lﬂter ‘ PRELIMINARY

2816A
16K (2K x 8) ELECTRICALLY ERASABLE PROM

= 5 Voit Only Operation
® Fast Read Access Time:

—2816A-2, 200ns Max
—2816A, 250ns Max
—2816A-3, 350ns Max
—2816A-4, 450ns Max

HMOS*-E Flotox Cell Design

Minimum Endurance of 10,000
Erase/Write Cycles per Byte

Unlimited Number of Read Cycles
Conforms to JEDEC Universal Site
Erase/Write Specifications

‘ WE Guaranteed 0-70°C
. gl\'gt:jf ase/Write with TTL Level = Write Protect Circuit to Preserve Data

on Power Up and Power Down
= 9ms Byte Erase/Write Time

= 9ms Chip Erase Time

The Intel 2816A is a 16,384-bit electrically erasable programmable read-only memory | (EZPROM). The 2816A can
be easily erased and reprogrammed on a byte basis with a TTL-low level signal on WE. The 2816A operates from

a single 5 Volt supply. External programming voltage and write puise shaping are not required because they are
generated by on-chip circuitry.

The Intel 2816A is compatible with the Intel 2816 E2PROM. Dual voitage detection logic aliows the 2816A
to use an existing, externally supplied high voltage programming pulse required with the 2816 to write to
the intel 2816A. No hardware changes are required when substituting a 2816A in an existing 2816 socket.
System upgrades to 5 volt only operation can be implemented, however, by removing the 21V and write
shaping circuitry. The 2816A, like the 2816, has fast read access speeds allowing zero wait state read
cycles with high performance microprocessors such as the iIAPX286.

The electrical erase/write capability of the 2816A makes it ideal for a wide variety of applications requiring
in-system, non-volatile erase and write. Any byte can be erased in 9ms without affecting the data in any other
byte. Alternatively, the entire memory can be erased in 9ms allowing the total time to rewrite all 2k bytes to be cut
by 50%. The 2816A is part of the iIntel E2PROM family that provides a significant increase in flexibility allowing

new applications (remote firmware update of program code, dynamlc parameter storage) never before
possible.

The 2816 E2PROM possesses Intel's 2-line control architecture to eliminate bus contention in a system
environment. A power down mode is also featured; in standby mode, power consumption is reduced by over
50% without increasing access time. The standby mode is achieved by applying a TTL-high signal to the CE
input.

*HMOS is a patented process of Intel Corporation
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DEVICE OPERATION

The 2816A has six modes of operation, listed in Table
1. All operational modes are designed to provide
maximum microprocessor compatibility and system
consistency. ‘

Table 1. Mode Selection

PIN | CE | OF WE | INPUTS/
MODE (18) | (20) (21) | OUTPUTS
Read Vie | Vi Viu Dout
Standby ViH Don't Don't High Z
' Care Care

Byte Erase viL Vin ViL DiN=Vin
Byte Write ViL .| Vin ViL DiN

+ 10V
Chip Erase ViL to ViL DiN=ViH

+15V
No Operation ViL Viy ViH High Z
E/W inhibit v | Vin | v High Z

All control inputs are TTL-compatible with the excep-
tion of chip erase.

READ MODE

Optimal system efficiency depends to a great extent
on a tightly coupled microprocessor/memory inter-
face. The E°PROM device should respond rapidly
with data to allow the highest possibie CPU perfor-
mance. The 2816A satisfies this high performance

requirement because of read access times typically
less than 250ns. Program execution directly out of
electrically erasable memory has never before been
possible; the 2816A opens this new, powerful appli-
cations segment.

The 2816A uses Intel's proven 2-line control architec-
ture for read operation. The 2-line control function
removes bus contention from the system environ-
ment and allows low power dissipation (by deselect-
ing unused devices).

Figure 3 shows the timing disadvantages of a
single-line control architecture. 2-line control,
shown in Figure 4, has been developed by Intel to
solve this bus contention and the associated system
reliability problems. Both CE and OE must be at logic
low levels to obtain information from the device. Chip
enable (CE) is the power control pin and should be
used for device selection. The output enable (OE) pin
serves to gate internal data to the output pins.
Assuming that the address inputs are stable, address
access time (tacc) is equal to the delay from CE to
output (tcg). Data is available at the outputs after a
time delay of tog, assuming that CE has been fow and
addresses have been stable for at least tacc-toe.

