












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TMM24256BP/BF-17, -20

OUTLINE DRAWINGS (TMM24256BP)

Unit in mm

28 15
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= 17 U !
S 144015 0~15°
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Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of

their true longitudinal position with respect No.l and No.28 leads.
2, This value is measured at the end of leads.

3. All dimensions are in millimeters.
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TMM24256BP/BF-17, -20

OUTLINE DRAWINGS (TMM24256BF)

Unit in mm

NO0Nonnonnnnni

/
9.0 MAX

llJUUUUIJUUUUUUUlU

118403 |

2.5 MAX.

0.15+005

0.11+0.1
&
H
I
Za

Note: Lead pitch is 1.27 and tolerance is *0.12 against theoretical
center of each lead that is obtained on the basis of No.l and

No.28 leads.
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TOSHIBA MOS MEMORY PRODUCTS

TMM24512AP/AF-20, -25

DESCRIPTION

The TMM24512AP/AF is a 65,536 wordsXx 8 bits one time programmable read only memory,

and molded in a 28 pin plastic package.

The TMM24512AP/AF's access time is 200ns/

250ns, and has low power standby mode which reduces the power dissipation without

increasi

the same as U.V. EPROM TMM27512AD's.

ng access time.

erased because of using plastic DIP without transparent window.

FEATURES
-20 | =25
Vee 5V+5%
tacc 200ns j 250ns
Icc2 120mA
Icc1 35mA

* Full static operation
* High speed programming mode I, I
* Inputs and outputs TTL compatible
* Pin compatible with TMM27512D/AD
* Standard 28 pin DIP plastic package: TMM24512AP
* Plastic Flat Package

BLOCK DIAGRAM

Vpp GND V¢

The electrical characteristics and programming method are
Once programed, the TMM24512AP/AF can not be

: TMM24512AF

00 01 02 03 04 05 06 07

PIN CONNECTION] (TOP VIEW) ﬁﬁ_ﬁ - P 729979 ¢°
4 —
o o] CIRCULT OUTPUT BUFFERS
——
Al5Q1 23chc 2 ) 2
A12(2 270 A14 A0 O— 6, | cooumn {64 COLUMN LD
e 7
A7(3 26 A13 Ao DECODER CIRCUIT
A4 250 A8 Ao g
As0s 24049 A4 0— 5
A4gs 230 A11 yee B P p———
A3g7 2200E/Vpp A7 o— B |10 | Row jioz4) MEMOTY CEL
A2(8 21pA10 A8 ol @ [T pEcODER [T | o caexabits
A1g9 200CE Alo o] @ ,
AoQ10 19p07 All o— 8
oof11 18006 ﬁg o— 2
o112 17p05 Ald 8:1
02013 16004 AlS
aNDg 14 15003
MODE SELECTION
PIN NAMES PIN CE |OE/Vpp| Vcc 00~ 07 POWER
A0V Al5| Address Inputs MODE (20)] (22) (28) | (11v13, 1>019)
00"V 07 |Outputs (Inputs) Read L L Data Out Aetive
CE Chip Enable Input Output Deselect| * H 5V High Impedance
Output Standby H * High Impedance|Standby
OE/V,p |Enable / Program | [Program L|v Data In
PP | Tnput Supply g - PP_1evl) .
Voltage | |Program Inhibit| H | Vpp 2) High Impedance|Active
v Power Supply Program Verify L L 6.25V | Data Out
cc Voltage (+5V)
P P P *: Hor L 1); HIGH SPEED PROGRAMMING MODE I
ND roun 2); HIGH SPEED PROGRAMMING MODE IL
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TMM24512AP/AF-20, -25

MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vee Vcc Power Supply Voltage -0.6~7.0 v
Vpp Program Supply Voltage -0.6~14.0 v
VIN Input Voltage -0.6%7.0 v
Vi/0 Input/Output Voltage -0.6~7.0 \
Pp Power Dissipation 1.0/0.6% W
TSOLDER | Soldering Temperature . Time 260 . 10 °C.sec
TSTG Storage Temperature -557 150 °c
Topr Operating Temperature 0~ 70 °C
*: Plastic Flat Package
READ OPERATION
D.C. RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
VIH Input High Voltage 2.0 - Vec+l.0| V
ViL Input Low Voltage -0.3 - 0.8 v
Vee Vcc Power Supply Voltage 4.75 | 5.00 5.25 v
D.C. AND OPERATING CHARACTERISTICS (Ta=0"70°C, V¢c=5V+5%)
SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT
IL1 Input Current Vin=0+~ V¢ - - +10 pA
Icc1 Supply Current (Standby) CE=V1y - - 35 mA
Icc2 Supply Current (Active) CE=V1y, - - 120 mA
Vou Output High Voltage Ioyg=-400uA 2.4 - - \
VoL Output Low Voltage IoL=2.1mA - - 0.4
Ipp1 Vpp Current Vpp=0~ Vgt0. 6V - - +10 ny
Iro Output Leakage Current Vour=0.4V~ Vee - - +10 HA
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TMM24512AP/AF-20, -25

A.C. CHARACTERISTICS  (Ta=0~ 70°C, Vog=5ViS5%)

SYMBOL PARAMETER TMM24512AP/AF-20 TMM24512AP/AF-25 UNTT
MIN. MAX. MIN. MAX.

tacc Address Access Time - 200 - 250 ns

tCcE CE to Output Valid - 200 - 250 ns

toE OE to Output Valid - 70 - 100 ns

tpF1 CE to Output in High-Z 0 60 0 90 ns

tpF2 OE to Output in High-Z 0 60 0 90 ns

ton Output Data Hold Time 0 - 0 - ns

A.C. TEST CONDITIONS

* Output Load : 1 TTL Gate and Cp=100pF

* Input Pulse Rise and Fall Time : 10ns Max.

* Input Pulse Levels : 0.45V~ 2.4V

* Timing Measurement Reference Level: Inputs 0.8V and 2.0V, Outputs 0.8V and 2.0V

CAPACITANCE* (Ta=25°C, f=1MHz)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
CiNl Input Capacitance VIiN=0V - 4 6 pF
CIN2 OE/Vpp Input Capacitance Vin=0V - 50 60 pF
CouT Output Capacitance Vour=0Vv - 8 12 pF

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

TIMING WAVEFORMS  (READ)

A0 ~Al1S5 Xﬁ
= e Wi
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TMM24512AP/AF-20, -25

PROGRAM OPERATION

(HIGH SPEED PROGRAMMING MODE I)

D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT

Vin Input High Voltage 2.0 - Vect+l.0 v

VIL Input Low Voltage -0.3 - 0.8 v

Vee Vce Power Supply Voltage 5.75 6.0 6.25 v

Vpp VPP Power Supply Voltage 12.0 12.5 13.0 v
D.C. AND OPERATING CHARACTERISTICS (Ta=25#5°C, V=6V+0.25V, Vpp=12.5V+0.5V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. | UNIT

IL1 Input Current Vin=0~ Ve - - +10 pA

Vou Output High Voltage Iop=-400uA 2.4 - - v

VoL Output Low Voltage Ior=2.1mA - - 0.4 v

Ice Vce Supply Current - - - 120 mA

Ipp2 Vpp Supply Current Vpp=13.0V - - 50 mA
A.C. PROGRAMMING CHARACTERISTICS (Ta=25#5°C, Vcc=6V+0.25V, Vpp=12.5V+0.5V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - us
tAH Address Hold Time - 2 - - us
tors |OE/Vpp Setup Time - 2 - - us
togy |OE/Vpp Hold Time - - - us
tprr |OE/Vpp Pulse Rise Time - 50 - - ns
tps Data Setup Time - 2 - - HUs
oy Data Hold Time - 2 - - Ms
tyr OE/Vpp Recovery Time - 2 - - us
tycs |VeC Setup Time - 2 - - us
tpw Initial Program Pulse Width CE=V1L, OE/Vpp=Vpp 0.95 | 1.0 1.05 ms
topw |Overprogram Pulse Width Note 1 2.85 | 3.0 |[78.75 ms
tpy Data Valid from CE OE/Vpp=V1L - - 1| us
tDF CE to Output in High-2Z OE/Vpp=V11, - - 130 ns

A.C. TEST CONDITIONS

¢ Output Load
e Input Pulse Rise and Fall Times
* Input Pulse Levels

+ Timing Measurement Reference Level.

Note 1:

: 1 TTL Gate and Cp, (100pF)

10ns Max.
0.45V~ 2.4V

Input 0.8V and 2.0V, Output 0.8V and 2.0V

The length of the overprogram pulse may vary as a function of the counter

value X.
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TMM24512AP/AF-20, -25

PROGRAM OPERATION (HIGH SPEED PROGRAMMING MODE TI)

D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP, MAX. UNIT
Vi Input High Voltage 2.0 - Veerl.0 v
ViL Input Low Voltage -0.3 - 0.8 v
Vee VcC Power Supply Voltage 6.0 6.25 6.5 v
Vpp VPP Power Supply Voltage 12.5 12.75 13.0 v

D.C. AND OPERATING CHARACTERISTICS (Ta=25:5°C, Vcc=6.25V+0.25V, Vpp=12.75V+0.25V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT

It Input Current VIN=0~ Vcc - - +10 pA

Vor Output High Voltage Iog=-400pA 2.4 - - v

VoL Output Low Voltage IoL=2.1mA - - 0.4 v

Icc Ve Supply Current - - - 120 mA

Ipp2 Vpp Supply Current Vpp=13.0V - - 50 mA
A.C. PROGRAMMING CHARACTERISTICS (Ta=25%5°C, V¢g=6.25V+0.25V, Vpp=12.75V0.25V)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - us
tAH Address Hold Time - 2 - - us
toES OE/Vpp Setup Time - 2 - - us
toEH OE/Vpp Hold Time - 2 - - us
tpRT OE/Vpp Pulse Rise Time - 50 - - ns
ths Data Setup Time - 2 - - us
tpy Data Hold Time - 2 - - us
tyr OE/Vpp Recovery Time - 2 - - us
tvcs VCC Setup Time - 2 - - us
tpy Program Pulse Width CE=Vqy,, OE/Vpp=Vpp [0.095 | 0.1 0.105| ms
tpy Data Valid from CE OE/Vpp=Vyp, - - 1 us
toF CE to Output in High-Z OE/Vpp=V1L, - - 130 ns

A.C. TEST CONDITIONS

+ Output load : 1 TTL Gate and Cp, (100pF)
¢ Input Pulse Rise and Fall Times : 10ns Max.
* Input Pulse Levels : 0.45Vn 2.4V

» Timing Measurement Reference Level: Input 0.8V and 2.0V, Output 0.8V and 2.0V
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TMM24512AP/AF-20, -25

TIMING WAVEFORMS (PROGRAM)

HIGH SPEED PROGRAMMING MODE I (V(gc=6V:0.25V, Vpp=12.5V+0.5V)
HIGH SPEED PROGRAMMING MODE I (Vcc=6.25V+0.25V, Vpp=12.75V+0.25V)

A0~A1lS

tas g tvr tAH

= o] TN /

tPRT t t
OES OEH
.ﬁ
OE/Vpp
—'L
1
tps tpH tpv tDF
00~07 —Q Dyn STABLE }—-——————————-{ Doyt VALID >————-—
Vee / tves PROGRAM PROGRAM VERIFY

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

simultaneously of after Vpp.

2. Removing the device from socket and setting the device in socket
with Vpp=12.5V+0.5V or Vpp=12.75V+0.25V may cause permanent damage

to the device.

3. The Vpp supply voltage is permitted up to 14V for program operation.
So the voltage over 14V should not be applied to the Vpp terminal.
When the switching pulse voltage is applied to the Vpp terminal,

the overshoot voltage of its pulse should not be exceeded 14V.
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TMM24512AP/AF-20, -25

OPERATION INFORMATION

The TMM24512AP/AF's six operation modes are listed in the following table.

Mode selection can be achieved by applying TTL level signal to all inputs.

