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

HMOS*-E FLOTOX Cell Design ® Conforms to JEDEC Byte-Wide Famlly
' Standard
Reliable Floating Gate Technology

® Microprocessor Compatible

Very Fast Access Time: Architecture

—2816, 250 ns Max. o

—2816-3, 350 ns Max. = Low Power Dissipation:
—2816-4, 450 ns Max. —Active Current, 110 mA Max.

= Single Byte Erase/Write Capability —Standby Current, 50 mA Max.

2 10 ms Byte Erase/wlvite Time . ' a El’ase/Wl’ite Sbeciﬁcations
Guaranteed 0-70°C

Q ® Chip Erase Time of 10 ms

The Intel® 2816 is a 16,384 bit electrically erasable programmable read-only memory (EzPROM). The 2816 can
be easily erased and reprogrammed on a byte basis. A chip erase function is also provided. The device
operates from a 5-volt power supply in the read mode; writing and erasing are accomplished by providing a
single-21-volt pulse.

The 2816, with its very fast read access speed, is compatible with high performance microprocessors such as
the 8086-2. Using the fast access speed allows zero wait operation in large system configurations.

The electrical erase/write capability of the 2816 makes it ideal for a wide variety of applications requiring in-

system, non-volatile erase and write. Never before has in-system alterability been possible with this combi-

nation of density, performance and flexibility. Any byte can be erased or written in 10 ms without affecting the

datain any other byte. Alternatively, the entire memory can be erased in 10 ms allowing the total time to réwrite

all 2K bytes to be cut by 50%. The 2816 provides a significant increase in flexibility allowing new applications
" (dynamic reconfiguration, continuous calibration) 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 the standby mode power consumption'is reduced by
over 55% without increasing access time. The standby mode is achieved by applying a TTL-high signal to the
CE input.

' ’ Byte erase and write are controlled entirely by TTL signal levels, yet require no control signals beyond CE and
OE. For byte write a selected chip (CE = TTL low)senses the 21V Vpp pulse and automatically goes into write
mode. Byte erase mode is identical to byte write except that data-in must be all logic ones (TTL-high). Never
before has an in-system alteration of non-volatile information been implemented with such simple control.

*HMOS-E is a patented process of inte! Corporation.
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DEVICE OPERATION

The 2816 has six modes of operation, listed in
Table 1. All operational modes are designed to pro-
vide maximum microprocessor compatibility and
system consistency. The device pinout is a part of
Iintel’s JEDEC approved byte wide Non-Volatile
Memory family, allowing appropriate and cost-
effective density and functionality upgrades.

All control inputs are TTL compatible with the ex-
ception of chip erase. The Vpp voltage must be
pulsed to 21 volts during write and erase, and held to
4 to 6 volts during the other two modes.

- Table 1. ‘Mode Selection Vee=+5V

Read Mode

Optimal system efficiency depends to a great extent
on a tightly coupled microprocessor/memory inter-
face. The E2PROM device should respond rapidly
with data to allow the highest possible CPU perfor-
mance. The 2816 satisfies this high performance re-
quirement because of access times typically less
than 250 ns. Program execution directly out of elec-
trically erasable memory has never before been pos-
sible; the 2816 opens this new, powerful applica-
- tions segment.

The 2816 uses Intel's proven 2-line control architec-

ture for read operation. Figure 3 shows the timing

disadvantages of a single-line control architecture.

2-line contro!, shown in Figure 4, has been devel-

== | &E oped by Intel to solve this bus contention and the as-
MODE PIN (35) a (gs) 2;';'; ;ﬂ;g;?ls sociated system reliability problems. Both CE and
J BN S : o OE must be at logic low levels to obtain information
"| READ Vie | Voo | +4to +6] Dour from the device. Chip enable (CE) is the power con-
— - _ trol pin and should be used for device selection. The
STANDBY Vin Zﬁ:g +4to +6 | HIGH Z outputenable (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
v +21 D=V 016, acc €
BYTE ERASE | Viu IN_H delay from CE to output (tcg). Data is available at the
| BYTEWRITE | Vit | Vi +21 Din outputs after a time delay of tog, assuming that CE .
: e has been low and addresses have been stable for at
CHIPERASE | Vi | T30 | +21 | D=V least tacc-toe-
DON'T i Figure 5 shows a typical system interconnection.
E/W INHIBIT Vit | cARE 1‘2"2"3 HIGH Z Here the 2816 contains program information thatthe
8086 requires for system function.
tacc
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For footnotes see page 13. Figure 3. Single-Line Control and Bus Contention -
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Figure 4. Two-Line Control Architecture
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Figure 5. IAPX 86/2816 Read Architecture
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Write Mode

The 2816 is erased and reprogrammed electricaily
rather than optically, as-opposed to EPROMs which
require UV light. The device offers dramatic flexibil-
ity because both byte (single location) and chip
erase are possible.

A close examination of the broad application spec-
trum for the E? device reveals an inherent need for
single location erase capability- Program store ap-
plications 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. See AP-106 for details.

