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INTRODUCTION 

This Application Note discusses how the new Intel family 
of 5 volt EPROMs and ROMs can be used with micro
processor systems. The pinout evolution and philosophy 
are explored in detail, which leads directly to system archi
tecture. Particular emphasis will be placed on the pitfalls 
of bus contention and the microprocessor/memory inter
face. Finally, an actual printed circuit board layout is 
presented. 

PINOUT EVOLUTION 

As EPROM/ROM technology has evolved, there are 
often periods of confusion over EPROM and ROM pin
outs, as ROM density usually leads EPROM density by a 
factor of two, but ultimately users want any given EPROM 
to have a ROM compatible part. As we have seen, after the 
2716 16K EPROM was introduced, a new ROM pinout 
emerged and "triumphed" over an earlier "standard." 
The reason this ROM pinout change occurred is that as 
codes stabilize in user's systems and equipment, many 
users opt for the less expensive ROMs, which are mask 
programmable devices. At the same time, users often use 
the highest available density ROM so they combine 
modular firmware and minimize device count. Of course, 
many users never do go to the ROM stage with their equip
ment, preferring to minimize inventory levels and utilize 
standard designs that can be customized for final equip
ment configurations, but they always want the capability 
to do so if desired. 

In addition, over the past few years, the development of 
microprocessors has been intimately entwined with both 
ROMs and EPROMS. 

The 1702A and its ROM counterpart, the 1302, were com
pletely adequate to support the requirements of the 4004 
series of microprocessors. In order to support the 5 volt, 
3MHz 8085A and 5MHz 8086, it is desirable to use a com
patible device such as the Intel 5 volt 2716, whose 450ns ac
cess time is compatible with the microprocessor re
quirements. Some high performance versions of these pro
cessors may require selected versions of the 2716 (such as 
the 2716-1 with tACC = 350ns, or the 2716-2 with 
tACC = 390ns) depending on the actual system configura
tion. 

Summarizing these events since the introduction of the In
tel 1702A, which was the first EPROM, we can postulate 
the following hypothesis: at any point in time, the present 
EPROM determines the pinout for the next generation 
ROM. And, if the subsequent larger density EPROM is 
not ROM compatible, the ROM will change. Also, it can 
be seen that ROMs and EPROMs must evolve along with 
microprocessor developments-so memory performance 
does not limit system performance. 

The devices which are discussed in this Application Note 
represent an extension of the 5 volt compatible family to 
32K bit and 64K bit densities, while improving perfor
mance as discussed above. It also follows that the pinout 

for the 32K devices must be derived from the 2716 in order 
to maintain socket compatibility. This 16K to 32K pinout 
evolution is shown in Figure 1. 

Figure 1. 16K EPROM Determines 
32K ROM Pinout 

SYSTEM ARCHITECTURE 

As higher performance microprocessors have become 
available, the architecture of microprocessor systems has 
been evolving, again placing demands on memory. For 
many years, system designers have been plagued with the 
problem of bus contention when connecting multiple 
memories to a common data bus. There have been various 
schemes for avoiding the problem, but device manufac
turers have been unable to design internal circuits that 
would guarantee that one memory device would be "off" 
the bus before another device was selected. With small 
memories (512x8 and 1Kx8), it has been traditional to con
nect all the system address lines together and utilize the dif
ference between tACC and tco to perform a decode to 
select the correct device (as shown in Figure 2). 
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Figure 2. Single Control Line Architecture 



With the l702A, the chip select to output delay was only 
lOOns shorter than the address access time; or to state it 
another way, the tAee time was 1000ns while the teo time 
was 900ns. The l702A tAee performance of 1000ns was 
suitable for the 4004 series microprocessors, but the 8080 
processor required that the corresponding numbers be 
reduced to tAee = 450ns and teo = l20ns. This allowed a 
substantial improvement in performance over the 4004 
series of microprocessors, but placed a substantial burden 
on the memory. The 2708 was developed to be compatible 
with the 8080 both in access time and power supply re
quirements. A portion of each 8080 machine cycle time 
had to be devoted to the architecture of the system 
decoding scheme used. This devoted portion of the 
machine cycle included the time required for the system 
controller (8224) to perform its function before the actual 
decode process could begin. 

