
FOR ENGINEERS AND ENGIN EER ING MANAGERS 

What's likely to develop in '76? 
Microprocessors, PRO Ms and 
PLAs will be in the picture in 
a host of new products. Next 
year the focus wi 11 be on logic 
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analyzers and calculator-based 
systems. Also, keep a sharp 
eye on low-cost mini and µ,P 
peripherals. For the big picture 
on electronics, turn to page 26. 



So good ... 
you can actually feel the difference! 

J30URNS announces an ADVANCED 
building-block potentiometer... STANDARD TAPERS 

... with a velvety smooth control feel 
that will enhance the quality image of 
your equipment. It's BOURNS® new 
Model 80 Building-Block potentiometer. 

The Model 80 incorporates a unique 
new shaft torque control device which 
enables us to produce an advanced 
modular potentiometer with a smooth, 
consistent high quality "feel" ... 
regardless of the number of modules 
ganged on a single shaft (shaft torque 
only .3 to 2.0 oz.-in.). 

MODULAR VERSATILITY, 
FACTORY ASSEMBLY 
Bourns modular concept combines the 
design versatility of advanced building-

Cermet or conductive 
pluticelement 

S11f-utin1uishin1, 
fire resistant 
th1rmoplaslicbod7 

block construction ... with factory as
sembled reliability and quality control. 
All Model 80 potentiometers are built 
to your "prescription" by full-time 
production personnel, under the 
supervision and control of the industry's 
most respected quality assurance 
organization. High-volume assembly 
techniques, plus mass-produced 
modular components stock means fast 
delivery ... at competitive prices. 

CERMET OR CONDUCTIVE 
PLASTIC 
Bourns Model 80 is available with 
either cermet or conductive plastic 
elements in virtually all linear and non
linear tapers. Element types may be 
mixed in multiple section units. 
INDEPENDENT LINEARITY IS 
± 5% ... offering more precise phasing 
of potentiometer output to panel 
calibration. 

SUPER SET ABILITY 
A multifinger wiper and precise 
resistive ink formulations provide tight 
1 % CRV in both cermet and conductive 
plastic elements. This - combined 
with a smooth, no backlash feel -
makes for easy, accurate operator 
settings. 
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NO SHARP KNEE ON TAPERS 
Model 80 audio tapers provide a smooth 
"knee'', which allows improved 
setability within the crossover area on 
both cermet and conductive plastic. 

FREE SAMPLES 
Write on your 
company letterhead 
and tell u about 
your application. 
We'll send you the 
Model 80 that best 
suits your needs. 

TRIMPOT PRODUCTS DIVISIOl'J 
1200 COLUMBIA AVENUE , RIVERSIDE , CALIFORNIA 92507 
PHONE 714 684·1700 TWX 910 332-1252 CABLE BOURNSINC 



HP's 5 times brighter display! 

01503 

At 20mA our new High-Efficiency red display is 5 times brighter than our 
standard red displays. Just 3mA per segment gives you all the brightness you need 

and makes it ideal for battery powered applications. These large .43" displays are 
offered in High Efficiency Red, Yellow, or Green and are readable up to 

20 feet. The 5082-7650 (High-Efficiency Red), -7660 (Yellow), 
-7670 (Green) are available in standard DIP packages with left-hand d.p. 

and common anode configuration. Just S3.95* each in quantities of 100. 
Contact Hall-Mark, Schweber, Wilshire or the Wyle Distribution 

Group (Liberty/ Elmar) for immediate delivery, or write us for more 
information and our new application note on contrast enhancement. 

·Domestic USA price only. 
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DC solid state update: 
new relays now handle 
five times the voltage. 

Not long ago we introduced a line of 50VDC solid state relays. 
But a lot of circuit designers told us they needed higher 
voltage switching capability. To deliver meant coming up 
with an industry first. We did. Now Teledyne's new DC 
solid state relays provide a maximum load rating of 5 amps 
at 250VDC, with 
two control voltage 
ranges. 

Our new 603-3 relay 
offers a TTL com
patibfe 3-lOVDC 
input, and the 603-4 

a high level logic compatible 10-32VDC input. 
What's more, they feature transformer coupling 
to provide 1500V input/output isolation, and 
direct drive from the control source for low 
off-state leakage. 

Package configurations provide three mounting 
options. You can select screw terminals, quick
disconnect terminals, or solder pins for direct 
pc board mounting. 

All in all, Teledyne now has DC solid state relays 
to handle special high voltage switching problems 
-particularly for those heavy industrial machine 
and process control jobs. 

For detailed information or applications help, 
contact your local Teledyne Relays people. 
They're sure to bring you up-to-date on high 
voltage DC switching . 

..._~ TELEDYNE RELAYS 
3155 West El Segundo Boulevard, Hawthorne, California 90250 
Telephone (213) 973-4545 
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~ AlsQ new from HP: The HP 9871 Page-width 
Printer/Plotter. Its unique bi-directional platen and 
96-character printing disk let you run program
formulated charts and graphs; tables and text. 
Works with all HP 9800 series 
computing calculators. 



Announcing the HP9815. 
Look what your 

bucks will buy now. 

High-speed data cartridge 
provides up to 96,384 bytes 
of program and data storage. 
Dual-track, 140 foot mag
netic tape can be searched 
bi-directionally at 60 inches 
a second. 

Thermal printer has full set 
of alphanumeric characters. 
Print: up to 16 characters 
per line at 2. 8 lines a second. 

Easy-on-the-eyes display 

Auto-Start switch initializes Simplified programming, 
programs so an operator based on easy-to-understand 
need only switch on the logic and easy-to-remember 
power and Auto-Start, and mnemonics, lets you write 
begin interacting with pro- powerful, complex programs 
grams. It also provides power- easily. I 

Powerful editing features 
allow you to modify and up
date programs quickly and 
accurately. 

Built-in math and trig 
functions provide simple, 
convenient keystroke calcula
tions-just like you get from 
HP hand-held calculators. 

foil ,_<l ~ I A 

* HP stack-oriented nota
tion is the efficient, powerful 

------- method for arithmetic opera-
can display up to 16 numeric ______ _. 

• 
tions. It reduces equations to 

characters or up to 10 digits 
in scientific notation. 

a few easily-handled steps. 

15 user definable keys 
allow single keystroke 
execution of programmed 
routines. 

Compact and portable, 
the 13 pound HP 9815 is 
just 13%" x 13%" x 4". 

*U.S . domestic price only. Does not 
include options, programs or peripherals. 

And that's just for starters. 
At its base-price, the new HP 9815 computing calculator is 

a price/ performance leader. And the powerful 9815 becomes a uniquely versatile 
performer as you add optional features. 

Interfacing capability is provided through an optional $200* two-channel I/ 0 module. 
It allows a choice of seven different HP peripherals to work with the 9815, 

including the new 9871 page printer. You just plug them in, and they're ready to go. 
HP interface cards and cables allow the 9815 to control, gather and process data 

from a variety of instruments. And by adding an HP-Interface Bus, 
up to 14 instruments can be monitored simultaneously. 

HP general-purpose programs are now available for statistics, 
electrical engineering design, surveying and radioimmunoassay. With them, problem 

solving is reduced to data entry. 
Power, versatility, simplicity, low-cost-these are the characteristics of 

the new 9815. We call it a four-dimensional machine. Call your local HP sales office, 
or write for a copy of the HP 9815 brochure, and you'll see why. 

HP computing calculators put the power where the problems are. 

HEWLETT~ PACKARD 

Sales and service from 172 offices in 65 countries. 
PO Box 301 Loveland Coloraao 80537 
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Start Getting Your 
Money$vvorth 

Out of Povver Modules 
Now, you can really start getting your 
moneysworth out of power modules with 
Abbott's new LOW COST series. 
Designed to give you 100,000 hours of 
trouble-free operation (that's Im years), 
these reliable units meet the needs of 
OEM engineers. Their purchase price is 
about $7 per year of service. The model 
LC series feature: 

• 47-420 Hz Input Frequency 
• 0.1% Regulation 
• +60°C. Ambient Operation 
• Single and Dual Outputs 
• 1 Day Stock Delivery 

These units provide more quality per 
dollar compared to similar items on the 
market. See table below for prices on 
some of our LC models. Many other LC 
models are listed in our catalog. 

sv@ SV@ 12V@ 

If analyzing the many similar power 
supplies on the market is confusing; if 
you are concerned about the long-term 
reliability of those units, then decide on 
an Abbott power supply for your system. 
Your best buy in OEM power modules 
is ABBOTT. 
Abbott also manufactures 3,000 other 
models of power supplies with -·output 
voltages from 5 to 7 40 VDC and with 
output currents from 2 milliamps to 20 
amps. They are all listed with prices in 
the new Abbott Catalog with · various 
inputs: 

15V@ 

60~toDC 
400 -Pt:7 to DC 
28 voe to oc 
28 voe to 400 -A.:;r 
12-38 voe to 60 ~ 

28V@ ±12V@ ±15V@ 
6Amps 10 Amps 10 Amps 4Amps 1 Amp 1.2 Amps 4 Amps 

LC5T6 LC5T10 LC12T10 LC15T4 LC28T1 LLC12T1.2 LLC15T4 

$62 $73 $99 $73 $62 $87 $119.00 

Please see pages 1054-1056 Volume 1 of your 1975-76 EEM (ELECTRONIC ENGINEERS 
MASTER Catalog) or pages 612-613 and 620 Volume 2 of your 1975-76 GOLD BOOK 

for complete information on Abbott Modules. 

Send for our new 60 page FREE catalog. 

abbott transistor 
INDUSTRIAL PRODUCTS DIVISION 

general offices 
5176 W. Jefferson Blvd./ Los Angeles 90016 
(213) 930-1040 Telex: 69-1398 

eastern office 
1224 Anderson Ave./Fort Lee, N.J. 07024 
(201) 224-6900 Telex: 13-5332 
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Across the. Desk 

A 'terrific' idea, 
but-

In "Two Components Added to 
CMOS Flip-Flop Convert It to 
One-Shot or Level Detector" (ED 

o. 17, Aug. 16, 1975, p. 76 ) , the 
idea of using a CMOS flip-flop as 
a one-shot is terrific. But not so 
terrific is its use as a level detec
tor. Moreover the ideas are not so 
new; they've been around for 
years. 

The authors, Gordon Silverman 
and Michelangelo Rossetto, also 
left out some important warnings 
and improvements: 

• The poor transition quality of 
the Q output makes this signal 
often unusable. 

• The duty cycle of the one-shot 
must be less than 50 %, since it 
takes as long (or longer) to dis
charge the capacitor as it does to 
charge it. The recovery time can 
be reduced considerably by the ad
dition of a diode, as shown in 
Fig. 1. 

• The diode in Fig. 2 makes 
the one-shot retriggerable. 

When the circuit is used as a 
level detector, the 4013's specified 
maximum clock rise and fall times 
of 15 ,µs may be violated and re
sult in unreliable operation. 

Marvin G. Edelstein 
Senior Engineer 

Pacific Telephone and Telegraph 
Co. 

450 Mission St. 
San Francisco, CA 94105 

Correction on address 
The address and telephone num

ber given for Jonard Industries in 
the Oct. 11, 1975 issue of ELEC-

TRONIC DESIGN (p. 138 ) is incor
rect. The new address and phone 
number of this manufacturer of 
wrapping and unwrapping tools 
are as follows : 

J onard Industries, 134 Marble
dale Rd., Tuckahoe, NY 10707. 
(914 ) 793-0700. 

For readers interested in Jon
ard tools, 

CIRCLE NO. 31 8 

Wanted: Crystal clock 
for HP-45 calculator 

I found out that my HP-45 cal
culator has a feature that I didn't 
know about. It has a timer cir
cuit built in, but the circuitry was 
not featured because of the lack of 
an accurate crystal clock. How
ever, you can activate this feature 
by pressing the RCL key, then 
pressing CHS, 7 and 8 simultane
ously. The display will then show: 
00.00 00 00. This represents hours, 
minutes, seconds and hundredths 
of seconds. 

In addition upper limi ts must be 
programmed for each of these two 
digit values . You do this by key
ing in HH.MMSSUU before you 
activate the above sequence and 
set the limits-RH L 13, MM L 

59, SS L 59, uu L 99. 
CHS starts or stops the timer 

program, CLX clears the timer to 
show all zeros, and EEX alternate
ly blanks and unblanks the 1/ 100-s 
digits. ENTER stops the timer, 
clears the display and takes the 
calculator out of the timing mode. 
Pressing the decimal point key ( .) 
does the same, except it preserves 

( continued on page 17) 

Electronic Design welcomes the opinions of its readers on the issues raised 
in the magazine's editorial columns. Address letters to Managing Editor, Elec
tronic Design, 50 Essex St. Rochelle Park, N.J. 07662. Try to keep letters 
under 200 words. Letters must be signed. Names will be withheld on request. 
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OPTICALLY COUPLED 
LIMIT SWITCHES 

OPTRON OPS-100 
SWITCH LIFE FIVE TIMES 

THAT OF 
CONVENTIONAL SWITCH 

OPTRON's new subminiature high re
liability optically coupled limit switch 
features switch life exceeding 
25,000,000 cycles, five times that of 
conventional switches. 

The new OPS-100 limit switch 
combines the non-contact switching 
feature of popular optically coupled in
terrupter modules with the mechanical 
characteristics of conventional smaller 
limit switches. It consists of an infrared 
LED optically coupled to a phototran
sistor to provide solid state reliability in 
a conventional mechanical switch 
package. 

The switch lever arm of the 
OPS-100 actuates an optical shutter 
mechanism to interrupt the light beam 
changing the state of the switch. The 
shutter is unique in that the switch can 
be converted at any time by the user 
from "normally open" to "normally 
closed" or vice versa. In addition, the 
OPS-100 eliminates contact bounce 
and RFI while offering an input-to
output isolation voltage exceeding 
5 kV. 

The optically coupled limit switch 
has a guaranteed minimum current 
output of 0.4 mA and is specified for 
interfacing directly with low power TTL 
or CMOS circuits. Selected units are 
available for interfacing with standard 
TTL circuits. 

New OPS-100 limit switches are 
available from stock. 

Detailed technical data on the 
OPS-100 limit switch and other 
OPTRON optoelectronic products 
... chips, discrete components, 
isolators, assemblies, and PC board 
arrays . . . is available from your 
nearest OPTRON sales representa
tive or the factory direct. 

1201 Tappan Circle @. OPTRON, INC. 

Carrollton, Texas 75006, u S.A. 
214/242-6571 • TELEX-73-0701 
TWX-910-860-5958 
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Nobo<!J has an easierto 
appfy line of no-strip, 

no-solder, round
conductor 

flat-rah le 
connectors 
than AMP. 

Quick, easy terminating. The new AMP 
shuttle-tool is designed for reliable and re
peatable production. Loading is easy. The 
operator simply pulls out the shuttle to load 
the cable and housing, and then pushes the 
shuttle in, to terminate. Alignment is auto
matic and positive. Pneumatic tooling is 
also available. 



AMP Latch connectors terminate 10 through 60 
leads on multi-conductor flat cable. Simultaneously. 
They mate with two rows of .025 posts on .100-
inch centers. Our 14- and 16-position AMP Latch 
connectors mate with standard DIP sockets. There's 
also a family of edge connectors in the line. 

Fail-safe. Dual caroming and latching ears on the 
unique AMP Latch folding contacts provide a 
four-point electrical contact and mechanical grip 
for each conductor-not just two points-to 
provide true redundancy. You can inspect the 
termination itself before the cover is applied. 
After termination, inspection ports in the connector 
cover allow visual checkout of each fork-type 
contact for proper locking and latching. The 
latching of individual contacts prevents bowing or 
parting of the covers. The connectors can also be 
probed under electrical load via the inspection 
ports. To insure integrity, the cover also locks 
to both ends of the connector housing with 
auxiliary latches. 

Connects three ways. With AMP Latch, you can 
interconnect to pc board spring sockets, directly 
to the board itself, or to DIP sockets-anywhere 
you want to interface on high-density, .100-in9h 
patterns. 

Ask your AMP representative for an in-plant 
demonstration. Or write for AMP Latch connector 
literature. AMP Incorporated, Harrisburg, Pa. 17105. 
AMP is a trademark of AMP Incorporated. 

AIVIP 
INCORPORATED 
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can do for your bottom line. 
Stack the new ALPHA LSI- 3/05 
millicomputer up against any 
other low-end computer. 

Preferably while you're 
sitting down, because on 
price alone, you're bound 
to be astounded. 

Ready? $701 total 
packaged price. And that's 
complete with 256 words 
of MOS RAM, and a CPU 
that offers a really powerful 
instruction set, Power Fail 
Restart, Real.'.f ime Clock 
and Autoload capability. 

Try to buy an equivalent 
computer at twice the price. 

Have it your way. 
You also get the capa

bility to configure your computer 
pretty well the way you want it. 
A choice of packaging, of course, 
that includes either the Oper
ator's or the Programmer's Con
sole, power supplies and so on. 

A choice of two standard 
I/O options. 

And a choice of optional 
memory configurations that 

Maxi-Bus compatible ALPHA LSI-3/05 
achieves unprecedented cost-effectiveness 
with ComputerAutomation's new Distributed 
VO System. 

All prices shown are for lots of 100 (U.S.A. only). 

include RAM/ROM, RAM/ 
EPROM and RAM-only in sizes 
from 256 words all the way up to 
32K words. Totally addressable. 

Family connections 
save you still more money. 

So far, what we've been 
talking about could easily add 
another five or six figures to 
the bottom line of your ledger. 

But there's more. Really 
big savings on off-the-shelf 
software, peripheral controllers 
and I/O interfaces. 

The reason is that the 
ALPHA LSI-3/05 millicomputer 
is a full-fledged member of 
ComputerAutomation's LSI 
Family ... Maxi-Bus compatibility 
and the whole works. So, every 
piece of Family hardware we've 
ever developed will work like 
it was made for the ALPHA 
LSI-3/05. Including Computer
Automation's exclusive new 
Distributed I/O System ... just 
like you see it in the picture. 

With this versatile inter
face system, you can interface 
virtually any kind or combina
tion of peripherals. Parallel or 
serial.Just by plugging them in. 

INFORMATION RETRIEVAL NUMBER 8 

Your cost? Probably less 
than $200 per interface. 

The pros know. 
Computer-wise OEM's 

will tell you that product 
requirements sooner or later 

get ahead of the hardware. 
For instance, the computer 

you buy today may not have 
enough I/O or memory capac
ity for tomorrow's Mark II 
Super Widget. 

Then you'll have to scrap 
all your software and your 
interface designs, because 

they're not about to work on 
some other machine. 

You lose. 
Of course, with our LSI 

Family of compatible computers 
you don't. 

You can switch to a differ
ent CPU or a different memory 
anytime. Faster, slower, bigger, 
smaller. The electrical interface 
will still be the same; the original 
programming will still work. 

You win. 

From the people who 
brought you the NAKED MINI~ 

And the NAKED™MILLI. 
And the Distributed I/O System. 
And the PICOPROCESSOR. 

And now the ALPHA 
LSI-3/05 millicomputer. 

One cost breakthrough 
after another. Breakthroughs 
that didn't just happen ... a 
lot of profits got plowed back 
into R&D. 

But then, that's the price 
of leadership. 

IP/A CornputerAutornation 
~\\ NAKED MINI Division 

U.S.A. 18651 Yon Karman, Irvine, CA 92664 
(714) 833-8830 

EUROPE 31/35 Clarendon Road, Watford, 
Hertfordshire, WDI , lJA England (0923) 3962 7 







OK, who's the smart guy 
that just ran off with the 

power tab market? 
We did. Motorola. 
There's a couple reasons why. 
"Firsts," actually. 

One is we figured out exactly 
what sharp designers want in a transistor 
somewhere between T0-92 and T0-220. 

2 watts. An honest-to-goodness, 
rugged, conservatively-rated 

in-free-air 2 watts. 

Not a feeble, 1.67 or 1.75 others say theirs give. 

Another's the lowest free-air 8 ,c in the industry. 
62.5°C/W. Check the data sheets. 

That's for lower junction stress 
levels and a real edge in reliability 

and long life. 

A third's our new second-generation 
epoxy molding with lower resistance to heat, 

higher resistance to moisture and greater 
strength than others' dumb stuff. 

(If you want to see documented results of epoxy's super-low 
failure rate after 600 cycles thermal shocking, just holler.) 

And a fourth is heavy-duty leads 
and 2-mil gold wire. 

We're so proud of our new family of 
general-purpose, Darlington and high voltage 

Duowatts* we 2N-registered it. JEDEC still hasn't 
received application from anyone else on a 

comparable product. If there is such a thing. 

But enough technical brilliance. 

What you bottom-line people will like is its bottom line 
runs about 10% less. Our most sensible move. 

Contact your authorized Motorola distributor 
for 2-watt Duowatts. Wise up. 

It's the intelligent thing to do. 

Motorola Doing It Better In Discrete 
INFORMATION RETRIEVAL NUMBER 10 
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New ''Cricket'' sub-miniatures: 
Interchangeability plus full 6 amp rating. 
Cutler-Hammer introduces a broad new line of 
quality sub-miniature switches whose specifications 
meet industry standards for size, terminal spacing and 
bushing height. They're rated 6 amps. They're fully 
interchangeable. They feature high torque bushings. 
They're competitively priced. And they're available 
right now. For more information on new, inter
changeable sub-miniature switches, call your 
Cutler-Hammer sales office or Stocking 
Distributor. Just ask for "Cricket." 

Watertight. Toggle or 
pushbutton. "O" ring seal 
shuts out dirt and moisture. 
Keeps switch mechanism 
dry in adverse environments. 

Rockers. Sub-panel or 
snap-in. Variety of 

paddle or low-profile 
styles. With decorative 
bezels. Also with L.E.D. 
for illuminated functions. 

Wire wrap. 
Gold plated 
terminals in .750 
and .964" lengths to 
satisfy power or dry 
circuit requirements. 

Standard. Toggle or 
pushbutton. One to four 

poles. Eight circuits. 
Two decorator cap styles 

in a variety of colors. Dry 
circuit capability, too. 

\ / Switch to No.I I 

Flat Lever. Designed for. 
comfortable, finger-tip 
~ control. Keyed 

bushing prevents 
switch rotation. 

Lever Lock. Locks in 

Mod Cap. White, 
red and black color
tipped caps let you 
choose and vary your 
operational coding. 

Printed Circuit. Tog
gle or pushbutton. 
Fits standard printed 
circuit board mount
ing dimensions. Right 
angle and vertical 

mounting. 

position to assure 
precise control 
of vital or sen

sitive functions 
and equipment. 

No accidental 
operation. 

CUTLER-HAMMER 
SPECIALTY PRODUCTS DIVISION. Milwaukee. Wis. 53201 
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Fierce Reliability and Performance they 're conformally coated on both sides. Shock, vi-
There's a teeming jungle of panel meters available bration and corrosion damage have been eliminated 
today. You need to slash thru the tangle of prices by extra mechanical reinforcement and gold plated 
and specifications to the very roots. You must find a connectors. 
panel meter that can take anything while it gives con- Endurance tested and certified 
tinuous reliability and accuracy. All DigiTec panel meters are subjected to a minimum 
Lean, muscular stamina 168 consecutive hours of failure free burn-in at tem-
Every DigiTec panel meter is bred to survive and de- peratures that vary from + 25°C to + 55°C. Before 
liver under any conditions. Proprietary CMOS LSI and after burn-in, each meter is visually inspected 
circuitry gives a lean component count with 5 times and electrically tested. When a DigiTec panel meter 
the reliability of competitive TTL models. All com- goes into that jungle · · · it 's ~eady for anything and 
ponents are selected for savage stamina, with criti- tough enough to last 9 lifetimes! 
cal components 100% inspected and socket mounted Model 2780- 4Y2 digits, 0.01 % accuracy (shown) 
to avoid assembly heat damage. Every LED display *Model 276 - 3Y2 digits, unipolar, 0.1 % accuracy 
is pre-tested and rated at 1 million hours. Circuit Model 277 - 3Y2 digits, bipolar, 0.05% accuracy 
boards are immune to humidity or floods because Optional buffered , BCD output available - field installable. 

Priced under •100. In OEM quantities 

Call your nearest United Systems representative for complete specifications. 
All models available from stock. 

Digirec UNITED SYSTEMS CORPORATION 

918 Woodley Road• Dayton. Ohio 45403 •Ph: (513) 254-6251 •TWX : (810) 459-1728 

These instruments available under GSA Contract GS-OOS-27741 

INFORMATION ONLY CIRCLE # 281 
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Design with 
the complete 

flat cable/connector 

Assembly-cost savings are built 
in when you design a package with 
"Scotchflex" flat cable and 
connectors. But more important, 
3M Company offers you the full 
reliability of a one-source system: 
cable plus connectors plus the 
inexpensive assembly aids that 
crimp the connections quickly 
and securely (with no special 
operator training required). 

The fast, simple 
"Scotchflex" assembly 
sequence makes as many 
as 50 simultaneous multiple 
connections in seconds, 
without stripping, 
soldering or 
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srstem. 

trimming the cable after assembly. 
Connector units provide 

positive alignment with precisely 
spaced conductors in 3M's flat, 
flexible PVC cable. The connector 
contacts strip through the 
insulation, capture the conductor, 
and provide a gas-tight pressure 
connection . 

INFORMATION RETRIEVAL NUMBER 14 

With cable, connectors 
and assembly tools from one 
design and manufacturing source, 
you have added assurance the 
connection will be made surely, 
with no shorts or "opens." 

And "Scotchflex" now 
offers you more design freedom 
than ever. From stock you can 
choose shielded and non-shielded 
24-30 AWG cable with 10 to 50 
conductors, and an ever
increasing variety of more than 

The 3M DELTA pin and • socket connector. 

100 connectors to interface 
with standard DIP sockets, 

wrap posts on standard grid 
patterns, printed circuit 
boards, or headers for 
de-pluggable applications. 
3M's DELTA "D" type pin 
and socket connectors are 
now also available. For 

full information, write 
Dept. EAH-1, 3M Center, 
St. Paul, MN 55101 . 

'line. 
"'Scotchflex" is a registered trademark of 3M Co. 
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Thirteen 



just became gour luckg numberl 

Three new 10 amp relays 
give you 13 small enclosed 
relays from which to choose. 

Your Guardian Angel 
calls them the 1300 series, 
of course. 

Amazing. Versatile. Small. Enclosed. 
Multi-pole. These five words sum up 
Guardian's 13001ine of 13 basic models 
... in hundreds of variations. Each 
relay in a choice of AC or DC, solder 
lug or printed circuit termination. Each 
with its own mating socket. Each your 
ideal spec for any application re
quiring uncompromising high quality 
at low, affordable price. 

NEW! 1345DC relay in your choice of 
SPST-NO, SPST-NC or SPOT. Small 
in size but built to take hard knocks. 
Just over a cubic inch small, yet 
specifically designed for a minimum 
of 50,000 miles of maintenance free 
operation in automotive controls ... 
or an equally amazing trouble-free 
life anywhere you need small size, 
long life and low, competitive price. 

NEW 1345 SPST-NO, 
SPST-NC, SPOT 

NEW 1390 and 
1395 DPDT 

NEW! 1390AC and 1395DC relays, 
DPDT with 10 amp rating in a space
saving, compact new design. To give 
you large control capacity in a pack
age about half the size of competitive 
relays that do the same job. The cost? 
Just about the same as competitive 
units ... in many cases quite a few 
cents/ess. 

SEND FOR THE BOOK 
THAT TELLS IT ALL: 
Guardian's 48 page relays 
catalog. Full of facts and 
specs to make selecting 
a relay a snap. Yours 
free for the asking. 

ml ~ E!TR~M!~UR!G ~.!?.c! A!~~~ 
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Welcome 
to the family, 

I ittle fella 



- ----- ' ' 
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All precision potentiometers are not created equal . 
Each kind has its strengths, its particular advantages. 

And that's why you should look to the Helipot® 
precision potentiometer line to find exactly the kind 
of pot that will suit your application best. We make pots
fine ones - for any application. 

There are strong reasons for that: We're the oldest 
leading manufacturer of precision pots. We know 
customers' needs, and we know applications from the 
ground up. And we make excellent, highly reliable 
products to handle almost any problem. 

In standards, you can pick from a variety of 
wirewound, conductive plastic, hybrid, or cermet elements. 

Our standards, in Helipot tradition, are available for fast 
delivery from our national network of distributors. And 
if a standard doesn't fit the job, we can build 
exceptional custom pots very fast, regardless of the 
complexity required. 

Of course, our applications and service people are 
always available to help with any questions and problems. 

But first, consider the special strengths of different 
kinds of pots, and note that in most cases you can 
trade-off less important specs in order to get the strong 
performance you need. 

On the next page are some general guidelines 
on how to pick a pot. 

Beckman® 

HELIPOT DIVISION 
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Things To Consider. The rating 
chart below gives you a glimpse of 
comparative strong points of four 
types of pots, rated from "4-Good" 
to "I - Excellent:' And here are 
some specific examples of pots you 
could choose from. 
Wlrewound. Say you need a low
cost, low tempco pot with good 
noise characteristics. You'd want one 
of our wirewounds. We have them in 
sizes from 'l's" up to 35/is" diameters; 
from single-tum up to 40-tum. Most 
have ±20 ppm/°C wire for low 
tempco, and standard resistance 
ranges from 100 ohms to lOOK 
ohms. Also, independent linearities 
are available to ± .025%, and power 
capacities range from 0.75 to 20 
watts. Also, you have choice of shaft 
sizes, torques, and various electrical 
specs. 

For example, if you need a 
low-cost 'l's" pot with a 2-watt power 
rating, 125°C maximum operating 
temperature, linearity of ±0.25%, 
resistance range of 100 ohms to 
lOOK ohms, and a life expectancy of 
about 2 million shaft revolutions, 
you'd have your answer with our 10-
tum Model 7286- it would be ideal 
for the application. And the price: 
just $4.95 in 25-piece quantity. 

Conductive Plastic. Suppose, 
however, you need very long life, 
infinite resolution, and high tolerance 
to "dither'.' A Beckman single-tum 
conductive plastic pot, for example, 
gives excellent output smoothness 
(0.1% max.) over a life of 10 or 
more million shaft rotations. 

The 15/is"-diameter Model 3371 
(shown here) has a I-watt power 
rating at 65°C, linearity of ±0.5%, 
105°C operating temperature, 
standard resistances of 2K ohms to 
390K ohms, stainless steel shaft, and 
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essentially infinite resolution. The 
price: $10.80 in 25-piece quantity. 

Cermet. Our rugged cermet
resistance-element pots answer your 
needs for those specialized 
applications requiring high power 
(up to 10 watts at 85°C), high 
temperature (up to l50°C) and high 
resistance applications (up to l 
megohm). 

Our %"-diameter, single-tum 
Model 6103 is a versatile example. 
It has exceptional resistance to 
environmental stresses, power rating 
of 3.0 watts at 85°C, linearity 
available to ±0.3%, wide standard 
resistance range from 150 ohms to 
I megohm, 150°C (max.) operating 
temperature, and essentially infinite 
resolution. Price: $29.70 in 25-piece 
quantity. 

Hybrids. For best setability, 
resolution and performance over 
rotational life, consider our hybrid 
pots. Along with their excellent 
setability and infinite resolution, they 
give you most of the benefits of 
wirewound pots but much longer 
life - about 5 million shaft 
revolutions. They're priced slightly 
higher than wirewounds, but they're 
less expensive than conductive 
plastic. 

One of our typical hybrids, 
Model 8146 shown here, is a 10-tum, 
'l's "-diameter pot with 2-watt power 
rating at 70°C, 125°C (max.) 
operating temperature, linearity well 
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within 0.25%, standard resistance 
from IK ohms to lOOK ohms, 
multiple-welded end terminations, 
metal sleeve bearing, and other 
features that improve life and 
temperature characteristics. The 
price: $7.20 in 25-piece quantity. 

Customs. Finally, you should 
know that our standard pots are 
highly "spec-able;' that is, easily 
modified to fit your particular 
application. Modifications for tighter 
linearity, special taps, special 
mechanical features, ganged 
sections, torque levels, electrical 
angles and many nonlinear functions, 
as well. 

Also, we've had 40 years' 
experience building custom pots for 
such demanding applications as 
satellites, missile systems, and 
extreme environments. Our staff of 
application specialists and design 
engineers - who have built literally 
thousands of different custom pots -
are ready to serve you at any time. 

So, if precision pots - standard 
or custom - are in your plans, get 
full techn. al data 

on the He~pot M r (:; ;; ~ me now. ~ -s-" ~ ~ 
I 01::if t~ f 

Element '!JP• ~ CJ4.-!t ~o"' c! 

Resistance Range 3 2 4 1 

Wattage 4 2 3 1 

Temperature 
1 4 2 3 Coefficient 

Best Linearity 2 1 3 4 

Setability/ 
4 2 1 3 Resolution 

Noise or Output 
1 3 2 4 Smoothness 

Performance 
4 2 1 3 Over Life 

High Temperature 4 2 3 1 

Relative Cost 1 3 2 4 

To order, or for more 
information, call your Beckman 
Helipot distributor, or (714) 
8714848, Extension 1776. 
<1>1976, Beckman Instruments, Inc. 
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Best pushbutton switch for your board 
Don 't be checkmated . Only Centralab 
offers you the best low-cost switch 
module, plus so many extra-quality 
options. 

THE BEST SWITCH-The basic 
Centralab pushbutton switch module 
is unique because of its inherently 
simple and rugged construction . 
High speed machinery produces the 
parts and performs assembly 
operations simultaneously, ensuring 
that the parts always fit the assembly 
perfectly. Stationary and movable 
contacts are enclosed in a high
dielectric thermoset housing to 
protect the smooth, positive wiping 

Unretouc hed 
c utaway view 
of Centralab 
4 PDT module 
showi ng 
posi t ive 
spring fo rce 
fo r supe ri o r 
contact wi p ing 
action . 

action of the slider bar and contacts. 
And Centralab switches are 100% 
tested . 

Centralab pushbutton switches meet 
these demanding specifications: 

Insulation Resistance: Up to 1012 

ohms. 
Dielectric strength: 1,500 volts. 
Contact resistance: .004 ohms. 
Life and reliability: Up to 250,000 

MTBF in ganged assemblies. Over 
500,000 operations on contact 
systems. 

Shock and Vibration: 100g's and 
10g's low frequency. 

Electrical rating: Covers range from 
dry circuits to 1 ampere, and low 
millivolts to 120 volts. 

If your requirements go beyond the 
basic Centralab module, consider 
these optional moves: 

HIGHEST INSULATION 
RESISTANCE -Central ab offers 
diallyl phthalate housing material , in 
addition to phenolic. 

BEST CONTACT RESISTANCE
Gold contacts and terminals are 
standard options. Best for dry circuit 
applications and contaminating 
environments. 

NO INTERNAL CONT AMI NATION -
Epoxy sealed terminals prevent 
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failure from solder flux and other 
contaminants. 

Proven in use by more quality
conscious users, Centralab 2, 4, 6 
and 8 pole pushbutton switches are 
available in four types of lockout for 
momentary, push-push or 
interlocking action . Both PC and 
solder lug terminals are available. 
PC terminals can be selectively cut 
to your desired lengths. 

PLUS THESE NEWEST ADDITIONS 
-A new 5 amp line switch, a new 
low-cost lighted switch and a new 
visual display for non-lighted 
switches. 

Get all the technical help you need 
from our 19 assembly distributors or 
network of experienced sales 
engineers. They'll help you select 
the best pushbutton switch for your 
board . Now it's your move! 

lsostat Licensed 

CENTRALAB 
Electronics D1v1s1on 

GLOBE-UNION INC. 

P.O. BOX B5B 
FORT DODGE, IOWA 50501 



ACROSS THE DESK 

( continued from page 7) 

the timer display in the HH.MM
SSUU format. 

The problem with this useful 
feature is that it is not accurate. 
Is there a way to install a crystal 
clock? 

L eonard K. B erger 
378 Delta Rd. 
Highland Park, IL 60035 

Misplaced Caption Dept. 

"These extended coffee breaks 
are great for morale." 

Sorry. That's Pierre-Auguste Re
noir's "The Nymphs," which hangs 
in the Louvre in Paris. 

There are large triacs 
and large triacs 

With reference to the special re
port on discretes ("Slowly but 
Surely, Power Semis Are Getting 
Faster, Heftier, Cheaper," ED No. 
18, Sept. 1, 1975, pp. 28-32 ) , I 
would like to point out that the 
International Rectifier triacs men
tioned on p . 30 are not the largest 
available units. Silec-Semi-Conduc
teurs has been selling 200-A, 1400-
V triacs for the last f ew years . 

lr!arc Strechinsky 
Silec-Semi-Conducteurs 
Siege Social : 69 
Rue De Monceau 75008 
Paris 

Ed. Note: Larger triacs are 
available, yes. But lr!r . Strechinsky 
appears to have overlooked the 
qualifier at the end of that sen
tence on p. 30: " .. .. the largest 
available units in sf,andard T0-65 
packages." 

For information about the Silec 
triacs, 

CIRCLE NO. 319 
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'Complete multiplier' 
offered-well, nearly 

As an addition to David J. Wil
son's excellent article on multipliers 
("Which Multiplier?" ED No. 21, 
Oct. 11, 1975, p. 88 ) , we should 
like to point out that the Clarke
Hess Model 200 provides all of the 
parts of the "complete multiplier" 
(Fig. 6) except the "readout device." 

Since multipliers are often used 
as high-quality amplitude or sup
pressed carrier modulators; as syn
chronous detectors ; as frequency 
translators or as phase detectors, 
the desired readout device is often 
something quite different from an 
oscilloscope. (The Model 200 will, 
of course, also be happy to drive 
the user's oscilloscope.) 

The Model 200 offers 100-k input 
impedances, 50-n output imped
ances, internal attenuators and off
sets and relative channel delays 
matched to wi1thin 2 ns. 

Kenneth K. Clarke 
President 

Clarke-Hess Communication 
Research Corp. 

43 W. 16th St. 
New York, NY 10011 

Management training 
-a myth perhaps? 

Re: John Fluke's article "Train
ing Engineering Managers" (ED 
No. 11, May 24, 1975, p. 88 ) and 
George Pristach's letter, "Manage
ment Training by Experts De
fended" (ED No. 22, Oct. 25, 1975, 
p. 7 ) . 

Further insight on this subj ect 
may be obtained from the article 
"Myth of the Well Educated Man
ager," by J. Sterling Livingston 
(Harvard Business Review, Vol. 49, 
No. 1, January-February, 1971, pp. 
79-89 ). The gist of the article is 
that managerial ability is not some
thing that can be taught academi
cally (although tools for being a 
better manager can be ) . Three 
characteri stics are useful in pre
dicting future manager s: ( 1) the 
need to manage; (2) the ne~ for 
power, and (3) the capacity for 
empathy. 

John C. Sproul 
Technical Writ er 

Eastman Kodak Co. 
Rochester, NY 14650 

your move 
check Centralab 

High quality 
pushbutton 
switches at 
a low cost 

Centralab switches are engi
neered for qua I ity. Then they're 
produced on high-speed auto
mated machines to keep your 
cost down . This means ... 

Low Price: A Centralab 2-pole 
lighted switch, for example, 
costs only $1.36 including 
lamp, in 1,000 quantities. 

Quality: Up to 250,000 MTBF 
in ganged assemblies. Over 
500,000 operations on contact 
systems. 

Plus Options: Diallyl phthalate 
housings •gold contacts • 
epoxy-sealed terminals • 2, 4, 
6 and 8 poles • four types of 
lockouts • and much more for 
only pennies more. 

Newest Additions: Non-lighted 
status indicator • low-cost 
lighted switch • 5 amp line 
switch . 

When you can have quality and 
low price from Centralab, why 
settle for less? For full infor
mation , call your Centralab 
Pushbutton Distributor or send 
reader service card, or write . .. 

l sostat Licensed 

CENTRALAB 
Electronics Division 

GLOBE-UNION INC. 

P.O. BOX 858 . 
FORT DODGE. IOWA 50501 
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The Keithley 168 Digital Multimeter gives you 
every key performance feature offered by other 
first-line 3%-digit DMMs. 

But only the Keithley 168 gives you 4 extra 
features-all useful and all at a competitive price. 
Compare our 3% with the others and you'll come 
to an inescapable conclusion: the 168 is the best 
buy in 3%-digit DMMs. 

For $315: a superior DMM 
For openers, you get a rugged, reliable, easy-to
read, general-purpose, 5-function DMM with more 
ranges than you'll normally need. Measure from 

100 microvolts to ~ ~ 1000 volts de, 
100 microvolts to 
500 volts ac, 100 
milliohms to 20 
megohms, 100 ================;::::;;_~ 

nanoamps to 1 amp, ac or de. Basic accuracy is 
0.1%. All modes fully overload protected. The 
168 brings Keithley quality to general-purpose 
measurement. 

4 extra features, no extra cost. 
• Automatic ranging gives you the most accurate 
reading, with decimal in the right place, faster than 
you could do it with switches. Saves you time every 
time you make a measurement. 
• HI-LO Ohms lets you turn on a semiconductor 
junction to see if 

its good or ~ ~ measure an 
in-circuit 
resistance 
without turning on ~=====-----------' 
a semiconductor. 
• 2-terminal input for all measurements on all 
functions. You can't get it wrong. Terminals 
accept banana plugs, alligator clips, spade lugs 
or bare wire. 
• Lighted function indicator so you know precisely 
what you're measuring, instantly. 

Surprise: more valuable features. 
ThatS not all. We've packed even more value into 
the 168. Optional battery pack that you buy now 
or add later. Patented A-D converter to simplify 
circuitry. No-nonsense, full-year guarantee on parts, 
workmanship, and specs-including accuracy. 
Convenient calibration instructions right inside the 
cover. Light weight for easy portability. 

Full complement of accessories. 
Use these optional accessories to make your 

Keithley 168 ~ 
DMM even more 
versatile: Wide
range RF probe. 
Test lead sets. 
Clami:ron 

J 1e11n111d/ "'"Ul 0 0 
ammeter. 50-amp shunt. High-voltage probe. 
Carrying case. Rack mount kit. 

Now the logical choice. 
The 168 is out-front in value. And its backed up by 
our reputation for quality. Don't you wish all 
decisions were this easy? 

Ordering a 168 is easy, too. Just contact: Keithley 
Instruments, 28775 Aurora Road, Cleveland, 
Ohio 44139. (216) 248-0400. Europe: D8000 
MUnchen 70, Heiglhofstrasse 5, West Germany. 
(089) 7144065. 

DMMs for all your needs. 
We know you have a variety of measurement 
requirements. So we offer a growing family of 
DMMs to meet your application and price objectives. 
Send for our Selector Guide. 

180: 4%-digits, 
30 nV sensitivity. 

171: 4Y:i-digits, 
wide ranging , 

5-functions . 

190: 5Y:i-digits, 
high-stability, 
outstandingly 
low price. 

616: de, 3Y:i-digits, 
down to 0.1 picoamp 
full scale! 

160B:dc, 3 Y:i-digits, 
l-.-.-- high-sensitivity, low price. 

KEITHLEY 
The measurement engineers. 

CIRCLE READER SERVICE CARD NO. 251 FOR A DEMONSTRATION, NO . 252 FOR TECHNICAL DATA 
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Even the best equipment budget can REI stocks over 8,000 fully checked-out 
only go so far. And at the price you pay for test instruments, and they're ready whenever 
electronic test equipment nowadays, that's not you are. For the full story on renting, as well as 
very far at all. our low prices, send in the coupon for prompt 

Unless you rent your equipment from delivery of our free illustrated catalog ... or call 
REI. us now for your immediate requirements. 

When you rent from us, there's no large ____________ _ 
cash ?utlay. You pay only for the time you have I Rental Electronics, Inc. I 
your mstruments, and you return them when I 99 Hartwell Avenue, Lexington, Mass. 02173 I 
you're through. _So you !lever have to spend I Please send me your free instrument rental catalog: I 
your money on idle eqUipment. Name Title 

Getting more for your money is just one I ----- I 
reason for renting from REI. Immediate de- I Company I 
livery is another. We have over $10 million in Address 
inventory in fully stocked centers around the I ------------- r 
country. And, when you have short-term needs, I City State Zip I 
you can rent equipment for just as long as you LTel. Number _J 
need it, and make it pay for itself. -------------

Rental Electronics, Inc. ~ 
A P-EPSICQ LEASING COMPANY 

Burlington, MA (617) 273-2770 •Gaithersburg, MD (301) 948-0620 •Oakland, NJ (201) 337-3757 •Ft. Lauderdale, FL (305) 771-3500 
• Des Plaines, IL (312) 827-6670 •Dallas, TX (214) 661-8082 •Mountain View, CA (415) 968-8845 •Anaheim, CA (714) 879-0561 

• Rexdale, Ontario (PLC Leasing Ltd.) (416) 677-7513 
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Ne~s Scope 
JANUARY 5, 1976 

Fiber-optic telephone 
link to be field tested 

Optical co mm u n ica ti ons will 
move one step closer to reality later 
this year when field tests begin on 
an experimental telephone link 
using fiber-optic cables. The tests 
will be conducted by Bell Labora
tories at its Atlanta, GA, facility. 

Fiber-optic communications links 
have been tested previously, but 
this test program is unique be
cause it will span a longer distance 
than ever before, and will involve 
more realistic environmental con
ditions. 

The optical system consists of 
three basic components: a pulsed
light source (laser or light-emit
ting diode ) , a 2000-foot connecting 
cable containing over 100 thin glass 
fibers (approximately 0.004 in. 
diameter) and a si licon-optical de
tector as the receiver. The experi
mental system, still in its develop
ment stage, is designed to carry 
high-speed multiplexed telephone 
information for relatively short 
distances, such as the few miles 
between telephone switching offices 
in any one city. 

Currently, such interoffice links 
use twisted-pair copper conductors, 
a transmission process that re
quires the placement of an electric 
repeater approximately every mile. 
Since signal attenuation is lower 
in fiber-optic cable this system 
won't require field repeaters, a Bell 
Labs spokesman says. Additional 
benefits, he cites, include greater 
message-handling capability due to 
the very wide bandwidth, a poten
tially lower cost than conventional 
systems, and conservation of natur
a l resources (primari ly copper) . 

Two signal data rates will be 
used. The higher rate ( 44. 7 Mbits / 
sec ) is transmitted by a miniature 
laRer that uses a chip of aluminum 
gallium arsenide no larger than a 
grain of table salt. The lower rate 
(1.544 Mbits / sec) uses a light
emitting diode. 

According to the Bell Labs rep-
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resentative, both types of light 
source, as well as the silicon-optical 
detector, are packaged so that a 
field technician can easily connect 
them to an individual strand of 
the fiber-optic coupling cable. Join
ing the two hair-thin fibers end-to
end by means of a simple connec
tor, was an important engineering 
achievement, he added. 

Multiprocessor system 
claims to be •tail safe' 

A "virtually fail safe" µ,P -based 
computer has been announced by 
the newly formed Tandem Com
puters Inc., in Santa Clara, CA. 

"The redundant architecture of 
our multiprocessor system makes 
it virtually fail safe," says com
pany president James G. Treybig. 
"We can operate with a minimum 
of two and a maximum of 16 proc
essors in the same system." 

The Tandem 16 Non Stop system 
uses the company's T16 processor 
which is built around a pipelined 
microprocessor that has a cycle 
time and clocking of 100 ns. The 
µ,P is controlled by 32-bit micro
instructions and has 15 microinter
rupt levels. Just 2-k bytes of the 
8-k bytes of microprogram storage 
provided are used for the basic in
struction set. To enhance perform
ance, a second µ,P is dedicated to 
I / 0 functions. 

Each processor has eight gener
al purpose registers normally used 
as a stack. The 122 basic instruc
tions include string manipulation 
instructions to enhance the proc
essing of communications lines or 
terminal-entered data . The Tandem 
16 system is called the NonStop 
system because of its fail-safe fea
tures. For example, all peripherals 
are connected in a star pattern, so 
that if one device fails the others 
will still hold. 

Each NonStop system comes 
with standard semiconductor main 
memory that can support up to 
512-k bytes arranged as 22-bit 
words (16 data bits plus 6 error 
correction bits ) . All single bit er
rors are automatically corrected 
and all double bit errors are de
tected. Semiconductor memory 
cycle time is 500 ns, including time 
for mapping and error correction 
or detection. 

Memory protection is assured by 
memory mapping. Four memory 
maps are provided, for system code, 
system data, user code and user 
data. In fact, the memory map
ping capability automatically real
locates user code to alternate 
physical memory pages upon detec
tion of a parity or uncorrectable 
memory error. Such errors cause 
most other systems to halt rather 
than remain running. 

NonStop's I / 0 structure is a µ,P
controlled, block-multiplexed chan
nel able to handle variable length 
transfers to buffered dual-port con
trollers. One processor can handle 
up to 32 dual-port controllers. All 
controllers have two ports so that 
they can be connected to two proc
essors to prevent isolation through 
the loss of a processor or its I / 0 
bus. 

Computer-on-a-wrist 
also tells time and date 

A limited edition gold wrist
watch-calculator combination with 
a 6-figure LED display was an
nounced by Time Computer, Inc., 
in time for Christmas, 1975. The 
Pulsar Time Computer Calculator 
is being marketed by the Lancas
ter, PA, firm three years after they 
introduced the world's first solid
state digital watch. 

The calculator has four func
tions, and is complete with a memo
ry, floating decimal point and an 
overflow indicator. It can handle 
12-figure calculations, but displays 
only the first six figures . In addi
tion to the digit keys the calcula
tor has a percent key, an add-to
memory k!ey, a recall-memory key, 
and a subtract-from-memory key. 
Clear-entry and clear-calculator 
keys are also provided. 

The initial version is housed in 
an 18-kt. gold case with a match
ing gold bracelet and sells for 
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$3950. The company plans to offer 
the same device in a less expensive 
case, perhaps stainless steel, later 
this year at a price under $600. 

"The design of the calculator 
keyboard is unique," says Time 
Computer president John M. 
Bergey, "because it is the only 
p-roduct of its kind that is sealed 
from the environment. It can be 
dropped in a glass of water with
out ha.rm." 

The device has two main chips 
-a calculator and a watch chip
as well as a number of drive and 
interface chips to enable the two 
primary chips to talk to each other. 

For timekeeping, a command 
button is depressed to display 
hours and minutes, or seconds, or 
month and date, in that sequence. 
The wearer can change from time
keeping to the calculator function 
by pushing the "O" key. 

Two other watch-calculators have 
been produced. One, by Uranus 
Electronjcs, Port Chester, NY, is 
solar-powered, with an 8-digit LED 
display. Present sales, at $800 
each, are restricted to Europe. 

Another by Optel Corp., Prince
ton, NJ, uses an 8-digit liquid
crystal display, and has been pro
duced only in limited quantities at 
$500 each. The keyboard is present
ly being redesigned. 

Telemetry link to home 
will control power loads 

A study to determine the most 
d ficient off-peak-load hours to use 
electricity in high-demand units 
(such as hot-water heating sys
tems for home) is being conducted 
by the Green Mountain Power Co., 
Burlington, VT, under a grant from 
the Federal Energy Administra
tion. 

For some 100 volunteer custom
ers with electrically heated water 
storage systems in the South Bur
lington area, special telemetering 
receivers and controls will be in
stalled in their homes to turn 
power to heat-storage units on and 
off at various times of the day and 
night. 

The system, which is not under 
control of the customer, will send 
out from a substation, a 10-bit, 
383-Hz signal on the power lines 
in bursts of five seconds, according 
to Robert Tumulty, superintendent 
of production and maintenance. 
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The system will be programmed 
to send out coded commands at 
different times of the day. Some 
codes turn the hot water heaters 
on, others turn them off. An emer
gency code is provided to cut off 
all controlled equipment during 
peak-load emergencies. 

Inefficient generation of elec
tricity normally occurs during 
hours of maximum load, when ad
ditional equipment is required to 
handle the increase. 

Such peak loading increases the 
use of fuel required per kW / hr 
over generation at other times and 
consequently raises costs to both 
the utility and its customers. 

For recording purposes, the cus
tomers participating in the test 
will have a two-register meter, 
Tumulty explains. One register is 
for off-peak use, the other for on
peak kilowatt hours. These will 
also be controlled via the line tele
metering system. 

The heat-storage systems, which 
have been installed by the custom
er for their own building heat, 
have demands ranging from 14 kW 
to 21 kW and 28 kW, with heat 
inputs of 48,000, 72,000 and 95,000 
Btu hours. 

Computerized system to 
unsnarl Rio's traffic 

Automobile drivers in Rio de 
Janeiro, traditionally plagued by 
frenetic traffic conditions, will be 
aided early this year by the in
stallation of an advanced traffic 
surveillance and control system. 

Developed by the Eagle Signal 
Co. of Davenport, IA, the com
puter-controlled system will moni
tor and direct the fl.ow of traffic 
along a major artery linking Rio to 
the rest of Brazil, the six-lane, 
8.6-mile-long Rio-Niteroi bridge. 

The Rio-Niteroi project is said 
to represent a significant advance 
in traffic control by providing the 
following features: 

• Individual computer control 
of each of the 34 traffic signs 
along the bridge and on the ap
proaches. 

• Fog-and-wind sensors placed 
along the bridge. 

• Electrical signal multiplexing 
to reduce the amount of cabling 
necessary. 

The system consists of a digital 
computer linked to a CRT display, 

a high-speed paper-tape reader , a 
line printer, and a map with elec
trical display- all located in a cen
tral office. The computer, a Nova 
840, manufactured by Data Gener
al Corp., contains a 32-k core 
memory as well as a 256-k disc 
memory. It accepts real-time in
formation on wind and fog condi
tions and on traffic flow (vehicular 
speed, occupancy level, blockage of 
any lane ) . Based on these data the 
computer selects an optimum traf
fic pattern and transmits control 
instructions to each of the roadway 
traffic signals. There is also pro
vision for manual operation. 

It was not necessary to design 
the individual vehicle sensors. ac
cording to Patrick Short, project 
systems manager, because existing 
inductive-loop-type pickup devices 
were satisfactory. 

What was essential, he says, was 
careful consideration in determin
ing the placement of these sensors. 
Special care was made necessary 
by the effect of the steel used in the 
bridge structure and the large 
amounts of metal used in electri
cal substations mounted at inter
vals underneath the bridge. 

RCA' s Satcom looks for 
new kinds of customers 

RCA Global Communications 
made a major transition from de
pendence to competitiveness by 
launching a communications satel
lite of its own design last month. 
Until now the firm had been leasing 
domestic channels from Wes tern 
Union and Telsat of Canada. 

Known as Satcom I, the 24-chan
nel, 2000-lb. geosynchronous or
biter will link all 50 states. 

Each communications channel is 
designed to carry 1000 voice-grade 
circuits, one FM/ color TV trans
mission, or computer data- at the 
rate of 64-million bits per second. 
Previously, the ma.rimum capacity 
of any of the domestic communica
tions satellites was only 12 chan
nels. 

RCA will be able to use seven 
of the satellite's 24 channels for its 
present customers, who include 
Alaskan pipeline constructors and 
cable TV. New business is expected 
to come from organizations leasing 
such private services for the first 
time because of the system's rela
tively low cost. 
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Measurement 
Flexibility 
In today's research and development 
laboratory your work calls for measure
ments of many different types. For ex
ample, in integrated circuit development 
you most likely need a real time oscillo
scope, a sampling oscilloscope, a digital 
multimeter and digital counters/timers. 
Or in communications R & D you prob
ably use a spectrum analyzer in addition 
to all of or most of the instruments men
tioned for the IC lab. 

However, your space limitations, budget 
considerations and operator's conven
ience all demand that you get the maxi
mum measurement flexibility from each 
instrument package. 

The TEKTRONIX 7000 Series offers just 
such flexibility in a system of laboratory 
instruments. Its flexibility allows you to 
tailor the oscilloscope-based measure
ment system that most closely fits your 
needs. You select the measurement pa
rameters-and the measurement tech
niques-you need, and combine them into 
interchangeable mainframe and plug-in 
packages. 

Here are a few examples of 7000-Series 
flexibility: 

BANDWIDTH RANGE-Whether your 
maximum bandwidth requirement is less 
than 100 MHz or up to 500 MHz (or even 
up to 1 GHz in some circumstances), there 
is a mainframe to match your needs. 
Eleven amplifier plug-ins and five time
base plug-ins (with sweep speeds to 0.5 
ns per division) further help you tailor 
your system. 

INPUT CHANNELS-Whether you need 
only one trace or up to four inputs, you 
can select just as many amplifier chan
nels as you need. 

SIGNAL ACCESS-For special signal 
access or processing 
such as Z-axis input, 
sweep gate and sawtooth, 
remote reset input, or ver
tical amplifier output, the 
interconnection scheme 
of the plug-in scope gives 
you convenient access 
points. 

DELAYED SWEEPS-For 
complex measurements 
requiring delayed sweep, 
the 7000 Series offers 

both analog and digital techniques for 
delaying and expanding sweeps. 

DIGITAL ACCURACY-For digital accu
racy to measure selected portions of com
plex signals, Tektronix's unique capability 
to interconnect an oscilloscope with digi
tal voltmeters, counters , and timers pro
vides convenient measurement solutions. 

DIFFERENTIAL INPUTS-When com
mon mode noise inhibits your measure
ment of low level signals, differential 
amplifiers (with up to 100,000:1 cmrr) 
can be included in your system. 

SAMPLING DISPLAYS-When you need 
to display high-frequency repetitive sig
nals, sampling plug-ins give your system 
up to 14 GHz of equivalent bandwidth. 

What about your measurement needs 
that are outside the realm of a conven
tional oscilloscope, such as spectrum 
analysis, curve tracing and rapid scan 
spectrometry? Three spectrum analyzer 
plug-ins handle up to 1.8 GHz with 30 Hz 
resolution. A curve tracer plug-in displays 

Microprocessor designer uses time domain plug-ins (7A16A/7B70) and spectrum an
alyzer plug-in (7LS) to give a combined display on 7704A mainframe. While the oscil
loscope displays pulse characteristics, the spectrum analyzer identifies clock jitter down 
to 10 Hz and measures system noise directly in dB. 
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dynamic parameters of devices up to one
half watt. And the RSS plug-in scans 400 
nm in just 4 ms. (RSS available in U. S. 
only.) 

One more thing about 7000-Series flexi
bility: with a choice of more than 30 plug
ins and 17 mainframes in a continually 
evolving family, you can be assured of a 
long-lived oscilloscope system that will 
continue to accommodate your needs. 

For a catalog describing all the 7000-
Series instsument mainframes and their 
plug-ins, call your local Tektronix Field 
Engineer, or write Tektronix, Inc., P.O. 
Box 500, Beaverton, OR. 97077. In Eu
rope, write Tektronix Limited, P.O. Box 
36, St. Peter Port, Guernsey, Channel Is
lands. 

The 7000 Series ... 
more than an oscilloscope 

.. 
TEKTRONIX@ 

-

committed to 
techn/c11/ excellence 
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WHAT'S AHEAD IN 1976 

Deluge of LSI circuits may cause 
logjams in systems design 

Because of rapid development 
in large-scale integration, systems 
designers today face a bewilder
ing choice of competing circuits 
that employ vastly different tech
nologies, yet often have compar
able performance and price. Not 
only are the LSI circuits diffi
cult to specify; they're often al
most impossible to test. And com
plicated new tradeoffs must be 
considered : hardware vs software 
for microprocessor systems and 
digital vs analog processing for 
analog subsystems. 

It's likely, therefore, that IC 
industry progress this year will 
be somewhat less dramatic than 
in the recent past. Though re
search will continue at a fast clip, 
manufacture rs won't introduce 
new products until they can be 
manufactured and sold in volume. 
Successful products will be alter
nate-sourced and unsuccessful 
ones will be discontinued. In 
short, this will be a year in which 
the industry consolidates its re
cent gains and cuts its losses. 

Some major areas in which in
dustry experts predict significant 
progress are as follows: 

• Integrated injection Io g i c 
(12L) will be used in a wide range 
of new circuits, usually in combi
nation with other circuit technol
ogies, such as TTL, ECL and bi
polar linear. 

• Silicon on sapphire (SOS) 
and other MOS processing devel
opments will give memories and 
microprocessors a speed boost to 
ward off the bipolar threat. 

• Schottky TTL and ECL will 
continue their speed race. This 

Michael Elphick 
Managing Editor 
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The SBP0400 from Texas Instru
ments is the first microprocessor to 
use l2 L logic. Organized as a 4-bit 
slice, the processor is slower than 
competing Schottky·TIL and ECL ver
sions, but it has low power consump
tion . 

year th~ arena will be bit-slice 
microprocessors, and there may be 
some dark horses, like fast l2L, to 
compound the confusion. 

• New high-density MOS tech
niques will le·ad to volume produc
tion of 16-k RAMs and 64-k 
charge-coupled device ( CCD) mem
ories. 

• Programmable logic arrays 
(PLAs) and programmable ROMs 
(PROMs) will provide much of 
the "glue" that's needed to build 
complete systems using LSI chips. 

• Automatic laser trimming 
and mixed device technologies, 
with FET and bipolar devices on 
the same chip, will yield further 
performance improvements for 
monolithic linear and interface 
circuits. 

Everybody's looking at 12L 

Because of is many advantages 
most IC manufacturers are evalu
ating and developing I"L, and 
several have already announced 
products that employ the new 
technology. The circuit technique 

allows chip densities that are com
parable to MOS, yet it offers 
higher speed and lower dissipa
tion. As a further advantage, it 
can be readily combined with oth
er bipolar configurations-TTL, 
ECL and linear circuits-on a 
monolithic chip. Also, in its sim
ple.st configuration, l2L is rela
tive.ly inexpensive because it re
quires only four or five masking 
steps and uses conventional bi
polar processes. 

Most of the l2L circuits an
nounced so far have been for con
sumer products. About a year ago 
Texas Instruments introduced an 
I2L chip for digital watches, a nd 
recently TI started marketing its 
own line of wristwatches using 
the chip. 

Because FL was originally de
veloped in Europe, and because of 
the consumer-product emphasis, 
it's not surprising that most of the 
commercially available circuits 
come from overseas. For example, 
an ITT Semiconductors group 
in West Germany is about to start 
selling l2L chips for electronic 
organs and alarm clocks. A new 
British digital watch from Sin
clair Radionics uses an ITT
made FL chip. Panasonic offers 
three l2L circuits; these are flip
flops and frequency dividers suit
able for use in electronic organs. 