PIN NAMES (NUMBER CE | OE/V v 00~ 07
) PP cc " POWER

MODE (20) (22) (28) (11~13, 15~ 19)

Read L L Data Out .
Read Operation Active

Output Deselect * H 5V High Impedance
(Ta=0n 70°C)

Standby H * High Impedance Standby

Program L Vpp 1) Data In
Program Operation 6V

Program Inhibit H Vep High Impedance Active
(Ta=25£5°C) & gy e

Program Verify L L 6.25V ) Data Out
Note: H; Viy, L; Vi, *; Vg or Vip 1); HIGH SPEED PROGRAMMING MODE I

2); HIGH SPEED PORGRAMMING MODE I

READ MODE

The TMM24512AP/AF has two control functions. The chip enable (CE) controls the
operation power and should be used for device selection. The output enable (OE)
control the output buffers, independent of device selection. Assuming the CE=OE=V71L,
the output data is valid at the outputs after address access time from stabilizing
of all addresses. The CE to ouptput valid (tcg) is equal to the address access time
(tAcC). Assuming that CE=VIL and all addresses are valid, the output data is valid

at the outputs after tgp from the falling edge of OE.

OUTPUT DESELECT MODE

Assuming that CE=Vyy or OE=Viy, the outputs will be in a high impedance state.
So two or more TMM24512AP/AF's can 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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TMM24512AP/AF-20, -25

STANDBY MODE

The TMM24512AP/AF has a low power standby mode controlled by the CE signal.
By applying a high level to the CE input, the TMM24512AP/AF is placed in the standby
mode which reduce the operating current to 35mA from 120mA (about 70% reduction) by
applying TTL-high level and then the outputs are in a high impedance state,

independent of the OE inputs.

PROGRAM MODE

Initially, when received by customers, all bits of the TMM24512AP/AF are in the
"1" state which is erased state. Therefore the program operation is to introduce
"0's" data into the desired bit locations by electrically programming. The TMMZ4512AP/AF
is in the programming mode when the OE/Vpp input is at 12,5V or 12.75V and CE is at
TTL-Low level. The TMM24512AP/AF can be programmed any location at anytime either

individually, sequentially, or at random.

PROGRAM VERIFY MODE

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

The verify is accomplished with CE at Vyp, and OE/Vpp at Vyp.

PROGRAM INHIBIT MODE

Under the condition that program voltage (12.5V or 12.75V) is applied to Vpp
terminal, a TTL high level CE input inhibits the TMM24512AP/AF from being programmed.
Programming of two or more TMM24512AP/AF's in parallel with different data is easily
accomplished. That is, all inputs except for CE and OE may be commonly connected,
and a TTL Low level program pulse is applied to the CE of the desired device only
and TTL high level signal is applied to the other devices.
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TMM24512AP/AF-20, -25

HIGH SPEED PROGRAMMING MODE 1

This high speed programming mode I is performed at Vgc=6.0V and OE/Vpp=12.5V
The programming is achieved by applying a single TTL low level lms pulse to the CE
input after addresses and data are stable. Then the programmed data is verified
by using Program Verify Mode.
If the programmed data is not correct, another program pulse of lms is applied and
then the programmed data is verified. This should be repeated until the program
operates correctly (max. 25 times).
After correctly programming the selected address, the additional program pulse with
pulse width 3 times that needed for initial programming is applied.
When programming has been completed, the data in all addresses should be verified

with Vge=5V.

HIGH SPEED PROGRAMMING MODE I

The program time can be greatly decreased by using this high speed programming
mode I. This high speed programming mode I is performed at Vgg=6.25V and OE/Vpp=
12.75V. The programming is achieved by applying a single TTL Tow level 0.lms pulse
to the CE input after addresses and data stable. Then the programmed data is
verified by using Program Verify Mode.

If the programmed data is not correct, another program pulse of O.lms is applied

and then the programmed data is verified. This should be repeated until the program
operates correctly (max. 25 times).

When programming has been completed, the data in all addresses should be verified

with VCC=5V .
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TMM24512AP/AF-20, -25

HIGH SPEED PROGRAMMING MODE I FLOW CHART

Vee= 6.01+0.25V
Vpp=1251+05V

1

ADDRESS
= START ADDRESS

NO
READ:ONE BYT
OKf
ADDRESS OVERPROGRAM 3X PULSES OF Imsec
=NEXT ADDRESS OR ONE PULSE OF 3X msec DURATION

READ:ONE BYTE
OK

NO

YES
Vee=5.0V.
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TMM24512AP/AF-20, -25

HIGH SPEED PROGRAMMING MODE I FLOW CHART

Voc= 6254025V
Vpp=1275£025V

i

' ADDRESS
=START ADDRESS

ADDRESS
= NEXT ADDRESS
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TMM24512AP/AF-20, -25

ELECTRIC SIGNATURE MODE

Electric signature mode allows to read out a code from TMM24512AP/AF which
identifies its manufacturer and device type.
The programming equipment may read out manufacturer code and device code from
TMM24512AP/AF by using this mode before program operation and automatically set
program voltage (Vpp) and algorithm.
Electric Signature mode is set up when 12V is applied to address line A9 and the
rest of address lines is set to Vip, in read operation. Data output in this conditions
is manufacturer code. Device code is identified when address AO is set to Vyp.
These two codes possess an odd parity with the parity bit of MSB (07).
The fellowing table shows electric signature of TMM24512AP/AF.

PINS | A0 | 07 |06 | 05 | o4 |03 | 02 | o1 | 00 [HEX.
SIGNATURE (10) | (19) |(18) {(a7) | (16) [(15) | (13) | (12) [(11) |DATA
Manufacture Code |[VIL 1 0 0 1 1 0 0 0 | 98
Device Code VIiH 0 0 0 1 0 1 0 1 15

Notes: A9=12V%0.5V
Al~ A8, A10~ Al5, CE, OE=Vyp
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TMM24512AP/AF-20, -25

OUTLINE DRAWINGS (TMM24512AP)

Unit in mm

28 15

A e rara e e e e e e

N\
14.2 MAX.

L i g e g su gy e gy e gy o gy o gy e gy o gy - gy e gy —— |

1 14

%
3
3 3 8OMAX. 2 , 1524+025
wn ot
=
o
\!I!I Sy
z 05+0.15 2544025
=
3 141015

Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of

their true longitudinal position with respect No.l and No.28 leads.
2. This value is measured at the end of leads.

3. All dimensions are in millimeters.
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TOSHIBAMOS MEMORY PRODUCTS

TC54256AP/AF-150

The TC54256AP/AF is a 32,768 word x 8 bit one time programmable read only memory, and
molded in a 28 pin plastic package. The TC54256AP/AF's access time is 150ns and has
low power standby mode which reduces the power dissipation without increasing access
time. The electrical characteristics and programming method are the same as U.V.
EPROM TC57256AD's. Once programed, the TC54256AP/AF can not be erased because of
using plastic DIP without transparent window.

FEATURES

+ Peripheral circuit: CMOS * Pin compatible with ROM TC53257P, TMM23256P,
Memory cell : N-MOS EPROM TMM27256D/AD, TC57256D/AD, One time
* Low power dissipation PROM TMM24256P/AP and TC54256P
Active : 30mA/6.7MHz + Standard 28 pin DIP plastic package:
Standby: 100pA TC54256AP
« Fast access time: 150ns « Plastic Flat Package: TC54256AF

+ Single 5V power supply
* Full static operation

+ High speed programming mode I, I
* Inputs and outputs TTL compatible BLOCK DIAGRAM

v v
PP GND  TCC 5 0102 03 04 05 06 O7

[PIN _CONNECTION] (TOP VIEW) T T T PETTT09
VepQ1 Vee OE o—[ GFEand CE
Al2[d2 Al4 == o] CIRCUIT =~ OUTPUT BUFFERS
A703 b a1z CE : I
A6 4 [ A8 A0 o—] Y ‘?
A50s H A9 Al 0 6| coLumn | 64 COLUMN L0
aeds ALl 0] » [77] DECODER CIRCUIT
A307 ] OE A4 0— E
A28 0 A10 AS g—_-‘ = l ;
Ao 0 CcE A6 2
512
A0 1903 07 A2 o] o |1] Row : AT
00 1801 05 3&9 g: = DECODER 32,768x8bit
o1g12 170 05 i]? ] E
02013 16 04 a1z o0— <
GNDO 14 15[ 03 A13 O]
Al4 O
PIN NAMES MODE SELECTION
AOvAl4 [Address Inputs PIN|CE | OE | VPP |VcC 00~ 07 POWER
0007 |Outputs (Inputs) MODE (20)[ (22)] (1) [(28) | (11713, 15+19)
CE |Chip Enable Input Read L| L Data Out hetive
OE |Output Enable Input ||Output Deselect| * H| 5V 5V | High Impedance
Vpp Program Supply Standby H * High Impedance| Standby
Voltage Program L H |, %3. 6%7) Data In
Vee Vge Supply Voltage Program Inhibit | H H 2 2) High Impedance|Active
+5v) Program Verify * L [12.75Vi6.25Y Data Out
GND_|Ground * Hor L 1); HIGH SPEED PROGRAM MODE I,

2); HIGH SPEED PROGRAM MODE I
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TC54256AP/AF-150

MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
Vee Vce Power Supply Voltage -0.67.0 \Y
Vpp Program Supply Voltage ~0.6nv14.0 \Y
VIN Input Voltage -0.6~7.0 v
Vi/0 Input/Output Voltage -0.6 v Vget0.5 \Y
PD Power Dissipation 1.5 \
TSOLDER Soldering Temperature Time 260 - 10 °C - sec
TsTRG Storage Temperature -65125 °C
Topr Operating Temperature -40 v 85 °C

READ OPERATION

DC RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vin Input High Voltage 2.2 - Vee+0.3
Vi Input Low Voltage -0.3 - 0.8 o
Vee Vcc Power Supply Voltage 4.50 5.00 5.50 \

Vpp Vpp Power Supply Voltage Vee-0.6 Vee Veet+0.6

DC and OPERATING CHARACTERISTICS (Ta=-40 ~85°C, V¢c=5V+10%)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
Iy Input Current VIN=0V v Ve - - *10 HA
Tecol Operating Current CE=0V £=6. MMtz - ~ 20 mA
Icco2 f=1MHz - - 15
fecs1 Standby Current SE=VIH _ _ ! mh
Ices2 CE=V(c-0.2V - - 100 uA
Von Output High Voltage Iog=-400u4A 2.4 - - v
VoL Output Low Voltage Igp=2.1mA - - 0.4 \
Ippy Vpp Current Vpp=Vcct0.6V - - +10 HA
I1g Output Leakage Current [VoyuT=0.4V ~Vce - - +10 vA
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AC CHARACTERISTICS

TG54256AP/AF-150

(Ta=-40~ 85°C, Vcc=5v+10%, VPP=VCC10.6V)

SYMBOL PARAMETER TEST CONDITION | MIN, | MAX. | UNIT
tacc Address Access Time CE=0OE=Vy, - 150

tcE CE to Output Valid OE=Vqy, - 150

toE OE to Output Valid CE=Vy - 70

tpr1 CE to Output in High-Z OE=Vyp 0 60 | °°
tpF2 OE to Output in High-Z CE=VpL, 0 60

toH Output Data in Hold Time CE=OE=V1L, 0 -

AC TEST CONDITIONS

* Output Load

* Input Pulse Rise and Fall Times

Input Pulse Levels

+ Timing Measurement Reference Level:

CAPACITANCE *  (Ta=25°C, f=1MHz)

1 TTL Gate and Cp=100pF

10ns Max.
0.45V~ 2.4V

Inputs 0.8V and 2.2V, Outputs

0.8V and 2.0V

SYMROL PARAMETER TEST CONDITION MIN. TYP. MAX. [ UNIT
CIn Input Capacitance Vin=0v - 4 6 -
P
Cout Output Capacitance Vour=0v - 8 12
* This parameter is periodically sampled and is not 100% tested.
TIMING WAVEFORMS  (READ)
A0~Al4 X| X
| o
tce J
2 W T
= W / /
~ tpF1
toE 7
= NN Ly
l tace tDF2
HIGH 2 HIGH 2
00~07 @{ DATA OUTPUTS W/
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TC54256AP/AF-150

[HIGH SPEED PROGRAM MODE 1]