APPLICATION TYPE ERASEMODE
» Strict Program Store CHIP
o Relocatable Program Structures BYTE
* Program Store Extension : BYTE
» Program Execution Constants BYTE
¢ Program Dependent Data Store BYTE
« Data Store Applications BYTE

Figure 6. Microprqcessor Storage Types

To write a particular location, that byte must be
erased prior to a data write. Erasing is accomplished

. by applying logic 1 (TTL-high) inputs to the data
input pins, lowering CE, and applying a 21-volt pro-
gramming signal to Vpp. The OE pin must be held at
Vi during byte erase and write operations. The pro-
gramming pulse width must be a minimum of 9 ms,
and a maximum of 15. The rising edge of Vpp must
conform to the RC time constant specified above.
Once the location has been erased, the same opera-
tion is repeated for a data write. The input pins in this
case reflect the byte that is to be stored.

A characteristic of all E2PROMs is that the total
number of erase/write cycles is not unlimited. The
2816 has been designed and manufactured to meet

applications requiring up to 1 x 10* erase/write cy- -

cles per byte. The erase/write cycling characteristic
is completely byte independent. Adjacent bytes are
not affected during erase/write cycling.

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).

For footnotes see page 13.

CONTROLLERS

Controller | Description

The Controller | interface provides the lowest cost,
smallest P.C. board space implementation, though it
is unable to offer the maximum CPU throughput
capability since wait states are inserted into the
memory cycle during the 10 ms write time. Figure 7
shows the block diagram for this implementation. A
timer device is provided to time 10 ms, which con-
nects directly to the CPU READY line. When ac-
tivated, the timer engages the Vg, switch, locks the
CPU address, data, and control bus, and writes the
2816. After completion of the write cycle, the CPU is
relinquished to do other tasks. Such a control appli-
cation is appropriate when the processor.can be
dedicated to the write, such as in program store.

WRITE _ READ

EHTLEN,BE ve [~ ] _OE ELEN

- OATA__f 2000m| DATA
TIMER Ve | monl ADDA
SWITCH - —
- oE | | -
READ
WA, CE, OF . ACCESS
' =250 nzec
8 8
JADDRESS — 1 3
YDATA : A
|

[CONTAOL y

Figure 7. Controller |

Controlier 11 Description

To provide a higher CPU throughput capability, the
interface shown in Figure 8 was designed. In this
case, all latching and timing signals are generated
by discrete devices. The CPU simply sends a write
operation to the interface as it would to a RAM de-

vice. After the CPU has engaged the write sequence,
it is free to perform other tasks not related to 2816

control. At the completion of the write Cy0|e, the
interface interrupts the CPU which then vectors to
an interrupt service routine. Controller || offers real-
time CPU performance with a high degree of hard-

ware overhead.
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Figure 8. Controller il

Controller 1ll Description

The Controller Il implementation was designed to
provide the real-time processing capability of Con-
troller Il, without the large hardware overhead. See
Figure 9. In this design an Intel 8155 1/O port timer
device is used to advantage. The ports provide the
latching of data and address during the write cycle,
while the timer performs accurate pulsing of the Ve
for the required duration. Much of the hardware has
been reduced through the 8155. The interrupt
structure of Controller Il is used as well. Read ac-
cess is very fast despite a multiplexer and a buffer
delay. '
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Figure 9. Controller Il

Controller 1V Description

Data store applications were in mind for the Con-
troller IV design shown in Figure 10. In this case,
read access was not a concern, though write erase
For footnotes see page 13.

access and hardware overhead were exceptionally
important. This controller takes the 2816 completely
off-line for both read and write operations. The write
cycle is accomplished in the same way as in Con-
troller lil. Reading, however, is accomplished
through several I/O operations. ' :

-
WRITE READ
1y
>
OE, Ve, CTRLEN OF, CTRLEN
_l 1 DATA 20ROM OATA
o V- E2pR s
SWITCH SWITCH ADDR ADDR
IR —
READ
ACCESS
=250 nsec
PLUS
SYSTEM
OVERHEAD
INTER R
Fre 8155
N | T
é ADDRESS - - ?
1 I I
' . { DATA . - 7
. - Y T
. [ CONTROL i |

Figure 10. COntréller v

Chip Erase Mode

Should one wish to erase the entire 2816 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 2816's chip erase function is engaged when the
output enable (OE) pin is raised above 9volts. When
OE is greater than 9 volts and CE and Vpp are in the

-normal write mode, the entire array is-erased. This
chip erase function takes approximately 10 ms. The
data input pins must be held to a TTL high level
during this time. Figure 11 is a recommended OE
control switch.

= N oro
% BE
2¢¥ 2x
Figure 11. OE Chip Erase Control
AFN-016358
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Vpp Pulse

The shape of the Vpp pulse is important in ensuring
long term reliability and operating characteristics.
Vpp must rise to 21V through an RC waveform
(exponential). The Tprc specification has been de-
signed to accommodate changes of RC due to tem-
perature variations.

Figure 12a shows a recommended Vpp switch de-
sign, useful where programming will occur over the
specified temperature and operatmg voltage condi-
tlons

Voltage Generation

The Intel 2816 is a new generation of non-volatile
memory in which writing and erasing can be ac-
complished on board by providing a 21 volt pulse. In
order to generate the Vpp pulse, a power supply with
output voltage of +24V is needed. In a system
environment where this voltage is not available, a
switching regulator can be used to convert +5V to
+24V. Figure 12b shows the circuit diagram for such

- avoltage converter. In systems where 24 volts is not

available, this circuit proves to be a cost effective
alternative.

NOTES: .
1. 5K IS 21V FINE ADJUST.
2, RESISTORS ARE 1/4 WATT.

70
p———2= Vpp PIN
- OF 2818

47K

Figure 12a. Operational Amplifier Vpp Switch Design!'?
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For footnotes see page 13.