However, we can expect a flood 
of I2L circuits from U.S. manufac
turers this year. TI recently an
nounced a 4-bit l2L microprocessor 
chip and is expected to introduce 
a complete 16-bit l2L microproces
sor some time this year. Other 
companies are said to be working 
on I2L microprocessors. Motorola 
may introduce one that uses the 
same instructions and develop
ment tools as its popular MC6800 
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MOS chip. 
Motorola definitely has three 

PL circuits slated for introduction 
within a few months. These are 
an 8-by-8 multiplier, a DMA con
troller and a programmable delay 
module. The chips are intended 
as peripheral circuits for the 
6800 and other microprocessors. 
Several companies are wo·rking 
on l2L 4-k RAMs, and Fairchild 
is reported to be the frontrunner 
in this area. These memories are 
expected to have access times of 
50 to 100 ns and thus will be about 
twice as fast as existing MOS 
versions. 

Though the original developers 
of PL emphasized speed-powe•r 
product rather than pure speed, 
recent refinements have boosted 
speed to the point where PL can 
be as fast as other bipolar tech
nologies, like Schottky TTL. Some 
manufacturers have already add
ed ion implantation, passive isola
tion and Schottky clamps to the 
basic I2L process. And at last 
month's International Electron De
vices Meeting, we had a glimpse 
of some new gimmicks. Engineers 
at ITT Semiconductors have de
veloped a method of anodizing the 
silicon wafer to isolate active 
elements. Applied to PL, this tech
nique should double chip density, 
more than double s.peed and per
haps cut costs by eliminating one 
or more mask steps. 

Mitsubishi in Jap•an has devel
oped what it calls vertical injec
tion logic (VIL) . This is similar 
to 12L, except that the pnp injector 
transistor is fabricated vertically 
instead of laterally, thus allowing 
it to be made narrower. Compared 
with conventional 12L, the new 
configuration has about four 
times the gate speed and much 
lower power dissipation. In an
other Japanese development, re
searchers at Nippon Electric have 
discovered a new LSI technique 
called gold transistor logic (GTL) 
that boasts five times the speed 
of 12L while yielding comparable 
packing density and speed-power 
product. 

No more logic families? 

Despite its many advantages, 
it's not likely that PL will evolve 
_into a broad family of logic cir
cuits as CMOS and TTL did. In 
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A 1-k static RAM from RCA uses 
SOS/CMOS technology. With a typical 
access time of 150 ns and standby 
power dissipation of 0.1 µW per bit; 
the circuit competes with both bi
polar and MOS designs . 

A family of a/d and d/a converters 
from Analog Devices includes both 
monolithic and du a I-chip types. 
Newer versions interface directly with 
microprocessors. Bipolar, CMOS and 
thin-film technologies are used to 
meet a wide range of performance 
and cost requirements .. 

fact, it may turn out that Fair
child's subnanosecond ECL lOOK 
was the last of the conventional 
logic families. Manufacturers will 
probably take a cue from Motorola 
and market their PL circuits as 
part of a mixed technology bipolar 
LSI family. Motorola's Megalogic 
family embraces several bipolar 
technologies and includes 12L cir
cuits along with TTL and TRL 
(a simplified form of the old 
RTL) . Similarly Fairchild's Ma
crologic family, though currently 
limited to Schottky TTL, may 
soon include other technologies. 

There are several reasons why 
12L may not be able to start a 
family. Fir.st, of course, there's 
the risk that it may be shoved 
aside by some new glamor technol
ogy-say, Nippon's GTL. Second, 
it's primarily suited to LSI, and LSI 
circuits most naturally group 

themselves by function (micro
processor chip sets, for example) 
rather than technology. And third, 
PL-despite all the hoopla-does 
have some serious drawbacks. 

Though it rivals CMOS in pow
er dissipation, basically it has in
ferior noise immunity. Of course, 
TTL buffers can be added to the 
chip. But if there are too many 
buffers they can eat up valuable 
chip space. Thus PL is most useful 
when there are only a few inter
faces to the chip. 

Also, PL isn't well suited to dy
namic circuits like shift registers. 
Because you can build transmis
sion gates with MOS but not with 
12L, MOS can usually achieve su
perior density in dynamic circuits. 

The most immediate threat to 
12L is probably CMOS/ SOS. This 
combines the low power dissipa
tion of CMOS with the speed of 
SOS . Until recently CMOS/ SOS 
tended to be expensive because of 
the cost of the sapphire wafer ma
terial; hence the circuits were 
largely restricted to high-perform
ance military applications . Re
cently costs have dropped because 
of the development of a new rib
bon process for making the sub
strate material and because new 
processing techniques allow high
er circuit density on the chip. As 
a result, more and more commer
cial circuits are starting to ap
pear. 

For example, three companies 
-RCA, Solid State Scientific and 
Bell-Northern-are manufacturing 
1-k RAMs using CMOS/ SOS. 
Rockwell International has a 
smaller 500-bit unit. Several oth
er companies, including Hewlett
Packard and Siemens, have 1-k 
SOS memories under development. 

Other techniques besides SOS 
may allow MOS memories to catch 
up with the speed. of bipolar cir
cuits. Engineers at Mitsubishi 
have used a diffusion self-align
ment (DMOS) process to build a 
pi·ototype dynamic 1-k memory 
that has 50-ns access time and 
230-mW power consumption. Thus 
it has bipolar speed and MOS 
power consumption. 

Today most IC manufacturers 
have an abundance of powerful 
processing weapons. So they can 
build severa.l different prototypes 
and select the one that's easiest 
to manufacture. For example. 
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RCA is developing a fast single
chip version of its two-chip COS
MAC microprocessor. The com
pany has built both silicon-gate 
and SOS prototypes but hasn't yet 
decided which version to use for 
volume production. 

Bipolar speed race continues 

While MOS memories are catch
ing up with the speeds of high
density bipolar memories, bipolar 
LSI technology isn't standing still. 
Of course, for all-out speed-in 
communications and instrumenta
tion-subnanosecond ECL reigns 
supreme. But for high density, yet 
fast, digital circuits, the main 
.event is being fought between ECL 
and Schottky TTL, with l"L as a 
rising contender. And the arena 
for this bout is bit-slice µ,Ps. For 
these circuits, currently used 
mainly in minicomputers, speed is 
important so they can be micro
programmed and still cycle fast 
enough to work efficiently with 
available n-channel MOS mem
ories. And as memories get faster, 
the µ,Ps will be forced to stay 
one jump ahead. 

The current list of companies 
making bipolar µP slices includes 
Advanced Micro Devices, Intel, 
Monolithic Memories, Motorola, 
Raytheon, Signetics and Texas In
struments. With the exception of 
an ECL circuit from Motorola and 
the I2L chip from TI, all the bit
slice chips use Schottky-TTL 
processing. Ali are 4-bit slices, ex
cept for Intel's 2-bit version. 

Motorola's ECL processor is 
the fastest available, with a cycle 
time of around 55 ns. Other µ,Ps 
have cycle time1s of 100 ns or 
more, and Advanced Micro De
vices' version is the fastest of the 
Schottky TTL contenders. Packag
ing, wiring and interfacing, of 
course, are always problems with 
ECL. To solve some of the in
terconnection problems, Motorola 
uses a newly developed QUIL 
package for its Ml0800 bipolar 
processor family . This package 
houses a 48-pin lead frame in a 
24-pin sized area, and it can dis
sipate 4 W. The ECL processo·r, 
however, may still run into cus
tomer resistance because of its 
awkward ECL levels and wiring 
constraints. This possibility is no 
doubt what motivated Motorola to 
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second-source the Advanced Micro 
Devices Schottky-TTL part, along 
with Raytheon. 

Though Tl's SBP0400 l2L micro
processor is one of the slowest 
bipolar versions around, it does 
demonstrate the viability of the 
new process. TI has already an
nounced that the design is being 
upgraded and that faster versions, 
perhaps competitive with Schott
ky TTL, will soon be available. 
But the most significant feature 
of the PL process is that it al
lows much higher chip densities. 
It's probable, therefore, that TI 
and other companies are working 
on larger, 8 or 16-bit, PL micro
processors. But these circuits will 
need high-level software, so manu
facturers may delay hardware in
troduction until they can offer com
plete hardware/ software packages. 

Motorola laser trims diffused resis
tors to adjust the ladder network of 
the MC3510 10-bit d/a converter. 
The operator follows a bright spot 
on the TV display to position the laser 
beam on the chip. The resulting IC 
converter has a maximum linearity 
of ±0.05%. 

The trend in microprocessors is 
towards higher speeds, and one 
company-Scientific Micro Systems 
-already has an 8-bit monolithic 
Schottky-TTL µP. However, this 
µP has a simplified instruction set 
and is intended for control , rather 
than arithmetic, operations. 

MOS leads tor high density 

Most 8 and 16-bit µ,Ps, how
ever, are MOS types. Despite the 
enormous potential of PL and 
Schottky TTL, MOS still yields 
the highest device densities on the 
chip. At present over 20 companies 
are selling MOS µ,Ps, and several 
more are making them for in
house use. This year the trend 

will be more to alternate-sourcing 
of popular designs, rather than a 
proliferation of new types. Also, 
there will be increased emphasis 
on software availability. New de
signs are likely to be software
compatible with existing µ,Ps and 
minicomputers. 

The real market payoff for to
day's high-density MOS, though, 
will be in memories rather than 
µ,Ps. The industry is expanding its 
capacity for volume production of 
4-k RAMs, and 16-k versions will 
begin to appear this year. 

Many of the high-density tech
niques, such as silicon-gate proc
essing and single-transistor cell 
structure, were developed for 4-k 
memories and have since been re
fined for larger designs. New 
techniques, like a folded gate 
structure, and electron-beam lith
ography should yield further ad
vances. And some new twists were 
disclosed at last month's Inter
national Electron Devices meet
ing. 

For example, Toshiba engineers 
have developed a wet-gate oxida
tion process that increases silicon
gate densities and eliminates one 
mask step. TI engineers described 
a new MOS dynamic RAM cell 
concept that employs charge cou
pling and is said to be simpler 
than the conventional one-transis
tor cell. 

Already one company, Four
Phase Systems, is using a 16-k 
MOS RAM in its own computer
the NP / 80. The n-channel silicon
gate chips are made by the com
pany in its semiconductor plant in 
Cupertino, CA. And developmental 
16-k RAMs from a couple of ma
jor semiconductor manufacturers 
are reportedly being sampled by 
potential customers. 

Manufacturers are moving cau
tiously with their 16-k RAM intro
ductions, because they want to 
avoid the anarchic lack of stand
ardization that accompanied the 
introduction of the 4-k RAMs. In 
fact, the competing companies re
cently held a secret summit con
ference in Colorado to see if they 
could agree on a standard pack
age and pinout configuration for 
16-k memories. The first 16-k 
RAMs will probably be in a 16-
pin package similar to Mostek's 
current 4-k design. But this 
scheme hasn't been universally 
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Introducing Digital's Direct 
Sales Catalog. The world's first 
catalog to offer computers and 
computer-related products by 
mail, with off-the-shelf delivery. 
In addition to the convenience of 
catalog buying, you also get a nifty 
5% discount on quantities to 49, 
plus another 4% if you send cash 
with your order. 

Products offered include micro
computers, logic modules, termi
nals, even things like cabinets, 
connectors, supplies, and 
accessories. 
You get a 10-day free trial period, 
plus our standard 90-day warranty. 
(Though since we're selling by 
mail, you do have to install the 
equipment yourself.) 

INFORMATION RETRIEVAL NUMBER 24 

The Digital Direct Sales Catalog. 
A 9% discount. 
A 100% convenience. 

For your free copy, call 800-225-9480 
(Mass. 617-481-7400 ext. 6608). 
Or write: Components Group, 
Digital Equipment Corp., One 
Iron Way, Marlborough, Mass. 
01752. (Catalog sales to U.S. only.) 



accepted by all potential 16-k 
manufacturers. Because the 16-
pin design will necessarily have 
multiplexed addressing, it's un
likely to have an access time of 
better than about 350 ns. There
fore some manufacturers-TI, fo1: 
example-feel that there will still 
be a need for a faster 16-k RAM 
in a larger package. 

Meanwhile it's probably too late 
for any standardization to emerge 
for 4-k RAMs. Even though the 
16-pin version will find extensive 
use in large memory systems, 
where the extra cost of interfac.
ing can be amortized, the 22-pin 
and 18-pin versions will dominate 
smaller systems-especially those 
that require maximum speed. In 
fact, TI estimates that this year 
over half of the 4-k RAMs shipped 
will have 22 pins. Therefore most 
companies will continue to offer 
more than one package style. 
RCA, which is gearing up for 
volume 4-k production this year, 
says it eventually will offer all 
three package configurations. 

Another contender in the semi
conductor memory race is, of 
course, the CCD. Though CCDs 
are slower than semiconductor 
RAMs, they offer potentially 
higher bit densities. 

Fairchild and Intel have had 
16-k CCDs on the market for al
most a year now. And recently 
Mnemonics of Cupertino, CA, an
nounced a 64-k CCD memory for 
internal use in a disc-interface 
system. We can expect to see other 
companies introduce 64-k CCDs 
this year, but it will probably take 
more than a 4-to-1 density advan
tage over RAMs to take the in
dustry by storm. 

Gluing the system together 

Though memories and !µ,Ps cap
ture most of the he·adlines, many 
more types of ICs are needed to 
build a complete system. Large 
computer systems need random 
logic; microcomputers need RO Ms 
and peripheral interfaces; and 
analog systems need analog/ digi
tal interfaces. So significant prog
ress can be expected in these sec
ondary areas as they catch up 
with the LSI bandwagon. 

Much of the random-logic '"glue" 
for computer systems will be pro-

30 

A tubeless TV camera from RCA uses 
a CCD as the image sensor. The type 
SlD51232 CCD detects 163,840 sep
arate picture elements. Though CCDs 
have made their greatest progress as 
imaging devices, they also have im
portant applications in data storage 
and signal processing. 

vided by PROMs and PLAs. And, 
of course, PROMs are almost in
dispensable for coding micro
processor systems. As a result, IC 
manufacturers have experienced a 
tremendous surge in demand for 
both PROMs and PLAs. 

Because conventional fusible
link PROMs are often awkward 
to program, and because they 
can't be tested until they're actu
ally used, recent interest has 
tended to center hea.vily on the 
electrically alterable EAROM. 
This has the advantage that it can 
be erased with ultraviolet light 
and reprogrammed at will. Initial
ly EAROMs tended to be expen
sive because of their complex 
nitride processing. Recently, how
ever, prices have fallen. And Intel 
and National, the leaders in this 
technology, have announced larger 
devices. Intel has an 8-k part, and 
National is up to 4 k. This year 
we can expect to see a wider 
choice of parts and probably more 
vendors in this important market. 

In fusible-link bipolar PROMs, 
the latest development is Harris 
Semiconductor's introduction of 
what it calls the Generic family. 
All PROMs in the family have 
the same programming require
ments and standard de param
eters. Harris hopes that its new 
family will become a de-facto 
standard for this segment of the 
industry. Despite the obvious ad
vantages of EAROMs in low-vol
ume applications, bipolar PROMs 
will continue to hold an impor
tant share of the market because 
of their superior operating speed. 

For random logic, PLAs often 
give a substantial compression of 
truth tables with fewer IC pack
ages than ROMs. But mask-pro
grammed PLAs have long been 
stymied by their high cost and 
slow turnaround time. Today, 
however, field-programmable FP
LAs are revolutionizing com
puter-system design. Now, as with 
PROMs, the engineer can bread
board a system within days, using 
FPLAs to fill the circuit gaps be
tween standard LSI parts. 

Within the last few months, six 
manufacturers have either an
nounced FPLA products or have 
said they will do so: Advanced 
Micro Devices, Harris, Intersil, 
Monolithic Memories, National 
and Signetics. We can expect 
to see more vendors offering a 
wider range of parts. But progress 
in FPLAs may be slowed by some 
nagging problems. Often the de
vices are difficult to program and 
test, and there's an urgent need 
for more software and hardware 
design aids. Also, FPLAs are not 
always directly interchangeable 
with their mask-programmed coun
terparts. Because the program
ming links occupy chip area, there 
may be less active circuitry in the 
FPLA version than a PLA of the 
same package size and pin con
figuration. These problem areas 
are likely to receive increasing 
attention this year. 

Two important production trends 
for linear and interface ICs are 
laser trimming and the use of 
mixed technologies-FETs and 
bipolars, for example-on a single 
chip. Analog Devices, Motorola 
and other companies now employ 
automatic laser trimming for pro
duction of high-resolution con
verters and precision amplifiers. 
RCA has a family of op amps 
that use MOS combined with bi
polar circuitry, National uses 
JFETs along with bipolar devices, 
while Analog Devices makes ex
tensive use of thin-film resistors 
in monolithic ICs. And, of course, 
several companies combine PL 
digital circuits with conventional 
bipolar analog circuitry. So, even 
in pure analog circuits, we can 
expect to see substantial gains 
this year as manufacturers con
tinue to harness a wealth of new 
technology. • • 
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LID 
Shaw Stoppers 

Bright lights from a cast of thousands. 
A great show of LED Panel and PCB lights from Data 
Display Products. Vivid colors ... red, yellow, green 
and amber. Outstanding perforniance ... brighter 
than many incandescents (50 MCD @ 20 mA -
typical clear red). Direct replacements for incan
descents. Immediately avai lable at popular prices. 

Subminiature Panel LED's (also suitable for PCB 
mounting) - available in hundreds of sizes, shapes 
and styles. 

PCB LED's - horizontal or vertical viewing. 

Bi-Pin (Tl-3/4) LED's - direct replacements for 
incandescent types. 

Midget Flanged (Tl-3/4) LED's - direct replace-
ments for incandescent types. 

Send for our Catalog on the whole show: Data 
Display Products, 5428 W. 104th Street, Los Angeles, 
Ca. 90045, (213) 641-U32. 

Produced by the Original "little light" people. 

a T a DISPL8Y PRODUCTS • • • 
INFORMATION RETRIEVAL NUMBER 25 
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Say goodbye to the 'traditional' 
as instruments change in 3 ways 

The subtle currents of techno
logical change that began in in
struments a few years ago are 
continuing, and though 1976 sure
ly will see a speedup in the flow, 
it remains to be seen whether the 
year will be marked with the stamp 
of revolution or evolution. 

In general, the movements ap
pear to be confined along three 
distinct channels leading away 
from traditional mainstreams of 
instrument design. The motions 
are: 

• Away from individual instru
ments and toward integrated sys
tems or packages. 

• Away from ever increasing 
performance and toward economi
cal, easy-to-use equipment. 

• Away from basic, point-by-

Stanley Runyon 
Associate Editor 

point measurements and toward 
equipment that churns raw data 
into final answers. 

The winds behind the currents 
are being stirred, among other 
things, by progress in LSI tech
nology and by the changing needs 
of a drastically changing economy. 
If one word could summarize the 
most significant and outstanding 
trend, it would be: microprocessor. 

The µP explosion 

In the past two years alone, 
practically every category of in
strument has been touched by the 
µJ'-signal sources, oscilloscopes, 
DVMs, data loggers, terminals, 
analytical equipment and more. 
And the surface has been barely 
broken. 

Dr. Eberhardt Rechtin, chief en
gineer at Hewlett-Packard, Palo 
Alto, CA, notes that the trend 

The new look in synthesizers: numeric keyboard entry of frequencies, the 
ability to store and recall frequencies at the push of a button, and other fea
tures-all made possible by the LSI microprocessor. 
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toward smart instruments acceler
ated in 197_5 and will pick up even 
more speed in 1976. And Dr. Rech
tin points out that rapidly improv
ing displays, printers and plotters 
will strengthen the trend. 

Another strong trend seen by 
Rechtin-one stimulated by the 
plunging cost of and technical de
velopments in computers and cal
culators-is the movement toward 
networks: instruments, terminals, 
plotters, calculators, production 
machines, all tied together by data 
bu.sses. One thing that will cer
tainly promote the marriage of 
assorted equipment is IEEE Stand
ard 488-the standard digital in
terface for programmable instru
mentation. 

Published early last year, and 
now close to adoption by the IEC 
(International Electrotechnical 
Commission ) , the standard is the 
fast attempt to bring order to in
strument interfacing. But whether 
488 will become a universal stand
ard isn't quite definite. 

Fred Hume, manager of product 
planning for the John Fluke Manu
facturing Co., Seattle-a pioneer 
in the use of µPs in instruments
is one who sees 488 as just one of 
many interfaces. 

Hume analyzes the situation this 
way: "Once you've got a µP in an 
instrument, it becomes easy to 
build several interfaces. For ex
ample, one product we've got right 
now offers any of three interfaces: 
straight ASCII, 488 or RS232. The 
latter is particularly nice because, 
with it, you can hang a signal 
generator at the end of a phone 
line and run it from a time-shared 
computer." 

Hume continues: "So contrary 
to the trend that some people see-
that everybody's going to go to one 
interface, like 488-I think because 
of the iµP we're going to see a pro
liferation of interfaces. There will 
be so many, in fact, it will boggle 
the mind." 

And to prove his point, Hume 
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( ANOTHER REASON HEINEMANN IS NO. 1 IN OEM CIRCUIT BREAKERS. ) 

THE UP·FROMT BREAKER 
PRECISE PROTECTION IN A PRETTY 
PACKAGE-AND A POWER SWITCH 
FOR YOUR FRONT PANEL. 

Put a Heinemann Type J breaker on your front panel , and you 
get a power switch for free. An ingeniously simple way to cut 
component and assembly costs. There's just no reason to keep 
your protection under cover when you can get such good
looking breakers, with a choice of handle types, colors, and 
mounting arrangements. 

Maybe you think a fuse and a switch would be cheaper. But 
did you ever stop to think how much it costs when your tech
nician makes a service call just to replace a blown fuse? An 
easily resettable Heinemann circuit breaker can keep that from 
happening. Saves you money and enhances your product's 
reliability reputation. · 

Remember, too, that nothing works like a hydraulic-magnetic 
circuit breaker-close-tolerance protection and freedom from 
temperature-caused nuisance tripping. Our Type J can be 
custom-tailored to your circuit requirements in any integral or 
fractional rating from 0.020A to 30A at 240V 60 Hz or 400 Hz, or 

65V de. In a choice of four time-delay ranges and seven special
function internal circuits. 

Values like the Type J have helped make Heinemann the 
world's most respected name in OEM circuit breakers. Only 
Heinemann gives you such a complete selection of sizes and 
ratings. And now we offer you a choice of protection : electro
mechanical, hybrid, or all solid-state. Backed up with Quick
Draw delivery (most popular styles and ratings shipped in a day 
or two) ; the exclusive Heinemann five-year warranty; and manu
facturing facilities in the U.S., Canada, West Germany, South 
Africa, and Australia. 

We want to help you get the most for your protection dollar. 
Call us or your nearby Heinemann representative for knowl
edgeable applications assistance. For starters request our Type 
J bulletin. Heinemann Electric Company, Trenton , NJ 08602. 
Phone (609) 882-4800. 

~HE!NEMANN 
We keep you out of trouble. 
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points to a box already being of
fered by HP that converts the 
488 standard to 232. 

Intelligent clusters ahead 

But Hume is careful to indicate 
that there still will be a lot of 
standardization around 488, par
ticularly those applications involv
ing series or sequential operations. 

Arguments for one interface over 
another may become academic if 
the predictions of Henry Reinecke, 
Wavetek's vice president of engi
neering, come true. He sees a new 
look in systems, in which indi
vidual, stand-alone instruments are 
discarded for what may be termed 
"intelligent clusters." 

Reinecke explains the concept: 
"With the IEEE bus, you can take 
standard equipment-voltmeters, 
counters and the like--and put 
them together to do something. 
Typically you would poke these 
things into a universal card cage 
under minicomputer control. In the 
past this type of system rarely 
made decisions-it just accumu
lated data. 

"But today components are small 
enough and smart enough so you 
can integrate the equipment under 
one roof. The µ,P can take over the 
mini's role and perform a consid
erably more dedicated function 
with far less software--or maybe 
none. 

"You may even retain the bus, 
but it will be buried deep in the 
system, so the user will never see 
it. The communication is done in
side the wrapping rather than by 
cables connecting the parts to
gether." 

With such a system, Reinecke 
notes, intelligence is within the 
cluster, not the individual instru
ments, and you get measurements, 
decisions and evaluation of data in 
far greater detail than in the past. 
A likely spot for such a cluster? · 
Any production line where routine, 
repetitive measurements are made 
and where parameters aren't 
changed often, Reinecke says. 

The trend toward economy 

Hume also sights a tremendous 
change in systems. "Again, because 
of the µ,P, dedicated automatic test 
systems will appear in the $20,000-
to-$30,000 price range," he pre
dicts, "but with performance rival-
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ing the $100,000 tester of today. 
The low price will open up entirely 
new markets: those with low test 
volumes that couldn't previously 
justify the purchase or lease of a 
high-priced tester." 

Low price has been the key to 
sales in many instrument areas 
since the series of economic nose
dives of the early 70s. Before the 
downturn, much activity in design 
centered on . ever-increasing per
formance--the wider the band
width, the higher the frequency, 
the more front-panel frills, the 
better. In the booming 60s, little 
attention was paid to economy. 

Typical of what's happening today 
in DMMs is this model from B and 
K Precision . The unit sells for just 
$99.95. 

Today, however, low cost is a 
prime design target, and sophisti
cation for its own sake takes a 
back seat. This is not to say that 
low price necessarily equates to 
low performance or that sophisti
cation in instruments is dead. Far 
from it. 

The development of LSI and low
cost displays-plus the concentra
tion on cost-has produced some 
remarkable equipment. Look at 
DVMs and DMMs. You can buy an 
awful lot of meter today for just 
$200 or $300, or even less in some 
cases. 

Paradoxically, because the ,f.LP 
lets a designer cut costs while 
simultaneously broadening per
formance, we may yet see a return 

to the performance spiral of 
yesteryear. But the µ,P can't push 
oscilloscope bandwidths higher or 
cut noise in signal sources. So this 
time around, look for new mani
festations of the struggle to 
squeeze more and more capabilities 
into one housing. 

A $5 microprocessor? 

What form will instruments 
then take? It's anybody's guess. 
But Fluke's Hume speculates on 
the ramifications of low-cost µ,Ps. 

"It's inevitable," he postulates, 
"that we'll see a $5 µP in instru
ments tha:t cost $500. We don't 
know exactly what role the µP will 
play. But it's going to replace a 
lot of dedicated logic and allow the 
design of special instruments that 
otherwise would be hard to build 
with all-dedicated circuitry. 

"Conceptually, it's possible to 
build an instrument in which the 
user has access fo the µP. We've 
been playing around with that 
idea . The user's benefit is, of 
course, that he can reprogram to 
get not just one but any of a num
ber of instruments. But this cre
ates problems. For . i1:1Stance, how 
can the vendor support the product 
if there's a problem? How do you 
determine if the bug is in the 
firmware or hardware? These prob
lems haven't been touched yet." 

What other developments might 
there be in 1976? One area of ac
tivity centers on signal sources, 
with function generators and syn
thesizers a good bet for new 
products or improvements. We can 
expect the advances to take the 
shape of better spectral purity and 
frequency accuracy, rather than a 
boost in frequency range. 

In function generators-which 
now bear a top frequency of about 
30 MHz-expect about a 30 % in
crease, but look for the more sig
nificant changes to occur in spuri
ous outputs and in signal purity. 
Look also for an extension of ver
sati lity-better sweeps and synthe
sizer-like precision. 

In synthesizers, the promise of 
new frequency standards or funda
mental oscillators will be realized 
in sources with lower noise levels 
than ever. The ,f.LP has already in
vaded one synthesizer to bring 
hitherto unavailable features, and 
more such sources are likely to 
follow. • 1

• 
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pouf .... TltAT~ All .iT -TAkEs 

TO ACTUATE Tltis 

NEW· swiTclt. 

skEpTicAl? TRY iT. 
(we'll send you a free sample) 

/ ~ 

/ 

Just a gentle whisper of force (1 1/4 grams) actuates this new Cherry E22 miniature switch. As easy as blowing 
fluff off a dandelion. It's so sensitive, we had to make the actuator of aluminum (to permit re-setting of the 
switch). Dependability? This 3 amp., 125 VAC switch features Cherry's exclusive long.-life coil-spring mecha
nism that insures positive snap action ... proven in over 200 million product applications. 

But, see for yourself. Send for a free sample and complete specifications.CHERRY 

CHERRY ELECTRICAL PRODUCTS CORP. 3609Sunset Avenue, Waukegan, Illinois 60085 GD Cherry affd1~ t es worldwide • Hirose Cherry Prec isi on Co . Ltd .. Tokyo • G. W . Engineering Pty. Ltd ., Syd ney 
- _:.:.;;:::;::- Cherrv El ectrr c~I Products (U K ) Ltd St Albans. Herts • Cherry M1krosc halter GmbH. Bayreu th. Germany 
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Minicomputer memories pushing 
for 32 k of memory-and more 

Next year minicomputer users 
are going to continue to look for 
more memory for their systems. In 
many cases they're going to ask 
for 32 k or more of main memory 
and disc drives with up to 80 
Mbytes of storage. 

Here are other trends in the 
mini / peripheral area: 

• The performance of minis and 
associated hardware will continue 
to improve, with prices dropping 
s ignificantly. 

• New minis and peripherals 
will have designed-in µPs. 

• Double-density and two-sided 
floppy discs will become available 
in quantities. 

More main memory 

"Customers want more and more 
main memory," says Paul C. Ely, 
general manager of Hewlett-Pack
ard's Computer Systems Group in 
Cupertino, CA. "Whereas they 
might have been satisfied with 16 
to 20 k a year ago, now they ask 
for 32 k or more." • 

In addition they also want huge 
amounts of disc storage, Ely says, 
adding: "Production of high-data
rate, 80-Mbyte disc drives should 
accelerate in '76." 

John N. Ackley, president of 
Digital Computer Controls, Fair
field, NJ, echoes these statements. 
"It is becoming easier to add main 
memory," he observes. "We can 
now put 32 k of main memory on 
a single PC card . We offer either 
core or semiconductor memory. 
Our customers continue to prefer 
core. Reliability and nonvolatility 
are Rtill attractive." 

William C. Rosser, director of 
corporate planning at Interdata, 
Oceanport, NJ, comments: "Al
though core and semiconductor 
memory are sti ll competitive, we 

David N. Kaye 
Senior Western Editor 
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An entire 16-bit computer, includ· 
ing an LSI bipolar microprogrammed 
CPU and 32 k of core memory, has 
been placed on a single 15-in-square 
board by Digital Computer Controls. 

think that '76 will see semiconduc
tor memory finally overtaking 
core." 

The need for more main memory 
is leading semiconductor manu
facturers toward premature mar
keting of 16-k RAMs. Although the 
market for 4-k RAMs is sti ll in its 
formative stages, the first com
puter with a 16-k RAM has already 
been introduced. It is the NP / 80 
from Four-Phase Systems, Cuper
tino, CA. 

When the memory is not main, 
it is peripheral. It usually comes 
in the form of disc systems, prin
cipally in two areas. The first is 
the development of increased-ca
pacity hard disc drives for mini
computer systems, and the second 
is floppy-disc development. 

Most disc drive manufacturers 
are developing drives similar to 
the Storage Module from Control 
Data, Minneapolis, and the Trident 
from Calcomp, Anaheim, CA. These 
have up to 80 Mbytes of storage 
in a removable disc pack. Control 
Data also has models with up to 
300 Mbytes of storage. Drives in 
this class have track densities of 
up to 600 tpi and bit densities of 

over 4000 bpi. 
Michael Shebanow, vice presi

dent of engineering at Pertee, 
Chatsworth, CA, notes: "Next year 
will also see small drives with 400 
tpi and 4400 bpi densities. The 400 
tpi performance will require a 
feedback or servo positioning sys
tem. We will also see drives with 
a combination of head per track 
and moving head readout on the 
same drive. Also, I see a trend 
this year toward small nonremov
able disc drives and combination 
drives with a large nonremovable 
disc and a small removable disc." 

Floppies take off 

"Floppies are really taking off," 
says Phil Kaufman, director of 
corporate product planning at 
Computer Automation, Irvine, CA, 
"and we can't ship them as fast 
as our customers want." 

The long promise of cheap ran
dom-access storage for minicom
puter systems with flexible di~cs 

is finally about to be fulfilled. 
IBM-compatible floppies have al
ready found a place in the market. 
This is going to be the year of 
the increased-capacity, non-IBM
compatible floppy. As Shebanow of 
Pertee points out: 

"In floppies, '76 will be the year 
of double density. Double density 
is being achieved through the use 
of modified frequency-modulation 
recording. But the number of flux 
reversals is the same. New tech
nology increasing the number of 
flux reversals will probably come 
in '76. Also two-sided recording 
will come this year." 

In two-sided recording, both 
sides of the disc are coated, and 
each side is iru contact with its 
own head. 

Stephen Teicher, product man
ager for the LSI / 11 at Digital 
Equipment in Maynard, MA, feels 
that the main market for floppies 
in '76 will be replacement of paper-
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It also comes assembled. 
If you need dials, we have dials. If you 
need handsets, we have handsets. If you 
need Touch Calling keysets, 
we've got 'em by the thou
sands. Ringers and hook
switches, too. Or, if you need 
complete telephones, we 
have them for you in all the 
latest styles and colors. 

You get communications 
components faster from GTE 
Automatic Electric because, out
side of the Bell System, we're the 
largest manufacturer of telephone 
equipment in the U.S. If you need it, 
we have it. 

Use the coupon below for a complete 

catalog. Or if you're in a real hurry, call 
John Ashby at (312) 562-7100, extension 250. 

Name 

When it comes to quality com
ponents, call THE SOURCE: 
GTE Automatic Electric. 

Title __ _ 
Company ____________ _ 

Address _____________ _ 

City ______ State ____ Zip __ _ 

INFORMATION RETRIEVAL NUMBER .28 
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tape equipment. 
Mag tape systems for minis will 

progress to 6250 bpi densities and 
speeds in excess of 100 ips. But 
most of the peripheral memory 
activity is in discs. 

The age of the µP 

Microprocessors are being de
signed into a raft of new minicom
puters, most of which will be intro
duced this year. Already several 
minis are on the market with ,µ,P 
CPUs. Last year Digital Equip
ment introduced the LSI / 11, the 
heart of which is a MOS/ LSI ,µP. 
Recently three minis have been in
troduced with bipolar bit-slice µ,P s 
for CPUs. The minis have come 
from Interdata, Digital Computer 
Controls and Monolithic Memories, 
Sunnyvale, CA. 

Mini printers abound 

For the last few years, pressure 
has been building to increase the 
performance and lower the price 
for minicomputer printers. The 
main areas of activity have been 
and will continue to be in low
speed, full-character printers and 
200-to-400-lpm line printers. 

In the low-speed area, continued 
penetration in word processing 
systems seems inevitable for the 
daisy-wheel printers from Diablo 
Systems and Qume, both in Hay
ward, CA. They have pushed the 
speed up to 55 cps, and this seems 
destined to go higher in '76. 

In the 200-to-400-lpm area, the 
market is split between dot-matrix 
printers and full-character print
ers. According to Irving L. Wiesel
man, vice president of product pro
grams at Dataproducts, Woodland 
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Amdahl's multi-chip carrier is shown 
against a conventional computer 
back panel. The carrier is a 10-layer 
PC board containing up to 42 ICs. 
Each IC has an amount of circuitry 
equivalent to one of the large PCs 
in the back panel. Each Amdahl 
multiple-chip carrier contains up to 
4200 circuits, yet measures only 
7 x 7 in. There are 51 multiple-chip 
carriers in the 470V / 6 system. 

Hills, CA: "The 300-lpm printers 
should finally settled down in OEM 
quantities to under $3000. Dot 
matrix heads are improving in re
liability and should make impor
tant progress in '76. But for good
looking printing, dot-matrix will 
never replace full-character." 

Three new trendsetters 

Three products have been intro
duced that promise to be trend
setters in '76. They are the 5100 
Portable Computer from IBM's 
General Systems Div., Atlanta; 
the 470V / 6 super computer from 
Amdahl Corp., Sunnyvale, CA, and 
the Tandem 16 NonStop computer 
system from Tandem Computers 
in Santa Clara, CA. 

With the 5100 from IBM, there 
is further blurring of the differ
ence between small computers, pro
grammable calculators and intelli
gent terminals. The machine 
qualifies as any one of these, and 
it can be programmed in Basic. 

Amdahl's fourth-generation com
puter takes a giant leap forward 
in integrated-circuit technology. It 
uses ECL/ LSI technology with a 
switching speed of better than 600 
ps. And Amdahl's computer servic
ing is unique; there's a room in 
the company's headquarters build
ing where a team of diagnostic ex
perts maintain a watch over every 
470V / 6 installed in North America. 
Their special equipment allows 
them to check on the status of all 
their systems, diagnose operating 
difficulties and issue instructions 
for repair or adjustment. 

Tandem's system is a multiproc
essing one with from _two to 16 
processors interconnected by a re
dundant bus. The system is capable 
of supporting up to 1000 terminals 
and is said to provide fail-safe 
operation. It heralds a trend to
ward the use of many small com
puters to do the work of one large 
one. And not only that, but to do it 
better and more reliably. 

Another trend that is expected 
to accelerate substantially this year 
is distributed computing as more 
and more companies develop net
working software. 

"Our computers can all commu
nicate with each other in data 
communications networks," says 
Teicher of DEC. "We and others 
have developed special line proto
cols to aid this process. Dis
tributed computing allows for shar
ing of special peripheral resources," 
he adds. •• 

Digital controls and µPs to infiltrate 
all areas of .consumer electronics 

Breakthroughs in electronics for 
consumer devices appear unlikely 
in the coming year or two. But a 
major influence on design will be 

Jim McDermott 
Eastern Editor 
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the invasion of all areas of con
sumer electronics by digital con
trols and dedicated microprocessor 
technology. The effect will be felt 
in TV, watches, appliances, auto
mobiles and even hobby kits. 

In TV sets this will mean more 
complex electronic tuning systems 

and automatic color controls, as 
well as more interaction between 
the user and his set. The interac
tion will take the form of digital 
and alphanumeric information on 
the screen- channel numbers, the 
time of day, even subtitles-along 
with the picture. 
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The new package 
from the leader: 

Precision Graphics at an 
alphanumerics price. 
Not just graphing. Graphics from the 
graphics specialist. The key is infor
mation capacity. Tektronix ' new 4006-1 
offers far and away the highest output 
density of any terminal in its price 
range : 1024 X by 780 Y viewable points ; 
2590 alphanumeric on screen 
characters. 

It 's all you 'd expect from the company 
serving all your graphic needs . .. 
priced competitively with most alpha
numerics. 

Immediately compatible with most 
mainframes. Thanks to proven inter
faces. Time-tested software. Great new 
usable software packages. And expert 
maintenance anywhere in the world. 

And rely on Tektronix to do it right. 
The 4006-1 is our biggest breakthrough 
towards making the power of graphics 
affordable for eve . "'st ~95 

for openers. Lease price $150 per 
month on a two year lease, includes 
maintenance. Plus peripheral options 
like our 4631 Hard Copy Unit for up to 
four 4006-1 's, with 81/2 "x11" copies , 
and 4923 Digital Cartridge Tape 
Recorder. And as fine a package of 
technical support as you 'll find for any 
terminal anywhere. 

Check it out : we 're graphic leaders 
for some mighty good reasons. Your 
local Tektronix Sales Engineer can give 
you the whole story. Or write : 

Tektronix, Inc. 
Information Display Group 
P.O. Box 500 
Beaverton, Oregon 97077 

• T&KTRONIXe 



Electronic TV games-such as 
the Odyssey, first produced by 
Magnavox-will be developed. In 
watches, the incorporation of micro
processors will permit the addition 
of nontiming functions, such as the 
calculator in Pulsar's new $3950 
model. In appliances, electrome
chanical controls and timers will 
give way to electronic brains, like 
the microprocessor in Aman a' s 
newest microwave oven-an LSI 
central processing unit, ROM, 
RAMs and I/O devices. 

In other consumer areas elec
tronics will eliminate mechanical 
components and simplify mechan
ical design. Consider Singer's new 
Athena 2000 sewing machine. Here, 
an American Microsystems micro
processor has eliminated some 350 
mechanical parts and given the 
user pushbutton control of 24 stitch 
patterns, including figures like 
dogs and tulips. 

For hobbyists, the rapidly grow
ing availability of relatively low
cost microcomputer bts will make 
the computer in the home a reality. 

Digital technology, according to 
television-set manufacturers sur
veyed-Admiral, General Electric, 
Magnavox, RCA and Sylvania-will 
provide design advantages in sev
eral areas. One is electronic tuners. 

"There is a significant swing to 
varactor tuning," says William 
Newell, product manager of color · 
TV at Magnavox, Fort Wayne, IN. 
"Varactor tuners are admirably 
suited for digital tuning systems. 

"With the advent of IC tuning 
systems there will be considerable 
innovation over the next few years, 
not only in methods of tuning, but 
addressing and programming the 
tuner. In the oase of our Star sys
tem it is not programmed but there 
will be lower-cost versions with 
various levels of sophistication. 
While our Star system is not a tru~ 
microprocessor, we have work gQ
ing on in that area. 

Newell predicts a big future for 
TV games like the Odyssey. 

"We'll have two new models this 
year" he says, "and others will b~ 
arriving on the scene with such fea
.tures as a wider variety of games, 
on-screen scoring and a color back
ground. And the use of micro
proc.essors in these games will allow 
more player interaction, such as 
playing the game against itself." 

Admiral in Chicago, a group of 
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Increasing use of digital technology in TV sets permits digital addressing and 
display of channel numbers on screen. Other digital MSI circuits, like these 
from RCA's new ColorTrak Receiver, control tint and color, Arrows indicate the 
!Cs used in the five modules of the RCA package. 

Rockwell International, will be us
ing a complete one-chip micro
processor for a tuning system, ac
cording to William Slavik, director 
of advanced research and design. 

"We're looking at the PPS-4/ 1, 
a new Rockwell microprocessor," 
Slavik says. "We'll be using a 
smaller version of the 4/ 1, which 
will be powerful enough for any 
tuning system." 

"The emphasis on reducing the 
energy consumed by TV sets will 
continue for the foreseeable fu
ture," says Dan Schuster, vice 
president of engineering for Syl
vania En tertai nmen t Products, 
Batavia, NY. "We've made tre
mendous strides in reducing power 
from 375 W some five years ago 
to from 90 to 130 W today. We're 
continuing to look for 5 and 10 Wj 
more savings." 

In electronic watches, a trend to 
incorporating more circuitry than 
that required for timekeeping will 
be a major industry effort, accord
ing to John Bergey, president of 
Pulsar Time Computer, Lancaster, 
PA. The Pulsar Time Computer 
Calculator has a six-digit calculator 
built into the wristwatch. 

As to the outlook for watch cir
cuitry, Bergey sees "a rather sub
stantial and increasing investment 
in I2L technology." The high pack
ing density of I2L is a substantial 
advantage as more features are 
added to the watch. 

A more conservative view is 
taken by George Smith, vice presi
dent of R & D for Litronix, Cuper
tino, CA. 

"I don't see any massive rush 

from CMOS to I2L," he says. 
"While I think that problems with 
I2L will be resolved eventually, they 
remain to be solved." 

One problem, Smith points out, 
is in driving displays. For greatest 
efficiency and brightness, the best 
way to drive a LED display is to 
turn on one segment at a time, 
he explains. 

"But this requires segment driv
ers as powerful as the digit driv
ers," he notes. "And to do that, it's 
difficult to see what you're go
ing to do for drivers on the FL 
chip." 

Another thing, Smith says, "peo
ple I've talked to feel that there 
is no advantage whatever in the 
use of I2L for a liquid-crystal 
watch." 

On the other hand, Intersil be
lieves there will be a renewed inter
est in liquid-crystal displays. 

"They've shown a remarkable im
provement in reliability and qual
i1ty," says Murray Siegel, director 
of special projects and systems for 
Intersil, Cupertino, CA. 

A year ago there was a general 
furor about using AT-cut, high fre
quency (3 to 6 MHz) watch crys
tals, but that has died down. 

"The people pushing for the AT
cut were making assumptions that 
weren't valid," Smith says. "Crys
tal manufacturers don't know of 
any way to make an AT-cut crystal 
that's low enough in frequency to 
work with MOS, is small enough 
to go into a watch, and is cheaper 
than the standard 32-kHz X-Y 
crystals. The 32-kHz crystal is go
ing to be around a long time." • • 
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This is a 
flexible circuit 

for a heart pacer. 
Certainly not if you're a heart patient. 
And our customer who builds them feels the 

same way. He wants a product that heart 
patients can depend on. 

This means reliable components. That's why 
he's more concerned that we build a depend
able flexible circuit than a cheap one. 

Not that we can't produce routine circuits 
just as inexpensively as anyone. We do. 

But, when it comes to critical tolerances in 
super critical applications, we know it's opti
mum reliability that a customer is looking for. 

And BMC delivers ... everytime. 
How do we do it? 
Extra care and attention every step of the way. 

Including expert design advice and assistance. 
The ultimate in sophisticated artwork creation. 
Proprietary production techniques and more. 

Sometimes this is going to cost you a little 
more. But, what's a little extra cost if it means 
your product will keep on ticking a lot longer? 

For more information, contact Ed Dugan, 
Circuits Division (612) 228-6371. 

ST. PAUL. MN 55101 
612. 228-6371 

245 EAST 6TH STRm D EE-MEARS COMPANY 

INFORMATION RETRIEVAL NUMBER 30 
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From data to process systems, 
µ Ps are reshaping designs 

It is generally agreed that the 
·emergence of the microprocessor 
is going to have a major impact 
on industrial electronics. But pre
cisely how, when and to what ex
tent specific industries will be af
fected are matters of opinion
and the opinions are regarded as 
valuable competitive tools and are 
therefore highly guarded. 

The microprocessor has already 
changed instrumentation design
test, measurement and analytical. 
The chip is going to have a con
tinuing impact on process controls 
and machine controls. And very 
shortly it should move into office 
equipment. The µP is already be
ginning to reshape the data-com
munications and computer indus
tries. 

Communications systems will be 
operated at much lower costs and 
higher efficiencies because of µPs. 
And new techniques will permit 
the creation of equipment that will 
make heretofore impractical tasks 
economical-such as the placement 
of switching systems in the tele
phone instrument itself rather than 
in central headquarters. 

The chip is beginning to create 
an upheaval in data terminal de
sign. More local processing can be 
done with µPs than with the most 
intelligent random-logic terminal 
heretofore available. And micro
processor costs are destined to 
come down. 

As for the next generation of 
big mainframes? One computer in
dustry official asks: "Who says 
there's going to be one?" Dis
tributed computing, he says, may 
obviate most of the need for more 
big machines. "At the same time," 
he says, "there could be a new 
generation of mainframes of exotic 
architecture. And for those who are 
fully aware of these trends, there 
are powerful market advantages." 

Hewlett-Packard's chief engi
neer, Eberhardt Rechtin says: "De
centralized computing-or dis
tributed information processing-

John F. Mason 
Associate Editor 
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is a natural match to naturally 
decentralized organizations and op
erations. As time goes on, more 
and more electronic products-in
struments, terminals, plotters, 
printers, desk calculators, hand
held calculators and production 
machines-are likely to be net
worked as the costs of reliabilities 
of electronics data transfer im
pmve reJ.ative to manual opera
tion." 

Other industry sources agree. 
Distributed computation will be 

an important trend in process-con
trol systems in 1976, says Bruce H. 
Baldridge, director of corporate 
marketing and product planning 
for Foxboro Co., Foxboro, MA. 

"In the past," he notes_,__ "com
puterized functions were performed 
in a single, large digital com12_uter, 
such as the Fox 1 or Fox 2. Now 
we see a requirement for users to 
be able to split these functions into 
smaller pieces. The solution will be 
the use of systems such as Honey
well's Total Distributed Control 
system, the TDC 2000. This is 
typical of the systems that will be 
going into process-control rooms 
next year." 

The Honeywell TDC 2000 inte
grates µP controllers, CRT dis
plays that each use the CP 1600 µP 
and a data bus for information 
transfer. The system is flexible; 
it can be combined with computer 
hardware and software for con
trolling processes from the .most 
simple to the most advanced. 

"What we've done is to tie the 
total system together," explains 
Robert W. Moe, vice pres.ident and 
general manager of Honeywell's 
Process Control Div. in Fort Wash
ington, PA. "The microprocessor is 
the key to the system. We've han
dled functions by local loop control 
that previously could be managed 
only by a computer. With the TDC 
2000, we can put 28 algorithms 
into the system with one punch of 
a button. We've also simplified the 
whole installation and reduced the 
cost by using data busses .. " 

Baldridge reports: "We at Fox
boro will be building on our Spec 

200 and Interspec systems." Spec 
200 is an analog control system 
built in modules that can be com
bined into any system size. Inter
spec is an analog/ digital interface 
package that allows the Spec 200 
to be mated with any process-con
trol computer. 

"We plan to field-test some of 
this equipment-which will be 
microprocessor-based-ear 1 y this 
year, both in the U. S. and 
Europe," Baldridge says. "We plan 
to give particular emphasis to the 
interface of the process operator
to provide him ease of input and 
easy assimilation of output." 

Lowering automation costs 

The aim at Measurex Corp., 
Cupertino, CA, has been to provide 
equipment that is cheap enough 
and small enough to make it worth
while to automate facilities that 
haven't been worth the cosl of 
automation. The company's 2000/ 
Gemirii, a digital multi-process 
control for the paper and pulp in
dustry, is a twin-computer system 
that costs little more than its 
single-computer predecessor. It oc
cupies only slightly more space. 

One key development is a core 
memory card storing 16-k com
pared with the previous 8-k on a 
card of the same size. The system's 
interactive video generator subsys
tem, which offers three channels 
that provide seven different colors 
for the display formats, uses a 
powerful µP. 

Intel also hopes to open door~. 
"We're going after new customers 
in 1976, people who've used electro
mechanical products up till now
like scale manufacturers for the 
supermarkets," says Howard 
Raphael, product manager for 
Intel, Santa Clara, CA. 

"We're going to give them equip
ment that's easier to operate. It 
will be more integrated-more 
functions in a single digital chip. 
And we'll offer support systems as 
well as all the training and hand
holding they need to feel comfort
able with the product." • • 
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Total availability in CMOS. 
That's what Harris offers you with 
the 54C/7 4C and 4000 series 
logic families. In more than 80 
circuit types! And growing every day. 

So count on Harris to produce 
and deliver the CMOS series devices 
you need, no matter how large your 
order. And at a price that's always 
competitive. 

You can have commercial 
devices in both CERDI P and Epoxy 
410-B. With a temperature range of 
-40° to 85°C. And high-rel versions, 
too. In CERDIP and flat-pack with a 
temperature range of -55° to 
125°C. All devices are available in 

The 54C/74C and 4000 series 

chip form as well. 
In short, we have what you 

need. In the volume you need it. 
And you can get immediate delivery 

of both logic families through the 
following major electronics distributors: 
Hamilton/Avnet, The Harvey Group, Inc., 
Schweber Electronics, R.V. Weatherford . 
At any of their locations. 

For instant applications support, 
call our CMOS Application Hot Line 
at 800-427-8934. 

Volume. At Harris, we're big on it. 

m HARRIS 
..11.../l/l SEMICONDUCTOR 

A DIVISION OF HARRIS CORPORATION 

P.O. Box 883, Melbourne, Florida 32901 (3051 724-7412 

WHERE TO BUY THEM: OEM SALES OFFICES: CALIFORNIA: Long Beach. (213) 426-7687 Palo Alto, (415) 964·6443 FLORIDA: Melbourne, (305) 724 7430 ILLINOIS: Hinsdale. (312) 
325 4242 MASSACHUSETTS: W..lesley Hills, (617) 237-5430 MINNESOTA: M1nneapohs (612) 835-2505 NEW YORK: Endwell. (607) 754-5464. Melvllle. LI (516) 249-4500 OHIO: Daylon 
(513) 226-0636 PENNSYLVANIA: wayne (215) 687-6680 TEXAS: Rochardson, (214) 9031 

SALES REPRESENTATIVES: ARIZONA: Scottsdale. (602) 948 5590 CALIFORNIA: Los Angeles. (213) 87().9191, Moun1a1n '-"•w. (415) 961·8121: San Diego, (714) 565-9444 COLORADO: 
Denver. (303) 773-0666 FLORIDA: Boca Ralon. (305) 395-6108. Oviedo. (305) 365-3283, Tampa, (813) 933-3183 ILLINOIS: Elk Grove Village, (312) 641} 1850 KANSAS: Woch1la, (316) 
943 6221 MARYLAND: Randallslown (301)922·1248 MASSACHUSETTS: Lawrence, (617) 685-7973 MICHIGAN: Farmnglon (313) 476-2446 MISSOURI: Hazelwood, (314) 731·5799. 
KansasClly (816) 761 6543 NEW JERSEY: Keasbey (516) 567-5900 NEW YORK: Albany, (518) 489·7408or4777. Hun11ng1on Slaloo (516) 567-5900 NORTH CAROLINA: Raleigh, (919) 
8280575 OHIO: Cleveland (2 16) 8318292. Daylon. (513)891J.2150 0REGON: Beaverton. (503)643· 1644 PENNSYLVANIA: Alhson Park, (412) 487-4300. l<Jngol Prussia. (215) 265-0634 
TENNESSEE: Stiebyv1lle (615)684 4544 TEXAS: Dallas. (214) 691·4592. Houslon, (713) 661·3007 VIRGINIA: Falls Church. (703) 534·1673. Lynchburg, (804) 237-4740 WASHINGTON: 
Bellevue (206) 454 0300 CANADA: Monlreal (514) 626-6723. Ottawa. (613) 749-0740, Toronlo. (416) 676-1042 

NATIONAL DISTRIBUTORS: Hamillon/Avne1, The Harvey Group, Inc : Schwebef Eleclronocs: RV Wealherford Company 
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IBITBBAL 

OPTOBLBCTBOITIC COUPLBBS, 

~ ~ ~ 
H11 A Coupler H74A, C Couplen H11 C Coupler 

• Transistor output • Compatible with 7400 • SCR output up to 400V, 
• Patented GE Glass Isola- Series T2L 6 models 

tion used on all H 11 • H74A Transistor output • Marriage of G.E.'s SCR 
Series Couplers. Yields • H74 SCR output up to and Optoelectronic 
industry's highest CTR 400V technologies 
and isolation voltages 

• Guaranteed over 0-70°C • For use in solid state 
• All popular "4N" types relays 
• UL File E51868 87¢* • UL File E51868 

65¢* 95¢* 

~ ~ ~ 
H11 B Couplers H11 D Coupler H11 AA Coupler 

• Darlington output • 300V Transistor output • INDUSTRY'S FIRST 

• 500% CTR with 2500V • 20% min. CTR with AC Coupler 

isolation 2500V isolation • 2 LEDs in inverse 

• 200% CTR @ 0.5mA • Performs many reed re- parallel for AC to logic 

input lay functions interfacing 

• Popular "4N" types $1.36* 
• For telecommunications 

• UL Fi le E51868 $1.43* 

83¢* 

*Recommended Resale 10,000 lot quantity 

11The Best Costs No More 11 
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BLBCTRIC 
llTBRRDPTBRS, BBITTBRS, DBTBCTORS 

Interrupters 

• 4 models offer "no con
tact" switching 

• Transistor and Darling
ton versions 

• For use on : 
- shaft encoders - counters 

f / 
/ 

H15 Couplers 

• 4000V RMS isolation 

• H 15A transistor output 

• H159 Darlington output 

• For: 
- pulse transformer 

replacement 

H17 Matched Pair 

• Industry's lowest cost 
matched emitter/ 
detector pair. 

• Transistor or 
Dari i ngton outputs 

- limit switches - keyboards - thyristor triggering 
• For general purpose 

"no contact switching" 
applications - position sensors 

$1.21* 

L14 Detectors . 

• 13 models 

- logic interfacing 

• UL File E51868 
$1.10* 

• Choice of T0-18 metal 
or T0-92 plastic package 

• Transistor or Darlington 
configuration 

L 14 Plastic 28¢* 
L14 Metal $1.00* 

LED Infrared Emitters 

• 6 models in T0-18 metal 
packages 

• Flat and curved lens 
configurations 

• LED55C - the industries 
highest power output 
LED 

• 150°C operating 
capability 

$1.30* 

*Recommended Resale 10,000 lot quantity 

$1.05* 

Competitively priced and available from any authorized GE distributor. 
Semicond uctor Products Department. Electronics Park 7-49. Syracuse. New York 13201 

GENERAL.ELECTRIC 
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NEWS 

Just getting into microprocessors? 
Odds are you'll end up with a kit 

If you plan to buy a microproc
essor this year, chances are that 
it will be as part of a design kit. 
Increasingly designers are turning 
to this do-it-yourself µ.P system 
because it lets them get started 
painlessly and inexpensively. And 
just about all microprocessor manu
facturers have introduced kits or 
expect to. 

Hobby manufacturers were the 
first to see the value of kits. The 
largest manufacturer- MITS in 
Albuquerque, M-was so suc
cessful that it became one of Intel's 
largest customers. But under 
pressure from OEM designers seek
ing an easy, low-cost way to get a 
µ,P system up and running, kits 
have now been embraced by semi
conductor manufacturers. 

Actually kits intended for the 
hobbyist outwardly resemble those 
being used by the "serious" de
signer. Semiconductor manufac
turers, though, contend that their 
units are better suited for indus
trial uses. OEM kits employ chips 
that don't exhibit the tempera
ture and voltage limitations of 
ICs used in some hobbyist kits. 
These limitations aren't neces
sarily bad for the home experi
menter, but they could be disas
trous in an industrial application. 
Further, OE.M kits have longer 
warranties, the micro makers say, 
than do their hobbyist counter
parts. 

Significantly manufacturers of 
hoth MOS and bipolar µ.Ps indi
cate that kits are here to stay. 
They provide a convenient way to 
introduce additional or modified 
versions of a microprocessor fami
ly. A designer can use a kit to 
learn about the micro and even 
build a small system prototype. 
Then he can move on to more 
sophisticated development systems 

Edward A. Torrero 
Associate Editor 
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A $155 kit for the 2650 microprocessor includes the CPU, PROMs, interface 
circuits and a board . Signeti cs offers the ki t along wit h other design aids 
(some are shown). for the company 's 8-bit NMOS micro. 

or employ computer services. 
The simplest kit consists of a 

collection of ICs that include the 
microprocessor, key peripheral cir
cuits and some memory. Applica
tion manuals that are included tell 
how to interconnect the parts to 
form a working microcomputer and 
how to communicate with it. Many 
of these simple kits are priced at 
about $100. 

Higher-priced units-costing up 
to $500 or so-may include a PC 
board, with sockets for the various 
components and space for expan
sion, or firmware packages for pro
gram development and debugging. 
They may have a control panel and 
case or the interface circuitry 
needed for system expansion. 

All of the low-cost kits, however, 
require hand assembly for pro
gram entry. This may not be a 
problem if the program is only a 
few hundred words long, but 
manual assembly rapidly becomes 
unwieldly for much larger pro
grams if the kit has sufficient 

memory to store the programs. 
A more serious problem can 

arise if the kit doesn't come with 
adequate monitor and debug pro
grams. A monitor program pro
vides the means to drive a control 
panel or operate the system 
through a teletypewriter. A debug 
program lets you examine memo
ry, insert breakpoints and single
step the system one instruction at 
a time. If an error has been made, 
you can go back and correct it. 
Often the debug and monitor pro
grams are combined in ROM and 
offered as firmware . 

"These programs are essential," 
asserts Joseph McDowell, Ameri
can Microsystems' director of 
microcomputer products. "Without 
them, it's all a Jot of magic. The 
teletypewriter doesn't work. Noth
ing works. The designer just has a 
lot of signals running around." 

Still , the price of kits is hard to 
beat. Not only are they much 
cheaper than full-fledged develop
ment systems-like Intel's MDS 
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or Motorola's Exorciser, both of 
which cost several thousand dol
lars for a basic system. The com
ponents are cheaper than if they 
were bought individually. Savings 
of 50 % or more tend to be the 
rule. And the cost of an assem
bled and tested system is usually 
only about $100 or so more than 
the price· of the loose kit. 

For ex;ample, Motorola's MEK 
6800D sells for $149. The kit in
cludes the 6800 CPU chip-which 
costs $69, if bought by itself-six 
memory chips, a peripheral inter
face adapter and a data-communi
cation circuit. Also, Motorola 
provides a set of manuals that nor
mally sells for $50 and a PC board 
that alone has a price of $65. The 
total price of all kit items, if they 
were purchased separately, would 
be over $300, or more than twice 
the price of the kit. 

Memory limits prototyping 

What you can prototype with a 
kit depends largely on how much 
memory comes with it. Capacity 
ranges from 256 bytes up to 8 k, 
though most kits don't have more 
than about 1-k words of storage. 

Nevertheless a number of simple 
systems can be built. A motor 
driver, for example, may need only 
50 to 100 instructions. The short 
program would be able to turn the 
motor on and off and monitor its 
speed. 

A kit could be made to count and 
do simple arithmetic, like adding 
two decimal numbers and showing 
the result on a row of control-panel 
lights. The simple routines could 
be used in various controller appli
cations. 

But storage space can rapidly be
come a problem for a computer
peripheral controller, which needs 
about 1000 words of code, or a 
traffic-light controller, which may 
take 1800 words. 

Further, these applications make 
hand assembly a tedious chore, and 
their programs can't be debugged 
easily. 

A hand-assembled program that 
has ·errors may need to be redone. 
Program correction must be done 
one step at a time, unless a series 
of NO OP instructions have been 
entered. These, in effect, reserve 
spaces in the program for correc
tions. 

Another possible problem may 
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be the time needed to develop a 
system from the kit. A calculator 
that performs such functions as 
arithmetic, subtraction, multipli
cation and division can be fashion
ed from a kit. "But it could take 
two weeks or so for a designer to 
do it," says Mel Kutzin, manager 
of Schweber's MPU design center. 
Kutzin estimates that the same 
calculator can be simulated in an 
hour or less with a full-fledged, 
though higher priced, development 
system. 

Some kits aren't easy to put to-

debug operations. The assembled 
ki1t can be programmed easily, and 
sample routines can be run on it 
within a short time. 

Though most microprocessor 
makers have yet to incorporate 
keyboards and digital displays into 
their kits, companies like Martin 
Research (Northbrook, IL) and 
Mycro-tek (Wichita, KS ) among 
others, offer these features in kits 
based on popular µ,Ps. The Martin 
Research entry, called the Mike 
series, has a base price of less than 
$300. The modular system allows 

The unit that started the current popularity in kits-the Altair 8800 from MITS 
-is based on Intel's 8080 µ,P. One reason for the kit's acceptance: Pro
gramming can be done in Basic. 

gether into a working system. 
Many of the simpler ones have 
been described as a "sack of parts 
with at most a little PC card." 
They contain a µ,P, clock, buffer 
to a data bus and some kind of 
interface. They may also have some 
debug programs in PROMs and a 
small amount of RAM. 