DC RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
ViH Input High Voltage 2.2 - Vectl.0 v
VIL Input Low Voltage -0.3 - 0.8 v
Vee Vce Power Supply Voltage 5.75 6.0 6.25 \Y
Vpp Vpp Power Supply Voltage 12.0 }12.5 13.0 v

DC and OPERATING CHARACTERISTICS (Ta=25+5°C, V(e=6V+0.25V, Vpp=12.5V£0.5V)
SYMBOL PARAMETFER TEST CONDITION MIN. TYP. MAX. UNIT
Iy Input Current VIN=0 v Vce - - +10 vA
Vou Output High Voltage Iop=-400uA 2.4 - - \Y
VoL Output Low Voltage Ig1=2.1maA - - 0.4 Y
Ice Vee Supply Current - - - 30 mA
Ipp2 Vpp Supply Current Vpp=13.0V - - 50 mA
Vip A9 Auto Select Voltage - 11.5 12.0 | 12.5 \Y

AC PROGRAMMING CHARACTERISTICS (Ta=25%5°C, Vce=6V+0.25V, Vpp=12.5V40.5V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - us
tan Address Hold Time - 2 - - us
tCES CE Setup Time - 0 - - ns
LCEH CE Hold Time - 0 - - ns
LoES OE Setup Time - 2 - - us
tps Data Setup Time - 2 - - us
tpn Data Hold Time - 2 - - us
typs Vpp Setup Time - 2 - - us
tycs Vee Setup Time - 2 - - us
tpy Initial Program Pulse Width CE=V1L, 5§=VIH 0.95 1.05 ms
topw Overprogram Pulse Width Note 1 2.85 78.75 ms
toE OE to Output Valid CE=V1y - - 100 ns
tprp OE to Output in High-Z CE=V1y - - 90 ns

AC TEST CONDITIONS

¢ Output

Load

+ Input Pulse Rise and Fall Times
* Input Pulse Levels

* Timing

Note 1:

Measurement RLference Level:

1 TTL Gate and Cj, (100pF)

10ns Max.
0.45V 2.4V

Input 0.8V and 2.2V, Output 0.8V and 2.0V

The length of the overprogram pulse may vary as a function of the counter

value X.
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TC54256AP/AF-150

[HIGH SPEED PROGRAM OPERATION II ]

DC RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
VIiH Input High Voltage 2.2 - Veetl. 0 v
VIiL Input Low Voltage -0.3 - 0.8
Vee Vcc Power Supply Voltage 6.00 | 6.25 6.50 \Y
Upp Vpp Power Supply Voltage 12.50 f12.75 13.00 v

DC AND OPERATING CHARACTERISTICS (Ta=25%5°C, Vgg=6.25+0.25V, Vpp=12.75+0.25V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
It Input Current ViN=0 ~Vee - - +10 LA
Voy Output High Voltage Iog=-400uA 2.4 - - v
VoL Output Low Voltage IoL=2.1mA - - 0.4 v
Icc Vee Supply Current - - - 30 mA
Ipp2 Vpp Supply Current Vpp=13.0V - - 50 mA
Vip A9 Auto Select Voltage - 11.5 12.0 12.5 v

AC PROGRAMMING CHARACTERISTICS (Ta=25:5°C, Vee=6.25%0.25V, Vpp=12.75%0.25V)

SYMBOL PARAMETER TEST CONDITION MIN. .| TYP. MAX. UNIT
tag Address Setup Time - 2 - - us
tAH Address Hold Time - 2 - - us
tCES CE Setup Time - 0 _ - ns
CCEH CE Hold Time - 0 - - ns
tps Data Setup Time - 2 - - us
tpH Datz Hold Time - 2 - - s
typs Vpp Setup Time - 2 - - us
tycs Vee Setup Time - 2 - - us
tpy Program Pulse Width CE=vyy, OE=Vyy |0.095 0.1 | 0.105| ms
toE OE to Output Valid CE=V1y - - 100 ns
tpEP OE to Output in High-Z CE=V1H - - 90 ns

AC TEST CONDITIONS

+ Output Load : 1 TTL Gate and Cp (100pF)
* Input Pulse Rise and Fall Time : 10ns Max.
* Input Pulse Levels : 0.45V to 2.4V

+ Timing Measurement Reference Level: Input 0.8V and 2.2V, Output 0.8V and 2.0V

— K-35 —



TG54256AP/AF-150

TIMING WAVEFORMS  (PROGRAM)

HIGH SPEED PROGRAM MODE I (Vc=6V20.25V, Vpp=12.5V0.5V)
HIGH SPEED PROGRAM MODE Il (Vc=6.25V+0.25V, Vpp=12.75V+0.25V)

AO~A14 X K

taAs :PW ‘AR
oPW ,
- QO XY
CE \r / t opi ’0’0’.&’2’0’:’:’:’:’:‘:’2’:‘. |ces
toEs tDEP
= N /
= i toE

\
00~07 ——————— Din STABLE ————< Doyt VALID >——————
Vpp /

typs

Vee /
tves PROGRAM PROGRAM VERIFY

Note 1. V.- must be applied simultaneously or before Vpp and cut off simultaneously

or after Vpp.

2. Removing the device from socket and setting the device in socket with

Vpp=12.5V (12.75V) may cause permanent damage to the device.

3. The Vpp supply voltage is permitted up to 14V for program operation.
So the voltage over 14V should not be applied to the Vpp terminal.
When the switching pulse voltage is applied to the Vpp terminal, the

overshoot voltage of its pulse should not be exceeded 14V.
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TC54256AP/AF-150

[OPERATION INFORMATION]

The TC54256AP/AF's six cperation modes are listed in the following table.
Mode selection can be achieved by applying TTL level signal to all inputs.

PIN NAMES (NUMBER) | ¢E OF Vpp vee 00 ~ 07 POWER
MODE (20) | (22) (1) (28) |11 ~13, 15~19)
Read L L Data Out
Read Operation Active
(Ta=—40085°C) Output Deselect| * H 5v =AY High Impedance
Standby H * High Impedance Standby
) Program L H 1) 1) | pata In
Program Operation 2.5V 6V
(Ta=25%5°C) Prcgram Inhibit| H H 2) 2) High Impedance Active
Program Verify * L [12.75V | 6.25V | Data Out

1); HIGH SPEED PROGRAM MODE 1

. . . * .
Hote: H; Vry, L; ViL, ™5 Vig ©F VIL» 2). prcH SPEED PROGRAM MODE II

READ MODE

The TC54256AP/AF has two control functions. The chip enable (CE) controls the
operation power and should be used for device selection.
The output enable (OE) controls the output buffers, independent of device selection.
Assuming that 6§=5E=VIL, the output data is valid at the outputs after address
access time from stabilizing of 211 addresses.
The CE to output valid (tcp) is equal to the address access time (tpcc).
Assuming that CE=ViL and all addresses are valid, the output data is valid at the
outputs after tgg from the falling edge of OE.

[OUTPUT DESELECT MODE]

Assuming that §f=V1H or 5§=VIH, the outputs will be in a high impedance state.
So two or more TC54256AP/AF's can be connected together on a common bus line.
When CE is decoded for device selection, all deselected devices are in low power
standby mode.

STANDBY MODE
The TC54256AP/AF has a low power standby mode controlled by the CE signal.
By applying a high level to the CE input, the TCS54256AP/AF is placed in the standby

mode which reduce the operating current to 100uA by applying MOS-high level (Vee)
and then the outputs are in a high impedance state, independent of the OE inputs.
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TG54256AP/AF-150

PROGRAM MODE]

Initially, when received by customers, all bits of the TC54256AP/AF are in the
1" state which is erased state.
Therefore the program operation is to introduce "0's" data into the desired bit
locations by electrically programming.
The TC54256AP/AF is in the programming mode when the Vpp input is at 12.5V and CE is
at TTL-Low level under OE=Vyy.
The TC54256AP/AF can be programmed any location at anytime either individually,
sequentially, or at random.

[PROGRAM VERIFY MODE]

The verify mode is to check that desired data is correctly programmed on the
programmed bits. .
The verify is accomplished with OE at Vyp and CE at Vyy or Vyy.

[PROGRAM INHIBIT MODE]

Under the condition that the program voltage (+12.5V or +12.75V) is applied to
Vpp terminal, 2 TTL high level CE input inhibits the TC54256AP/AF from being programmed.
Programming of two or more TC54256AP/AF's in parallel with different data is easily
accomplished. That is, all inputs except for CE and OF may be commonly connected, and
a TTL Low level program pulse is applied to the CE of the desired device only and TTL
high level signal is applied to the other devices.

[HIGH SPEED PROGRAM MODE 1]

The program time can be greatly decreased by using this high speed programming
mode. The device is set up in the high speed programming mode when the programming
voltage (+12.5V) is applied to the Vpp terminal with Vge=6V. o
The programming is achieved by applying a single TTL low level lms pulse to the CE
input after addresses and data are stable. Then the programmed data is verified by
using Program Verify Mode.

If the programmed data is not correct, another program pulse of lms is applied and
then the programmed data is verified. This should be repeated until the program
operates correctly (max. 25 times).

After correctly programming the selected address, the additional program pulse with
width of 3 times more than that needed for initial programming is applied.

When programming has been completed, the data in all addresses should be verified with
Vee=Vpp=5V.
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TC54256AP/AF-150

[HIGH SPEED PROGRAM MODE 1]

The device is set up in the high speed programming mode when the programming
voltage (+12.75V) is applied to the Vpp terminal with Vgg=6.25V.

The programming is achieved by applying a single TTL low level 0O.lms pulse the CE
input after addresses and data are stable. Then the programmed data is verified
by using Program Verify Mode.

If the programmed data is not correct, another program pulse of O.lms is applied
and then programmed data is verified. This should be repeated until the program
operates correctly (max. 25 times).

When programming has been completed, the data in all addresses should be verified

with VCC=VPP=5V .
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TG54256AP/AF-150

[HIGH SPEED PROGRAM MODE 1]

ADDRESS =
START ADDRESS

ADDRESS = OVERPROGRAM 3X PULSES OF 1 msec
NEXT ADDRESS OR ONE PULSE OF 3X msec DURATION
NG
VERIFY
oK
NO LAST
ADDRESS ?

5.0V
5.0V

<
(o]
(o]

(1]
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TC54256AP/AF-150

[HIGH SPEED PROGRAM MODE I}

FLOW CHART

Voo = 625025V
Vpp = 12751025V

i

ADDRESS
= START ADDRESS

)

l PROGRAM : TPW=10.1ms 1

X=X+1

YES

ADDRESS
= NEXT ADDRESS

L

LAST ADDRESS ?

Voc = 5V
Vpp = 5V

NG
READ ALL BYTES

( FAIL )
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TC54256AP/AF-150

ELECTRIC SIGNATURE MODE

Electric signature mode allows to
identifies its manufacturer and device
The programming equipment may read out
TC54256AP/AF by using this mode before
program voltage (Vpp) and algorithm.
Electric Signature mode is set up when

rest of address lines is set to Vi, in

read out a code from TC54256AP/AF which

type.
manufacturer code and device code from

program operation and automatically set

12V is applied to address line A9 and the

read operation. Data output in this

conditions is manufacturer code. Device code is identified when address AOQ is

set to Viy. These two codes possess an odd parity with the parity bit of MSB

(07). The following table shows electric signature of TC54256AP/AF.

PINS AQ 07 06 05 04 03 02 0l 00 HEX.
SIGNATURE (10) | (19) | (18) | (17) | (16) | (15) | (13) | (12) | (11) | DATA
Manufacture Code Vip 1 0 0 1 1 0 0 0 98
Device Code Vig 1 1 0 0 0 1 0 0 Cé4

Notes: A9=12V0.5V
A1~ A8, A10~ Al4, CE, OE=Vyp
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TC54256AP/AF-150

OUTLINE DRAWINGS (DIP28-P-600)

+ TC54256AP

Unit in mm

28 15 %

Mmoo o rara e r ;

0~15°

S
14.0140.2
1524

) NS B GHNVS [y SNND G SED [y SN [ (NI () SR G SHND fp S () GNES B SHED Sy SHED g SUSD Gy Sue | B ——

) ¥

025781

37.0%0.2

50+ 0.3

I
199 TYP. I 0.5+0.1
! et et .! [&]o25 @

3.5+0.3

14101

Note 1. Each lead pitch is 2.54mm. All leads are located within 0.25mm of

their true longitudinal position with respect No.l and No.28 leads.
2. This value is measured at the end of leads.