Flgure 12b. Step-up Regulator Converts +5V Into +24V
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Applications -

The 2816 E2PROM is a new and powerful addition to
the non-volatile family. It offers .a high degree of
RAM:-like flexibility while retaining the non-volatlle
characterlstlcs of ROM.

Because of these device parameters, the device is
ideal for new and future designs as well as a re-
placement for existing ROM devices. Some of these
potential uses are listed below: :

1. Calibration constants storage (continuous
calibration).

2. Software alterable control stores (dynamlc
* reconfiguration).

3. Remote communications programming.
4. PC and NC Industrial Applications.

5. CRT terminal configuration and custom graphic
and font sets.

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

7. Point of sale terminals.

8. Remote alterable look-up tables.'

9. Printer and communications controllers.
10. Remote data gathering.

Because of these device attributes, applications
never before possible can now be realized in high
performance, consistent mlcroprocessmg systems.

Figures 13, 14, 15, and 16 are block diagrams of
some typical applications. These applications are
explained as follows:

2816 SOFTWARE/
FIRMWARE
MAPPER

MWARE
1o <::> cPU : by
: _ cONTROL

{

2816
PROGRAM STORE

Figure 13. Dynamic Reconfiguration
For footnotes see page 13.

DYNAMIC RECONFIGURATION

The ability of a computer system to alter its operat-
ing software while running is now possible with the
2816. The system can monitor external factors, as
well as change loop constants, subroutines and.
other software features in real-time. Figure 13 illus-
trates this optimal performance. In memory systems,

the 2816 can be used to map around hard memory
failures in real-time, allowing self-healing memory
systems. Such a self-correcting mechanism extends
the operating time and reduces service costs to the
end user.

CONTI}!UOUS. SELF-CALIBRATION

A high cost of machine service and downtime is due
to instrument calibration and readjustments. Use of
the 2816 and microprocessor based instruments to
contdin calibration constants allows features never
before possible. See Figure 14. The instrument can
now continuously calibrate itself, without expensive

"downtime in service interaction. The 2816 allows

this flexibility and reduction of service costs.

INSTRUMENT
SYSTEM

| A/DAND <‘:'> cpu

' - SERIAL
kol
LINK

2816 CALIBRATION
CONSTANT STORAGE

CALIBRATION
- STANDARD'

Figure 14. Continuous Self-Calibration

CRT TERMINAL

Custom fonts, graphics characters, and individual
configurations can all benefit from the features of
the 2816. A CRT terminal, shown in Figure 15, can
new be enhanced by using the E2asa replacement
forjumpers and dip switches. It canalso be used asa
programmable character generator and in graphics
configuration.




Vo 2816 2816
Lo CHARACTER K/ ::: N Graphics

GENERATOR STORAGE -

KEYBOARD <:> cPu <::> CRT

=y

2816 SOFT
RAM KEY/CONFIGURATION
. STORE

Figure 15. CRT Terminal

_ POINT OF SALE TERMINAL

Using the 2816 to contain non-volatile price and
product descriptions,.as shown in Figure 16, is an
ideal application in point of sale terminals. With the
ability of the 2816 to be aitered in-system comes the
capability to remotely (over telephone lines) config-
ure the look up tabie from a central data base com-

- puter. The non-volatility of the 2816 is used to advan-
tage as the data store remains intact after power is
removed from the system.

Pin Compatibility

The 2816 pinout has been designed for compatibii-

'itg with present and future memory products. The
E“PROM is a member of Intel’s JEDEC standard
Byte-Wide memory family which allows density up-
grades, functional interchange, and extended prod-
uct life. Figure 17 shows this JEDEC 28 pin site
pinout approach.

Available Literature

To give the system designer an opportunity to more
thoroughly understand the device attributes and
uses, a library of E? information is available. The

followmg list is a brief synopsis:

AP-101—The 2816 Electrical Description

AP-102—2816 Microprocessor interface
Considerations

AP-103—Programming E2PROM with a Single
5-Volt Power Supply

AP-104—Extending E2 Endurance—Software
Techniques

For footnotes see page 13.

AP-105—Microprocessor Interface—
Competitive System Comparisons

AP-106—2816 Byte Erase—Architecture
Implications

AP-107—Hardware and Software Download
Techniques with 2816

E?PROM Applications Handbook

To obtain this literature contact your local Field
Sales office. In addition, your Field Applications
Engineer can discuss with you the controller inter-
faces for different MPU system configurations.

All of the above literature will be available at the end
of Q2 1981. The E2PROM Applications Handbook is
available now.

10-DIGIT UNIT PRODUCT

OUTPUT. UNIVERSAL PRICE DESCRIPTION
PRINTER. DISPLAY, .. | PRODUCT @ bvlosl (15 bytes)
COOE
{5 bytes)
-

s o s .

g

KEYBOARD

CODE # P .
SCANNER g @ €7 PROM
LOOK-UP TABLE
L1
11

|22 bytos ———|
SERIAL 110 . .
L' ATION L

mrERFACE PROGRAM MISC.
STORE RAM -

TO INVENTORY
RECORD

2816

Figure 16. POS Terminal

3 2 8 @ e 3§ = 3
&5 & & K & 8 & S
R ~ M
Vep E 1 - 28 :I - Vee
Arz -2 z[] . Pom
) U, .
Az Ay A AIE 3 24 26 :] Vce Vce Vee NC

2325 [ 4 Ag Ay Ag
22 24 ] Ag Ay Ay Ag
223 :] Vep An Ve An
20 22 :] OE OE/vpp OF OE
19 21 ] A A Ao At
1820 [] ce ¢ ©E CF

Figure 17. JEDEC 28 Pin Site Byte-Wide
Philosophy

 AFN-01635B

. O Standby Mode

The 2816 has a standby mode which reduces active
power dissipation by 55% from 110 mAto 50 mA. The
2816 is placed in the standby mode by applying a
TTL high signal to the CE input. When in the standby
mode, the outputs are in a high- |mpedance state,
independent of the OE input.