"But these kits take a designer 
only halfway," asserts Phil Roybal, 
microprocessor marketing man
ager at National Semiconductor. 
"The designer still has to come up 
with his own I / 0 devices, assum
ing he's knowledgeable about I / 0 
operations. And he has no easy 
way to program the micro. So he 
has a lot of things to do at a time 
when he's least capable of doing 
it." 

One solution is to have a kit 
that provides a keyboard and a 
digital display. The keyboard al
lows data entry in hex or octal 
code, rather than in binary through 
switches, while the display shows 
the entered code or the result of 

easy expansion, ·and it features in
terchangeable cards. Memory and 
I/O cards for one Mike unit can 
be used with the µ,P card of an
other. 

Expanding kit-based systems 

One kit that avoids packaging 
altogether-but makes up for it in 
expandability and interfacing ease 
-is the Cramer kit. Priced at $495, 
this unit comes with 1-k words 
each of RAM and PROM, and it 
includes system monitor and self
test programs. Versions of the 
Cramer kit are offered for the 
808j), 6800, F8 and Cosmac micro
processors. An upcoming Cramer 
kit will be based on Texas Instru
ments' new TM 9900, a 16-bit µ,P. 

The basic Cramer kit doesn't 
have a PC board or power supply, 
though these are available as op
tions. However, the basic kit does 
contain sufficient circuitry for the 
direct connection of a teletype
writer, RS-232 interface or audio-
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cassette recorder. It also provides 
six control switches. 

Further, address and data busses 
are fully buffered, so that memory 
can be added without sacrificing 
performance. 

"This is important in prototyp
ing," notes Scott McPhillips, vp 
of Microcomputer Technique (Res
.ton, VA ) , the company that de
veloped the Cramer kits. "Memory 
requirements may be larger than 
what is actually available." 

Kits that don't have sufficient 
buffering can't always be expanded 
by the addition of external buffers. 
These can add' unwanted capaci
tances that lead to troublesome 
delays. 

An alternative means for system 
expansion is to reduce the clock 
rate-a "solution" that limits the 
performance of the prototype. 

Kits and µ,C development systems 

Manufacturers that already have 
µ,C development systems tend to 
view kits as natural complements 
to their larger systems. "A design
er can use our kit in conjunction 
with MDS," observes Intel's Hal 
Feeney, referring to the company's 
microcomputer development sys
tem. MDS features in-circuit emu
lation, or ICE, which permits both 
hardware and software develop
ment to be combined at an early 
design phase. 

The kit board forms the proto
type on which the ICE module is 
used. A designer carries out basic 
program development on the kit 
board, which is COIJ-nected to what
ever peripheral or interface is 
needed. Then an ICE module and 
MDS are used to debug the ex
panded kit system, now put to
gether and customized for an 
application. 

Like other manufacturers, Intel 
has employed kits as ways to in
troduce new or improved µ,Ps. The 
company's latest entry-the MCS-
80 Microcomputer System Design 
Ki~osts $350. It is based on the 
8080A, a higher-speed version of 
Intel's high-flying 8080. The kit 
includes software-programmable pe
ripheral circuits, erasable PROMs 
and a PC board with space for ad
ditional memory and I / 0. One 
erasable PROM contains the sys-

. tern monitor, a system-operating 
program. 
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A set of chips and PC board make up 
Advance Micro Devices ' $99.95 kit 
for the 2901 4-bit bipolar slice. 

A complete system based on the 
8080A can be built with an Intel kit 
priced at $350. 

Similar programs come with kits 
based on the F8. These are offered 
by Fairchild and Mostek, among 
others. 

Firmware can be stored in an 
F8 peripheral circuit-the pro
gram storage unit, or PSU-rather 
than in a separate PROM. The 
Model 3851 PSU has 16 bits of 
I / 0 and 1 k x 8 bits of ROM. The 
PSU combines features of a periph
eral interface adapter, a timer and, 
of course, memory. 

In the Mostek kits, the PSU 
memory holds firmware called 
DDT-1, a combination bootstrap
diagnostic package with limited 
editing capability. It can be used 
to copy, modify memory, dump, list 
and set breakpoints. 

Mostek calls its entry the Sur
vival kit and retails it for $297. 
But that price includes an F8 
cross-assembler written in For
tran. The portable assembler can 
run on popular minicomputers as 
well as. larger machines. 

For Mostek, the initial Survival 
kit !'epresents the first in a series 
of design aids that will culminate 

in a full-fledged microcomputer de
v.elopment system. The next offer
ing will be a CRT-controller board 
(for $395), to be followed by a 
tape-cassette con troll er kit ( under 
$300). The latter will be followed 
by a floppy-disc controller kit. 

"We expect to have four dif
ferent controllers, with documenta
tion, by year's end," says Van 
Lewing, Mostek's manager for 
microcomputers. And each kit will 
show how to use the F8 in a dif
ferent controller application. 

With the hobbyist in mind, Mos
tek will also offer a chess game 
stored in the 1-k words of a PSU's 
ROM. The F8-based system will 
hook up to a home TV set. How 
smart a move the micro makes will 
depend on how much time you al
low for the system to respond. A 
5-minute response gives the µ,P 
enough time to make an "intelli
gent" move. 

Kits from two manufacturers of 
CMOS 1µ,Ps-Intersil and RCA
are available in factory-assembled 
and tested form. However, Inter
sil says it will offer its system as 
individual parts and board if the 
demand warrants. The RCA offer
ing, called the Microtutor, is in
tended primarily as a training de
vice rather than a prototyping 
unit. RCA also has a Microkit, 
which isn't a kit at all but a full
fledged microcomputer development 
system on the same level as the 
Exorciser. 

The RCA Microtutor, priced at 
$349, comes as a small 4 X 5-in. 
box with eight binary inputs. All 
signal lines a1~e brought out to a 
socket, enabling the designer to 
add memory, keyboard, teletype
writer or other peripheral. 

The Intersil board retails for 
$295, a price that co\·ers the 6100 
CMOS µ,P, 1 k x 12 bits of CMOS 
memory and a control panel. The 
kit can interface to a teletypewriter, 
and its board contains sockets for 
PROMs. Data can be entered in 
octal or binary code. A user need 
only plug the board into a standard 
ac supply line. 

The 6100 is a CMOS/ LSI equiva
le~t of Digital Equipment Corp.'s 
popular PDP-8 mini. Thus design
ers using the µ,P can benefit from 
the sizable support available for 
the mini. However, those software 
packages go only so far. Differ
ences in signal requirements, tim
ing and waveshapes between the 
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The first data logger with full 
"microprocessor power" ... As the 
leading manufacturer of digital 
voltmeters, Fluke is the industry 's 
greatest expert on low level 
analog measurements. 

Because Fluke is an innovator 
in the use of microprocessors in 
instrumentation , our new Summa II 
Series data loggers offer maximum 
"microprocessor power'.' 

Top of the line is the Summa II 
Model 2240A. Scan 1 to 1,000 
inputs, up to 60 in the mainframe 
with resolution to 1 microvolt 
and0.1°. 

Wide dynamic range (40 ,000 
counts) and high resolution allow 
the user to scan faster and more 
economically over a greater variety 
of inputs. 

Keyboard entry allows the user 
to program range, function , skip, 
alarm I imits, time interval and 
fixed data from the front panel. 
Skip an open channel or an unused 
channel without disabling the 
entire block of channels. The data 
logger has several alarm scan 
modes which make it ideally suited 
to process monitoring. 

Scan intervals are keyboard 
selectable from 1 second to 24 
hours-that's 86,400 possible 
intervals in all. And the first interval 
can be different from the remaining 

intervals. Program the Summa 11 
2240A to begin automatically 
scanning any time you like. The 
keyboard programmable 9-digit 
calendar clock has resolution to 
1 second. 

Better Specs Across-the-Board 
Because we didn 't simply 

update an old product, but made the 
microprocessor the basis for an 
integral design, Summa II data 
loggers are many ways better. The 
Summa 11 Series reads all common 
thermocouple types better and 
more accurately. The LSI micro
processor lets us drastically reduce 
the number of IC's, lowering 
power consumption , thus elim
inating the need for fans and 
vastly improving reliability. 
Wide Choice of Options 

Options include alarms, 
program memory expansion , mag 
and paper tape , teletype and 
RS232C interfaces, digital input 
and thermocouple cond itioning. 

Standard features on the Summa 11 
2240A include 6 digits of fixed 
data, complete program printout, 
and program storage good for more 
than five years. 
An Outstanding Value 

At $4295~ the Summa 11 2240A 
is the most complete data logger in 
a single box on the market. And it's 
backed by the Fluke reputation for 
quality and dependability that is 
recognized throughout the world . 
Other models in Fluke 's Summa II 
Series start at $2865.* 

For data out today, dial our 
toll-free number, 800-426-0361 . 

IFLUKEI® 

John Fluke Mfg. Co., Inc. 
P.O. Box 43210 
Mountlake Terrace, WA 98043 

'USA only 
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Tl's 990 computer family ... 
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The TI concept of what a computer 
family should be goes beyond pro
ducing the most reliable and cost
effective hardware around. To us, 
that's basic. The extra dimension is 
usability, and this means software 
and support. 

The TI 990 computer family has 
all the ingredients. We make every 
member of the family ourselves, 
and we make them all software 
compatible from bottom to top. We 
also make them the most economi
cal on the market and back them 
with total TI support, both before 
and after the sale. 

Complete software libraries, as 
well as memory-resident and disc
based operating systems, support 
real-time and multi-tasking 
operations. We offer FORTRAN, 
COBOL and BASIC languages ... 
program development packages 
with utilities ... stand-alone 
software development systems. 
And we offer cross-support on 
timesharing networks so you can 
begin early development of your 
own applications programs. 

The TMS 9900 Microprocessor . .. 
The Technology Leader 

The advanced capabilities of the 990 
family result from a TI milestone in 
MOS technology ... the TMS 9900 
single-chip, 16-bit microprocessor. 
It's at the heart of the 990 family, 
with a unique design that allows for 
data manipulation that's been hard 
to achieve with earlier devices. 
With its high-speed interrupt capa
bility and versatile set of instruc
tions, the TMS 9900 delivers the 
kind of computing power you'd 
expect from a 16-bit TTL computer. 
And it's the best microprocessor 
going for terminals, machine 
monitoring and control, and 
many other applications. 

Because the TMS 9900 provides 
the instruction set for the new 
990/4 microcomputer and 990/10 
minicomputer, software developed 
for the low-end computers will 
be compatible with the higher 
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support, software and hardware 
performance models . . . and 
with a minimum of interface and 
software adaptation. 

Versatile Operating Systems 
Coming up with the right kind of 
software means designing operat
ing systems with as much versatil
ity as you'll find in the hardware. 
The TX990 Executive Operating 
System uses the 990/4 microcompu
ter for low-cost multi-task control 
with a minimum of peripheral sup
port. Users can select only the func
tion they need for efficient memory 
usage, leaving more memory avail
able for application software. 

For larger 990/10 systems requir
ing mass storage and rapid access 
to programs and data files, the 
DXlO Disc Operating System gives 
you all you need and eliminates 
most of the time-consuming work 
previously associated with system 
generations. It includes a utility 
for constructing and testing soft
ware, and controls our "Librarian" 
software package for source and 
object program files. 

Flexible Packaged Systems 
TI offers two packaged program 
development systems and a proto
typing system for the user who 
needs his own stand-alone system 
for software and firmware develop
ment of application programs. 

These packaged systems provide 
a flexible method of implementing 
early project development. These 
include the low-priced 990/4 Pro
gram Development System and 
the powerful 990/10 Program De
velopment System. The 990/10 
system combines the power of 

the 990/10 minicomputer with the 
disc-based DXlO operating system 
and an extensive set of software 
development tools. The standard 
package includes the 990/10 mini
computer with 64K bytes of error
correcting memory, ROM loader 
and diagnostics, 3.1-million byte 
removable disc kit with accompany
ing peripherals, and a complete 
software development package. 
And, at $24,500, this system 
costs at least 20% less than com
parable equipment from other 
manufacturers. 

For developing firmware mod
ules, there is a $5950 prototyping 
system which includes a 990/4 com
puter with 16K bytes of memory 
and programmer's front panel, and 
a "Silent 700*" twin-cassette ASR 
data terminal. Also, an optional 
PROM programming kit is avail
able for developing read-only 
memory. 

And, we provide a wide variety of 

program development utilities for 
the 990 family. There is communica
tions software that supports either 
synchronous or asynchronous data 
transmission, and can operate with 
the TX990 or the DXlO. 

Support from the start 

In addition to software, the TI 990 
family has another kind of support 
that's basic to every TI computer 
product. Complete training and 
applications assistance, plus 
a nationwide service network 
backed by TI-CARE t, our remote 
diagnostic, service dispatching 
and real-time field service manage
ment information system. 

For complete details on the new 
990 family, call your nearest TI 
office or write Texas Instruments 
Incorporated, P.O. Box 1444, M/S 
784, Houston, Texas 77001. 
Or,phone Computer ~ 
Equipment Marketing V, 
at (512) 258-5121. 

Arli ngton, Va . (703) 52J.1800 • Atlanta, Ga. (404) 458·7791 • Boston, Ma. (617) 890-7400 • Chicago, II. (311) 671 -0300 • Clark, NJ (101) 574-9800 • Cleveland, Oh. (1 16) 464-2990 • Costa Mesa, Ca. (714) 540-7311 • Dallas, 
Tx. (214)238·5318 ·Dayton , Oh. (513)153-6118 ·Denver, Co. (303)751-1780 ·Detroit, Mi. (313)353-0830 •El Segundo, Ca. (113)973-1571 • Hamden, Ct. (103)181-1)()74 ·Houston , Tx. (713) 494-5115 ·Indianapol is, 
In. (317) 148-8555 • Milwaukee, Wi. (414) 475-1690 • Minneapolis, Mn. (611) 835·5711 • Ph iladelph ia , Pa. (115) 643-6450 • Rochester, N. Y. (7 16) 461- 1800 • San Francisco, Ca. (415) 391-0119 • Seattle, Wa. (106) 455-1711 
• SI. Louis , Mo. (31 4) 993-4546 • Sunnyvale, Ca. (408) 731-1840 • Winter Park, Fl. (305) 644-3535 • Amstelveen, Holland 010-456156 • Bedford , England 0234-58701 • Beirut, Lebanon 451010 • Cheshire , Engl and 061 -441-8448 
• Copenhagen, Denmark 01 / 91. 74. 00 • Essen, Germany 0101110916 • Frankfurt, Germany 0611/ 39/90/61 • Freising, Germany 08 161/801 • Helsi nki, Finland 90-408 300 • Milan , Italy 01.688/ 8051 • Montreal, Canada (514) 341·5124 
• Nice, France (93) 10. 01. 01 • Oslo, Norway 01-68. 94. 87 • Paris, France (1) 630-2343 • Slough, England 0753-33411 • Stoc kholm, Sweden 6171 5916171 65 • Sydney, Austra li a 831-1555 • Tokyo, Japan (03) 401-6181 • 
Toronto, Canada (416) 889-7373 

TEXAS INSTRUMENTS 
INCORPORATED 

Trademark of Texas Instruments t Service Mark of Texas Instruments 
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yotive never seen a faster, more accurate 
way of measuring frequency response from 

30 Hz to 110 MHz 
Save your skilled engineers for more important work 
with mt Model 2370 Spectrum Analyzer. Simplify com
plicated measurements such as response, level, gain, 
signal purity, modulation and many more. Forget every
thing you have heard about spectrum analyzers. mt 
Model 2370 is unique. It employs advanced technology 
to make it as easy to operate as a multimeter. The facts 
speak for themselves. 

Flicker-free high brightness TV display (No more stor
age tubes to replace) 

Electronic graticule can pin point position of wave
form display for rapid analysis and measurement. 

Choice of vertical scales: linear, 10dB/div for 100dB 
display, and 1 dB/ div for 0.1 dB resolving power. 

Counter automatically displays center frequency, iden
tifies the frequency corresponding to the manually 

0 

adjusted 'bright line cursor', or the difference fre
quency between the two. All to an accuracy of 2Hz. 

Integral synchronous signal source for measuring net
works, filters, amplifiers, etc. 

For comparative measurements, memory storage can 
retain one display indefinitely, for simultaneous dis
play with waveform from items under test. 

Automatic adjustment of amplifier gain to optimize 
noise performance . 

Automatic selection of optimum sweep speed. 

With the 5Hz filter, signals 1 OOHz from a response at 
OdB can be measured to better than -70dB. 

Such speed and accuracy must be seen to be believed, 
call us for an enlightening demonstration. 

mm o DIVISION DF MARCONI ELECTRONICS INC. 

100STONEHUASTCOUAT,NORTHVALE,NEWJEASEY07647 •TELEPHONE : 201/767-7250 •TWX: 710-991-9752 
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If we sold OEM power suppli 
to oureompetition 

the~ wouldn't tr~ to build the· 

So talie a elose looli 
before you seleet 

your ne*t supplier ... 
In the last four years Powertec has become one of the 
top three suppliers of quality power supplies for 
Original Equipment Manufacturers. Here's why ... 

Production. During this time we've shipped over 
500,000 supplies to 3000 satisfied customers. 

Versatility. Powertec is the only company to give you 
three important choices - open frame, sub-modules, 
and switching power supplies. 

Creativity. These designs originated at Powertec and 
are the trend setters for the industry. 

·----------------------------· : Speaking of creativity. this ad has already become : 
: a collector's item. Now. as a one-lime offer only. : 
1 you can have a poster-size reprint suitable for 1 

: framing. Just circle the reply card. : 

·----------------------------· Powertec, Inc., 
9168 DeSoto Avenue, Chatsworth, CA 91311 

(213) 882-0004 
INFORMATION RETRIEVAL NUMBER 33 



chip and the mini dictate the use 
of a hardware development system. 

Hobbyist kits attract OEMs, too 

A number of kits have .emerged 
from manufacturers that don't 
make ICs. The kit makers include 
MITS (Albuquerque, NM ), Micro
computer Associates (Los Altos, 
CA ), Southwest Technical Prod
ucts (San Antonio, TX ), Sphere 
(Bountiful, UT), V Digital Group 
(Denver, CO ) , and the list is grow
ing rapidly. 

Though a number of the sys
tems offered have been directed at 
hobbyists, their ease of use and 
ready availability have attracted 
industrial designers seeking a 
quick and inexpensive way to get 
a working prototype. 

One of the first kits, and the 
one that led the way for their 
wide acceptance, was MITS' Altair 
8800, based on Intel's 8080 chip. 
A key factor in its acceptance is 
the fact that hobbyists using the 
Altair can employ Basic for pro
gramming. And the MITS version 
of the high-level language uses 
only 5 k or so words of memory. 
A base price of $439 for the Al
tair 8800 buys a CPU card, con
trol panel, power supply and case. 
Up to 16 cards can be accommo
dated in the main case, so the 
microcomputer can be developed in 
a myriad of directions. 

More recently, MITS has come 
out with the 6800-based Altair 680. 
A barebones kit for $180 consists 
just of the CPU board. But a com
plete microcomputer can be bought 
for $293. This version includes 
power supply, front panel, case, 1 
k of RAM and a built-in RS-232 
or 20-mA current-loop interface. 

Another 6800 computer kit has 
been introduced by Southwest 
Technical Products. Like the MITS 
version, this unit comes with sup
ply and case. In addition it con
tains 128 words of static scratch
pad RAM, a main memory board 
with 2-k words and a special 
Mikbug ROM. The ROM contains 
a program that allows data to be 
entered the moment power is turn
ed on-a feature not yet available 
in the MITS version. The entire 
kit costs $450. 

The Jolt computer from Micro
computer Associates employs the 
6502 µ,P, an 8-bit micro from MOS 
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Technology. The 6502 is similar to 
Motorola's 6800, but it has a much 
lower price tag. Also, unlike the 
6800, the 6502 has a built-in clock 
g enerator. 

The Microcomputer Associates' 
computer comes with debug and 
monitor ROM (called Demon ) and 
512 bytes of memory. A special 
self-adapting interface in Jolt can 
adjust to any terminal speed from 
10 to 30 characters per second. A 
20-mA and EIA interface are also 
included in the kit, which started 
out with a $249 price tag. Now it's 
going for $159. 

Bipolar µ,Ps have kits, too 

Unlike kits based on MOS micro
processors, the smaller but grow
ing number of kits using bipolar 

Controller kits based on the F8 
show how to apply the µP. Mostek 
retails its Survival kits for $297. 

µ,Ps are available at present only 
from µ,P manufacturers. And the 
bipolar-µ,P kits are intended pri
marily for industrial designers 
seeking to emulate existing sys
tems with higher-speed versions. 

Most bipolar micros aren't com
plete microprocessors. Fixed in
struction sets-which come with 
MOS .µ.Ps-must be developed 
through microprogramming. Thus 
bipolar micros have been aimed 
more for the computer architect 
than the random-logic designer. 

The only bipolar processor that 
isn't a slice is Scientific Micro 
Systems' SMS 300, a complete 8-bit 
bipolar µP with a macro instruc
tion set. The SMS 300 had been 
available only as part of the com
pany's Microcontroller system. Re
cently though Scientific Micro 
Systems unbundled the Microcon
troller, making the system avail
able in kit form. A starter kit 
priced at $495 includes one SMS 
300, six 512 x 8-bit PROMs and 

four 1/ 0 circuits. 
Going in the other direction, 

Monolithic Memories has packaged 
its 6701- a 4-bit bipolar slice-into 
a kit that forms a 16-bit stripped
down, general-purpose mini. Priced 
under $300, the kit has microcode 
stored in PROM; so a designer 
doesn't have to microprogram the 
machine. 

The 6701-based kit also has 1-k 
words of RAM, a debug routine in 
ROM, and 2-k words of PROM
some of which is factory-program
med with sample routines. How
ever, the computer can be pro
grammed further in assembly 
language. A user has to provide 
teletypewriter, power supply and 
a clock crystal. 

"He'll also need some SSI and 
MSI, but the most costly parts will 
be in the kit," concludes Ed Bar
nett, Monolithic Memories' product 
marketing manager for computer 
logic products. Barnett estimates 
that a designer could get the com
puter up and running in an hour. 

In contrast, the initial entry 
from Advanced Micro Devices is 
intended to be a simple evaluation 
and demonstration kit rather than 
a complete computer system. The 
manufacturer makes the 2901, a 4-
bit slice that architecturally re
sembles Monolithic Memories' slow
er speed 6701. 

The key elements of the 2901-
based kit are a single 4-bit slice, 
microprogram-address generator 
and RAM as the microprogram 
memory. The RAM can handle 16 
words, each 20 bits wide, and its 
use in place of the more usual 
PROM simplifies changes in the 
microcode. The manufacturer also 
provides a PC board that makes 
internal signals externally avail
able through a 100-pin edge con
nector. The kit costs just $99.95. 

Two different kits are available 
for the 3000-series processor. The 
one from Intel-the company that 
introduced the 2-bit bipolar slice
contains sufficient components to 
form a 16-bit system. The other, 
from alternate-source Signetics, 
forms an 8-bit system, and the kit 
retails for only $100. 

Not too far down the pike are 
bipolar-µP kits that will emulate 
popular MOS processors, like the 
8080 and 6800. These kits will 
come programmed with macro in
struction sets. • • 
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NEW 

SERIES 2850 
DIGITAL 

PANEL METER 
NOW ... at the right price ... 
a single DPM for popular 

domestic and IEC/DIN cutouts 

STANDARD CUTOUT 
1.682" x 3.622" 

(42.72 mm x 92 mm) 

• 31/2 digit readout 
• Automatic zero and polarity 
• 0.1 o/o of reading accuracy 
• BCD output is standard 

• Input/output edge connector included 

• Highly reliable LSI circuitry 

• Choice of 120/240 VAC, 50-400 Hz 
or 5 voe operation 

IEC/DIN CUTOUT 
1.77" x 3.622" 

(45 mm x 92 mm) 

OTHER DOMESTIC CUTOUT 
1 .682" x 3. 92" 

(42.72 mm x 99.57 mm) 

e 120/240 VAC input; 0.55" planar gas 
discharge display complete with panel mounting 
clips, edge connector and manual. . . . . ... . 

del 851 5 VDC input, 0.55" planar gas dis
charge display complete with panel mounting 
clips, edge connector and manual. . .. .... . 

oae ? 120/240 VAC input, 0.43" LED display 
complete with panel mounting clips, edge con-
nector and manual. .. . .. . ...... . .... .. . . 

o e 3 5 VDC input, 0.43" LED display com-
plete with panel mounting clips, edge connector 

• OEM quantity prices available upon request. and manual. .... .. ...... .. ... . . . . . . . . . . . 

ORDER FROM YOUR ELECTRONICS DISTRIBUTOR 
STOCK DC CURRENT RANGES: 20 & 200 uA; 2, 20 & 200 mA 
STOCK DC VOLTAGE RANGES: 200 mV; 2, 20 & 200 V 
OTHER RANGES ON SPECIAL ORDER 

I ON L 
853 Dundee Avenue, Elgin, Illinois 60120 • (312) 697-2260 

CABLE: SIMELCO • Telex: 72-2416 
IN CANADA: Bach-Simpson, Ltd., London, Ontario 
IN ENGLAND: Bach-Simpson (U.K.) Ltd., Wadebridge, Cornwall 
IN INDIA: Ruttonsha-Simpson Private, Ltd., Vikhroli, Bombay 

KATY INDUSTRIES 

INDUSTRIAL 
EQUIPMEN T 

GROUP 
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pass this quality test? 
Mostek's 16-pin 4K RAM sets new 
quality standards. 

Every 4K RAM we ship has to live up to a rigid 
set of quality standards. We subject all of our 4K 
circuits to temperature cycling, centrifuge, pre-burn 
test, burn-in, and final test. The result is unmatched 
circuit reliability. 

But system reliability is the important issue and 
circuit testing is really only half the answer. You 'll 
also need Mostek performance characteristics like 
low power dissipation and higher input noise 
margin . 

More reasons to use Mostek's 16-pin 4K. 
For starters you 'll need 50% less board space 

than with a 22-pin system. And you'll have 45% 
less power dissipation. In addition, all inputs 
including clocks are low capacitance and directly 
TTL-compatible . There are no high-level clocks to 
contend with . And , since there are only six address 
lines , you need only half the address drivers 
required by 18- and 22-pin designs. 

Alternate sources? 
Major memory users 
demand them so you 
can be certain other 
4K suppliers are on 
the 16-pin bandwagon. 

Mostek's full family of 16-pin 4K RAM's - all with 
gated CAS ... 

Access Cycle Active Standby 
Time Time Power Power 

Part Number (nsec) (nsec) (mW) (mW) 

MK 4027P-3 200 370 450 24 
MK 4096P-6 250 375 450 24 
MK 4096P-16 300 425 380 24 
MK 4096P-11 350 500 380 24 
MK 4200P-16 300 425 380 0.6 
MK 4200P-11 350 500 380 0.6 

MOSTEI< 

Get the 16-pin 4K RAM with superior performance and 
unmatched reliability at any Mostek distributor. 
DISTRIBUTORS INDIANA 
ARIZONA Anderson : 
Phoenix: Graham Electronics 
Cramer Electronics 317/644"-3381 
602/267-7312 Fort Wayne: 
Kierulff Electronics Graham Electronics 
602/273-7331 219/423-3422 
CALIFORNIA Indianapolis: 

Graham Electronics 
Irvine: 3171634-8202 
Cramer Electronics Semiconductor Specialists 
213/771-8300 317/243-8271 
Los Angeles : Lafayette : 
Kierulff Electronics Graham Electronics 
714/ 636-1030 3171423-5564 
Palo Alto: Muncie: 
Kierulff Electronics Graham Electronics 
415/968-6292 317 /288-8837 
San Dieio: 
Cramer lectronics MARYLAND 
714/565-1881 Baltimore: 
Kierulff Electronics Arrow Electronics 
714/ 278-2112 202/737-1700 
Sunnyvale: Gaithersburg: 
Cramer Electronics Cramer Electronics 
408/739-3011 3011948-0110 
COLORADO Hanover: 

Denver: Cramer Electronics 

Cramer Electronics 3011796-5790 

3031758-2100 MASSACHUSETTS 
Kierulff Electronics Billerica: 
303/371-6500 Kierulff Electronics 
CONNECTICUT 617/ 667-8331 

Hamden: Newton: 

Arrow Electronics Cramer Electronics 

203/248-3807 6171969-7700 

North Haven: MICHIGAN 

Cramer Electronics Farmington: 
203 /239-5641 Semiconductor Specialists 
FLORIDA 313/ 4 78-2700 

Clearwater: MINNESOTA 
Diplomat/Southland, Inc. Edina: 
813/443-4514 Cramer Electronics 
Hollywood: 612/835-7811 
Cramer Electronics Minneapolis : 
305/923-8181 Semiconductor Specialists 
Orlando: 612/ 854-8841 
Cramer Electronics Stark Electronics 
305/894-1511 612/333-3361 
GEORGIA MISSOURI 
Atlanta : Hazelwood: 
Cramer Electronics Semiconductor Specialists 
4041448-9050 314 / 731 -2400 
ILLINOIS Kansas City : 

Elmhurst: Semiconductor Specialists 
816/ 452-3900 Semiconductor Specialists St. Louis : 312/279· 1000 Olive Industrial Electronics 

Mt. Pros~ect: 314/863-7800 Cramer lectronics 
312/ 593-8230 NEW JERSEY 

Skokie: Cherry Hill : 
Bell Industries Cramer Electronics 
312/965-7500 609/424-5993 

Moonachie : 
Cramer Electronics 
2011935-5600 
Moorestown: 
Arrow Electronics 
6091235-1900 
Saddlebrook : 
Arrow Electronics 
2011797-5800 

1215 W. Crosby Rd .. Carro llton. Texas 75006 
In Eu rope. Contac t : 

NEW MEXICO 
Albuquerque: 
Cramer Electronics 
505/265-5767 

NEW YORK 
East Syracuse: 
Cramer Electronics 
315/ 437-6671 
Farmin~dale: 
Arrow lectronics 
516/694-6800 
Hauppa~e, L.I .: 
Cramer lectronics 
516/231-5600 
Rochester : 
Cramer Electronics 
716/ 275-0300 
NORTH CAROLINA 
Winston-Salem: 
Cramer Electronics 
919/ 275-8711 
OHIO 
Cleveland : 
Arrow Electronics 
216/464-2000 
Cramer Electronics 
216/248-8400 
Dayton: 
Arrow Electronics 
Semiconductor Specialists 
513/ 278-9455 
PENNSYLVANIA 
Pittsburgh : 
Semiconductor Specialists 
412/781-8120 
TEXAS 
Dallas: 
Cramer Electronics 
214/661-9300 
UTAH 
Salt Lake City : 
Diplomat/Alta Electronics 
801/486-7227 
Cramer Electronics 
801 / 487-4131 
WASHINGTON 
Seattle: 
Cramer Electronics 
206/762-5755 
Kierulff Electronics 
206/763-1550 
WISCONSIN 
Milwaukee: 
Semiconductor Specialists 
414/ 257-1300 
CANADA 
Downsview, Ontario: 
Cramer Electronics 
416/ 661-9222 
Montreal: 
Prelco Electronics 
514/389-8051 

MOSTEK Gmbh. TALSTR . 172. 7024 Bernhausen. West Germany 
Telephone: (07 11 ) 70 1096 
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100W Module 

We build power supplies with sufficient built-in heat exhaust 
capacity, that they require no external sinking whatever. They'll 
maintain their full rating right up to +71°C and, thanks to 
internal radiators, run their exterior cool. This conforms with 
IEC recommendations that discourage-for safety reasons
external fins that run hot to the touch. 

The Kepco Group CPS Linear Power Supply Modules range 
from 100 watts to 1000 watts offering 0-6V and 0- 15V fully 
adjustable, programmable outputs with rectangular (not fold
back) adjustable current limiting. A fast-acting overvoltage 
crowbar is built-in, linked to a double-pole on-off circuit 
breaker. The Kepco CPS is a precision stabilizer. A 100% load 
change produces less than 0.005% effect in the stabilized d-c 
voltage. Noise is suppressed well under 0.2 mV rms (2 mV p-p 
measured to 10 MHz) and recovery from a step-load or impulse 
load is complete in less than 50 microseconds. 

1000W Module 
Model CPS 15- 50. unmetered Power Module 
shown with "ears" for 19" rack mounting. 
The ears are detachable for chassis mounting. 

KEPcol cPsl is 
• a no -compromise 

computer power supply! 
Write Dep t. CL· 05 for your copy of 
the new Kepco Power Supply Hand
book and Catalog. 

KEPCO, INC. • 131 ·38 SANFORD AVENUE • FLUSHING, N.Y. 11352 U.S.A. 
(212) 461 -7000 •TWX # 710-582-2631 • Cable: KEPCOPOWER NEWYORK 
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Design-to-Cost program looks promising 
The moment of truth for the Defense Dept.'s Design-to-Cost program 

will come in the next two or three years when actual production costs, 
plus maintainability and reliability data, become availab!e on the early 
projects operating under the concept. The biggest "if" that threatens to 
distort the results is inflation, warns George R. Sutherland, assistant 
director of Defense Research and Engineering for system-acquisition 
management. But he's optimistic. 

Speaking to a Government-industry seminar recently in San Francisco, 
Sutherland said that despite inflation, the projects were showing less 
rise in costs, in "real terms," than similar programs of prior years. If 
economic conditions become more stable for two or three years, he is 
confident that the Defense Dept. will be able to prove conclusively that 
Design-to-Cost will have reversed the spending patterns of the past. 

Sixty-four major defense systems are already under the program or 
slated to be included. A year ago the total stood at 54. 

Defense Dept. clamps down on gratuities 
Even if the official is a close personal friend or a relative, you can't 

give him even a small gift under new restrictions announced by Deputy 
Secretary of Defense William P. Clements, Jr. They apply if you are 
engaged in, c,r trying to engage in, business with the Defense Dept. ; if you 
conduct operations or activities regulated by any defense agency: or if 
you have interests that may be substantially affected by the official per
formance or nonperformance of the defense personnel involved. 

After the recent furor over such things as goose hunts, Clements had 
Directive 5500.7, "Standards of Conduct," reviewed and has now closed 
several loopholes under the section dealing with "gratuities." Deleted are: 
"customary exchange of social amenities between personal friends and 
relatives when motivated by such relationships on a personal basis" and 
"transactions between and among relatives which are personal and con
sistent with the relationships." 

FAA plans radio control of airport lighting 
The Federal A via ti on Administration has adopted standard radio con

trol systems for airport lighting and plans to install them at more than 
300 airports by the end of 1976. These are systems that allow pilots to 
actuate the lighting systems at unattended airports by keying the micro
phone a specified number of times with the radio tuned to a discrete 
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frequency. 
The air-to-ground control system is on an automatic timer, and the 

lights automatically turn off after 15 minutes. The sequence can be re~ 
started at any time by keying the mike again. Some airports have been 
using the system since 1972 as a means of conserving electricity. 

Also being installed are ground-to-ground radio control systems at 
airports where full or part-time air controllers are on duty. When they 
are in the tower, they will activate the system for the pilot via radio 
for approaches and landings. 

Boeing scores, 100% in AF incentive program 
For its performance on the B-1 bomber avionics system, the Boeing Co. 

becomes the first ever to score a 100 per cent rating in the Air Force 
incentive program, which awards cash for above-average performance. 
Boeing took home an extra $325,000 as associate contractor for avionics 
integration from August 1974 through the delivery of the first set of 
offensive avionics in July 1975, which is the third of five periods desig
nated for incentive awards. In the first two of the $200-million contract, 
Boeing scored 80 per cent and 87 per cent. 

Another plum that the company is eying on the B-1 program is a pos- . 
sible contract for aerial tankers for the new bomber. The Ford Adminis
tration is reported looking favorably at Air Force proposals to build a new 
tanker fleet that eventually could consist of 300 aircraft. 

Capital Capsules: The Electronic Industries Association has new standards on the 
testing of power transistors and on optical characteristics of cathode
ray-tube screens .... The Aircraft Owners and Pilots Association has peti
tioned the Federal Communications Commission to add 122.7 MHz as a 
primary frequency at airports without traffic control towers. Now in 
use are 122.8 MHz and 123.0 MHz, but heavy use, AOPA officials say, 
necessitates use of another channel. ... The National Aeronautics and 
Space Administration has selected Lockheed Missile and Space Co. to de
sign and manufacture Seasat-A, the new ocean survey satellite. The 
satellites, product of a $20-million contract, will observe ocean surfaces 
with a radar altimeter, a synthetic aperture imaging radar, a wind-field 
scatterometer, a scanning multifrequency microwave radiometer and a 
visible and infrared scanning radiometer .... The National Electrical 
Manufacturers Association has started moving staffers to Wasihington. 
Full move is to be completed by April 30, 1977. . . . The Federal Com
munications Commission has given a tentative green light on allowing 12 
clear-channel AM band stations to operate with more than 50,000 W of 
power and permitting lower-power local stations to operate on those 12 
channels. The commission will ask for public comment on such things as 
allowing transmitters of up to 500,000 W. The object is to expand radio 
coverage to rural areas, but that power was once tried by WLW in Cin
cinnati and it caused such problems as unwanted reception by fillings in 
teeth and glowing in light bulbs near the transmitter. As an alternate, 
the FCC is asking for a study of expansion of FM service in rural areas . 
. . . The Army has a program under way to design and develop a C-band, 
12-W power transistor. The Army Electronics Command wants the 
4.4-to-5-GHz device for use in phased-array communications, radar and 
jammer transmitter applications .... A lightweight, low-cost radar missile 
for the F-15 and F-16 is on the Air Force shopping list. The missile would 
also be suitable for similar Navy aircraft. 
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D
Solder less. 
es1gnmore. 

Whether you 're 
a full-time engineer 
or spare-time 
hobbyist, there are 
only so many hours 
a day you can 
spend designing 
and building 
circuits. So why 

The soldering iron. 
As a design tool, not make the most 
it's obsolete. f t• ? o your 1me . 

Design circuits literally as 
fast as you can think. Instead of 
starting your next project with n 
soldering iron, save time by 
starting with our Design Mate™ 1. 
In a compact (7W'W x 6%"D x 
3)1.! "H) case with a convenient 
sloping top, it offers solderless 
breadboarding at its best: 790 
terminals; a continuously-adjust
able regulated 5-15 VDC 600 mA 
supply; and a DC voltmeter to 
monitor the internal supply or 
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test your operating circuit. 
With Design Mate 1, hooking 

up (or changing) a circuit is as 
simple as pushing leads into 
holes on the breadboard. Rugged 
5-point contacts insure reliable, 
low-resistance connections 
between res istors, capacitors, 
transistors ... even I C's in T0-5 
or DIP packages. And short 
lengths of solid #22 AWG wire 
make interconnections easy 
wherever you need them. 

At $49 .95~ complete, it's not 
only a time-saver, it's a money
saver, too. 
Larger capacity? Smaller 
capacity? Have it your way. 
Whatever your 
breadboarding 
needs, 

Proto-Board 103. 
2250 solderless 
terminals save 
you time on every 
circuit you design. 

we can fill them. For 
larger capacity, save time with 
our Proto-Board • series-660 to 
3060 terminal points, with or 
without built-in regulated power 
supplies. For smaller applica-

tions, use 1 or more 
of our handy QT 
Sockets and Bus 
Strips, locking 
them together for 
infinite expand-

- ability, as you need 
Test DIP's with it. Starting at $2.00. 
power on and 
hands 011-even Other ways to 
on the most 
crowded circuit save time and 
board with our 
Proto-Clip '" series. money. Proto-

Boards, QT Sockets and Bus 
Strips are just the beginning of 
the many ways we can help make 
your life more enjoyable: how 
about a foolproof, shortproof 
way to test DIP I C's-even in 
operating circuits-for just 
$4.50"? A full-featured, preci
sion function generator for 
$64.95"? A professional R/C 

bridge for $54.95"? A way to 
instantly see and monitor logic levels in an 

operating IC, without expensive scopes or 
elaborate procedures. And more, to save you 

time, money and 
aggravation. 
Time is money: 

Start saving it. Ask 
your CSC dealer 
to show you how to solder 
less. design more and take the 
drudgery out of your electronic life. 
Or send for our free catalog and dealer list. 
*Manufacturer's recommended retail. 

44 Kendall Street. Box 1942 
New Haven. CT 06509 • 203-624-3103 TWX: 710-465-1227 

West Coast office: Box 7809. San Francisco. CA 
94119 • 415-421-8872 TWX: 910-372-7992 

Canada: Len Finkler Ltd .. Ontario 

© 1975 Cont inental Spec ialties Corp. 
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AMI6800: 

Smart Terminal. 

Magnetic Tape. 

ole 
AMI6800 
family. 
Its all here: MPV, 
RAM, ROM, PIA, 
ACIA,PROM, 
USRT and Modem. 
By test, the best. 

EVclluation Board. 
Includes everything you need 
to evaluate parts, program 
PROMs and, connected 

Complete program editing 
through CRT and keyboard. Also 
includes Modem communication 
to remote computers. 
(Avail. Feb.) 

Cross product software
assembler, loader, 
simulator. 

with a peripheral, run 
programs. 

Our AMI 6800 Kit is a big step forward in 
simplifying your design, evaluation and test programs. 
For example, our intelligent CRT is simple to 
operate with either resident or remote software. It 
really is smart, because it contains an S6800! And its 
planned to have an in-circuit emulator added later. 

Our dual disk is extremely useful for developing 
programs, and saves you hours of paper tape 
shuffling. And our Evaluation Board is loaded with 

all the parts you need to get your product on the 
market on time. 

Now for the Caboodle. The dictionary calls it a 
"package'.' You'll call it the neatest set of instructions 
for any kit you've ever bought. 

Now why don't you call your nearest AMI sales 
office or distributor, and ask them for the whole 
Kit and Caboodle. Or write AMI, 3800 Homestead 
Road, Santa Clara, CA 95051. What could be easier? 

Dual floppy Disk. 
Storage for resident 
software- assembler, 
editor, etc. 
(Avail. Feb.) 

Disk Program 
Storage. 
500K bytes for 
program develop
ment and on-
line data storage. 
Cuts out the 

Here'f where 
you pickup your Kit. 
SALES OFFICES 

Manhattan Beach CA• (213) 379--2452 
San Jose CA• (4081 249--4550 
Altamonte Springs FL• (305) 830-8889 
Elk Grove Village IL• (312) 437-6496 
Norwood MA• (617) 762-0726 
Livonia Ml• (313) 478-9339 
Minneapolis MN• {612 ) 559-9004 
Monsay NY• (91 4 ) 352-5333 
Cleveland OH• (216) 292-6850 
Ambler PA• (215) 643-0217 
Richardson TX • (214) 231-5 721 
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Software Brochure. 
A rundown on AMI software 
products including assembler, 
loader and simulator. AMI 6800 Brochure. 

List of goodies. All you want to know 
about the AMI 6800 family. 

Evaluation Board 
Application Notes. 
The why and wherefore of our 
Prototyping System , and how 
to make the most of it! 

Assembly~~e 
Programming Manual. 
Describes the instruction set and 
how to use the AMI 
Assembler and 

DISTRIBUTORS 

ALTA E LECT RONICS: 
Utah-Salt Lake City (801) 486-7227 

ARROW ELECTRON ICS: 
Minnesota- Bloomington 

(612) 888·5522 
CENT UR Y E LECTRON ICS: 
New Mexico-Albuquerque 

{505) 292-2700 
Utah - Salt Lake City {801) 487-8551 

INTERMAR K ELECTRONICS. 
Wash ington-Seattle (206) 767-3160 

Florida- Hollywood (305) 927-0511 
Georgia - Atlant a (404) 449-9170 
Illinois-Elk Grove Village 

(312 ) 593-2740 
Iowa-Cedar Rapids " Lorenz Sates" 

(319) 393-0100 
Maryland- Rockville (301 ) 881 -3300 
Massachusens- Waltham 

(617) 890-8484 
Michigan - Troy (3'13) 583-9242 
Minnesota- Edina (612) 941-5280 
New Jersey- Somerset 

(201) 469-6008 
New York-Rochester (716) 461-4000 

Westbury (516) 334-7474 
SCHWE B ER ELECTRON ICS : Ohio- Beachwood (216) 464-2970 
California-Costa Mesa (213 } 924-5594 Texas-Austin (512) 837-2890 

Conne~7~~~~b~~~~3~~g03) 792-3500 ~~l~~~J~\4,1,~~-~~~600 
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NCS.S Users Manual. 
All the magic necessary to work with 
National CSS time-sharing network. 

AMI Guide to 
Standard Products. 
All the MOS you might need in 
addition to microprocessors. 

Hardware 
Reference Manual. 
A detailed description of each 
component in the system, and 
how to make them work! 

Canada-Mississauga, Ont. 
(416) 676-9050 

SEMICOMP CORP.: 
California- Newport Beach 

(213) 971-5253 and 
(714) 833-3070 

STEALING ELECTRONICS: 
Arizona - Phoenix (602) 258-4531 
Louisiana- Metairie 

(504) 887-7610 
Massachusetts-Watertown 

(617) 926-9720 
New Jersey- Perth Amboy 

(201 ) 442-8000 
New Mexico-Albuquerque 

(505) 345-6601 
Texas-Dallas (21 4 ) 357-9131 

Houston (71 3 ) 627-9800 

Virginia- Richmond ··Meridian" 
{804) 335-6521 

A. V. WEATHERFORD CO.: 
Arizona- Phoenix (602) 272-7144 
California-Anaheim (714 ) 547-0891 

Glendale (213) 849-3451 
Palo Alto (415) 493-5373 
Pomona (714 ) 623-1261 
San Diego 

(714 ) 276-7400 
Colorado- Englewood 

{303) 761-5432 
New Mexico-Albuquerque 

(505) 842-0868 
Texas-Dallas (214) 243-1571 

Houston (713) 688-7406 

Washi(~6c:;}"24s3~~g~e0 
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e MCM6604 

• Industry standard 4K 
• Directly replaces MK4096 & 2104 

• Three speed selections 
• Small package for optimum system density 

• Available today from Authorized Motorola Distributors 

... and don't you forget it! 
For data, write Motorola, P.O. Box 20912, Phoenix, AZ 85036. To talk details 
in greater depth, call your Motorola sales office or contact the Motorola memory 
team ... 3501 Ed Bluestein Blvd., Austin, TX 78721 , or by phone it's (512) 
928-2600, ext. 342. 

To help you remember it. The new 320-page MOS Memory 
book covers the MCM6604 and the complete Motorola MOS Memory line. 
Send your $2.50 check or money order to P.O. Box 20912, Phoenix, or buy a 
copy from your Motorola distributor. 
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Microprocessor De~s:'i 1g10 :, ~ 

Microprocessor turns up for first time 
as the key part of time-sharing system 

A microprocessor-based minicomputer has 
been used for the first time as the heart of a 
time-sharing system. The system, the 11 V03 
from Digital Equipment Corp. (Maynard, MA 
01752. 617-481-7 400), can handle up to four 
terminals and can be programmed in Basic 
at each terminal. 

Video Terminal or the 30-CPS LA36 Decwriter 
II as the system's first terminal. Addition of 
a VT55 graphic display terminal provides 
interactive graphics capability." 

One terminal is included in the $16,200 price. 
A four-terminal system can be had for $19,970 
and up, depending upon the terminals selected. 

"This is the first time that a four-terminal 
time~sharing system can be purchased for 

The operating system can also support a single 
terminal in Fortran IV or assembly language 
while operating the three other terminals in 
Basic. According to William G. Witmore, 
educational products group manager: 

"The CPU in the system is the PDP-11/ 03 
microcomputer. It contains 28-k words of main 
memory, with dual flexible discs adding more 
than one-half million bytes of mass storage. 
Purchasers can choose either the 24-line VT52 

less than $5000 per terminal," Witmore says. 
"This is cheaper than the effective cost of renting 
four terminals on a larger time-sharing system. 
The only limitation is that the larger system 
provides storage for a larger data base. We 
see our first customers for this system as 
being in the educational market." 

CIRCLE NO. 501 

Three-chip set holds 16-bit microprocessor 
Three silicon-gate NMOS chips comprise the basic 

components of the 16-bit microprocessor from Western 
Digital (3128 Red Hill Ave., Newport Beach, CA 
92663. 714-557-3550). 

The new MCP 1600 chip set employs the CP 1621B 
control chip to generate microinstruction addresses and flflll"' 
control signals. The CP 1611B data chip performs .-. 
arithmetic and logic functions, and it contains addressing _,, 
and data-handling logic. Programs are stored in the third 
element, a microinstruction control ROM (MICROM), which has a 512 x 22-bit organization. 
Up to four MICROMs can be used, for a total of 2048 words af instruction storage. 

Originally developed for Digital Equipment Corporation, the MCP 1600 is essentially 
the same as the chip set used in DEC's LSI-11 microcomputer. The MCP 1600 employs 
the same basic bidirectional bus structure. 

While the MCP 1600 internally processes data words in 8-bit segments, it has been 
designed as a 16-bit machine. The three chips are interconnected by an 18-bit 
microinstruction bus. An additional data-access bus uses a 16-bit port for communicating 
with memory, I/ 0 devices and other system components. 

The CP 1611B data chip includes an ALU and 26 8-bit registers. Condition flags are 
provided on the data chip. 

Address generation for fetching microinstructions and control signals for the data-access 
bus are supplied by the CP 1621B control chip. Four external and three internal interrupts 

(continued on page 62) 
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MICROPROCESSOR DESIGN 

(continued from page 61) 
are provided on the CP 1621B along with seven system control lines. The programmable 
logic array on the control chip interprets interrupts, and it can be programmed by the 
user to provide data-driven program jumps. 

Development aids include the following: a basic microcontroller board with a preprogrammed 
diagnostic MI CROM; an interfaoo board that provides the basic bus structure; a writable 
control storage board; and a PROM board. Users must furnish terminals and power 
supplies. Programs can be assembled and simulated by the use of Tymshare services or 
a DEC PDP-11 system equipped with Western Digital software packages. The basic 
MCP 1600 costs $159 in 100-to-999 quantities. Delivery is 6 weeks. 

CIRCLE NO. 502 

Wiring analyzer programs itself with aid of µ P 
Pressed by customers for a more flexible instrument that can interface to a variety of 

peripheral devices, Algorithm Technology (P.O. Box 1910, Prescott, AZ 86301. 
602-445-8180) has come up with a new wiring analyzer that uses the Signetics 2650 
microprocessor. 

The analyzer is called the A TE 8000, and its internal 8-bit micro controls a switching 
array that can analyze up to 65,000 nodes in a circuit. 

An unusual feature is that the analyzer is self-programming. According to Chuck Terry, 
design engineer for the unit, most other analyzers take several hours to program. But the 
A TE 8000 can be programmed in a few seconds, he says. 

Explaining further, Terry notes that instead of manually programming in the details 
of the board to be tested, a known good board is inserted into a test fixture and analyzed 
by the machine. Once this is done, a digital display reads out a series of numbers that 
represent the interconnect pattern for that board. And when these numbers are dialed 
in on the unit's thumbwheel switches, the analyzer is set to test similar boards of unknown 
quality. 

If a known good unit is not available but a magnetic tape with parameters is, the 
analyzer can be programmed from the tape. 

Once the thumbwheel switch numbers are determined, the ATE 8000 takes only a few 
seconds to do a GO/ NO GO test on an unknown board. If a printer is added to the basic 
tester, a listing of errors in the board under test can be produced. Prices for the basic 
system start at $4000. CIRCLE No. 503 

(continued on page 64 ) 

~\C\{··· Still available from Martin Research -

Q utUbet 
~~rnat it~ sq 
~, is ti~t . 

our innovative book, Microcomputer 
Design. An industry standard for the 
engineer designing with microprocessors. 

With 8080. $150 . 

oo ooeo•• 
•• •••ooo 

If you have to read your microcomputer 
the old -fashioned way - bit by bit, from 
rows of lights - the computer 's making 
you do its work' 

• Don 't toggle in a program on a bank of 
switches - key it in. 

• Don 't read date and addresses bit by 
bit - read a series of fully decoded 
digits (octal or hex) . 

• Don 't debug by single-stepping through a 
program - set breakpoints. 

62 

.__..,. With 8008-1, $110. 
With 8008, $100. 

Alone. $75. 

School and quantity 
discounts. Over 300 

pages, dozens of 
schematics. 

.......... ~ Worth its weight in 
microprocessors' 

The modular micros from Martin Research . A 20-pad keyboard ; 
six bright digits ; and a Monitor program in a PROM make program l[M]R3 
entry easy. And , even the smallest system comes with enough --~:=-~~-
RAM to get started 1 The MIKE 2 system, with the 8008 and the t · h 
8080-based MIKE 3 use the same bus str ucture. Accessories - mar In re sea re 
like our 4K RAM - work with these and other 8-bit CPU 's. And , 3336 Com mercia l Ave . 
systems start at under $400! Northbrook. IL 60062 (312) 498-5060 
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The Right DMM Decision 
Means Five-Function Autoranging 

for only $225* 
Introducing HP's 
3476A DMM 
The price is a big story in 
itself. But performance and 
reliability play a large part 
too. Take a look at the 
3476A: 

Autoranging- a big plus in 
a low cost DMM. It lets 
you concentrate on the 
point of measurement .. . 
minimizes reading errors .. . 
and speeds readings too. 
All readings are made di
rectly in volts, kilohms, or 
amps-on an LED display. 
And there's a rangehold 
button to speed and sim
plify repetitive measure
ments. 

Five functions - all the func
tions you want and need in 
a low cost DMM. Simply 
push the appropriate button 
to read AC volts, DC volts, 
AC or DC current, and 
ohms. There's no worry 
about polarity or zero .. . 
they're both automatic. 

Advanced design - both 
circuit and packaging. And 
both contribute to high re
liability. One circuit board 
contains all the electronics. 

Actual Size 

34 76A DIGITAL MULTIMETER 
H W I. TT• PACKARO 

POWER 
v 

Sales and service from 172 offices in 65 countries. 
1501 Page Mill Road, Palo Alto, Cal1lorn1a 94304 
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Tantalum nitride on sap
phire processing allows re
placement of all front end 
precision resistors by a 
.single chip. That means 
greater reliability and better 
temperature · stability. Of 
course it's input protected. 

Convenient size - just right 
to hold in your hand ... take 
with you in a brief case ... 
or use on your bench., An 
optional carrying case and 
probe kit let you hang the 
instrument from a strap for 
"no-hands" operation. The 
"A" version ($225*) oper
ates from the AC line for 
lab use. And for portable 
applications, the "B" ver
sion ($275*) has built-in 
batteries and recharging 
circuitry. 

The 3476A is backed by 
HP's service organization 
... another big plus for a 
low-cost DMM. With these 
prices and features, why 
not put your hands on the 
3476A for your 3-1/2 digit 
measurements? Your local 
HP field engineer can tell 
you how. 
*Domestic U.S.A. prices only. 

HP DVM's-
the right decision 

ot5J52 

RANGE 



MICROPROCESSOR DESIGN 

(continued from page 62) 

µ C-based interface unit teams up with programmable calculator 
Thanks to a new µ,C-controlled interface unit, the WU-7, 

any of the estimated 25,000 existing Wang 600 and 700 
programmable calculators can now communicate with a 
wide variety of devices, between themselves, and with 
other computers at any standard data rate from 110 to 
9600 bits per second. 

Offered by Digital Laboratories (377 Putnam Ave., 
Cambridge, MA 02139. 617-876-6220), the interface 
unit's µC is programmed to perform such functions as 

' 

translation, formatting, buffering and serializing. Simple I / 0 procedures-one of the 
major features of programmable controllers-are still retained. When using communication
oriented peripherals-units not previously available for these calculators-the µC makes 
it possible to use existing software. 

Also, the WU-7 can handle data from instruments and special-purpose apparatus. The 
interface unit can transmit or receive all 128 ASCII codes. The calculator can then be 
dedicated to the manipulation of the pertinent data just as if it had been keyboard entered. 

The WU-7 costs $2450. Delivery is from stock to 30 days. CIRCLE NO. so4 

Breadboard card handles all size packages 
The Mupac Corp. (646 Summer St., Brockton, MA 

02402. 617-588-6110) breadboard called the Sponge 
is a wrapped-wire panel that contains four voltage planes 
for power distribution. Microprocessors, random-access 
memories and read-only memories of all major vendors 
will plug directly into these panels. 

Rows of socket terminals have been layed out to perm.it 
the mounting of all dual in-line packages on any multiple 
of 0.1-in .. spacing. The Sponge may also be custom-loaded 
to customer requirements-up to 270 input-output pins 
provide subdivision of system logic and interface 
requirements. 

Complementary rack assembly hardware, as well as multiple voltage connector 
backplanes, are also available. The Sponge costs $245 in quantities of 10. Delivery is 
from stock. CIRCLE NO. sos 

µ P cross assembler runs on most 16-bit minis 

64 

Mycro-Tek, Inc. (6631 E. Kellogg, Suite 214, Wichita, KS 67207. 316-686-3311) reports 
that software development time for 8080-based microcomputer systems can be signifi
cantly reduced with its cross assembler. The assembler is designed to give the programmer 
the advantages of large-scale computer processing, editing and high-speed I 10 capabilities 
not usually found in micro-based systems. 

Written in ANSI standard Fortran IV, Mycro-Tek's program will execute on any 
16-bit word computer whose compiler supports this language. It can also run on machines 
with word lengths of greater than 16 bits. The program generates an assembled program 

(continued on page 66 1 
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There's a reason we make so 
many types of precision resistors. 

You need them. 
Established Reliability Metal Glaze. Per 
MIL-R-39017, 55182 and program specifications. 

Precision Metal Glaze™. Rugged performance at 
low cost. An industry standard for semiprecision 
and precision film resistor applications. 

Precision Metal Film. Excellent high stability 
performance in a wide variety of sizes and 
specs. S level MIL-R-55182. 

Precision Power Wirewound. Best available 
power-to-size ratio from 'h-1 OW. Tolerances to 
0.1%, TC < 20ppm. 

-·~-

Precision High Voltage, High Res ' t ~:: ; I-• "' ' "" ;;;... ,,. ·_ ~ ~ 

high voltage load stability; 1.5-20KV, to 500Megohms±1 %. 

Ultra-Precision MAR™. Bulk property metal film. 
Rugged molded construction. Broad resistance 
range, high frequency response with TC's and 
tolerances to 2ppm and .01 %. 

Precision Power Metal Glaze. 3W rating in a 
molded RW69 size. Runs cooler than wirewound. 
Has excellent frequency characteristics. 

Precision Power Metal Film. Excellent power
to-size ratio, 1-5W ratings. High frequency 
response. Tolerances and TC's to 0.1%, 25ppm. 

Precision Film Resistor Networks. 7,8,10 
and 12 bit R2R ladders replace up to 27 
discretes. Other precision TaN-Film ™ 
networks available. 

Most types available from your local distributor. 
Or, for the broadest choice in resistors for all types 
of applications, write or call TRW / IRC Resistors, 
an Electronic Components Division of TRW, Inc., 
401 N. Broad St., Phila., Pa. 19108. Tel. 215-922-8900. 

TRK! /RC RESISTORS 
We give you a choice. 
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MICROPROCESSOR DESIGN 

(continued from page 64) 

listing and a hexadecimal object tape, compatible with Intel's MCS-80. 
The assembler has these major features: No disc access is required; it will run on an . 8-k 

machine; it accepts ANSI standard Fortran IV logical unit numbers for I / 0 devices; 
it does a two-pass assembly; and it comes with complete documentation. The assembler 
costs $300 and is available in 30 days. CIRCLE NO. 506 

Industrial microcomputer system uses 8080 µ P 
The Electronic Products Div. of the Warner & Swasey 

Co. (30300 Solon Industrial Pkwy., Solon, OH 44139. 
216-368-6200) has acquired the exclusive rights to market 
and manufacture the Micral microcomputer line from 
Realisations Etudes Electroniques in the United States 
and Canada. 

The Micral µ,C is available with extended Basic, a disc 
operating system and a text editor. It is built around 
the Intel 8080 µ,P microprocessor chip and comes with 
two floppy-disc drives, desk enclosure and serial com
munications channel. The system costs $7995 in single quantities or can be leased on a five
year plan for $190 a month. CIRCLE NO. 501 

CRT terminal has mass-data-storage capability 
The µ,P-controlled Model 2644A CRT terminal has 

220,000 bytes of built-in mass data storage. The Hewlett
Packard (1501 Page Mill Rd., Palo Alto, CA 94304. 
415-493-1501) terminal can perform on a stand-alone 
basis many operations that would normally require 
connection to a computer. 

Two tape transports, using the miniature version of the 
3M data cartridge developed by HP, provide large 
amounts of data storage. Program preparation, editing, 
tape copying and tape-to-printer operations are all 
within the stand-alone capabilities of the 2644A. Single 
keys execute the most common tape-data transfer commands. 

The architecture of the 2644A is generalized so data can be moved readily among any of 
the station's functional units. File records may vary in length from 1 to 256 bytes and 
can be stored in ASCII or binary format. The 2644 costs $4400 in quantities of six and 
is available from stock. CIRCLE NO. 508 

One-pass. assembler designed for 8080 µ P systems 

66 

A one-pass assembler that runs in resident mode on an 8080 has been developed by Micro 
Systems Software (355 W. Olive, Sunnyvale, CA 94086. 408-735-1650). This program 
assembles a compatible sub-set of the Intel language and generates machine code directly 

(continued on page 68) 
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Burroughs 
SELF· SCAN: .. panel 

NEW 
DMENSIONS 
in electronic displays 
fow, there's a whole new dimension in electronic readouts: 
!urroughs' new SELF-SCAN 11 display panels ... the most advanced, 
nost versatile display ever. There's nothing else like it in the 
vorld . SELF-SCAN II panels, with bright, large multi-digit alphanumeric 
:haracters, permit an entirely new display concept. 

iELF-SCAN II panels can open up new applications for electronic displays. 
~s single panels, they are ideal for point-of-sale displays, computer 
ipplications, moving message centers, and others; as modular building 
1locks, for attention-getting displays in airport terminals; for surface 
:ommunication systems; for store window displays. Whatever the applica
ion, their high brightness and extra-wide viewing angle make them 
nore cost effective, more visible and readable than other readouts. 

The modular design 
~.) L:: 1:;~'. '.:::; l:::rT· I L .. 1:::: _ of the 20-character 
iE LF-SCAN 11 panel means it can be butted 
1orizontally, and stacked vertically to appear 
s one large display. You can assemble dis
ilays of almost unlimited size in various com-
1inations without sacrificing performance. 

r;~: 1:::~ ~:::1 r> ~:::1 l:::~ L .. 1:::~ 
The large, 0.7-irich 
high characters can 

>e read easily at 50 feet in high ambient light. 
rhe viewing angle is extra wide: 165°. The gas 

plasma technology means that all characters 
are uniformly bright and sharp: no matching 
or alignment problems. 

