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32K (4K x 8) UV ERASABLE PROMS

200 ns (2732A-2) Maximum Access

Time ... HMOS*-E Technology

... Zero WAIT State

Two Line Control

Compatible with High-Speed
Microcontrollers and Microprocessors

m 10% Vge Tolerance Available

m Low Current Requirement
—100 mA Active
— 35 mA Standby

inteligent Identifier™ Mode

— Automatic Programming Operation

Industry Standard Pinout ... JEDEC

Approved 24 Pin Ceramic Package
(See Packaging Spec. Order # 231369)

The Intel 2732A is a 5V-only, 32,768-bit ultraviolet erasable (cerdip) Electrically Programmable Read-Only
Memory (EPROM). The standard 2732A access time is 250 ns with speed selection (2732A-2) available at
200 ns. The access time is compatible with high performance microprocessors such as the 8 MHz iIAPX 186. In
these systems, the 2732A allows the microprocessor to operate without the addition of WAIT states.

An important 2732A feature is Output Enable (OE) which is separate from the Chip Enable’ (CE) control. The
OE control eliminates bus contention in microprocessor systems. The CE is used by the 2732A to place it in a
standby mode (CE = Vj4) which reduces power consumption without increasing access time. The standby
mode reduces the current requirement by 65%; the maximum active current is reduced from
standby current of 35 mA.
*HMOS is a patented process of intel Corporation.
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Figure 2. Cerdip Pin Configuration
September 1989
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EXTENDED TEMPERATURE
(EXPRESS) EPROMSs

The Intel EXPRESS EPROM family is a series of
electrically programmable read only memories which
have received additional processing to enhance
product characteristics. EXPRESS processing is
available for several densities of EPROM, allowing
the choice of appropriate memory size to match sys-
tem applications. EXPRESS EPROM products are
available with 168 8 hour, 125°C dynamic burn-in
using Intel's standard bias configuration. This pro-
cess exceeds or meets most industry specifications
of burn-in. The standard EXPRESS EPROM operat-
ing temperature range is 0°C to 70°C. Extended op-
erating temperature range (—40°C to +85°C) EX-
PRESS products are available. Like all Intel
EPROMs, the EXPRESS EPROM family is inspected
to 0.1% electrical AQL. This may allow the user to
reduce or eliminate incoming inspection testing.

READ OPERATION

D.C. CHARACTERISTICS

Electrical Parameters of EXPRESS EPROM prod-
ucts are identical to standard EPROM parameters
except for:

EXPRESS EPROM PRODUCT FAMILY

PRODUCT DEFINITONS

Type |Operating Temperature|Burn-in 125°C (hr)
Q 0°Cto +70°C 168 +8
T —40°Cto +85°C None
L —40°Cto +85°C 168 +8
EXPRESS OPTIONS
2732A Versions
Packaging Options
Speed Versions Cerdip
-2 Q
—25 Q,T,L

TD2732A
Sym- | parameter | LD2732A Test
bol Conditions
Min | Max
s Ve Standby 45 CE = Vi,
Current (mA) OE = vy
Ve Active e
1 = =
'CC1( ) Current (mA) 150 |OE = CE = vq_
Ve Active OE = CE = v,
Current at High 125 | Vpp = Vee,

Temperature (mA)

Tambient = 85°C

NOTE:
1. Maximum current value is with outputs Op to O7 unloaded.

ay ~ 243 Vee
LYY = ) 230 4g
a3 2200 A
Ly = ) 2134
asOs 27324 203 0E / vpp
A, s 190040
Ll = b B Ve
VCCT :ol: 8 17 3—~;- [0
0o -AnRh-E 9 16 :]-?-- Og
0y w1 10 15 ¢ Og
05 Lttt 11 14 :I—M:lb- (A
Yss 12 13- 03

o 280081-3
OE/Vpp = +5V,R = 1KQ, Vg = +5V

Vgs = GND, CE = GND

Ay

200081-4
Binary Sequence from Ag 10 Aqq

Burn-In Bias and Timing Diagrams
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ABSOLUTE MAXIMUM RATINGS*