Let's pause here and examine the actual decode scheme 
that was used so we can understand how the control func
tions that a memory device requires are related to system 
architecture. 

The 2708 can be used to illustrate the problem of having a 
single control line. The 2708 has only one read control 
function, chip select (CS), which is very fast (teo = l20ns) 
with respect to the overall access time (tAee = 450ns) of 
the 2708. It is this time difference (330ns) that is used to 
perform the decode function, as illustrated in Figure 3. 
The scheme works well and does not limit system perfor
mance, but it does lead to the possibility of bus contention. 

BUS CONTENTION 

There are actually two problems with the scheme described 
in the previous section. First, if one device in a multiple 
memory system has a relatively long deselect time, and a 
relatively fast decoder is used, it would be possible to have 
another device selected at the same time. If the two devices 
thus selected were reading opposite data; that is, device 
number one reading a HIGH and device number two 
reading a LOW, the output transistors of the two memory 
devices would effectively produce a short circuit, as Figure 
4 illustrates. In this case, the current path is from Vee on 
device number one to GND on device number two. This 
current is limited only by the "on" impedance of the MOS 
output transistors and can reach levels in excess of 200mA 
per device. If the MOS transistors have a lot of "extra" 
margin, the current is usually not destructive; however, an 
instantaneous load of 400mA can produce "glitches" on 
the Vee supply - glitches large enough to cause standard 
TTL devices to drop bits or otherwise malfunction, thus 
causing incorrect address decode or generation. 

The second problem with a single control line scheme is 
more subtle. As previously mentioned, there is only one 
control function available on the 2708 and any decoding 
scheme must use it out of necessity. In addition, any in
advertent changes in the state of the high order address 
lines that are inputs to the decoder will cause a change in 
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the device that is selected. The result is the same as before 
- bus contention, only from a different source. The 
deselected device cannot get "off" the bus before the 
selected one is "on" the bus as the addresses rapidly 
change state. One approach to solving this problem would 
be to design (and specify as a maximum) devices with tDP 
time less than teo time, thereby assuring that if one device 
is selected while another is simultaneously being 
deselected, there would be some small (20ns) margin. Even 
with this solution, the user would not be protected from 
devices which have very fast teo times (teo is specified as a 
maximum). 

The only sure solution appears to be the use of an external 
bus driver Itransceiver that has an independent enable 
function. Then that function, not the "device selecting 
function," or addresses, could control the flow of data 
"on" and "off" the bus, and any contention problems 
would be confined to a particular card or area of a large 
card. In fact, many systems are implemented that way -
the use of bus drivers is not at all uncommon in large 
systems where the drive requirements of long, highly 
capacitive interconnecting lines must be taken into con
sideration - it also may be the reason why more system 
designers were not aware of the bus contention problem 



until they took a previously large (multicard) system and, 
using an advanced microprocessor and higher density 
memory devices, combined them all on one card, thereby 
eliminating the requirement for the bus drivers, but ex
periencing the problem of bus contention as described 
above. 

THE MICROPROCESSOR/MEMORY 
INTERFACE 

From the foregoing discussion, it becomes clear that some 
new concepts, both with regard to architecture and perfor
mance are required. A new generation of two control line 
EPROM devices is called for with general requirements as 
listed below: 

1. Complete ROM pin and function compatibility. 

2. A power control function that allows the device to 
enter a low-power standby mode when deselected. This 
function can be used as the primary device selecting func
tion, independent of the output control. 

3. Capability to control the data "on" and "off" the 
system bus, independent of the device selecting function 
identified above. 

4. Access time compatible with the high performance 
microprocessors that are currently available. 

Now let's examine the system architecture that is required 
to implement the two line control and prevent bus conten
tion. This is shown in the form of a timing diagram (Figure 
5). As before, addresses are used to generate the unique 
device selecting function, but a separate and independent 
Output Enable (OE) control is now used to gate data "on" 
and "off" the system data bus. With this scheme, bus con
tention is completely eliminated as the processor deter
mines the time during which data must be present on the 
bus and then releases the bus by way of the Output Enable 
line, thus freeing the bus for use by other devices, either 
memories or peripheral devices. This type of architecture 
can be easily accomplished if the memory devices have two 
control functions, and the system is implemented accor
ding to the block diagram shown in Figure 6. It differs 
from the previous block diagram (shown in Figure 2) in 
that the control bus, which is connected to all memory 
Output Enable pins, provides separate and independent 
control over the data bus. In this way, the microprocessor 
is always in control of the system; while in the previous 
system, the microprocessor passed control to the particular 
memory device and then waited for data to become 
available. Another way to look at it is, with a single control 
line the system is always asynchronous with respect to 
microprocessor/memory communications. By using two 
control lines, the memory is synchronized to the processor. 
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TERMINOLOGY 