Figure 5 shows a typical system interconnection.
Here the 2816A contains program information that
the 8086 requires for system function. CE (pin 18) is
decoded from addresses as the primary device selec-
tion function. OE {pin 20) should be made a common
connection to all devices in system, and connected

tacc
ADDRESSES }( ADDRESS 1 )( ADDRESS 2
{DECODE ~{+——s|+—- tCE ~———v DECODE , - ITURNOFF
&6 j/
OUTPUTS 1
DESELECTING
OATA BUS OUETE * ) DATA 1 VALID ) )(
———tACC——]
Cez
DATA BUS XO%E‘}‘,’JE ¢ DATA 1 VALID ouTruTS 2) DATA 2 VALID
CONTENTION
|- outeuT )
OVERLAP

Figure 3. Single-Line Control and Bus Contention
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tacc

ADDRESSES

;( ADDRESS 1

K ADDRESS 2

DECODE {=—v|+——1CE——

CEt N

N

~—1RD—|

8283 4283
LATCH LATCH

8287 8287
| BUFFER BUFFER

OE(AD)
~15E~
DATA BUS )( DATA 1 VALID X
ACTIVE
TE2 N\
GE(AD) \
\_\/_—I
NO OVERLAP
Figure 4. Two-Line Controt Architecture
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Figure 5. iIAPX 86/2816A Read Architecture
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to the RD line from the system control bus. This
assures that all deselected memory devices are in
their low power standby mode and that the output
pins are only active when data is desired from a
particular memory device.

WRITE MODE

The 2816A is erased and reprogrammed electrically
as opposed to EPROMs which require ultraviolet
light for erasure. The device offers dynamic flexibility
because both byte (single location) and chip erase
are possible.

A close examination of the broad application spec-

trum for the E2 device reveals an inherent need for i

single location erase capability. Program store appli-
cations can be classified in several ways. Figure 6
lists various storage modes and the required erase
function. In greater than 80% of all cases, a byte
erase feature is necessary.

IDEAL
APPLICATION TYPE ERASE MODE

+ BTRICT PROGRAM STORE CHIP
© RELOCATABLE PROGRAM STRUCTURE BYTE
* PROGRAM STORE EXTENSION BYTE
* PROORAM EXECUTION C( BYTE
* PROGRAM DEPENDENTY DATA STORE BYTE
* DATA STORE APPLICATIONS BYTE

Figure 6. Microprocessor Storage Types

To write a particular location, that byte must be
erased prior to a data write. Erasing is accomplished
by placing the byte address at the address input pins,
applying logic 1 (TTL-high) to all eight data input
pins, and lowering CE, WE to V). The OE pin must be
held at V| during byte erase and write operations.
The WE pulse width must be a minimum of 9ms, and
a maximum of 15ms. Once the location has been
erased, the same operation is repeated for a data
write. The data input pins in this case reflect the byte
that is to be stored. The data to be programmed,
address and control signals must be presented to the
2816A throughout the required programming time.

Because the device is designed to be written in sys-
tem, all data sheet specifications (including write
and erase operations) hold over the full operating
temperature range (0-70°C).

CHIP ERASE MODE
Should one wish to erase the entire 2816A array at
once, the device offers a chip erase function. When

the chip erase function is performed, all 2K bytes are
returned to a logic 1 (FF) state.

The 2816A’s chip erase function is engaged when the
output enable (OE) pin is raised above 9 volts. When
OE is greater that 9 volts and CE and WE are in the
normal write mode, the entire array is erased. This
chip erase function takes approximately 10ms. The
data input pins must be held to a TTL-high level
during this time.

STANDBY MODE
The 2816A has a standby mode which reduces active
power dissipation by 50% from 100ma to 50ma. The

' 2816A is placed in standby mode by applying a TTL-

high signal to the CE input. When in the standby
mode, the outputs are in a_high impedance state,
independent of the OE and WE input.

The standby mode for the 2816A is a superset of the
standby mode for the 2816. The standby mode for the
2816A includes the E/W inhibit mode of the 2816.

