
SYMBOL PARAMETER MIN TYP. MAX UNIT 

VOO Power Supply Voltage 4.5 50 55 V 

VIH Input High Voltage 22 - Voo+O 3 V 

VIL I nput Low Voltage -0.3 - 08 V 

._"c ..... , •• ;· 
SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNIT 

IlL I nput Load Current O<VIN <Voo - - ±10 p.A 

ILO Output Leakage Current CE = VIH, OV< Vout ~ Voo - - ±50 /lA 
IOH Output High Current VOH =24V t-To- -40 - mA 

IOL Output Low Current VOL =0 4V 40 - mA 

IOOSt 
CE =2 2V 

~ts;:; VIH or V 1L 
- 20 5.0 mA 

Standby Supply Current 

IOOS2 
CE = Voo -02V - 005 20 /lA other Inputs = 0 2V or Voo -0.2V 

10001 
CE = VIL, tcye = l/ls, - 60 100 mA Operating Supply VIN = VIHNIL, lout = OmA 

10002 
Current CE "OV, leve = 1 /lS, 

VIN = Voo/GND, lout = OmA 
- 40 70 mA 

Nota: Tvplca' value. are at Ta = 25°C, VOO'" 5V 

SYMBOL PARAMETER 

1 nput Capacitance 

COUT Output Capacitance 

Nota. ThiS parameter Is periodically sampled and II not 100% tested. 
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A.c. CHARACTERISTICS (Ta .. -40 - 85·C. VDI) • 5V :t '''''1 
SYMBOL PARAMETER 

tACC Chip Enable Access Time 

tOE Output Enable Access Time 

tAS Address Setup Time 

tAH Address Hold Time 

tcc CE OFF time 

tCEH Chip Enable Hold Time 

too Output Desable Time 

tCYC Cycle Time 

A.C. TEST CONDITIONS 

Output Load 
I nput Pulse Levels 

100pF + lTTL Gate 
06V,24V 

Timing Measurement Reference Levels 
Input. 0 BV and 2 2V 

Output 0 BV and 2 2V 
Inpul Pulse RISe and Fall Times 10 ns 

TIMING WAVEFORMS 

OPERATION MODE 

MODE CE OE ADDRESS OUTPUTS 

Read L L . Data out 
Standby H . . High Z 

Address 
L . 

LLatch Valid High Z 

Don't care 
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MIN TYP MAX UNIT 

- - 450 ns 

- - 150 ns 

30 - - ns 

30 - - ns 

70 - - ns 

450 - - ns 

- - 100 ns 

540 - - ns 

I 



'1'QIH11A PAPlRTAPe fORMAT 

Use 7 or 8-blt (even parity) ASCII code paper tape for ROM data Input. 
Two acceptable formats which are described In section A and B are available. 

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

NULL 

'TC5335P-DDDD) 

'MSB= DT) 
N8,) 

RDDDO,X7FP7, 

RDDD8,X38P3, 

RDD16,X10P1, 

R4OBO,X4DP4, 

R40B8,X2CP3, 

NULL 

,X07P3, ,/ 

,XE5P5,./ 

,X6BP5,/ 

,XB5P5, ".J 
,XA4P3,) 

Preceding the first data field and following the last data field there 
must be a leader Itraller length of at least 50 null characters. 
Contents In a single quotation mark (' . ') signify a comment 
and DODD Indicates a four-dIQlt user pattern number 
../ indicates camage 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 deC1mal after the character P. 

* Data Modification 
ModifYing single and continuous word data can be camed out by 
specifYing the modifYing addresses and inputting the data following 
the above procedure before the end symbol, 
Modification can be allowed from 0 to 4095 addresses. 

$ Signifies the End symbol. 
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• 
B Format 2 (when a check sum per word IS not used) 

NULL 

'TC5335P-OOOO' ) 

'MSB = DT) 

N8,) 

ROOOO,X7F5A 

R0016,Xl08C 

R0032,X2DBA 

R4064,X1EC5 

R4080,X4DA6 

NULL 

39Eo, ) 

B241. ) 

36C7, ) 

• 31DE, ) 

lBA4, ) 

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 TC5335P In the form of 
punched paper tape with Intel BNPF format or master deVices (EPROMs) 
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· . • T08HI8A 

OUTLINE DRAWINGS 

~:::::::::]J 
, 2 3 4 6 6 7 B 9 10 l' 12 

o 
~ 

I '?<MAX. I . . 

Not •• each lead pitch I. 2 64 mm. AIII .. d. are located within 0.25 mm of their true longltudlna' po.ltlon with respect to No.1 and No. 24 lead •• 

All dlmenllon. are In millimeters. 