~ .. .l 1 .. -~ I~~;~~ 1 .. ) ~:::: Combining the best 
of Burroughs' famous display products, SELF
SCAN and PANAPLEX® displays, the planar 
construction with screened electrodes of SELF
SCAN 11 means noth'ing moves ... nothing 
wears. Only 18 external connections are re
quired for 20 alphanumeric characters! 

L .. C)~.:.l c~:c:i::::; · -r· 
The price will amaze 

you-LESS THAN $5 PER DRIVEN ALPHA
NUMERIC CHARACTER! Price includes 
display, drive electronics and modified 64-
character ASCII subset character generator, in 
1000-piece quantity. 

Burroughs' new SELF-SCAN panels are de
signed to interface with microprocessors. And 
they are available ... NOW!! 

To find out how you can build the information 
display you want with SELF-SCAN 11 panel 
displays, write or call Burroughs Corporation, 
Electronic Components Division, P. 0. Box 
1226, Plainfield, New Jersey 07061; or call 
our special sales/applications assistance num
ber, (201) 757-3400, or (714) 835-7335 in 
California. 

Write for: 
"Self Scan II: 

~ L3 
Important product information 
from Burroughs" 

Burroughs 
INFORMATION RETRIEVAL NUMBER 43 



MICROPROCESSOR DESIGN 

(continued from page 66) 

into memory for immediate execution. if desired. 
The assembler occupies less than 2-k bytes of memory and can economically be placed 

in PROM or ROM. Language features of the assembler include all Intel-defined in
struction mnemonics and the following program pseudo-ops-DB, DW, DS, ORG, EQU 
and END. Execution-time features include a bias-address offset for storing machine 
code and three output print options-print object and source, print object only and no 
print. Instructions that contain an error are always printed with both object and source. 
The cost of the assembler starts at about $495, and delivery is one week. CIRCLE No. 509 

Single board holds 8080-based micro system 
All the components for a complete microcomputer, 

based on the 8080, come on a single 15-1/ 2 x 15-in. 
board from AppHed Data Communications (1509 E. 
McFadden Ave., Santa Ana, C'A 92705. 714-547-6954). 
The new Series 70 system contains 4-k bytes of RAM 
and 1-k bytes of reprogrammable ROM. Sockets are 
provided for the expansion of ROM to 4-k bytes and RAM 
to 16-k bytes. 

Terminal communication is provided for teletypewriter, 
CRT or modem through an asynchronous I/ 0 with a 
selectable speed ranging from 110 to 9600 baud. Also on the board is a floppy-disc 
controller that can interface up to eight drives. In quantities of 50, the micro board sells 
for $949. 

Applied Data Communications has combined the Series 70 with its Series 61 (an 
IBM-compatible floppy-disc system) to form a test system. It can perform a thorough 
floppy-disc drive test in 5 minutes. Comprehensive drive and storage-media tests require 
15 minutes. System configurations test 1, 2, 4, 6 or 8 drives, and prices start at $4250 for 
the single-position Model 70-T200-1. 

CIRCLE NO. 510 

Compiler for PCL allows use of terminals 

68 

An upgraded compiler for Comstar's Process Control 
Language (PCL) allows data to be entered from a 
teletypewriter or similar terminal, including Texas 
Instruments' Silent 700 dual-cassette terminal. A high-level 
language, PCL simplifies the programming of PROMs 
and, thus, microcomputers. 

The compiler from Comstar (30300 Solon Industrial 
Pkwy., Solon, OH 44139. 216-368-6200) handles the 
instruction set for the company's recently announced 
Model 4A and 4B microcomputers, built around the 4040 µ,P. 

A terminal using the compiler can store, merge and edit data and also create programs 
on magnetic-tape cassettes. In addition eight new commands have been created for 
compilation from a data terminal. The commands permit such functions as the creation on 
tape of an entire PCL program or an adjustment of the delay following a carriage return. 

The basic compiler-Model 9008-0920-costs $3595. Two other models-suffix 0921 and 
0922-include 5.12 k bits of RAM and a serial communications interface. These models 
cost $4295. Delivery time is 30 days. 

CIRCLE NO. 511 
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National Rewrites the Book: 
LF 156 a New Standard 
of Comparison for Op Amps 
National is very pleased to tell you 
about a new IC process that we've 
been working on. In fact-brushing 
modesty aside-we've come up with 
the industry's first major new linear 
process in a decade. 

Put rather simply, we married the best 
that JFET technology offers to the best 
that bipolar technology offers. We call 
the union Bi-FETTM technology, and 
its first offspring are our LF155/156/157 
op amps .. . so spectacular that they 
set completely-new standards for op 
amp performance. 

Tri-share RAM 
puts 4096 bits 
in 18-Pin Package 
We've entered the 4K RAM market
place in a big way with our MM5270-
a read/write memory that represents 
a major breakthrough in the design of 
MOS memories . 

The MM5270 makes use of a unique 
design concept, which we've dubbed 
Tri-ShareTM. The Tri-Share concept 
lets a single port serve three functions 
-read/write, logical chip select, and 
VCC-saving three leads needed by 
all other RAMs. 

And since our new RAM also features 
a Tri-State®, common input/output 
lead, we've managed to reduce the 
package lead count for 4096 bits of 
memory from 22 leads, which most of 
you have had to deal with 'til now, to 
only 18 leads on our MM5270. This al
lows a PCB memory density nearly 
twice as great as that possible with 22-
lead, 4K RAMs, which translates di
rectly into dollars saved. Thus, you cal'l 
assemble 4K memory systems at a cost 
lower than previously possible. 

And while you're saving money you're 
acquiring high-speed performance: 
the access time of the MM5270 is 200 
ns min.; its cycle time is 400 ns max. So 
if you're looking for an unbeatable 
combination of system economy and 
performance, look into our MM5270; 
it's got it all. 

The secret of Bi-FET performance is in 
the combination, on a single monolithic 
chip, of JFETS-well-matched via ion
implant techniques-with standard 
bipolar transistors. When reduced to 
practice-as in an op amp with JFET 

(continued on page 3A) 

NSC doesSO 
MakeFETS 
Junction FETs . . . by the carload. We 
make virtually every type of JFET on 
the market today, including some with 
characteristics superior to anything else 
available. 

Look at our brand-new PF5101-3 
(molded T0-92) and NF5101-3 (metal 
T0-72), for example. Specially se
lected for ultra-low-noise audio and 
video applications, these JFETs feature 
a common-source spot noise figure at 
10 Hz of only 1.5 dB maximum; and a 
typical e0 of only 5-7 nV/VHz at 10 Hz, 
2-3 nV/VHz at 1 kHz . .. superb in 
preamps for hydrophones, vidicons, 
particle detectors, and high-quality 
audio/video equipment in general. 

Remember too that we pride ourselves 
on being the most flexible and cost
effective JFET supplier you'll find any
where. So when you think FETs, think 
National. 

* 

We're Big on 
Small-Signal 
Transistors 
Singles, duals, quads ... Metal can, 
molded, and ceramic packages ... All 
popular commercial, industrial, and 
military types, and in volume . .. The 
best prices in town ... And customer 
service unequaled in the industry. 

We've just upped our capacity for both 
existing and new JAN/JTX/JTXV types, 
for example. Check out our 2N3498/99, 
2N3500/3501, and 2N3700. Or our 
2N2920, a dual for which we're one of 
the few active suppliers of its JAN/JTX/ 
JTXV versions. 

We support memory and peripheral 
houses too: witness our DH3467/3725/ 
6376 quads in both epoxy and ceramic. 

We second-source Motorola, Fairchild, 
TI, GE, and Sprague, which gives us 
a package/pinout versatility second to 
none. And this lineup now even in
cludes the popular "Silect" types
our new Series TIS9X, 2N581X, etc. 

We're the only supplier of all-copper
lead-frame, Epoxy B T0-92 types; a 
combination that gives you the most 
advanced product you can buy. 

Small-signal transistors are a very big 
business with us. Just tell us your 
needs; we'll meet them. 

In Support of RAMs 
Imagine a diagram that shows a large 
block of random-access memory sur
rounded by an array of smaller blocks; 
each of the smaller blocks is an inter
face circuit necessary to the operation 
of the memory itself. If you imagine 
further that National part numbers fill 
all the interface blocks, then you can 
see the significance of our DS3640-49 
and DS36147/149 families of RAM sup
port' circuits. 

Regardless of function, these circuits 
share a number of features: they can 
drive highly-capacitive loads; they 
have DTL/TTL-compatible inputs; 
there is a damping resistor in series 
with each output. (Companion series 
DS3670-79 and DS36177/179 feature, 

(continued on page 4A) 
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NATIONAL INTROS 
ACTIVE FILTER LINE 
Whether you're after a Bessel, Butter
worth, Cauer, or Tschebycheff func
tion, our new AFlOO active filter will 
do the job. You need only four external 
resistors to program it for any specific, 
second-order function; so if you wish 
to form, say, a sixth-order function, 
simply cascade three AFlOOs, embed
ding each in an appropriate resistive
programming network. 

Lowpass, highpass, and bandpass 
functions are available simultaneously 
at separate outputs; notch and allpass 
functions are available by combining 
outputs in the unit's uncommitted 
summing amplifier. 

Available to meet either commercial or 
military specs, and housed in both 
T0-8 metal-can and dual-inline pack
ages, the AFlOO operates from ±5 to 
±18 V, and features independent fre
quency, gain, and Q adjustments, a Q 
range to 500, and operation to 10 kHz. 

MD2"' Cuts System 
Display Costs 
We've got a nifty item for any of you 
who have to display multiple digits. It's 
our MultiDigit Display family
MD2TM for short. Any member of this 
display family can significantly cut your 
display costs and, at the same time, 
improve the appearance of your LED 
readout because ofMD2's uniform seg
ments, uniform digit-to-digit bright
ness, and good contrast. 

Clocks, clock radios, appliance timers, 
instrumentation-you name it and 
MD2 can handle it. Not only are dozens 
of display combinations possible, but 
MD2 interfaces directly to MOS clock 
chips, MOS segment and digit drivers, 
DPM chips, even microprocessors and 
transducers . 

MD2 units are common-cathode dis
plays (so far) , with heights of either 0.3 
inch or 0.5 inch. Both heights are end
stackable in multiples of five, for the 
0.5-inch displays, or eight, for the 
0.3-inch displays. And they're avail
able in both multiplexed and direct
drive versions. 

To find out more about the unique 
MD2 concept, we suggest you call your 
local National sales office. Between our 
standard list and our custom options, 
we're pretty sure you'll find just what 
you're looking for. 

Durawatt 92-Plus~ .. 
A Surefire \%y 
to Beat the Heat 

We bet you're one of many designers 
who've been playing the do-it-and
keep-your-fingers-crossed game. You 
know what we mean-trying to keep 
parts costs down by specifying T0-92 
types and overstressing them " just 
a bit," because the next-higher-dissi
pation package costs maybe three
times more. 

A Lamp 
for all &tlSons 
We call our new NSL4944 a universal 
lamp, for you can drive it with as little 
as 2 V ur as much as 18 V, ac or de. In 
response, our new lamp gives you uni
form brightness (0.8 med, typ.) across 
that operating voltage range. Add a PIV 
of -18 V, and you've got a lamp un
matched in versatility by anything else 
in the marketplace. 

The key to the NSL4944's wide-range 
operation is an IC current-regulator 
built into the two-lead T-13/4 package. 
As a result, the NSL4944 is the only 
lamp available that you can place 
directly across a TTL output and have 
it come on at TTL's guaranteed "1" 
state of 2.4 V. (The only other current
regulated lamp on the market comes 
on at 4.5 V, is usable to only 11, 12.5 or 
16 V depending on the version, and its 
PIV is limited to 3 V.) 

So no matter how you look at it-for
wards or backwards-our NSL4944 
universal lamp is unbeatable . Get a 
data sheet; or better yet-call your Na
tional salesman, ask for a sample, and 
see for yourself. 

Sure, you win on short-term parts 
costs but ... ZAP! You lose on long
term equipment reliability and service 
costs. Just when you thought you had 
it knocked. 

That's been the story-either pay up 
or take a chance. Until now. 

For our Durawatt 92-PlusTM types 
change the whole picture. A new line 
of general-purpose, complementary
symmetry power transistors, Dura
watt 92-Plus devices take over where 
T0-92s fall short. They finally fill that 
long-empty slot-in dissipation . and 
price-between T0-92s and the much
more-expensive, much-higher-dissi
pation packages. 

With a 1200-mW dissipation capability, 
a built-in heat-dissipator tab, and 80-
V/2-A maximum ratings, the Durawatt 
92-Plus family is just what you've 
needed all this time. 

No more "add on" dissipative compo
nents; no more compromises. Dura
watt 92-Plus power types give you a 
solid dissipation capability at an af
fordable price, in an operating region 
where neither existed before. Remem
ber the name-Durawatt 92-Plus. You 
can uncross your fingers now. 

4-Digit Counters 
We've recently introduced a family of 
4-digit counters with some rather nice 
features that make them eminently 
suitable for clocks, DVMs, DPMs, and 
so on. 

Each counter, for example, has an in
ternal multiplexing circuit (which 
doesn't need an external clock) with 
four multiplexing outputs, NPN out
put sourcing-drivers for 7-segment 
displays, and an internal output latch. 
All of the counters operate from 3 V to 
6 V, and source 80-mA (typ.) segment 
currents. 

Let's start with the MM74C925-a ba
sic 4-decade counter with Latch En
able, Clock, and Reset inputs. Next is 
the MM74C926: like the 925 except it 
adds a Display Select input, and a 
Carry-Out for cascade connection. 
(The Carry-Out goes high at 6000, low 
at 0000.) 

The MM74C927 is like the 926, except 
that the second MSB divides by six, 
rather than by ten. This means that for 
a 10-Hz clock frequency the display 
reads tenths of seconds, seconds, and 
minutes. 

Finally-the MM74C928: like the 926, 
except the MSB divides by two and the 
Carry-Out is an overflow indicator that 
is high at 2000, and goes back low only 
when the counter is reset. Thus, the 
MM74C928 is a 31/2-digit counter. 

2A 
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APPLICATIONS 
CORNER 
Taking Time Apart ... 
The Easy Way 
Our MM74C925-928 family of 4-digit, 
multiplexed-output counters is well 
suited to a variety of instrumentation 
uses in which events must be counted 
and then displayed in a numeric 
format. 

Consider the MM74C927, for example. 
In this part the second-MSB divides by 
six, which means that for a 10-Hz clock 
input the output display format is 
tenths of seconds, seconds, and min
utes. This capability is exploited in the 
stopwatch design shown here, a very 
inexpensive circuit suitable for the 
timing of laboratory events, horses, 
swimmers, cars, soap-box racers, or 
whatever. The accompanying diagram 
shows the complete circuit. 

A 10-Hz, RC, Schmitt-trigger oscillator 
provides the MM74C927's clock, which 
is started or stopped by a debouncer/ 
latch formed by cross-coupled Schmitt 
triggers. 

(cont'd) 

input, bipolar intermediate, and bi
polar/JFET output stages-Bi-PET 
technology yields unbeatable perfor
mance. Witness these LF156A/LF356A 
specs, for example: 

Vos 
Vos Drift 
Ios 
GBW 
Slew Rate 
0.01 % Settling 
en 

CMRR 
Power BW 

2 mV max. 
5 µ. V /°C max. 
10 pA max. 
4 MHz min. 
10 VI µ.s min. 
1.4 µ.s typ. 
12 nV/\/Hz, 1 KHz; 
15 nV/VHz, 100 Hz 
(typical) 
0.01 pA/v'Hz typ. , 
1 kHz and 100 Hz 
80 dB min. 
200 kHz 

These specs are for our prime version; 
but if you look over the 14-page data 
sheet, which presents the specs of all 
prime and standard types (including 
wideband and low-current-drain ver
sions of the basic LF156), you'll find 
that all our Bi-FET op amps offer you 
performance superior to anything 
you've seen before, whether for mili
tary, industrial, or commercial usage. 

~~MJ40LAZ -SO +STOALL J_ 'P'owe ~ . DEVICES 

-=- ON/OFF 

i ~ 

...---------1--L~AT-CH ___ C_L~OC-K ~ SEGMENTS 

ENABLE 

The Display Select debouncer/latch 
enables the contents of either the count
er or the internal latch to the on-chip 
display drivers, which lets you read 
either accumulated time or split time 
(pulsing the Latch Enable line allows 
the taking of split time). 

Grounding the emitter rail of the digit 
drivers enables the display; this tech
nique yields a brighter display and 
longer battery life than would be other
wise obtainable. Uniform display 

OurUAR/T, 
Your FIFO Make 
Beautiful Music 
Together 
Our MM5303 Universal Asynchronous 
Receiver/Transmitter, while often 
found snuggled cozily next to a FIFO, 
quite contentedly makes its home 
wherever data processing equipment 
interfaces to data transmission lines
as in modems, quite obviously. But re
member, too, that even in more eso
teric situations-data rate changers, 
for example-an LSI UAR/T such as 
our MM5303 still buys you more for 

For Sale by Owner: 
Voltage Regulator 
Handbook 
At last ... A definitive, how-to book 
of contemporary power-supply design, 
which tells you everything you'll have 
to know to design local power sources 
using three-terminal and dual-tracking 
monolithic voltage regulators. 

In its more than one hundred pages, 
our Voltage Regulator Handbook takes 
you from the raw basics of power
supply design, through heat flow and 

MM74C927 

DISPLAY SELECT 

DIGITS 

brightness over the lifetime of the bat
tery is assured by regulating the battery 
voltage to +5 V. 

The voltage regulator, which also 
assures the stability of the RC clock 
oscillator, is our LM340LAZ-5.0, an in
expensive device housed in a T0-92 
package. The switches, too, are inex
pensive; with the exception of the main 
power-ON/OFF switch, all switches 
are Form-A contact, momentary-on 
types. 

your dollar than does any other ap
proach. 

So much for philosophy. Getting right 
down to it, our MM5303 replaces the 
TR1602A and COM2017 in many ap
plications, as well as the TR1402A, 
COM2502, and TMS6011 in many other 
sockets . 

The MM5303 is fully programmable for 
5-, 6-, 7-, and 8-bit word lengths, and 
operates at full or half duplex, simul
taneously receiving and transmitting 
at different baud rates (30K max.). 
Parity generation/checking may be 
even, odd, or inhibited. Stop bits, ei
ther one or two; and, in addition, our 
MM5303 is internally connected to 
generate one-and-a-half stop bits when 
programmed for a 5-bit code. 

thermal resistance theory, and on to 
applications. Along the way, you're 
shown the inner workings of these 
regulators, and learn how to expand 
their capabilities beyond the expected. 

Finally, our Handbook not only de
scribes and specifies most of National's 
extensive line of three-terminal and 
dual-tracking regulators, but also pro
vides you a cross-reference listing that 
puts major, competing types in per
spective. 

The Voltage Regulator Handbook is 
yours for four dollars; at three cents a 
page, it's a bargain. 

A Review of New Products and Literature from National Semiconductor 
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Relevant Education: 
Microprocessor 
Training Schools 
National offers complete, micropro
cessor training courses . . . in-depth 
sessions divided about equally between 
lectures and hands-on lab work. The 
lecturers are professionals in the mi
croprocessor field, and you work with 
the same National devices, prototyp
ing systems, and so on, that you'll use 
when you leave school and return 
home. 

The courses offered are Microprocessor 
Fundamentals, Programmable Sys
tems Design, Advanced Program
ming, and Microprogramming; the 
course prerequisites guarantee that 
you work with others at your level. 
Each course lasts four days (with an 
optional fifth day available for addi
tional lab work or consultation), they 
cost $395, and are taught at permanent 
NSC facilities in Miami, Dallas and 
Santa Clara. 

---------------------------------~ 

VIP CARD' 
Complete card and mail to 
NATIONAL SEMICONDUCTOR 
2900 Semiconductor Drive, Santa Clara, CA 95051 
Attn: Marketing Services 

Please send me the 
literature that I have circled: 

0 LF156 Op Amp, Page 1, Col. 1 
0 MM5270 4K RAM, Page l, Col. 1 
O MD2 Displays, Page 2, Col. 1 
0 Durawatt 92-Plus, Page 2, Col. 2 
0 NF/PF5101-3 FETs, Page 1, Col. 2 
0 MM5303 UARff, Page 3, Col. 2 

THINGS TO READ: 

O LM199 Zener, Page 4, Col. 3 
0 NSL4944 Lamp, Page 2, Col. 2 
0 AFlOO Active Filter, Page 2, Col. 1 
0 MM74C925-928 Counters, Page 2, Col. 3 
0 Small-Signal Transistors, Page 1, Col. 3 
0 RAM Support Circuits, Page 1, Col. 3 
0 Microprocessor Schools, Page 4, Col. 1 

A Compendium of RecenUy-lssued Literature (e.g., stuff to file) 
D AN-125 

AN-132 

D AN-139 

D AN-142 

O AN-144 

WANTED: 

LM377, LM378, and LM379 Dual 
2-, 4-, and 6-W Power Amplifiers 
A new Interfacing Concept: the 
Monolithic Temperature Trans
MOS Encoder plus PROM Yield 
Quick-Turnaround Keyboard 
Systems 
Using a Microprocessor Beyond 
Apparent Speed 
Designing Memory Systems 
Using the MM5262 

QUESTIONS TO ANSWER 

We would like to have a Question-and
Answer column as a .regular feature of the 
National Anthem. We know that many of 
you, from time to time, have questions 
about our products .. . questions pertain
ing to their use, specs, or whatever. We will 
use the new column to answer as many of 
these as we can fit into a given issue. 

0 AN-147 Low-Cost IC Stereo Receiver 
D AN-151 Low-Noise JFET-the Problem 

Solver 
0 LB-29 Low-Cost AM-Radio System 

Using the LM1820 and LM386 
0 LB-30 Low-Cost LED Thermometer 
0 µ.Spec 7 POWR UO 
O µ.Spec 9 IMP-16 Assembler Programs 
Oµ.Spec 13 Arithmetic CROM 

The questions that we use in the Anthem 
will be those we feel to be of general interest 
to our readers. Nonetheless, all questions 
submitted will be answered, either in the 
Anthem or by direct correspondence. 
Obviously, we need your help to make this 
idea work. We need your questions; and the 
sooner we receive them, the sooner we can 
answer them. To speed things along, we've 
allowed space on the VIP card for a question. 
Make use of it, and by helping us you'll 
help yourself. 

Question: ------------------------------

-------------------------------ED1/6 

Your End Product or Application: --------------------

Please print clearly. This will be used as a mailing list. Have Salesman Call D YES D NO 

NAME -------------- TITLE -------------

COMPANY--------------------------~ 

ADDRESS -----------------------------

CITY ----------- STATE ---------- ZIP ------

In Support of RAMs 
(cont'd) 

instead of a damping resistor, direct, 
low-impedance outputs.) In addition, 
all of our RAM interface circuits make 
use of Schottky technology for good 
ac performance, and PNP input tran
sistors to minimize loading. 

The individual circuits that comprise 
our DS3640-49 and DS147/149 series of 
RAM support elements include Tri
Sharen1 port drivers, latch drivers 
(ours minimize propagation time and 
address skew because we use fall
through latches), refresh counters, ad
dress drivers, I/O registers, an enable 
demultiplexer, and clock drivers of all 
kinds (including the only available N
channel, single-supply device-our 
DS3642/72) . 

So if you're using a RAM (and who 
isn't?), remember who supports it. 
We've got the circuits that make it work. 

6.95 V •til llell 
F1eeze1 Ove1 
(end then 1ome) 
We've come up with the most stable 
Zener you've ever had the pleasure 
to work with ... a Zener with an ultra
low TC (1 ppm maximum), in which 
both the Zener voltage (6. 95 V ±2 %) 
and the TC are insensitive to current 
over a 20:1 range (0.5 to 10 mA) .. . a 
Zener with an incredibly-low and sta
ble dynamic impedance (typically, less 
than an ohm), very-low broadband 
noise (20 µ. Vrms max.), and fantastic 
long-term stability (20 ppm typ.)! 

We're talking about our LM199: a Zener 
combined with a temperature-stabilizer 
circuit on a single monolithic chip . 
From -55° to +85°C, the LM199 shows 
a 1-ppm max. TC (0.3 ppm typ.), which 
increases to only 15 ppm max. (5 ppm 
typ.) at + 125°C. And it shows these 
TCs at currents from 500 µ.A to 10 mA. 
(Try this with any other so-called low
TC Zener and see what happens.) And 
if you need still better, we've got a 
prime version (suffix-A); this one even 
comes with 883 processing and/or cer
tification of long-term stability. 

Of course, if you don't need quite such 
a virtuoso performance, consider our 
LM299-0.3 ppm (typ.) to 1.0 ppm 
(max.) from -25° to +85°C; or our 
LM399-0.3 ppm (typ.) to 20 ppm 
(max.) from 0° to +70°C. Other than 
these differences in TCs, the LM199/ 
299/399 are pretty much identical. So 
no matter what area you work in-mili
tary, industrial, or commercial-our 
super-low-TC Zeners stand ready to 
do a super job. 

A Review of New Products and Literature from National Semiconductor 
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Dia light 
sees a need: 

Need: A new computer-grade switch at a price you can afford. 

LOW COST• COMPUTER GRADE QUALITY· DESIGN FLEXIBILITY• GOLD OR SILVER CONTACTS• CHOICE ) 
OF TERMINALS• MOMENTARY OR ALTERNATE SWITCHING ACTIONS• SPOT, DPDT • DESIGNED TO 
MEET UL SPECIFICATIONS • UNIFORM FRONT PANEL APPEARANCE AND REAR PROJECTION • MATCH· 
ING INDICATOR LIGHT • FRONT MOUNTING SNAP-IN BEZELS-4 SIZES/SHAPES TO CHOOSE 
FROM • REAR MOUNTING SWITCH WITH ANTI-ROTATION FEATURE • CHOICE OF OVER 200 CAP 
SHAPES, SIZES AND COLORS• CHOICE OF ENGRAVED, HOT STAMPED OR REPLACEABLE LEGENDS. 

Dialight's low cost 554 series switches are available in a wide 
selection of rear panel and front bezel mounting types. Switches 
are available with silver or gold contacts for wide range of 
applications; operating life is 250,000 operations. 

%" and 3A" square, %" x 3A" and 3A" x 1" rectangles. At Dialight 
it's your choice because we see your need . 

DIAL/GI-IT 
Fingertip grips permit easy cap removal .. . lamp replace

ment is from front of panel ... no special tools needed. 

Caps are available with or without underlying color filter in 

Dialight, A North American Philips Company 
203 Harrison Place, Brooklyn, N. Y. 11237 

(212) 497-7600 
JNFORMATION RETRIEVAL NUMBER 45 



HiNIL Interface 

Prevent CMOS latch-ups 
and failures with a 
high noise immunity logic 1/0. 

CMOS systems are subject to latch-ups and failur~s in 
the field because of high voltage transients, static charge 
and improper field maintenance procedures. Moreover, due 
to their increased output impedance, CMOS is more 
susceptible to transient errors than corresponding bipolar 
logic. 

A simple solution to these problems is to use Teledyne's 
bipolar High Noise Immunity Logic (Hi NIL) as the system 
1/0 interface. The 1/0 design approach shown in Figure 1 
has solved these problems in applications such as business 
equipment, industrial controls and electronic games. The 
HiNIL interfaces protect the delicate CMOS inputs with a 
rugged bipolar "front end" not susceptible to CMOS failure 
modes. Also system noise immunity is maximized, and the 
Hi NIL output devices provide direct, high current logic 
drive of relays, displays and long lines. 

Vee · 10 to 16 vol ts 

HiNIL CMOS HiNIL 

SYSTEM 
•NOISE •LOW POWER •OUTPUT RELAY/ LAMP 

INPUTS 
IMMUNITY 

•SPEED DRIVE INTERFACE 
•CMOS INPUT 

o COMPLEXITY 
CAPABILITY 

PROTECTION 

Figure 1. HiNIL input interface protects CMOS inputs while 
HiNIL outputs directly drive long lines and peripheral devices 

The two families are directly compatible at the 10to16 
volts Vee range. The designer can take full advantage both of 
Hi Nil's capabilities and of CMOS' low power dissipation, 
supply voltage flexibility and improved noise margin at 
higher supply voltages. 

Parasitic SCR latch-up is ah all too common CMOS 
malfunction. Large noise transients and DC input levels 
below ground or above Vee could force CMOS input diodes 
into forward conduction, causing SCR action in the four
layer diodes formed by the diode and parasitic p-n substrate 
junctions. This condition leads to device latch-up, increased 
Ice current and, when current is not limited, to gate 
destruction. Maximum protection can be obtained by using 

Figure 2A. CMOS latch-up causes 

vcc '" 10101&v 

"ov 
~ -6Vlo r----
PULSE or Vcc+5V ST 

INPUT I 
DC INPUT I 

I 
I 

I 
I 
I 
I 

L _ - - - - ~l~~_J 
H1Nll 

Figure 28. HiNIL input protection 

Hi NIL Schmitt triggers. They prevent latch-up at DC input 
levels from - 5 volts to Vee +5 volts and suppress 100 volts 
transients as wide as 1µsec (Figure 2). 

Hi NIL inputs on plug-in cards will protect a CMOS 
system from problems associated with "on power" fault 
isolation, a widely used TIL system maintenance method. 
Plugging CMOS into powered connectors has led to 
latch-up failures because it allows inputs to see logic "1" 
signals before Vee rises on the card. The failure is frequently 
catastrophic if input current is not limited. 

HiNIL's lower output impedance and DC noise margin of 
3.5 volts ignore large voltage noise transients that can 
cause CMOS logic errors. Also, static charges large enough 
to rupture CMOS oxide regions are often generated in dry 
environments by movement of materials and users. A HiNIL 
input gives more immunity to static and maximizes noise 
protection. 

Examples of HiNIL Interface Devices 

301 Dual 5-lnput Power Gate 
302 Quad Power NANO Gate (OC) 

323 Quad NANO Gate (OC) 
332 Hex Inverter (OC) 
334 Strobed Hex Inverter (OC) 

350 8-B1t Multiplexer 
35t Dual 4-Bit Multiplexer 

361 Dual Input Interface 
362 Dual Output Interface 
363 Quad Output Interface 

367 Quad Schmitt Tngger 
368 Quad Schmitt T ngger (QC) 

380 BCD to Decade Decoder 

65mA relay or lamp dnver 

Input noise protection plus open-collector pullup 
to other logic levels 

Drtve longer lines than TTL with 1 OX noise 
1mmun1ty (loH- 12mA) 

361 directly connects H1NIL to DTL/ RTL/TIL 
362 and 363 connect DTL/ RTL/TIL to H1NIL 

Suppress 100V/ 1µs spikes. protect CMOS. 
decode switches. etc 

381 BCD to Decade Decoder (OC) Provide decode/dnve for lamps. LEDs. gas 
382 BCD to Decade Decoder discharge displays. etc 
383. BCD to 7 ·Segment Decoder 

390 Interface Buffer Senes 250mA H1NIL dnver senes will be available soon 

HiNIL reliability insurance costs little since the 1/0 
circuits-unlike filters and shielding- generally replace 
other logic and drive circuits. So, don't wait until your new 
CMOS system runs into costly problems in the field. We'll 
show you how to build foolproof low-power systems. Call or 
write today for Hi NIL application notes and specifications. 

~~TELEDYNE SEMICONDUCTOR 
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1300 Terra Bella Avenue, Mountain View, California 94043 Tel : (415) 968-9241 TWX: 910-379-6494 Telex : 34-8416 

ENGLAND: Heathrow House, Cranford , Hounslow, Middlesex, Tel : (44) 01-897-2503 Telex: 851-935008 
WEST GERMANY: Albert Gebhardtstrasse 32 , 7897 Tiengen, Tel : 7741-5066 Telex : 841-792-1462 
JAPAN : Nihon Seimei-Akasaka Bldg. (3F). 1-19, Akasaka 8-chome, Minato-ku, Tokyo 107, Tel : 03-405-5738 TWX: 781-2424241 
Additional offices in West Germarl'{, Hong Kong and the United States. Representatives and distributors worldwide . 

INFORMATION RETRIEVAL NUMBER 46 
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The Czar's consultant 
Before the first Russian Revolution of 1917, 

which changed his life-style, Czar Nicholas II 
was a very busy man. He had all sorts of 
parties, entertainments, hunts and other af
fairs of state to worry about. He was far too 
busy to spend a lot of time finding out what 
~as going on in his vast empire. 

So he did what many of us do when we lack 
information. He used a consultant, a monk 
named Rasputin, who had retired from his 
former career as peasant and horse-thief. Now 
Nick was wise enough not to depend exclusive
ly on Rasputin for information and advice. 
He used another source, Mrs. Nick-Czarina Alexandra. This simplified 
matters because Alexandra's information and advice almost invariably 
confirmed what the Czar had learned from Rasputin. This should come 
as no surprise because the good lady got all her information from Ras
putin, too. And, it was rumored, she got a good bit more. 

Like any good consultant, Rasputin kept the Czar (and Czarina) in
formed Of what was going on in the empire: Those ungrateful peasants 
were grumbling that they were starving just because their landlords 
wouldn't let them have enough to eat. Some ingrate peasants in an outly
ing district were protesting against the honor their pious landlord be
stowed on their pre-teen daughters. Some patriotic landlords were re
questing government aid to suppress unruly peasants who used the lame 
excuse of hunger to avoid working the landlord's property as hard as it 
should have been worked. In time, it turned out that some of those de
cisions may not have been the wisest. Rasputin, the Czar and his family 
were not given the opportunity to apologize. 

It's pointless now to wonder if affairs in Russia might have taken a 
different turn had the Czar used a different consultant, or had he used 
more varied sources of information and advice. One can wonder, though, 
how many executives in the electronics industry place a bit too much con
fidence in the information and advice they receive from equally limited 
sources. 

ELECTRONIC DESIGN 1, January 5, 1976 

GEORGE ROSTKY 

Editor-in-Chief 

75 



Model 134 
31/z Digit DMM $189.00 
Competitively priced with the best analog 
meters, the Model 134 provides digital 
accuracy and an easy-to-read 1h inch 
digital display. The Model 134 is an 
ideal, low cost lab or production test 
instrument. 
The Model 134 measures DC volts, AC 
volts, DC current, AC current and resis
tance with a basic accuracy of ±.2% 
through a total of 22 range scales. 
It features auto-decimal positioning, 
auto-polarity, 100% overranging, high 
voltage protection circuit, probes and a 
one year warranty. 
The Model 134 is the logical alternative 
to analog instrumentation at a competi
tive price. 

MODE.I. "3" OIGITtll MUUIMHIEA 

l 7 7 5 
r-f" -=tA.•.<>. PREU!iut'• 

CIRCLE #291 
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If your business involves measuring, and you're looking for pre
cision instruments, you have to resolve some very real questions. What do I 
need? How much can I spend? Where can I get the most for my money? 

Data Precision offers you a wide range of precision instruments 
that are the best values in the industry. 

Instruments that are the result of innovative design and rigid 
testing. 

When we developed and introduced Ratiohmic™ Resistance, 
Triphasic™ Conversion, and Isopolar™ Referencing we reduced the price 
of 51/2 digit multimeters by 50% to 80%, breaking the $2000 price barrier. 
We also developed the world's most accurate 41/2 digit multimeter; the first, 

Model245 
Portable, 4112 Digit DMM $295.00 

Ideal for field use, the Model 245 is a 
rugged, truly miniature, lab-quality, 
5-function instrument featuring a basic 
DC accuracy of ±0.05%, .005% resolu
tion, 100% overranging, equipped with 
both rechargeable battery pack and 
battery recharger/line adapter. 
Model 245 measures ACV (lOOµV to 
500V RMS), DCV (lOOµV to lOOOV), 
Resistance (100 milliohms to 20 Meg
ohms), AC and DC current (1 microamp 
to 2 Amps). AC voltage/current re
sponse, 30 Hz to 50 kHz. 
With over 25,000 in the field the Model 
245 is still the only pocket-size portable 
4V2 digit DMM available. 

Model 1455 
Bench/Portable 41/z DMM $355.00 
Model 1455 - all the virtues of a labo
ratory bench instrument with the added 
benefits of complete portability. 
A five function multimeter featuring 1/2" 
high display, 100% overranging, mea
sures 100 µV to 1000 VDC, 100 µV to 
500 VAC ; resistance 100 milliohms to 20 
Megohms; AC and DC current 1 micro
amp to 2 amps. AC response, 30 Hz to 
50 kHz. 
Basic accuracy on DCV is ±0.02 % read
ing ±0.01 % f .s., ± 1 digit for 6 months. 
Internal NiCd battery module and re
charger. 
Model 1450 41/i Digit DMM $325.00 
The same specifications and features as 
the Model 1455, except batteries. 
---

------
-- 14:'">~ --~ 

[ill}§] " .• ::. :i · .. 
• 
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nd still only, 41/2 digit "pocket size" multimeter and the first 41/2 .digit 
ortable/bench multimeter; the first 7 digit, 100 MHz, Counter!Iimer 
nder $300; and the first 51/2 digit multimeter to break the $1000 price 
arrier. 

And Data Precision isn't stopping there. We have just introduced 
ur Model 3400, the first complete 41/2 digit systems multimeter under 
1000. And the super-fast, super-programmable 51/2 digit systems multi
teter which will utilize our new circuit innovation, Quadraphasic Con
ersion, is on the way. 

And when the competition keeps raising prices, Data Precision is 
eeping down your cost while giving you more. 

Compare and save through innovative design. 

v.lodel 2440 
1lz Digit DMM $675.00 
he world's most accurate 41/ 2 digit 
1MM, the Model 2440 features a basic 
:curacy of ±0.007 % of rdg. ± 1 L.S.D. 
>r six months . 100 µV to 1000 VDC 
JO µVolts to 500 Volts AC DC/DC 
1tio, AC/DC ratio, 2-wire and 4-wire 
~·sistance , 100 milliohms to 12 megohms. 
tandard features include autoranging, 
Jto-zero, remote ranging and remote 
iggering. 

·equency response for AC current and 
Jitage is 30 Hz to 100 kHz. Voltage 
1tio and isolated BCD output are iri
uded at no extra cost. Other Series 
100 models are available from $580.00. 

CIRCLE #294 

Model3500 
51/2 Digit DMM $995.00 
The Model 3500 delivers more features 
for less money than any other 5 1/ 2 digit 
DMM available. It is a full function, 
autoranging DMM with 6 months basic 
accuracy of ±0.007% of rdg. ±0.001% f.s. 
±1 L.S.D. Remote ranging and trigger, 
20% overrange and 1/ z inch planar dis
plays. 
• DCV lµV to 1000 volts • ACY IµV to 
700 volts RMS. 30 Hz to 100 kHz • 
Resistance 1 milliohm to 12 Megohms • 
1000 MQ Input Impedance through 
10 VDC • Ratiohmic r\1 Resistance 
Method 2 and 4 wire . BCD output and 
voltage ratio are included at no extra 
cost. 

CIRCLE #295 

• 

Model5740 
Multifunction Counter $295.00 
The first 100 MHz Counter Timer of
fered under $300, Model 5740 measures 
Frequency, Period, Period Average, 
Total Events and Elapsed Time. 

SPECIFICATIONS: Sinewaves, Square 
Waves, Pulses, Pulse Pairs, Complex 
Waves • Frequency: 5 Hz to 100 MHz; 
10 ms/100 ms/ I sec./10 sec. gate times, 
resolution to 0.1 Hz • Period: 1/2 micro
second to 0.2 sec. • Period Average: 10, 
100 and 1000 periods• Total Events: 0 to 
9,999,999 (unlimited with "overflow" 
indicator)• Elapsed Time: 0 to 99,999.99 
sec. (27.8 hrs.) 

CIRCLE #296 

For complete information on these and other Data Precision instru
ments or a demonstration, contact your local Data Precision representative or 
Data Precision Corporation, Audubon Road, Wakefield, MA. 01880 
(617) 246-1600. TELEX (0650) 949341. 

® 

•CATA PRECISION 
... years ahead 
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The PLA: a 'different kind' of ROM. Programmable 
logic arrays offer a cheaper and faster alternative 
to conventional ROMs, but they're not as easy to expand. 

Mask-programmable logic arrays (PLAs) and 
their field-programmable cousins (FPLAs) can 
lower the cost and improve the performance of 
systems that now use discrete logic gates and 
certain ROM functions. 

Actually PLAs can be thought of as "different 
kinds" of ROMs that can be replaced by conven
tional ROMs in almost every application. But in 
some cases the PLAs, though harder to expand, 
are a lot cheaper and faster. 

For example, if the 8-k-bit ROM in Fig. 1 were 
changed to have 14, rather than 10, address in
puts, the array would be enlarged from 1024 x 
8-bits to 16,384 (or 214

) x 8-bits. Since this is 
too large for one chip, sixteen 8-k ROMs would 
be needed in parallel to provide the same capaci
ty. Now if the function being patterned in these 
ROMs requires far less than 214 words, even 
though it has 14 inputs, it may be economical to 
use a special kind of ROM-one with 14 inputs, 
but far fewer than 214 words, and programmable 
so that any input combination can reach any 
word. This essentially is a PLA. 

The internal logic of a commercially available 
PLA (Fig. 2) ha.s 14 inputs, 96 words-or terms, 
as they are called in PLAs-and eight outputs. 
Each diode in the 28 x 96 input-AND array and 
8 x 96 output-OR array may be programmed in 
or out. 

The output-OR array resembles a 96 x 8-bit 
ROM. However, the PLA differs from a ROM 
in these five ways: 

1. The 96 PLA terms, or words, are far Jess 
than the 21

• words that a ROM would have. 
2. The address of each term in the input-AND 

array does not necessarily contain all 14 inputs 
(with each one true or inverted), as it would in 
a ROM. As many as 13 inputs may be left out 
of any term address. 

3. A given PLA input combination may ad
dress more than one term simultaneously, where
as in an enabled ROM one, and only one, word is 

Albert Hemel, Bipolar Design Engineer, Monolithic Mem· 
ories, 1165 E. Arques Ave., Sunnyvale, CA 94086. 
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~I 13 B 
1024 x B OUTPUTS 
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5 

10 
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ADDRESS 
INPUTS 3 16 

2 
I 17 Os 
23 
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1. Sixteen 8-k-bit ROMs would be needed if the number 
of address inputs required were increased from 10 to 
14. But if the function doesn't require all 214 words, 
a single PLA chip could do the job. 

addressed at a time. 
4. A given PLA input combination may ad

dress no terms at all. 
5. Each of the eight PLA output drivers is 

individually programmable as a buffer or invert
er-T or C-whereas ROM output drivers are 
fixed. 

The last feature may seem redundant. If all 
eight output drivers were T buffers, for example, 
a diode could be programmed into the output-OR 
array wherever a HIGH output is required or it 

. could be left out for a LOW output. Then the 
output drivers would not have to be programmed 
at all. 

However, as we've seen, a PLA input combina
tion may not address any terms-a situation not 
possible with enabled ROMs. Since there are 
16 384 input combinations and only 96 words, 
this may happen quite often. When it does, the 
inputs to all used terms are pulled down in the 
input-AND array, the term outputs go LOW, and 
the diodes in the output-OR array have no con
trol over the output polarities. The only way to 
set the unaddressed "off" condition polarities 

ELECTRONIC D ESIGN I, January 5, 1976 



then is to program each output driver as a buffer 
for a LOW and an inverter for a HIGH. 

Some PLA applications 

The Hollerith-to-ASCII converter represents a 
natural application for PLAs (Fig. 3). Even 
though the Hollerith code has 12 variables, only 
96 combinations are required. The input-AND 
array (shown in Fig. 2) contains the Hollerith 
code and the output-OR array contains the ASCII 

INPUT - AND ARRAY 
8x96 PROGRAMMABLE 

DIODES 

B 
OUTPUT 

INVERTER 
BUFFER 

ARRA'IS 

2. A PLA consists of three major sections: input-AND 
array, output-OR array and output-inverter I buffer array. 
Monolithic Memories' 5775A has 14 inputs, 96 terms 
and eight outputs. 

code. The eight output drivers are p,rogrammed 
as inverters, so that the outputs go HIGH if the 
chip is disabled (at pins 10 or 11) or an invalid 
Hollerith code is enter.ed (and hence no terms 
are addressed) . 

In a counter-decoder circuit (Fig. 4), the time 
between 96 separate events may be selected from 
21

• time intervals of the four-chip counter. The 
selection takes place in the input-AND array sec
tion of the PLA. The output-OR array divides 
into two parts : ( 1) Outputs F s to F 5 select one 
of six 54154 1-of-16 decoders, and (2) Outputs 
F . to F 1 address these six decoders in parallel, 
but only the selected decoder p·roduces an event 
indication. 

The F to F 5 outputs are programmed as in
verters. If the counter is not at any particular 
event time (no terms are addressed and the out
puts are in the "off" state), all four outputs will 
go HIGH and disable all six decoders. The F ., to 
Fl outputs are programmed as buffers, so that the 
right half of the output-OR array can be pro
grammed in straight binary sequence (Fig. 4b). 

In some cases a single PLA is not enough to 
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do the job. It may not have enough inputs, terms 
or outputs. Multiple PLAs can be paralleled to 
meet the requirements, but certain rules must be 
observed for each of three cases: 

1. OUTPUT EXPANSION 
Two FPLAs in Fig. 5 are combined to provide 

expanded outputs. The combination yields 14 in
puts, 96 terms and 16 outputs inst~ad of eight. At 
first glance, it may seem that there are 192 
terms, but this is an illusion. If a term is to have 
16 outputs, the input combination that addresses 

Vee 

I I 
24 

21 

12 22 
23 MMI 

13 F 
I 5775A 

2 
PLA 14 

12 BIT P. N.8508 
HOLLERITH 3 15 

CODE 16 8 BIT 
ASCII 

5 CONVERTER CODE 

6 
7 

18 

8 19 

12 9 20 Fa 
ENABLE I 113 10 

ENABLE 2 114 II 

12 

= 

3 . A single PLA converts Hollerith code to ASCII. Though 
the former has 12 variables, only 96 combinations are 
needed. The input-AND array contains the Hollerith code, 
while the output-OR array contains ASCII. 

it must be duplicated in each chip. Therefore the 
input-AND arrays must be identical in both 
chips; so only 96 effective terms are available. 

2. TERM EXP ANSI ON 
Expanded terms are obtained from the PLA 

combination in Fig. 6a. The two PLAs provide 14 
inputs, 192 terms and eight outputs. Note that the 
PLAs with active-pullup outputs (used in Fig. 5) 
have been replaced with versions having passivei
pullup outputs. This prevents excessive currents 
when a common output is HIGH in one chip and 
LOW in the other. Note also that the outp·ut 
drivers must be progr~mmed as inverters. When 
the inputs address a term in one PLA, the o·ther 
PLA will be in the unaddressed "off" state. The 
eight "off" outputs must be passive HIGH so as 
not to interfere with the addressed outputs of the 
programmable logic array. 

The PLA in Fig. 6a has an internal pullup re
sistor for each passive output, so external pullup 
resistors are unnecessary unless faster rise times 
are desired. These internal resistors reduce the 
IoL rating from 12 to 9.6 mA. They also limit the 
stack to a maximum of five PLAs, or 480 terms, 
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with each of the eight common outputs then 
rated at IoL = 2.4 mA at 0.45 V. 

If more than five PLAs are required, the out
puts. should not be shorted but rather gated, as 
shown in Fig. 6b. Note that here the active pull
up P LA can be used for faster rise times, but 
t he output drivers are still programmed as in
verters. Then the unaddressed "off" PLAs will 
have high outputs that do not affect the eight 
AND gates. 
. 3. INPUT E XPANSION 

While outputs and terms can be expanded as 
much as desi red, input expansion is much more 
0onistrained. F ig. 7a shows a 28-input system in 
which any of the eight outputs may contain up 
to all 28 input variables. However an input going 
to one PLA cannot be used in the terms of the 
other. Thus t he output equations are restricted to 
t he simple ANDing of two expressions whose 
variables cannot be interchanged. 
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4. A PLA keeps track of 96 separate intervals out of a 
total of 16,384 (a) . The PLA progra m ta ble (b) shows 
the output-OR array to be divided between one part 

80 

TIME 
EVENT 
TABLE 

12 

~ 

0 

Fig. 7b shows a more modest expansion to 20 
inputs, with eight common to both chips. The de
signer must select those input variables that go 
into the common group and determine how to 
spi.it the other 12 so no term address will require 
inputs from both of these split groups. 

If eight common inputs are not enough, a 
third PLA can increase this to 11 (Fig. 7c) . Note 
that there are still only 20 total inputs but that 
the third PLA may overcome a programming· 
problem of insufficient common vanables. Pro
gramming flexibility can also be imprnved if the 
inputs are separated into seven groups instead of 
four and each of the additional three groups are 
common to only two PLAs" 

The 5775A and 5776A mask-programmable 
PLAs, which are used in the examples described, 
have pin-compatible, field-progr.ammable counteir 
parts-the 5871A and 5870A, respectively. These 
FPLAs have the three programmable arrays 

13 F1 

14 F2 }m CORRESPONOI NG 

15 F3 
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5 DECODERS 

D C B A 

20 21 22 23 
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,......, 
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19 
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Fe 

that selects decoders and another that employs a binary 
sequence to address them. The selection of time in· 
tervals occurs in the input-AND array. 
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Input- AND Array Output- OR Array 
H= Hi. Diode connected only to Input butter output. + = Diode in = Hi input to Output Driver 
L = Lo. Diode connected only to Input inverter output. Blank = Diode out = Lo input to Out. Dr. 
X = Don't care. Diode not connected to buffer or inverter. Decoder Decoder 

(None here) 

Counter Term 
Output & 11 10 9 8 7 6 5 4 
-Event Event 

Time No. I,, I,,, I,, I\\ I,, 1 .. I, I, 

170 1 L L L L L L H L 

365 2 L L L L L H L H 

512 3 L L L L H L L L 

-

2,560 15 L L H L H L L L 

2,728 16 L L H L H L H L 

2,820 17 L L H L H H L L 

2,884 18 L L H L H H L H 

,,.-

5,440 32 L H L H L H L H 

5,473 33 L H L H L H L H 

5,489 34 L H L H L H L H 

8,118 48 L H H H H H H L 

8,300 49 H L L L L L L H 

8,428 50 H L L L L L H H 

10,801 64 H L H L H L L L 

10,811 65 H L H L H L L L 

10,939 66 H L H L H L H L 

13,631 80 H H L H L H L L 

13,831 81 H H L H H L L L 

13,895 82 H H L H H L L H 

-
16.383 I 96 H H H H H H H H 

Counter 
N \0 co 'if" N \0 co 'if" Output 0\ 0\ 'if" N -It) N \0 

Binary Wt. - 0 0 0 It) N -co 'if" N -
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Vee 

i , 24 F1 
21 13 

MM I 

" { 5775A } . INPUTS PLA OUTPUTS 

14 INPUTS I 
loi. • 12 mA 

I 96 TERMS I VOL ' 0 .45V 
114 II 

8 OUTPUTS 
20 Fe 

ACTIVE PULLUPS 
12 

.,,. 

Vee 
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ACTIVE PULUJ>S 
12 

5. PLA outputs expand from 8 to 16 with thi s parallel 
combination . However, t he number of terms available 
remains at 96, the amount possible from a single ·PLA. 

(shown in Fig. 2)-input-AND, output-OR and 
out put -inverter/ buffer. All three are program
med by blowing out fuses with high voltage in a 
manner similar to some PROMs. Note, however, 
that the 5871A and 5870A have only 48 terms 
instead of 96, because of the extra chip area re
quired by the fuses and associated circuitry. 

If the required function has 48 or fewer terms, 
the 5775A PLA and programmed 5871A FPLA 
are completely interchang1eable, as are the 
5776A and 5870A (Fig. 8). If 49 to 96 terms are 
needed, two FPLAs are required to rep·lace one 
PLA (Fig. 9). Here the FPLAs must follow the 

Vee 

14 [ INPUTS 

24 Fl 
21 13 l MMI 

5776A 8 
PLA OUTPUTS 

14 INPUTS IOL • 9.6mA 
' VoL ·r45V I 96 TERMS ' 

(~ 8 OUTPUTS Fa 
PASSIVE PULLUPS 

II 20 
12 

.,,. 
Vee 

1, 24 F, 
21 13 

I 
I MMI 
I 

5776A I 
I PLA 
I 14 INPUTS 
I 96 TERMS 
I 8 OUTPUTS Fa 114 PASSIVE PULLUPS 

II 20 
12 

6. PLA terms can be expanded in two ways. One method 
connects together corresponding inputs and output s (a). 
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14 
INPUTS 

same term expansion rules shown in Fig. 6a. 
Thus, if a PLA with 49-to-96 used terms is to 

have an FPLA backup for future program 
changes, observe the following four rules : ( 1) 
Wire a spare socket "in parallel;" (2) Use a pas
sive pullup PLA, since the FPLAs will have to be 
passive-pullup types and this will produce similar 
output rise times; (3) Program the PLA to have 
inverter outputs, and ( 4) Restrict the output 
loading to IoL = 9.6 mA instead of 12 mA. 

Variations on a theme 

Some PLA features, not present in the units 
just discussed, would improve PLAs or facilitate 
their expansion. These features include an in
creased number of inputs, three-state outputs, 
programmable pullups and internal feedback 
loops. However, not all of these features can be 
implemented readily on the chip. 

Common input groups (as shown in Figs. 7b 
and 7c) complicate PLA programming, and if 
too many are required, multiple PLA-input ex
pansion will not be economical. It appears then 
that PLAs with considerably more than 14 in
puts, even if with far fewer than 96 terms, can 
be expected in the future. 

One PLA (in Fig. 3) is enabled with two ad
dress pins-a convenient use of leftover inputs. 
This is sufficient for active or passive-pullup 
PLAs. Three-state output PLAs can also be made, 
but these would require the addition of special 
chip-enable input pins. 

You may wonder why the active pullup and 
passive pullup PLAs are not combined into one 
chip, with each output programmable as an ac
tive or passive pullup--just as it is programmable 

Vee 

11 24 F1 
21 13 

MM I 
5776A 

PLA 
I 14 INPUTS 
I 

96 TERMS ' I I 
' 8 OUTPUTS Fa 114 ACTIVE PULLUPS 

II 20 
12 

8 OUTPUTS .,,. 
Vee 

1, 24 
21 

MMI 
5776A 

PLA 
14 INPUTS 

I 96 TERMS 

1:4 
8 OUTPUTS 0 ACTIVE PULLUPS Fa 

20 .. : 
12 

If the number of terms required call for more tha n f ive 
PLAs, outputs should be gated (b). 
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7. PLA inputs can be doubled to 28 simply by connect
ing together corresponding outputs from two PLAs (a). 
An expansion to 20 employs eight common inputs (b), 
which can be increased to 11 with a third PLA (c). These 
common inputs simplify programming. 

as an inverter or buffer. This feature could be 
added with one programmable contact in each 
output. 

However, it would also be necessary to com
bine the programmable feature into the pin-com
patible FPLA counterparts. And the program
mability of active or passive pullups is somewhat 
oostly in FPLAs, even though it is practically 
free in PLAs. 

This may seem ·surprising, since the FPLAs 
would require only one additional fuse per out
put. But the main cost is not in the eight fuses ; 
it is in the oircuitry required to blow them out. 
A high voltage, three-input, 1-of-8 decoder must 
be added to the FPLA to get at each fuse sepa
rately. And the decoder must not interfere with 
its three inputs when they are used in nomal op~ 
eration. Since the FPLAs are already fairly large 
-which is why they have only 48 terms instead 
of 96-the feature would add an unacceptable in
orement to the cost. 

Logically the PLA is a 96-wide AND-gate 
array fully connectable to eight OR/ NOR gates 
in series. However, many, if not most, logic 
circuits require more than the single stage AND
OR or AND-NOR gates that the PLA provides. 
External feedback loops from outputs back to 
inputs are therefore quite common. Each such 
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PLAS FPL AS 

14 INPUTS, 96 TERMS , e OUTPUTS 14 INPUTS, 48 TERMS, e OUTPUTS 

MIL eoMeL MIL COM CL 

ACTIVE~ PASSIVE ACTIVE J PASSIVE ACTIVEJPASSIVE ACTIVE~ PASSIVE 
PULLUPS PULLUPS PULLUPS PULLUPS PULLUPS PULLUPS PULLUPS PULLUPS 

5775A] 5776A 6775A] 6776A 5871A] 5870A 6871A l 6870A 
t t :I ::I 

J J 1 1 
ARROWS INDICATE INTERCHANGEABLE PARTS 

EXCEPT FOR NUM8ER OF TERMS 

8. Available chips allow direct interchange of PLAs a,nd 
programmed FPLAs. 

loop, of course, costs an output and input pin 
as well as the circuitry to interface with the 
"outside world"-all of which can be avo~de<l by 
use of internal feedback loops. 

The output-OR arraiy (in Fig. 2) has eight ver
tical lines for eight output drivers. If two more 
lines are added at t he left, each connected to an 
internal inverter-buffer, t he resulting four out
put leads can be incorporated ·into the AND 
array to make it 32 lines wide instead of 28. 
There would be programmable diodes at each 
new crosspoint in both arrays. 

Here, again, it costs more to implement the 
f ea tu re in FPLAs than in PLAs. Fuses require 
more area than programmable contacts, and, of 
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Small Wonder 
* It's PICOTEMP thermal cutoff 

New from Micro Devices 
(Actual Size) 

PICOTEMP thermal cutoffs . against atmosphere . Be
F it tight spaces - and cause of its unique design 
limited budgets . Same and construction, it won't 
accuracy and similar capa- derate . And it is unaffected 
bilities as the widely used by age or extended use. 
MICROTEMP® safety ther-
mal cutoffs ... but smaller in Here are some other 
size. Weighs just 1 /48th of things you'll want to know: 
an ounce . Installed costs 
are less, too. 

Use PICOTEMP thermal 
cutoffs when installation 

• current capacity-to ·5 
amps. at 120 VAC. Will hold 
this rating up to and includ
ing 24Q VAC. 

or space restrictions rule •temperature tolerance 
out MICROTEMP. At pres- +oo c.- 3 .30 c. 
ent, motors and trans
formers are two leading 
applications. 

But, wherever you use 

•temperature ratings-
63 °C .-150° c. (146° to 
30D° F.l 

PICOTEMP thermal cutoffs, • leads are 26 gauge silver 
you're assured of positive . plated wire. 
low cost protection against 
overheating caused by mal
functions in electrical cir
cuits and components. 

Recognized under the 
Component Program of Un
derwriters' Laboratories, 
Inc . UL File #E40667A. MITI 
approved . 

The PICOTEMP thermal 
cutoff is completely sealed 
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For more information, check the reader 
service card, or call or write. 

'·'·' MICRO DEVICEScooP. 
1881 Southtown Blvd., Dayton, Ohio 45439 

Ph: (513) 294-0581 Telex : 28-8087 

INFORMATION RETRIEVAL NUMBER 48 
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9. Two FPLAs can be combined to provide the 96 terms 
of a PLA. 

oourse, additional circuitry is required to blow 
these fuses out. This is not to say that PLA/ 
FPLA internal feedback loops are necessarily 
impractical, but rather that their FPLA cost will 
likely limit their wide use. 

When to use PLAs 

Standard-function PLAs, like the Hollerith-to
ASCII converter, tend to be the exception rather 
than the rule. Code converters, character genera
tors, mathematical lookup tables and other such 
standard functions usually require too many 
words to make PLAs economical. The Hollerith 
code is the exception because it uses only 2-1 / 3 % 
of the possible input combinations. 

Based on some existing prices, here are some 
v·ery rough rules for deciding between PLAs 
and ROMs: 

• If less than 8 % of the input combinations are 
used, PLAs are more economical. 

• If more than 20 % are used, RO Ms win. 
• If 8 % to 20 % are used, then the costs, in

cluding those for programming, should be com
pared. 

Most standard functions use more than 20 % 
of their .input combination. So ROMs will prob.
ably continue to dominate these applications. 
PLAs appear better suited to custom p·rogram
med applications, like dedicated controllers and 
discrete logic circuits. These require a compara
tively small portion of the total possible input 
combinations. 

However these systems often require program 
changes, so that FPLA backups are needed. It 
appears then that PLA features and configura
tions will continue to be largely influenced by 
what is feasible in their FPLA counterparts. • • 
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In a world where first Im- rectangular shapes •• 
pressions mean so much, why switch and contac 
settle for esthetically (and binations from 1 to 4 
functionally) inferior pushbut- momentary or altematlng 
ton switches, when you can tion .. . even harmonize the ~ 
choose EAO pushbutton con- range of lighted and n~ 
trols at competitive prices? lighted pushbutton controt8'i 
EAO holds the line on price, with compatible key lock d• 
AND quality. With EAO on your signs. 
panel you don't have to accept Available contact arrange
second-class appearance or ments and contact materials 
performance ... hot spots, fuz- have ratings from low-level to 
zy legends, tinny-looking bez- 10A @ 250 VAC. No matter 
els, uncoordinated conflgura- how complex or wide-range 
tion and size, and faulty human your needs, EAO Status Sym
engineering. EAO controls en- bols allow you to single-
hance your product. source all requirements. 

And EAO gives you com- Write or call today for sam-
plete design freedom. You can pies, technical data, and prices 
select mechanical or alee- on these and other Unimax 
tronic switches ... combin~e LPB switches. Unimax Switch 
up to 9 lens colors with Corp., Ives Road, Walllng-
t;&zels in rectangular, ford, Connecticut, 06492: 
round, square or dual Tel.(203) 269-8701. 

e 

Unimax Switch 
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HP invites you to step inside your 16-bit parallel 
circuits for an overall view -and a detailed view - of 
logic-circuit operation. How? Just connect our new 
1600A Logic State Analyzer to an operating circuit, 
and view actual logic states on the CRT - at clock 
rates to 20 MHz. Select the data you want to observe 
with pinpoint accuracy. And choose from two display 
methods for viewing the data words . 

What does this mean to you? It means a better way 
to see hardware and software in action .. . a faster wa y 
to spot problems and find solutions. For example : 

In the mapping mode, the 1600A can display all 
possible combinations of its 16 data-channel inputs 
over 65 ,000 in all. Each input combination or " word" 
appears as a discrete point whose location on screen 
identifies its address . Spot intensity shows relative 
frequency of occurrence, and the vectors show the 
sequential state locations. 

This mode converts parallel data into a pattern that 
your eye can easily scan to quickly spot changing 
conditions or unusual events. You can even expand 
the view to zoom in on data of interest. And , with a 

cursor, locate the address of any spot. You can then 
use the address as a trigger point for a detailed look 
with the tabular display , or to trigger your scope for 
electrical analysis. 