NO OPERATION MODE

This mode is frequently entered while in a read or
write cycle. in the READ cycle, TE may go low before
OE goes low because tce (CE to Output Delay) is
longer than tog (OE to Output Delay). While CE is low
with OE and WE at TTL-high, no READ, ERASE, or
WRITE operation will occur. The read operation
would begin in the READ cycle when OE input also
falls to TTL-low.

The No Operation mode differs from Standby Mode
in that active power is drawn by the 2816A in this
mode.

WRITE TIME CHARACTERISTICS

The 2816 A write time specification is 9ms (min.) and
15ms (max.). If the write pulse width applied to the
WE input is 9ms, the programmed byte is guaranteed
to be correctly and reliably programmed to any loca-
tion in the 2816A.

The maximum pulse width to the WE input of 15ms
limits the duration of the pulse width. Exceeding this
specification may overstress the E2PROM cells and
affect long term device reliability. Any write pulse
width between 9ms and 15ms will also guarantee
byte programming and chip erase over the full tem-
perature range.

Programmed data will be retained by the Intel 2816A
for over 10 years.
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Although the number of read cycles is unlimited, a
characteristic of all EPROMs is that the total num-
ber of erase/write cycles is not unlimited. The 2816A
has been designed and manufactured to meet appli-
cations requiring upto 1 x 10 erase/write cycles per
byte. The erase/write cycling characteristic is com-
pletely byte independent. Adjacent bytes are not af-
fected during erase/write cycling.

On-Chip Write Protection on Vgc Power
Up and Power Down

An erase/write of a byte in the 2816A is accom-
plished with input signals CE, WE =V,_. During sys-
tem (Vcc) power up and power down, this condition
may be present as Vcc ramps up to or down from its
steady state value of 5 volts. To prevent the pos-
sibility of an inadvertent byte write during this power
transition period, an on-chip sensing circuit disabies
the internal programming circuit if Vec falls below 4
volts (Vi ko)-

VPP OPTION

Although the Intel® 2816A requires only 5 voits for
programming, it was designed to be totally upward
compatible with the Intel 2816. No hardware changes
are required when substituting a 2816A into a 2816
socket. Shaping of the Vpp programming puise is
also not required with the 2816 A. Table 2 lists the Vpp
Option Modes.

Table 2. VPP Option Modes

PIN CE OE VPP INPUTS/
MODE (18) | @0) | (1) |ouTPUT:
Byte Erase ViL | Vin | 20-22v | Din=Vin
Byte Write viL | vin | 20-22v DiN
+10V
Chip Erase ViL to 20-22V | DiN=ViH
+15V

APPLICATIONS

The 2816A E2PROM is a new and powerful addition
to the intel non-volatile family. Like other Intel
E2PROMS, it offers a high degree of flexibility
through in-circuit alterability while retaining the non-
volatile characteristics of ROM.

Because of these device parameters, the device is
ideal in many applications. Some of the potential
uses are listed below:

1. Calibration constants storage (continuous
calibration)

2. Software aiterable central stores (dynamic
reconfiguration)

3. Remote communication programming
4. PC and NC industrial Applications

5. CRT Terminal configuration and custom graphic
and font sets

6. Military replacement for core memory and fuse-
link PROMs

7. Point of sale terminals

8. Remote aiterable look-up tables

9. Printer communications, controliers
10. Remote data or error logging
11. Replacing CMOS RAM and battery backup
12. Remote firmware update of program code

AVAILABLE LITERATURE

To give the system designer an opportunity to more
thoroughly understand the device attributes and
uses, a library of E2PROM information is available
in_ the Memory Component Handbook. Some of the
E2PROM application information included is listed
below.

AR 119— 16-K EE-PROM Relies On Tunneling for
Byte-Erasable Program Storage

AP 100 — Rellablhty Aspects of a Floating Gate
E°PROM
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ABSOLUTE MAXIMUM RATINGS*

Temperature UnderBias ...... —10°Cto +80°C
Storage Temperature .. ...... -85°Cto +100°C
Al Input or Output Voltages with
RespecttoGround............ +6Vto - 0.3V
Maximum Duration of Erase/Write Cycle ... 20ms
Voe with Respect to Ground . . . .. +17Vto - 0.1V

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings” may cause permenent damage to the
device. This Is a stress rating only and functional operation
of the device at these or any other conditions above those
indicated in the operational sections of this specification
Is not implied. Exposure to absolute maximum rating con-
ditions for extended periods may affect device reliability.