3. All dimensions.are in millimeters.

— K-43 —



TG54256AP/AF-150

OUTLINE DRAWINGS  (SOP28-P-450)

* TCS54256AF Unit in mm
185102
28 15
nnoaonoonoonnoona
. ) I
TUUTTUU}JLUUUUUU____-
1.OTYP. 0.4310.1
T '12% o

24301

Siaiaininininimininininininiw AN

2.7MAX

+0.1
0.1-0.05

+0.1
015-0.05

1.0£0.2

Note: Lead pitch is 1.27 and tolerance is +0.12 against theoretical center

of each lead that is obtained on the vasis of No.l and No.28 leads.
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TOSHIBA MOS MEMORY PRODUCTS

TG54512AP-17, TC54512AF-17

TC54512AP-20, TC54512AF-20
[DESCRIPTION]

The TC54512AP/AF is a 65,536 word x 8 bit CMOS one time programmable read only memory, and
molded in a 28 pin plastic package. For read operation, the TC54512AP/AF's access time
is 170ns/200ns, and the TCS54512AP/AF operates from a single 5-volt power supply and has
low power standby mode which reduces the power dissipation without increasing access time.
The standby mode is achieved by applying a TTL-high level signal to the CE input.

Advanced CMOS technology reduces the maximum active current to 30mA/5.9MHz and standby
current to 100pA. The electrical characteristics and programming method are the same

as U.V. EPROM TC57512AD's. Once programmed, the TC54512AP/AF can not be erased because
of using plastic DIP without transparent window.

* Peripheral circuit: CMOS + High speed programming mode I, I
Memory cell ¢ N-MOS » Inputs and outputs TTL compatible

* Fast access time: + Standard 28 pin DIP plastic package: TC54512AP
TC54512AP/AF-17 170ns « 28 pin plastic Flat Package : TC54512AF

TC54512AP/AF-20 200mns
+ Low power dissipation
Active : 30mA/5.9MHz
Standby: 100pA
¢ Full static operation

BLOCK DIAGRAM

Vpp GND

71

00 01 02 03 04 05 06 O7

SRR I R B AR

Vee

i

l
1
i

OE o4
[PIN CONNECTION] (TOP VIEW) OF o kit OUTPUT BUFFERS
v CE o—
Als Q1 281 Ve T
Alz g2 270 AL4 A0 o 6 | coumn | 8¢ COLUMN 10
A7 3 261 Al3 Al © =1 pECODER [ CIRCULT
A2 o—
A6 O4 251 A8 A3 o— 2
A5 O5 24 3 A9 ‘/‘:g o— =
A4 O6 PR | All A6 ° &
A3 O7 2 [3 OEVpp AT o— 2
A2 O8 21 [ AlO A8 o— 2 |10 row |1.024 MEMORY CELL
Al g9 D[ CE Ao 2 . S ARRAY
A0 Q10 19A 07 All o] 2 DECODER 65536x8bits
oo gn 18 06 alzo— =
o1 gz 17P 05 RV an
o2 Q13 16 1 04 Al5 O—
GND O 1M 150 03
P TAES [NODE SELECTION]
IN _NAMES PIN| CE |OE/Vpp| Vcec 00~ 07 POWER
A0~ Al5 |Address Inputs MODE (20)| (22) (28) (11~ 13, 15~19)
00~ 07 |[Outputs (Inputs) Read L L Data Out Acti
CE Chip Enable Input Output Deselect| * H 5V High Impedance ctive
. Output Program Standby H * High Impedance |Standby
OE/Vpp Enable/////Supply Program L Vpp 6vl) | Data In
Input Voltage | [program Inhibit| H | VPP 2)| High Impedance |Active
v Power Supply Program Verify L L 6.25V | Data Out
cC Voltage (+5V) —
*: Hor L 1): HIGH SPEED PROGRAMMING MODE I
GND Ground 2): HIGH SPEED PROGRAMMING MODE I
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TC54512AP-17, TC54512AF-17
TC54512AP-20, TC54512AF-20

[MAXIMUM RATINGS|

SYMBOL ITEM RATING UNIT
Vee Vcc Power Supply Voltage -0.67.0 v
Vpp Program Supply Voltage -0.614.0 v
VIN Input Voltage -0.67.0 v
Vi/o Input/Output Voltage -0.6 vVcct0..5 \Y
Pp Power Dissipation 1.5 W
TSOLDER Soldering Temperature-Time 260 - 10 °C-sec
Tste Storage Temperature -65,125 °C
Topr Operating Temperature -40 85 °C

READ OPERATION

D.C. AND A.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER TC54512AP/AF-17/TC54512AP/AF20
Ta Operating Temperature -40 ~ 85°C
Vee Vce Power Supply Voltage 5V+5%
D.C. AND OPERATING CHARACTERISTICS
SYMBOL PARAMETER CONDITION MIN. TYP. MAX. UNIT
It Input Current ViN=0 ~ Vce - - +10 LA
Tro Output Leakage Current VouT=0.4 ~ V¢ - - *10 HA
Iccol CE=0V f=5.9MHz - - 30
Operating Current mA
Icco2 Tour=0mA | £-1mmz - - 10
I TF=
CCs1 CE=V - - 1 mA
Standby Current — H
Tees2 CE=V((c-0.2V - - 100 LA
Vin Input High Voltage - 2.2 - Vect0.-3 v
Vip Input Low Voltage - -0.3 - 0.8 v
Vou Output High Voltage Ioy=-400uA 2.4 - - v
VoL Output Low Voltage IoL=2.1mA - - 0.4 \Y
Ippr Vpp Current Vpp=0 v V(ct0.6 - - +10 uA
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TC54512AP-17, TC54512AF-17
TC54512AP-20, TC54512AF-20

A.C. CHARACTERISTICS

SYMBOL PARAMETER TEST CONDITION TCS4512AP/AF-17] TC54512AP/AF-20 UNIT
MIN. MAX. MIN. MAX.

tacc Address Access Time CE=0E=V1L - 170 - 200 ns
teE CE to Output Valid OE=V1L - 170 - 200 ns
toE OE to Output Valid CE=V1L, _ 70 - 70 ns
tprl |CE to Output in High-Z OE=VIL 0 60 0 60 ns
tpp2 | OE to Output in High-Z CE=V1, 0 60 0 60 ns
toH Output Data Hold Time 6§=6E=V1L 0 - 0 - ns
A.C. TEST CONDITIONS

Output Load : 1 TTL Gate and Cy=100pF

Input Pulse Rise and Fall Times : 1Ons Max.

Input Pulse Levels . 0.45V 2.4V ,

Timing Measurement Reference Level: Inputs 0.8V and 2.2V, Outputs 0.8V and 2.0V

CAPACITANCE *(Ta=25°C, f=1MHz)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
CIN1 | Input Capacitance VIN=0V - 4 6 pF
CIN2 |OE/Vpp Input Capacitance ViN=0V - 50 60 pF
Coyr |Output Capacitance VouT=V - 8 12 pF

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

TIMING WAVEFORMS

AO~ALS

gl

L tee ;imﬂ
\ / 7

tDr1

1
[ tacc tDF2
I

HIGH Z HIGH Z
00~07 DATA OUTPUT
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TC54512AP-17, TC54512AF-17
TC54512AP-20, TC54512AF-20

[HIGH SPEED PROGRAM MODE 1]

DC RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vin Input High Voltage 2.2 - Vee+l.0
Vi Input Low Voltage -0.3 - 0.8 v
Vee Vce Power Supply Voltage 5.75 6.0 6.25 '
Vpp Vpp Power Supply Voltage 12.0 12.5 13.0 v

DC and OPERATING CHARACTERISTICS (Ta=25:5°C, Vge=6V+0.25V, Vpp=12.5V+0.5V)

SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. | UNIT

It Input Current ViN=0 vV - - +10 uA

Vou Output High Voltage Igy=-400uA 2.4 - - v

VoL Output Low Voltage Igp=2.1mA - - 0.4 \Y

Icc Ve Supply Current - - - 30 mA

Ipp2 Vpp Supply Current Vpp=13.0V - - 50 mA
AC PROGRAMMING CHARACTERISTICS (Ta=25%5°C, Vgc=6V+0.25V, Vpp=12.5V+0.5V)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tAs Address Setup Time - 2 - - us
tAH | Address Hold Time - 2 - - us
tOES | OE/Vpp Setup Time - 2 - - us
tOEH | OE/Vpp Hold Time - 2 - - us
tprT | OE/Vpp Pulse Rise Time - 50 - - ns
tps Data Setup Time - 2 - - us
tDH Data Hold Time - 2 - - us
tyr OE/Vpp Recovery Time - 2 - - us
tycs | Ve Setup Time _ 2 _ - s
tpw Initial Program Pulse Width CE=Vyy, OE/Vpp=Vpp | 0.95 1.0 1.05 ms
topw | Overprogram Pulse Width Noté—l 2.85 3.0 78.75 ms
tpv | Data Valid from CE OE/Vpp=V1L . = ! us
tpr CE to Output in High-Z OE/Vpp=V1L, - - 130 ns

AC TEST CONDITIONS

* Output Load

* Input Pulse Rise and Fall Times

+ Input Pulse Levels :
* Timing Measurement Reference Level:

1 TTL Gate and Cp (100pF)

10ns Max.
0.45V 2.4V

Input 0.8V and 2.0V, OQutput 0.8V and 2.0V

Note 1: The length of the overprogram pulse may vary as a function of the counter

value X.
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TC54512AP-17, TC54512AF-17

TC54512AP-20, TC54512AF-20
[HIGH SPEED PROGRAM MODE IT |
DC RECOMMENDED OPERATING CONDITIONS
SYMBOL PARAMETER MIN. TYP. - MAX. UNIT

Vin Input High Voltage 2.2 - Vee+l.0 \Y

ViL Input Low Voltage -0.3 - 0.8 v

Vee Vce Power Supply Voltage 6.0 6.25 6.5 \

Vpp Vpp Power Supply Voltage 12.5 12.75 13.0 \Y

DC and OPERATING CHARACTERISTICS (Ta=25%5°C, Vge=6.25V£0.25V, Vpp=12.75V+0.25V)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
It Input Current ViN=0 ~V¢c - - +10 HA
Vo Output High Voltage Vou=-400uA 2.4 - - v
VoL Output Low Voltage Iop=2.1mA - - 0.4
Icc Vce Supply Current - - - 30 mA
Ipp2 Vpp Supply Current Vpp=13.0V - - 50 mA
AC PROGRAMMING CHARACTERISTICS (Ta=25%5°C, Vcg=6.25V+0.25V, Vpp=12.75V£0.25V)
SYMBOL PAPAMETER TEST CONDITION MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - us
tag |Address Hold Time - 2 - - us
toES | OE/Vpp Setup Time - 2 - - us
toEH | OE/Vpp Hold Time - 2 - _ us
tPRI | OE/Vpp Pulse Rise Time - 50 - - ns
tps |Data Setup Time - 2 - - us
53 Data Hold Time - 2 - - us
tyr | OE/Vpp Recovery Time - 2 - - us
tycs | Voo Setup Time - 2 - - us
tpy | Program Pulse Width CE=V1L, OE/Vpp=Vpp | 0.095| 0.1 |0.105 ms
tDV | Data Valid from CE OE/Vpp=V1, - - 1 us
tDF CE to Output in High-Z GE/VPP=V1L - - 130 ns

AC TEST CONDITIONS

* Output Load : 1 TTL Gate and Cp, (100pF)
Input Pulse Rise and Fall Times : 10ns Max.
* Input Pulse Levels : 0.45V 2.4V

* Timing Measurement Reference Level: Input 0.8V and 2.2V, Qutput 0.8V and 2.0V
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TC54512AP-17, TC54512AF-17
TG54512AP-20, TC54512AF-20

TIMING WAVEFORMS  (PROGRAM)

HIGH SPEED PROGRAMMING MODE 1 (Vge=6V£0.25V, Vpp=12.5V+0.5V)
HIGH SPEED PROGRAMMING MODE II (Vgg=6.25V%0.25V, Vpp=12.75V0.25V)

AO~A15
tas tvr tay
L pw ]
\
E \ o;w/ \
. tpRT toes tOEN
R—— e
tps L pii tpy tpr

00~07 —————— DN STABLE >————-\ Doyr VALID

tves PROGRAM PROGRAM VERIFY

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

simultaneously or after Vpp.