Operating Temp. DuringRead ....... 0°Cto +70°C
Temperature UnderBias . ........ —10°Cto +80°C
Storage Temperature .......... —65°Cto +125°C
All Input or Output Voltages with

RespecttoGround.............. —-0.3Vto +6V
Voltage on AS with Respect

toGround................... ~-0.3Vto +13.5v
Vpp Supply Voltage with Respect to Ground

During Programming ........... —-0.3Vto +22v
Vo Supply Voltage with

Respectto Ground ............ ~-0.3Vto +7.0v

READ OPERATION

D.C. CHARACTERISTICS 0°C < T < +70°C

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the ‘'Absolute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions" is not recommended and ex-
tended exposure beyond the “Operating Conditions™
may affect device refiability.

Symbol Parameter Limits Units Conditions
Min Typ(3) Max
I Input Load Current 10 RA VIN = 5.5V
o Output Leakage Current 10 pA Vout = 5.5V
Igg@ Vge Current (Standby) 35 mA CE = Vi, OE = v,
icc1®@ Vg Current (Active) 100 mA OE = CE = V_
ViL Input Low Voltage -0.1 0.8 A
ViH Input High Voltage 20 Voo + 1 v
VoL Output Low Voltage 0.45 A lor = 2.1 mA
VoH Output High Voltage 24 \ loy = —400 uA
A.C. CHARACTERISTICS 0°C < Ta < 70°C
Versions Voo £5% 2732A-2 2732A Test
Ve £10% 2732A-20 2732A-25 Units Conditions
Symbol Parameter Min | Max | Min | Max
tacc Address to Output Delay 200 250 ns CE=0E=v,
tce CE to Output Delay 200 250 ns OE = v|_
toe OE/Vpp to Qutput Delay 70 100 ns CE = V.
tor(® OE/Vpp High to Output Float 60 0 60 ns CE = Vi,
ton@ Qutput Hold from Addresses, ns CE=OE = v,_
CE or OE/Vpp, Whichever
Occurred First
NOTES:

1. Vg must be applied simultaneously or before OE/Vpp and removed simultaneously or after OE/Vep.

2. The maximum current value is with outputs Og to O7 unloaded.

3. Typical values are for T = 25°C and nominal supply voltages.

4. This parameter is only sampled and is not 100% tested. Output Float is defined as the point where data is no longer

driven—see timing diagram.
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CAPACITANCE (2) 1, = 25°C,f = 1 MHz

Symbol Parameter Typ Max Unit Conditions
Cing Input Capacitance 4 6 pF ViN = OV
Except OE/Vpp
Cin2 OE/Vpp Input 20 pF ViN = OV
Capacitance )
Cout Output Capacitance 8 12 pF Vout = OV
A.C. TESTING INPUT/OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
1.3V
2.4 — ;,; — 1N914
INPUTX 08 > TES:, POINTS <XO.8 QUTPUT 2.3K0
Q.45 3y DEVICE
200081-5 e our
C, = 100 pF

A.C. testing inputs are driven at 2.4V for a logic 1" and 0.45V for

a logic “0". Timing measurements are made at 2.0V for a logic

“1" and 0.8V for a logic “0". 290081-6
Cy = 100 pF

C_ Includes Jig Capacitance

I

A.C. WAVEFORMS

VIH sesssasnen
ADDRESSES X[ ADDRESS 5§<
VALID
X
i crvereere
Vin
Vie cresecene et
teg$)—
A
OE/Vpp
Viu e erenensommd] 2
(05(3)—. OF
tace™ ton® ]
HohZ v ; ; ; ; R\ HIGH Z
OUTPUT VALID oUTPUT [
ANNNN Vs 7/
290081-7
NOTES:

1. Typical values are for T = 25°C and nominal supply voltages.

2. This parameter is only sampled and is not 100% tested. Output float is defined as the point where data is no fonger
driven—see timing diagram.