In store and compare mode, the 1600A triggers 
on any preset word up to 16 bits wide . The analyzer 
then displays the trigger word and 15 sequential 
words before, after, or surrounding the trigger word, 
so you can easily analyze logic states in detail. You 
can store one table of data and compare it with an 
active data display . . . have the anal yzer compare 
the two tables and give you a display of logic 
differences on a bit-by-bit basis for easy comparison 
... or you can set the instrument to automatically halt 
when all the data in one table isn't identical to data 
in the second - freeing you from the tedious task of 
waiting and watching for infrequent sequences . 

And that's just the beginning. The 1600A gives you 
qualifier inputs to help locate the specific data you 
want on a busy bus. It gives you a sequential trigger 
by providing a trigger arm that inhibits the word 
trigger until an arming signal is received . You can 



delay the display up to 99 ,999 clock pulses from the 
trigger point, which lets you look virtually anywhere 
in your program flow. 

The 1600A, priced at $4,000*, gives you new 
insight to operating logic circuits. With 16-bit word 
size , parallel operation, and 20 MHz speed , it's the 
ideal instrument for designers of minicomputers, 
peripherals, microcomputers, and microprocessor
based systems . 

If 16-bit words aren't enough, our new 1600S, 
priced at $6,800''' , displays words up to 32 bits wide. 
This powerfu l system includes both the 1600A and 
our new 1607 A Logic State Ana lyzers. Hook it up to 
your 16-bit machine, and in single clock you can look 
at both the data and address simultaneously . In dual 
clock, you can view two independent active tables 
of 16 bits each - synchronized together through the 
bus triggering capabilities. 

When you have all the details, you 'll see how these 
new logic-state analyzers put you inside your logic 
programs for a better overa ll picture . . . and for a clear 
detailed look. And you' ll see how they can save you 

FOR TECHNICAL INFORMATION CIRCLE # 271 

hours in design, 
debugging and troubleshooting. For 
the complete story, just contact your local HP field 
engineer. Or, write for our new 8-page data sheet on 
Logic State Analyzers . 

Domestic USA price only. 

HEWLETT"' PACKARD 

Sales and service from 172 offices in 65 countries 
1501 Page M•U Road Palo Alto. Calltom1a 94304 
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Base your IC tester on a µP, and you 
can carry the system into the field. Other 
benefits include data logging and low cost. 

With a microprocessor, you can design for less 
than $14 k a portable IC test system with I / 0 
capability, automatic operation and other bene
fits. In capability such a system falls somewhere 
between a fully automated, minicomputer-con
trolled tester and the bench-power-supply / VOM 
approach. The test system provides the following 
performance: 

• One channel of programmable output volt
age. 

• Resolution of four digits, with a range from 
- 100 V to +100 V. 

• Four analog input channels that measure 
voltage response with 1 % accuracy. 

• Stand-alone operation as a voltage source 
and meter, with no data logging. 

• Data storage on tape (in this case, the cas
sette unit of the Honeywell VIP 7700 video in
formation system). The terminal is operated off
line from a systems computer, used to massage 
the data. Transfer of information from the 
screen of the VIP to the cassette is controlled by 
characters in the data stream. This allows a page 
of data to be stored in a formatted cassette file. 
Access to the terminal is made via a 2400-baud 

' synchronous RS-232C channel. 
A look at the requisite control and communica

tion capabilities reveal1s that a substantial amount 
of intelligence is needed. Since most of the data 
manipulation involves BCD digits, and the con
trol and speed requirements are not excessive, a 
four-bit ,uP-such as the Intel 4004-i'S. all that 
iis necessary. However, a novel scheme lets you 
get eight bits of output-port information from 
the four-bit device. 

Serving as the voltage source is an HP 6131C 
programmable supply with TTL, BCD I/ 0 logic. 
The 6131C's range and resolution match the per
formance requirements, and the unit's BCD pro
grammability fits nieiely with a four-bit micro
controller. 

The communications requirements are easily 

Jeffrey C. Rice, Project Engineer, Information Develop
ment & Applications, 10759 Tucker St., Beltsville, MD 
20705. 
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A . microprocessor controlled tester and data logger. 
Stimulus voltage is controlled with thumbwheel inputs 
~nd produced by a digital power supply. Four analog 
input channels are strobed, and reformatted data are 
sent on an RS232C channel to a display screen, then 
dumped to cassette tape. Error conditions and system 
status are displayed on a seven-segment display driven 
by the µP. 

met by a programmable transmitter chip inter
faced to the µ,P: The Western Digital PT1482B 
provides synchronous data transfer at the speci
fied baud rate, generates a lateral parity bit and 
handles all serial communication. 

To speed design, buy, don't build 

The interface itself consists of seven bits of 
parallel output data plus two control lines. With 
the flexibility of a programmable chip, the out
put channel can be readily modified anytime to 
interface with various communications channels. 

The four analog input channels present a de
sign challenge. To operate as a stand-alone op
tion, the channels must have display capability. 
With a digital panel meter, such as the Date! AR-
2000 autoranger on each input, there's no need 
for analog design or separate display electronics. 
As an externally triggered unit, the AR-2000 can 
make 33 autoranged measurements per second
from a low scale of ± 199.9 m V to a high scale of 
±19.99 v. 

In the tester, a sample consists of the output 
voltage value, the four input voltages, plus the 
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FRONT PANEL 

THUMBWHEELS 

PANEL METERS 
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AND LATCH 
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:J 
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8 DATA/ 
ADDRESS 

LINES 

RESET 0----------------' 

PROCESSOR 
CARD 

CPU 

4004 
4008 
4009 
1702A 
4002 

1. A four-bit µ,P serves as a controller in an IC tester 
and data-logging system. All input and output signals 
are developed as ports that send or accept latched data 
from the µ,P. Major interfaces are to the front panel, the 

2. Microprocessor card layout: At lower left is the 
4004 chip. The lower part of the card contains the clock 
and power-up circuitry and the output-signal drivers. A 
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B DATA/ 
ADDRESS 

LINES 

I- (/) 
:J w 
0.. I 
I- u 
o~ 
0 _J 

z 0 
<I ~ 
I- ~ 
:J x 
0.. :J 
~::; 

EXTERNAL 
DEVICES 

HP6131C 
PROGRAMMABLE 

VOLTAGE SOURCE 

programmable power supply and a transmitter chip. 
The chip provides an RS232C communications channel 
to control a Honeywell VIP terminal and cassette unit. 
The terminal works off-line from a large computer. 

total of 2048 bytes of program storage are included in 
PROMs. The 24-pin chips on either side of the PROMs 
are I /0 interface chips, the Intel 4008 and 4009. 
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EIGHT 4-BIT INPUT PORTS 

3. How the 4004 can be developed to accept four in 
put bits , yet yield eight-bit output ports: A four-bit 
bidirectional bus carries the data input and also func
t ions as an address for the output ports. Eight bits of 
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data/address, developed by the Intel 4008, produce 
eight bits of data output. These lines also form the ad
dress for the input ports. Two strobes activate decoders, 
which enable one of eight input or output ports. 
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control characters necessary to access the VIP 
terminal-67 characters in all. At 2400 baud, less 
than five samples per second are transmitted. 
Therefore the speed of the panel meter is not a 
problem. 

To obtain the range of ± 100 V, any channel in 
which the voltage magnitude might exceed 20 V 
-the DPM's highest scale-must have a --;- 10 
probe in its path. A toggle switch for each panel 
meter illuminates a x 10 LED and signals both 
the µ,P and the operator that the voltage reading 
of the meter is actually 1/ 10 the measured value. 

Output voltage values are varied much as in 
a BASIC FOR-NEXT loop, with front-panel 
thumbwheels setting the initial value and the 
number and size of the voltage increments. A 
separate set of pushbuttons programs the latch 
value of the voltage supply, as well as the range. 
All voltage levels are reformatted within the 
micro and sent along the communication link in 
floating decimal-point form. 

The µP as a traffic cop 

In its central role as a data communications 
handler, the Intel 4004 communicates with the 
outside world through input and output ports 
controlled by I / 0 interface chips, the 4008 and 
4009 (Fig. 1). The interface chips allow pro
gram storage in reprogrammable ROMs, rather 
than masked devices, and facilitate data transfer 
to and from the CPU. Note that all develop
mental, and most low-volume, .µ,P-based systems 
use such storage. Fig. 2 shows the microproc
essor card, with the CPU, clock, power-up cir
cuitry and program storage in 1702A PROMs. 

Systems design with any µ,P is a tradeoff be
tween hardware and .software (firmware) tasks. 
Once you integrate the processor into the .sy;stem, 
it is better to implement as many functions as 
practical in firmware rather than hardware. Use 
external hardware only where the task is highly 
real-time oriented and is either too fast for the 
processor or will occupy the CPU unnecessarily. 
An example of .such a tradeoff is the use of a 
transmitter chip for parallel-to-serial conversion 
and for clocking on an RS-232C communications 
line. 

Given a basic chip set, there are many ways to 
accomplish I / 0 operations with the 4004. Using 
the 4008 and 4009, you can generate four bidirec
tional data lines, two control strobes for I/ 0 
latches and eight output lines for data or address. 
The output can be either four bits of data with 
eight bits of addressing or eight bits of data 
with four address bits. 

Fig. 3 depicts the 4004 connected to the I/ 0 
interface chips and to typical input and output 
ports. Signal1s produced by the 4008 and 4009 
yield latched input and output data. 
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To read into the accumulator the four bits pre
sented on an input port, the following program 
steps are executed. In the program, "X" repre
sents the eight-bit device address : 

0 FIM OP X 
1 
2 
3 

SRC OP 
RDR 

The first statement, which uses two locations, 
loads an eight-bit register pair with a binary 
number from 0 to 255. Statement 2 causes that 
eight-bit value to form the output during a spe
aific alock cycle of each successive instruction. 
Statement 3 causes an input strobe to be gener
ated during the same clock cycle in which the 
eight output bits of register pair 0 are formed. 
The four bits of input data from the addressed 
device are thus loaded into the accumulator. 

Output is illustrated here as an eight-bit trans
fer. The following program steps cause eight bits 
of data labeled "Y," to be delivered to device 
address "X" : 

0 FIM OP Y 
1 
2 SRC OP 
3 LDM X 
4 WRR 

As in the previous program, statements 0, 1 
and 2 cause the eight-bit binary number "Y" to 
be placed on the eight lines labeled DAT A/ AD
DRESS in Fig. 3. Statement 3 loads a four-bit 
number, "X," into the accumulator of the 4004. 
Statement 4 generates an output strobe dUTing 
the interval in which the value "X" appears on 
the bidirectional bus. Here the data lines of the 
bus operate as an address for the delivery of 
eight bits to one of 16 output devices. 

Solving the interface problem 

With the general scheme of input/ output oper
ations outlined, you can use five chips to design 
a typical interface to a bank of 16 thumbwheel 
switches (Fig. 4). The chips are external to the 
overhead ICs used in the input/ output ports. 
This interface method is not necessarily the most 
effective, but it illustrates how data flow in and 
out of a four-bit µP. 

The thumbwheels use series diodes to produce 
BCD outputs. To read a thumbwheel's output, the 
processor sends out a four-bit address on the 
lower portion of an eight-bit output port. The 
four-bit value of the thumbwheel is read into the 
accumulator and stored in a RAM. This arrange
ment requires only 20 lines between the card rack 
and the front panel. 

The four address bits feed through a 7 4154 
four-to-sixteen-line demultiplexer, which sets one 
of sixteen lines to ground. The 16 lines, in turn, 
control the three-state output of driver chips. 

9 1 
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4. In the interface between the 16 thumbwheel switches 
and the 4004, the lower four bits of an eight-bit output 
port feed a demultiplexer, which controls the three-state 

The inputs of the drivers are set to produce a 
grounded output when activated. The result is 
one line of 16 in a grounded state, with the re
maining 15 in a high-impedance state. 

These 16 lines connect to the "common" inputs 
of the thumbwheel switches. The four output bits 
of each thumbwheel can now be connected in a 
common four-bit bus and read into the µP ac
cumulato•r through one 4-bit input port. The pro
gram to accomplish this appears as follows: 

0 READ FIM OP 0 / Start with first thumb
wheel. 

1 
2 

3 

4 

5 

6 
7 
8 
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SRC OP 

LDM 3 

WRR 

FIM lP 3 

SRC lP 
RDR 

! OP selects which "com
mon" to activate. 

/ 3 is the number of the 
four-bit output port. 

/ Value of OP is .sent to 
address 3. 

/ 3 is the address of the 
input port. 

/ Read value of thumb
wheel. 

inputs of 8T09 drivers. Thus one of the 16 "common " 
inputs of the switches is grounded, with the 15 other 
lines remaining in a high-impedance state. 

9 SRC OP / Point to location in 
RAM. 

10 WRM / Store value in RAM. 
11 ISZ 1 2 / Increment register 1, If 

¥= 0, go to line 2. 
12 

The lower four bits of output port 3 set one 
of the thumbwheel common inputs to ground, and 
the four bits of BCD data are read in from input 
port 3. As each value .is read into the accumula
tor, it i1s stored in a RAM. The RAM used here 
is the Intel 4002, part of the chip set of the 4004. 

Register pairs are composed of two 4-bit 
registers. Statement 11 causes the lower four bits 
of register pair 0 to be incremented by 1. The 
program loops 16 times through statements 2 
through 11. This causes the 16 common inputs 
to be placed in a ground state, allowing the value 
of that switch to control the four-bit bus. The 
four-bit register overflows to a 0 on reaching 16, 
and succeeding program steps are executed. 

Thus with the µPas a controller, a system per
formance level is achieved that is not possible 
with random logic within a moderate price 
range. · •• 
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VACTEC 

Unlike our little 
Japanese friend, 
photodetectors have 
always been insen
sitive to blue. Until 
now. 

Vactec's latest development is a new Blue Enhanced Sili· 
con (BES) photodiode with exceptionally low dark current 
for efficient response in the blue region (200 · 400 nm). 
Made in Missouri, U.S.A., it performs equally well in an 
expensive Japanese SLR camera or in an American-made 
colorimetric analyzer as well. And you'll like the price, 
which could be as big.a breakthrough as blue sensitivity. 
Vactec also introduces a new line of PIN photodiodes that 
operate at high voltages, low noise levels, and fast rise 
times, with about half the blue sensitivity of the BES pho
todiode. For larger areas, Vactec offers a complete range 
of Blue Enhanced Silicon photovoltaic cells up to 1 ~" 
diameter. 
Vactec now supplies the broadest line of photodetectors 
in the industry, including: 
• silicon solar ·-cells 
• hi-speed/ low: leakage 

silicon cells 
• NPN phototransistors 
• NPN photodarlingtons 
• CdS & CdSe 
· photoconductors 

Call or write today: 

• CMOS & bi-polar custom ICs 
• opto-couplers 

a) LED/ photoconductor 
b) LED/ phototransistor 

or darlington 
c) lamp/photoconductor 

• selenium photovoltaic cells 

Vactec, Inc. 
2423 Northllne Industrial Blvd. 
Marrlancl Heights, Mo. 63043 
(314) 87N3m 
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expose'junk'sockM problems 
Secret·ol RM hliah relliabil~ 

'slicle-wli~' DIP sockets 

rewealed by mlicrophotos 

Here's microscopic proof that high reliability 
Robinson-Nugent "side-wipe" DIP sockets 
make 100% greater contact than any edge
bearing socket on the market. This advance 
design provides constant low contact resist
ance, long term dependability-trouble-free 
IC interconnects. Yet RN high reliability DIP 
sockets cost no more than ordinary sockets! 

WRITE TODAY 

for catalog and informative 
book "What to Look for in 

IC Interconnects'.' Free 
from Robinson-Nugent-the people who make more 
kinds of high reliability IC sockets than anyone. 

Get the high reliability that eliminates trouble. 
RN "side-wipe" DIP sockets make contact with the 
wide, flat sides of your IC leads. You get 100% greater 
surface contact for positive, trouble-free electrical 
connection. 

They're even packaged for high reliability. 
"Protecto-pak"® packaging delivers consistently per
fect RN sockets to your production line-for auto
mated or manual assembly. 

800 East Eighth Street, New Albany, Indiana 47150 •Phone: (812) 945-0211 
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Incorporate a calculator chip, 
instead of a microprocessor, into your number-processing 
data system, and avoid software for math functions. 

For number-crunching applications, a calcula
tor-based system is a good alternative to a micro
processor, if processing speed is not a major con
straint. Logic designers must overcome the urge 
to use microprocessors everywhere merely because 
they happen to be in vogue. A microprocessor sys
tem can result in design overkill. And the soft
ware needed for a microprocessor may cost con
siderably more than the logic designer is prepared 
to invest. 

A typical calculator chip is merely a micro
processor that has a built-in microprogram to 
solve arithmetic functions. So, for simple numer
ical calculations, why seek trouble with more 
versatile microprocessors? Take advantage .of a 
calculator's powerful arithmetic internal instruc
tion set. The software is already written for you. 

Versatile chip with BCD 1/0 

The TMS 0117NC, made by Texas Instruments, 
is a versatile calculator chip. Unlike most, this 10-
digit processor handles all data I/ 0 in a BCD 
format. And it generates status signals that dis
criminate between Busy (output data invalid, no 
data can be entered) and Ready (output data 
valid, data can be entered). The chip provides 
the four arithmetic functions in a fixed-point 
mode, and some additional functions as described 
in Table 1. Table 2 shows the approximate times 
needed to complete these functions. 

Fig. 1 is a block diagram of a calculator-based 
digital-instrumentation data-acquisition system 
that can be programmed to samp.Je data from 16 
inputs and mathematically evaluate the data. The 
system consists of four major sections: 

1. The calculator chip. 
2. A temporary output storage resistor. 
3. Data multiplexing and serializing networks. 
4. The system control logic. 
The system control logic determines the se

quence of data input and computation and consists 

Kurt Skytte, Electronic Engineer, Rucker Control Sys
tems Div., 4700 San Pablo Ave., Oakland, CA 94608. 
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of the following elements: 
• Program memory. 
• Program counter. 
• Program sequence logic. 
The program memory ca:pacity is 32 words x 

16 bits, and the memory can be implemented with 
two 256-bit PROMs. In some applications addi
tional PROMs may be used to extend the program 
beyond 32 instructions. 

The 16-bit words stored in the memory are par
titioned into three bit fields (Table 3). The first 
five bits, Al to A5, define the instruction field. 
These bits enter the calculator data input, KQ, 
serially via the input-data serializer, 3c, shown in 
Fig. 5. A detailed circuit of the serializer is shown 
in Fig. 2. Note that bit A5 divides the instruction 
field into two parts-numerical information and 
instruction codes. 

The second data field, Data-select, provides 4 
bits to select 1of16 data input channels (Fig. 3). 
The last group provides a Data-disable signal to 
interrupt data flow from the input-data multi
plexer. At the same time this signal allows numer
ical or instruction data to enter the calculator 
chip. Also, additional control signals such as Wait, 
Reset and Display Data are included in the last 
group. 

Calculator chip provides timing pulses 

An external clock at a nominal frequency of 
250 kHz provides timing for the calculator sys
tem. The calculator generates 11 pulses, which 
appear sequentially at 11 output terminals. This 
sequence of pulses, numbered Dl through Dll, 
is generated when output data are ready. One set 
of pulses constitutes one digit cycle with a period 
of about 1. 7 ms. 

Pulses Dl through DlO clock the calculator 
chip's BCD output data into a temporary storage 
register, so that the complete 10-digit output can 
be displayed, or transferred elsewhere, as a single 
word. And pulses Dl, D3, D5, D7 and DlO clock 
the serializer (Fig. 2) to convert the 5-bit instruc
tion code, Al through A5, into serial data for the 
calculator-chip input. 

A 5-bit binary program counter addresses the 
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DIGIT CLOCK PULSES 
DI-DID 

N ,4 N IS THE NUMBER OF 
BITS OUTPUT DIGITS SlORED 

TEMPORARY STORAGE 
REG! STER (2 l 

1. A calculator chip, when controlled by a PROM and 
with t he help of several mux / demux circu its , can handle 

arithmetic computation more efficiently than a micro
processor, and the ca lculator needs no software. 

Table 1. Calculator-chip instruction descriptions 

Multiply 

Divide 

Add 

Subtract 

Increment 

Decrement 

Add to Overflow 

Subtract to 
Overflow 

Equal 

Right Shift 

Left Shift 

Exchange 
Operands 

Clear 

Reset 

Multiply the contents of the output register (multiplicand) by the last data entry (multiplier) 
and transfer the product to the output register. 

Divide the contents of the output register (dividend) by the last data entry (divisor) and 
transfer the quotient to the output register. 

Add the last data entry to the contents of the output register. 

Subtract the last data entry from the contents of the output register. 

Add 1 to the contents of the output register. 

Subtract 1 from the contents of the output register. 

Continuously increment at the rate of 1 per digit cycle the contents of the output register 
until overflow is reached. 

Continuously subtract 1 at the rate of 1 per digit cycle from the contents of the output reg
ister until zero is reached . 

Execute instruction. Causes the processor to carry out the last stored instruction. 

Move the contents of the output register one place toward the least significant digit. 

Move the contents of the output register one place toward the most significant digit . 

Interchange the last pair of numeric entries, e.g. a + b becomes b + a. 

Clear all stored instructions and data registers. 

Reset is a master clear and will operate under all condit ions. 
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CALCULATOR 
TMS 0117NC 

FROM 
MEMOR y 

,.,_ 
~ 

CONTROL AS 

BCD 
NUMERICAL 

DATA 
FROM INPUT 

DATA MUX 
OR 

MEMORY 

A4 

A3 

A2 

Al 

,.,_ 
~ 

,..,, 

,..,, 

C> 

112 CD4016 
(CMOS SWITCH) 

l 

I 

I 

l 

I 

(SERIAL 

0 
DATA INPUT) 

c 

0 

c 

0 

c 

0 

c 

0 

c 

0 ~ ( ( ( 

DI D3 D5 D7 DIO 

DIGIT CLOCK PULSES FROM 
CALCULATOR CHIP 

r-1 

KO 

.__ 

2. Parallel BCD numbers from the input-data multiplexer 
or the memory are converted to serial form when they 
are clocked with digit pulses from the calculator chip. 

Table 2. Typical computation times 
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Function 

Numeric Entry 

Operation Instruction Entry 

Shift Left or Right 

Increment or Decrel11€nt 

Exchange Operands 

Add, Subtract 

Multiplication 

Division 

Time 

5.2 ms (maximum) 

6.9 ms (maximum) 

1.72 ms 

3.4 ms 

5.2 ms 

8.6 ms 

70 ms (maximum) 

80 ms (maximum) 

I-BCD CHANNEL 

16 
INPUT 

CHANNELS 

II 

12 

13 

14 

EACH 4 TO I MULTIPLEXER IS 
1/2 CD 4052 (8 lC's l 

Ot---~ 

(2 IC'sl 

I I 

12 

13 
O (MSBl 

z ,, 
c: 
-t 
0 

~ 

DATA· SELECT 
(3) 

DllTA·SELECT 
(4) 

DATA-SELECT LINES TO 
SELECT ANY I OF 16 

DATA CHANNELS 

3. Input data are selected from 16 BCD input channels 
by data-select codes derived from the program memory. 

program memory. When the calculator accepts 
new data and instructions, it generates a Busy sig
nal, while carrying out the instructions. The Busy 
signal. increments the program counter to address 
the next program word in the memory, and new 
data and instructions automatically enter the cal
culator when the Ready condition occurs. The 
final memory instruction is a Reset signal that 
clears the calculator and resets the program 
counter. A wait state, which momentarily sus
pends program flow, may be necessary to provide 
time to check that input data are valid before 
entry into the calculator. 

Input data to the multiplexer network may 

ELECTRONIC DESIGN l , January 5, 1976 



Table 3. Calculator-chip program input 

A5 A4 A3 A2 Al Instruction 

0 0 0 0 0 0 
0 0 0 0 1 1 
0 0 0 1 0 2 
0 0 0 1 1 3 
0 0 1 0 0 4 Numeric Data 
0 0 1 0 1 5 
0 0 1 1 0 6 
0 0 1 1 1 7 
0 1 0 0 0 8 
0 1 0 0 1 9 

1 0 0 0 0 Clear 
1 0 0 0 1 Equals 
1 0 0 1 0 Multiply 
1 0 0 1 1 Divide 
1 0 1 0 0 Add 
1 0 1 0 1 Add 1 
1 0 1 1 0 Subtract Instruction Code 
1 0 1 1 1 Subtract 1 
1 1 0 0 0 Add 1 to overflow 
1 1 0 0 1 Subtract 1 to zero 
1 1 0 1 0 Shift r :ght 
1 1 0 1 1 Shift left 
1 1 1 0 0 Exchange operands 

1 1 1 0 1 No operation 
1 1 1 1 0 No operation Not Used 
1 1 1 1 1 No operation 

16 BIT MEMORY WORO 

PROM NO. I 

\.I 2 3 
y 

INSTRUCTION I tJ 
TO ~w 

"'..J 
CALCULATOR CHIP Q~ 

originate from digital thumbwheel switches that 
provide BCD output codes or from analog-to-dig
ital converters. A/ d outputs may be held in a 
temporary register to ensure stable information 
during data entry to the calculator. If a/ d con
version time is slow, it may be necessary to use 
the wait state until the data conversion is com
pleted. A continue signal from the converter 
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PROM NO. 2 

4 ) w I- I- s \. ) 
..J w ;t y m 
<( II) 

~ Q 
II) w MISC. SYSTEM 
0 a: > 
I <( CONTROL SIGNALS 

<( ..J 
I- Q. 

<( II) 

Q Ci 

could then end the wait state. 
A practical digital instrumentation system 

based upon a calculator chip can be built with 
roughly 50 ICs for about $100. A system program 
for 30 instructions has a cycle time of about 250 
ms. Different programs loaded into several PROMs 
that easily plug into t he circuit allow quick change 
of t he system's operation. • • 
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Multiple station mechanical 
pushbutton switches 
probably aren't the most 
important thing in your 
life- until you have to 
specify one within tight 
performance or cost 
specifications. Then 
they can get a little 
complicated. 

That's why this little game 
might be helpful. And 
interesting. Take three or 
four minutes and see if your 
"pushbutton switch I . Q . " is up to par. 

Be careful. Some of the questions are tricky. 

OFF ON 

~ 

TRANSMITTED COLOR 

PROJECTED COLOR 

2. OFF 

Series DW-500 color inserts. 
INSERT/ 
INSTALLED 

reat 

1. YOU CAN'T HAVE EVERYTHING. 
OR CAN YOU? 

Which of the following pushbutton switch functions 
CAN be intermixed on a single frame of a 

multiple station switch? 
0 Interlock and non-lock n Interlock and push-lock/ 

push-release Q AfJ..lock and non-lock 
Q All-lock and push-lock/ push-release Q Push-lock/ 

push-release and non-lock (") All of the above 
Q None of the above 

2. SOME TRIVIA THAT MIGHT MAKE YOU A HERO 

In lighted pushbutton switches, when should you specify 
"transmitted" color instead of "projected" color? 
Q AJ When you REQUIRE the color to be distinguishable in an 
unlighted display . QB) When you DON'T REQUIRE color to 
be distinguishable in an unlighted display. Q CJ When you have 
limited power available to achieve lighted display. 
Q DJ None of the above, transmitted color is obsolete. 

3. GET DOWN TO THE NITTY-GRITTY 

You're working with low-level signals and are specifying dry circuits-
circuits with voltages and currents too low to break down contact surface films or corroc;ion. 

What kind of contacts should you specify in your pushbutton switches? 

Q Silver Q Cadmium oxide Q Gold Q None of these 

4. A POWERFUL PROBLEM 

Pushbuttons switches with leaf-type switching give you 
extremely long life and lots of circuit flexibility in 
limited space- but they're limited to relatively 
low-current applications. 

Q True Q False 



A c D 

e 
S. WATCH OUT FOR THIS ONE 

"Push-lock/ push-release" and "alternate action" are 
identical functions-with one important difference. 
Which is it? 

QUIZ. 8 A ) Pushbutton is depressed once to actuate switch. 
B ) Pushbutton falls back only slightly from the "in" 

position. O C) Pushbutton is depressed again to return 
switching circuits to normal. Q D) Pushbutton is 
depressed twice to return switching to normal position. 

6. THE BEST OF BOTH WORLDS 

Mechanical multiple-station pushbutton 
switches give you the flexibility you need, 
but they're too bulky for your 
miniaturized design. Your best bet is to 
design a custom switch from a basic series. 

Q True 

7. YOU CAN LOOK AT THIS TWO WAYS 

What is the mechanical function whereby the actuated switch 
station stays in the "in" position when operated and releases 
ONLY when the "release station" pushbutton is depressed 

or a release solenoid is operated? 

QA) Lock-out Q B J All-Lock 
Q C) Accumulative Lock Q D) Interlock 
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A LITTLE "YANKEE INGENUITY" GOES A LONG WAY 

Switchcraft makes more ways to 
solve your problems with 

pushbuttons and mechanical 
pushbutton switches than 

anybody else. And what you 
consider custom might just be a 

standard item. In any case, we 
provide you with complete and 

easy-to-use technical literature to help you 
sort through the possibilities. Contact your 

local Switchcraft representative for your 
free dictionary of switching and contact 

terminology. Or send the coupon for your 
basic engineering specification file and 

your free dictionary. See what a little 
yankee ingenuity can do to help boost your 
"pushbutton switch I.Q." Switchcraft Inc., 

5555 N. Elston Ave., Chicago, Illinois 60630. 

----- ---------• I 
I 
I 

Switchcraft Inc. 
5555 N. Elston Ave., Chicago, Illinois 60630. 

.... • •• - '· - --r ~ • • - . . 
Please send me your engineering file plus your glossary 
of technical terms. 

I D Pushbutton switches (illuminated and non-illuminated 
single·station pushbutton and cord pendant 
switches). 

I D Mult i-Switch® switches (illuminated and 
non -illuminated multiple station pushbutton 

1 
switches). 

I 
I TITLE 

I COMPANY 

I ADDRESS·----------------~ 

I CITY __________ $TAT~---· 

I ZIP ______ _ _ _____ ______ _ 

--------------lfl.ICl"'\DUATlna.1 DCTDIC\/AI a.111.UDICft II:' ., 



Software links a/d's to computers. 
Flag checking permits slow but reliable operation, while 
a OMA subroutine provides fast, but noise-sensitive, data flow. 

Whether you use a minicomputer or a micro
processor to control an analog data collection 
system, interfacing the analog-to-digital converter 
to a processor needn't be difficult. Two basic types 
of interfaces ca.n be used with almost any a / d 
conver ter: a low-speed flag check or a high-speed 
data channel interface (sometimes called direct 
memory access-DMA) . 

F lag checking is limited in speed by the pro
gram cycle time while DMA inputs are usually 

Ralph D. Taylor, Sen ior Project Engineer, Brooks Re· 
search & Manufacturing Inc., 5612 Brighton Terrace, 
Kansas City, MO 64130. 

LINES TO CPU 

GATED { 
DATA ---------- --

DONE 

DATA IN 

START 

ADDRESS { 
SEL ECT 

LI NES 

LOA 2, BUF 

Next: NIOS ADC 
SKPBZ ADC 
JMP - 1 
DIA ¢, ADC 

STA</J,r/J,2 
INC 2,2 
DSZ CTR 
JMP NEXT 
HALT 

CTR: 50. 
BUF: DBUF 
DBUF: .BLK 50 

NOVA 1200 
; INITIALIZE POINTER 

START ADC 
BUSY? 
YES, LOOP 
NO, READ ADC 

STORE IN CORE 
INCREMENT CORE 
LAST READING? 
NO 
YES, STOP 

TAKE 50 READINGS 
POINTER TO BUFFER 
INPUT BUFFER FOR ADC 

1. A few gates and a one-shot are all that are needed 
for a flag-check converter-to-computer interface (a) . To 
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limited by converter speed, except when super
high-speed converters are used (250-MHz con
version rate). When high speeds are needed, 
converters are usually operated in a burst-mode 
and the data fed into a high speed buffer mem
ory, and t hen fed into t he main memory. This 
method of data handling is usually called double
buffering. It gives the computer extra time to 
handle bursts of data. 

A/ d's are available in a wide range of speeds, 
accuracies and costs. Typical limits might be 14 
bits at 100 kHz, 16 at 20 kHz and 6 bits at 250 
MHz. Prices for top units like these are usually 
over $10,000. At the lower end of t he performance 

ONE 
SHOT 

CONVERT 

PDP 11 
Assumes: bit 1 is convert line 

bit 2 is busy flag 

Next 
LOA R2, # BUF 

: MOV # 1, ADC 
TST # 2, ADC 
BR .-1 
MOV ADC, (R2)+ 

DEC CTR 
BNE NEXT 
HALT 

CTR: 50 

BUF: .+50 

+ } ANALOG 
INPUT 

START ADC 
BUSY= 0 
NO, LOOP 
YES, READ AND 
INCREMENT 
LAST READING 
NO, ANOTHER 
YES, STOP 

; TAKE 50 READ· 
INGS 

; BUFFER 

ta lk with a con'lerter, the software for a Nova 1200 
(b) or a PDP-11 computer (c) requ ires only a few lines. 
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DATA ouT-{==============::::t=====~c.:-::-=-::--~ 
DATA OUT 8 ----------IH c CTR 

REG 

~~-+-------lCONVERT 

BUS Y 

STl• RT ---------1---------....l 

DECODE 
ADDRESS{ 
SELECT FOR UNIOUEr+.---------' 

ROG 
CONTROL 

DEVICE 
CODE·· 

WORD COMPLETE------------------__J 

CHANNEL START, ------------------------i 
STOP CONTROL 

CHANNEL 
CONTROL 

NOVA 1200 PDP 11/20 
LOA l , CTR -; # of Readings Assumes: ADC is status reg 

DOB 1, ADC 

LOA 2, BUF 

DOAS 2, ADC 

BUF: DBUF 
DBUF: BLK50. 

Send # of Reading to ADC 

Core start for buffer 

Start ADC transfer 

Pointer to Buffer 
50 Read ings 

2. The OMA interface between a computer and a con
yerter (a) req ui res many more control lines than the 

range are 8, 10 and 12-bit modules that have 5 or 
.10-kHz conversion rates and cost under $100. 

Combining the module and computer can be 
done easily. The mini or micro is used to start 
conversion or accept data when conversions are 
complete. The flag-checking method uses tele
typewriter and low-speed card-reader interface 
procedures. The processor constantly checks a 
particular line until the signal on the line disap
pears, at which time it interrupts the program it 
is processing and accepts the data from the a/ d. 

Interface the a/d with software 

Two common minicomputers used throughout 
industry are the Data General Nova 1200 and the 
Digital Equipment PDP-11. Let's see how an a/ d 
converter can be interfaced to these two machines 
with flag-checking programs (Fig. 1). 

The circuit needed to interf~e an a/ d with 
either machine is shown in Fig. la. To check for 
a flag, a monitoring program, like that shown in 
Fig. lb, must be used. The computer starts the 
converter by using the NIOS ADC statement to 
send a pulse on the start line. This statement con
tains the device code for the converter, which 
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ADC +2 contains word counter 
ADC + 4 contains buffer start 
MOV # 50, ADC +2 

MOV # BUF, ADC + 4 

MOV # 1, ADC 

BUF: .+ 50. 

Set for 50 
readings 
Set buffer 
address 
Start ADC 

ADC Buffer 

f lag-check scheme. The programs needed to control t he 
Interfaces let data move at 3.3 Mwords /s rates (b). 

is decoded by some selection logic and then 
ANDed with a one.,shot, which, in turn, starts 
the a / d converter. 

Once the converter is triggered, the program 
enters · a loop, waiting for the converter to set a 
"done" flag when conversion is complete. The 
SKPBZ ADC does this by checking the peripheral 
address for a flag. If no flag is found, the pro~ 
gram loops by using the JMP. - 1 command 
which tells the processor to do the previous com
mand ( SKPBZ ADC) . 

When the flag is sensed, the program breaks 
out of the loop and goes to the DIA ~. ADC state
ment, which tells the processor to read the data 
from the converter into accumulator ~- The 
process described so far can be repeated to get as 
many readings from the a / d as needed. The pro
gr.am shown takes 50 readings. Of course, after 
data are sent into accumulator ~. they must be 
stored in memory or they will be lost when more 
data enter the accumulator. 

Depending upon the actual a / d converter se
lected, you may have to invert the busy signal or 
other lines for the signal levels needed by the 
processor. There are three signals of particular 
interest: a start signal, a monitoring signal 
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READ VALUE 

STORE VALUE 
IN BUFFER 

SEA RCH BUFFER 
FOR LARGEST 

SAVES ALL DATA 

SAVE 
NEW VALUE 

LAST VALUE 
LARGEST 

STOP 

NO 

SAVES ONLY LARGEST 

3. These two simple flow charts let the computer de
termine the maximum value of a waveform. The chart 
on the left saves all input data, while the one on the 
right saves only the highest value. 

(busy) to indi~te when conversion is complete, 
and a signal to gate data into the computer. 

Similarly the program shown in Fi.g. le inter
faces the PDP-11 to a converter. Execution times 
for these programs ave typically 20 µ,s for the 
Nova and 15 µ,s for the PDP-11. These times do 
not include the actual conversion time of the a/ d 
and are thus the limiting factors that determine 
the input data rate. The data rate using the flag 
check is thus limited to about 50 kHz. 

Try OMA for fast interfacing 

If a data rate of 50 kHz is too slow for your 
needs, you can make the converter feed its output 
directly into memory. To use a DMA interface, 
the computer must generate or make use of sig
nals either needed or sent out by the a / d. Fig. 2a 
shows a simplified schematic of a DMA control 
circuit. The software programs to bring the data 
in are listed in Fig. 2b. 

The programs must first initialize two counter
regjsters before any data transfer takes placa 
One register must be loaded with the core address 
for the first data word; the other register is set 
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for the number of readings to be taken. For the 
Nova, this is done by the first four commands of 
the program. Now the system is ready to start 
the conversion and accept the resulting data. 

The start pulse is given simultansously with 
the la.st set-up command: DOAS 2, ADC. At this 
point the address lines are decoded to select the 
a/ d interface and ANDed to trigger a one-shot, 
which, in turn, starts the converter. After the 
a/ d is started, the interface waits until the busy 
signal sets the flip-flop that indicates the con
version is complete. Next the interface circuit 
requests data-channel control. 

Once the computer acknowledges this request, 
the memory address in the register is gated on 
the address lines, and the data are enabled onto 
the data bus. The required control signals are 
different for each computer type but must be 
generated to load the data word into memory. 
When the word is loaded, the processo·r signals 
back to indicate data are in memory. After the 
interface circuit receives this signal, it resets 
the control flip-flop, changes the core address 
counter, changes the reading counter and issues 
another convert command. This p1rocess continues 
until the word counter reaches zero when control 
goes back to the main program. Similarly the 
PDP-11 program offers an almost identical op
erating procedure. 

The hardware needed for a DMA interface is 
much more complex than for the flag-checking 
method. The important signals for the DMA in
terface are: data out, start and channel control. 
Since this interface operates faster and needs 
accurate timing, it is more sensitive to noise and 
other interference. Typical data rates depend 
upon the machines, but they range from 0.8 to 3.3 
M words/ s. If you have a lot of data to transfer, 
consider double-buffering the a/ d and using a 
mass storage system, like a disc. This permits 
you to fill a buffer of a fixed size and then start 
putting converter data into a second buffer, 
while the data in the first buffer are being trans
ferred to the disc. 

Before you go to double-buffering, though, 
check these examp.les : 

·• Use of a 5440 disc drive (made by Pertee, 
Wangco and others.) and a data transfer of maxi
mum rate with a buffer size equal to one cylinder 
(one complete revolution of the disc without any 
head movement) . This is about 6000 readings 
(depending upon sector size, word size, etc.) and 
represents the data that can be stored in one 
revolution of the disc-about 17 ms•. Thus, if 
your data rate is so fast that the buffer will fill 
in less than 17 ms, the system won't keep up. 

• Use of a 5440 disc drive, a buffer of 256 
words (sector buffer) and an a / d conversion rate 
of 1 kHz. This system would take 256 ms to fill 
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NIOS 
ADC 

START 

DATA IN{----+-----+--~ 

ADDRESS{ 
SELECT 
LINES 

DECODE 
FOR UNI QUE 

DEVICE 
CODE 

MEMORY 

READ 

OMA CHAN 
CONTROL 

OMA 
_ __,1----------+--t CONTROL 

DATA OUT A 

DECREMENT 

READING 
COUNTER 

DATA OUT{ ______ __, 

4 . A very-high-speed interface for a 250-M Hz a /d 
converter contains its own ECL buffer memory and 
high-speed clock. 

the first buffer, and while the second buffer is 
being filled, you can transfer data from the first 
buffer onto a disc. 

However, if only a smalil quantity of data are 
needed (enough to fit in core) at a high data 
rate a co.re buffer can a1so be used. Thus, with 
operation at a maximum data channel rate, data 
rates of up to 750 kHz are common. 

Try out the low-speed interface 

Let's consider some typical circuit applications 
of these interfaces. For the low-speed interface, 
let's try to monitor a 1-kHz signal and measure 
the high and low values. To do this, the first step 
is to select an a / d and a sample/ hold, if they are 
not already built into the a / d. According to Shan
non's Sampling Theorem, a sampling rate of at 
least 2 kHz must be used. This provides a sample 
interval of 500 µ,s, and thus any signal or spike 
with a width of less than 500 µs could pass un
detected. So, just to be on the safe side, let's use 
a conversion speed of 4 kHz. 

To determine how fast a sampling rate you 
need, these formulas might prove helpful: 

S1 = 1/ P (for digital signals) or, 
S, = N I P (for analog signals), 

where S, is the sample interval, P is the narrow
est pulse interval to be detected and N the num
ber of readings per pulse interval. 
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NO 

NO 

MULTIPLY COUNTER BY 
PERIOD OF ADC 

CONVERT PULSE TO GET 
PERIOD OF MEASURED PULSE 

5. To use an a/d converter to take time or time-interva l 
measurements, you can use this program to count the 
number of convers ions and mu lti ply t hem by the period 
of the converter. 

Once the converter and sampler are selected, 
the software must be written. Fig. 3 sh ows two 
possible flow charts for programs. The chart of 
Fig. 3a stores all readings and searches for t he 
highest value. In Fig. 3b, the chart compares 
each reading and stores only the highest value. 
Similarly a flow chart can be devised to store 
the lo·west value. The high and low charts can 
then be combined, and the min and max values 
stored in n1emory for further calculation. 

Pulse measurements are often very tricky. Let's 
try to digitize a pulse that occurs only once and 
lasts for only 50 µs. From the digitized result, we 
would like to find the energy of the pulse and 
how much energy was dissipated in the first x 
microseconds. Also, let's assume we have a 1-
MHz a/ d with sufficient aperture time to track 
the signal. With speeds this high, f lag checking 
is ruled out, and a DMA interface must be used. 

After the data are in core, the processor can 
access the memory and make the calculati<1·ns for 
total energy and dissipated energy. 

To record very-high-speed events, converters 
that can do 250 million conversions per second 
can be used. However, they are limited to very 
short-term events, since 25 M words are avail
able in 1 second. Typical memories, such as core 
or MOS, can't handle data at such a high speed, 
so special high-speed buffers, built with E CL 
(emitter-coupled logic), must be used. To inter
face the high~speed converter with the E CL, 
a complex circuit is needed (Fig. 4) . 

The circuit is similar to that used in Fig. 2a; 
however, a separate 250-MHz clock must be used, 
and the buffer memory must be large enough to 
hold the samples. Once data are in the buffer 
memory, they can be transferred to t he main 
memory and then be processed at a slower rate. 

An a,/ d can also be used to measure the widt h 
of pulses or the time between them. If an a / d 
is combined with a stable clock, it can monitor 
a pulse train. By counting the conversions, you 
can then determine how long the pulses are. The 
flow chart for this is in Fig. 5. • • 
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great connections ••• 

RACK AND PANEL 
CONNECTORS 
Our high-density rack and panel 
connectors have an identical 
contact in both the plug and the 
receptacle. This mutually embracing 
contact, Varicon"', is hermaphroditic , inter-
locking and spring loaded . Mating surfaces are 
gas-tight assuring corrosion resistance. And low 
contact resistance is inherent in Varicon 's contact 
design. Get Elco rack and panel connectors in sizes 
ranging from 20 to 165 contacts. 

2-PIECE P.C. 
CONNECTORS -
These connectors 
use just 1 con
tact-the unique, 
spring-action , mutually 
embracing , hermaphroditic 
Vari con"'. Used in both the plug and 

FLAT CABLE 
ASSEMBLIES 
We customize flat conductor cable assemblies 
to meet your needs. So you don't have to buy 
cable or machinery. Our complete Flattac"' cable 
assemblies require no preliminary stripping, 
welding or soldering . Their multi-contact high
pressure connections assure low contact 
resistance and mechanical stability. 

the receptacle , Varicon 's mating surfaces 
provide a gas-tight connection to protect 
against corrosion . The design 's low contact 
resistance helps produce high cu rrent capacity. 
And Varicon's interlocking design adds resistance to shock and vibration . 
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whatever the occasion. 

P.C. CARD ENCLOSURES 
Versatile Varipak® II card enclosures, 
available in 32 standard models, are ideal 
for packaging rows of cards and connectors 
using almost any card spacing. Varipak 
al lows air flow for long component life . And 
its modular design makes it adaptable to 
your special packaging techniques 
at minimal cost. 

CARD EDGE 
CONNECTORS 
Our card edge connectors 
are available in single and dual-readout designs. 
And we've designed our solderless wrap and 
solder contacts for virtually every termination 
technique in the electronics industry. Many of our 
connectors are included on the Military Qual ified 
Products List (QPL) and meet MIL-C-21097. 
Several of these connectors have extended card 
guides to give you easy P.C. card insertion and 
protection against vibration . They' re available in 
sizes from 4 to 100 contacts or more. 

BACK PANEL 
SYSTEMS 
Select our Press-Fit 
back panel system. It 
gives you the economy 
and reliability of printed circu itry plus the versatility of 

solderless wire wrapping . Or, choose Vari plate"", a 
metal system made to your specifications for automatic 

wire -wrapping. Its high density makes Variplate 
extremely popular in the computer equipment fie ld. 

~o Corporation's leadership in 
the connector field is recognized throughout 
the world . This preeminence has been 
achieved through Elco 's policy of setting -
and meeting - the highest standards of 
product performance. Today, we have 
offices in Belgium, Denmark, England, 
France , Germany, Japan and the United 
States. Our representatives and distributo rs 
are in many other countries , proving that 
Elco truly stands for 

" GREAT CONNECTIONS ... WORLDWIDE " 

Elco Corporation 
2250 Park Place, El Segundo, Ca. 90245 
213-675-3311 I TWX 910-325-6602 

Elco 
Corporation 
A GULF + WESTERN MANUFACTURING COMPANY 

INFORMATION RETRIEVAL NUMBER 5 4 
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If your heat load is up and your cabinet space is down, 
our new SSD series can solve both problems at once. 

Their power density is 3 times that of linears and 
1 V2 times previous switchers yet they dissipate less heat 

(25 watts less in the 5-volt model). 
No forced air cooling required. 

SSDs come in 1 O models covering the entire range 
from 1.8 to 56 volts, accept universal input voltages, 

and operate at efficiencies of 76 to 80°/o. 
And they're guaranteed for five years. 

We'd like to send you the information, along with our 
new catalog of over 200 power supply products. 

Sorensen, a Raytheon Company, 676 Island Pond Road, 
Manchester, N.H. 03103. (603) 668-4500. Sorensen A.G., 

Hohlstrasse 608/610, 8048 Zurich, Switzerland. 
Tel: 01/623400. 

SORENSEN 
POWER SUPPLIES 

{ A Rayt heon Company } 
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CHALLENGES TO THE ENGINEER WHO MANAGES 

Shozo Yolcogawa of 
Yolcogawa Electric 

Speaks On 
Interlacing Engineers with Others 

When our engineers designed a product years 
ago, it was certain to sell well. Everything sold 
well. The economy was booming. All our products 
enjoyed great success. In addition, before he re
tired three years ago, our former president Dr. 
Miyaji Tomota was a great leader of engineers, 
so everybody followed him eagerly because peo
ple thought he never made a mistake. 

So there was a widesprea.d impression through-
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out our company, and certainly throughout our 
engineering departments, that our engineers 
were a bit like gods. It was only natural that 
engineers should dominate the company and, 
therefore, that the head of engineering should 
determine the products our company should 
make. 

It's different today. In today's economy, even 
if Dr. Tomota were here to provide the kind of 
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leadership he provided in the past, it would be 
difficult for a company to depend on one per
son. It's difficult for any product to sell well 
because the economy is slow today and all com
panies face severe competition. 

Our economy has left its period of rapid 
growth and entered a period of relatively slow 
growth. So today we must evaluate the instru
ments we plan to develop in terms of the econ
omy. We must now be much more careful about 
how we spend our development funds. 

When I assumed the presidency of this com
pany I noted one vital element that we lacked. It 
was a serious weaknes,s that appears not only 
in this company, but in many Japanese companies 
as well We lacked a marketing function. 

I really shouldn't say that. We did have a 
marketing function, but it was included within 
the Research and Development function or, a bit, 
as part of the sales function. At any rate, the 
marketing function was taken care of by other 
people on a side-job or spare-time basis. But 
basically, the problem of serving the market was 
left to engineering. You can well imagine what 
happened. 

Engineering would develop a p,roduct and turn 
it over to the sales department. If the product 
didn't sell well then, of course, the engineers 
chided the sales people for not being good sales
men. "This should sell well," they would say, 
"what's wrong with you?" 

The obvious solution to this prob
lem is simple, you might say. Start 
a marketing department. 

Starting a separate marketing department is 
not as simple as it seems. You have to realize 
that our company had a tradition of almost 60 
years in which the engineer dominated every
thing. So he had great importance, not only in 
his own eyes, but in the eyes of everyone else. 
If we were to start a separate marketing de
partment, the engineer would lose some of his 
power and influence. 

We certainly couldn't make such a change 
abruptly. So we started a series of coordination 
conferences. I attend these conferences along with 
leaders of engineering, sales, production and a 
newly formed marketing department whose in
itial role would be advisory. 

Now, aside from the obvious value of these 
conferences-developing designable, manufac
turable products that we're able to sell-there's 
a subtle benefit. Our engineers become more 
conscious of the needs of the marketplace. They 
begin to think of what the market requires rather 
than what they would like to design. So these 
conferences don't merely help us structure our 
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company better; they also help us educate our 
engineers. 

There's still another benefit of such meetings. 
They develop close cooperation between engineer
ing and marketing. Obviously, the object is to 
get engineers to think in terms of the needs of 
the market. And it's marketing's job to learn 
those needs. But marketing doesn't really know 
what engineering can do. And the customers don't 
either. 

But as you develop a clo~e relationship between 
the two groups, they try to help each other. 
Marketing, for example, might say, "Let's build 
a digital voltmeter that can do such and such." 
Then engineering might say, "We can do better 
than that, using microprocessors. How would 
you like this?" And that might be nice because 
marketing might never have heard of a micro
processor. 

So we've solved the problem of 
interfacing engineering with mar
keting. Can we relax now? No. 

Engineers have always regarded themselves 
as being of central importance in an engineering 
company. And they're right. But that's part of 
the problem. You have to recognize that engi
neers in Japan and, I'm sure, all over the world, 
feel that what they've done is best. In that sense 
they may be like anybody else. So it becomes 
necessary to guide them so that they don't all 
run off in their own "best" directions. 

You have the same "what we've done is best" 
attitude in other parts of an organization, too. 
Traditionally, for example, the production people 
have always felt that once they manufactured a 
product, and naturally they've manufactured it 
well, their job was done. 

But I feel that our job has just begun when 
a product is sold to a customer. In a complex 
product we must be sure the product can be 
serviced. Serviceability in a measuring instru
ment is extremely important. 

So we must coordinate the efforts of the de
sign engineers, not only with those of the sales 
and marketing people, but also with the work of 
the production engineers and the service people. 
This is an area where I devote a great deal of 
attention because that coordination is critical. 

The coordination between the design and pro
duction engineers helps us develop products that 
are easier and less expensive to manufa~ture, as 
well as higher in performance. 

A production engineer, for example, might say, 
"I'd like to move the transformer over here." 
Then, if you've established a good relationship, 
the design engineer might say, "No, that won't 
do because it will induce hum in the input cir-
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Who is Shozo Yokogawa? 

A year and a day before Yokogawa Elec
tric Works was founded in 1915 by Dr. Tamisuke 
Yokogawa, his son Shozo was born. Shozo joined 
his father's company in 1947 after he earned 
his bachelor's degree from Keio University, not 
in engineering, but in economics. Starting in 
the Advanced Planning Department, he moved 
up to the position of president in 1974, replac
ing Toshinori Matsui, who became Chairman of 
the Board. 

Today, what started as a small laboratory for 
developing and manufacturing electrical indi
cating and measuring instruments has some 
3500 employees, including about 600 engineers. 
In its fiscal year ending September 1974, the 
Tokyo-based company enjoyed a sales volume of 
about 53.7 billion yen, roughly $180 million. 
And the company now produces a wide range of 
instruments and computer-control systems, 
mainly for process-control applications. 

When he's not guiding the destiny of Yoko
gawa Electric, Shozo Yokogawa likes to spend 
time gardening. He's also extremely fond of 35-
mm color photography so he shoots hundreds of 
pictures of places he visits around the world. 

He used to play a lot of golf, he reports, but 
he quit when he realized that his game was 
ruining the countryside. 

cuit. But if it will help, we could move the trans
former over there instead." 

Without such exchanges, one engineer is un
aware of the problems of the other, and he might 
make decisions that are easy for him but diffi
cult for others. Without the coordination of de
sign and production, design engineering could 
design a marvelous product that takes forever to 
manufacture. 

We need interface, too, between the design 
engineer and the service personnel. Otherwise, 
the design engineer might never think in terms 
of the difficulties in servicing a piece of equip
ment in a hostile field environment. 

I have a special technique for bringing this 
lesson home to my engineer.s. When an engineer 
brings me a prototype of a new instrument, I ask 
him to climb a ladder and try to make some ad
justments or repairs when the instrument is on 
top of a cabinet. That's not so far-fetched. After 
all, that instrument might be used in a process
control application and it might not be located 
in a convenient place. 

Further, since time is extremely costly in such 
an application, we want to be able to service the 
instrument quickly without having to tear every-
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thing down and without having to take it to a 
service shop where everything is convenient. 

You can be sure that when I challenge an en
gineer this way a couple of times, he pays a great 
deal of attention to serviceability in his next de
sign. He's made further conscious of such prob
lems when he speaks to the people in our service_ 
department. 

So, you see, our design and development 
engineer must interface with many different 
groups. He must work with the marketing people 
so that he'll know what products are needed in 
the marketplace. He must interface with our 
manufacturing people so that he'll design prod
ucts that are relatively easy to manufacture. He 
must interface with our service organization so 
that he'll design instruments that are relatively 
easy to service in the field. 

Obviously we can't have coordination meetings 
all the time or we'd have no time to do anything 
but meet. So we try to instill in our engineers 
the feeling that all of these factors must be con
stant, day-to-day considerations. Of course, meet
ings help. But the important thing is get your 
engineers to think beyond their traditi.onal 
boundaries. • • 
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HPS new thermal printer 
justkee~s 

purring along. 
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Say goodby to the clank and 
rattle of mechanical printers and 
say hello to quiet, reliable 
operation. With its thermal 
printing technique, the new 
HP 5150A Thermal Printer needs 
only two moving parts -
those that transport the tape. 

That's just a beginning. 
Built-in flexibility and plug-in 
options mean that, at last, 
there is a printer that you can 
custom-tailor to your data 
printout needs without delay 
or compromise. 
Alphanumeric printout. A full 
64-character upper case ASCII 
printing set, with figures and 
symbols that read and reproduce 
clearly. Print speed is three 
lines per second. 
ASCII Interlace option. Interfaces 
to most ASCII coded sources 
or HP Interface Bus. Full 
64-character, 20-column printout. 
BCD Interface option. Interlaces 
with BCD ± 8421 sources. 
Prints standard 16-character 
set, but can draw on the full 
64-character complement of the 
5150A. Ten or 20 columns. 
Scanner option. The 5150A can 
function as a system controller 
for up to 13 instruments on 
the HP Interface Bus, providing 
automatic data-acquisition 
capability. 
Clock option. With it, an entirely 
new order of convenience, 
flexibility and control becom~s 
possible. Simple, front-panel 
controls let you record the time 
of day and select the time 
interval between samples. 
Special BCD printouts. Special 
formats or re-interpretation of 
BCD inputs can be provided 
at minimum cost. 
The price is right. Only $875"' 
for the 5150A mainframe. 
Plug-in options range from 
$125"' to 35~ At the price, no 
other printer matches its 

flexibility, quietness and 
reliability. Write, or call your 

nearby HP field engineer, for 
complete technical specifications 

or a demonstration. 
"Domestic USA prices only. 

HEWLETT · PACKARD 

Sales and service from 172 offices In 65 countries. 
1501 Page Mill Road, P1lo Alto. Cahlorn1a 94304 
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TEN YEARS EXPERIENCE 
IS STANDARD WITH EVERY 

ANALOG DEVICES IC CONVERTER. 
Right now, you can get deliv_ery on more 
than 20 different kinds of IC converters. 
In the quantities you need. Priced from 
less than $1 per bit. And you get all the 
technical and application support you 
expect from the company that's been 
designing and building AID and DI A 
converters for 10 years. 

Five years ago we developed our 
earliest monolithic quad switches and 
resistor networks. Basic IC converter 
building blocks. 

Ever since we've been the 
acknowledged leader in innovation, 
quality, pricing and shipments ofIC 
converters. 

We introduced our first monolithic 
converter two years ago, the 10-bit 
CMOS DAC, AD7520. Since then 
we've added the 8-bit monolithic 
DAC, AD559; the 12-bit laser 
trimmed DACs, the AD562 and 
AD563; the microprocessor com
patible 10-bit CMOS ND 
AD7570; and its DAC counter
part, the 10-bit CMOS AD7522. 

Each is available in a variety of per
formance and package options. One just 
right for your process instrument or data 
handling system. 

DIA CONVERTERS 
Linearity Model 

Resolution Error Number 

8 bits ±0.2% AD559 
8 bits (CMOS) ± 0.2% AD7530J 
8 bits (CMOS) ±0.2% AD7520J 
8 bits (CMOS) ±0.2% AD7522J 
9 bits (CMOS) ± 0.05% AD7530K 
9 bits (CMOS) ±0.05% AD7520K 
9 bits (CMOS) ±0.1% AD7522K 
10 bits (CMOS) ±0.05% AD7530L 
10 bits (CMOS) ±0.05% AD7520L 
10 bits (CMOS) ±0.05% AD7522L 
12 bits ±0.0125% AD563 
12 bits ±0.0125% AD562 
12 bits (CMOS) ±0.05% AD7521L 

AID CONVERTERS 
8 bits (CMOS) ±0.2% AD7570J 
10 bits (CMOS) ±0.05% AD7570L 

Call or write, today, for our IC 
converter data sheets with complete 
specifications, options , prices and 
application guides. 

Analog Devices, Inc., Norwood, 
Massachusetts 02062. 
East Coast: (617) 329-4700 
Midwest: (312) 894-3300 
West Coast: (213) 595-1783 
Texas (214) 231-5094 

.. ANALOG 
a... DEVICES 
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Ideas ior Design 

Circuit converts voltages to 4-20 mA 
for industrial current-control loops 

A simple, low-cost circuit can convert voltage 
signals from most .standard analog function 
modules into a 4-to-20-mA output with linearity 
of 0.1 %. 

Current loops over the 4-to-20-mA range have 
become a standard way to carry analog informa
tion in industrial environments. The 4-mA level 
corresponds to a zero signal and 20 mA is full 
scale. When the current loop is carried in a 
twisted-wire pair the common-mode character
istics of a differential receiver amplifier will re
ject electrostatic and electromagnetic interfer
ence. The 4-mA zero signal can be used to sense 
a broken line. And a current loop overcomes the 
attenuation effects of line and connection resist
ances.1 

The circuit's output impedance is greater than 
100 kn for output signals to + 10 V. Thus ex-· 
ternal shunt resistors can easily be used to alter 
the output's zero and full-span current values. 

The circuit consists of two voltage-controlled 
current sources, Q2 ·and Q3, and a fixed current 

R4 
IOk 

114W 

RS 
100 
1°/o 

1°/o 

I% RZ 
11.0 

------
Q2 

2N2905 

15V 

R7 
39k 
114W 

R8 
8.2k 
114W 

INPUT 

ISOLATION AMPLIFIER, rms-TO-dc CONVERTER, 
LOG AMP, ETC. 
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ANALOG FUNCTION 
MODULE 

A voltage-to-current converter provides 4-to-20-mA 
output to drive an analog-information current loop 

source, Q,. The circuit of Q" supplies feedback 
signals to the analog module, A1, and Q,i , supplies 
the output. Normal voltage, outputs from the 
module are coupled to Q2 and Q3 via Qi. 

The bases of Q2 and Q3 are tied together, and 
because both transistors are driven with the same 
signals, the collector currents through Q2. and Q3 
are equal. Thus the feedback signal from Q2 is 
about the same as the output signal from Q3 • 

Transistor Q, is the fixed-current source that 
provides the 4-mA offset. The offset value can be 
adjusted by R, and the circuit gain by R2.· The 
offset and gain values are within 1 'lo with the 
fixed resistor values shown. 

Reference 

1. Graeme, J., "Improve Analog Data Transmission," 
Electronic Design, Jan. 4, 1975, pp. 94-101. 

Bucky Crowley, Senior Engineer, Intronics, 57 
Chapel St., Newton, MA 02158. 