Note Toshiba don not anume any r •• ponSlbillty for use of any CirCUity desCribed. no Circuit patent hean ... are Implied and Toshiba r ... rva the fight, 
lit any time without notlCII, to change Hid circuitry 

() Mar. 1982 TQJtHbil corporation 
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TC5364P: 8K WORD x 8 BIT CMOS MASK ROM 

81 LICON GATE CMOS 

:1Rl~ .. 
• Pin Compatible with 2764 type EPROM TMM-

2764D 
• Access Time. : 250ns 
• Low Power DIssipation 

Operating Current . 5mA (MAX. I 
Standby Current : 20.A (MAX. I 

• 5V Single Power Supply: 5V ± 10% 
• Fully Static Operation 

64k Bit EPROM 

(Top View) TMM2764D 

N.C vDD Vpp 

Au eEl/eEl Au 
A, eEl/eEl A, 

A. A. A. 
A, A. A, 
A.o All A.o 
A, DE A, 
1\, A,. A, 
A, CE3/CE3 A, 
A. D, Ao 
D. D. A. 
D, D, D, 
D, D. 0, 

GND D, GND 

SYMBOL NAME 

Ao -All Address Input 

D. -D, Outputs 

CE,. CE,. CE, Chip Enable Inputs 

OE Output Enable Input 

VDD Power Supply (5V) 

GND Ground 

A. 
A. 
All 

DE 
A,. 

CE 
0, 
O. 
0, 
O. 
0, 

TC5364P 
• Thil is advance information and specificatioN .,. 

IUbject to chan" without notice. 

• Three Programmable Chip Enables with Power 
Down Featu re 

CE,/CE,. CE,/CE,. CE,/CE, 
• Output Buffer Control OE 
• All Inputs and Outputs Directly TTL Compatible 
• Three State Outputs 
• 28 Pin Standard Plastic Package 

VDD GND 

I I 

Ao 

) Memory Cell 

~ Arrav 
:! 
~ ~ 

SkxS 

E ~ 
~ ~ 

An 
II: 
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Note TCBhlba does not assume any responSibility for use of any CirCUitry described, no Circuit patent licenses are Implied, and Toshiba resllrv., 
the right, at any time without notice, to change said Circuitry 

©Apr., 1982 Toshiba Corporation 
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TC5365P: 8K WORD x 8 BIT CMOS MASK ROM 

SILICON GATE CMOS 

• Access Time : 250ns 
• Low Power DIssipation 

Operating Current 5mA (MAX.I 
Standby Current 20~A (MAX.I 

• 5V Single Power Supply 5V ± 10% 
• Fully Static Operation 

f'lNCONNECTION 

TC5365P 
• This i, advance inform_ion and JpCiflcatlons .... 

a.bject to ctt.nge without notice. 

• Programmable Chip Enable CE/CE 
• All Inputs and Outputs Directly TTL 

Compatible 
• Three State Outputs 
• 24 Pin Standard Plastic Package 

32k Bit CMOS ROM 
(Top View) TC5334P 

A7 VDD A7 
A_ A, A_ 

A9 A, 

Au 
CE/CE A, 
AI. A, 

A" AI 
A. D7 A. 
Do D_ 
DI D, 
D, D, D, 

GND D, GND 

Pin Compatible with 321< Bit CMOS ROM TC5334P 
for Memory Expansion 

SYMBOL NAME 

Ao - Au Address Inputs 

D. -D7 Outputs 

CE/CE Chip Enable Input 

VDD Power Supply (5V) 

GND Ground 

VDD 
A, 

A9 

VDD GND 

I j DO _____ 0-, 

eE2/eE2 

CEl/CEI 
Alo 

CE 0---<1;>----,,---\ 

A" 
D7 
D_ 

D, 
D, 
D, Ao 

( " Memory Cell 
:! 
.i! Array 

~ ~ 8k xS 
"0 ¥ 
~ 0 

~ 
0 

Au 
a: 
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Note. Tcshlba does not assume any responslbllltv for use of any Clrcultrv descnbed, no Circuit patent licenses are Implied, and Toshiba reserves 
the right, at any time without notice, to change said CircUitry 

©Apr., 1982 ToshIba Corporation 
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MEMO 

I 
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MEMO 
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MEMO 

I 
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MEMO 
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WESTERN AREA 
1400 Quail St - Ste 100 

Newport 8each, CA 92660 

(714) 752-0373 
TWX. 910-596-1886 

CORPORATE OFFICE 
2441 Michelle Drive 

Tuston, CA 92680 
(714) 730- 5000 
TLX: 183812 

CENTRAL AREA 

EASTERN AREA 

60 State St. - Ste. 405 
Boston, MA 02109 
(617) 742-2040 

TWX' 710-321-6730 

1 Corporate Center 

7505 Metro Blvd. - Ste. 370 
Edona, MN 55435 
(612) 831 -2566 

TWX' 910-576-1321 

The Information In thiS gUide has been carefully checked and IS believed to be reliable, however, 
no responsibility can be assumed for maccuracles that may not have been caught All information In 

thiS gUide IS subject to change Without prior notice Furthermore, Toshiba cannot assume responSibility 
for the use of any !Icense under the patent rights of Toshiba or any third parties 

TOSHIBA AMERICA. INC. 