3. OE/Vpp may be delayed up to tacc—toe after the falling edge of CE without impacting tce.
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DEVICE OPERATION

The modes of operation of the 2732A are listed in
Table 1. A single 5V power supply is required in the
read mode. All inputs are TTL levels except for
OE/Vpp during programming and 12V on Ag for the
intgligent Identifier™ mode. In the program mode
the OE/Vpp input is pulsed from a TTL level to 21V.

Table 1. Mode Selection

Pins | — [
inS| S |OE/Vpp| Ag| Ao |Vec| Outputs

Mode
Read/Program Verify | V)| Vi X | X |Vec| Dourt
Output Disable viLl Ve X | X {Vcc| High2
Standby ViH X X | X |Vcc| HighZ
Program ViLl Vee | X| X |Vee| Din
Program Inhibit Vil vep | X| X [Vec| HighZ
Intgligent ldentifier(3)

—Manufacturer Viel VL |VH{ViL|Vcc| 8%H

—Device ViLl ViL |VH|Vis|Vee|] O1H
NOTES:

1. X can be Vi or V).
2.Vy = 12V £05V.
3. Ay-Ag Ao, A1y = Vi

Read Mode

The 2732A has two control functions, both of which
must be logically active in order to obtain data at the
outputs. Chip Enable (CE) is the power control and
should be used for device selection. Output Enable
(OE/Vpp) is the output control and should be used
to gate data from the output pins, independent of
device selection. Assuming that addresses are sta-
ble, address access time (tacc) is equal to the delay
from CE to output (tcg). Data is available at the out-
puts after the falling edge of OE/Vpp, assuming that
CE has been low and addresses have been stable
for at least tacc-toE-

Standby Mode

EPROMSs can be placed in a standby mode which
reduces the maximum active current of the device

by applying a TTL-high signal to the CE input. When
in standby mode, the outputs are in a high imped-
ance state, independent of the OE/Vpp input.

Two Line Output Control

Because EPROMs are usually used in larger memo-
ry arrays, Intel has provided two controi lines which
accommodate this multiple memory connection. The
two control lines allow for:

a) The lowest possible memory power dissipation,
and

b) complete assurance that output bus contention
will not occur.

To use these two control lines most efficiently, CE
should be decoded and used as the primary device
selecting function, while OE/Vpp should be made a
common connection to all devices in the array and
connected to the READ fine from the system controf
bus. This assures that all deselected memory devic-
gs are in their low power standby mode and that the
output pins are active only when data is desired from
a particular memory device.

SYSTEM CONSIDERATION

The power switching characteristics of EPROMs re-
quire careful decoupling of the devices. The supply
current, Ice, has three segments that are of interest
to the system designer—the standby current level,
the active current level, and the transient current
peaks that are produced by the falling and rising
edges of Chip Enable. The magnitude of these tran-
sient current peaks is dependent on the output ca-
pacitive and inductive loading of the device. The as-
sociated transient voltage peaks can be suppressed
by complying with Intel's two-line control and by use
of properly selected decoupling capacitors. It is rec-
ommended that a 0.1 uF ceramic capacitor be used
on every device between Vg and GND. This should
be a high frequency capacitor of low inherent induc-
tance and should be placed as close to the device
as possible. In addition, a 4.7 pF bulk electrolytic
capacitor should be used between Vo and GND for
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every eight devices. The bulk capacitor should be
located near where the power supply is connected
to the array. The purpose of the bulk capacitor is to
overcome the voltage droop caused by the inductive
effects of PC board traces.

START

(' ADDRESS =FIRST LOCATION )

( PROGRAM ONE 50 ms PULSE )

INCREMENT
ADDRESS

LAST
ADDRESS?