Output OR-TIEING

Because 2816s are usually used in larger memory
arrays, Intel has provided a 2-line control function
that accommodates this use of multlple memory

connections. The 2-line control function allows low
power dissipation (by deselecting unused devices),
and the removal of bus contention from the system
environment.

To most effectively use these two control lines, it is
recommended that CE (pin 18) be decoded from
addresses as the primary device selection function.
OE (pin 20) should be made a common connection
to all devices in system, and connected 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 partncular

memory device.

-

9 ,- AFN-016358
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ABSOLUTE MAXIMUM RATINGS*

Temperature Under Bias ............. —10°C to +80°C
Storage Temperature ............... —65°C to +125°C
All Input or Qutput Voltages with

Respect to Ground ................... +6V to —0.3V
VepSupply Voltage with Respect to

Ground During Write/Erase ........ +22.5V to -0.1V
Maximum Duration of Vpp Supply at 22V

During E/W Inhibit .......................... 24 Hrs
Maximum Duration of Vpp Supply at 22V
During Write/Erase ........................ 15 ms!®

*NOTICE: Stresses above those listed under “Absolute Maximum
Ratings' may cause permanent 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 notimplied. Exposure to absolute
maximum rating conditions for extended periods may affect
device reliability.

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

2816 2816-3 2816-4
Temperature Range 0°C-70°C 0°C-70°C 0°C-70°C
Vec Power Supplylg] 5V + 5% 5V + 5% 5V + 5%
D.C. CHARACTERISTICS
READ
Limits
Symbol Parameter Min. | Typ." Max. Units Test Conditions
I Input Leakage Current 10 A Vin = 5.25V
ILo Output Leakage Current 10 ©A VouTt = 5.25V
lcce Vo Current (Active) 110 mA OE=CE=V_
lcct Ve Current (Standby) 50 mA CE = Viy
IPP(R) Vpp Current (Read) 5 mA CE=V|.,Vpp=41to6
ViL Input Low Voltage -0.1 .8 Vv
VIH Input High Voltage 2.0 Veg+1 v
VoL Output Low Voltage 45 v loL = 2.1 mA
VoH Output High Voltage 2.4 A log = —400 pA
Vpp Read Voltage 4 6 Y
WRITE
Symbol Parameter e Tl;l:[':? Ve Units Test Conditions
Vep Write/Erase Voltage 20 | 21 22 v
IPP(W) Vpp Current (Byte Erase/Write) 9 15 A GE = Vit
VoE OE Voltage (Chip Erase) 9 15 V log = 10 uA
lpp(1) Vpp Current Inhibit 5 mA Vpp = 22, CE = VIH'
Ipp(C) Vpp Current (Chip Erase) 3 5 mA

For footnotes see page 13.
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CAPACITANCE!" 1, = 25°C, f = 1 MHz A.C. TEST CONDITIONS
; Test Output Load: 1TTL gate and
Symbol Parameter Typ. | Max. | Units Conditions C_ = 100 pF
Input Pulse Levels: 0.45 to 2.4V
Cin Input Capacitance 5 10 pPF | Vin=0V Timing Measurement Reference
3 Level: Input 1V and 2V
C Output Capacitance 10 F Vi =0V
OeT ki J U1 Output .8V and 2V
Cvge Ve Capacitance 500 pF OE = CE = V|y
CVpp Vpp Capacitance 50 pF OE=CE =V
A.C. CHARACTERISTICS
READ
2816 Limits 2816-3 Limits 2816-4 Limits i Test
Symbol Parameter : 2 nits| Conditions
¥ Min. Typ.m Max. | Min. Typ.“] Max. | Min. Typ.m Max. <
TR i L T 200 {250 300 {350 400 [450 | ns [CE=OE=V
Delay
tce CE to Output Delay 200 |250 300 |350 400 1450 | ns |OE =V
Output Enable to
100 |10 120 |10 150 ns |[CE=V
toE Output Delay 10 L
Output Enable High 4
100 0 130 ns [CE=V
toF to Output Float g L g =
Output Hold from
Addresses, CE or OE
) = =V
foH Whichever Occurred & g g g [CE I i
First
WRITE
bol P t Eimije Unit Test Conditi
mbo arameter nits est Conditions
oy Min. | Typ!Y | Max.
tas Add to Vpp Set-Up Time 150 ns
tcs CE to Vpp Set-Up Time 150 ns
tDS[m] Data to Vpp Set-Up Time 0 ns
el Data Hold Time 50 ns Vpp = 6V
WP Write Pulse Width 9 10 15 ms
twR Write Recovery Time 50 ns Vpp = 6V
tos Chip Erase Set-Up Time 0 ns Vpp = 6V, Vpg = 9V
toH Chip Erase Hold Time 0 ns Vpp = 6V, Vo = 9V
tpRC Vpp RC Time Constant 450 600 750 S
tpirl’ Vpp Fall Time 100 s Vpp = 6V
taos Byte Erase/Write Set-Up Time 0 ns Vpp = 6V
tBoOH Byte Erase/Write Hold Time 0 ns Vpp = 6V
For footnotes see page 13.
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.Inter _ 2816 I Inter 0816 | .