RIO 
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l/4W 
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_rsv 
~~~h+ 
C2 
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35V I 
-15V 

C IRCLE No. 311 

CRI 
IN5229 
4.4V 

CR2 
IN4148 

with 0.1 % linearity. The circuit's output imped· 
· ance is greater than 100 kn. 
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If you need 
panel instruments 
with custom dials, 
cases, accura'* 

tracking, resistance, 
response time, or 

practically any 
combination of 
unusual specs ... 

20 30 

~ 
<:•"1"''.> 

o SEISMOMETER 1 

SMOKE INDICATOR 

\ \ ~ I ! I ~ I I 

, ' 2 10 / ,, 
0 ,. 

FEET PER MINUTE 

Buy 
TripleHs 

designed-for-you 
Panel 

Instruments I 
10 

I 1 1 11 11 1111111 ' 

Although we stock some 1369 differ
ent styles, sizes and types of standard 
panel instruments, a very large pro
portion of our customers buy custom 
instruments. 

Because they need: 

custom dials 
reading in such units as pH, roent
gens, mm Hg, rpm, %, inches. 

custom cases 
square, round, rectangular, edge
wise (horizontal and vertical), wide, 
narrow, shallow. 

custom accuracy 
to within 1/ 2 % with mirror scales 
and knife-edge pointers. 

custom tracking 
to match the specific needs of exist
ing or new instrument designs. 
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custom resistance 
for low circuit loading with toler
ances as low as ± 1 %. 

custom damping 
to meet stringent electrical and 
vibration requirements. 

For instance, one of our customers had 
us design and manufacture a custom 
instrument to replace - in every de
tail of physical and electrical specifi
cations - one which he was using on 
a delicate piece of medical instru
mentation . Rejects from his previous 
source had risen to over 20% . He re
jected only 3 of the first hundred we 
shipped-with almost negligible 
rejections from the many hundreds 
we've shipped since. 

What custom panel instrument speci
fications do you need to make your 
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product more reliable, more accurate, 
more rugged and - in the long run 
- less expensive? For quick, depend
able delivery of small quantities of 
Triplett's "designed-for-you" panel 
instruments, contact your Triplett 
Soles/Service/Modification Center. 
For prototypes or production quanti
ties, contact your Triplett representa
tive. He'll put you in touch with our 
Instrument Designers/Engineers who'll 

· help you analyze the problem and 
suggest the optimum cost/result 
solution . 

- TRIPLETT 
BLUFFTON, OHIO 415817 

Manufacturers of the World's 
most complete line of V-0-M's 
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Versatile analog multiplier/divider 
built with three standard ICs 

A voltage-controlled current source, a voltage 
comparator and an active low-pass filter can be 
combined to make a versatile analog multiplier
divider (Fig. 1). The circuit can perform multi
plication, division or squaring operations. 

Amplifier Ai and its circuitrY. form a current 
source. Its output current is 

. I = V1/ R1, 
where V1 1s one of the input variables. This cur
rent charges capacitor C1 and generates a ramp 
at the positive input of comparator A2. Capacitor 
cl is periodically discharged by an external pulse 
train that has a period T and a pulse width that 
is just sufficient to ensure a complete discharge 
through Qi. The second input variable, voltage V2, 

v, 

':' I Ok Zk 

RI 

I Ok 
RZ Zk Vz 

15 

':' 

CITO.OlµF 

1. To eliminate the need for a multiplier constant in 
the multiplier/divider, the clock's input period, T, 

is applied to the inverting input of A2. 
In Fig. 2, note that the ramp reaches voltage 

level V 2 after time interval 
t A = V2R1C1/V11 

and that the output from A2 has the following 
duty cycle: 

t A/ T = V2R,C,/ (V1T). 
This controlled duty-cycle signal modulates the 

third input variable, Va, via the chopping action 
of Q2. Amplifier Aa averages this signal to yield 
a final output: 

Vo= - R,C,V2Va/ (V,T). 
If the time constant R ,C, is made to equal T, then 

Vo= - V2Va/ V,. 
The component values in Fig. 1 make T = 

R,C1 = 10-• s. The low-pass filter made with am
plifier Aa has a double pole at 45 Hz. 

Keep V 2 constant, and the circuit operates as 
a divider. Fix V11 and the result is a multiplier. 
Connect V 2 and Va to a common input, and the 
result is a squaring operation: 

11 8 

Vo= - V22/ V1. 
All three input voltages must be positive. How

ever, if a FET or chopper transistor, such as a 
2N2945 or 2N2432, is substituted for Q2, Va can 
be negative or positive. Also A1 can be operated 
differentially so that 

I = (V1+ - V1- ) / R1. 
Low-drift components should be used for R ,, R2 

and C1 for stable operation in varying tempera
tures. The variable input voltages, V,, V2 and V3 , 

are limited to about + 10 V, and V2 must always 
be somewhat less than V1. 

Ronald R. Clar k, S enior Engineer, Martin 
Marietta Corp., Orlando, FL 32805. 
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is set equal to R1C1 • Then the output is V0 

-V2Vs/V1. 
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2. The voltage across C1 rises until it equals V~ , 
where it causes the output of the comparator to go 
HIGH. The rate of charge of C1 , which is pro
portional to input voltage v1' controls the duty 
cycle of the output of the comparator. 

Vo 
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Expand a system's memory capacity 
without mounting hardware and board space 

Have you run out of room to expand the memo
ry in your miorocomputer or other circuit? Fig. 1 
shows a packaging technique that neither needs 
mounting hardware nor uses any additional board 
space. The method can b~ applied to memory 
chips or other !Cs that have similar mechanical 
and electrical constraints. 

Merely solder a second identical chip in piggy
back fashion upon the original IC. In Fig. 1, only 
the chip-select terminals, CS, of a memory chip 
are left unconnected. When mounted on a PC 
board, connect all the OS terminals of the 
piggybacked chips together and wire them to the 
proper address-decoder control signal. Your 
memory capacity is now twice as large. 

Fig. 2 is a memory board that has been doubled 
in capacity, with the original interboard spacing 
retained. Of course, you must take care of the 
increased power dissipation and be sure that you 
have adequate drive caipability. Also, the tech-

1. Piggyback mounting of IC chips can be used to 
increase the capacity of microcomputer's memory 
without the need for mounting hardware. 

IFD Winner of September 1, 1975 

Eugene Zuch, Senior Engineer, Date! Systems, 
Inc., 1020 Turnpike St., Canton, MA 02021. His 
idea "Drift-Free Integration with a V I F Con
verter and Digital Counter" has been voted the 
Most Valuable of Issue Award. 

Vote for the Best Idea in this issue by circling 
the number for your selection on the Informa
tion Retrieval Card at the back of this issue. 

nique uses some kluge w1rmg, which must be 
carefully done to avo~d shorts and noise prob
lems. 

But for a low-cost fix to a design, this solution 
is hard to beat. 

E. R. Fisher, Electronics Engineering Dept., 
Lawrence Livermore Laboratory, University of 
California, P.O. Box 808, Livermore, CA 94550. 

CIRCLE No. 313 

2. The chip-select terminals of the piggyback unit 
are kluge-wired together (top) and connected to the 
proper address-decoder control signal. Without 
increase in board size, a board (bottom) has twice 
its original memory capacity. 

SEND US YOUR IDEAS FOR DESIGN. You may win a 
grand total of $1050 (cash)! Here's how. Submit your 
IFD describing a new or important circuit or design 
technique, the clever use of a new component or test 
equipment, packaging tips, cost-saving ideas to our 
Ideas for Design editor. Ideas can only be considered 
for publication if they are submitted exclusively to 
ELECTRONIC DESIGN . You will receive $20 for each 
published idea, $30 more if it is voted best of issue 
by our readers . The best ·of·issue winners become 
eligible for the Idea of the Year award of $1000 . 

ELECTRONIC DESIGN cannot assume responsibility for circuits shown nor represent freedom from patent infringement. 
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Getting this coffee mug free is almost too easy: 
Just let us quote on any of your modular de power supply 

requirements. 
That's it, honest. We'll send you a free UGLY MUG:™ And as a 

bonus, a quote on the ugliest de supplies on earth. 
The UGLIES™ will solve 90% of your computer peripheral and 

instrumentation problems. You get a choice of 16 voltages up to 
28 V and currents to 100 A; ±0.1% regulation, ripple-and-noise; 
remote sensing; spike suppression; foldback current limiting; 
and 120/240 V inputs. 

And all these goodies are standard. For as little as 53¢/watt 
(100 qty). 

If our standard supplies aren 't what you want, our customs are 
just what you need. With our building block design, we can 
readily change the physical form to fit your equipment. Give you 
4, 5 or more outputs, with increased currents and higher voltages 
if you need them. Provide power sequencing and failure detection. 
Or even build you a complete Un interruptible Power System. And 
none of it takes much longer-or costs much more-than our 
standard supplies. 

So get mugged today. It'll do wonders for you. 

GET 
BY 

IEt!~!t~.~~!~s :u; I 
Okay, send me my FREE UGLY MUG. And 

I a quote on the following de supplies: 
___ volts amps qty 

I 
volts amps qty 

___ volts amps qty 
D Here's an RFQ for a custom supply. Let 

I 
me know what you can do. 

D I've got a special problem. Call me. 

Name Tel _____ _ I Company M/ S _____ _ 

Address _________________ _ 

I City State Zip___ I 
Ll~~e'!:c~ ~!!~~!-~~Pa~~a~~~~~·ED1 



Why do more than half the 
peopl in the world who 

y sord s te relays choose 

Maybe it's because Crydom pioneered, 
perfected and patented electro-optical 
isolation and zero-voltage switching. Or 
because we use efficient back-to-back 
SCR's. Possibly it's because we offer 
more standard models. Could be our 
encapsulation process, our broad dis
tribution, our extensive applications ex
perience, or the fact that you can 
specify a Crydom relay in the U.S. and 
order the same part number anywhere 
in the world. 

"--- _!) 

Back-to-back SCR's are superior to triacs in many 
applications. 

Technically Speaking ... 
All Crydom Solid State Relays use in
verse parallel SCR's which are superior 
to triacs in many applications. Back-to
back SCR's have much higher critical 
dv/dt ratings and greatly improved per
formance with inductive loads ... 
minimal need for "snubbers" or soften
ing devices. 
Crydom was the first to use transfer
mold encapsulation, applied under 
pressure, to fully protect circuitry from 
humidity, shock & vibration . . Many 

Crydom? 

merely "pour fill"-a process that can 
leave troublesome voids or bubbles 
within the relay. 

Two more firsts. Crydom's patented 
photo-isolation & zero-voltage 
switching! The optical isolator, which 
never wears out, provides complete in
put isolation without transformers or 
reed relays. The zero-voltage switching 
feature minimizes current surges & RFI 
noise caused by arcing contacts. 

Every Crydom relay is 100% solid state. 
There are no moving parts to mal
function or wear out. This means in
finite life, silent operation & no 
maintenance. Also, Crydom's SSA's 
are digital logic IC compatible. UL & 
CSA approved too. 

Cutaway photo shows complete encapsulation of 
components. 

A Single Minded Company ... 
Crydom produces only one product. 
Our total resources , including the 
manufacture of many internal com-

INTERNATIONAL RECTIFIER 

ponents, are dedicated toward refining 
and improving this product. This is why 
we've become the pace setters in the 
SSR technology. And why the name 
Crydom means ultimate quality in the 
field of solid state relays. 

World-wide Distribution . .. 
Crydom has a network of distributors 
throughout the world , with manufac
turing facilities in Holland & Japan. 
Over 60 distributors service the U.S. 
alone. Each is fully stocked to provide 
immediate delivery on Crydom stan
dard models. 

Crydom has over 50 standard models from 1 to 200 
amperes. 

ore Model T an Anyon . 
Crydom has over 50 standard catalog 
models (including a complete line of 
400 Hz relays) with current ratings from 
1 to 200 amperes. We also react fast to 
the toughest OEM custom designs. 

So contact Crydom today. Or send for 
our SSR catalog and list of authorized 
distributors. 

I I~~R I ~,F!Xl?~~ 
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International T"e,chn,ology 

Phosphor displays 
called mass-producible 

De electroluminescent display 
panels that are said to be well
suited to mass production and cost
competitive with competing tech
nologies are being produced by 
G.E .C.'s Hirst Research Centre in 
London. 

The displays are based on a zinc
sulfide phosphor, but, unlike earlier 
ac displays, the phosphor particles 
have a low bulk concentration of 
copper and are not separaited from 
each other by an insu lating matrix. 
In the basic display the phosphor 
particles are sandwiched between a 
transparent conducting fi lm on a 
glass substrate and a back elec
trode. Panels up to 18 X 12 inches 
have been constructed . 

When a de potential is first ap
plied, no light is observed, as the 
devices must go t hrough a "form
ing" stage in which a barrier is 
created at the interface between 

the front electrode and the phos
phor. The barrier continues to form 
until the initial operating voltage, 
from 80 to 100 V, is reached. Light 
is then produced. 

It is possible, if the doping of 
the zinc-sulfide phosphor is alter
ed, to produce a range of colors, 
but manganese-doped phosphors 
have been found to be the most ef
ficient to date. A golden-yellow 
light is produced, centered at 580 
nm and with sufficient bandwidth 
to allow red and green light to be 
obtained by filtering. The emission 
comes principally from the first 
layer of phosphorus, resulting in 
a viewing angle approaching 180°. 
A brightness of over 100 ft L can 
be achieved, and displays with an 
initial luminance of 50 ft L were 
found rto last over 5000 hours be
fore the luminance decreased to 25 
ft L. 

Microprocessor made for washing machines 
A microprocessor developed by 

ITT Semiconductor in Footscray. 
England, is aimed at manufactur
ers of washing machines and other 
domestic appliances. Such manu
facture rs have tradi tionalty used 
electromechanical techniques and 
han:> so far been reluctant to com
mit themselves to electronics. 

These reservations should be 
overcome with the introduction of 
the Model F150 mark-programmed 
microprocessor, says Malcom Penn, 
marketing manager for MOS and 
custom ICs. 

The device, says Penn, was de
signed for a leading British wash-

ELECTRONIC DESIG!'> I. Janua ry 5. 1976 

ing-machine manufacturer to re
place the electromechanical timer/ 
controller. The chip produces the 
signals to cycle through any of nine 
standard washing programs ap
proved by the International Stand
ards Organization. 

Safety features prevent wash 
action and heating from occurring 
if insufficienrt water is present, 
and there is also a door interlock 
and a "child-proof" program lock
out to prevent interference with 
the program. 

The microprocessor can be adapt
ed for use with sewing machines, 
dishwashers and other appliances. 

Storage oscilloscope 
uses digital memory 

A dual-channel storage oscillo
scope introduced by Gould-Advance 
Ltd. in Britain uses semiconductor 
memories to eliminate a special 
storage tube. The instrument, des
ignated OS4000, serves as a 10-MHz 
scope or as a digital store handling 
input signals up to 200 kHz. 

Eight 1-k RAMs replace the stor
age tube, and Don Beckman, mar
keting manager of Gould-Advance's 
Instrument Div., lists several ad
vantages of this technique: Besides 
eliminating the storage tube, and 
consequently the expense of this 
component, rthe new approach pro
vides pre-triggered viewing of 
waveforms and comparison of stor
ed and real-time signals. 

TV system adjusts 
to any light condition 

A new development for AEG
Telefunken's Hamburg Laborator
ies is an automatic TV system that 
can be used in almost any ambient 
light-from bright daylight to a 
moonless night. 

A high-speed objective lens is 
used to produce an image that is 
fed, via a fiber-optic disc, to an 
image intensifier tube. The image 
intensifier is connected to one of 
AEG-Telefunken's Ebsicon TV 
pickup tubes, which provides fur
ther amplification of the light 
pulses. The electrons produced in 
this tube are directed onto a silicon 
disc, 16 mm in diameter, which 
contains about one million diodes. 
An electron beam scans the disc to 
generate a normal TV signal. 

The PB35 camera incorporates a 
sensitive feedback system that ad
justs both the lens aperture and 
the image intensification factor ac
cording to the amplitude of the TV 
signal produced. 
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MAGNETIC SHIELDS-ANY SIZE OR SHAPE 
From Ad-Vance Magnetics, Inc., The Problem Solving Magnetic Shielding Specialists 

Smail Transformer Shields 
Storage Tube Shield 

Pictured are typical examples of magnetic 
shielding problems solved by Ad-Vance Mag
netics. Tell us your problem. Be assured our 
Engineering Department will design the opti
mum magnetic shield to your exact require
ment. 

Radar Display 
Tube Shield CRT Shield Small Transformer 

Shield CRT Deflection 
Yoke & Neck 
Shield ("L" 
locking) -

Hydroformed CRT Shield 
Specialized CRT Shield 

Movable Multi-Layer Controlled Magnetic En
vironment Chamber 

Video Recorder Head 
Assembly Shield 

Special 5-Layer PM 
Shield 

Presidential Model Tape 
Data Protector 

Loaded Single 
Reel Tape 
Data Protector 
Drops 4 Feet 
to Concrete 
Surface 
Without Tape 
Damage 

tfypical DC Magnetic Properties For AD-MU Shielding Alloys 

MATERIAL INITIAL PERMEABILITY MAXIMUM 

Hydroformed Storage 
Tube Shield 

• Our 2 factories only manufacture magnetic 
shields. Complete In-house facilities. 

SATURATION COERCIVE 
PERMEABILITY at 100-200 PERMEABILITY INDUCTION FORCE 

at 40 gauss gauss gauss oersteds 

High Permeability AD-MU-80 35,000 45,000 350,000 8,200 0.015 
AD-MU-78 20,000 30,000 300,000 7,500 0.015 

Med. Permeability AD-MU-48 11,000 27,000 100,000 15,200 0.03 
Low Permeability AD-MU-00 300 500 3.000 22,000 1.0 

Let our Problem-Solving Engineering Department help solve your shielding problem. 
Our 3rd Decade of Magnetic Shielding Leadership 

AD-VANCE MAGNETICS, INC., 226 SEVENTH STREET I ROCHESTER, IND. 46975 I (219) 223·3158 I TWX 810·290·0294 
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Nevv ·Products 

Comp.act oscillator 
weighs just 13 lb 

50-MHz freq counter 
weighs just 3-1/2 lb 
Nucleonics and T elecommunications 
Pty . L td., The B oulevarde & Wood-

• field Bo'Uleva,rde, Caring bah, New 

Tau-Tron, 11 Esquire Rd., North 
Billerica, MA 01862. (617 ) 667-
3874. $1440; 4-6 wks. 

MG426A is a compact oscillator 
aimed at adjustment of audio, 
video and carrier transmission 
lines. It is useful for gain and loss 
measurements, impedance measure
ments, crosstalk and distortion 
measurements. The unit covers 10 
Hz to 20 MHz in seven bands. Fre-
queney stability is ±0.5% with 
output level adjustable from -50 
to + 15 dBm. Other features : 
Single-band, three-dial selection, 
flat output and variable output 
impedance (75, 150, 600 n). 

Memory tester 
fits on bench 

CIRCLE NO. 302 

Alma Div. of Develco, 530 L ogue 
Ave., Mountain View, CA 94043 . 
(415 ) 968-3903. $24,900; 60 days. 

Diagnostic and high-volume par
ametric/ functional test capabilities 
are combined in the 760, a new 
modular memory test system. Limit 
boards and adaptors are used to 
completely test MOS, TTL and 
ECL RAMs. Test capability is ex
tended to shift registers via op
tional microprogram boards and 
to ROMs with an optional "self
learning" subsystem. Performance 
advantages include the ability to 
generate a wide var iety of patterns 
without dummy cycles. A 48-bit 
wide by 64-address deep micro
programmer produces barber pole, 
checkerboard and walking columns 
as well as many other complex 
patterns. 

CIRCLE NO. 303 
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South Wales, Australia, 2229. 
This pocket-sized automatic fre

quency counter weighs only 3-1/ 2 
lb with its power cord. The NET
C500 is constructed with extruded 
aluminum .framework and has a 
range from de to 53 MHz, with 
automatic ranging and 7-digit reso
lution. The frequency range is 
covered by two channels. The 
manual mode also provides direct 
measurement of the average fre
quency of an input signal. The gate 
time is 1 s, which increases resolu
tion to eight digits. Standard 
minimum long-term accuracy of 
t he time base frequency is ± 1 part 
in 10 million. 

CIRCLE NO. 304 

Indirect synthesizers 
fill frequency slots 

I I 
Logimetrics, Inc., 121-03 Dupont 
St., Plainview, NY 11803. (516 ) 
681-4700. Start at $2800; stock-60 
days. 

The 4000 and 5000 series are de
signed for systems and use indirect 
synthesis rather than direct or 
hybrid methods. Size is 5-1/ 4 x 
19 x 19 in. and is said to take 
1/ 3 less rack space than conven
tional models. Resolutions of up to 
1 Hz are avai lable. Frequency 
selection is with fro·nt-panel 
thumbwheels or external BCD ac
cess. Harmonics are 30-dB down, 
and the rf output is leveled at + 13 
dBm, ± 1 dB, with SWR at 1.5: 1. 
4000-Series models come in fre
quency ranges of 40 to 65 MHz ; 
65 to 100 MHz; 100 to 160 MHz. 
The 500 Series offers these plus 95 
to 115 MHz and 125 to 160 MHz. 

CIRCLE NO. 305 

Unit automatically 
tests radio sets 
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Rohde & Schwarz, 14 Gloria Lane, 
Fairfield, NJ 07006. ( 201 J 575-
0750. $42,800. 

Model SMPU uses an internal 
microcomputer to automatically 
measure radio-set parameters. The 
unit measures and digitally dis
plays bandwidth, sensitivity, 
squelch response and s/ n ratio. 
The push of a button initiates an 
entire measurement. Or, since the 
SMPU is programmable in ASCII, 
a · card reader can take control. 
Simultaneous man u a 1 and pro
grammed operation is also pos
sible. All settings are entered by 
pushbuttons . By use of the IEC 
data bus, the SMPU can be con
nected to a minicomputer or desk
top calculator for fully automatic 
production testing and data log
ging. 

CIRCLE NO. 306 

Skinny DPM measures 
ac V, ac I and watts 
Nationwide Electronic Syst ems, 
1536 Brandy Pkwy., Streamwood, 
IL 60103. (312) 289-8820. $580 to 
$585; stock-3 wks. 

The company's Slimline series 
has added another new member
the Power-Lyzer. This unit meas
ures ac volts, amps and true watts. 
Accuracy is 0.5 % and wattage 
readout automatically compensates 
for power factor. The Power-Lyzer 
is only 5/ 8-in. thick, has a 0.55-in. 
LED display and provides full
parallel BCD outputs (TTL/ DTL 
compatible ) . 

CIRCLE NO. 307 

125 



All wrapped up in a neat little 
package, our Model 510L is 
an ultra-wideband RF power 
amplifier whose wide range of 
frequency coverage and power 
output provide the user with the 
ultimate in flexibility and 
versatility in a laboratory 
instrument. Easily mated with 
any signal generator, this 
completely solid state unit 
amplifies AM , FM, SSS, TV, 
pulse and other complex 
modulations with a minimum of 
distortion. 
Constant forward power is 
continuously available regardless 
of the output load impedance 
match making the 510L ideal 
for driving highly reactive loads. 
Unconditional stability and 
instantaneous fail-safe provisions 
in the unit provide absolute 
protection from damage due to 
transients and overloads. 
This outstanding unit covers the 
frequency range of 1.7 to 500 MHz 
with a linear power output of 
more than 9.5 watts and there is 
no tuning. 
For further information or a 
demonstration, contact ENI, 
3000 Winton Road South, 
Rochester, New York 14623. 
Call 716-473-6900 or 
TELEX 97-8283 EN I ROC 

l 

ENI GOLD BOOK 

The world's leader 

•<l'IC-*R --
in solid state power amplifiers 
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Three counters 
head to the field 

John Fluk e, P.O. Box 43210, 
Mountlake T errace, WA 98043. 
(800 ) 426-0361. $860, $1055 and 
$1155, respectively; 30 days. 

Three portable frequency coun
ters measure 520, 1000 and 1250 
MHz. They are, respectively, the 
Models 1920A, 1920A-13 and 1920A-
14. The units feature a recharge
able, optional built-in battery pack, 
9-digit LED display, burst or cw 
measurements, and sensitivity to 
15 mV with age standard. Another 
option coherently multiplies audio 
tone signals by 1000 to provide a 
resolution of 0.001 Hz in one sec
ond. A "free running" rapid-ac
cess gate feature eliminates meas
urement delays. 

CIRCLE NO. 308 

Panel meter measures 
ratios to 5 digits 

California Instruments, 5150 Con
voy St., San Diego, CA 92111. 
(714) 279-8620. $695; 30 days. 

Cimron DRM 51 5-digit digital
panel ratiometer (de/ de) measures 
from 0.00000: 1 to 0.99999: 1 with 
a signal input of from 0 to + 11 V 
and a reference input of from + 1 
to + 11 V. The unit provides auto
matic zero correction plus a fully 
guarded, three-wire differential in
put with an NMR of 60 dB at 10 
Hz (and multiples of 10 Hz ) . The 
unit's CMR, with 1-kfl imbalance, 
is greater than 140 dB at de and 
120 dB at 60 Hz and above. The 
90-day accuracy (at 20 to 30 C) is 
±0.0055 % of reading + (0.02% 

reference voltage). 
CIRCLE NO. 309 

Unit analyzes 
digital data streams 
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BP Instruments, 10601 S. Sara
toga/ Sunnyvale Rd., Cupert i no, 
CA 95014. ( 408) 446-4322. $2375; 
60 days. 

Model 20D LOGISCOPE logic 
analyzer can capture up to eight 
different data channels. As a com
panion instrument to virtually any 
scope, the unit allows the precise 
setting of triggers, thresholds, 
latches and sweep modes for the 
recording of digital data streams. 
LOGISCOPE provides a pretrig
ger record mode, up to 256 sample 
bits before trigger, as well as a 
delay mode, up to 9990 samples af
ter trigger. Operating from an in
ternal or external clock up to 20 
MHz, LOGISCOPE accepts bit 
streams through threshold detec
tors whose outputs are stored in 
an 8 x 256-bit memory. Thresh
olds are adj us table through the 
range of ± 10 V. 

CIRCLE NO. 31 0 

DMM measures rms, 
counts to 6000 
Data T echnology, 2700 S. Fairview 
St., Santa Ana, CA 92704. (714 ) 
546-7160. $395; stock. 

Model 31 DMM incorporates a 
true-rms ac detector for non
sinusoidal ac voltage and current 
measurements. The unit also meas
ures de volts, de current and re
sistance to 6000 counts, three times 
the range of the conventional 3-
1/ 2-digi t (2000 count), instru
ment. As a true-rms unit, Model 
31 measures ac volts from 100 µ V 
to 1000 V with a maximum crest 
factor of up to 5. As a de volt
meter, the unit handles 100 ,µ V 
to 1000 V with a basic accuracy of 
± 0.04 % of reading + 1 count. Five 
full-scale ranges are offered. Re
sistance ranges from 600 mfl to 60 
Mfl in six ranges and current 
from 100 nA to 5 A, de or true 
rms. Model 31 works from bat
teries or line power. 

CIRCLE NO. 320 
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Some open talk 
about open frame 

QSERIES 
power supplies 

We're so open about our Q Series Open Frame 
Power Supplies because we want you to know 
everything about them. Like our one year 
warranty. And stock delivery. About our thermal 
design, the best around, making our heat sensi
tive parts run cooler and operate longer. And 
we're the only maker of Open Frame Power 
Supplies where all components operate well 
within mfrs. specs. 

That's why Deltron "Open Frames" save you 
money three ways: When you buy them. By 
avoiding costly downtime. And by lasting longer. 

Forward and reverse 
voltage protection. 

Barrier block interface. 
Infinite resolution adjustments. 

Full interchangeability. 
115/230 vac, 47-440 hz. 

Socketed power semiconductors. 
I ridited aluminum chassis. 

Computer grade electrolytics. 
Special circuits to protect IC. 

Choose from these models: 
Size A SileB SizeC 

Model No. MedtlNo. Model No. 

Hlts-a•ps volts-amps Yolts-1mps 

a s- 3.o a s- 60 D s- 9.o 
Q 6 - l .O Q 6 - 6.0 Q 6 - 90 

D12- 1.7 D1 2- 3.4 D12 - S.7 
DIS- l.S DIS- 3.0 D 1s- 4.8 
D18- 1.3 D 18- 2.6 a 1s - 4.0 
D20- 1.3 020- 2.6 D20 - 4.0 
D24- 1.2 D24- 2.4 D24 - 3.3 
D28- 1.0 D28- 2.0 D28- 3.1 

Dimensions: Dimensions: Dimensions: 
Oh4xl~ 5~x0h 2'h 7 x4V.x2~ 

Price: Price: Price : 
1-$32.00 1-IS4.00 1-167.00 

100 - $26.00 100 - $44.00 100- $54.00 

2S0-124.00 2S0-141.00 250-$5 1.00 

Size 0 
Modtl No. 

Hlls-HlpS 

D s-120 
Q 6-120 
D 12- 1.0 

DIS - 6.3 
Dl8- S2 
D20- S.2 
D24- 4 8 
D28 - 4.2 

Dimensions: 

9x4fl x2% 

Price: 

1- 187.00 
100 - $70.00 

250- 166.00 

S1ze f 
Model No. 

Hits-amps 

D s-18.0 
Q 6-18.0 
D1 2- I0.8 
DIS- 9.S 
D 18 - 78 
D20- 7.8 
D24- 7.2 
D28- 6.0 

01mens1ons· 
14l1 Hh2% 

Price: 
1-111 3.00 

100 -$ 91.00 

250 - 1 8S.OO 

For some more open talk about Deltron Q 
Series and a copy of our Comparative Engi
neering Reports, write or call collect to 
Deltron, Inc., Wissahickon Avenue, North 
Wales, Pa. 19454, Telephone: 215-699-9261, 
TWX 510-661-8061. 
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Flatbed recorders offer 
ink or electric writing 

Yokogawa Electric Works, Ltd., 
2-9 Nakacho Musashino-ski, Tokyo 
180, Japan. Yokogawa Corp. of 
America, 5 W estchester Plaza, 
Elmsford, NY 10523. (914 ) 592-
6767. 

Types 3051 and 3052 flatbed re
corders are ac-servo-system single 
and dual-pen recorders with an ac
curacy of ±0.3 % and maximum 
sensitivity of 5 

1
µ, V / cm. Electric 

writing (using electrosensitive pa
per) is available in addition to the 
ink writing system (using self
folding strip chart or roll chart) . 
Input ranges and functions can be 
changed by selection from seven 
plug-in units: de voltage units 
(single, 13, 17 and 19-range) , ac 
voltage unit and offset unit. Chart 
drive speeds are selectable. 

CIRCLE NO. 321 

FET multimeter 
measures capacitance 
Hickok Electrical Instrument Co., 
10514 Dupont Ave., Cleveland, OH 
44108. ( 216 ) 541-8060. $175; stock. 

Model 370 FET multimeter is a 
solid-state bench instrument with 
full volts, current and ohms meas
urement capability plus six ranges 
of capacitance from . 500 pF to 
10,000 µ,F. Input impedapce on ac 
and de voltage measurements is 10 
Mn on all ranges. Pushbutton 
selection of ranges and functions 
in the Model 370 speeds measure
ments and avoids switching 
through unwanted steps. True auto
polarity with indication eliminates 
lead reversing or switching on de 
voltage measurements and requires 
no zero-centered scale. All func
tions and ranges are protected 
against overload. Frequency re
sponse is 20 Hz to 50 kHz. 

CIRCLE NO. 322 

Ultraviolet recorder 
conditions inputs 
SE Labs (EM!) Ltd., North F elt
ham Trading Estate, Feltham, Mid
dlesex, England, 

Built-in signal conditioning is 
the salient feature of a new 12-
channel ultraviolet recorder, the 
SE 6150. Thus the user can record 
and display voltage parameters dir
ectly on any of six channels. A 
special amplifier circuit adjusts 
the input voltage--between 500 
mV and 500 V-to suit the sensi
tivity of the galvanometers. Other 
features include full-scale deflec
tion of up to 2 kHz, a direct scaling 
of volts / cm, and power consump
tion of 100 VA. 

CIRCLE NO. 323 

10-MHz counter 
fits into hand 

Logic Technology Inc., 1950 Colony 
St., Mount;ain View, CA 94043. 
(415) 967-1007. $189; 30 days. 

Pocket Counter II is a hand
held, battery-operated frequency 
counter. The unit provides a seven
segment LED digit readout plus 
overrange indication and has a 
measurement range o.f 1 Hz to 10 
MHz. Sensitivity is 250 mV rms, 0 
to 40 C, and aocuracy is 0.01 % ± 1 
count. Input impedance is 100 kn 
shunted by less than 51 pF, with a 
maximum input of 200 V rms at 
10 kHz, derated to 10 V rms at 10 
MHz. Pocket Counter II is powered 
by four size AA rechargeable NiCd 
batteries (which are supplied ) and 
will operate for more than 8 h 
at 30 % duty cycle when fully 
charged. Size is 7'.825 in. high by 
4.050 in. wide by 1.7 in. deep and 
weight is 22 ounces. 

CIRCLE NO. 324 
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INTEGRATED CIRCUITS tions reqmrmg accurate external 
frequencies . With a fanout of five 
TTL gates, the clock circuit's 
typical rise or fa ll time is 10 ns . 
Operation is guaranteed to a maxi
mum oscillator output frequency 
of 10 MHz. At this frequency, the 
device requires only 50 mW of 
power. At 1 MHz, typical supply 
current drops to 3 mA, and power 
drain falls to 15 mW. Supply volt
ages can range from 2 to 6 V . 

CMOS clock chip 
has 10-ns edge speed 
Intersil Inc., 10900 N. Tantau 
A ve., Cupertino, CA 95014 . ( 408 ) 
257-5450. $2.40 ( 100-999) . 

The ICM7209 CMOS clock gen
erator can be used with micro
processors such as Intersil's IM-
6100 CMOS µ P or in other applica- CIRCLE NO. 325 
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Anywhere high efficiency 
power conversion is needed ... 

look to Arnold Magnetics! 

Look at the performance: AC (115-230 VAC, 47-
500 Hz) and DC (12, 28, 48, 115, and 150 VDC) 
inputs . . . 1 to 6 isolated and regulated DC out

puts from 4.2 to 300 voe ... line and load regula-
tion to 0.1 % .. . efficiencies to 85% . .. 3.9 watts 

delivered per cubic inch . . . short cir-
cuit and transient protected. 

Look at the design: Over 
1200 inpuVoutput configura

tions are available using off-the-shelf 
sub-modules. You specify to your needs 

using our exclusive " Design-As-You-Order" specification 
form that eliminates engineering cost, lost design time 

and long delivery schedules. 

Look at the package: Compact, lightweight . . . your 
complete Power Conversion System is provided in a tested 

and encapsulated miniaturized, conduction cooled package. 

Looking for high efficiency power conversion? 
Look to Arnold Magnetics . .. today! 

ARNOLD I MAGNETICS 

ARNOLD MAGNETICS 
CORPORATION 
11520 W. Jefferson Blvd. 
Culver City, CA 90230 

(213) 870-7014 

INFORMATION RETRIEVAL NUMBER 67 

Power driver 
outputs 80 V 

A 

Dionics, 65 Rushmore St ., W est
bury, NY 11 590 . (516) 997-7474. 
$1.20 ( 10,000); stock. 

The DI-445, a high-voltage, high
current driver device, provides con
venient interfacing between low
power log i c and higher-power 
system elements such as relays , 
lamps or actuators. Either positive~ 

true or negative-true inputs may be 
used. The new circuit comes in an 
8-pin DIP. It has minimum volt
age ratings of 80 V and handles 
up to 125-mA continuous, 200-mA 
peak. Supply current is less than 
10 mA . . 

CIRCLE NO. 326 

See the Microprocessor Design 
section for microprocessors and 
related products. 

Quad digit drivers 
simplify LED watches 
QU(J)lco, 1 First St ., L os Altos, CA 
94022. ( 415) 964-7666. 50¢ to 70¢ 
(5000) . 

A quad digit-driver chip, the 
Ql 776, can be used for LED dis
plays on electronic watches. The 
40 x 41-mil chip features back
side isolation ( Suffix I version) , 
and it interfaces directly with 
CMOS watch circuits. Three com
mon-emitter bonding pads are pro
vided on each die. 

CIRCLE NO. 327 
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LET ELECTRONIC DESIOll PAV 
FOR YOUR VACATION 

ENTER OUR JAN. 5, 1976 

WIN THE POPULAR CARIBBEAN WINDJAMMER 
CRUISE FOR TWO. Once again, by reader demand, a week's Windjammer Cruise for 
two in the fabulous blue Caribbean is waiting for the lucky winner of Electronic Design's annual 
TOP TEN CONTEST. Think of it ... a complete vacation absolutely FREE! Spend easy carefree 
days sailing among the Bahama Out Islands, the U.S. and British Virgin Islands, or the exotic 
Windwards and Leewards. Shop in the free ports, sun, swim, snorkel, help sail the ship or just 
relax by the rail. It's truly the cruise of a lifetime. 

PLUS A COOL $1,000 CASH AND PRE-PAID AIR 
TRANSPORTATION FOR TWO In addition to the cruise, the first prize 
winner gets $1,000 cash, plus air transportation for two to and from the cruise ship's point of 
departure. 

PLUS FREE AD RERUNS FOR YOUR COMPANY If your company has an ad in Electronic 
Design's Jan. 5, 1976 issue, and you are one of the top three reader or advertiser winners, you earn a free ad rerun* that 
can be worth up to several thousand dollars for your firm. 

READER PRIZES 

1st Prize: Caribbean Windjammer Cruise for 
two, $1,000 cash, air transportation for two, 
free ad rerun* . 

2nd Prize: Portable color TV set, free ad 
rerun*. 

3rd, 4th, & 5th Prizes: Digital wristwatch , free 
ad rerun* (3rd prize only). 

6th through 100th Prizes: Technical books. 

100 PRIZES IN ALL 
SEPARATE CONTEST 

FOR ADVERTISERS AND 
THEIR AGENCIES 

Advertisers, marketing men, and advertising 
agencies can enter too. Duplicate awards are 
given to the top three winners (cruise, cash, 
air transportation , free ad rerun•, color TV 
and digital watch) . Remind your advertising 
people it 's the issue of the year to build busi
ness for your company and win valuable prizes 
at the same time. 

HERE'S ALL YOU HAVE TO 
DO TO ENTER 

Examine the January 5, 1976 Issue of 
Electronic Design with extra care. Read the 
Rules. Then: 

(1) Select the ten ads you think will be best 
seen and read. 

(2) List the ten ads by company name and In· 
quiry number on the contest entry card . 

(3) Fill in your name and address and mail be
fore midnight Feb. 15, 1976. 

•The top ten ads will also receive free reruns . Only one free rerun per company. The first three prize winners in the reader contest and the first three prize 
winners in the advertiser contest awarded reruns only·if their companies have an ad in the Jan . 5, 1976 issue. 

RULES AND ENTRY BLANKS ON PAGE 192 OF THIS ISSUE 



Carefree 
RECHARGEABLES 
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INTEGRATED CIRCUITS 

4-k dynamic RAM 
chooses 22-pin DIP 

lntersil Inc., 10900 N. Tantau 
Ave., Cupertino, CA 95014. ( 408) 
257-5450. $24.25 to $29.25 (100-
999). 

A 4096 x 1-bit dynamic NMOS 
RAM is a direct, pin-for-pin re
placement for the TI 4060, the 
Intel 2107 A and the Intel 2107B, 
all of which come in 22-pin DIPs. 
The new RAM is available in three 
speed options. The IM7507 pro
vides 300-ns maximum access time; 
the IM7507-1, 250 ns; and the 
7507-2, 200-ns maximum access. 
All inputs for the IM7507 except 
for chip enable are TTL-compatible 
and require no pu ll-up resistors. 

CIRCLE NO. 328 

CMOS chip speeds 
custom designs 

Microcircuits, 3000 
Lawrence Expwy., Santa Clara, 
CA 95051. (408 ) 735-9370. $8 to 
$14 (production qty.). 

A large-scale master-slice CMOS 
chip, called MasterMOS L, con
tains over 500 CMOS transistor 
pairs along with 44 buffers and 
interface pins ready to be inter
connected for each custom applica
tion. The · new chip reportedly 
doubles the circuitry that can be 
integrated into a single master
slice chip and increases I / 0 capa
bility by 50 %. 

CIRCLE NO. 329 

Sense amp enhances 
operating margin 
National Semic.onductor, 2900 
Semiconductor D r., . Santa Clara, 
CA 95051. (408) 732-5000 . $3 .00 to 
$3 .40 ( 100) . 

An improved version of the DS-
7520 core sense amplifier-denoted 
by a suffix A-decreases threshold 
range to ± 2 m V over the rated 
temperature range. Several models 
are offered with t he enhanced oper
ating margin. The basic circuit 
employs a common reference input, 
which allows adjustment of the in
put threshold level in both ampli
fiers. All models have identical 
preamp configurations, while indi
vidual logic connections are pro
vided to suit specific applications. 

CIRCLE NO. 330 

Bus transceiver 
specs 20-ns delay 
Advanced Micro Devices, 901 
T hompson P l ., Sunnyvale, CA 
94086. ( 408) 732-2400. $3.90 to 
$9 .10 ( 100); stock. 

A Schottky-TTL interface cir
cuit-the Am8T26-consists of 
four bus driver and receiver pairs 
all with three-state outputs. Each 
driver output and receiver input 
pair is connected to form the bus. 
Worst-case delays t hrough the 
driver and t hrough the receiver 
are specified at better than 20 ns. 
The unit is specified for operation 
over commercial (N8T26 ) and MIL 
( S8T26 ) temperature ranges. 

CIRCLE NO. 331 

Op amps have 
32-V output swings 
Silicon General, 7382 B olsa Ave., 
Westminster, CA 92683. (714) 892-
5531 . $2.60 to $27; stgck. 

A series of monolith ic op amps, 
operating with supply voltages 
from ± 5 to ± 40 V, provides an 
output swing as wide as ±32 V. 
Input bias current is typically 30 
nA over the rated temperature 
range, with typical differential in
put impedance of 10 Mfl. Other 
characteristics include common
mode voltage range of up to ± 25 
V and typical large-signal voltage 
gains of 500 kV / V. 

CIRCLE NO. 332 
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asking about 
LAMPS? 

CHCA 
MINIATU E 

CO ill~ 
ucorn m~~wrnrn g 

Our answers come in incandescent and neon 
... miniature to microminiature sizes ... all 
base configurations or wire terminal . . . 
standard products and specials . . . all colors 
... whatever you need with high quality at 
competitive prices. Backed by more than 
65 years experience in lamp and lighting 
technology. For off-the-shelf delivery on 
most items check your local distributor. For 
more information or expert design help with 
your applications, contact us at 4433 N. 
Ravenswood Avenue, Chicago, Illinois 60640. 
Phone (312) 784-1020. 

CHICAGO MINIATURE LAMP 
SUBSIDIARY OF riijl 

GENERAL INSTRUMENT CORPORATION L:::.i 
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AN HISTORIC PUBLISHING EVENT 
YOU'LL NEVER SEE ANOTHER ISSUE LIKE THIS ONE FOR 200 YEARS! 



ElactronlC DaSlgn 
A HAYDEN PUBLICATION 
50 ESSEX STREET, ROCHELLE PARK, NEW JERSEY 07662 

EIQcJ~nlc Design 4 

NO PUBLICATION HAS EVER 
ATTEMPTED THIS BEFORE IN 
OUR INDUSTRY! 
A UNIQUE PUBLISHING "FIRST'' 
On February 16, 1976, Electronic Design 's editors are presenting a special 
BICENTENNIAL ISSUE - a salute to the 200 years of technological progress 
that has led to the electronics industry as we know it today. This material will 
be in addition to all of the regularly-scheduled technical articles and features. 

Is history or nostalgia a worthwhile topic for a technical magazine? Our 20th 
Anniversary issue proved that it is. Electronics engineers are proud of their 
profession and proud o~ their industry. They're deeply involved. They care 
about its past, present and future. Our anniversary issue brought tremendous 
reader response. Readers dug into their own pockets to buy extra copies. 
Letters and phone calls to the editors broke all records. And almost 70,000 
inquiries from this single issue clearly showed that information about the past 
can produce business in the present. 

Now our editors are going to do it again - only more so - with the issue for 
this century ... for a lifetime. 

The February 16 BICENTENNIAL ISSUE traces the electronics industry from 
experiments in the Colonial period to today 's large-scale integrated circuits ; 
shows how it's been shaped and re-shaped , not only by technological 
breakthroughs, but by the socio-economic, political and even artistic climate of 
the times. It 's a technical review that engineers will read, reread and treasure as 
the industry continues its march upward to new heights; new achievements. 

ALMOST EVERY TYPE OF PRODUCT IS INVOLVED 
There isn 't a component or system manufacturer that hasn 't been affected by 
this technological revolution - from capacitor and resistor suppliers to 
communications and computer system companies. 

America, the melting pot of peoples, is also the melting pot of technology. 
And this is especially evident in electronics. America has become the focus for 
electronics engineers from all nations. Each has contributed to the growth and 
progress of our $40 billion industry. 

When Benjamin Franklin demonstrated the electrical nature of lightning a 
little more than two centuries ago, he not only advanced man 's knowledge, he 
created an industry as well. Lightning rods spread quickly throughout the U.S., 
to England , and the Continent. 

The story is the same today. Each major development is almost always 
dependent on work that had preceded it. The tube from Lee DeForest, from 
J. A. Fleming, from J. J. Thompson, from Thomas Edison. The transistor, in 
part, from Julius Lilienfeld. And so on. 

But the timing , the rate of development, is bound to the human condition : to 
population, to climate, to wars, to the industrial revolution, to automation, to 
education, to art, to people. 

AN ISSUE THAT WILL BE READ, REREAD, 
KEPT AND TREASURED 
Electronic Design 's BICENTENNIAL ISSUE is possibly the most valuable issue 
for readers and advertisers that we've ever published . 

It presents a perspective, a design overview of an industry that is probably 
poised for its greatest growth period of all time. 

The way this growth will take place, and the speed with which it evolves is 
bound to the imaginations of all of us, scientist and citizen alike. As the U.S. 
approaches its BICENTENNIAL year, we hope to draw lessons from the past 
that can and will help to shape a more positive electronic future for all nations. 



from logic levels 
to UL-listed 
power switching 

•As small as .250" d iameter, 
.675" over-al I leng th 

•Wiping or butt contacts ; 
momentary o r alternate 
act ion ; SPST, SPOT, DPDT 

• Bezel , bush ing, or sub
panel mount ing , vari ety of 
button colors and shapes 

There 's a w ide range of options in 
the Grayhill miniature push-
button switch l ine, but al l offer 
high reli abi l ity over a long life 
span . Off-the-shelf availab il ity of 
standard types is augmented by a 
superio r cu stom design capabil ity 
for unusual c ircu itry, envi ronmental, 
usage, or size requi rements. 
For detai ls, consul t EEM 
or write for free literature. 

561 Hillgrove Ave., La Grange, Ill inois 60525 
(312) 354- 1040 
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DISCRETE SEMICONDUCTORS 

Hyperabrupt diodes 
have 1.5% linearity 
Alpha I ndustries, 20 Sylvan Rd., 
Woburn, MA 01801. (617) 935-
5150. From $24.50 ( 1-9 ); 10 days. 

The DKV6550 Series of micro
wave hyperabrupt tuning diodes 
provides ± 1.5% linearity with a 
1.7 :1 tuning ratio from 0 to 10 V 
without a compensation network. 
General characteristics of the 
diodes include: minimum reverse 
voltage (I .. = 10 µA) of 22 V, 
maximum reverse leakage current 
(V n = 20 V) of 50 nA, maximum 
capacitance temperature coefficient 
(V n = 4 V) of 400 ppm/° C, mini
mum Q (-4 V, f = 50 MHz ) of 
500 and typical junction capaci
tances for the DKV6550A of 1.2 
pF at - 4 V and 0.4 pF at - 20-V 
bias and for the DKV6550B of 1.4 
pF and 0.5 pF, respectively. 

CIRCLE NO. 333 

Green numeric displays 
have 0.6-in. height 
Energy Electronic Products, 6060 
Manchester Ave., Los Angeles, CA 
90045. (213) 670-7880. $3.50 (100-
up). 

The EP 62 G seven-segment nu
meric display has a 0.6-in. charac
ter height. It emits green light on 
a 560-nanometer wavelength. Lumi
nous intensity per segment is 2000 
µicd at 20 mA and the voltage drop 
is only 2 V. 

CIRCLE NO. 334 

Npn transistors combine 
high V and high beta 
Semicoa, 333 McCormick Ave., 
Costa Mesa, CA 92626. ( 714 ) 979-
1900. $6 to $14 (10()-up) . 

A ·group of npn medium-power 
transistors, the 2N5660 through 
2N5667, has V cE-O ratings from 200 
to 300 V, with typical betas of 60 
at 1 A. The transistors are useful 
at frequencies up to 30 MHz, with 
switching times ·of 1.5 µs max. 
Maximum collector current is ei
ther 3 or 5 A, with units available 
in a T0-5 package for dissipation 
up to 15 W, or a T0-66 package 
good for up to 35 W. 

CIRCLE NO. 335 

Medium current SCRs 
offer wide choice 
RCA, Route 202, Somerville, NJ 
08876. (201 ) 722-3200. From $0 .82 
( 100-up); stock. 

Four series of medium-current 
SCRs in the company's Versawatt 
molded-plastic package include 27 
new types and three existing types 
that have upgraded current 
ratings. These devices have rms 
on-state current ratings of 8 A 
(8122 series), 10 A (82800 series), 
12 A (86000 series) and 16 A 
( 86100 series) . Each series of de
vices consists of eight types that 
have off-state voltage (VDROM ) 
ratings of 50, 100, 200, 300, 400, 
500, 600 and 700 V. The types in 
the 8122 series are characterized 
and numbered for direct replace
ment of corresponding types in the 
industry Cl22 and IR122 series. 
The previously announced 82800 
series has been expanded to in
clude 50, 300, 500, 600 and 700-V 
types, and the current rating has 
been upgraded from 8 to 10 A. 
The 86000 and 86100 series fea
ture 60-Hz surge-current ratings of 
125 and 135 A, respectively. 

CIRCLE NO. 336 

LEDs in 3 case styles 
come in yellow & green 

Litronix, 19000 Homestead Rd., 
Cuperti no, CA 95014. ( 408 ) 257-
7910. 1000-up prices: $0.49 ( axial); 
$0 .59 (all others); stock. 

Yellow and green LED lamps 
are all available in T-1, T-1-3 / 4 
and axial-lead packages. The T-
1-3/ 4 package is 0.34 in. high and 
has a diameter of 0.2 in . It is in
tended for panel mounting and is 
available with a plastic panel
mounting clip. The T-1 lamp pack
age measures 0.2 in. high and has 
a diameter of 0.125 in. T})e axial
lead lamp is designed for mount
ing on a PC board. Its width of 90 
mils permits it to be inserted in 
standard PC board spacing of 100 
mils. 

CIRCLE NO. 337 
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JOIN OUR BME· KAP,. 
SAVINGS PLAN 

SAVE 303 TO 503 
ON THE COST OF MONOLITHIC 

CERAMIC CAPACITORS 
This major cost saving is the result 
of our new BME™ capacitor tech
nology. We've eliminated precious 
metals entirely from the electrodes 
and terminations of our BME™ 
capacitors. No precious metals means 
lower cost. So now we offer you our 
complete line of monolithic ceramic 
capacitors - BME Chips™, BME 
Radials™ and BME Axials™ - at a 
genuine savings of 30% to 50% . 

This significant reduction is not based 
on a momentary drop in precious 
metal prices. This is a long-term so
lution due to the replacement of 
precious metals by non-noble metals 
which are not subject to the same 
dramatic cost spirals . 

SAVE WITH RELIABILITY 
Our BME™ capacitors have not sac
rificed the inherent electrical· and 
mechanical Ceramolithic® quality. 
Their reliability can be demonstrated 
by the extensive test procedures to 
which they have been subjected. 
Write to our Applications Engineer
ing Department for complete test 
reports. 

SAVE WITH DESIGN 
FLEXIBILITY 

Now you can seriously consider 
monolithics to replace micas and tan
talums. Our BME™ capacitors fea
ture non-polarity , a wide range of 
capacitance value, low leakage, high 
volumetric efficiency, availability in 
chip, radial and axial packages at 
prices competitive with mica below 
I OOOpF and tantalum up to 2.2µF. 

-

nPICAL SELLING PRICES PER UNIT QUANTITIES OF 5000 oi MORE 
BME™ "J" DIELECTRIC (COG) BME-Chip™ BME-AxiaJTM BME-RadiaJTM 

I thru 100 pF, 5 %, 50WVDC 5.1 ¢ 6.S¢ 7.5¢ 
1000 pF, 5%, 50WYDC 12¢ 16¢ 16¢ 

BME™ "S" DIELECTRIC (X7R) BME-Chip™ BME-Axial™ BME-Radial™ 

.01 µ.F , 20%, 50WVDC 3.5¢ 5.S¢ 5.S¢ 

.I µF , 20%, 25WVDC 9¢ 16¢ 14¢ 
1.0 µF , 20%, 25WYDC 52¢ 73¢ 

BME™ " R" DIELECTRIC (Z5U) BME-Chip™ BME-Axial™ BME-RadiaJTM 

. I µ.F, +so -20%, 25WYDC 5.7¢ S.S¢ S.S¢ 

.47 µ. F , +so -20%, 25WVDC 13¢ 16.5¢ 16.5¢ 
l.O µF , +so -20% . 25WYDC 19¢ 27¢ 25¢ 
2.2 µF, +so - 20%' 25WVDC 35¢ 49¢ 

JOIN THE USCC/ CENTRALAB 
BME™ CAPACITOR 

Remember, USCC/ Centralab
Quality, Volume, Savings. 

SAVINGS PLAN 
Get all the details today. Write on 
your company letterhead for your 
concise Savings Plan Price list -
your pass book to the lowest mono
lithic ceramic capacitor prices avail
able. Compare it with anyone else's 
price list and see. 

USCC/Centralab 
Electronics Division • Globe-Union Inc. 

4561 Colorado Boulevard • Los Angeles, Ca. 90039 
C213J 240-4880 
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hot 
stuff 

or cold, CHR's family of TEMP
R-TAPE of Kapton provides out
standing endurance. They retain 
their excellent mechanical and 
electrical properties over a wide 
temperature range, -100 to 
+500F. 

Available in thicknesses from 
.001" to .0045" with a choice of 
several adhesive systems includ
ing two sides. 

Find your CHR distributor in 
the Yellow Pages under "Tapes, 
Industrial " or in _i ndustrial direc
tories. Or write for complete 
specification kit and sample. The 
Connecticut Hard Rubber Com
pany, New Haven, Conn. 06509. 

140 
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DISCRETE SEMICONDUCTORS 

Plastic overmold keeps 
thyristor failures down 

HCA, Route 202, Somerville, NJ 
08876. (201) 722-3200. 

An epoxy "overmold" prevents 
failures in the glass-to-metal seals 
of hermetic thyristor packages 
when the high-current-carrying ter
minals are stressed during instal
lation. The first de\'ices offered 
with the overmold include 12 thy
ristor series and there is no in
crease in costs . Eight are SCRs, 
four of which are rated at 75 A 
( T AS8612, T AS8613, T AS8622 and 
T AS8623 ) and four at 100 A 
(TAS8610, TAS8611, TAS8620 and 
T AS8621 ) . The units at each rat
ing are available in stud (TAS-
8610, T AS8611, T AS8612, T AS-
8613 ) and isolated-stud (T AS-
8620, T AS8621, T AS8622, T AS-
8623 ) versions. The other four 
series of triacs, the T8411 and 
T8421 series of 60-A units and the 
T8410 and T8420 series of 80-A 
devices, are avai lable in stud and 
isolated-stud packages. 

CIRCLE NO. 338 

LED indicators designed 
to snap into holes 
Dialight, 203 H arrison Pl ., Brook
lyn, NY 11237. ( 212 ) 371-8800 . 
From $0 .33 (1000-up ) ; stock. 

The 559 series of snap-in LED 
indicators is designed for quick 
positive insertion in panels from 
0.031 to 0.062 in. The indicators 
fit in a 0.25-in . clearance hole, and 
can mount on 0.3-in. centers. They 
are available with red, green, or 
yellow LEDs, with or without in
tegral current limiting resistors. 
The 559 series comes with rigid 
terminals su itable for wrapped
wiring and / or soldering, or with 
6-in. wire leads. 

CIRCLE NO . . 339 

DIP-housed optocouplers 
available in 10 models 
Sensor T Pchnnlngy, 21()12 Ln.~sen 

St., Chatsw01·th, CA 91311. ( 213 ) 
882-4100. From $2.50; 30 day. 

The STOC series of opto-cou
plers / iso lators has 10 models. They 
are electronically and mechanically 
interchangeable with the Monsanto 
MCT-2 eries. The couplers are 
housed in 6-pin plastic DIPs t hat 
measure only 0.3 x 0.35 x 0.125 
in. Typical current-transfer ratio 
for Models STOC 1500, l 510, 1520 
and 1600 is 150 % (m inimum 
100 % ) . Typical rise time for each 
is 8.. µs and typical collector-emit
ter saturation voltage is 0.4 V. 
Typi cal CTR for Models STOC 
1700, 1710, 1720, 1800 and 1900 is 
80 % (minimum 30 % )_ . Rise time 
for each unit is only 2 µ s and 
V f'E <"n t> equals 0.4 V for the STOC 
1700 and 1710. For the other three 
units v( ' E (":ll) equals 0.6 v. Model 
STOC 2000 has a typical CTR of 
30 (minimum 10 %) , rise time of 
20 µs, and a V CE<"•" > of 0.6 V. 

CIRCLE NO. 340 

Varactors have gain 
bandwidths to 35 GHz 

~ rt 

Microwave Associates, South A ve., 
Burlington, MA 01803. ( 617) 272-
3000. F rom $79 ( 1 to 9 ) ; 2 to 6 
wk. 

The MA-48500 series of GaAs 
varactors is specifically designed 
for use in both room temperature 
and cr yogen ically cooled parametric 
amplifiers. High gain-bandwidth 
products can be achieved using 
these diodes over 1 to 35 GHz with 
pump frequencies as high as 90 
GHz. All vara.ctors are available in 
a choice of 17 different case assem
blies and in chip form. The cath
ode is the heat sink end of the 
package. The diodes can operate at 
temperatures from 4 to 352 K. 

CIRCLE NO. 341 
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D DIONICS INC. 
65 Rushmore Street, Westbury, N.Y. 11590 
(516) 997-7474 TWX 510-222-0974 

I'm interested in Dl-445 
D Please send more information. 

My application is o Immediate O Future o Reference 
___________ Title ____ _ 
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.DISCRETE SEMICONDUCTORS 

High power SCRs handle 
up to 1200 A rms 
National Electronics, Geneva, IL 
60134. (312) 232-4300. For a 100-
V unit: $165 .25 (100-up ) ; stock. 

The NL-F609 Theta-gate firing 
SCR can handle 1200 A rms and a 
10,000-A surge. The diodes are 
available with repetitive peak off
state voltages from 100 to 1300 V. 
Peak gate power dissipation is 200 
W and commutated turn-off times 
are 40 µ_s max. 

CIRCLE NO. 342 

LED fault indicators 
are TTL compatible 

Energy Electronic Products, 6060 
Manchester A ve., Los Angeles, CA 
9,0045, (213) 670-1275. $0.66 ( 100-
up) ; stock. 

The EZ 19 and EZ 20 series of 
logic state/ fault indicators use 
high-efficiency GaP LEDs. The 
devices are designed for high den
sity packaging and can be easily 
mounted on printed-circuit boards. 
They are TTL-compatible, vibra
tion resistant and are available in 
three different colors (red, green 
and yellow) . 

CIRCLE NO. 343 

Germanium transistors 
handle up to 15-A loads 
Germanium Power Devices, P.O. 
Box 65, Shawsheen Village Station, 
Andover, MA 01810. ( 617) 475-
5982. $2 to $6; 4 to 6 w k. 

A series of pn.p power transis
tors in T0-36 metal packages has 
current capabilities of 15 · A. The 
2N278 to 2N2492 series also have 
collector voltage ratings of up to 
100 v. 

CIRCLE NO. 344 
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8-A power transistors 
designed for switchers 
RCA, Route 202, Somerville, NJ 
08876. (201 ) 722-3200. From $3.50 
( 100-up) ; stock. 

Three 8-A npn power transistors, 
types 2N6306, 2N6307 and 2N6308, 
are intended for off-line switching 
regulator type power supplies. 
These transistors have voltage 
[V CER cs us l] ratings of 350, 400, and 
450 V, respectively, typical turn-on 
times of 500 ns, fall times of 200 
ns at 3 A and power handling capa
bilities of 125 W. 

CIRCLE NO. 345 

Gunn diodes deliver up 
to 100 mW at 50 GHz 
Alpha Industries, 20 Sylvan Rd., 
Woburn, MA 01801. (617) 935-
5150: 100-mW model: $295 (1 to 
9) ; 10 to 15 day. 

The DGB6848 series of milli
meter wave Gunn diodes offers a 
choice of cw output power levels 
of 25, 50 and 100 mW at 50 GHz. 
The diodes are fabricated using 
epitaxially grown gallium-arsenide 
material and operate with a bias 
voltage of 3 V de. They are pack
aged in a ceramic and metal sub
miniature enclosure with threaded 
heat sink for maximum heat dissi
pation and easy circuit installation. 
The dc-to-rf conversion efficiency 
of _the diodes is typically 2% . 

CIRCLE NO. 346 

Switching transistors 
have 300-ns fall times 
International Rectifier, 233 Kansas 
St., El S egundo, CA 90245. (213) 
678-6281. T11pic al 100-up; $3 
(2N6306) , $4 .50 ( 6308) ; stock. 

A family of power transistors 
with sub-microsecond fall times 
and low leakage and switching 
losses is suited for chopper circuits 
or inverters. Typical fall time un
der high In2 conditions at 10 A is 
300 ns. In contrast, the JEDEC 
specification is 1 if.LS at 8 A. In ad
dition, the units are capable of 
maintaining collector-emitter sus
taining voltages above 375 V. The 
fast switching transistors are in 
three series-2N6249-51 are 30-A, 
175-W units; tha 2N6306-08 are 
16-A, 125-W; and the 2N6542-45 
are 8-A, 125-W. 

CIRCLE NO. 347 

IEE/SCHADOW 
PUSH BUTTON 

SWITCHES 
Whom to Contact for 
Service in your area. 

ARGUS SALES 
P.O. Box 26819 , Tempe, AZ. 85282 
602/967-8709 

BEACON 
2285 Peachtree N.E., Atlanta, GA 30309 
404/351-3654 

BEACON-NORTH 
7115 Leesburg Pike, Falls Church , VA 22043 
703/543-1673 

ELECTRONIC INNOVATORS, INC. 
8053 Bloomington Freeway, Minneapolis, MN 
55420 
612/B84-7471 

W. PATFRAUA CO. 
P.O. Box 12625, Fort Worth, TX 76116 
817/738-2394 

GIESTING & ASSOCIATES 
3274 Donnybrook Lane, Cincinnati, OH 45239 
5131931-0812 

IUS, INC. 
5430 N. Milwaukee Ave., Chicago, IL 60630 
312/631-1124 

NEVCO, INC. 
1715 Baltimore, Kansas City, MO 64108 
816/421-1751 

R.C. NORDSTROM CO. 
P.O. Box 32, Lathrop Village, Ml 48075 
313/559-7373 

NYCOM 
2002 Teall Ave., Syracuse, NY 13206 
315/437-8343 

RAY PERRON & CO., INC. 
159 Morse St. , Norwood, MA 02062 
617/762-8114 

C. K. SHANKS & ASSOC., INC. 
3176 S.W. 87th Ave . 
P.O. Box 25385, Portland , OR 97225 
503/292-5656 

M.A. STOLAROFF CO. 
4622 West Slauson Ave., Los Angeles, CA 90043 
2131295-7781 

TRl-TRDNIX 
2430 San Mateo Blvd . N.E., Suite 2, S. Bldg . 
Albuquerque, NM 87110 
505/265-8409 

WAUGAMAN ASSOC., INC. 
4800 Van Gordon, Wheatridge, CO 80033 
303/423-1020 

WESELOH & ASSOC. 
P.O. Box 4189, Mt. View, CA 94040 
415/961-0565 

WYNCOTE INSTRUMENTATION 
365 E. Butler Ave., Ambler, PA 19002 
215/643-2440 

DIPLOMAT l.P.C. CORP. 
Cardinal Drive , Little Falls , NJ 07424 
202/785-1830 

IMPACT SALES CO., INC. 
223 Crescent St. , Waltham, MA 02154 
617/893-2850 

INTEGRATED ELECTRONICS 
5750 Logan St. , Denver, CO 80216 
303/534-6121 

SAGER ELECTRICAL CO. 
172 High St. , P. 0. Box 2323, Boston, MA 02107 
617/542-2281 

SOUTHWEST ELECTRONICS 
12725 Royal , Stafford, TX 77477 
713/494-6021 

TARGET ELECTRONICS 
949 Stierlin Road , Mt. View, CA 94043 
415/961-1170 

TIME ELECTRONICS WEST 
900 W. Olive St. , Inglewood , CA 90301 
213/649-6900 

ZEPHER ELECTRO.MIC SALES CORP. 
.697 Industry Drive, Seattle, WA 98188 
206/242-2517 

~ Or contact the factory 

\:W IEE/SCHADOW inc 

8081 Wallace Road 
Eden Prairie, MN 55343 

612/944-1820 
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'le!Jendary ~sh tiutt<1ns 
A legend in their own time ... push buttons that. mechani
cally indicate function by reflecting light through a clear 
plastic lens. Legends are tnexpensively printed on the rear 
of the button lens or on the color inserts. Wear from finger 
contact is completely eliminated. 

Schadow's creative mechanical reflecting principle pro
vides a unique indicator button that needs no lamp, lamp 
holder or power supply ; generates no heat, and eliminates 
costly lamp replacements. 

And behind each push button is the best engineered 
switch mechanism available today. Each Schadow series F 
push button switch is equipped with individually coil spring 
loaded moving contacts providing optimum surface-to-sur-

n 
alternate action spring loaded 

staple contact Series F - actual size 

face interface with the fixed contact, resulting in these cir
cuit benefits; constant long term, low contact resistance and 
positive self-t'leaning action. 

The sealed modular switch housing protects the inner 
contact area from dust and foreign intrusions. Fixed termi
nals are " staked" in position, providing an extra seal to help 
prevent wicking of solder or flux. Moulded PC board stand
offs, front and back on bottom side, assure parallel mounting. 

" Button up" your equipment by incorporating the 'legend'
ary push buttons and better switches of Schadow. 

Request a FREE sample and a full color switch selection guide 
on your business letterhead. 

IEE/SCHADOW inc 
612/944·1820 • TWX 910·576-2469 • TELEX 29-0556 

8081 Wallace Road, Eden Prairie, MN 55343 

Manu facturing facilities in Minneapolis, Minnesota. Einbeck. W. Germany and W. Berl in 
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Almost 10 years ago (1966 to be 

exact) we introduced our first 

two series of shielded electronic 

enclosures. They became an 

overnight success. Since then 

the demand for different sizes, 

shapes and applications has 

increased our family to ten 

series of models, each with a 

noise rejection greater than 70db. 

Sizes range from 1.50" x 1.13" x 

0.88" to 4.13" x 2.68" x 6.0"; 

in blank versions or with a 

complete choice of coaxial 

connectors ; painted or un

painted ; with or without printed 

circuit card guides; with mount

ing flanges or bottom mounting 

plates. All models supplied 

with aluminum covers and 

mounting screws. 

AVAILABLE THROUGH YOUR 

FAVORITE ELECTRONIC 

PARTS DISTRIBUTOR 

ITT POMONA ELECTRONICS 
1500 East Ninth St., Pomona, Cal if. 91766 

Telephone (714) 623-3463, TWX : 910-581 -3822 
INFORMATION RETRIEVAL NUMBER 76 
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DISCRETE 'SEMICONDUCTORS 

LED lamps available in 
r1ed, yel, orange & green 
IEE, 7740 L emona Ave., Van Nuys, 
CA 91405. (213 ) 787-0311. From 
$0.34 (100-up) ; stock. 

The Hercules E lectra Series 225/ 
226 / 227 of red, yellow, orange and 
green GaP indicators fit either T-1 
(225) outlines or T-1-3 / 4 (226, 
227) outlines. The Series 225 indi
cators have a viewing angle of 75° 
while the 226 and 227 have a view
ing angle of 80° . All three series 
are socket-interchangeable with 
matching performance and no 
change of power requirements. 
Typical luminous intensity is 1.5 
med at 1.9 V de with a 10-mA 
forward current. 

CIRCLE NO. 348 

Npn and pnp transistors 
have low saturation R's 
T eledyne Crystalonics, 147 Sher
man St., Cambridge, MA 02140. 
(617) 491 -1670. $5.30 (100-up ) ; 
stock. 

The 2N6566 and 2N6567 npn 
and pnp switching transistors have 
a maximum rEc (sat) of 2 n. They 
are designed for digital and switch
ing applications. The devices have 
a low c.b and 30-V collector-to-base 
and emitter-to-base breakdowns. 

CIRCLE NO . .349 

Power Schottky diodes 
handle 8 A continuous 
Solitron, 1177 Blue Heron Blvd., 
Riviera B each, FL 33404. (305) 
848-4311. From $2 (100-up): 4 wk. 

A series of 8-A Schottky barrier 
diodes has rated breakdown volt
ages of 10 to 60 V. These Schottky 
diodes are packaged in D0-4 
(JEDEC ) cases and are identified 
as the SSP-810, 20, 30, 40, 50 and 
60 series. Their peak surge capa
bi lity is greater than 450 A for 
an 8.3-ms pulse. The VF is less than 
0.55 V at rated current. Other fea
tures include storage temperatures 
from - 55 to + 165 C; an operat
ing range from - 55 to + rn5 c: 
and a thermal impedance of 2 
C/ W. 

CIRCLE NO. 350 
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Schottky diodes operate 
at zero bias at Ku band 

-
.pa ...... =:;;;;... ____ ~ 

Microwave A ssociates, S outh A ve., 
Burlington, MA 01 803. ( 61 7) 272-
3000. $25 (1 to 9) ; 2 to 3 wk . 

The MA-40230 series of zero bias 
Schottky diodes offers a tangential 
sensit ivity of - 55 dBm min. They 
have a voltage sensitivity of 8000 
mV / mW at X-band with zero bias 
current. The devices are designed 
for Ku and Ka-band operation. All 
diodes are available in hermetical
ly sealed packages and as chips for 
MI C applications. 

CIRCLE NO. 351 

Infrared LEDs made for 
fiber-optic cables 

{)- ,ti c:::t1 
100mA 

ASEA-HAFO AB, S-162-10 Vi.tl
ling by 1, Sw eden. 

The 1A83 infra red emitting 
dio.de is specially designed for ef
ficient coupling to 2-mm diameter 
optical fiber bundles. The diode is 
housed in a T0-18 case with a lens 
cap. At 100 mA, the total emi tted 
radiant flux is at least 7 mW and 
typically 10 mW. The radiant flux 
outpu t from an ordina ry fiber bun
dle having a 2-mm diameter and a 
length of 1.8 m is t ypically more 
than 25 % of the input flux. The 
wavelengt h is 940 nm and diode 
switching t imes a re 0.6 µ,s at 100 
mA and 0.3 µ s at 1 A. 

CIRCLE NO. 352 

ELECTRON IC D ESIGN I, January 5, 1976 

For High-Voltage, High-Current Interface 
with PMOS, CMOS, TTL, DTL ... Sprague 
Darlington Transistor Arrays Have No Equal 

A new exclusive Sprague develop
ment, Series 2000 Transistor Arrays are 
high-voltage, high-current integrated cir
cuits comprised of seven silicon NPN 
Darlington pairs on a common mono
lithic substrate. They feature open col
lector outputs and integral suppression 
diodes for inductive loads. 

Supplied in 16-pin dual in-line plastic, 
these devices greatly reduce the num
ber of discrete components used to 
interface between digital logic and high
voltage and/or high-current loads. In 
some applications, all discrete com
ponents can be replaced by a single 

DIP, resulting in substantial space and 
cost reduction. 

With broad commercial/industrial ap
plication, these unique arrays are an 
excellent choice for interfacing to LEDs, 
solenoids, relays, lamps, and small 
stepping motors in printing calculators, 
cash registers, and control equ ipment. 

Type ULN-2001A is a general-purpose 
array, pinned with inputs opposite out
puts to facilitate circuit board layout. 
Type ULN-2002A is designed for use 
with 14 to 25 V PMOS inputs. Type ULN-
2003A interfaces with TTL or CMOS 
operating at a 5 V supply voltage. 

For more information, write or call Chuck Scott, Semiconductor Division, Sprague 
Electric Co., 115 Northeast Cutoff, Worcester, Mass. 01606. Tel. 6171853-5000. 

For Engineering Bulletin 29304, write to Technical Literature Service, Sprague 
Electric Co., 347 Marshall St., North Adams, Mass. 01247. 

For the name of your nearest Sprague 
Semiconductor Distributor, write or call 
Roger Lemere, Sprague Products Company, 
North Adams, Mass. 01247. Tel. 4131664-4481. SPRnGUE 

THE MARK OF RELIABILITY 
THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 
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If~ 
can't bring 

&°c:bleshooting 
into your lab, 
roll lektronix 
TMSOO 
to the problem. 
•cll!lilal
• count ... ·-. ..,,..._ ._.....,... ·--• •btMkplug-inforJOUl'OWttcircuitty ·---
The TEKTRONIX Aollaboul Configuration o! 
TM 500rnodular lntlrUments helps you conven
iently t1ke your test and measwement "laboratoty" righl to the 
problem ... whether II'• routine maintenance, cahlxation, re
ptirs, QC Of production tntlng, or whatever. TEKTRONIX ~ 
TM 500 modular instruments are designed to fulfill your needl 
in such widely divergent areas as: computer ~lrcuitry •nd 
data handling equipment, numeflcaUy controlled machines, 
laboratory lnatn.mentaUon, corrmunlcatiOns equipment. and 
medical Instrumentation. 

three, four. and 5'X•Comf>8rtmenl main
frames ptovldlng the conwnon power •up

ply. The modular AOllabOut Conllguration can accommodate 
two TM !!03, ~compartment mainframes. Select the plug-Ins 
ffom 11 signal aoutces, 5 counters, 2 C11Q1tal mulllmeters, 5 
power suppties, 3 sjgna1 P«)C&saorll , 1 cecdlO&Cope. and an 
X-Y monitor. There's also a blank iHug-in kit 10 make it more 
convenient for you to assemote the specialized circuits you 
require. A TM 500 modular Rollabout Conflgutation lats you 
take the instn.mentatlon you need where you need It. 

The modular RoUaboul Configuration provides up to six Al'KI out what TM 500 Instrumentation can do !Of you. Send 
operaling test and measurement lrnitrumants, which you can for the TM 500 BookJet A-3072 with lull specillcallon1 and 
tailor from a growing line of 29, plus the TEKTRONIX portable suQC}Hted aelecllons ot Instruments IOI typical appllcalions. 
or plug-In oscUIOICOPft of your cnoice ..• alt on a SCOPE· Or contact your local Teloroni• Field Engineer tor a demon· 
MOBILE • cart. TM 500modulat Instruments can woril together stratlon of how TM 500 instrutnents~an 
through a common interlace circuit board within their main- solve your needs. Write to Tektronix, 

~8:e~1~;.1C::·.~ge:;a1c~,;:. 1::~ =:.: ~~n~i~E'::~sa:r~:a;:;~0o",;1~: l,t,. 
arehigtilyspeciallzed. suchaslhosatorosc\Hoscopecalitxa· ited, P.O. Box 38, St. Peter Porl, 
tlon. They Compl'ise a t•t and measuremenl system thal .. Guernsey, Channel Islands. , 
It ditllcult to dupllcatflll wlth "monolithic" ineltumitnts. .., 

!~~~~~::tu~~~=1~=~~=.:.~n:i=- TEKTRONIX• - -...:....- •\ 



Find out what TM 500 
can do for you. 

DC SOSA I OM 502 
for only 11900 

While any TM 500 plug-in modular instrument can be operated as 
an independent unit purely on the basis of its performance, the 
systems capability of the TM 500 Product Line is what makes this 
instrumentation especially valuable to you. TM 500 instruments 
plug into mainframes providing a common power supply and an 
interface circuit board allowing them to "talk" to each other and 
work together. 

Often a TM 500 system allows you to optimize your instrumentation 
far beyond the capabilities of a collection of monolithic instruments. 
Some systems applications merely call upon three or four inde
pendent units working side by side to fill a basic need like oscil
loscope calibration. Others, such as production testing setups, can 
be accomplished best by several instruments working into one an
other through the common interface circuit board of their power
module/mainframe. Openendedness is achieved through two sizes 
of blank plug-ins, into which you might assemble control devices 
or circuits for your own special needs. Tektronix provides Instruc
tion Manuals, Applications and Construction Notes, and technical 
consultation to whatever level of sophistication you require. 

TEKTRONIX TM 500 is an extensive family of instrumentation that 
includes six power-module/mainframes, more than 30 plug-in mod
ular instruments, and numerous accessories. Some instruments are 
intended for broad versatility, some for state-of-the-art performance, 
some for special purposes. They include multimeters, counters, 
oscilloscopes, power supplies, amplifiers, a variety of generators, 
a logic analyzer, and the blank plug-ins. Use the TM 500 Catalog 
to get full specs, articles offering insight into applications tech
niques, and a form to put your name on the Tektronix mailing list 
for Applications and Construction Notes. 

For further information on what TM 500 Instrumentation can do 
for you, ask for a demonstration; a Tektronix Field Engineer will 
contact you. Ask for literature, and you'll get the comprehensive 
TM 500 Catalog shown below. 

To write or phone: Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 
97077, (503) 644-0161 ext. 5542. In Europe: Tektronix Limited, P.O. 
Box 36, St. Peter Port, Guernsey, Channel Islands. 

U.S. Sales Prices FOB Beaverton, Oregon . 

.. 
TEKTRONIX® 

-

committed to 
tecllnlcel excellence 

FOR TECHNICAL DATA CIRCLE #285 
FOR DEMONSTRATION CIRCLE #286 
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O.K., you guys, 
back to the old 

drawing board. 

BRIGHTNESS 
IMPROVEMENT 

It's a whole new ball game. And just when 
you'd made all your panel lamp decisions, 
right? But Monsanto s patented nitrogen doping 
process for GaAsP on GaP substrates has im
proved the light-emitting efficiencies of our 
LED lamps so dramatically that every good de
signer will want to take another look. 

Monsanto has T-1 and T-1 % replacement 
lamps in standard red color (improved signifi
cantly over last year's red LEDs) and new bright 
red which is unbelievably bright. Red. Plus 
green, yellow, and a dazzling new orange. In 
two lens choices and two lead lengths. And all 
improved, as you can see on the chart. 

Model Luminous Viewing 
Number Color Size Intensity Angle 

51748* Orange T-1 5.0 med 90° 
52748* Green T-1 1.0 med 90° 
53748* Yellow T-1 4.0 med 90° 
57748* Red T-1 5.0 med 900 
5152•• Orange T-1'% 40.0 med 28" 
5252** Green T-1% 15.0 med 28" 
5352•• Yellow T-1% 45.0 med 28" 
5752•• Red T-1 '% 40.0 med 28" 

*Also available with l " lead lengths, low profile (.138" 
high) lens, and 180° viewing angle. 
••Also available with 24° and 65° viewing angles. 

Last year there were some sockets that 
demanded filament lamps, despite their inher
ent failure-and-replacement problems. Bright 
was needed, and damn the torpedos. 

This year you just might find the bright 
you need in a shake-rattle-and-roll-proof LED 
lamp. Come and see. 

If you can take the time, you just might be 
able to add a lot of T to your MTBF. 

So it's reset to zero, folks, if you want the 
best indicator lamps (and widest choice of func
tional differentiation colors) in your gear. 

For product information, circle the service 
number or call your local Monsanto man. Or 
write Monsanto Electronics Division, 3400 Hill
view Avenue, Palo Alto, CA 94304. 

Putting innovation to work. 

tH
Monsanto: 
e science 
company. 
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DATA PROCESSING 

Core memories 
fit PDP-8 minis 

Dataram Corp., Princeton-Hights
town Rd., Cranbury, NJ 08512. 
( 609 ) 799-0071. $2045: 16 k x 12, 
$1860: 8 k x 12; 30 days. 

Dataram's DR-118 and DR-118/ A 
single-board, 16-k core memory is 
specially designed for use with 
DEC's PDP-8 series of minicom
puters .. The memories are Omnibus 
compatible and can be inserted di
rectly into the backboard of the 
host minicomputer. The DR 118 is 
compatible with the PDP-8/ E, F 
and M, and the DR-118/ A is com
patible with the PDP-8/ A-400 and 
the PDP-8/ A-500. Both systems 
are available in either 16-k x 12 
or 8-k x 12 configurations. 

CIRCLE NO. 357 

Photo-scanner xceiver 
sends TV via phone line 

Robot Research Inc., 7591 Convoy 
Court, San Diego, CA 92111. ( 714) 
279-9430. $995 ( unit qty) . 

The Model 300 scan-converter 
transceiver makes possible trans
mission of closed-circuit quality 
TV pictures via telephone. Pictures 
are 256-line resolution, and an en
tire image can be transmitted full 
framedn 34 s, or half frame in 17 
s. Tfi.~· 'unit can be used in con
junction· with any black-and-white 
monitor or commercial TV set and 
closed-circuit TV camera. 

CIRCLE NO. 358 

ELECTRONIC DESIGN 1. Januarv 5, 1976 

Acoustic coupler 
uses LSI circuitry 
Omnitec Corp. , 2405 S. 20th St., 
Phoenix, AZ 85034. ( 602) 258-8244. 
$341 (unit qty) ; stock. 

With a proprietary LSI circuit, 
the Model 701R acoustic: coupler 
has fewer than half the number o.f 
components of earlier models. This 
fifth-generation coupler is fully 

compatible with the latest conver
sational terminals that operate at 
data rates in excess of 450 baud. 
It can also be supplied to operate 
at data rates in excess of 600 
baud. Additional features include 
TTY and RS-232 interfacing, acous
tic or hardwire coupling, half or 
full-dup.Jex operation and ultra
high sensitivity. 

CIRCLE NO. 359 

FOR PRODUCT DEMONSTRATION CIRCLE # 163 
FOR LITERATURE CIRCLE # 164 
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DATA PROCESSING 

Controller Id river kit 
for floppy-disc storage 
Shugart Associates, 435 Indio Way, 
Sunnyvale, CA 94086. ( 408 J 733-
0100. From $1110 (50 upJ. 

For OEMs who want to include a 
floppy-disc storage in minicom
puter or microprocessor systems, 
the new SA8800 Streaker kit con
sists of a single 12.5 x 17.5-in. 
PCB disc controller and from one
to-three disc drives in optional 
single or double density. Users can 
add their own cabinet, standard 
power supply and interface. Or 
they can purchase a standard Shu
gart SA3800 Diskette storage sub
system and add additional drives 
in increments of one, two or three 
in a single cabinet. 

CIRCLE NO. 360 

See the Microp rocessor Design 
section for microprocessors and 
related prod ucts. 

Memory emulates ROM 
to test new systems 

Data I / 0 Corp., P.O. Box 308, 1297 
N.W. Mall, Issaquah, WA 98()27. 
( 206 ) 455-3990. 

The Data I / 0 Romulator allows 
a ROM program to be emulated in 
the user's developmental system 
before committing to a PROM. The 
unit provides data entry for 
binary, hex or octal codes and the 
display allows a program to be 
edited. Both data and address lo
cations are conveniently displayed. 
The Romulator can be interfaced 
with Data I / 0 programmers, 
Models I, II, III and V and the 
new Model PD (portable-dupli
cator). The unit operates on its 
own battery pack or ac power. 

CI RCLE NO. 36 1 
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Multiplexer provides 
8-channel FIFO to PDP-8 

Telcon Industries, Inc., 1437 S. W. 
1st Ave., Fort Lauderdale, FL 
33315. ( 305 ) 527-5004. $1950 (unit 
qty ) . 

A communication multiplexer 
contains eight full duplex asyn
chronous communication channels, 
which are fully compatible with 
the PDP-8, A, E, F or M Omni
bus. Each multiplexer contains a 
First In-First Out (FIFO ) memo
ry to buffer input data and mini
mize input processing overhead. 
The data input/ outputs are either 
RS-232C or TTL levels. 

CIRCLE NO. 362 

Tape recorder accepts 
asynchronous data 

Kennedy Co., 540 W. Woodbury 
Rd., Altadena, CA 91001. ( 213 ) 
798-0953. $5100 to $6600; 60 days. 

A new asynchronous magnetic 
tape recorder, the Kennedy Series 
9832, uses dual RAMs to record 
time-independent data with no loss 
of data during gap insertion. Un
like competitive units, the trans
ports are truly asynchronous
data can be both written or read 
at any rate up to 250,000 charac
ters per second on 8.5-in. reel 
tapes. Buffers and format elec
tronics are contained within the 
transport chassis, thereby elimi
nating interconnecting cables. 

CI RC LE NO. 36 3 

Graphic display terminal 
uses plasma panel 

Applications Group Inc., P.O. Box 
444, Maumee, OH 43537. ( 419) 
874-3051. $5000 (unit qty ) . 

The AG 60 graphics display ter
minal uses a building block ap
proach to terminal design. The ter
minal uses a 512 x 512-line plasma 
display panel with a resolution of 
60 lines / in., which has excellent 
contrast and readability and a 
complete lack of distortion, flicker 
or jitter, according to the manu
facturer. In addition to the usual 
character and line generators, the 
AG 60 also includes: a second, inde
pendent character generator to 
display two sizes of characters on 
the same display; a programmable 
matrix generator, which defines up 
to 64 independent 8 x 16 dot 
matrices and displays them at any 
location on the panel; and an unre
stricted matrix format to allow the 
display of alphanumeric characters 
at any locations on the panel, with 
subscripting and superscripting 
easily accomplished. Any portion of 
the display may be erased without 
affecting the contents of the re
mainder of the display. 

CIRCLE .. •NO. 364 

Translucent tablet 
helps digitize data 
Summagraphics Corp., 35 Brent
wood Ave., Box 781, Fairfield, CT 
06430. (203) 384-1344. See text. 

A new translucent, data, tablet 
digitizer is designed for back-light
ing and rear-projection applica
tions, such as when digitizing X
ray and other films and Mylar 
drawings. The tablet may be 
placed on a light box or table, or 
images may be projected from be
hind. The prices for an 11 x 11-in. 
and 14 x 14-in. tablets are $2650 
and $3000, respectively. Resolutions 
of 100 to 200 lines / in. are avail
able. 

CIRCLE NO. 365 
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THAT BUli ID YOUR EQUIPmEnJ: 
voumAYDEED 

UISHAY RESISTORS. 

Here is some news that may shock 
you : 

Many manufacturers and users of 
precision electronic equipment suf
fer unnecessarily with unexplained 
instabilities and drifts. They resign 
themselves to the need for constant 
adjustments and troubleshooting 
which could, in fact, be avoided. 

Often, the instability is traceable 
to a few "fixed" resistors which aren't 
fixed at all. If these resistors would 
only retain their original values, 
there would be no need for costly 
controls and other compensating 
circuitry. 

The answer? A real precision 
resistor. 

Some precision resistors offer you 
tight tolerance at the expense of 
high inductance. Others offer low 
inductance and fast rise time at the 
expense of loose tolerance. But only 
Vishay Bulk Metal • resistors offer 
you the complete set of top perfor
mance characteristics, including 
0± 1 ppm TCR, that will most often 
get that frustrating bug out of your 
equipment. Only Vishay offers you 
the consistent matching and track
ing so necessary in A/ D conversion 
networks and bridge circuits. 

And now Vishay offers you the 
chance to make your own custom 
Bulk Metal resistors for breadboard 
and prototype use. Call or write for 
information on our popular one-day 
training seminar in calibrating and 
encapsulating Vishay resistors in 
your own plant. Vishay Resistive 
Systems Gro~up, 
63 Lincoln 
Highway, ___ _ 

Malvern, VISHAY 
PA 19355; \ RESISTIVE 
phone (215) SYSTEMS 
644-1300; GROUP 
TWX 510-688-8944. 

Only Uishav resistors giue vau all siH tap perlarmanm speEs. 

TCR 
to O±lppm/"C 

<Vishay 

TOLERANCE 
to.001% 
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• As Iowas 1-ns 
RISETNE

NO INDUCTANCE 
TRACKING 
to¥zppm/'C 
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If you can't stand 
the heat 
stay out 
of the 

Send for Catalog and complet e details. 

CONDENSER CORPORATION 

Dept. ED-1 

1065 West Addison Street 
Chicago, Illinois 60613 • (312) 327-5440 
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DATA PROCESSING 

Graphic data terminal 
at cost of alphanumeric 

Inc., P.O. Box 500, 
Beaverton, OR 97005. (503) 644-
0161. $2995 (uni t qty ) or $150 per 
month on 2-yr. lease. 

The 4006-1 terminal places 
graphics capability in the price 
range previously exclusive to al
phanumeric CRT terminals, accord
ing to Tektronix. The unit will be 
supported by the same graphic 
software available for Tektronix' 
complete family of graphic termi
nals, plus a new interactive graph
ing package. Hard-copy compati
bility is included and off-line 
storage can be provided. Data rates 
up to 4800 b/s are available. The 
terminal has 1024 x 780 viewable 
points, and its screen capacity of 
2590 alphanumeric characters pro
vides as much information as most 
CRTs that are merely alphanu-

CIRCLE NO. 366 

Calculator chip forms 
basis of controller 
Eleam Industries Inc., Civilian Ter
minal, Hanscom Field, B edford, 
MA 01730. ( 617) 274-6656. $629 
( unit qty ); stock to 45 days. 

A programmable calculator/ con
troller, the Procal 4/ u, is a mini / 
micro data system that fills the 
gap between microprocessors and 
hard-wired controllers. It uses a 
('a]culator chip plus program stor
age, I / 0 data registers, panel 
function-programming switches 
and an eight-digit display. Stand
ard program storage accommodates 
up to 10 instructions, with option
al expansion to 256 steps. Instruc
tions include add, subtract, multi
ply and divide. Programming is 
similar to using a calculator. 

CIRCLE NO. 367 

Line-printer controller 
mates many printers 
MDB System Inc ., 981 N. Main St., 
Orange, CA 92667. (714) 639-7238. 
$750 ( unit qty ) . 

A low-cost line-printer control
ler, completely software compatible 
and transparent to the host com
puter, is a single P C half-board 
that fits into any Interdata 15-in. 
chassis. The board comes with a 
ribbon cable and mating connectors 
to the line printer. The controller 
module handles many popular line 
printers including all models of 
Centronics, Data Printer, Data 
Products, ODEC and Printec. 

CIRCLE NO. 368 

Modem adapter handles 
voice on data lines 

lntertel, 6 Vine Brook Park, Bur
lington, MA 01803. ( 617 ) 273-
0950. Under $375. 

A new voice adapter, the VCA-
700, for voice communication on 
four-wire data lines, is compatible 
with Intertel's 1200-baud, 2400-bps, 
4800-bps, and 9600-bps modems. It 
has a molded plastic handset and 