YES
Voo =Vpp=5.0V

COMPARE FAIL
ALL BYTES TO DEVICE
ORIGINAL FAILED
DATA
DEVICE
PASSED
290081-8

Figure 3. Standard Programming Flowchart

PROGRAMMING MODES

CAUTION: Exceeding 22V on OE/Vpp will perma-
nently damage the device.

Initially, and after each erasure (cerdip EPROMs), all
bits of the EPROM are in the “1” state. Data is intro-
duced by selectively programming “0s” into the bit
locations. Although only "'0s” will be programmed,
both “1s" and “0s" can be present in the data word.
The only way to change a “0” to a “1” in cerdip
EPROMs is by ultraviolet light erasure.

The device is in the programming mode when the
OE/Vpp input is at 21V. It is required that a 0.1 pF
capacitor be placed across OE/Vpp and ground to
suppress spurious voltage transients which may
damage the device. The data to be programmed is
applied 8 bits in parallel to the data output pins. The
levels required for the address and data inputs are
TTL.

When the address and data are stable, a 20 ms
(50 ms typical) active low, TTL program pulse is ap-

plied to the CE input. A program pulse must be ap-
plied at each address focation to be programmed
(see Figure 3). Any location can be programmed at
any time—either individually, sequentially, or at ran-
dom. The program pulse has a maximum width of 55
ms. The EPROM must not be programmed with a
DC signal applied to the CE input.

Programming of multiple 2732As in parallel with the
same data can be easily accomplished due to the
simplicity of the programming requirements. Like in-
puts of the paralleled 2732As may be connected to-
gether when they are programmed with the same
data. A low level TTL pulse applied to the CE input
programs the paralleled 2732As.

Program Inhibit

Programming of multiple EPROMs in parallel with
different data is easily accomplished by using the
Program Inhibit mode. A high level CE input inhibits
the other EPROMs from being %ggrammed. Except
for CE, all like inputs {including OE/Vpp) of the par-
allel EPROMs may be common. A TTL low level
pulse applied to the CE input with OE/Vpp at 21V
will program that selected device.

Program Verify

A verify (Read) should be performed on the pro-
grammed bits to determine that they have been cor-
rectly programmed. The verify is performed with
OE/Vpp and CE at Vy . Data should be verified tpy
after the falling edge of CE.

inteligent Identifier™ Mode

The intgligent Identifier Mode allows the reading out
of a binary code from an EPROM that will identify its
manufacturer and type. This mode is intended for
use by programming equipment for the purpose of
automatically matching the device to be pro-
grammed with its corresponding programming algo-
rithm. This mode is functional in the 25°C +5°C am-
bient temperature range that is required when pro-
gramming the device.

To activate this mode, the programming equipment
must force 11.5V to 12.5V on address line A9 of the
EPROM. Two identifier bytes may then be se-
quenced from the device outputs by toggling ad-
dress line AO from V|_ to V. All other address lines
must be held at Vy during the intgligent ldentifier
Mode.

Byte 0 (AO = V,_) represents the manufacturer code
and byte 1 (A0 = V|y) the device identifier code.
These two identifier bytes are given in Table 1.
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ERASURE CHARACTERISTICS

The erasure characteristics are such that erasure
begins to occur upon exposure to light with wave-
lengths shorter than aproximately 4000 Angstroms
(A). 1t should be noted that sunlight and certain
types of fluorescent lamps have wavelengths in the
3000-4000A range. Data shows that constant expo-
sure to room level fluorescent lighting could erase
the EPROM in approximately 3 years, while it would
take approximately 1 week to cause erasure when
exposed to direct sunlight. If the device is to be ex-
posed to these types of lighting conditions for ex-
tended periods of time, opaque labels should be
placed over the window to prevent unintentional era-
sure.