- WAVEFORMS , . ‘
. . . WAVEFORMS (Continued) ]
READ .
: -CHIP ERASE'®!
/ ———e= \ w1 —topcl!
ADDRESSES >< ADDRESSES VALID { ce
A ————— ¥ ,
. fcs | lwv—-—»L_—: twR
) —PFT
ce ) i / ‘ -
S —
- Vep
- 152 —» (4-6V)
3 / Y Vin X tmq—b/ — — — \4—%“.
———— : . - 7 .
: . @ . : . DATA IN = .
) CI | for " ; ‘ _ :
4 VALID " / x
OUTPUT :
OUTPUT \
\\\W— ; w7 .
|¢——— tacc ———> ) ’ . ! 105 ft— ———f tOH jt—o
i
. . NOTES: ' - 7. To allow immediate read verify capability, Vpp can be driven
BYTE ERASEIS} OR WRITE : d 1. This parameter is only sampled and not 100% tested. _low in less than 50 ns. See AP-101 for more information.
. . 2. OE may be delayed up to 230 ns after falling edge of CE 8. Adherence to TWP specification is important to device
without impact on tacg for 2816. reliability.
3. tpr is specified from OE or CE whichever occurs first. 9. To I?";‘j’em srurious ?eVicge ‘f"’as‘ge Ofnwritelv Vct:c rnufs\t/be
. : applied simultanecusly or before 21 voit application-of Vpp.
- ) 4. The rising edge of Vpp must follow an exponential waveform. N . X |
ADDRESSES —X & %' That waveform’s time constant is specified as tppc. ‘See zp" cannot be driven to 21 volts without previously applying
. Y : Intel's AP-102 for details. . Tﬁcd 2 i sot  hotd fimes for chi dontical
. ; : . The data in set up and hold times for chip erase are identica
- tcs —»- twa-a| |- 5. gg?;::;d:;?x:tz %?Herase operation must be performed. to those specified for byte erase.
< toac’® ’ 6. In the chi;) erase mode Dyy = Viy 11. This switch includes automatic voltage shutdown on pewer
CE . . -« fail
1as - | — typ — - lwR—>|
—| tPFT
Vpp
(4-6V)
tos—»-| ox k
DATA IN {
{805 — taoH
VIH
o g
Vie
® ©
For footnotes see page 13.
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3065 Bowers Avenue

Santa Clara, Catifornia 95051
Tel: (408) 987-8080

TWX: 910-338-0026

TELEX: 34-8372

ALABAMA

Intel Corp.

303 Williams Avenue. S.W.
Suite 1422

Huntsviile 35801

Tet: (205) 533-9300

ARIZONA

tntel Corp. .

10210 N. 25th Avenue, Stuite 11
Phoenix 85021

Tel: (602) 8689-4880

BFA .

4426 North Saddle Bag Trail
Scottsdale 85251

Tel: (802) 994-5400

CALIFORNIA

ntel Corp.

7670 Opportunity Rd.
Surte 135

San Diego 92111
Tel: (7 14) 268-3563

tntel Corp. *
- 2000 East 4th Street
Suite 100

Santa Ana 92705
Tet: (714) 835-9642
TWX: 910-595-1114

intel Corp.*

5530 Corbin Ave.
Svuite 120

Tarzana 91356

Tel: (213) 708-0333
TWX: 910-495-2045

intel Corp.*

3375 Scott Bivd.
Santa Clara 95051
Tel: (408) 987-8086
TWX: 910-339-9279
810-338-0255

Earle Associates, Inc.
4617 Ruffner Street
Suite 202

San Diego 92111
Tei: (714) 278-5441
Mac-|

P.0. Box 1420
Cupertino 95014
Tel: (408) 257-9880

Mac-f

558 Valley Way
Calaveras Business Park
Milpitas 85035

Tel: (408) 946-8885

Mac-

P.O. Box 8763
Fountain Valley 92708
Tel: (714) 839-3341
Mac-l

1321 Centinela Avenue
Suite 1

Santa Monica 90404
Tel: (213) 829-4797
Mac:I

20121 Ventura Bivd., Suite 240E
Woodland Hills 91364
Tel: (213) 347-5900

COLORADO

intel Corp.*

850 S. Cherry Street
Suite 720

Denver 80222

Tel: (303) 321-8086
TWX: 910-931-2289

CONNECTICUT

intel Corp.

Peacock Atley

36 Padanaram Road
Danbury 08810

Tel? (203) 792-8366
TWX: 710-456-1199

EMC Corp.

48 Purnell Place
Manchester 06040
Tel: (203) 646-8085

U.S. AND CANADIAN SALES OFFICES

FLORIDA

Intel Corp.

1100 Cleveland Street

Suite 900

Clearwater 33515

(813) 446-4334

tntel Corp.

1500 N.W. 62nd Street, Suite 104
Ft. Lauderdale 33309

Tel: (305) 771-0600

TWX: 510-956-9407

Intel Corp.

500 N. Maitland, Suite 205
Maitland 32751

Tel: (305) 628-2393

TWX: 810-853-9219

GEORGIA

intel Corp.