D.C. AND A.C. OPERATING CONDITIONS DURING READ AND WRITE

Temperature Range 0°C-70°C
Vcc Power Supply 5V + 5%
D.C. CHARACTERISTICS
Limits
Symbol Parameter Units | Test Conditions
Min. | Typ.! | Max.
T} Input Leakage Current 10 A VIN= 5.25v®
Lo Output Leakage Current 10 A VouTt=5.25V
loca V¢ Current (Active) 50 100 mA OE=CE=V|_
lccs Vg Current (Standby) 25 50 mA CE=Viy
lcow Vcg Current (Byte Erase/Write) 130 mA WE=CE=V,
Viup.c,) |Input Low Voltage (D.C) -0.1 0.8 v
Viya.c) |Input Low Voitage (A.C.) -0.4 v Time=10 ns
ViH Input High Voltage 2.0 Veo+ 1 v
VoL Output Low Voltage 0.45 v lop=2.1mA
Vor Output High Voltage 2.4 \ loy= — 400:A
VoE OE Voltage for Chip Erase 10 15 v log= 10zA
Viko Ve Lockout Level for Data 4.0 4.4 \
Protection
A.C. TEST CONDITIONS A.C. TESTING INPUT, OUTPUT WAVEFORM
Outputload......... 1TTL gate and C| = 100pF INPUTIOUTPUT
Input Rise and Fall Times (10% t090%) .... 20ns
InputPulselevels ............... 0.45V to 2.4V 24
Input Timing Reference Level. .. ... 0.8V and 2.0V 20 20
Output Timing Reference Level ... . 0.8V and 2.0V : > TEST POINTS < :
Notes: 045 0.8 o8
1. This parameter is only sampled and not 100% tested. ’
2. t{max) '8 less than 10xa when Vyy Is less than 5.25V. B
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 20V FOR A LOGIC 1
AND 0.8V FOR A LOGIC 0.”
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1. This parameter Is only sampled and not 100% tested.
2. tpF is measured from the paint when CE or OE returns high (whichever occurs first} to the time when the outputs are no longer driven. This parameter

is not 100% tested.
3. The data is set up and hold times for chip erase are identical to those specified for byte erase.
4. Adherence to typ specification is important to device reliability.
5, Adherence to tywr Is important for device reliability.
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1
CAPACITANCE " Ta =25°C,t=1MHz
Symbol Parameter Typ. Max. Units Test Conditions
CIN Input Capacitance 5 10 pF Vin =0V
Court Output Capacitance 10 pF Vourt =0V
Cvce V¢c Capacitance 500 pF OE =CE =Vx
Cwe (vPP) | WE Input Capacitance 50 pF OE=CE=V|y
A.C. CHARACTERISTICS
READ
Symbaol P 2816A-2 Limits | 2816A Limits | 2816A-3 Limits | 2816A4 Umits [ |  Test
Y Min[Typ 1 [Max. ] Min.[Typ. 1 [Max.[Min. [Typ. " | Max. Min. [ryp. Titax. Conditions
tacc  |Address to Output ‘
Delay 150 | 200 200 | 250 300 | 350 400 | 450| ns [CE=OE = v,
tce _|CE to Output Delay 150 | 200 200 | 250 300 | aso 400 | 450| ns |OE =y
10F  |OE to Output Delay | 10 75| 10 100 | 10 120 | 10 150| ns |CE= vy
12 1GE High to Output
'0F" (Fioat ot | o 80| o 80 | o 00| o 130| ne [TE=wvy
O
R |
tWhichever Occurred | JUE—
First | 0 [ 4 [ ns [CE=OE=Vy
WRITE
Limits
Symbol Parameter [ Units [ Test Conditions
Min. | Typ. Max.
tas Address to Write Set-Up Time 150 ns
tcs CE to Write Set-Up Time 150 ns
tps!?! Data to Write Set-Up Time 0 ns
tpn!3! | Data Hold Time 100 ns
twpl#! | Write Pulse Width for 2816A 9 15 ms
twn Write Recovery Time 100 ns
tos Chip Erase Set-Up Time ns | Vog = 10V
toH Chip Erase Hold Time ns | Vog = 10V
tBOS Byte Erase/Write Set-Up Time ns
t8OH Byte Erase/Write Hold Time ns
twwRr!S! | Cycle Delay Time Following Write Cycle 40 us
_NOTES:
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WAVEFORMS
READ
ADORESSES ADDRESSES VALID
CE J
o 1EE
3
— -— e 12
IQE[“ OH
VALIO
ouTPuT “ ouTPUT
| O —
- o P
BYTE ERASE OR WRITE™
Y \
ADDRESSES .
X /
-— lcs —» twa-am| |-
CE
tas IWp ———p [l
A}
viL N
tos—m| |aw— —o| |—ton
DATA IN < VALID
3
190S —t| —» tacH
Vin i
3
i
NOTES:

1. OE may be delayed up ta 150 ns after talting edge of CE without impact on tgg for 2816A.

2. tpg is measured from the point when TE or OE returns high (whichever occurs first) to the time when the outputs are no longer driven.
This parameter is not 100% tested.

3. Prior 10 a data wrlte, an erase operation must be perfarmed. For a byte erase, data in = Vy,
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WAVEFORMS (Continued)

CHIP ERASE!"
CE
tcs ‘r‘—————iwv-———b twr
. Ym
WE [
vie \t j
4 X
DATA IN / \____
—] toy |e— —] oy |€——
vor o N
7 \
Vi Vi
—»] los L— —» oy pt—vo
NOTES:

1. In the chip erase mode Djy =

2. Timing reference for OE during Chlp Erase is 80% of VoE.
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WAVEFORMS (Continued)

CONSECUTIVE BYTE ERASE OR WRITE CYCLES

o
WWR i F——-

twa—-p

w \ | [\
=/

S

DONT CARE

BYTE WRITE FOLLOWED BY READ CYCLE

twwr |e—

LHOH i

- DATA OATA IN - DATA OUT
INPUT/OUTPUT VALID VALID

NOTE:
1. Adherence 10 tywr i3 important for device reliabitity.
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VPP OPTION SPECIFICATIONS!"

ABSOLUTE MAXIMUM RATINGS

Vpp Supply Voltage with Respect to Ground
During Write/Erase .................. +22.5V to —0.1V
Maximum Duration of Vpp Supply at 22V

During Erase/Write Inhibit

Maximum Duration of Vpp Supply at 22V

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this
specification is not implied. Exposure to absolute maxi-
mum rating conditions for extended periods may affect

DuringWrite/Erase . ................cccouiunn. 20ms device reliability.
D.C. CHARACTERISTICS
Limits
Symbol Parameter Units | Test Conditions
Min. | Typ.? Max.
IPP(R) Vpp Current (Read) 10 ua EES=V||_, Vpp =4
Vpp Read Voltage 4 6 \%
Ipp(w) | Vep Current (Byte Erase/Write) 10 pa |CE=V)_
Vpp Write/Erase Voltage 20 21 22 \ ’
IPP(C) Vpp Current (Chip Erase) 10 pa
CAPACITANCE™® 1, —25°¢C, t=1 MHz
Symbol Parameter Typ. Max. Units Test Conditions
Cvpp Vpp Capacitance 50 pf OE=CE=Vin
A.C. CHARACTERISTICS
Limits
Symbol Parameter Units | Test Conditions
Min. Typ.m Max.
tpRC Vpp RC Time Constant 750 ns
tpFT Vpp Fall Time 100 us
NOTES:

1. Only specifications unique to Vpp option operation are shown. All other specifications under 5 volt only operation apply to Vpp option operation
as well, except where noted.
2. This parameter is only sampied and not 100% tested.
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BYTE ERASE OR WRITE WITH VPP OPTIONI"Z

4 y
ADDRESSES .
N /
- iog — R - |- .
[
tag wp —o! - typ -
—of topy |
@1v)
Vep
{46V)
tpg—| |w— —! | tpn
/l
DATA IN ( VALID
tgos —p! fa— ——-‘ taom
Ot 7

NOTES:

1. Only specifications Unique 10 Vpp option operation are shown. All other specifications under 5 volt only operation apply to Vpp option operation
as well, except whare noted.

2. Prior to a data write, an erase operation must be performed. For a byte erase, data in = V.
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