Some of the terminology applied to the functions of the 
Intel 5 volt compatible family may be confusing or un
familiar to many EPROM/ROM users, so the various 
terms are defined here. Actually, the nomenclature was 
developed by various standards groups and is reiterated 
here to avoid confusion as we begin a detailed discussion 
of the devices themselves. 

First of all, Chip Enable (CE) must be defined, as it is the 
primary device selection pin. By agreed standards, that 
function which substantially affects power dissipation is 
called CEo Any memory device that has a CE function has 
both an active and standby power level associated with it. 

Output Enable (OE) is the signal that controls the output. 
The fundamental purpose of OE is to provide a completely 
separate means of controlling the output buffer of the 
memory device, thereby eliminating bus contention. 

Chip Select (CS) is a signal that gets logically ANDed with 
addresses. In a completely static device, CS must remain 
stable throughout the entire device cycle, and its function 
is equivalent to Output Enable (OE). 



THE NEW INTEL FAMILY 

Figure 7 shows the new Intel 5 volt compatible family of 
EPROMs and ROMs. In order to take advantage of the 
modular compatibility offered by the family, the func
tional compatibility of device pins 18, 19 and 21 must be 
understood. (Shaded area in Figure 7.) 

First, we must examine the compatibility of the two oldest 
EPROM members of the 5 volt family - the 8K (2758) and 
the 16K (2716). 

Pin 21 (Vpp) is normally connected to V cc for read only 
applications of both devices, and pin 19 is either at GND 
(VId for the 8K 2758 or connected to AlO for the 16K 
2716. Further details on either of these devices can be 
found in Section 9 of the 1977 Edition of the Intel Memory 
Design Handbook, or Section 4 of the 1978 Intel Data 
Catalog. 

The 32K (4Kx8) devices, which have identical pinouts for 
both the ROM and EPROM, will now be discussed. Pin 18 
is CEo Pin 19 is AlO, while pin 20 is DE. As was pointed out 
before, Output Enable is the function which allows in
dependent control of the data "on" and "off" the output 
bus. As Figure 7 indicates, Vpp (the programming voltage 
for the 2732 EPROM) is now multiplexed with OE on pin 
20. Pin 21 becomes All, which is the additional address bit 
that is required as the density increases from 16K to 32K. 

Pin 21 is the only pin that requires any special considera
tion when designing a system to accept the 8K, the 16K, or 
the 32K device. With the 8K and the 16K devices, pin 21 
must be connected to V cc, while with the 32K and higher 
density devices, it must be connected to All. This is easily 
accomplished by making sure the printed circuit trace links 
all pin 21 's together as though they were an address line 
and allowing for a jumper that will connect pin 21 to either 
V cc or All at the edge of the array (this technique can be 
seen in the "Printed Circuit Board Design" section and in 
Figure 8). Connecting the pin 21 's together in this manner 
is acceptable as the read current requirement for V pp is 
4mA maximum per device - low enough to be handled by 
a signal trace, but too high for an address driver to provide 
directly. 
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The highest density member of the family is a 64K ROM 
which is also shown in Figure 7. In order to maintain total 
compatibility it is packaged in a standard 28-pin package. 