2. Removing the device from socket and setting the device in socket with
Vpp=12.5+0.5V or Vpp=12.75:+0.25V may cause permanent damage to the

device.

3. The Vpp supply voltage is permitted up to 14V for program operation.
So the voltage over 14V should not be applied to the Vpp terminal.
When the switching pulse voltage is applied to the Vpp terminal, the

overshoot voltage of its pulse should not be exceeded 14V.
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TC54512AP-17, TC54512AF-17
TC54512AP-20, TC54512AF-20

[ OPERATION INFORMATION]
The TC54512AP/AF's six operation modes are listed in the following table.

Mode selection can be achieved by applying TTL level signal to all inputs.

PIN NAMES (NUMBER) | CE | OE Vpp vce 00 ~ 07 POWER
MODE (20) |(22) (1) (28) (11 ~13, 15~19)
Read L L Data Out .
Read Operation - Active
(r 40 1 85° Output Deselect * H 5v 5v ngh Impedance
a=-40 ~ C) Standby H * High Impedance |Standby
, Program L H Data In
Program Operation 1) 1)
Program Inhibit| H H 12.5v 6V High Impedance {(Active
(Ta=25+5°C) 2)
Program Verify * L h2.75v 6.2%% Data Out

1); HIGH SPEED PROGRAM MODE I

Note: H; Viy, L3 Vir, *: Vim ©F VIL. ,)} y1oy SPEED PROGRAM MODE II

The TC54512AP/AF has two control functions. The chip enable (CE) controls the
operation power and should be used for device selection. The output enable (OE)
control the output buffers, independent of device selection. Assuming that EE=5E¥VIL,
the output data is valid at the outputs after address access time from stabilizing of
all addresses. The CE to output valid (tcg) is equal to the address access time
(tacc). Assuming that EEEVIL and all addresses are valid, the output data is valid
at the outputs after tog from the falling edge of OE.
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TC54512AP-17, TC54512AF-17
TG54512AP-20, TC54512AF-20

[OUTPUT DESELECT MODE|

Assuming that EE¥VIH or 6E=VIH. the outputs will be in a high impedance state. So two

or more TC54512AP/AF's can be connected together on a common bus line. When CE is

decode for device selection, all deselected devices are in low power standby mode.

STANDBY MODE

The TC54512AP/AF has a low power standby mode controlled by the CE signal. By applying
a high level to the CE input, the TCS4512AP/AF is placed in the standby mode which re-
duce the operating current to 100uA by applying MOS-high level (Vgg) and then the

outputs are in a high impedance state, independent of the OE inputs.

PROGRAM MODE

Initially, when received by customers, all bits of the TC54512AP/AF are in the "1"
state which is erased state. Therefore the program operation is to introduce "0's"
data into the desired bit locations by electrically programming. The TC54512AP/AF
is in the programming mode when the OE/Vpp input is at 12.5V or 12.75V and CE is at
TTL-Low level. The TC54512AP/AF can be programmed any location at any time either

individually, sequentially, or at random.

[PROGRAM VERIFY MODE |

The verify mode is to check that desired data is correctly programmed on the pro-

grammed bits. The verify is accomplished with OE/Vpp at Vip and CE at Vjp.

[PROGRAM INHIBIT MODE |
Under the condition that the program voltage (+12.5V or +12.75V) is applied to Vpp

terminal, a high level CE input inhibits the TC54512AP/AF from being programmed.
Programming of two or more TC54512AP/AF's in parallel with different data is easily
accomplished. That is, all inputs except for CE may be commonly connected, and a TTL
low level program pulse is applied to the CE of the desired device only and TTL high

level signal is applied to the other devices.
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TC54512AP-17, TC54512AF-17
TC54512AP-20, TC54512AF-20

[HIGH SPEED PROGRAM MODE I |
This high speed programming mode I is performed at Vgc=6.0V and 6E7VPP=12.5V.

The programming is achieved by applying a single TTL low level lms pulse to the CE
input after addresses and data are stable. Then the programmed data is verified by
using Program Verify Mode.

If the programmed data is not correct, another program pulse of lms is applied and
then the programmed data is verified. This should be repeated until the program
operates correctly (max. 25 times).

After correctly programming the selected address, the additional program pulse with
3 times that needed for initial programming is applied.

When programming has been completed, the data in all addresses should be verified

with Vge=5v.

lHIGH SPEED PROGRAM MODE III

The program time can be greatly decreased by using this high speed programming mode

II. This high speed programming mode I is performed at Vgg=6.25V and EE/VPP=12.75V.
The programming is achieved by applying a single TTL low level O.lms pulse to the CE
input after addresses and data are stable. Then the programmed data is verified by
using Program Verify Mode.

If the programmed data is not correct, another program pulse of O.lms is applied and
then the programmed data is verified. This should be repeated until the program
operates correctly (max. 25 times).

When programming has been completed, the data in all addresses should be verified

with Vge=5V.
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TC54512AP-17, TC54512AF-17
TC54512AP-20, TC54512AF-20

[HIGH SPEED PROGRAM MODE 1]

FLOW CHART

Vee=6.0£0.25V
Vpp = 125105V

i

ADDRESS
= START ADDRESS

YES

DATA = FF?

ADDRESS OVERPROGRAM 3X PULSES OF Imsec
= NEXT ADDRESS OR ONE PULSE OF 3X msec DURATION

NO

LAST
ADDRESS ?

— K54 —



TC54512AP-17, TC54512AF-17
TC54512AP-20, TC54512AF-20

| HIGH SPEED PROGRAM MODE T |

FLOW CHART

Vee= 6.25%0.25V
Vpp =127 51+0.25V

i

ADDRES S
= START ADDRESS

ADDRESS
= NEXT ADDRESS

l
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TC54512AP-17, TC54512AF-17
TC54512AP-20, TC54512AF-20

[ELECTRIC SIGNATURE MODE]

Electric signature mode allows to read out a code from TC54512AP/AF which identifies
its manufacturer and device type.

The programming equipment may reads out manufacturer code and device code from
TC54512AP/AF by using this mode before program operation and automatically set program
voltage (Vpp) and algorithm.

Electric Signature mode is set up when 12V is applied to address line A9 and the

rest of address lines is set to Vyp, in read operation. Data output in this condi-
tions is manufacturer code. Device code is identified when address A0 is set to

ViH. These two codes possess an odd parity with the parity bit of MSB (07).

The following table shows electric signature of TC54512AP/AF.

PINS AO 07 06 05 04 03 02 01 00 | HEX.
SIGNATURE (10) | (19)| (18) | (17) | (16) | (15)| (13) | (12) | (11) | DATA
Manufacture Code ViL 1 0 0 1 1 0 0 0 98
Device Code Vin 1 0 0 0 0 1 0 1 85

Notes: A9=12V%0.5V
Al VA8, A10 vAl5, CE, OE=V7y
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TC54512AP-17, TC54512AF-17
TC54512AP-20, TC54512AF-20

OUTLINE DRAWINGS (TC54512AP) DIP28-P-600

Unit in mm
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Note: Package width -and length do not include mold protrusion,

allowable mold protrusion is 0.15mm.
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TC54512AP-17, TC54512AF-17
TC54512AP-20, TG54512AF-20

OUTLINE DRAWINGS (TC54512AF)  SOP28-P-450
Unit in mm
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Note: Package width and length do not include mold protrusion,

allowable mold protrusion is 0.15mm.
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TOSHIBA MOS MEMORY PRODUCTS

TC541000P/F-20, -25

TC541001P/F-20, -25

The TC541000P/F and TC541001P/F are 131,072 word x 8 bit one time programmable
read only memory, and molded in a 32 pin plastic package.
The access time of TC541000P/F and TCS541001P/F are 200ns/250ns and has low power stand-
by mode which reduces the power dissipation without increasing access time. The
electrical characteristics and programming method are the same as U.V. EPROM TC571000D/
TC571001D's. Once programed, the TC541000P/F and TC541001P/F can not be erased be-

cause of using plastic DIP without transparent window.

FEATURES

* Peripheral circuit: CMOS + Wide operating temperature range: —-40Vv85°C
Memory cell :  N-MOS * Full static operation

+ Fast access time » High speed programming operation: tpy 0.lms

TC541000P/F-20/TC541001P/F~-20: 200ns + Input and output TTL compatible
TC541000P/F-25/TC541001P/F-25: 250ns < JEDEC standard 32 pin: TC541000P

* Low power dissipation + 1M MROM compatible : TC541001P
Active : 30mA/5.0MHz « TC541000P/TC541001P:
Standby: 100pA (Ta=85°C) Standard 32 pin DIP plastic package
* Single 5V power supply + TC541000F/TC541001F: Plastic flat package
PIN CONNECTION| (TOP VIEW) PIN NAMES
VPP di - 32:]"’CC \'PPH 1 ~ 32 J\'CC (Reference ) AQ~ Al6 |Address Inputs
Al6(2 31p PN OEq2 31p PG asgd; ~ 28} Voo DO~ D7 |Outputs (Inputs)
Al5 (3 30pNC A15Q3 30 pNC al2g2 2707 Al4 E Chip Enable
Al12 g4 29014 Al2Q4 29 PAl4 A7d3 260 A13 Inputs
A7 05 280 A13 A705 28PA13 604 25h a8
— t Enable
asds  27M1s A6 27Das neds  24has oF |Jyrpur Ene
A5 Q7 261 A9 As Q7 26 D9 aage  23ban P
A4 Q8 250 Al11 A4(08 25DA11 a3d7 22h A16 BCH Program Control
A3 09 2400E A3Q9 24Pa16 208 21ha10 Input
A2 Q10 23p4a10 az(qio 23 DA10 o
ok A109 20p CE
ardin 22heE a1dil 22PCE todio  1eho vee |cc Supply
a0 Q12 21pD7 A0 Q12 21 pp7 odi1 18hps Voltage
DO Q13 20 pD6 DO Q13 20 pD6 p1012 17bDs Vpp Program Supply
D1 fj14 19 0D5 D1 Q14 19 PD5 p2di3 16 B ps Voltage
D2 Q15 18 PD4 p2 015 18 pD4 !
GNDO14 150 D3 V
ap 16  17fD3 apfdi6 17 pp3 GND_[Ground ,
1M Mask ROM NC No Connection
TC541000R/F TC541001P/F CTes3to00p )
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TG541000P/F-20,
TC541001P/F-20,

BLOCK DIAGRAM

25
25

Vpp GND  Vee 00 O1 02 03 04 05 06 07
19 199919
CEo— OF  FE PO L oureur BUFFERS
PGM O— -
A0 O
Al O—
AZ 0— 4 ;| 128 COLUMN L/0
3 ol COLUMN
Ad 00— o DECODER CIRCUIT
AS o— &
A6 O— I
. [
AT o— E:—;
- o |10 ROW | 1024 bm\'ﬁg;mgm“l‘
A10 0o— 2 DECODER 131,072x8bits
All o— 2
Al2 o =
Al3 O0—
Al4 O—
Al5 o—]
Al6 o_.J
MODE SELECTION
MODE PINIBGM | CE | OE | Vpp | Vee 00 ~ 07 POWER
Read H L L Data Out 3
Active
Output Deselect| = * H 5V 5V High Impedance
Standby * H * High Impedance | Standby
Program L L H Data In
21 s * H * High Impedance .
Program Inhibit 12.75V| 6.25V
g H L q High Impedance Active
Program Verify H L L Data Out
*: HorL
[MAXIMUM RATINGS]
SYMBOL ITEM RATING UNIT
vee Vcc Power Supply Voltage -0.6 7.0 v
Vpp Program Supply Voltage -0.614.0 v
ViN Input Voltage -0.6~7.0 v
Vi/0 Input/Output Voltage -0.6 v Vcct+0.5 \Y
Pp Power Dissipation 1.5 W
TSOLDER |Soldering Temperature . Time 260 - 10 °C-sec
TSTRG Storage Temperature -65~125 °C
TopR Operating Temperature 40 v 85 °C
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READ OPERATION