base similar to the Princess t ele
phone used by the Bell System. The 
adapter connects to an Intertel 
modem through a self-contained 
cable. No connections to the tele
phone lines are necessary. The 
modem and voice adapter take care 
of all switching, ringing, inter
rupts and signal summing. A small 
speaker produces audible ringing 
signals. And, for areas where ·a 
ringing signal cannot be heard, a 
LED indicator lights to show that 
a ringing signal is present. 

CIRCLE NO. 369 
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Hit 
Switcher 

Power 
Supplier 

For the highest efficiency in your 
power switching circuits the fast 
switching 2N6340 series of STC Power 
Transistors features a max. fall time 
of 250 ns. at 10 Amps. with VCEO SUS. 
up to 150 Volts. 

For your high voltage switching cir
cuits the 2N6251 series of STC Power 
Transistors features VCEO sus. to 350 
Volts with 1 O Amp. continuous current 
ratings. 

WHATEVER 
YOUR 
POWER 
TRANSISTOR 
NEEDS, YOU 

Dearest 
Darlington 

For space, and weight saving designs 
the high gain 2N6282 thru 87 series of 
STC monolithic NPN and complimen
tary PNP Darlington Power Transis
tors feature a gain of 100 at 20 Amps, 
and VCEO SUS. up to 100 Volts. 

CAN GET THE RIGHT ONE FROM 
THE POWER SOURCE 

SILICON TRANSISTOR CORP. KATRINA ROAD, CHELMSFORD, MA 01834 (617) 256-3321 

Get complete data on these and other STC Power Transistors. 
INFORMATION RETRIEVAL NUMBER 85 



Be selective 
turn to 
SERl'O·TEK for superior quality products produced 
by efficient, modern manufacturing techniques. These products -
Bi-Mode Servos, Control Meter Relay Systems, Adjustable-Speed 
Drives, Permanent-Magnet Servomotors, Speed Indicat ing Systems 
and Tachometer Generators - are products of proven 
design versatil ity and reliability. Turn to us for advice 
on your design problems and information on 
standard unit modifications too ! Be selective. 

FREE CATALOG of rotating components 
availabie. 

SERllO-TEK® 
PRODUCTS COMPANY 
1086 Goffle Road 
Hawthorne, NJ 07506 
201-427-3100 

Servo-Tek of Cali fornia, Inc. 
8155 Van Nuys Blvd . 
Van Nuys, CA 91 402 
213- 786-0690 
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MICROWAVES & LASERS 

Voltage tuned Gunns 
cover X to Ka bands 

Plessey S emiconduct01·s, 1674 Mc
Gaw A ve., Santa Ana, CA 92705. 
(714 ) 540-9979 . $40 ( 1000 ) ; stock 
to 12 wks. 

Electronically tuned Gunn oscil
lato!'S come in 17 standa!'d models 
cove!'ing X, Ku and Ka bands. X
band units have eithel' ± 25-MHz 
Ol' ± 250-MHz tuning l'anges, and 
preset frequencies from 9 to 11 
GHz. Output powel' ranges from 
10 to 100 mW. Ku-band oscillato!'s 
deliver from 10 to 50 mW, tuning 
through a range from ± 20 to 
± 300 MHz, with a preset fre
quency from 12 to 17 GHz. Ka
band units output eithel' 20 or 50 
mW, and a!'e electl'onically tun
able through either ± 100 MHz to 
±200 MHz, wilh a preset fre
quency from 26 to 40 GHz. Typical 
tuning voltage range is from 2 to 
20 V. Typical signal-to-noise ratio 
for a ±25-MHz, 100-mW X-band 
unit is 90 dB with FM carrie!'-to
sideband offset of 10 kHz. 

CIRCLE NO. 450 

Schottky mixer diodes 
reduce forward drop 
H ewlett-Packard, 1501 Page Mill 
Rd., Palo Alto, CA 94304 . ( 415 ) 
493-1501 . $5 .95 to $62.40; stock . 

Low forward-voltage Schottky
mixer diodes feature forwal'd 
d!'ops of 200 to 300 mV. Typical 
noise figure is less than 6 dB at 9 
GHz for power levels ranging from 
- 5 dBm to +5 dBm . The 5082-
series diodes arc available as chips 
and in beam lead and quad con
figurations. 

CIRCLE NO. 4 51 
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MICROWAVES & LASERS 

Suppress noise 
up to 18 GHz 

Midwest Microwave, 3800 Packard 
Rd., Ann Arbor, MI 4810t4. ( 313 ) 
971-1992 . $65 to $70; 20 days. 

Broadband noise suppressors 
with stainless steel SMA con
nectors operate over the ·frequency 
range of 100 MHz to• 12.4 GHz 
(Model 2537) and 100 MHz to 18.0 
GHz (Model 2538 ) . The maximum 
insertion loss is 0.54 dB from 100 
MHz to 18.0 GHz and the maxi
mum VSWR ranges from 1.20 to 
1.35. The units have both an in
ner and outer block and they spec
ify a de working voltage of 200 V. 
Units measure 2.3-in. in length and 
they have 0.75-in. diameter. 

Amplifiers offer 
flat responses 

CIRCLE NO. 370 

B & H Electronics Co ., B ox 490 , 
Chester, NY 10918. ( 914 ) 783-
4988. $499 to $1099 ( 100) ; 2-6 w ks 
for smaU qty. 

A series o·f low-noise linear am
plifiers-the DC-3002 and AC-
25XX and 30XX- offers virtually 
flat frequ ency response from 2 
kHz to over 3 GHz. Voltage gain 
is typically 21 dB for the DC-3002 
and AC-30XX and 10.5 dB for the 
AC-25XX. And the gains are fiat 
to within a mere 0.6 dB maximum. 
Units have a typical noise figure 
of 2.5 dB, rise and fa ll times of 
130 ps and ± 1.0-V input offset 
range. 

Compact osc can be 
used with strip line 

Greenray Industries, I nc., 840 W. 
Church Rd., M echani csburg, PA 

17055 . ( 717) 766-0223. $149 to 
$198 ( 1 to 3) ; 4 to 5 w ks . 

Small enough for mounting to a 
strip-line substrate, the Model Y-
1255 osci llator outputs any cus
tomer-specified frequency in t he 
range of 10 to 150 MHz. T he com
pact unit measures 2 x 1 x 0.26 
in . The internal crystal provides 
± 0.003 % stability with an output 
power of + 5 dBm. 

CIRCLE NO. 372 

This is a rack-full of 
counter capability. 

HP's new 75 MHz Timer/Counter 
is easily held in your hands. 
Take a look at the front panel: 
Never before has there been so 
much counting capability in 
such a small package at such a 
small price. Seven other modules 
snap on to convert to other instru
ments - including a DMM - or 
to connect to the HP Interface Bus. 

HEWLETT 

Features include: 1 n sec time 
interval averaging • autoranging of 
frequency, fre quen cy ratio, period 
average, time interval avJ!rage 
• full complemen t of triggering con
trols, monitor LEDs • preset ECL 
and TTL thresholds • an astonish
ingly low price of only $910* total 
for 5308A module with 5300B 
mainframe. •oomestic USA pr ice on ly. 

PACKARD 

Sales and servi ce from 172 offices in 65 countries . 
1501 Page Mill Road, Palo Alto. Cahlornia 94304 

CIRCLE NO. 371 _ 0_2s_o_3 ----------------------------
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MICROWAVES & LASERS Hughes, 3100 W. Lomita Blvd., 
Torrance, CA 90509. (213) 534-
2121. $1075; 60 to 90 days. Mm-wave modulators 

span 26.5 to 110 GHz Millimeter-wave ferrite modula
tors cover six waveguide bands in 
the 26. 5-to-110-G Hz frequency 
range. Each modulator features 
full waveguide-bandwidth coverage 
with 20-dB on-to-off ratio. The 
modulators are designed for use 
with Hughes' modulator/ leveler 
power supply (Model 44711H ) or 
plug-in (Model 44425H ), but they 
can be used with customer supplies. 

Will your next frequency 
counter have all these features? 
•Frequency Range: 20 Hz to 512 MHz 
• Input Protection: 45 Watts instantaneous, 2 Watt 

continuous 
• Metered Input: Visual indication of high/low signal 

strength 

CIRCLE NO. 373 

•Tone Measurement: Example: measure 1020.001 Hz 
automatically in 1 sec. 

• Price: All of the above standard features on Model 6252 
for only $895 

•Options: Tailor your counter with two TCXO's or three 
oven oscillators, internal battery pack, external DC opera
tion, carry case, etc. 

Meet the whole family: 
5 MHz Frequency Counter $430 
50 MHz Frequency Counter $595 
50 MHz Universal Counter $695 
180 MHz Frequency Counter $795 
512 MHz Frequency Counter $895 

For more details, contact Scientific Devices or 
Systron-Donner at 10 Systron Drive, Concord, California 94518. 

Phone (415) 676-5000. 

SVSTRDN 4J£E3j~(D~~ DONNER 
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180° phase shifter 
has 30-to-76-MHz band 

Merrimac Industries, 41 Fairfield 
Pl., West Caldwell, NJ 07006. 
(201 ) 228-3890. $225; 4 to 6 wks. 

A continuously variable phase 
shifter covers the 30-to-76-MHz 
band with a phase range of 0 to 
180 degrees. The Model PS-3-53 has 
a VSWR of 1.8: 1 at an impedance 
of 50 n, 1.5-dB insertion loss, and 
25-W power-handling capability. 
The unit comes with ENC connec
tors and an uncalibrated dial. 

CIRCLE NO. 374 

8-18-GHz Gunn osc 
outputs 10 mW 
Solid State Technology, 3650 
Charles St., Santa CLara, CA 95060. 
( 408 ) 247-8620. $1200 to $2500; 
60 to 90 days. 

The SSV-0100 series of voltage
tuned Gunn oscillators provides 10 
mW minimum over the - 54-to-85-
C temperature range and covers 
the 8-to-18-GHz frequency range 
in two bands. Militarized units in
clude integrated voltage regulators, 
isolators, proportional controlled 
de or ac ovens, and linearizers. 
Units are linear to ± 1 % over the 
combined effects ·of temperature 
and 3.0 :1 load VSWR. Post-tuning 
drift is within 1 MHz of final 
frequeney. 

CIRCLE NO. 375 

ELECTRONIC DESIGN 1, January 5, 1976 



Active isolator 
offers 3-dB gain 
Locus, Inc., Box 7 40, 1517 Science 
St., State College, PA 16801. (814) 
237-0301. $700; 30-60 days. 

Model RF458C active isolator 
provides 15-dB jsolation over its 
500-MHz-to-2-GHz bandpass, and it 
comes in a package measuring 0.94 
x 1.5 x 2.13 in. The unit has 
+3-dB gain and operates with an 
output power of + 25-dBm at 1-dB 
gain compression. Second-order 
harmonics are more than 25-dB 
down at +25-dBm output power. 

CIRCLE NO. 376 

Synthesizer covers 
Tacan band 

Zeta Laboratories, 616 National 
Ave., Mountain View, CA 94043. 
$4500; 60 days. 

Model 6595 frequency synthe
sizer, for use in the 962-to-1213-
MHz Tacan band, provides a mini
mum output of 10 mW. It is tun
able in 1-MHz steps with 250-µ,s 
switching time (20-µ,s switching 
is also available) from a TTL or 
MIL-STD-291 input. Spurious out
puts are at least 80 dB below the 
carrier. The 6595 occupies 40 cubic 
inches. 

CIRCLE NO. 377 

SPOT switch/driver 
comes in flatpack 
LRC, 1001 Digital Dr., Hudson, 
NH 03051. ( 603 ) 883-9351. $132 
(1-9 ) ; stock to 4 wks. 

A 3/ 8-in. flatpack holds a single
pole double-throw p-i-n diode 
switch and driver. The ISD 23702-
FSA operates over the 50-to-400-
MHz frequency range and has a 
switching speed of less than 5 ,µ,s. 
All rf lines have de-signal blocks, 
and the driver input features TTL 
compatibility. Maximum VSWR is 
1.3. 

CIRCLE NO. 378 
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Optical guides limit 
loss to 20 dB/km 
Fiber Communications, 391 Lake
side Ave., Orange, NJ 07050. (201 ) 
678-8143 . $2.25 per meter (500 to 
1000-meter lengths ) ; stock to 3 
wks. 

Optical fiber waveguide-called 
Fiberguide-has Jess than 20-dB
per-kilometer transmission loss at 
a wavelength of 0.8 ,µ,. A multi
mode glass fiber, it's available in 
continuous lengths from 100 to 
1000 m, and with a jacketing of 
EV A or PF A Teflon. Other fea
tures of the S20 series Fiberguide 
include step index profile, 0.16 nu
merical aperture and 1.45 core in
dex of refraction. Outside fiber 
diameter is 90 ,µ,. 

CIRCLE NO. 379 

100-mW osc comes 
in small package 
TRAK Microwave Corp., 4726 
Eisenhower Blvd., Tampa, FL 
33614. (813) 884-1411. $370; 90 
days. 

The 1036/ 1037 series of 100-
m W crystal-controlled oscillators 
provides frequency coverage from 
60 to 1200 MHz. Designed for 
either PC board ( 1036 series ) or 
base-plate mounting ( 1037 series ), 
the oscillators have an accuracy at 
room temperature of ±0.0025 % 
with stability rated at ±0.0025 % . 
The oscillators measure as small as 
0.69 X 0.67 x 0.49 in. 

CIRCLE NO. 380 

18-GHz sweeper 
outputs 25 mW 
W einschel Engineering, 1 Wein
schel Lane, Gaithersburg, MD 
20760. (301 ) 948-3434. Start cit 
$17,500; 60 days. 

The Model 4310A/ K-P swe~per 
system delivers 25 mW with a ± 1-
dB maximum variation over the 
entire 10 MHz-to-18-GHz frequen
cy range. The solid-state rack
mountable sweeper consists of a 
mainframe, series of rf oscillator 
plug-ins, plug-in interface unit and 
a multiband control unit. The sys
tem may be swept across the entire 
band at 0.83 GHz/ ms. Frequency 
accuracy is ± 1 % at all sweep 
speeds. 

CIRCLE NO. 381 

A d\ 'ertisement 

ELECTRONIC PACKAGING 

Versatile enclosures 
come in 10 sizes 

Bud Radio, Inc., 4605 E. 355 St., 
Willoughby, 0. 44094, (216) 946-
3200. Now in stock. 

ShowCase - available at your Bud 
Distributor. Use as a desktop instru
ment case, in systems, racks or as a 
portable enclosure. Front, rear panels 
and bail included. Lightweight. Sturdy. 
Side gussets give additional strength. 
Recessed handles secured firmly into 
top for safe handling. Top, sides and 
bottom .060 aluminum; front panel, 
.090; rear panel, :oso. Five accessory 
chassis. Two color combinations. For 
further information, phone -

1-800-321-1764, TOLL FREE 

IN OHIO, 1-800-362-2265, TOLL FREE 

500 lb. capacity cabinet 
won't tilt, won't sway 

Bud Radio, Inc., 4605 E. 355 St., 
Willoughby, 0. 44094, (216) 946-
3200. Immediate delivery. 

The Stylist from Bud. Duo-rimmed 
anodized aluminum extrusions frame 
front panel. Full-width flanges add 
strength at corners, no tilt or sway. 
Bustle-type door clears knobs, dials, 
switches, etc. Doors for front, rear; 

·left or right opening. Louvered rear 
panel for peak .ventilation. Stackab~e. 
16-gauge c~ld rolled ste.el. No internal 
framework. Six sizes. For further. in~ 
formation phone -

1-800-321-1764, TOLL FREE 

IN OHIO, 1-800-362-2265, TOLL FREE 
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A d\•ertisement 

ELECTRONIC PACKAGING 

Aluminum enclosures 
come in 10 sizes 

J • 

. ·/ 

Bud Radio, Inc., 4605 E. 355 St., 
Willoughby, 0. 44094, (216)- 946-
3200. Comes completely assembled. 

The economical Valu/ Line Series. 
Use independently or in a standard 
E.I.A. 19" cabinet rack. Two detach
able rack mounting brackets and rub
ber feet are included. Sides, Jr' alumi
num; white textured enamel; base, 
rear and top, .057 aluminum; white 
enamel fin'ish. Adhesive-backed paper 
protects panel, provides a surface for 
marking position for drilling, punch
ing. Bails and slides available. For 
further information, phone -

1-800-321 -1764, TOLL FREE 

IN OHIO, 1-800-362-2265, TOLL FREE 

Low-cost enclosures for 
a variety of uses 

Bud Radio, Inc., 4605 E. 355 St., 
Willoughby, 0. 44094, (216) 946-
3200. Cast aluminum construction. 

Econoboxes by Bud. Five sizes for 
instrument and meter cases, filter net
works, junction boxes, and morel Ef
fective for concealed or other interior 
use where safety enclosures are neces
sary. Lightweight. Easy to machine. 
LM-380 aluminum alloy, plus close
fitting flanged lids offer excellent 
screening properties. Immediate de
livery. For further information phone-
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Bandpass filter 
withstands 13 kW pk 

Frequency Engineering Labora
tories, Farmingdale, NJ 07727. 
( 201 ) 938-9221. $280 ( 5 ) ; 6-7 wks. 

A series of broadband, fixed
tuned , bandpass filters handles 
high peak and average powers. 
Using a nine-stage combline struc
ture and operating in L-band with 
SMA connectors, units can with
stand more than 13 kW peak and 
260 W average power. Typical 
specs for the SF201-183 are a 
bandwidth of 1200 to 1400 MHz, 
insertion loss of 0.5 dB maximum. 
and rejection ratio of - 40 dB 
minimum at both 1030 and 1090 
MHz. VSWR is 1.3: 1 maximum. 
The unit measure 5.25 x 1.63 X 
0.72 in. 

CIRCLE NO. 382 

Low-power meter 
has 70-d B range 

Boonton Electronics, Route 287 at 
Smith, Parsippany, NJ 07054. 
( 201 ) 887-5110. $1210 to $1600 ; 
12 wks. 

The 42C series of rf microwatt
meters can measure powers from 
10 nW (- 50 dBm ) up to 100 mW 
-a 70-dB dynamic range. And 
units have 2-W overload tolerance. 
Three power detector heads are 
available, all with a lower fre
quency limit of 200 kHz and an 
upper one as high as 18 GHz. 
VSWR is less than 1.12 to 4 GHz, 
1.18 to 12.4 GHz, and 1.28 to 18 
GHz. 

CIRCLE NO. 383 

1-GHz linear amp 
delivers 4 W 
Hughes Electron Dynamics Div., 
3100 W. Lomita Blvd., Torrance, 
CA 90509. ( 213 ) 534-21 21. $1695 
to $ .'2195; 90 days. 

Two solid-state ciass A ampli
fiers are designed for instrumenta
tion applications in the 0.5-to-1.0-
GHz frequency range. Model 1404H 
provides a minimum gain of 28 dB 
with 2-W minimum linear power 
output and 3-W saturated power 
output. Model 1406H provides 30-
dB minimum gain, 4-W minimum 
linear power and 6-W saturated 
power. Each unit contains an in
tegral ac-to-dc regulated power 
supply, measures 10.1 x 14.5 x 
3.9 in. and weighs 13 lbs. 

CIRCLE NO. 384 

0.1-18-GHz switches 
cut insertion loss 

Hewlett-Packard, 1501 Page Mill 
Rd., Palo Alto, CA 94304. ( 415 ) 
493-1501. $57.75 to $173 .25 ( 25-
99 ) ; stock. 

Two SPST microwave switches 
reduce insertion loss in X-Band 
and Ku-Band by 20 % over current
ly available types. Model 33132A 
is a complete two-diode switch 
with insertion loss of 1.8 dB maxi
mum from 12.0 to 18.0 GHz. 
Model 33134A is a complete 4-
diode switch with insertion loss of 
2.3 dB maximum over the same 
frequency range. Coaxial switch 
module Models 33632A and 33634A 
are also sold separately. These 
SPST switches use p-i-n diodes in 
shunt across a 50-n transmission 
line. Although negative bias ( - 10 
V ) is required for lowest insertion 
loss, they may be operated at 0 V 
with somewhat higher loss. Con
trol current for specified isolation 
for the 33132A and 33632A is 30 
mA; control current for specified 
isolation for the 33134A and 
33634A is 200 mA. 

CIRCLE NO. 385 
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We'll never forget Janice. 

Such a nice, quiet English girl. 
Lover of Jane Austen, good music, 

country walks, big sloppy dogs and, of 
course, Jermyn customers. 

For whom she slaved early and late 
to send off data, answer inquiries and 
put nice packages of DIP sockets and 
other Jermyn goodies on the UPS 
truck the same day she got the order. 

Fact is, her tour of duty, as they say 
in the best British regiments, has come 
to an end. 

Here's what we've done about it. 
We've moved all the stock, all the 

data an·d all the famous Jermyn service 
over to the east coast. 

And the guy to talk to is Steve Scorza. 

INFORMATION RETRIEVAL NUMBER 91 

And this is the new socket. 
Cal I Steve on toll-free 800 4311072 for details. 

No, of course he doesn't look like 
Janice. 

He's more your rugged type, and he 
has a fantastic personality to rely on. 

Plus a fantastic new Jermyn ultra 
low-profile socket, with six advantages 
of which no other brand has more than 
three. 

If you're happy with your Tl, Augat or 
Robinson Nugent low-profiles we're 
happy too, but you ought to see the 
Jermyn. 

PS. Yes, we do have Janice's 
address, but not for publication. If you 
have an urgent message we'll happily 
pass it on, especially if it comes with an 
order. 

Jermyn is now distributed by Nobel 
Nobel International Inc. 

265 Little Tor Rd . South.New City, New York 10956 
Telephone: 914 634 3535 Toll-free 800 4311072 Telex: 131540 



MODULES & SUBASSEMBLIES 

If /rf building blo,cks 
now in hybrid form 
Rayt heon Co., Qui ncy, MA 02169. 
( 617) 899-8400. P&A: See text. 

A family of i-f/ rf broadband hy
brid modules is available in ei
ther T0-8 cans or flatpacks (5/ 8 x 
5/ 8 or 3/ 8 x 1/ 2 in. ) . These Hy
pak circuits are high reliability 
building blocks that can simplify 
and improve the design of i-f/ rf 
systems. 

trifuge, moisture resistance, high
temperature storage and operating 
life, all in accordance with such 
documents as MIL-STD-202, 810, 
750 and 883. 

The same construction can be 
used for commercial grade circuits, 
but without the environmental 
screening and results in a 30 % 
max, cost savings. The MTBF 
(mean-time-between-failures ) for a 
typical Hypak is about 1 x 106 h 
and is 2 x 105 h for a functional
ly equivalent module. 

Eventually the Hypak family will 
include most blocks required to 
build a high-performance receiver . 
Presently available units include: 
two-way power divider, double-bal
anced mixers, rf switches, three
way powe1· dividers, modulators/ 
mixers, 180 ° hybrid junctions, cou
plers, 90 ° quad hybrids and rf 
amplifiers. All of these hybrid cir
cuits span a general frequency 
range of 5 to 1000 MHz with some 

circuits up to 2000 MHz. 

Prices for Hypak modules, with 
full military screening, generally 
range from $30 to $100 per mod
ule, in lots of 1000. All modules 
are avai lable "off-the-shelf," with 
deliveries ranging from 2 to 7 
weeks. 

The use of thick-film hybrid cir
cuits has resulted in an over-all 
(tested) rel iability improvement 
from 10 to 20 to 1. Environmental 
tests include shock, vibration, cen- CIRCLE NO. 301 

i---------------------------------i 
: Do you train or retrain employees? : 

Consider these famous courses... : 
BASIC ELECTRICITY 
By Van Valkenburgh, Nooger & Neville, Inc. 

This simplified illustrated course is the civilian version of 
the Basic Electricity course used for years by the U.S. 
Navy and requires no previous background in electricity 
and little mathematics. The step-by-step approach covers 
basic concepts from electromagnetism to AC and DC 
circuits and motors. Frequently only one new concept is 
introduced on each page and it is amplified by at least 
one illustration per page. Each topical section concludes 
with helpful review pages. In five volumes , 624 pages. 

O Paperbound set, # 0033-2, $18.40 

O Combined Cloth Edition, # 0039-1 , $16.70 

[JJ 

BASIC ELECTRONICS 
By Van Valkenbu rgh, Nooger & Neville, Inc. 

Any trainee with a basic knowledge of electricity (equiva
lent to Basic Electricity study) can master the fundament
als of electronics with this progressive course. Basic 
Electronics explains all vital · concepts in a logical , step
by-step sequence - from power supply elements and 
circuits through amplifiers , transmitters, receivers and 
transistors. In six volumes, 680 pages. 
O Paperbound, # 0048-0, $22.15 

O Combined Cloth Edition, # 0049-9, $19.50 

Tests (and answers) for both courses are available for 
group and self-study applications. 

Prices subject to change without notice. 

HAYDEN BOOK COMPANY, INC., 50 Essex St., Rochelle Park, N.J. 07662 
Please send me the book(s) checked above on 15-day 
free examination. At the end of that time, I will remit pay
ment, plus postage, or return the book(s) with no further 
obligation. Save Money! Payment enclosed. Publisher 
will pay all shipping and handling charges-same 15-day 
guarantee. 

Firm __________________ _ 

Address _ _ _______________ _ 

City / State/ Zip 

I 
I 
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I 
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Sid module claims an 
MTBF of 250,000 hr 
North Atlantic Industries, T ermi
nal Dr., Plainvi ew, NY 11803. 
(516 ) 681-8600. Under $500 . 

The LS I / 8 5 synchro-to-digi ta! 
converter module uses a custom 
LSI circuit that permits a 250,000 
hr. MTBF rating for ground use. 
Resolution is 14 bits for the 400-
Hz model and accuracy is 3 min. 
± 0.9 LSB. A 60-Hz version is also 
available, but an external trans
former is needed. Accuracy for 
either model remains constant with 
velocity inputs as high as 1440 ° / s. 
The module requires supplies of 
± 15 V and + 5 V and an external 
reference that can range from 26 
to 115 V. 

CIRCLE NO. 386 

Fast a/d's available 
in 8, 10 & 12 bit models 

I I 

f 

Burr-Brown, International Airport 
Industrial Park, Tucson, AZ 85734. 
( 602 ) 294-1431. 1 to 9 prices: from 
$330 ( 8-bit); 2 wk. 

The ADC60 series of modular a / d 
converters provides 1-to-3.5-µs con
version speeds for 8 to ,12-bit reso
lution. Models are available for 8, 
10 and 12-bit resolution and have 
a ± 1/ 2-LSB maximum nonlineari
ty, no missing codes at 25 C and a 
guaranteed monotonicity over 0 to 
+70 C. Total accuracy drift for the 
8 and 10-bit models is ± 20 
ppm/° C and ± 15 ppm/° C for the 
12-bit unit. Maximum conversion 
speeds and corresponding maxi
mum linearity errors are 0.88 µs 
and ± 0.2 % for the 8-bit model, 
1.88 ,µs and ± 0.05 % for the 10-
bit, and 3.5 µs and ± 0.025 % for 
the 12-bit unit. All converters are 
complete with internal clock, ref
erence and user selectable analog 
input ranges of ± 2.5, ± 5, ± 10, 
0 to +5, 0 to +10, and 0 to +20 V. 
The ADC60s are housed in 2 x 4 
X 0.75-in. modules and require 
only ± 15 and +5 V supplies. 

CIRCLE NO. 387 
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Rf"flO/lcorporation 
P.O. Box 743, Skokie, Illinois 60076 

(312) 679-7180 
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MODULES & SUBASSEMBLIES 

Frequency synthesizer 
outputs 0.1 Hz to 16 MHz 
Syntest, 169 Millham St., Marlboro, 
MA 01752. (617) 481-7827. $345. 

The SM-102 frequency syn
thesizer module resolves to 5-1/2 
digits. It has an output frequency 
range of 0.1 Hz to 16 MHz. This 
unit has a resolution of 100 Hz at 
its top end and frequency stability 
of ± 10 ppm over 0 to 50 C. The 
BCD programming uses parallel 
TTL levels for frequency and 
range. On-board monolithic power 
regulation provides high isolation 
from external variables. The out
put signal is a TTL level set for 
a 50-!1 load. Power requirements 
are less than 5 W total. Size of the 
synthesizer is 6.5 x 4.5 x 0.75 in. 
and the PC connector is a 22-pin 
double-sided contact on 0.156 in. 
centers. 

CIRCL~ NO. 388 

BCD-controlled one-shot 
offers variable delays 
Technitrol, Inc., 1952 E. Allegheny 
Ave., Philadelphia, PA 19134. (215) 
426-9105. Under $2000; stock to 4 
wk. 

The Model 2141 TTL/ECL-com
patible one-shot system is a digi
tally programmable pulse module. 
It provides output pulses within 1 
ns of selected time in a range of 20 
to 1020 ns after a TTL or ECL 
trigger is applied. The new system 
also provides variable pulse widths 
from 15 to 1000 ns. Delay and 
pulse width are each controlled by 
three decades of remotely gener
ated BCD inputs. Output pulses 
from the Model . 2141 include: six 
ECL outputs that are pulse 1 and 
complement, pulse 2 and comple
ment and difference pulse (pulse-
2 - pulse-1 ) and complement; four 
Schottky TTL outputs are pulse 1 
(low to high), pulse 2 (low to 
high) and difference pulse (pulse-
2 - pulse-1) and complement. Ex
ternal trigger rate is 0 to greater 
than 15 MHz. Input impedance is 
50 n and the insertion delay is less 
than 20 ns (including uncertainty 
of ±500 ps). Programming time is 
less than 100 ns and the worst-case 
jitter between leading and trailing 
edge pulse is ± 200 ps. 

CIRCLE NO. 389 

Phase unbalance sensor. 
protects motors 
Diversified Electronics, P.O. Box 
6231, Station B, Evansville, IN 
47712. (812) 426-2806. $275 
(ALMA), $300 ( ALMR); 4 to 6 
wk. 

The SLB series of phase unbal
ance monitors detects phase unbal
ance, phase loss and phase reversal. 
If the phase unbalance exceeds a 
preset delay on drop-out, the out
put relay will de-energize. Model 
SLB-200-ALMA will reset auto
matically. On Model SLB-200-
ALMR, a manual pushbutton will 
reset the monitor after conditions 
return to normal. On both models, 
an indicator lamp lights when the 
monitor has been tripped. The unit 
protects motors against "single 
phasing" and phase unbalance 
sensing as low as 2%. Sensing of 
very small (2%) unbalance elimi
nates problems caused by large 
motor back-EMF. The unit can 
also sense unbalances of 2 to 15%, 
adjustable by a potentiometer lo
cated on top of case. Delay on drop
out is adjustable from 0.1 to 5 s 
and the temperature compensated 
circuit is stable over -10 to 65 C. 

CIRCLE NO. 390 

Variable speed controls 
have stepless operation 
Minarik Electric Co., Krystal Con
trols Dept., 303 S. Wall St., Los 
Angeles, CA 90013. (213) 624-
3161. From $12.40 (unit qty.); 
stock. 

The Krystal Controls provide 
stepless speed variation for 90-V
dc permanent magnet motors as 
well as series wound motors. One 
group of units has an output of 
0 to 90 V de, 3 A and is designed 
for use with series-wound or 
permanent-magnet motors. Fea
tures include line voltage compen
sation and feedback, minimum and 
maximum speed adjustments and 
regulation adjustment. A second 
group runs series-wound ac/dc 
motors and has an output of 0 to 
55 V de, 115 V ac, 3 A. These units 
provide feedback at low speeds and 
mm1mum speed adjustment. A 
third group, for series-wound ac 
motors, delivers 0 to 105 V ac, 3 A, 
and features minimum speed ad
justment. 

CIRCLE NO. 391 
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Dual Delay ... Singk Delay 

Only HP offers 
Dual-Delayed Sweep. 
And with Dual-Delayed Sweep, the 
difference is .. . the end of graticule 
counting ... the end of mental calcu-
lations ... the end of remembering 
the time reference line ... and the 
beginning of faster, more accurate 
scope measurements. 

A scope with single delay just 
can't compete in terms of speed, 
accuracy, and repeatability . Here's 
why: I) Dual-Delayed Sweep can
cels amplifier and CRT nonlinear
ities for greater accuracy. 2) There's 
no time reference line to adjust to. 
You simply set two intensified mark
ers or overlap two traces and read 
the value directly on the LED dis
play. 3) You can preset the time in
terval on the LED display and adjust 
your system to meet specs by align
ing traces with the intensified mark
ers ... saving time in production. 

Are you making single trace mea
surements such as rise-times, pulse 
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What's the 
difference? 

durations, periods? Simply adjust 
the two intensified markers to coin

cide with 
the points 
you want 

to measure 
between. 

Your time
interval 

measurement (in seconds) is display
ed instantly on the LED readout. 

Suppose you're making dual trace 
measurements such as propagation 
delays, dual-clock phasing, trans
mission line matching, and cable 
length measurements. Then you sim
ply over
lap the 
two traces. 
Again, 
your time 
interval 
measure
ment is displayed instantly on the 
LED readout. 

There's only one Dual-Delayed 
Sweep. It's from HP. And you'll find 
it on this new 1722A scope with a 
built-in microprocessor and on our 

HEWLE1'T lift PACKARD 

Sales and service from 172 offices in 65 countries. 
1501 Page Mill Road . Palo Alto Cal1lorma 94304 
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lowest cost I 7 I 2A with voltage scal
ing output for direct reading on an 
external DVM. 

The 275 MHz 1722A is priced at 
$4,7 50* and gives you Dual-Delayed 
Sweep plus easier, more accurate 
measurements of frequency , instan
taneous and de voltage levels and 
relative amplitude. In all of these 
measurements, you get direct read
out in the units of seconds, Hertz, 
volts, and percent. The micropro
cessor automatically keeps track of 
dial settings and position-control 
rotation. 

You can even convert the I 722A 
(option 101) to do Logic State Anal
ysis . Simply couple the 1722A to an 
HP 1607A Logic State Analyzer, 
and you're ready to tackle problems 
in the data domain. 

The I 722A simply outperforms 
many scopes costing twice as much. 
It offers unmatched capabilities. 

Let your local HP field engineer 
give you all the details . Call him 
today or write for our informative 
eight-page brochure and our six-page 
App-Note # 186. 

*Domestic U.S.A. price onl y. 

... ,, 

' 
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New case styles! 
Bezel, window and surface mounting styles are now 
included in the expanded line of Beede QA panel meters. 
There's a variety of meter styles, colors and options to give 
you complete design flexibility. 

Now you can have the best of both . .. sophisticated appear
ance and high reliability when you specify Beede panel 
meters. Select from three styles in 1 %", 2%", 3112'' and 4112'' 
cases. Meter movements available are shielded bar taut
band, Mag B taut-band or pivot-and-jewel , and AC iron 
vane. Wide choice of options including multi-colored 
scales, special resistances, different calibration points, 
tracking accuracies to ± %% and many more. 

Each meter has the smart, clean design look. And behind 
the handsome face of the QA case is the reliable, rugged
ized Beede meter you can depend on for long, trouble-free 
service. Think of Beede as your prime source of rel iable, 
accurate, contemporary-styled panel meters at 
economical prices. 

Write or call for complete information on Beede panel 
meters, meter relays and pyrometers in the QA case line. 

Beede QA panel meters. 
Where 

appearance 
• 

10 20 30 40 1535 
important as 

reliability. 
0 
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MODULES & SUBASSEMBLIES 

F /v converter series has 
choice of tempcos 

Dynamic M easw·ements, 2 Lou·ell 
A ve ., Winchester, MA 01890. (617 J 
729-7870. See text; 2 to 4 ll'k. 

The Model 9200 frequency-to
rnltage converter series has a O-to-
1-kHz frequency range. It has a 
unit step response of 150 ms to 
± 0.1 % of final value and non lin
earity of ± 0.01 % of final value and 
nonlinearity of ±0.01 % of FS over 
its operating temperature range of 
0 to 70 C. The 9200 has a peak volt
age ripple of 20 mV and an ad
j us table offset of ± 50 m V. A spe
cial internal timing section makes 
the 9200 insensitive to variations 
in input waveform duty cycles. The 
converter is housed in a 2 x 2 in. 
module. Depending upon V r, vs. 
temp, the 9200 ( ± 150 ppm/° C) 
costs $51, the 9201 ( ±30 ppm/°C) 
$59 and the 9202 ( ± 10 ppm/° C) 
$67. 

CIRCLE NO. 394 

Telephone-tone circuits 
cover all needs 
B eckman Instrum ents, H elipot 
Div ., 2500 Harbor Blvd., Fullerton, 
CA 92634 . ( 714 ) 871-4848 . Under 
$150 ( 100-sets ) ; stock to 8 wk. 

The Series 883 hybrid circuits 
are designed for central office tone 
receiver applications. The circuits 
meet Bell System performance re
quirements. Circuits in the series 
include a dial tone reject filter, a 
high-band filter, a low-band filter, 
a dual limiter, eight tone filters 
and quad detectors. Each fi lter 
circuit is functionally laser 
trimmed to meet stringent per
formance requirements for twist. 
wide-input-amplitude range and 
proper tone decoding in the pres
ence of speech, noise or dial tone. 
Each model is available on a stand
alone basis, on a tone-receh·er set 
basis , or in a complete PC-board 
mounted configuration. 

CIRCLE NO. 395 

INFORMATION RETR IEYAL NUMBER 107 ~ 





MODULES & SUBASSEMBLIES 

Proximity sensor works 
with all metals 
Micro Switch, 11 W. Spring St., 
Freeport, IL 61032. (815) 232-
1122. $6 large qty . ; stock. 

The XK self-contained solid-state 
sensor uses the eddy cu r rent 
principle to respond to ferrous and 
nonferrous metal-foi l targets. The 
unit is sealed and measures just 
over an inch long. It can handle 
up to 1000 operations/s and can de
liver 6 to 16 V de to logic level 
loads. The XK operates over a - 40 
to + 125 C (- 40 to 257 F ) range 
and switches consistently at a 0.06-
in. distance t hroughout that range. 
Push-on or lead-wire termination 
is avai lable and slots along the 
sides will accept #4 mounting 
screws and permit 0.14-in. position 
adjustment. 

CIRCLE NO. 396 

Open board timer has 
0.5-to-480-s delays 
Omnetics I nc., P.O . B ox 113, Syra
cuse, NY 13211. (315) 699-5262. 
From $6 .56; 1() day to 2 wk . 

The series MOR, UL recognized, 
open board time-delay relay fea
tures factory-fixed or adjustable 
time delays from 0.5 to 480 s. The 
units can operate from ac and de, 
voltages from 24 to 240 V and have 
normally closed or normally open 
configurations. Contacts are rated 
at 5 A, or 1/ 6 horsepower at 120 
V ac. Repeat accuracy is ±2 % and 
the expected mechanical life of the 
device is said to be over 1,000,000 
operations. Full-load life is rated 
at 500,000 operations. 

CIRCLE NO. 397 
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Module converts digital 
angles into voltages 
C & A Products, 37-12 58 St., 
Woodside, NY 11377. (212 ) 779-
4303. $750; stock to 4 wk. 

The DT320 module is a minia
ture converter that changes digital 
angle data into a pair of de volt
ages t hat are proportional to the 
sine and cosine of the digital angle 
input. The module is designed for 
appl ications that require polar to 
rectangular conversion or digitally 
generated radar PPI displays. In
puts of 13-bits binary, or four
decad e BCD (35!).!) 0

) can be 
handled by the module whi le the 
outputs represent 10 sin () and 10 
cos () V de. 

CIRCLE NO. 398 

Miniature amplifiers 
have 5 to 400 MHz bw 
Aydin Vector, P.O. Box 328, N ew
town, P A 08940. (215 ) 968-4271. 
Under $30. 

Two m in i ature-sized, T0-12 
packaged transistor amplifiers, the 
Models GAl and GA2, have a fre
quency response from 5 to 400 
MHz. Their gain is insensitive to 
input voltage variations of from 
10 to 15 V. The operating temper
ature range of the amplifiers spans 
a - 55 to + 100 C range. Other 
specifications include: gain, 13 dB 
min.; flatness, 1 dB; noise figure, 
4.5 dB (GAl ), 6 dB (GA2 ); 
VSWR (50 fl ), 2 in and out; and 
input power, 15 V at 10 mA 
(GAl ) , 15 V at 24 mA (GA2). 
Either unit weighs 1 gram. 

CIRCLE NO. 399 

INFORMATION RETRIEVAL NUMBER 108 

Modular power driver 
delivers up to 5 A, peak 
Electronics Research Group, 22 
Mill St., Arlington, MA 02174. 
( 617 ) 646-9760. $29.95 ( 10-up); 
2 wk. 

The 303D is a high-power trans
conductance operational driver. 
The unit operates with supplies of 
up to ± 50 V and can deliver 5-A 
peak output current. It dissipates 
20 W at 25 C, still-air ambient. 
The 303D is essentially a high
power version of the smaller, 
monolithic power drivers such as 
the Signetics SE540 and the Moto
rola MC1438. The unit connects 
with a standard, 10-finger PC edge 
connector. It is mounted to its 
own heat sink, and measures 1-
13/ 16 x 5-1/ 8 in. 
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Voltage comparators 
deliver up to 100 mA 
Calex Mfg., 3305 Vincent Rd., 
Pleasant Hill, CA 94523. ( 415 ) 
932-3911. $12 ( 100-up); stock to 
2 w k . 

The Model 540 Voltsensor is a 
voltage comparator designed for 
mugh industrial environments. It 
has a fully pmtected input and out
put, 100-mA output rating, and is 
housed in a rugged 1.4 x 0.6 x 
0.5-in. case. The comparator plugs 
into any 16-pin DIP socket, hys
teresis and latching can be ex
ternally programmed by pin con
nections, and requires power from 
a dual supply of ± 5 to ± 16 V, 
or from a single 5-to-32-V supply. 
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ANAL.OG-'r' 
G£T THE BARE FACTS ON IHE A-943 

VOLTAGE lJ FREQUENCY CONVERIER. 
STREAKS YOUR SYITTEM AT O·lMHz 
IN A SIRA113~T LINE,tO. 01 % . 
NEA1 L.ITTL.E i'$c 11;x'3 ~KAG~. 
RUN OUT AND GE:-T ONE« 

··= ...... e·h INCORPORA1ED •• " II ('!OB) 244-0SOO 

1220 Cl:l'.EMM( WZi Ci.4.e4 Vi 95050 

ELECTRONIC DESIGN'; I. January 5, 1976 



Ise introduces 
rwe new ways to make 

the competition 
tum green. 

Your competition probably already thinks 
they're using the perfect display 

in whatever it is they make. 

Alfa-Numerical Display 

Let them keep thinking it. 
While you prove them wrong 

with a new Itron display. 
They're designed to make 

the competition turn green. 
Which also happens 

to be the color of the segments. 

Instruments & Large Calculator Display 

F6512A1 
ef = 3.5V 

ec = eb =24Vp-p 
ic = 4mAp-p 
ib = 3mAp-p 
Wd. 100mm 

Lg. 40mm 
Segment 12 mm 

Instruments & Terminal Units Display 

NORITAKE CO., LTD. 
Electronics Office (U.S.A.) Electronics Division 

All 17 of them on the 17-digit Itron. 
All 5 on the FG-512Al. 
Next comes an Alfa-Numerical Itron. 
A Linear-Analog Itron. And a Digital Clock Itron. 
Five ways to be heartless if you put 
a little heart into it. 

ifron® 

FG179F2 

FG209M2 
ef =10V 
ec = eb = 40Vp-p 
ic =10mAp-p 
ib = BmAp-p 
Wd. 205mm 
Lg. 40mm 
Segment9mm 

ef =7V 
ec = eb = 35Vp-p 
ic=7mAp-p 
ib = S.SmAp-p 
Wd.170mm 
Lg. 40mm 
Segment 9.5 mm 

Digital Clock Display 

ISE ELECTRONICS CORP. 
London Office Hong Kong Off'ice 

FG425A1 
ef = S.SV 
ec = eb = 35Vp-p 
ic = BmAp-p 
ib = 6.SmAp-p 
Wd. 140mm 
Lg. 59mm 
Segment 25mm 

22410 Hawthorne Blvd. Torrance California 90505. 1-1. Noritake-Shinmachi. Nishi-ku. Nagoya-City, 
c/o NOAITAKE (UK) LTD 
No111ake House 2. York Street Wl H 1 Be . England 
Phone (01)935-7543 Cable 'UJCTUAL'' LONDON 
Muenchen Office 

Room 1403 Shing Loon Bldg 
24-26 Stanley Street Hong Kong 
Phone 5·232420 Telex HX83151 
Taipei Office 

U.S.A. Japan. 
Phone: (213) 373-6704, Phone: NAGOYA (052) 561-7111 . 
Telex : ··230574910·· Telex: J59738 NORITAKE 

c/ o NEUMULLER GmbH 8 Muenchen 2. Karlstrasse 55. 
\Nest Germany Phone 592-421 Telex 522106 
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13 DC/DC 
E3 CONVERTERS 

QUITE 
QUIET 

SCI Actual Size 

Not your usual DC/DC converters ... 

the lowest noise 
DC/DC converters

Quiet Q Series 
Ideally suited for powering DACs, ADCs, and l inear circuits. These low profile modules, 
with outputs to 3 watts, incorporate a high performance rr input filter as well as SCl 's 
unique converter design and regulation techniques ... The result 1s a guaranteed output 
r ipp le of < 5mV p-p. 

Model 30C5-15D100Q - 5V,, , :!: 15V @ 100mA out - $74.95 (1-9). 
Other input and output ratings are also available . For full information, contact Ron 
Garmon at 617-373-91 04. 

Another excellent value from the No. 1 source 

SEMICONDUCTOR CIRCUITS, INC. 
306 River Street, Haverhill , Massachusetts 01830 
Telephone : 617-373-9104 • TWX : 710-347-0269 

INFORMATION RETRIEVAL NUMBER 110 

The Crown 800 Y4" 
mag tape transport is rugged1; 
computerized2, professional3 and 
adaptable4. It's designed, built and one
by-one tested by people who are good at 
their jobs. It will work exactly the way you 
expect. No glitches. 

Built 
to work 

no 
matter 

how 
yo.u 

use1t. 
Good design and careful fabrication are the 

reasons why the 800 transport works in many different systems. Audio record/ 
playback systems. Data recording. Program origination. 

If your latest project includes Y4" mag tape capabilities, ask Crown to explain 
the 800 transport. 

(161] c r 0 ~.,~u ~2, :,~,:;~"'~'~.:, ?,,~ ... a,,,~ 
1. ~I' thick aluminum front plate. Anodized or 
plated metal parts. Only 10 moving parts. All sub
assemblles are plug-In. 
2. Logic circuit automatically sequences transport, 
regardless of command sequence, to prevent tape 
spill or breakage. Remotable. 

3. Three motor drive. DC braking. Automatic end-of
tape braking. 19'' rack mount. Wow and flutter 0.09% 
@ 7¥2 lps guaranteed maximum. 
4. Heads Independently mounted - can be easily 
changed. 4ch, 2ch or mono. Build your own elec
tronics or order from Crown. Crown wlll customize. 
Variable speed drive available. 

INFORMATION RETRIEVAL NUMBER 111 
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POWER SOURCES 

Switching supplies 
work above 30 kHz 

Allird Control Div., Gould Inc., 100 
R elay Rd., Plantsville, CT 06479. 
(208 I 628-9654 . Prices range be
t1eeen $250 and $400; stock-4 wks. 

A new line of switching-regula
tor power supplies, MG Series, is 
available in ratings of 5 to 24 V de 
at 10, 20, 40 and 60 A. MGT triple
output model is available at 5 V de 
with 20-A main output and either 
± 12 or ± 15-V auxiliary outputs. 
Switching frequency is greater 
than 30 kHz. Other specs include: 
regulation of 0.1 % max for 100 % 
load change and ± 10 % line 
change, ripple of 10 mV rms, 50-
mV pk-pk max; and a tempco of 
±0.01 %/°C. Various protection is 
offered. 

CIRCLE NO. 402 

Switching supply offers 
brownout protection 
H ewlett-Packard, 1501 Page Mill 
Rd., Palo Alto, CA 94304. ( 415) 
493-1501. $375; 6 wks. 

Model 63005C switching-regu
lated modular supply is designed 
to power OEM data processing 
equipment and features brownout 
protection with input voltages 
ranging from 87 to 127 V ac or 
180 to 250 V ac. The unit is regu
lated to 0.1 % with ripple and 
noise of 5 mV rms, 40 mV pk-pk 
(20 Hz to 20 MHz ) . It will supply 
22 A at 5-V continuous output 
from 0 to 40 C. Linear derating is 
0.37 A/°C from 40 to 70 C. Out
put can be shut down by a TTL 
control signal or a contact closure. 
Another feature is the delay (20 
ms ) in loss of de output voltage 
following ac power failure or 
transients. 

CIRCLE NO. 403 

ELECTRONIC DESIGN l. Januan 5. 1976 



• 

Ill 

... loud and clear. You'll get more attention with these exceptional new 

piezo crystal solid state audio indicators. Many models to choose 

from. Series X10 (continuous tone) or Series X11 (pulsing) with pins, wires, 

or fastens, for computer terminals, remote control fault detection 

devices ... Series X40 for panel-type home or factory warning and alarm 

systems ... Series X50 for all types of fire, security and backup 

alarms. Some models rated to 85 dBA at ten feet. 

Write for complete specifications and application data. 

Series X40, 
six models, 
6·32 vdc. 

Series X50, 
six models, 

6-32 vdc. 

II projects® 
unl1mrted 

(Approximately 
half size .) 

ELECTRON IC D ESIGN l , January 5, 1976 
INFORMATION RETRIEVAL NUMBER 112 

3680 Wyse Road, Dayton, Ohio 45414 
Tel. 513-890-1918, TWX 810-450-2523 

Distributors throughout the world. 
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We go.___ 
1ogrea1 
lengths and 
give you 
unbeatable 
SWR 

Our SWR specs are the best 
in the business- now less than 
1.07 from 200 kHz to 1 GHz, 1.18 
to 12.4 GHz, and 1.28 to 18 GHz. 
With virtually no limitation on 
detector cable length, the pro
grammable Series 42C micro
wattmeters are as accurate at 
3,000 ft. as at 3. Measure from 
- 50 to +20 dBm with negligible 
drift-and at a price you can 
afford. Choose from our analog 
Model 42C, digital Model 42CD 
or, for field use, the analog
battery Model 42CB. Analog 
models have power and dBm 
scales; digital offers 3112 digit 
LED display for power plus op
tional autoranging and 4-digit 
dBm display with 0.01 dB res
olution. For full details or a dem
onstration, contact: Boonton 
Electronics Corp., Rt. 287 at 
Smith Rd., Parsippany, N. J. 
07054; (201) 887-5110. 

BOONTON 
INFORMATION RETRIEVAL NUMBER 113 
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POWER SOURCES 

Lithium battery offers 
25 A-hat 1 A 

Power Conversion Inc., 70 Mac
Questen Pkwy. South, Mount Ver
non, NY 10550. (914) 699-7333. 
L ess than $6.00 (OEM quanti
ties ) ; stock-2 wks. 

Model 660-5 lithium primary 
cell can provide 25 A-h at 1-A 
drain for an energy density of 135 
Whr/ lb. The unit is the latest ad
dition to the company's line of 
Eternacell lithium patteries char
acterized by a shelf life greater 
than five years; low temperature 
performance to - 65 F; highest 
energy per unit weight and volume 
of any type battery; 2.8-V nomi
nal operating voltage (double that 
of ordinary batteries) ; and a high
rate discharge performance. This 
new battery is 1.64 in. in diameter, 
4.5 in. high and weighs 7.8 oz. 

CIRCLE NO. 404 

Logic supply mounts 
in standard card file 
Wyle Computer Products, 3200 
Magruder Blvd., Hampton, VA 
23666. ( 804) 838-0122. $115; 2-4 
wks. 

Digital logic power supply, the 
MPS-2A, is designed to mount di
rectly in a standard card file with 
a 44-pin edge connector. Specs in
clude an output voltage of 4.4 to 
5.85 V de, overvoltage cutoff of 6.6 
V de (max) in 11 µs (max) , out
put current of 2.5 A max, and line 
and load regulation of ± 2 µ, V, for 
10 % input changes and no load to 
full load variation. Operating tem
perature range is 0 to 70 C. 

CIRCLE NO. 405 

Open-frame units offer 
wide choice of models 

Powertec, Inc., 9168 De Soto A ve ., 
Chatsworth, CA 91311. (21 3) 882-
0004. Start at $24.95; stock. 

Designated OEM II, these open
frame de sources offer new case 
sizes and models and are redesigns 
that provide even higher efficiency 
and lower primary power con
sumption than the original series. 
OEM II offers 30 single-output 
models with 70 different outputs 
to choose from, plus 24 multiple
output models, including both duals 
and triples. In all, 16 case sizes 
are offered. Model 2A is said to be 
the smallest open-frame de supply 
in the industry (1.28 x 2.15 X 
3.78 in. ) . 

CIRCLE NO. 406 

Compact source 
provides 3 outputs 

Signal Laboratories, 202 N. Stale 
College Blvd., Orange, CA 92668 . 
(714) 634-1533. $495. 

This compact triple-output sup
ply delivers 5 V and ± 15 V de at 
200 mA each. Regulation is ±2 % 
for the- 5-V output and ± 1 % for 
the ± 15-V output. Input is 103 to 
127 V ac, 55 to 420 Hz. Individual 
overcurrent and overvoltage pro
tection with automatic recovery 
are standard. The unit uses JANTZ 
and MIL-STD-883, Class B semi
conductors, is potted and qualifies 
for MIL-E-16400F environments. 
Dimensions are 4-1 / 2 x 2-1 / 2 X 
2 in. 

CIRCLE NO. 407 
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AC Volts • DC Volts • 
Ohms • 3 Y2 Digits • 4 
Ranges • Autoranging • 
Auxiliary Input 

DC - 20 MHz Bandwidth • 1 0 mV I 
div Sensitivity • 20 nsec / div 
Sweep Rate • Triggered Sweep • 
X5 Magnifier • X-Axis Input • Ex
ternal Trigger 

Frequency to 20 MHz• 4 Digits 
• 5 Ranges• Out-of-Range Indi
cation • 1 0 mV p-p Sensitivity 
• 200% Overrange 



COMPONENTS 

Pot cores handle 50 W, 
provide 10 terminals 

Ferroxcube Corp ., 5083 King's 
Highway, Saugerties, NY 12477. 
(9 14 ) 246-2811. 

"Touch Tone" pot cores, so 
named for their original use in 
telephone systems, are now avail
able in a manganese-zinc ferrite, 
3C8 material for high-flux-density 
applications. Formerly for low
power use, the new cores can now 
be used for transformers in the 
10-to-50-W range. The cores come 
with 10-pin terminals in a square
format bobbin that needs less space 
than standard units. 

CIRCLE NO. 410 

Alphanumeric displays 
deliver moving messages 

Burroughs Corp., P.O. Box 1226, 
Plainfield, NJ 07061. (201 J 757-
3400 . $85 (1000 up). 

Self-Scan II panel displays can 
be configured with 20 to more than 
1920 characters, yet they are only 
a few inches thick, are viewable in 
bright light and readable at dis
tances in excess of 50 ft. The char
acters are formed with 5 x 7 dot 
matrices. They provide an alpha
numeric display 0.7-in. h igh with 
light output exceeding 300 µ,cd per 
glowing dot, whose soft neon-or
ange color is easy to read. The dis
play's horizontal viewing angle is 
more than 150 degrees. Suitable for 
moving-message applications, the 
panels have been designed to abut 
horizontally and stack vertically to 
enable 24 lines of 80 characters to 
be mounted in a 4-by-5-ft frame. 

CIRCLE NO. 411 

TWO FOR THE PRICE OF ONE (almost)! 

A. E. CORP. 
P.O .• Box 63 
Newton. MA 02161 

(617) 449-3142 

TT Electronics Inc., 2214 S. Barry 
A ve ., Los Angeles, CA 90064. (213) 
478-8224. Typical $59; 2 to 3 icks. 

The new T series vhf and uhf 
bandpass filters handle any fre
quency from 100 to 500 MHz for 
50-0 source and load terminations. 
Any bandwidth from ± 1 to ± 10 % 
may be specified. The typical stop
bands for the narrow bandwidth 
types are 30 dB at 0.8 and 1.35 
times the center frequency . The 
filters are used for the rejection 
of harmonics and noise adjacent to 
the passband. Their hermetically 
sealed steel cases are designed for 
PC board mounting. 

CIRCLE NO. 41 2 

saggs 
FUNCTION GENERATOR-Simultaneous sine, 
square and triangle wave outputs from 1 Hz 
to 1 MHz ±5% accuracy, stability ±200 PPM 
and sinewave distortion 2%. TTL compatible 
square wave output with rise and fall times 
100 nsec. Adjustable output 0 to 20 Vpp. 
105-125 VAC 5 Watts. 

Features of Bead-seal Lamp 

s799s 
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PULSE GENERATOR-Pulse width continously 
ad1ustable from .1 sec to 100 nsec. (5 Hz to 
5 MHz Frequency Range) with 20 nsec rise 
and fall times, O to + 5 volts output (10 TTL 
fanouts) . Input power 105-125 VAC 60 Hz at 
5 watts. Size 6" x 4" x 3" and weight 1 lb. 

15 DAY FREE TRIAL PERIOD 

INFORMATION RETRIEVAL NUMBER 115 

1. Easy to handle ............ No sharp tips anywhere on the glass 
bulb help prevent breaking of seal (Photo A) . 

2. Saves lamp space ...... .. Maximum overall length shorter than 
other similar lamps provide a high degree of design freedom. 

3. Saves PC board costs ... Can be mounted directly to PCB, the 
same as Bi -Pin lamps (Photo B) . 

4. Increased reliabil ity ...... Stronger seal, Higher vacuum level, 
Tighter filament mounting. 

5. Abundant types .. ......... Up to 60V lamps in the same size 
bulb are available, even for T-1 1/ 4 size. 

i1 SUBMINIATVR.E LAMP SPECIALISTS 

•Ask informations to: 

WAMCO Technical Sales, Inc. 
705 W. 16th Street, Costa Mesa, California 92627 TEL: C714l 833-9361 TELEX: 678459 

OSHIRO ELECTRIC LAMP WORKS, LTD. TOKYO.JAPAN 

INFORMATION RETRIEVAL NUMBER 116 
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Chances are, we already have the packaging you want. That's 
the beauty of our single-chip design and packaging concept: 
freedom of choice. Because our ultra-low VcE <sAn modules 
are pre-rated, pre-tested and inventoried, we can put them in 

TYPICAL 
PACKAGE 

SELECTIONS 

Copper grid Integral 
distributes"-.., solid 
current most copper 
efficiently leads and 
for lowest ~--i..,heat sink 
v •• (sat). ""' make 

any package to meet any need ... help you optimize size, weight r---.---r----;~~g;~ __, 
and performance without long lead times for custom packag- ,___1 c~_P_o-+-_r_v_P_E --.s7o mil 

pre-bond 
chip tests 

-..._,_,and 

1200A 21 00W PPS 1200 diam . or 
inventory 
possible. ing. Whether you need 5 or 500 pieces, we'll welcome the op- sooA 625w PPsoo a2omi1 

portunity to discuss your special needs. For application notes 2soA 32sw PPs2so ~f~;1i9 ~g~~f~~e ~~ckages 
and further information, call Sales Engineering, PowerTech, 150A 325W T0·114 chips/ ~~7~7~~r:ss are solid 

Inc., 9 Baker Court, Clifton, N. J. 07011; (201) 478-6205. 90A 325W T0-63 hot spots. copper. 

HIGH CURRENT 
TRANSISTOR 
PAC GING 
UNLIMITED 

INFORMATION RETRIEVAL NUMBER 117 
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PowerTech, Inc. 
"BIG IDEAS IN 

BIG POWER" 
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at 
~sul!P1ies 

unaccusiomed prJ.CeS. 

Power/Male presents the sub-mochdar MS Series. 
Power Mate created a breakthrough All feature built-in over-voltage protec-

by breaking the power supply into sub- lion, current limiting overload protection, 
modular elements. Then they standardized adjustable controls for voltage and protec-
the whole system for easy adaptability and tive functions, and the electronics neces-
speed}"design which makes the MS series sary for filtering, regulating and rectifying. 
more economical than anythin~ before it. In addition, these tough little units are 

The system consists of 48 different UL recognized. 
models in 8 package sizes, to create an The Cost? Prices start at a mere $25.00. 
unlimited number of either single or So you get a customized power system at 
multiple power configurations. a very unaccustomed price. 

For more information call or write: 

I rn Im I rn I Send for catalog describing . LI ULJ L!J _ 32,500 other models. 

POWER/MATE CORR 
World 's largest manufacturer of quality power supplies. 

514 South River Street / Hackensack , N.J. 07601 / Phone (201 ) 343-6294 TWX 710-990-5023 
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MEWi 
INSTANT FREQUENCY 

DIFFERENCE! 

Tracor Model 527A measures Front-panel meter reads 
frequency difference directly to parts per 1011 . 

instantly, precisely. Allows adjustment of two 
For precisely $2,950. oscillators to the same fre-
quency, adjustment to a specific offset, determination of 
offset - all instantly. Plus both short-term and long-term 
stability analysis. Internal oscilloscope extends precision 
to 1 x 10-12 . Reference and signal frequencies need not be 
the same. Write or call for full technical and application 
information. 

TrBCOr 1ndustria1 instruments 
6500 Tracor Lane • Austin, Texas 78721 • AC 512/926-2800 

INFORMATION RETRIEVAL NUMBER 135 

PACKAGING & MATERIALS 

Heat sinks for T0-3 cases 
clamp right to package 

UAU Ltd., 42 A Main Rd., Barn
ham, Bognar Regis, West Sussex, 
P022 OES, England. 

The AKK-191 and AKK-127 are 
die-cast to T0-3 heat sinks. They 
can be clamped over the top of the 
T0-3 case. The heat sink comes in 
two heights: 19.1 mm for the 
AKK-191 or 12.7 mm for the AKK-
127. Thermal coefficients for thr 
heat sinks are 12 C/ W or 14 C/ W. 
respectively. 

CIRCLE NO. 41 3 

Thick-film compositions 
have Rs up to 1 Mo/sq. 
DuPont Co., Public Affairs Dept., 
Wilmington, DE 19898 . ( 302 ) 774-
2358. $3.10 to $3.35 gram. 

The "Birox" 1500-Series of 
thick-film resistor compositions is 
claimed to be the only available re
sistor compositions with a resis
tance tempco of less than 50 ppm/ 
°C across the full resistivity range. 
Contact resistance variation of the 
1500-series resistors is less than 
0.1 % across the full resistivity 
range with brush-type wipers. Re
sistors made with the 1500-Series 
compositions can meet the follow
ing military specifications .: Contact 
Resistance Variation, MIL-R-
22097, Contact Noise, MIL-R-27208 
and Rotation Life, MIL-R-22097C. 
The series offers five compositions 
with sheet resistivities of 100 0. / 
sq. to 1 MO / sq . Processing condi
tions are: Screen printing to a 
d1·ied-film thickness of 25 microns 
and firing in air to a peak of 850 
c. 

CIRCLE NO. 414 

ELECTRONIC DESIGN I. January 5. 1976 



New 32D permanent magnet fhp 
motors and 32D-5F right angle 
gearmotors join the growing 
Bodine PM family. 

Perfectly matched with Bodine's 
PM controls, 32's offer the same 
performance characteristics as the 
42's-in a smaller package. Only 
3.55"in diameter. Built for high 
starting torque, low speed opera-

tion, and a high degree of control, 
the new systems have continuous 
duty motor ratings of Yi2, Vto and 
01 Hp at 2500 Rpm. New right 
angle gearmotors are available in 
six standard ratios. 

All PM systems have grounding 
provisions for safe operation. Bodine 
PM motors are totally-enclosed, 
nonventilated and reversible. 

Optional "L'' bracket mounting 
kits, terminal endshield kits, and 
other accessories are available. 
Bodine also offers D-C motors for 
use with your own controls. See 
your Bodine Distributor or write 
for Catalog CDC-PM. 

Contact Bodine Electric Company, 
2500 W. Bradley Pl., Chicago, IL 
60618. Phone (312) 478-3515. 

Bodine's PM drive systems family 
is growing ... smaller. 
We've added 2 new 32-frames 

420-E Para/1111 Shaft 
Control G1111rmotors 

Torques through 350 Lb·m 

DPM Controls
Chass1s type. 

320-5F Right Angle 
Control o .. rmotors 

Torques through 55 Lb-m 

DPM Controls
Encased type. 

320 Control Motors 
1/12 through 118 Hp at 
2500Rpm. 

.i\DE (After Delivery Economies) 
makeflodine a better fhp buy 

INFORMATION RETRIEVAL NUMBER 119 
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This highly-reliable reader has only 
one moving part, reads 150 cps, 
and is priced as low as mechanical 
readers. The solid state read head 
can be purchased alone or with a 
case, interface and power supply. 

ADD MASTER 
CORPORATION 

A fanfold box or spooler is available. 
Write for specifications. 

416 Junipero Serra Drive 
San Gabriel, California 91776 

Designers and manufacturers of MARCHANT calculators and office equipment, 
and ADDMASTER computer peripherals - parallel entry printers and accessories. 

INFORMATION RETRIEVAL NUMBER 120 

AUTHOR'S GUIDE 
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writing 
for 

Elactronlc oas1an 

An 
Author's 

Guide 

'"\' ~((~~-'- t 1i-
l'> 

~ l<:_ ___ _ 

If you 've solved a tricky design 
problem, if you have developed 
special expertise in a specific 
area, if you have information that 
will aid the design process .. . 
share it with your fellow engineer
readers of Electronic Design. 

Articles you have authored not 
only raise your own professional 
status, but help build your com
pany image as well. The readers 
benefit, your company benefits. 

To help you prepare material 
that meets Electronic Design's 
high editorial standards, our 
editors have prepared a special 
author's guide entitled "Writing 
for Electronic Design." It covers 
criteria for acceptability, form, 
length, writing tips, illustrations, 
and payment for articles pub
lished. It's available without cost. 

It's easy to write for Electronic 
Design, but it's often hard to get 
started . Send for your copy of our 
Author's Guide today. 

Circle No. 
895 

NeW' 
Literature 

Power supplies 
Electrical specifications, oper

ating parameters, dimensional 
charts and prices for over 3000 
standard power-supply modules 
are given in a 60-page catalog. 
Abbott Transistor Labs, Los An
geles, CA 

PRCLE NO. 421 

Switches 
A 164-page multiline catalog 

illustrates and describes posi
tion-sensing and manual-control 
switches. Features of the catalog 
are easy-to-follow product selec
tion guides, extensive use of 
metric measurements on all draw
ings and a consistent ordering 
procedure for all product lines. 
Operating characteristics are 
given in metric as well as English 
units. Micro Switch, Freeport, IL 

CIRCLE NO. 422 

Wire and cable 
A nifty design kit includes an 

electronic wire and cable design 
guide, design aids and a 72-page 
catalog, which describes the com
pany's products. Belden Electronic 
Div., Geneva, IL 

CIRCLE NO. 423 
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Sescosem: 
a free TTL 
sample kit 

already has your 
name on it 

Please send me 
free your 
component 
sample kit 

title ________ __ _ 

company ________ _ 

address ----------

phone ----------
city __________ _ 

state __________ _ 

zip __________ _ 

THOMSON-CSF 
SEMICONDUCTOR DIVISION 
50, rue Jean-Pierre-Timbaud I B.P. 120 
92403 Courbevoie/France 

25 AED 

you want proof? cut here... ~------------

The complete Sescosem TTL range is at your disposal -
and particularly those in our free sample kit, which is yours 

l D,>induatries 25 A 

for the asking. You need only complete and return the 
reply coupon. 

Remember, Sescosem's range provides a complete selection of TTL 
components and our quality control is second to none. Two factors 

to facilitate your task. As for price, being a leading european 
high volume components manufacturer, they are 

more than competitive. Prove this yourself
Just cut out and return the reply coupon. 

lHOMSON-CSF 
SEMICONDUCTOR DIVISION 

50, rue Jean-Pierre-Timbaud/B.P. 120192403 Courbevoie/France 
Telephone 788.50.01/Telex Sescom 61560F 

Sales offices or representatives throughout the world. 
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Enter into a permanent relationship with either of these Phase Controlled 
E/M Power Suppl ies . The SCA model on top is a single phase input unit 
offering from 500 to 2.400 watts of power and precise 0.1% regulation in 
both voltage and current modes. 

The bottom unit is our three phase input SCA model boasting power 
ratings in the 2,500 through 10,000 watt range . It too features 0.1 % regu
lation. Both types offer the highest power output per mechanical volume 
in the industry. 
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Check these superior benefits: 

* High Efficiency 
* Remote Sensing 

* Rack or Bench Mount 
* Overvoltage Protected 

* Remote Programming 
* Series or P:irallel Operation 
* 5 Year Warranty 

* Constant voltage or current 
with automatic crossover 

* Optional Input Voltages 

For technical information, Phone TOLL FREE (800) 631-4298 

VOLTS 

O · 6 

O· 7.5 

O· 10 

O· 20 

O· 30 

O· 40 

O· 50 

O· 60 

0 . 80 

0 · 100 

0 · 120 

0 - 150 

0 · 160 

O· 250 

0 - 300 

25 . 500 

0 - 600 

SCR MODELS 

1;1NPUT 3jl1NPUT 

500Watts BOO Watts 1600Watts 2400Watts 2500Watts 5000W1tts 10,000Watts 

A 

40 

25 

13 

9 

6 

3 

1.5 

.75 

$ A $ A $ A $ A $ A $ A $ 

600 2300 

100 650 180 850 250 1100 300 1600 

450 80 600 150 850 210 1100 250 1500 500 2300 

450 40 600 80 BOO 120 1000 125 1400 250 1900 500 2900 

100 1400 200 1900 

425 20 500 40 750 60 900 60 1400 125 1800 250 2700 

200 2900 

450 13 500 26 850 40 1000 

450 10 500 20 850 30 1000 30 1400 60 1800 

100 2900 

20 1400 40 1800 

425 5 500 10 850 15 1000 

15 1400 30 1800 60 2700 

10 1400 20 1900 40 2900 

475 3 550 5 850 8 1000 

5 1600 10 2300 20 2900 

500 1.5 650 3 850 4 1100 

ELECTRONIC MEASUREMENTS INC. 
405 Essex Road , Neptune, N. J. 07753 
Phone : (New Jersey) 201 - 922-9300 •(Toll-Free) 800 - 631 -4298 
Specialists in Power Conversion Equipment 

INFORMATION RETRIEVAL NUMBER 123 

NEW LITERATURE; 

IR detectors 
Descriptions and specifications 

of infrared detectors, associated 
electronic a nd cryogenic devices, 
detective assemblies, special I R 
systems and electro-optical instru
mentation are provided in a 56-
page catalog. The outer cover opens 
to provide charts a nd graphs of 
spectral response cha racteristics of' 
IR detectors and materials. Santa 
Barbara Research Center, Goleta, 
CA 

CIRCLE NO. 424 

Digital d/a converter 
How to gain the advantages of 

both t he di gital and analog worlds 
is shown in t he " Digital Design 
Handbook." It includes applications 
w h ere digit al-difference-to-analog 
(DD/ A ) converter s ser v€ as t he 
interface between the command a nd 
feedback digital quant ities as well 
as the analog power components of 
the syste m. Computer Centra l, 
Gaither sburg, M D 

CIRCLE NO. 425 

Power supplies 
Performa n ce a nd specify ing in

fo rmation for the compa ny's com
plete line of power supplies are 
offered in a 16-page catalog. Photo 
illustrations and dimensional draw
ings are included along with a 
two-page chart t hat provides quick 
comparison of t he company's power 
supplies . Sola E lectric, Elk Grove 
Village, I L 

CIRCLE NO. 426 
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Ionizing work station 
A grounded / ionizing work sta

tion for production of MOSFETs 
and other static-sensitive devices is 
described in a four-page brochure. 
Another bulletin covers a meter 
that indicates the presence of static 
electricity. Static, Inc., Lee, MA 

CIRCLE NO. 427 

Strip-chart recorders 
Over 200 models of 10-in. strip

chart recorders are highlighted in 
a catalog. Houston Instrument, 
Austin, TX 

CIRCLE N(). 428 

50 and 60-Hz UPS 
How three-phase uninterruptible 

power systems (UPS ) machines 
work and how to specify the right 
machine for a particular applica
tion are discussed in a 28-page 
book. International Power Ma
chines, Mesquite, TX 

CIRCLE NO. 429 

Interconnections 
"Innovative Interconnections," a 

40-page booklet, covers various 
types of connectors. The booklet is 
amply illustrated with color photo
graphs and includes a pull-out six
page connector guide. ITT Cannon, 
Santa Ana, CA 

CIRCLE NO. 430 

Data-acquisition system 
A 28-page brochure describes 

the TN-11 data-acquisition and 
analysis system. This system fea
tures a PDP-11 computer. Tracor 
Northern, Middleton, WI 

CIRCLE NO. 431 

u P hardware, software 
Microprocessor hardware, soft

ware and peripherals are featured 
in a 20-page guide. Wintek, Laf
ayette, IN 

CIRCLE NO. 432 

Beryllium oxide 
A 16-page design guide provides 

information on the characteristics 
and properties of Berlox berylli um 
oxide. The guide is illustrated with 
25 graphs and drawings and pro
vides application data. National 
Bery Ilia, Haskell, NJ 

CIRCLE NO. 433 
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Sure, there are limitless practical applications for Repco's 
RF links. But one of the characteristics of creative engineers 
is to develop commerical applications while jiving around with 
off-the-wall ideas. 

We 'd like you to enter our Undiscovered Genius Contest. The 
payoff is 12 fantastic prizes for our 6 winners and 6 runners-up. 

If you're one of the six winners, you'll receive a Texas ~ 
Instruments SR51 calculator - retail value $149 .95. Sil/:."" 
runners-up win Texas Instruments SR50 calculators - ' 
retail value $99.95. ,:,~ .' 

1 1, ., 

But just for entering , we'll send you a bright button '•,, , 
which identifies you as an Undiscovered Genius. It also 
makes a neat, semi-deadly frisbee on days there 's nothing 
much doing around the lab. 

Just draw a quick sketch or diagram illustrating your clever 
(but workable) idea incorporating Repco 's RF links on an 8%'' 
x 11" sheet of paper and sign it. We absolutely will not 
appropriate or use your idea in any way except for advertising 
purposes. Your entry constitutes permission for us to use your 
drawing in our advertising . 

Please send your entry directly to Repco, and for further 
information and contest details pull reply card in this magazine . 
Contest expires April 30, 1976. 
•decision of judges is final• limit one entry per person• void where prohibited by law, or where 
taxed• all entrants will be notified of winners• employees of Repco, Scope, Inc., or their 
advertising agency are not eligible (darn!) • and all pr izes will be awarded. 

Don 't delay . . . enter now, and become an undiscovered 
genius! ~ 

~!.~~ 
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L P.O. Box 7065, Orlando, Florida 32804 • (305) 843-8484 ------- ..I 
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4-k RAM 

Five different pin-out configu
rations of the 4-k RAM are re
viewed in a 10-page applications 
study. Configurations studied are 
t he 16-pin variation, and two ver
sions each of the 22 and 18-pin 
models. Advantages and di sadvan
tages are discussed, including pack
age size, density, multiplexing, 
TTL and MOS clocks, output and 
circuit design. Int~!, Santa Clara, 
CA 

CIRCLE NO. 434 

Dielectric materials 
Formulas and definitions all hav

ing to do with the propagation of 
electromagnetic energy in dielec
tric and / or magnetic materials in 
microwave applications are given 
in a four-page brochure. Emerson 
& Cuming, Canton, MA 

CIRCLE NO. 435 

Semiconductor assemblies 
"Special Considerations for 

Semiconductor Assemblies," gives 
19 common pointers for the proper 
application of high-power semicon
ductor assemblies. Westinghouse 
Electric, Youngwood, PA 

CIRCLE NO. 436 

Current measurements 
"X-Ray Tube Current Measure

ments" shows a simplified block 
diagram of an X-Ray machine and 
the theoretical current pulses for 
the output. It also gives a step-by
step procedure for current-pulse 
measurements and shows photo
graphs of actual waveforms. Tek
tronix, Beaverton, OR 

CIRCLE NO. 437 

Calculator applications 

Statistical applications of HP 
pocket-sized and desktop calcula
tors are described in a 12-page 
booklet. Illustrations of sample 
problems and printouts are given 
with each calcu lator description. 
Hewlett-Packard, Palo Alto, CA 

CIRCLE NO. 438 
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Microwave diodes 
A "Microwave Diode Pocket 

Guide" lists virtually all semi
conductors that ha.ve found an 
application in t he field of micro
wave communications to date. 
State Labs. 

CIRCLE NO. 439 

Connectors 
Popu lar connector configura

tions, both standard and special, 
are listed in a six-page guide. It 
is designed to help you select the 
proper connector series and the 
appropriate catalog from which to 
specify. ITT Cannon Electric. 

CIRCLE NO. 440 

Vidicon guide 

55 main Vidicon-camera tube 
categories are presented in a four
page interchangeability guide. Gen
eral Electric, Microwave and Imag
ing Devices, Tube Products Dept. 

CIRCLE NO. 44 1 

Motor speed controls 
Dimensions, ratings, type of 

mounting, standard and optional 
features as well as typical appli
cations of solid-state motor speed 
controls for ac and de motors up 
to 2 hp are detai led in a four-page 
guide. KB Electronics. 

CIRCLE NO. 442 

Power supplies 
Individual chart comparisons of 

"nearest equivalent" units for six 
popular types of standard off-the
shelf power supplies are shown in 
a cross-reference brochure. Sola 
E lectric. 

CIRCLE NO. 443 

uP guide 
"The Microprocessor User's 

Guide," a 36-page booklet, gives 
information on how to select and 
use microprocessors. Pro-Log. 

CIRCLE NO. 444 

Evaluation 
Samples 

Switches and lights 
Along with a 24-page catalog 

describing the company's switches, 
lights and custom products comes 
a business-reply card that when 
fi lled out and returned enables the 
reader to receive a sample of any 
product shown in the catalog for 
evaluation. Chicago Switch. · 

CIRCLE NO. 44 5 

Temperature recorders 
As miniature, self-contained 

± 1 % accuracy temperature record
ers are exposed to heat exceeding 
their calibrated temperature, they 
turn permanently and irreversibly 
black. Rated temperatures are 
printed at each sensor window. 
Standard models are available with 
diameters as small as 0.19 in., with 
one to eight indicators and cover 
a 100-to-1100-F temperature range. 
William Wahl Corp. 

~IRCLE NO. 446 

Insulated wire 
Cross-linked polymeric insu lated 

wire is UL listed and rated at 150 
C and 600 V. It is available in A WG 
sizes 22 through 4 / 0.-_ Ha veg Indus
tries . 

CIRCLE NO. 447 

Low-profile socket 
A sample package contains an 

actual US-2 16-pin socket as well 
as a description of its main fea
tures. Scanbe Manufacturing. 

CIRCLE NO. 44 8 

Aluminum mounting base 
An aluminum mounting base 

used with cable ties provides an 
inexpensive, secure bond in de
manding harnessing applications. 
The mount comes in two styles: 
with or without adhesive backing. 
A # 10 screw hole is included in 
the mount to accommodate screw
mounting, if desired. The mounl 
measures 1 x 0.5 in. Panduit 
Corp. 

CIRCLE NO. 449 
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INFORMATION RETRIEVAL NUMBER 126 

OFFERS ... 
TRUE COAXIAL SWITCHING 
MAXIMUM VERSATILITY 

The MATRIX SYSTEMS Programmabl e Switching 
System offers up to 200 sw itchpoints for up to 10 
x 20 matr ix or up to 1 x 200 scan ne r configura
t ions. T wo basic syste ms may be housed in a single 
19" rela y drawer, prov iding a compact ma tr ix cap
ability of up to 20 x 20 per drawer. The system 
offers an expander option in both th e " X" and 
" Y" axis . Other f ea tures are: 

• ASCII Com pat ib le 
• Compu ter p rogramma bl e • 8 reed sw itch opt ions 
• TT L/DTL com pati bl e • Proven rel iabi l i ty 
• Modular con struction • Easy ma inta inabi l i ty 

For further data write directly to : 

INFORMATION RETRIEVAL NUMBER 127 
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Over IOyears ago 
Globe broilght out t 
first maintenanc 
recharg 

Today Globe's the 
most proven one. 
gel/(]3rnoo® 

the rechargeable 
with expeilence! 

• emergency lighting 
• security systems 
• memory standby 
• portable instrumentation 
• telecommunications 
• medical electronics 
• sport and recreation 

Write for the complete .maintenance-free story! 

• GLOBE BATTERY 
DIVISIO N OF G L O B E - U N IO N IN C . 

Gel/Cell Marketing 
5757 N. Green Bay Avenue 

Milwaukee, WI 53201 - (414) 228-2394 

INFORMATION RETRIEVAL NUMBER 128 
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James Zaros 
Vice President of Sales 

Datel Systems, Inc. 

Tell us what you 
think about the 
GOLD BOOK. 
(If it's good, we'd like 
to hear it. If it's bad, 
we want to improve it.) 

'Electronic Design 's 
brought in 

for 

~~ _. --;sp- .... ; 
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GOLD BOOK just 
two pending orders 

"We're getting a good flow of orders from engineers who tell our salesmen that they have 
the GOLD BOOK in front of them while they're talking on the phone." writes Mr. James 
Zaros, Vice President of Sales, Datel Systems, Inc., Canton, Mass. 

"I have just confirmed that we have two specific orders pending in our plant, one 
for $25,000 and one for $50,000, that we know are directly traceable to the GOLD 
BOOK. 

"In addition to these phone and mail contacts, we also are receiving a fair number 
of direct response cards - the ones that are bound in the GOLD BOOK - many of 
which represent actual or potential business. 

"Yes, the GOLD BOOK is definitely working for us." 

Datel carries 10 short-form catalog pages in the 1975-76 GOLD BOOK. They feature, among 
other products, Datel's line of A/ D and DI A converters, wideband operational amplifiers and 
analog multiplexers. The pages are packed with detailed specs, data and price information. 
Datel makes it easy for engineers to talk business over the phone. 

Because the GOLD BOOK is primarily distributed to Electronic Design's audience, Datel gets 
the best of both worlds - 78,000 engineers and engineering managers, purchasing agents' 
and distributors throughout the U.S. plus 13,000 in key markets abroad. These are the men 
who have the authority to specify and buy. 

ELECTRONIC DESIGN'S GOLD BOOK IS WORKING 
••• IT'S WORKING FOR READERS ••• AND IT'S 

WORKING FOR ADVERTISERS, TOO. 

' 



quick ad1 New and current products 
for the electronic designer 
presented by their manufacturers. 

Thin-Trim variable capacitors provide a 
reliable means of adjusting capacitance 
without abrasive trimming or interchange 
of fixed capacitors, Series 9401 has high 
Q's and a range of capacitance values 
from 0 .2-0.6 pf to 3.0-12.0 pf and 250 
WVDC working voltage. Johanson Manu
facturing Corporation, Boonton, New Jer
sey (201) 334-2676. 

THIN-TRIM CAPACITORS 601 

FLEXIBLE CIRCUITS 602 

Hybrid Potentiometers are now available 
in many forms, including rectilinear, ro
tary, multi-turn with linear or non-linear 
functions. They combine the precision of 
wirewound resistance elements with the 
long life and essentially infinite resolution 
of conductive plastic. Send for catalog. 
Duncan Electronics, 2865 Fairview Rd., 
Costa Mesa, Calif. 92626. (714) 545-8261 

HYBRID POTENTIOMETERS 603 

MULTI-PURPOSE FUNCTION GENERATOR 
Krohn-Hite's Model 5100A offers 8 types 
of waveforms; sine, square, triangle, pos. 
& neg. ramps, sawtooth, and pos. & neg. 
pulses from 0.002Hz to 3MHz. The sym
metry control allows a 100:1 range for 
waveform variation. It has a 1000:1 (VCO) 
range and features a calibrated (dB) at
tenuator. Ideal for a broad scope of ap
plications. Only $495. Krohn-Hite Corp., 
Avon Industrial Park, Avon, MA 02322 
(617) 580-1660 

FUNCTION GENERATOR 604 

Basic Electricity & Basic Electronics by 
Van Valkenburgh, Nooger & Neville, Inc. 
Derived from the COMMON-CORE Train
ing Program initially developed for the 
U.S. Navy. Thorough, comprehensive cov
erage. Available in separate paperbacks or 
cloth volume. Write for FREE brochure. 
Hayden Book Co., Inc., 50 Essex St., 
Rochelle Pk, N.J. 07662 (201) 843-0550. 

TRAINING TEXT 605 

MICROPROCESSING SHORT COURSE 
"FREE" microcomputer consisting of 
M6800, RAM, PIA, ACIA, ROM with moni 
tor /debugger to allow stand-alone devel -
opment of small programs ... Fully ex-
pandable to 64 bytes . . . included in 
$495 tuition for hands-on µ.P workshop. 
Use it at workshop then take it hom e. 
Mar. 16-18, San Diego; Mar. 31 -Apr. 2, 
St. Petersburg; Apr. 5-7 , Vienna . WINTEK 
CORPORATION, 902 N. Ninth St., La
fayette, IN, 47904. (317) 742-6802. 

MICROPROCESSING COURSE 606 

Logic analyzer with display works in para! 
lei synchronous or asynchronous mode 
pattern trigger selectable up to 8 bit! 
generated trigger can be delayed afte1 
pattern recognition up to 999 clock pulses 
input is stored and displayed coincidental 
ly with delayed trigger pulse, $265. Com 
putel Engrg & Mfg Co. 2848 Charter 
# 207 Troy, Ml 48084 (313) 524-2284. 

LOGIC ANALYZER 

Overcurrent Protector, manual reset elimi 
nates fuse replacement. Convenient pane 
mounting. 19 fractional ratings from O.l 
to 5 amp. Other models up to 400 amp 
Trip-free and fool-proof, UL and CSA ap· 
proved . High quality, low cost $1.33 ea . 
in 1000 lots. E-T-A Products Co. of Amer· 
ica , 7400 N. Croname Rd., Chicago, Ill. 
60648. Tel: (312) 647-8303. Telex: 
253780. 

CIRCUIT BREAKER 608 

ASCII DISC DATA SYSTEM: BRD D-474 
Floppy Disc System, RS-232 plug com
patible for any serial ASCII central proc
essor er other ASCII 1/0 device. Features: 
277,504 alphanumeric character storage; 
only 8 basic ASCII instruction characte·rs; 
Fully buffered I /0 memories; Selectable 
110-9600 baud rates; Average 200 milli 
second access time per sector. BRD inc, 
Box 1CJ237, Bainbridge Island, Wash . 
98110 (206) 842-4777 

DISC SYSTEM 609 



:onstant-Current DC Supplies for 12L. 
:ontrolling current to within 0.1 %. the 
;cc series is ideal for digital applications 
ke 12L, LED readout and lamp circuits, 
ind inductive loads. The low-cost (prices 
.tart at $55) units come in 5 current 
egulation ranges to 15A, and 8 to 30 
'de compliance voltages. All operate on 
.15/230VAC, 47-440Hz; with line/load 
·eg. to ±0.1 %- Available from local dis
ributors. STANDARD POWER, INC., 1400 
>o. Village Way, Santa Ana, CA 92705 
714)558-8512. 
~ONSTANT-CURRENT DC SUPPLIES 610 

t
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FREE 
How to save a 
fortune this 
year with 
painted resis
tors and pots. 

Save space and money by replacing some 
·esistors (particularly high meg), and 
Nires by painting them on circuit board 
x on other insulated areas with our re 
;istive inks. Often almost free. Sizes: Fly 
;peck to football field . Solve "impossible" 
jesign and research problems. One user 
;aves a yearly fortune painting millions 
Jf dot-size, 1000 meg resistors on his 
tiny circuits . Why not challenge your re 
sistors and pots to beat our system? Data 
FREE. Micro-Circuits Co., New Buffalo, Ml 
49117 
RESISTIVE INKS 611 

DIGITAL SIGNAL ANALYSIS, S. Stearns. 
Contains the most recent advances, brand 
new design material, and a comparison 
between continuous and digital systems, 
making it an ideal master reference to to
day's signal processing techniques and 
systems. # 5828-4, 288 pages, $18-95. 
Circle the Info Retrieval Number to order 
15-day exam copy. When billed, remit or 
return book with no obligation. Hayden 
Book Co., 50 Essex Street, Rochelle Park, 
N.J. 07662. 

DIGITAL SIGNAL ANALYSIS 612 

T2L Power Distribution-Noise attenua
tion and highest packaging density for 
P.C. boards with T2L logic are yours with 
Mini/Bus®, the Rogers way to eliminate 
the cost of multilayer boards by off-board 
power distribution. Rogers Corporation, 
Chandler, AZ 85224. Phone (602) 963-
4584. 

PC POWER DISTRIBUTION 613 

MODEL 404 pyro IR detector system has 
the detector, voltage mode amplifier and 
current mode amplifier integrated and her
metically sealed into a T0-99 housing. The 
detector is Lithium Tantalate. Standard 
window is germanium. The system can be 
operated any one of 3 ways: Detector on
ly, voltage mode, high gain current mode. 
Optical bandwidth = 2 - 15µ.. D* = 1-7 
x lO~cm \I Hz/W. Price: $245 (1) Deliv
ery: 2 weeks. ELTEC INSTRUMENTS, INC. 
PO BOX 9610 DAYTONA BEACH/FL 32014 
(904)252-0411 
IR DETECTOR SYSTEM 614 

Tool, Teaching-aid, Time-saver, Toy? Quick
Ops are all of these at least. Panels are 
functional. No clutter of rarely used, un
identified tie-points or trivia obscure cir
cuit function . Just stuff resistors, diodes, 
capacitors etc. into quad solderless con 
nectors to make hundreds of op-amp cir
cuits. New models 101 at $14.95 and 201 
at $24.95-which add sockets for 741 
pin-outs-are added to the Quick-Op li.ne. 
Two 9 volt batteries mount inside for ± V. 
-Hildreth Engineering P.O. Box 3, Sunny
vale, CA 94088 
QUICK-OPS 615 

Adverti.\·er.~ wishing to reser ve 

Quick Ad units should note the 

Io 11 owing mechanical require-

men ts: Specs-Supp I y g Io s s•y 

photo of product and approxi-

mately 40 words which will set 

no more than JO lines of 34 

characters each. AFTER SUB-

MISSION NO COPY CHANGES 

CAN BE ACCEPTED. Quick 

Ads cost only $325 per inser-

tlon, /e s.r for frequency adver-

tisers. 

RATES: 

lx 
$325 

7x 
$300 

13x 
$275 

19x 
$270 

26x 
$265 

39x 
$260 

52x 
$255 

104x 
$250 



recruitment 
and 

classified ads 

FOR EXPORT ONLY 
Linear, Digital, Hybrid I/C's, FET's Semi
conductors, General Components. Elec
tronic & Scientific Equipment. 
e COMMERCIAL e MILITARY e HI-REL e 

ICS ELECTRONICS CO. 
9550 Gallatin Road 

Downey, California, 90240, U .S.A. 

FREE ALARM CATALOG 
Huge selection of burglar & fire sys
tems , supplies. Motion detectors. in
frared beams; controls . door switches. 
bells . sirens. 500 items. 99 pp. packed 
with technical details, notes. 

(Outside U.S .. send $1.00.) 
~ mountain west alaim 
"\+#' 4215 n. 16th st., phoenix, az. 85016 

Help your 
Hea1t ••• 
Help your 
Hea1t Fund 

American Heart Association 

The President's Committee 

on Employment of the Handicapped 

Washington, D.C. 20210 
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Electronic Design 
ELECTRONIC DESIGN'S function is; 

• To aid progress in the electronics 
manufacturing industry by promoting 
good design. 
• To give the electronic design engi
neer concepts and ideas that make his 
job easier and more productive. 
• To provide a central source of 
timely electronics information. 
• To promote communication among 
members of the electronics engineer
ing community. 

Want a subscription? ELECTRONIC DE
SIGN is sent free to qualified engineers 
and engineering managers doing de
sign work, supervising design or set
ting standards in the United States 
and Western Europe. For a free sub
scription, use the application form 
bound in the magazine. If none is 
included, write to us direct for an 
application form. 

If you do not qualify, you may take 
out a paid subscription for $30 a year 
in the U.S.A., $40 a year elsewhere. 
Single copies are $1.50 each. 

If you change your address, send us an 
old mailing label and your new ad
dress; there is generally a postcard 
for this bound in the magazine. You 
will have to requalify to continue 
receiving ELECTRONIC DESIGN free. 

The accuracy policy of ELECTRONIC 
DESIGN is: 
• To make diligent efforts to ensure 
the accuracy of editorial matter. 
• To publish prompt corrections 
whenever inaccuracies are brought to 
our attention. Corrections appear in 
"Across the Desk." 
• To encourage our readers as re
sponsible members of our business 
community to report to us misleading 
or fraudulent advertising. 
• To refuse any advertisement deemed 
to be misleading or fraudulent. 

Microfilm copies are available of com
plete volumes of ELECTRONIC DESIGN 
at $19 per volume, beginning with 
Volume 1, 1952 through Volume 20. 
Reprints of individual articles may be 
obtained for $3.00 each, prepaid ( $.50 
for each additional copy of the same 
article) no matter how long the 
article. For further details and to 
place orders, contact the Customer 
Services Department, University Mi
crofilms, 300 North Zeeb Road, Ann 
Arbor, Michigan 48106 telephone 
(313) 761-4700. 

Want to contact us? If you have any 
comments or wish. to submit a manu
script or article outline, addre'ss your 
correspondence to: 

Editor 
ELECTRONIC DESIGN 

50 Essex Street 
Rochelle Park, N.J. 07662 

ENERGY MANAGEMENf: 

Can your 
company afford 
to be without 
this vital 
management 
function? 