3300 Holcomb Bridge Rd.
Norcross 30092

Tel: (404} 449-0541

ILLINOIS

Intel Corp.*

2550 Golf Road, Suile 815-
Rolling Meadows €0008
Tel: (312) 981-7200

TWX: 910-651-5881

INDIANA

intel Corp.

9101 Wesleyan Road
Suite 204
Indianapolis 46268
Tel: (317) 875-0623

1owA

Intel Corp.

St. Andrews Building

1930 St. Andrews Drive N.E.
Cedar Rapids 52402

Tel: (319) 393-5510

KANSAS

Inte! Corp.

9393 W. 110th St., Ste. 265
Overland Park 66210

Tel: (913) 642-8080

MARYLAND

intel Corp.*

7257 Parkway Drive
Hanover 21076

Tel: (301) 786-7500
TWX: 710-862-1944

Mesa Inc.

16201 Industrial Dr.
Gaithersburg 20760
Tel: (301) 948-4350

MASSACHUSETTS

tntel Corp. *

27 Industria! Ave.
Chetmasford 01824
Tel: (817) 256-1800
TWX: 710-343-8333

EMC Corp.

381 Elliot Street
Newton 02184

Tel: (617) 244-4740
TWX: 922631

MICHIGAN

tatel Corp.*

26500 Northwestern Hwy.
Suite 401

Southfield 48075

Tel: (313) 353-0920
TWX: 810-244-4915

MINNESOTA

tnte! Corp.

7401 Metro Bivd.
Suite 355

Edina 55435

Tel: (812) 835-6722
TWX: 910-576-2867

MISSOURI

...Intet Corp.

502 Earth City Plaza
Suite 121

Earth City 63045
Tel: (314) 291-1990

NEW JERSEY

Intel Corp.*

Raritan Plaza

2nd Floor

Raritan Center
Edison 06837

Tel: (201) 225-3000
TWX: 710-480-6238

NEW MEXICO

BFA Corporation
P.O. Box 1237

Las Cruces 83004
Tel: (505) 523-0601
TWX: 910-983-0543
BFA Corporation
3705 Westerfield, N.E.
Aibuquerque 87111
Tel: (505) 292-1212
TWX: 910-989-1157

NEW YORK

Intel Corp.*

300 Motor Pkwy.
Hauppauge 11787
Tel: (516) 231-3300
TWX: §10-227-6236

Intel Corp.

80 Washington St.
Poughkeepsie 12601
Tel: (914) 473-2303
TWX: 510-248-0060

Intel Corp.*

2255 Lyell Avenue
Lower Floor East Suite
Rochester 14606

Tel: (718) 254-6120
TWX: 510-253-7391
Measurement Technology, inc.
159 Northern Boulevard
Graat Neck 11021

Telk: {$16) 482-3500
T-Squared

4054 Newcourt Avenue
Syracuse 13208

Tel: (315) 463-8502
TWX: 710-541-0554
T-Squared

2 E. Main

Victor 14564

Tel: (716) 924-9101
TWX: 510-264-8642

NORTH CAROLINA

Intel Corp.

2306 W. Meadowview Rd.
Suite 206

Greensboro 27407

Tel: (9!9) 294-1541

OHIO

Intel Corp.*

8500 Poe Avenue
Dayton 45414

Tel: (513) 890-5350
TWX: 810-460-2528
nte! Corp.*
Chagrin-Brainard 8idg., No. 300
28001 Chagrin Bivd.
Cleveland 44122
Tel: (216) 464-2738
TWX: 810-427-9298

OREGON

tntel Corp.

10700 S.W. Beaverton
Hillsdale Highway
Suite 324

Beaverton 87005

Tel: (503) 641-8086
TWX: 810-467-8741

May 1981

PENNSYLVANIA

Intel Corp.*

510 Pennsylvania Avenue
Fort Washington 18034
Tel: (215) 641-1000
TWX: §10-661-2077

Intel Corp.* |

201 Penn Center Boutevard
Suite 301W

Pittsburgh 15235

Tel: (412) 823-4970

Q.E.D. Electronics
300 N. York Road
Hatboro 19040

Tel: (215) 674-8600

' TEXAS

Intel Corp.*

2925 L.B.J. Freeway
Suite 175

Dallas 75234

Tel: (214) 241-8621
TWX: 910-860-5617
intel Corp.*

6420 Richmond Ave.
Suite 280 .
Houslon 77057

Tel: (713) 784-3400
TWX: 910-881-2490
Industrial Digital Systems Corp.
5825 Sovereign
Suite 101

Houston 77036

Tel: (713) 988-9421
Intel Corp.

313 E. Anderson Lane
Suite 314

Austin 78752

Tel: (512) 454-3628

UTAH
fntel Corp.

-3519 Lexington Dr.

Bountiful, UT 84010
Tel: (801) 292-2164
VIRGINIA

intet Corp. .
1501 Santa Rosa Road
Suite C-7

Richmond, VA 23288
Tel: (804) 282-5668

WASHINGTON

Intet Corp.

Suite 114, Bldg. 3
1603 116th Ave. N.E.
Bellevue 88005

Tel: (208) 453-8086
TWX: 910-443-3002

WISCONSIN

Intel Corp.

150 S. Sunnyslope Rd.
Brookfield 53005

Tel: (414) 784-3060

CANADA

tntel Semiconductor Corp.*
Suite 233, Bell Mews

39 Highway 7, Bells Corners
Ottawa, Ontario K2H 8R2
Tel: (613) 829-9714

TELEX: 053-4115

Intel Semiconductor Corp. .
50 Galaxy Bivd.