D.C. RECOMMENDED OPERATING CONDITIONS

TC541000P/F-20, -25
TC541001P/F-20, -25

SYMBOL PARAMETER MIN. TYP. MAX. UNIT

VIH Input High Voltage 2.2 - Vee+0.3

ViL Input Low Voltage -0.3 - 0.8

Vce Vce Power Supply Voltage 4.75 5.00 5.25 v

Vpp Vpp Power Supply Voltage Vee=0.6 Vee Vee+0.6
D.C. and OPERATING CHARACTERISTICS (Ta=-40 ~85°C, Vgc=5V+5%)
SYMBOL PARAMETER TEST CONDITION MIN. TYP. Iyax. UNIT
It Input Current ViN=0 vVce - - 10 HA
I CE=0V f=5.0MHz | - - 30
Izzgi Operating Current IOUT=0mA PV - - T mA
fcest Standby Current EE=VIH - _ ! ma
Iccs2 CE=V(ce-0.2V - - 100 | uaA
Vou Output High Voltage Iog=-400uA 2.4 - - v
VoL Output Low Voltage I51=2.1mA - - 0.4 v
Ipp; |Vpp Current Vep=Vcct 0.6V - - +10 ua
I1o Qutput Leakage Current Vorr=0.4V Ve - - +10 ua
A.C. CHARACTERISTICS (Ta=-40 “85°C, Vor=5V=SY, Vpp=Va*0.6V)
smor - TS A e BT 00 AT Y] gy

MIN. MAX. MIN MAX.

tace Address Access Time - 200 - 250
tCE CE to Output Valid | - 200 - 250
toE OE to Output Valid - 70 - 100
tpgM | PGM to Output Valid - 70 - 100
tprFl | CE to Output in High-Z 0 60 0 90 s
tDF2 | OE to Output in High-Z 0 60 0 90
tpr3 | PGM to Output in High-Z 0 60 0 90
ton Output Data Hold Time 0 - 0 -

A.C. TEST CONDITIONS

OQutput Load

Input Pulse Rise and Fall Times

Input Pulse Levels

Timing Measurement Reference Level:

1 TTL Gate and Cp=100pF
10ns Max.
0.45V to 2.4V

Inputs 0.8V and 2.2V Outputs 0.8V and 2.0V

— K-61 —




TG941000P/F-20, -25

TC541001

P/F-20, -25

CAPACITANCE* (Ta=25°C, f=1MHz)

SYMBOL PARAMETER TEST CONDITION | MIN. | TYP. | MAX. | UNIT
CIiN Input Capacitance VIN=0V - 4 8

pF
Cout Output Capacitance VouT=0V - 10 12

* This parameter is periodically sampled and is not 1007% tested.

TIMING WAVEFORMS (READ)

A0~Al6

00~07

X

NN —

L
5 ><
o
o)

N

T,

MANN

tDF1

T

/AN NN

HIGH Z
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TC541000P/F-20, -25
TC541001P/F-20, -25

[HIGH SPEED PROGRAM OPERATION]

D.C. RECOMMENDED OPERATING CONDITIONS

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
VIH Input High Voltage 2.2 - veetl.O

ViL Input Low Voltage -0.3 - 0.8 v
Vee Vce Power Supply Voltage 6.00 6.25 6.50

Vpp Vpp Power Supply Voltage 12.50 | 12.75 13.00

D.C. AND OPERATING CHARACTERISTICS (Ta=25:5°C, Vge=6.25%0.25V, Vpp=12.75%0.25V)

SYMBOL PARAMETER TEST CONDITION | MIN. TYP.| MAX. | UNIT
It Input Current VIiN=0 " Ve - - 10 LA
Vox Output High Voltage Iog=-400uA 2.4 - - v
VoL Output Low Voltage IoL=2.1mA - - 0.4 \Y
Icc Vce Supply Current - - - 30 mA
Ipp2 Vpp Supply Current Vpp=13.0V - - 50 mA

A.C. PROGRAMMING CHARACTERISTICS (Ta=25:5°C, Vgc=6.25:0.25V, Vpp=12.75:0.25V)

SYMBOL PARAMETER TEST CONDITION ] MIN. TYP. MAX. UNIT
tas Address Setup Time - 2 - - us
tAH Address Hold Time - 2 - - E
tCES CE Setup Time - 2 - - us
tCEH CE Hold Time - 2 - - us
tps Data Setup Time - 2 - - us
ton Data Hold Time - 2 - - us
tys Vpp Setup Time - 2 - - us
tpw Program Pulse Width - 0.095 0.1 |0.105 ms
toE OE to Output Valid - - - 100 ns
tpr2 OE to Output in High-Z CE=VIL - - 90 ns

A.C. TEST CONDITIONS

+Output Load : 1 TTL Gate and Cp, (100pF)
» Input Pulse Rise and Fall Time : 10ns Max.
+ Input Pulse Levels ¢ 0.45V and 2.4V

*Timing Measurement Reference Level: Input G.8V and 2.2V, Output 0.8V and 2.0V

— K-63 —



TG541000P/F-20, -25
TG541001P/F-20, -25

HIGH SPEED PROGRAM OPERATION

TIMING CHART

AO~Al6

00~07

Vpp

Note: 1.

tas tAH

\ tCcEs tCEH ‘j/
_/ N/

tpr2 tOE tpr2

UNKNOWN Dix  STABLE >.____< Doy VALID >_____

tDF tpH

v

BN tpw A
tvs

e

7

Vec must be applied simultaneously or before Vpp and cut off simul-

taneously or after Vpp.

Removing the device from socket and setting the device in socket with

Vpp=12.75V may cause permanent damage to the device.

The Vpp supply voltage is permitted up to 14V for program operationm,
so the voltage over 14V should not be applied to the Vpp terminal.
When the switching pulse voltage is applied to the Vpp terminal, the

overshoot voltage of its pulse should not be exceeded 14V.
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TC541000P/F-20, -25
TC541001P/F-20, -25

{OPERATION INFORMATION]

The TC541000P/F/TC541001P/F's six operation modes are listed in the following table.

Mode selection can be achieved by applying TTL level signal to all inputs.

PGM | CE | OE | vpp | Vecc 00 ~ 07 POWER
READ Read H | L L Data Out
Active
OPERATION Output Deselct * * H 5V 5V |High Impedance
(Ta=-40v85°C) Standby * H * High Impedance Standby
Program L L H Data In
PROGRAM * H * High Impedance
OPERATION Program Inhibit 12.75V| 6.25V Active
(Ta=25%5°C) L High Impedance
Program Verify | H L Data Out

Note: H; VIH’ L; VIL’ * Vig or Vi

READ MODE

The TC541000P/F/TC541001P/F 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 in that CE=0E=Vy[ and PGM=V1y, the output data is valid at the output after
address access time from stabilizing of all addresses.

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

Assuming that CE=V7yp, §58=VIH and all addresses are valid, the output data is valid

at the outputs after tgp from the falling edge of OE.

And assuming that CE=0E=VI[ and all addresses are valid, the output data is valid at

the outputs after tpgy from the rising edge of PGM.

[OUTPUT DESELECT MODE]

Assuming that CE=Viy or OE=Vyy, the outputs will be in a high impedance state.
So two or more ROMs can 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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TC541000P/F-20, -25
TG541001P/F-20, -25

STANDBY MODE

The TC541000P/F/TC541001P/F has a low power standby mode controlled by the CE signal.
By applying a high level to the CE input, the TC541000P/F/TC541001P/F is placed in the
standby mode which reduce the operating current to 100uA by applying MOS-high level

(Vce) and then the outputs are in a high impedance state, independent of the OE

inputs.

PROGRAM MODE

Initially, when received by customers, all bits of the TC541000P/F/TC541001P/F are in
the "1" state which is erased state.

Therefore the program operation is to introduce "0's' data into the desired bit
locations by electrically programming.

The levels required for all inputs are TTL. The TC541000P/F/TC541001LPF can be

programmed any location at anytime —— either irdividually, sequentially, or at

random.

[PROGRAM VERIFY MODE]

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

programmed bits.

The verify is accomplished with OE and CE at Vip and PGM at Viy.

[PROGRAM INHIBIT MODE]

Under the condition that the program voltage (+12.75V) is applied to Vpp terminal,
a high level CE or PGM input inhibits the TC541000P/F/TC541001P/F from being
programmed. Programming of two or more EPROMs in parallel with different data is
easily accomplished. 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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TC541000P/F-20, -25
TC541001P/F-20, -25

[HIGH SPEED PROGRAM OPERATION]

The device is set up in the high speed programming mode when the programming voltage
(+12.75V) is applied to the Vpp terminal with Vc=6.25V and PGM=Vry.

The programming is achieved by applying a single TTL low level 0.1lms pulse the PGM
input after addresses and data are stable. Then the programmed data is verified by
using Program Verify Mode.

If the programmed data is not correct, another program pulse of 0.lms is applied and
then programmed data is verified. This should be repeated until the program operates
correctly (max. 25 times).

When programming has been completed, the data in all addresses should be verified

with Vcc=Vpp=5V.
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TG541000P/F-20, -25
TC541001P/F-20, -25

[HIGH SPEED PROGRAM OPERATION]

FLOW CHART

START

Vee = 6251025V
Vpp = 12751025V

l

ADDRESS
= START ADDRESS

ADDRESS
= NEXT ADDRESS

NG

YES

NO
OX
YES

Vec =5V
Vpp =5V

READ ALL BYTES

( FAIL )
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TG541000P/F-20, -25
TG541001P/F-20, -25

[ELECTRIC SIGNATURE MODE]

Electric signature mode allows to read out a code from TC541000P/F/TC541001P/F which
identifies it's manufacturer and device type.

The programming equipment may read out manufacturer code and device code from
TC541000P/F/TC541001P/F by using this mode before program cperation and automatically
set program voltage (Vpp) and algorithm.

Electric Signature mode is set up when 12V is applied to address line A9 and the

rest of address lines is set to VyL in read operation. Data output in this con-
ditions is manufacturer code. Device code is identified when address A0 is set to
Vin. These two codes possess an odd parity with the parity bit of MSB (07).

The following table shows electric signature of TC541000P/F/TC541001P/F.

HEX.
STIGNATURE PINS AO 07 06 05 04 03 02 01 00 DATA
Manufacture Code ViL 1 0 0 1 1 0 0 0 98
C541000P/F 1 0 0 0 0 1 1 0 86
Device Code Vin
ITC541001P/F 0 0 0 0 0 1 1 1 07

Notes: A9=12V*0.5V
Al VA8, AlO0 ~Al6, CE, OE=Vyp
PGM=V1y
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OUTLINE DRAWINGS
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Note: Package width and length do not include mold protrusion, allowable mold

protrusion is 0.15mm.
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OUTLINE DRAWINGS
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Note: Package width and length do not include mold protrusion, allowable

mold protrusion is 0.15mm.
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TOSHIBA MOS MEMORY PRODUCTS

TG531000CP-12, TC531000CP
TG531000CF-12, TC531000CF

DESCRIPTION

The TC531000CP/CF is a 1,048,576 bits read only memory organized as 131,072 words by 8
bits with a low bit cost, thus being suitable for use in program memory of micro-
processor, especially character generator. The TC531000CP/CF using CMOS technology is
most suitable for low power applications where battery operation are required.

The TC531000CP/CF has one chip enable input CE/CE, programmable for device selection.