It may seem as though the 28 pin package is not compatible 
with the rest of the family, but referring again to Figure 7, 
note that the lower 24 pins are identical to the 24 pin 8K, 
16K and 32K devices. To allow for total compatibility 
within the family: printed circuit boards must be laid out 
to accommodate 28 pin sites; a jumper must be included to 
accommodate pin 21 as shown in Figure 8, and when using 
64K devices, CS2 (Pin 26) must be mask coded active high. 
This compatibility can also be seen graphically in Figures 9 
and 10. The upper portion of the figure shows how 24 pin 
devices are used in the 28 pin sites. The two control lines 
(CE and OE) remain unchanged as discussed earlier, and A12, 
the next address bit required for a 64K bit device, is 
connected to pin 2 of the 28 pin site. The lower portion of 
the figure illustrates the use of 28 pin devices. Address bit 
Al2 is already connected to the right pin, and the chip 
selects (CS} and CS2) are connected to the V cc power 
distribution grid. This configuration would require that 
both CSt and CS2 be coded active high. 
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In some systems, additional logic may be used to imple
ment a "special" decode of CSl to allow for ROM to 
ov~rlap RAM when a system bootstrap program is being 
loaded; that additional logic should be implemented with 
CSl; CS2 should be coded active high in order to preserve 
total compatibility. 

To summarize, the selection of a 28 pin package for 64K 
devices has several benefits of importance to present and 
future system designs: 

1. Two line control philosophy (separate CE and OE 
functions) is preserved at the 64K bit level. 
2. 64K EPROM compatibility is allowed for by maintain
ing a pin for the Vpp function. 
3. The next generation (128K bit ROM) must be in a 28 
pin package. 

If CS2 (pin 26) is mask coded to be active high and con
nected to V cc, and the jumper provision for pin 21 is in
cluded on the card as described above, any member of the 
family can be plugged into the same socket - 1K, 2K, 4K 
or 8K bytes - without any card modification or redesign. 
In addition, future devices of higher density will fit in the 
same pinout. 

PRINTED CIRCUIT BOARD DESIGN 

The 2716 and the 2732 are both completely static devices 
that automatically enter a low power standby mode 
whenever CE is high. When CE is taken low, the device 
"powers up" and enters the active mode. This change 
from standby to active power can cause transient currents 
that must be suppressed by properly selected decoupling 
capacitors. High quality, high frequency ceramic 
capacitors of small physical size with low inherent 
inductance should be used. In addition, bulk decoupling 
must be provided, usually near where the power supply is 
connected to the array. The purpose of the bulk 
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decoupling is to overcome the voltage droop caused by the 
inductive effects of the PC board traces. Electrolytic or 
tantalum capacitors are suitable for bulk decoupling. The 
following capacitance values and locations are 
recommended for the 16K and 32K: 

1. A 0.1 J-lF ceramic capacitor between Vee and GNO at 
every other device. 

2. A 4.7 J-lF electrolytic capacitor between Vee and G NO 
for each eight devices. 

A printed circuit board layout for a total array of 16 
devices is shown in Figure 10. This printed circuit layout 
incorporates a power supply distribution system such that 
the power supply and ground traces on the PC board are 
gridded both vertically and horizontally at each memory 
device; this technique minimizes the power distribution 
system impedance and enhances the effect of the 
decoupling capacitors. Provisions are included for all 
address inputs, output enable inputs, data outputs and 
decoded chip enable inputs. The 0.1 J-lF capacitors referred 
to above are included for every other device (indicated by 
the legend C2) while the bulk decoupling capacitor is 
shown at the upper left-hand corner (indicated by the 
legend C1). The layout consists of four rows of four 28-pin 
device sites each and embodies all of the concepts 
explained above. Note that pins 28, 27 and 26 are all 
connected to Vee. This requires that when ordering mask 
programmed 64K ROMs, the order must specify that CS I 
and CS2 be coded active HIGH. The single jumper 
provision discussed in the previous section is also included 
at the upper lefthand corner of the array (indicated by A, 
B, and C). Pad B is connected to pin 21 of all devices in the 
array; pad A should be conn.ected to the All address driver 
and pad C is connected to Vee. For use with 32K bit or 
larger devices, a jumper must be installed between pads A 
and B; for use with the 2716 (16K) or the 2758 (8K), the 
jumper must be installed between pads Band C. 
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00139 Rome, Italy 
Tel: (06) 81 27290 - 81 27324 
TELEX: 612051 