Unit 12

Rexdate, Ontario

MOW 4Y5 -
Tel: (418) 675-2105

_ TELEX: 06983574

Multitek, Inc.®

15 Grenfell Crescent
Ottawa, Ontario K2G 0G3
Tel: (613) 226-2365
TELEX: 053-4585
Multitek, tnc.* N
Toronto

Tel: 1-800-267-1070
Multilek, tnc.

Montreal

Tel: 1-800-267-1070

. *Fietd Application Location
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3065 Bowers Avenue

Santa Clara. Calitornia 85051
Tel: (408) 987-8080

TWX: 910-338-0026

TELEX: 34-6372

ALABAMA

tHamilton/ Avnet Electronics
4812 Commercial Drive N.W.
Huntsville 35805 -

Tel: (205) 837-7210

TWX: 810-726-2162

tPioneer/Hunisville N
1207 Putnam Drive N.W.
Huntsville 35805

Tel: (20S) 837-9300
TWX: 810:726-2197

ARIZONA

tHamilton/Avnet Electronics
505 S. Madison Drive
Tempe, AZ 85281

Tek (602) 231-5100

TWX: 910-950-0077

tWyle Distribution Group
8155 N. 24th Avenue
Phoenix 85021

Tel: (602) 895-9185

TWX: 910-851-4282

CALIFORNIA

Almac/ Sthroum Electronics
5811 6th Ave So.

Seattle, WA 98108

Tel: (206) 763-2300

Arcow Electronics, Inc.

720 Palomar Avenue
Sunnyvale California 94086
Tel: (408) 745-6800

TWX: 910-339-9371

tAvnet Electronics

350 McCormick Avenue
Costa Masa 92626
Tet: (714) 754-6051
TWX: 910-595-1928

Hamitton/ Avnet Elactronics
1175 Bordeaux Dr.
Sunnyvale 94086

Tel: (408) 743-3300

TWX: 910-339:9332
tHamilton/Avnet Electronics
4545 Viewridge Ave

San Diego 92123

Tel: (714) 563-1969

TWX; 910-335-1216
tHamilton/Avnet Electronics
10912 W. Waghington Bivd.
Culver City 80230

Tal: (213) 558:2193

TWX: 910-340-6364 or 7073

tHamilton Electro Sales
3170 Puliman Street
Costa Mesa 92626

Tel: (714) 641-4109
TWX: 910-585-2638

tWyle Distribution Group
124 Maryland Street |
€1 Segundo 80245

Tel: (213) 322-8100

TWX: 910-348-7140 or 7111
tWyle Distribution Group
9525 Chesapeake Dr.

San Diego 92123

Tel: (714) 565-9171

TWX: 910-335- 1580

1Wyle Distribution Group
3000 Bowers Avenue

Santa Clara 65052

Tel: (408) 727-2500

TWX: 910-338-0451 'or 0288
Wyle Distribution Group
17872 Cowan Avenue

trvine 92713

Te): (714) 841-1600

TWX: 910-595-1572

COLORADO

+Wyte Distribution Group
451 E 124th Avenue
Thornton, CO 80241

Tel: (303) 457-9953
TWX: 910-938-0770

tHamilton/Avnet Electronics
8765 E. Orchard Road

Svite 708

Englewood 80111

Tel: (303) 740-1017

TWX: 910-935-0787

U.S. AND CANADIAN DISTRIBUTORS -

CONNECTICUT -

tArrow Electonics
12 Beaumont Road
Wallingtord 06512
Tel: (203) 265-7741
TWX: 710-476-0162

tHamiiton/Avnet Elecironics *
Commerce Industrial Park
Commerce Drive

Danbury 08810

Tel: (203) 797-2800 _

TWX: 710-456-9974

tHarvey Electronics
112 Main Street
Norwalk 06851

Tel: (203) 853-1515
TWX: 710-468-3373

FLORIDA

tArrow Electronics
1001 N.W. 82nd Street
Suite 108

F\. Lauderdale 33309
Tel: (306) 776-7790
TWX: §10-955-9456

tArcow Electronics

115 Palm Bay Road, N.W.
Suite 10, Bldg. 200

Palm Bay 32905

Tel: (305) 725-1480
TWX: 510-959-6337

tHamilton/Avnet Electronics
6800 Northwast 20th Ave.
Ft. Lauderdale 33309
Tel: (305) 97 1-2900
TWX: 510-956-3097
Hamilton/ Avnet Etectronics

" 3197 Tech. Drive North
S1. Petersburg 33702
Tel: (813) §76-3930
TWX: 810-863-0374
tPioneer/Qriando
6220 S. Orange Blossom Trail
Suite 412 -
Orlando 32809
Tel: (305) 859-3600
TWX: 810-850-0177

GEORGIA

Arrow Electronics

2979 Pacific Drive

Norcross 3007 1-

Tel: (404) 449-8252

TWX: 810-766-0439
tHamiltons Avnet Electronics
5825 D. Peachtree Corners
Norcross 30092