PROGRAMMING

D.C. PROGRAMMING CHARACTERISTI

Cs

Ta = 25°C +5°C, Vog = 5V 5%, Vpp = 21V £0.5V

The recommended erasure procedure is exposure
to shortwave ultraviolet light which has a wavelength
of 2537 Angstroms (A). The integrated dose (i.e., UV
intensity % exposure time) for erasure should be a
minimum of 15 Wsec/cm2. The erasure time with
this dosage is approximately 15 to 20 minutes using
an uitraviolet lamp with a 12000 uW/cm2 power rat-
ing. The EPROM should be placed within 1 inch of
the lamp tubes during erasure. The maximum inte-
grated dose an EPROM can be exposed to without
damage is 7258 Wsec/cm2 (1 week @ 12000
pW/cm2). Exposure of the device to high intensity
UV light for longer periods may cause permanent
damage.

[symbol Parameter Limits Units|  Test Conditions
Min |Typ(3) Max (Note 1)
I Input Current (All Inputs) 10 pA |ViN = ViLor Vi
ViL Input Low Leveli (All Inputs) —0.1 0.8 A
ViH Input High Level (All Inputs Except OE/Vpp)| 2.0 Veo + 1| v
VoL Output Low Voltage During Verify © 0.45 V lloL = 2.1mA
Vou Qutput High Voltage During Verify 2.4 V lloy = —400 pA
ICC2(4) Ve Supply Current (Program and Verify) 85 100 mA
Ipp,() |Vpp Supply Current (Program) 30 mA [CE = V), OE/Vpp = Vpp
ViD Ag intgligent ldentifier Voltage 115 12,5 A

5-15
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A.C. PROGRAMMING CHARACTERISTICS
Ta = 25°C £5°C, Vo = 5V £5%, Vpp = 21V £0.5V

Symbol Parameter Limits Units Test Conditions*
Min | Typ(3)| Max (Note 1)

tas Address Setup Time 2 us

toes | OE/Vpp Setup Time 2 is

tos Data Setup Time 2 s

taH Address Hold Time 0 s

toH Data Hold Time 2 ps

torp OE/Vpp High to Output Not Driven 0 130 ns {Note 2)

tpw CE Pulse Width During Programming 20| 50 55 [ ms

toen | OE/Vpp Hold Time 2 ps

tov Data Valid from CE 1 | ps |CE = v, OE/Vpp = VL

tvR Vpp Recovery Time 2 us

tpRT OE/Vpp Pulse Rise Time During Programming | 50 ns

NOTES:

1. Voc must be applied simultaneously or before OE/Vpp and removed simultaneously or after OE/Vep.

2. This parameter is only sampled and is not 100% tested. Output Float is defined as the point where data is no longer
driven—see timing diagram.

3. Typical values are for To = 25°C and nominal supply voitages.

4. The maximum current value is with outputs Og to 07 unloaded.

*A.C. TEST CONDITIONS

Input Rise and Fall Time (10% t0 90%) .. ... <20 ns
InputPulselevels .................. 0.45V to 2.4V
Input Timing Reference Level ....... 0.8V and 2.0V
Output Timing Reference Level . ... .. 0.8V and 2.0V
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PROGRAMMING WAVEFORMS

PROGRAM VERIFY
ViH f framm
AODRESSES ADDRESS STABLE X
Vi —

jar— 105 ———af

High Z High 2
DATA _< DATA IN STABLE {L } DATA OUT VALIO a—

fe— tos —f o tou o] e Ly — —]  fe—tor?
Vi
taH —o] lo—,

OB/Vepl3)

Vie [ tog s — pw r—'ozn

teat [e—— I tvn
v,
——

E’Ev“ k_, J

290081-9

NOTES:

1. The input timing reference level is 0.8V for a V)_and 2V for a V4.

2. tpy and tprp are characteristics of the device but must be accommodated by the programmer.

3. When programming the 2732A, a 0.1uF capacitor is required across OE/Vpp and ground to suppress spurious voltage
transients which can damage the device.

REVISION HISTORY

Number Description

04 Revised Pin Configuration. Revised Express Options.
Deleted —3, —30, —4, and —45 speed bins.
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