JAPAN 
Tokyo Electron Labs, Inc. 
No.1 Higashikata-Machi 
Midori-Ku, Yokohama 226 
Tel: (045) 471-8811 
TELEX: 781-4773 
Ryoyo Electric Corp. 
Konwa Bldg. 
1-12-22, Tsukiji, 1-Chome 
Chuo-Ku, Tokyo 104 
Tel: (03) 543-7711 
Nippon Micro Computer Co. Ltd. 
Mutsumi Bldg. 4-5-21 Kojimachi 
Chiyoda-ku, Tokyo 102 
Tel: (03) 230-0041 

KOREA 
Leewood International, Inc. 
C.P.O. Box 4046 
112-25, Sokong-Dong 
Chung-Ku, Seoul 100 
Tel: 28-5927 
CABLE: "LEEWOOD" Seoul 

NETHE;RLANDS 
C.N. Rood BV 
Cort Vender 
Lindenstraat, 13 
Postbus 42 
Rijswijk 2280 AA 
Tel: 070-996360 
TELEX: 31238 
Inelco Nederland 
AFD Elektronic 
Joan Muyskenweg 22 
NL-1096 Amsterdam 
Tel: (020) 934824 
TELEX: 14622 

NEW ZEALAND 
W. K. McLean Ltd. 
103-5 Felton Matthew Avenue 
Glenn Innes, Auckland, 6 
Tel: 587-037 
TELEX: NZ2763 KOSFY 

NORWAY 
Nordisk Elektronik (Norge) A/S 
Mustads Vei 1 
N-OSIO '2 
Tel: (02) 55 24 85 
TELEX: 16963 

PORTUGAL 
Ditram 
Componentes E Electronica LDA 
Av. Miguel Bombarda, 133 
Lisboa 1 
Tel: 11945313 

ITALY 
Intel Corporation Italia, S.P.A. 
Corso Sempione 39 
1-20145 Milano 
Tel: 39/2/34.93.18F 
TELEX: 311271 

GERMANY 
Intel Semiconductor GmbH' 
Seidlstrasse 27 
8000 Muenchen 2 
Tel: (089) 55 81 41 
TELEX: 523 177 
Intel Semiconductor GmbH 
Abraham Lincoln Strasse 30 
6200 Wiesbaden 1 
Tel: (06121) 74855 
TELEX: 04186183 
Intel Semiconductor GmbH 
Wernerstrasse 67 
P.O. Box 1460 
7012 Fellbach 
Tel: (0711) 580082 
TELEX: 7254826 
Intel Semiconductor GmbH 
Hindenburger Strasse 28/29 
3000 Hannover 
Tel: (0511) 852051 
TELEX: 923625 

SINGAPORE 
General Engineers Associates 
Blk 3, 1003-1008 
P.S.A. Multi-Story Complex 
Telok Blangah/Pasir Panjang 
Singapore 5 
Tel: 271-3163 
CABLE: GENEERCORP 

SOUTH AFRICA 
Electronic Building Elements 
P.O. Box 4609 
Pretoria 
Tel: 78 92 21 
TELEX: 30181 

SPAIN 
Interface' 
Ronda San Pedro 22 
Barcelona 10 
Tel: 301 78 51 
TELEX: 51508 IFCE E 
ITT SESA 
Miguel Angel 16 
Madrid 10 
Tel: (1) 410 2354 
TELEX: 27707/27461 

SWEDEN 
Nordisk Electronik AS 
Sandhamnsgatan 71 
S-102 54 Stockholm 
Tel: (08) 635040 
TELEX: 10547 

SWITZERLAND 
Industrade AG 
Gemsenstrasse 2 
Postcheck 80 - 21190 
CH-8021 Zurich 
Tel: (01) 60 22 30 
TELEX: 56788 

TAIWAN 
Taiwan Automation Co.' 
2nd Floor, 224 
Nanking East Road 
Section 3 
Taipei 
Tel: (02) 7710940-3 
TELEX: 11942 TAIAUTO 

UNITED KINGDOM 
G.E.C. Semiconductors Ltd. 
East Lane 
North Wembley 
Middlesex HA9 7PP 
Tel: (01) 904-9303/908-4111 
TELEX: 923492 
Jermyn Industries 
Vestry Estate 
Sevenoaks, Kent 
Tel: (0732) 51174 
TELEX: 95142 
Sintrom Electronics Ltd.' 
Arkwright Road 
Reading, Berkshire RG2 OLS 
Tel: (0734) 85464 
TELEX: 847395 
Rapid Recall, Ltd. 
6 Soho Mills Ind. Park 
Woburn Green 
Bucks, England 
Tel: (6285) 270.72 
TELEX: 849439 