FEATURES

TC531000CR/ G 120ms 150ns « Single 5V Power Supply

Version | Version » All Inputs and Outputs: TTL Compatible

Access Time (max.) 120ns 150ns + Three State Outputs

Power Dissipation « Fully Static Operation

X 40mA 35mA
Operation Current (max.) * Programmable Chip Enable
Power Dissipation
20uA 20uA » Package
Standby Current (max.) Plastic DIP: TC531000CP

Plastic FP : TC531000CF
PIN CONNECTION

BLOCK DIAGRAM
asdr 0 zsbvgp
Al12Q2 270 A14 Vpp GND
AT 3 26A13 ‘I T DO D1 D2 D3 DID5 D6 D7
111111
A5 5 2 24pas
A4Oe 2 23pan CE o—d>— OUTPUT BUFFERS
A307 = 22[1A16
A28 a 21[QA10
foay) —
A1 do ©  20pCE/CE :(; °
aoio < 19pD7 e o
bogQu 18P DS 43 0] [————>I coLuMN DECODERs
p1 (12 1701 ps " @
p213 160 D4 A =
A5 o— =
GND([]14 153 D3 =
A6 00— =
AT o— 3
A8 o— o,
A9 o— @
PIN NAMES A10 o] = -
All o— 3 g
AO~N Al6 | Address Inputs Al2 © < 3 131072x8
EENJD7 Data Outputs Al3 : 2 R
CE/CE Chip Enable Input Al4 o a MEMORY CELLES
VDD Power Supply Al5 O— g
GND Ground Al6 o =
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TG531000CP-12, TC531000CP
TG531000CF-12, TC531000CF

MAXTIMUM RATINGS

SYMBOL ITEM RATING UNIT
VoD Power Supply Voltage -0.5.7.0

VIN Input Voltage -0.5 " Vpp v
Vout Output Voltage 0~ Vpp

Pp Power Dissipation 1.0/0.6 * W
TsTG Storage Temperature ~-55 "~ 150 oc
Topr Operating Temperature -40 v 70

TgoLper| Soldering Temperature » Time 260 * 10 °Cesec

Note: * Plastic FP

DC OPERATING CONDITIONS (Ta=-40~70°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
VpD Power Supply Voltage 4.5 5.0 5.5

Vig Input High Voltage 2.2 - Vppt0.3| V
VIL Input Low Voltage -0.3 - 0.8

DC and OPERATING CHARACTERISTICS  (Ta=-407"70°C, Vpp=5V*10%)

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
I11, Input Leakage Current Vix=0~ Vpp - +1.0
110 Output Leakage Current | CE=Vig, Vour=0~ Vpp - 5.0 nA
Ion Output High Current Vog=2.4V -1.0 -
IoL Output Low Current VoL=0.4V 3.2 - mA
Ippsl |Standby Current CE=0.8V (CE=2.2V) - 2
Ipps2 | Standby Current CE=0.2V (CE=VDpD-0.2V) - 20 uA
Ippol Vin=V1u/ V1L teycle=120ns - 50
Ioyr=0OmA teyele=150ns - 45
Operating Current mA
Ippos ViN=Vpp-0.2V/0.2V|teycle=120ns - 40
Ioyr=0mA teyele=150ns - 35
CAPACITANCE
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
CiN Input Capacitance f=1MHz, Ta=25°C - 10 oF
Cout Output Capacitance f=1MHz, Ta=25°C - 10

Note: This parameter is periodically sampled and is not 1007 tested.
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AC CHARACTERISTICS

TC531000CP-12, TG531000GP
TC531000CF-12, TC531000CF

(Vpp=5V+10%, Ta=-40~ 70°C)

STMBOL PARAMETER 120ns Version 150ns Version UNIT
MIN. MAX. MIN. MAX.
teyele Cycle Time 120 - 150 -
tacc Access Time - 120 - 150
tcE Chip Enable Access Time - 120 - 150 ns
tCED Output Disable Time - 50 - 50
ton Output Hold Time 5 - 5 -
AC TEST CONDITION
« Output Load. 100pF + 1TTL
+ Input Levels 0.6V, 2.4V
+ Timing Measurement Reference Levels
Input 0.8V, 2.2V
Output: 0.8V, 2.0V
* Input Rise and Fall Time 5ns
TIMING VAVEFORMS
'eye.
A0~A1l6 x Valid x
t
ACC “! CE
CE/CE CE ! i X
tcE l (tou ! CED
Dout m_ valid b ?.___-
OPERATING MODE
MODE CE(CE) A0 v 16 Outputs Power
Read L(H) Valid Data Out Operating
Standby H(L) High-Z Standby
H: Vg, L: Vpp, *: Vg or Vip
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TG531000CP-12, TC531000CP
TC531000CF-12, TC531000CF

OUTLINE DRAWINGS

Plastic DIP (DIPZB—P—QOO)

Unit in mm

28 15
B e 5 e O e B o Y e e O s o o B O e O o B ¥

™
) ST
< v
Duuuuuuuuuuuulﬁl
1
37.0+0.2 ‘
| .
T2
gl 4

’ 1.430.1

|
{
|
i
|

1.99TYP. |

L),‘io.l
& S| 025®

Note: Package width and length do not include mold protrusion, allowable

mold protrusion is 0.15mm.
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TC531000CP-12, TC531000GP
TC531000CF-12, TC531000CF

Plastic FP (SOP28-P-450)
unit in mm

18.51:0.2

00000000nnnono o

1 1.43}
(450mil)

N2
88102
11.8+0.3

PP E ) — |
L.OTYP. 1 ' 043%£0.1

18.5+0.2

Note: Package width and length do not include mold protrusion, allowable mold

protrusion is 0.15mm.
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TG531000GP-12, TG531000GP
TG531000CF-12, TC531000CF
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TOSHIBA MOS MEMORY PRODUCTS

TC531001CP-12, TG531001CP
DESCRIPTION T053IA001 GF-I 2; TC53|00| GF

The TC531001CP/CF is a 1,048,576 bits read only memory organized as 131,072 words by 8
bits with a low bit cost, thus being suitable for use in program memory of micro-
processor, and data memory, especially character generator. The TC531001CP/CF using

CMOS technology is most suitable for low power applications where battery operations
are required.

The TC531001CP/CF has one chip enable input CE for device selection.

FEATURES
TC531001CP/CF \l;igr;ion ézorsli R + Single 5V Power Supply
reto - All Inputs and Outputs: TIL Compatible
Access Time (max.)| 120ns 150ns

* Three State Outputs

Power Dissipation

Operating Current (max.) 40mA 35mA + Fully Static Operation
A X - Package Plastic DIP: TC531001CP
Power Dissipation 20uA 2004
Standby Current (max.) Plastic FP : TC531001CF
PIM CONNECTION
xegi  ~ ahvy BLOCK DIAGRAM
A1602 31 ON.C
AlsQd3 30 ANC. Vpp GND
AL;E: .223211; T T DO DI D2 D3 D4 D5 D6 D7
swge 3 pe = [TIIITTT
4307 S 260409 CE
A10s8 > 25pall oF OUTPUT BUFFERS
A3 . 24 @JOE
a20i0 2 230410 A0 o—f 1 l
algi ~ 2PcE Al o— COLUMN DECODERS
A0Q12 21 Ap7 A2 O—
poO 13 20 D6 A3 o
p1Q 14 19QD5 A4 oo o -
p2Q 13 1§3D4 as o— = | |
GND[ 16 171D3 A6 o =
AT 00— S »
PIN MAMES A8 o— = g 51072%8bi
AO ~ Al6 | Address Inputs A9 00— 3 3 131.072x38bit
Al10 o— = &)
DO: D7 Data Outputs a1l o = 2 VEMORY CELLS
OE Output Enable Input a1z o—f =
CE Chip Enable Input A13 00— 2
VDD Power Supply Al4 O
Al5 O—j
GND Ground Al O— 1 [
N.C. No Connection —
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TC531001GP-12, TC531001CP
TG531001CF-12, TC531001CF

MAXTHUM RATINGS

SYMBOL ITEM RATING UNIT
VDD Power Supply Voltage -0.5 " 7.0 v
VIN Input Voltage -0.5 v Vpp \Y
Vout Output Voltage 0 ~ Vpp v
Pp Power Dissipation 1.0/0.6 * W
TstG Storage Temperature =55 v 150 °C
ToPR Operating Temperature =40 v 70 °C
TsoLDER| Soldering Temperature Time 260 « 10 °Cesec
Note: * Plastic FP
DC OPERATING CONDITIONS (Ta=-4C~ 70°C)
SYBOL PARAMETER MIN. TYP. MAX. UNIT
Vpp Power Supply Voltage 4.5 5.0 5.5
Vig Input High Voltage 2.2 - Vpp+0.3 v
VIL Input Low Voltage -0.3 - 0.8
DC and CPERATING CHARACTERISTICS  (Ta=-40~70°C, Vpp=5V10%)
SYMBOL PARAMETER CONDITION MIN. MAX. UNIT
Ip Input Leakage Current Vin=0~ Vpp - +1.0 LA
Iro Output Leakage Current |CE=Vyy, Voyr=OV~ Vpp - 5.0 uA
Iop Output High Current Vop=2.4V -1.0 - mA
IoL Output Low Current Vor,=0.4V 3.2 - mA
Ippsy |Standby Current CE=2.2V - 2 mA
Ipps2 |Standby Current CE=Vpp-0.2V - 200 HA
TppoL Vin-Vn/ViL teycle=120ns) - 50
Operating Current four-Omh feyelemlo0ns| - “ mA
IDD02 ViN=Vpp-0. 2V/0.2V tcycle=120ns - 40
IoyT=0mA tc},Cle:lSOnS - 35
CAPACITANCE
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
CIin Input Capacitance f=1MHz, Ta=25°C - 10 .
Cout Output Capacitance f=1MHz, Ta=25°C - 10 PF

Note: This parameter is periodically sampled and is not 1007 tested.
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AC CHARACTERISTICS

TC531001CP-12, TC531001CP
TC531001CF-12, TC531001CF

(Ta=-40~70°C, Vpp=5V£10%)

120ns Version 150ns Version
SYMBOL PARAMETER UNIT
MIN. MAX. MIN. MAX.
teycle | Cycle Time 120 - 150 -
tacce Access Time - 120 - 150
tcE Chip Enable Access Time - 120 - 150
toE Output Enable Access Time - 70 - 70 ns
tcED Output Disable Time from CE - 50 - 50
toED Output Disable Time from OE - 50 - 50
toH Output Hold Time 5 - 5 -
AC TEST CONDITIONS
* Output Load 100pF + 1TTL
* Input Levels : 0.6V, 2.4V
* Timing Measurement Reference Levels Input: 0.8V, 2.2V
OQutput: 0.8V, 2.0V
« Input Rise and Fall Time 5ns
TIMING WAVEFORMS
tcye
A0 ~Al6 | Valid )
tacc
TE | CE
'CE tCED
C \
tOE toH '0ED
Dout W: Valid - >__
OPERATION 1ODE
MODE CE 0E AO v 16 Outputs Power
Read L L Valid Data Out Operating
Standby H * * High-Z Standby
Output Deselect L H * High-Z Operating

H: VIH’ L: VIL’

*: Vg or Vypj,
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TC531001CP-12, TC531001CP
TG531001CF-12, TC531001CF

OUTLINE DRAWINGS
Plastic DIP (DIP32-P-600)

Unit in mm

32 17
o 1 o s 1 s o e e e O o 6 o s o e Y

0~15°

=
140102

| N [ 6 I N 6 [ O N O N O O N I 6 [ O | 2
1 1

42+0.2

1.96TYP.

Note: Package width and length do not include mold protrusion, allowable mold

protrusion is 0.15mm.
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TC531001CP-12, TG531001GP
TG531001CF-12, TC531001CF

Plastic FP (SOP32-P-525)

Unit in mm

7

HOfONORRRRAARARRRE T

1 0.8MAX.
141403
(525mil)

0.775TYP
‘—i [ T T -~
1.27
2.0 8 MAX.
] .
= <
+ ]
bl =
N o
N
ud
—_—
o] =
+1
it
—
[N
PRt ‘
W i
3
0.8+£0.2

Note: Package width and length do not include mold protrusion, allowable mold

protrusion is 0.15mm.
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TC531001CP-12, TC531001CP
TC531001CF-12, TG531001CF
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TOSHIBA MOS MEMORY PRODUCTS

TG531024P-12, TC531024P-15

DESCRIPTION

The TC531024P is a 1,048,576 bits read only memory organized as 65,536 words by 16
bits with a low bit cost, thus being suitable for use in program memory of micro-
processor, and data memory, especially character generator. The TC531024P using CMOS
technology is most suitable for low power applications where battery operations are
required.