Tel: (404) 447-7500

TWX: 810-766-0432

ILLINOIS

Arr'ow Electronics
492 Lunt Avenue

P.0. Box 84248
Schaumburg 60172 -
Tel: (312) §93-9420
TWX: 910-291-3544

tHamilton/Avnet Electronics
3801 No. 25th Avenue
Schiller Park 60176

Tel: (312) 678-6310

TWX: 910-227-0060

Pioneer/Chicago -
1551 Carmen Drive
Elk Grove 60007

" Tel: (312) 437-8680
TWX: 910-222-1834

INDIANA

Arrow Electronics
2718 Rand Road
Indianapolis 46241
(317) 243-8353
TWX: 810-341-3119

“ tHamilton/ Avnet Electronics
485 Gradle Drive
Carmel 46Q32
Tel: (317) 844.9333
TWX: 810-2680-3868
Ploneer/Indiana
8408 Caatleptace Drive
Indianapolis 48260
Tel: (317) 849-7300
TWX: 810-260-1794

KANSAS

tHamilton/Avnet Electronics
9219 Quivera Road
Overtand Park 68215

Tel: (913) 888-8300

TWX: 910-743-0005

tComponent Specizlties, Inc.
8369 Nieman Road R

- Lenexa 66214

Tel: (913) 492-3655

MARYLAND o : -

tHamilton/ Avnet Electronics
6822 Oak Hall Lane .
Columbia, MD 21045

Tet: (301) 995-3500

TWX: 710-862-1861

tPioneer/Washington
9100 Gaither Road
Gaithersburg 20760
Tel: (301) 948-0710
TWX: 710-828-0545

MASSACHUSETTS

tHamilton/Avnet Electronics

60 Tower Olfice Park  *

Woburn 01801

Tel: (617) 935-9700 R
TWX: 710-393-0382

tArrow Electronics

Arrow Dr.

Waoburm 01801 .

Tel: (617) 833-8130 .o
TWX: 710-393-6770

Harvey/Boston _

44 Hartwell Ave.

Lexington 02173 _

Tel: (617) 863-1200

TWX: 710-326-6617

MICHIGAN -

fArrow Electronics -
3810 Varsity Drive .
Ann Arbor 48104

Tel: (313) 971-8220

TWX: 810-223-6020

tPioneer/Michigan

13485 Stamiord

Livonia 48150

Tel: (315) 525-1800

TWX: 810-242-3271
tHamillon/ Avnet Electronics
32487 Schoolcraft Road
Livonia 48150

Tel: (313) 522-4700

TWX: 810-242-8778

MINNESOTA

tArrow Electronics -
5230-W. 73rd Street

Edina 55435 -

Tel: (612) 830-1800

- TWX: 810-576-3126

tindustrial Components
5229 Edina tndustrial 8ivd.
Minneapolis 55435

Tel: (612) 831-2866

TWX: 210-576-3153

tHamilton/ Avnet Electronics
7449 Cehill Road

Edina 55435

Tel: (612) 941-3801

TWX: 910-676-2720

MISSOURI!

tArrow Electronics

2380 Schuetz

St, Louis, MO 83141

Tek: (314) 567-6888
tHamilton/Avnet Electronics
13743 Shortine Ct.

Earth City 63048

Tek:-(314) 344-1200

TWX: 810-762-0884

A
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NEW HAMPSHIRE
tArrow Electronics
1 Perimeter Drive
Manchester 03103
Tet: (603) 668-6968
TWX: 7102220-1684

NEW JERSEY.

tArrow Electronics

Ploasant Valley Avenue .
Moorestown 08057 .
Tel: (215) 928-1800

TWX: 710-897-0829

tAfrow Electronics

= 285 Midland Avenue

Saddle Brook 07662
Tel: (201) 797-56800 -
TWX: 710-898-2208

tHamilton’ Avnet Electronica

1 Keystone Ave. .
Bldg.-38

Cherry Hill 08003

Tel: (609) 424-0100

TWX: 710-940-0262
Harmilton/Avnet Electronics

10 Industrial Road

Fairfield 07008 .
Tel: (201) 575-3380 .
TWX: 710-734-4388

tHarvey Electronics

45 Route 46

Pinebrook 07058

- Tel: (201) 227-1262

TWX: 7 10-734-4382
'NEW MEXICO
tAlliance Electronics inc.
11030 Cochiti S.E.
Albuquerque 87123

Tel: (505) 292-3360 -
TWX: 810-889-1151

tHamilton? Avnet Electronics -
2524 Baylor Drive SE. ~ -
Albuquerque 87119

Tel: (505) 785-1500

TWX: 910-889-0814 -

NEW YORK

tArrow Etectronics

00 Broad Hollow Rd.
Farmingdate, NY 11735
Tel: (516) 694-8800
TWX: §10-224-6494

tArrow Etectronics

3000 Scuth Winton Road
Rochester 14823

Tel: (716) 275-0300
TWX: §10-253:4766
tArrow Elactronics
-7706 Maltage Drive
Liverpool 13088

Tel: {318) 652- 1000
TWX: 710-545-0230

Arrow Electranics
20 Oser Avenue
Hauppauge 11787
Tel: (516) 231-1000
TWX: 510-227-8823

tHamilton/ Avnet Electronics
333 Metro Park

Rochester 14823 -
Tel: (716) 475-9130

TWX: 510-253-5470

tHamilton/Avnet Elsctronics

16 Corporate Circle

E. Syracuse 13057

Tel: (315 437-2641

TWX: 710-541-1560

tHamilton/ Avnet Electronics

§ Hub Drive

‘Melville, Long Island 11748
Tol: (516) 4546000

TWX: §10-224-6186

tMic
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