VENEZUELA 
Componentes y Circuitos 

Electronicas TTLCA CA 
Apartado 3223 
Caracas 101 
Tel: 239 53 75 
TELEX: TAMER 24157 

'Field Application Location 



3065 Bowers Avenue 
Santa Clara, California 95051 
Tel: (408) 987-8080 
TWX: 910-338-0026 
TELEX: 34-6372 

ALABAMA 
Intel Corp. 
3322 S. Parkway, Ste. 71 
Holiday Office Center 
Huntsville 35802 
Tel: (205) 883-2430 
Glen White Associates 
3502 9th Avenue 
Huntsville 35805 
Tel: (205) 883-9394 
Wen-Tech Associates, Inc. 
Holiday Office Center 
3322 S. Memorial Pkwy. 
Huntsville 35801 
Tel: (205) 533-0090 

ARIZONA 
Intel Corp. 
8650 N. 35th Avenue, Suite 101 
Phoenix 85021 
Tel: (602) 242-7205 
tBFA 
4426 North Saddle Bag Trail 
Scottsdale 85251 
Tel: (602) 994-5400 

CALIFORNIA 
Intel Corp. 
7670 Opportunity Rd. 
Suite 135 
San Diego 92111 
Tel: (714) 268-3563 
Intel Corp. * 
1651 East 4th Street 
Suite 105 
Santa Ana 92701 
Tel: (714) 835-9642 
TWX: 910-595-1114 
Intel Corp. * 
15335 Morrison 
Suite 345 
Sherman Oaks 91403 
(213) 986-9510 
TWX: 910-495-2045 
Intel Corp." 
3375 Scott Blvd. 
Santa Clara 95051 
Tel: (408) 987-8086 
TWX: 910-339-9279 
TWX: 910-338-0255 
Earle Associates, Inc. 
4805 Mercury Street 
Suite L 
San Diego 92111 
Tel: (714) 278-5441 
Mac-I 
2576 Shattuck Ave: 
Suite 4B 
Berkeley 94704 
Tel: (415) 843-7625 
Mac-I 
P.O. Box 1420 
Cupertino 95014 
Tel: (408) 257-9880 
Mac-I 
P.O. Box 8763 
Fountain Valley 92708 
Tel: (714) 839-3341 
Mac-I 
20121 Ventura Blvd., Suite 240E 
Woodland Hills 91364 
Tel: (213) 347-5900 

COLORADO 
Intel Corp." 
6000 East Evans Ave. 
Bldg. 1, Suite 260 
Denver 80222 
Tel: (303) 758-8086 
TWX: 910-931-2289 
tWestek Data Products, Inc. 
27972 Meadow Drive 
P.O. Box 1355 
Evergreen 80439 
Tel: (303) 674-5255 
Westek Data Products, Inc. 
1322 Arapahoe 
Boulder 80302 
Tel: (303) 449-2620 

CONNECTICUT 
Intel Corp. 
Peacock Alley 
1 Padanaram Road, Suite 146 
Danbury 06810 
Tel: (203) 792-8366 
TWX: 710-456-1199 

FLORIDA 
Intel Corp. 
1001 N.W. 62nd Street, Suite 406 
FI. Lauderdale 33309 
Tel: (305) 771-0600 
TWX: 510-956-9407 
Intel Corp. 
5151 Adanson Street, Suite 203 
Orlando 32804 
Tel: (305) 628-2393 
TWX: 810-853-9219 

u.s. AND CANADIAN SALES OFFICES 

FLORIDA (cont.) 
tpen-Tech Associates, Inc. 
201 S.E. 15th Terrace, Suite F 
Deerfield Beach 33441 
Tel: (305) 421-4989 
tpen-Tech Associates, Inc. 
111 So. Maitland Ave., Suite 202 
Maitland 32751 
Tel: (305) 645-3444 

GEORGIA 
tpen-Tech Associates, Inc. 
Suite 305 C 
2101 Powers Ferry Road 
Atlanta 30339 
Tel: (404) 955-0293 