The TC531024P is moulded in a 40 pin standard plastic package, 0.6 inch in width,

FEATURES

TC531024P -12 -15 ¢ All Inputs and Outputs: TTL Compatible

Access Time (max)| 120ns{150ns « Three State Outputs
Power Dissipation
Operation Current (max)

4OmA| 35mA + Fully Static Operation
+ Pin Compatible with 1M EPROM TC571024D

Power Dissipation 20uAl 20uA
Standby Current (max) M e - Package

Plastic DIP: TC531024P

+ Single 5V Power Supply

PIN CONNECTION (TOP VIEW) BLOCK DIAGRAM
A

Nedr 4O§VDD
CEd 2 39fI N.C. Vpp GND
D15 03 38 N.C. DD
D14 54 370 Als T T DI D8 D5 D7 D9 DI D13 DIS
g}lg [2 32333 DO D2 D4 D6 D8 DIO DI2 D14
i 47 240 Az G AARARARARERRNNN
D10 08 330 A1l
pe E?o 21232190 5 OUTPUT BUFFERS l
GND E 11 30:JIGND l [
D7 Q12 291 A8 o—1|
D6 013 281 a7 A0
ps 014 270 a6 Al O— COLUMN DECODERS
D4 E 15 26 ;AS A2 O—
D3 Q16 250 A4 o—1
p2 017 240 43 A3 @
Dl 018 23p A2 A4 0— 3
Do Q19 220 A1 A5 O— = | | -
OE 020 210 A0 A6 0—] =
AT o— & o
PIN NAMES A8 0— & 2 65536 X 16bit
A0 ~ Al5 |Address Inputs ;\3 o— £ ¢
A Oo— -
DO ~ D15 Data Outputs c 2
= Al1 0— 2 MEMORY CELLS
OE Output Enable Input Al2 0—] g
CE Chip Enable Input Al3 O— =
VDD Power Supply Ald O - -
Al5 0—
GND Ground
N.C. No Connection

—L-15—



TC531024P-12, T6531024P-15

MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT
VpD Power Supply Voltage -0.507.0 v
VIN Input Voltage -0.5" Vpp v
Vout Output Voltage 0~ Vpp A
Pp Power Dissipation 1.0 w
TsTG Storage Temperature -55~ 150 °C
ToPR Operating Temperature 0~ 70 °C
TSOLDER | Soldering Temperature * Time 260 - 10 °C « sec
DC OPERATING CONDITIONS (Ta=0" 70°C)
SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Vpp Power Supply Voltage 4.5 5.0 5.5
Vin Input High Voltage 2.2 - Vpp+0.3 v
Vi Input Low Voltage -0.3 - 0.8
DC and OPERATING CHARACTERISTICS (Ta=0" 70°C, Vpp=5V+10%)
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
I1L Input Leakage Current Vin=0~ Vpp - +1.0
I1o Output Leakage Current CE=V1g, VYour=OV™ Vpp - £5.0 uA
Lon Output High Current Vog=2.4V -1.0 -
IoL Output Low Current Vor=0.4V 3.2 - mA
Ipps1 Standby Current CE=2.2v - 2
Ipps?2 Standby Current CE=Vpp-0.2V - 20 uA
Inpol Vin=Viu/ViL teycle=120ns| - 50
(o Current Ioyr=OmA tcycle=150n5 45 oA
. Cperating VIN=Vpp-0.2V.0.2V|tcycle=120ns 40
DDO2 IoyT=0mA tcycle--lSOns 35
CAPACITANCE
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
CIN Input Capacitance f=1MHz, Ta=25°C - 10 pF
Cout Output Capacitance f=1MHz, Ta=25°C - 10 pF
Note: This parameter is periodically sampled and is not 1007 tested.
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TC531024P-12, TC531024P-15

AC CHARACTERISTICS (Ta=0~ 70°C, Vpp=5V+10%)

SYMBOL PARAMETER 120ns Version 150ns Version UNTT
MIN. MAX. MIN. MAX.

tcycle Cycle Time 120 - 150 -

tacc Access Time - 120 - 150

tcE Chip Enable Access Time - 120 - 150

toE Output Enable Access Time - 70 - 70 ns

tCED Output Disable Time from CE - 50 - 50

toED Output Disable Time from OE - 50 - 50

toH Output Hold Time 5 - 5 -

AC TEST CONDITIONS

Output Load ¢ 100pF + 1TTL

Input Levels : 0.6V, 2.4V

Timing Measurement Reference Levels Input: 0.8V, 2.2V
Output: 0.8V, 2.0V
Input Rise and Fall Time : 5Sns

TIMING WAVEFORMS

tcye
A0~AILS Valid N
tacc
= T\ /I
tCE tCEDI
oF S\ /
toE toH tOED

Dour valid }—————

OPERATION MODE

MODE CE OE A0~V 15 Outputs Power

Read L L Valid Data Out Operating

Standby H * * High-Z Standby
Output Deselect L H * High-~Z Operating

H: Vg, L: Vi, *: Vg or Vip
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TC531024P-12, TC531024P-15

OUTLINE DRAWINGS  DIP40-P-600

Unit in mm

40 21
imininisinininisisininisinisisinininisin

B

134102
15.24

T UUUUUUUUUUUUUUDUUU%

. «
z =1
507402 gl H
-

3

1
1.22TYP. 251 1.4%0.1 “ 05401 2
- - T

H [e]02s ® b
o

Note: Package width and length do not include mold protrusion, allowable

mold protrusion is 0.15mm.

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

circuitry.
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TOSHIBA MOS MEMORY PRODUCTS

TG534000P

DESCRIPTION

The TC534000P is a 4,194,304 bits read only memory organized as 524,288 words by
8 bits with a low bit cost, thus being suitable for use in program memory of micro-
processor, and data memory, especially character generator. The TC534000P using CMOS
technology is most suitable for low power applications where battery operations are
required.
The TC534000P has one programmable chip enable input CE/CE for device selection.
The TC534000P is moulded in a 32 pin standard plastic package, 0.6 inch in width.

FEATURES

» Single 5V Power Supply e All Inputs and GCutputs: TTL Compatible

¢ Access Time: 250ns (Max.) + Three State Outputs

« Power Dissipation * 32 pin 600 mil width Plastic DIP
Operating Current: 30mA (Max.) + Fully Static Operation

Standby Current : 20uA (Max.) . Programmable Chip Enable

PIN CONNECTION

vegl ~  zhvpp
A16 2 apals BLOCK DIAGRAM
Al5 (3 303217
Alz Qs 2efals Vpp GND
A7 5 23[3 413
A6 06 27348 ? ? DO D1 D2 D3 D4 D5 D6 D7
ned: “En o= ARARARN!
A4 Og 25[JA11 CE
Asgg %gﬁ 55 OUTPUT BUFFERS
A2 Q1o 22(JAl10
a1011 220 CcE/CE 20 [ '
Ao1z 13 D7 a1 c
Do 13 203 D6 a2 7 COLUMN DECODERS
D101e 1edDps s °
D2 [O1s 180 De °
aND[J16 170 b3 A**“w
a5 o— 2 L -
A6 O— E
7 O &=
PIN NAMES ol 5 .
A0 n AlS8 Address Inputs a9 o— . E 524288 X 8 bit
1
DO ~ D7 Al00— @ a ,
_ Data Outputs a1 E °
OE Output Enable Input alzo— 8 2
CE . 2130— < MEMORY CELLS
CE/CE Chip Enable Input iz =
VDD Power Supply A15 00— =
GND Ground A160—
A17 O— ] |
N.C. No Connection Al180—
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TG534000P

MAXIMUM RATINGS

SYMBOL ITEM RATING UNIT

VDD Power Supply Voltage -0.5~+7.0 v

VIN Input Voltage -0.5%Vpp v

Vour Output Voltage 0~ Vpp v

Pp Power Dissipation 1.0 1%

TsTG Storage Temperature -55 150 °C

Topr Operating Temperature -40 v 85 °C

TSOLDER | Soldering Temperature * Time 260 « 10 °C-sec
D.C. OPERATING CONDITIONS (Ta=-40"85°C)

SYMBOL PARAMETER MIN. TYP. MAX. UNIT

VoD Power Supply Voltage 4.5 5.0 5.5

Vg Input High Voltage 2.2 - Vppt0.3 v

VIiL Input Low Voltage -0.3 - 0.8
D.C. and GPERATING CHARACTERISTICS (Ta=-40~85°C, Vpp=5V=10%)

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
It Input Leakage Current VIin=0 ~ Vpp - +1.0 nA
10 Output Leakage Current CE=V1H, VoyuT=O0V ~ Vpp - 5, uA
Ton Output High Current Vou=2.4V -1.0 - mA
IoL Output Low Current VoL=0.4V 2.0 - mA
Ippsi Standby Current CE=V1y - 2 mA
Ipps2 Standby Current CE=Vpp and Vy=0V(Vpp) - 20 uA
Ippol ViN=Vin/Vip, t =250ns - 40

Toboz Operating Current vi§=v§;/o$f tc;Zilei?-SOns - 3 mA
CAPACITANCE

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT

CIN Input Capacitance f=1MHz, Ta=25°C - 8

Cout Output Capacitance f=1MHz, Ta=25°C - 10 PF
Note:
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This parameter is periodically sampled and is not 100% tested.




A.C. CHARACTERISTICS

(Ta=-40 ~ 85°C, Vpp=

5V+10%)

SYMBOL PARAMETER MIN. MAX. UNIT
tcye Cycle Time 250 -

tacc Access Time - 250

tCE Chip Enable Access Time - 250

toE Output Enable Access Time - 100 ns
tCED Output Disable Time - 80

tOED Output Disable Time from OE - 80

toH Output Hold Time 10 -

TG534000P

AC TEST CONDITIONS

Output Load

Input Levels

Timing Measurement Reference Levels

Input Rise and Fall Time

TIMING WAVEFORMS

: 100pF + 1TTL

: 0.6V, 2.4V
Input : 0.8V, 2.2V
Output: 0.8V, 2.0V

5ns

tcye
A0~A18 Valid x
\
e | ox
TE/cE JK T ><
tce 1 TCED
= \ .
ToE o tosn‘

OPERATION MODE

MODE CE(CE) OE A0 v 18 Outputs Power
Read L(H) L Valid Data Out Operating
Standby H(L) * * High-2Z Standby
Output Deselect L(H) H * High-Z Operating
H: Vry, L: Vi, *: Vg or Vyp
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TG534000P

OUTLINE DRAWINGS

Unit: mm

32 17
B s I e B e B e B e B e BB s D e B oo S e B e 008 e 8 ceo B e B e 38 v r

5.0MAX.

1524 TYP. l

}

ot
=
P 0°~15° 02593,

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

position with respect to No.l and No.32 leads.

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

reserves the right, at any time without notice, to change said

circuitry.
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ELECTRONIC COMPONENTS BUSINESS SECTOR (ECBS) SALES OmCES ‘

NORTHWEST REGION
Toshiba America, Inc.
1220 Midas Way
Sunnyvale, CA 94086
TEL: (408) 737-9844
FAX: (408) 737-9905
SOUTHWEST REGION
Toshiba America, Inc.
15621 Redhill Ave.
Suite 205

Tustin, CA 92680

TEL: (714) 259-0368
FAX: (714) 259-9438

CENTRAL REGION
Toshiba America, Inc.
1 Parkway North
Suite 500

Deerfield, IL 60015-2547

TEL: (312) 945-1500
TWX: 29-7131
FAX: (312) 945-1044

SOUTHCENTRAL REGION

Toshiba America, Inc.
777 E. Campbell Road
Suite 650

Richardson, TX 75081
TEL: (214) 480-0470
FAX: (214) 235-4114

EASTERN REGION
Toshiba America, Inc.
25 Mall Road

Sth Floor

Burlington, MA 01803
TEL: (617) 272-4352
TWX: 710 321-6730
FAX: (617) 272-3089
SOUTHEAST REGION
Toshiba America, Inc.
Waterford Centre
5555 Triangle Parkway
Suite 300
Norcross, GA 30092
TEL: (404) 368-0203
FAX: (404) 368-0075
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