ILLINOIS 
Intel Corp." 
900 Jorie Boulevard 
Suite 220 
Oakbrook 60521 
Tel: (312) 325-9510 
TWX: 910-651-5881 

INDIANA 
Electro Reps Inc. 
941 E. 86th Street, Suite 101 
Indianapolis 46240 
Tel: (317) 255-4147 
TWX: 810-341-3217 
Electro Reps Inc. 
3601 Hobson Rd. 
Suite 106 
FI. Wayne 46815 
Tel: (219) 483-0518 

IOWA 
Technical Representatives, Inc. 
SI. Andrews Building 
1930 SI. Andrews Drive N.E. 
Cedar Rapids 52405 
Tel: (319) 393-5510 

KANSAS 
Technical Representatives, Inc. 
8245 Nieman Road, Suite #100 
Lenexa 66214 
Tel: (913) 888-0212, 3, & 4 
TWX: 910-749-6412 

KENTUCKY 
tLowry & Associates, Inc. 
3351 Commodore 
Lexington 40502 
Tel: (606) 269-6329 

MARYLAND 
Intel Corp. * 
7257 Parkway Drive 
Hanover 21076 
Tel: (301) 796-7500 
TWX: 710-862-1944 
Glen White Associates 
57 W. Timonium Road, Suite 307 
Timonium 21093 
Tel: (301) 252-6360 
tMesa Inc. 
11900 Parklawn Drive 
Rockville 20852 
Tel: Wash. (301) 881-8430 

Balto. (301) 792-0021 

MASSACHUSETTS 
Intel Corp. * 
187 Billerica Road, Suite 14A 
Chelmsford 01824 
Tel: (617) 667-8126 
TWX: 710-343-6333 
tComputer Marketing, Inc. 
257 Crescent Street 
Waltham 02154 
Tel: (617) 894-7000 

MICHIGAN 
Intel Corp. 
26500 Northwestern Hwy. 
Suite 401 
Southfield 48075 
Tel: (313) 353-0920 
TWX: 910-420-1212 
TELEX: 2 31143 
tLowry & Associates, Inc. 
135 W. North Street 
Suite 4 
Brighton 48116 
Tel: (313) 227-7067 

MINNESOTA 
Intel Corp. 
8200 Normandale Avenue 
Suite 422 
Bloomington 55437 
Tel: (612) 835-6722 
TWX: 910-576-2867 
tDytek North 
1821 University Ave. 
Room 163N 
St. Paul 55104 
Tel: (612) 645-5816 

MISSOURI 
Technical Representatives, Inc. 
320 Brookes Drive, Suite 104 
Hazelwood 63042 
Tel: (314) 731-5200 
TWX: 910-762-0618 

NEW JERSEY 
Intel Corp. 
1 Metroplaza Office Bldg. 
505 Thornall SI. 
Edison 08817 
Tel: (201) 494-5040 
TWX: 710-480-6238 

NEW MEXICO 
BFA Corporation 
P.O. Box 1237 
Las Cruces 88001 
Tel: (505) 523-0601 
TWX: 910-983-0543 
BFA Corporation 
3705 Westerfield, N.E. 
Albuquerque 87111 
Tel: (505) 292-1212 
TWX: 910-989-1157 

NEW YORK 
Intel Corp. * 
350 Vanderbilt Motor Pkwy. 
Suite 402 
Hauppauge 11787 
Tel: (516) 231-3300 
TWX: 510-227-6236 
Intel Corp. 
80 Washington SI. 
Poughkeepsie 12601 
Tel: (914) 473-2303 
TWX: 510-248-0060 
Intel Corp. 
474 Thurston Road 
Rochester 14619 
Tel: (716) 328-7340 
TWX: 510-253-3841 
tMeasurement Technology, Inc. 
159 Northern Boulevard 
Great Neck 11021 
Tel: (516) 482-3500 
T-Squared 
4054 Newcourt Avenue 
Syracuse 13206 
Tel: (315) 463-8592 
TWX: 710-541-0554 
T-Squared 
2 E. Main 
Victor 14564 
Tel: (716) 924-9101 
TWX: 510-254-8542 

NORTH CAROLINA 
tpen-Tech AssOCiates, Inc. 
1202 Eastchester Dr. 
Highpoint 27260 
Tel: (919) 883-9125 
Glen White Associates 
4021 Barrett Dr. 
Suite 12 
Raleigh 27609 
Tel: (919) 787-7016 

OHIO 
Intel Corp. * 
8312 North Main Street 
Dayton 45415 
Tel: (513) 890-5350 
TWX: 810-450-2528 
Intel Corp. * 
Chagrin-Brainard Bldg. #201 
28001 Chagrin Blvd. 
Cleveland 44122 
Tel: (216) 464-2736 
Lowry & Associates, Inc. 
24200 Chagrin Blvd. 
Suite 320 
Cleveland 44122 
Tel: (216) 464-8113 
tLowry & Associates, Inc. 
1524 Marsetta Drive 
Dayton 45432 
Tel: (513) 429-9040 
tLowry & Associates, Inc. 
1050 Freeway Dr., N. 
Suite 209 
Columbus 43229 
Tel: (614) 436-2051 

OREGON 
ES/Chase Company 
4095 SW 144th St. 
Beaverton 97005 
Tel: (503) 641-4111 

PENNSYLVANIA 
Intel Corp." 
275 Commerce Dr. 
200 Office Center 
Suite 212 
Fort Washington 19034 
Tel: (215) 542-9444 
TWX: 510-661-2077 

tLowry & Associates, Inc. 
Seven Parkway Center 
Suite 455 
Pittsburgh 15520 
Tel: (412) 922-5110 
tQ.E.D. Electronics 
300 N. York Road 
Hatboro 19040 
Tel: (215) 674-9600 

TENNESSEE 
Glen White Associates 
Rt. #12, Norwood SID 
Jonesboro 37659 
Tel: (615) 477-8850 
Glen White Associates 
2523 Howard Road 
Germantown 38138 
Tel: (901) 754-0483 
Glen White Associates 
6446 Ridge Lake Road 
Hixon 37343 
Tel: (615) 842-7799 

TEXAS 
Intel Corp." 
2925 L.B.J. Freeway 
Suite 175 
Dallas 75234 
Tel: (214) 241-9521 
TWX: 910-860-5487 
Intel Corp." 
6776 S.w. Freeway 
SUite 550 
Houston 77074 
Tel: (713) 784-3400 
Mycrosystems Marketing Inc. 
13777 N. Central Expressway 
Suite 405 
Dallas 75243 
Tel: (214) 238-7157 
TWX: 910-867-4763 
Mycrosystems Marketing Inc. 
6610 Harwin Avenue, Suite 125 
Houston 77036 
Tel: (713) 783-2900 
Mycrosystems Marketing Inc. 
Koger Executive Center 
Suite 207 
San Antonio 78228 
Tel: (512) 735-5073 

UTAH 
tWestek 
3788 Brockbank Drive 
Salt Lake City 84117 
Tel: (801) 278-6920 

VIRGINIA 
Glen White Associates 
P.O. Box 1104 
Lynchburg 24505 
Tel: (804) 384-6920 
Glen White Associates 
Rt. #1, Box 322 
Colonial Beach 22443 
Tel: (804) 224-4871 

WASHINGTON 
Intel Corp. 
300 120th Avenue N.E. 
Bldg. 2, Suite 202 
Bellevue 98005 
Tel: (206) 453-8086 
E.S';Chase Co. 
P.O. Box 80903 
Seattle 98198 
Tel: (206) 762-4824 
TWX: 910-444-2298 

WISCONSIN 
Intel Corp. 
4369 S. Howell Ave. 
Milwaukee 53207 
Tel: (414) 747-0789 

CANADA 
Intel Corp. 
Suite 233, Bell Mews 
39 Highway 7, Bell Corners 
Ottawa, Ontario K2H 8R2 
Tel: (613) 829-9714 
TELEX: 053-4419 
Intel Corp. 
6205 Airport Rd. 
Bldg. B, Suite 205 
Mississauga, Ontario 
L4V 1E3 
Tel: (416) 671-0611 
TELEX: 06983574 
Multilek, Inc. * 
15 Grenfell Crescent 
Ottawa, Ontario K2G OG3 
Tel: (613) 226-2365 
TELEX: 053-4585 

"Field application location 
Hhese representatives do not offer Intel Components, 

only boards and systems. 
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