~~~~ 
Frederick B. Dent 
Secretary of Commerce 

We would like to tell you how Energy 
Management can help maintain your 
company's profitability. So we have 
prepared a free booklet called "How 
to start an energy management 
program." It is based on actual 
company case histories, and it is filled 
with all the basic information you 
will need to get your energy savings 
plan underway. We will also send you 
another booklet called "33 Money
Saving Ways to Conserve Energy in 
Your Business," all practical, proven 
methods based on the real-life 
experiences of businessmen like 
yourself. 

For both of these useful booklets, 
just fill in the coupon. 

r ·- - - - - - - - - --, 
To: U.S. Department 

of Commerce 
Office of Energy Programs 
Washington, D.C. 20230 

Please send me your two free booklets 
on "33 Ways to Conserve Energy" and 
"How to Start An Energy Management 
Program." 

Name -------------

Title-------------

Company-----------

Address------------

City -----_.,taf.e--ZIP--

Type of Business --------
L - - - - - - - - - - -' 
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Electronic Design 
Advertising Sales Staff 

Tom W. Carr, Sales Director 
Rochelle Park, NJ 07662 

Robert W. Gascoigne 
Daniel J . Rowland 
50 Essex Street 
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Design Data from Manufacturers 
Advertisements of booklets, brochures, catalogs and data sheets. To order use Reader-Service Card 

I Advertisemen t I 

GIANT FREE CATALOG 

New 172 -page catalog! Packed with l ,OOO's of hard-to· 
find buys in Optics, Science, Electronics. Loaded with 
optical , scientific, electronic equipment available from 
stock. Rare surplus buys. Many "one-of-a-kinds". In
genious scientific tools. Components galore: lenses, 
prisms, wedges, mirrors, mounts, accessories. lOO's of 
instruments: pollution test equipment, lasers, compara · 
tors, magnifiers, microscopes, projectors, telescopes, 
binoculars, photo attachments, alternate energy sources. 
Shop, save by mail! Request free Catalog "DA" . 

CIRCLE NO. 171 

Edmund Scientific Co. 
America's Largest Science-Optics-Electronics Mart 
300 Edscorp Bldg., Barrington, New Jersey 08007 (609) 547-3488 

Low-Noise High-Gain Preamplification 
--- l -, 

LOW-NUlSt J>lltAMl'Uflfl. ~ I 
-... R 

- --- --- · -···-.I - - - - -----1 

; , .. 
• • I .. : -. 

I 

---~-~-_j 

Complete specifications of a variable-bandwidth high
gain preamplifier are contained in the Model 113 
data sheet, T-224. Included are typical noise figure 
contours illustrating the amplifier's exceptionally low 
noise, which is as low as .05 dB at mid frequencies 
with a 1 megohm source. Other illustrations include 
typical plots of the equivalent input noise and com
mon mode rejection, which exceeds 100 dB at 60 Hz 
at all gain settings. The data contained in the specifi 
cation sheet will be of interest to all engineers and 
researchers looking for a preamplifier with calibrated 
gain and rolloffs from de to 300 kHz. 

CIRCLE NO. 172 

Princeton Applied Research Corporation 
Box 2565, Princeton, New Jersey 08540 - (609) 452-2111 

Share in the nation's top managerial policies, strategies, techniques ... 

MANUFACTURING MANAGEMENT SYSTEMS 
New Challenges and Opportunities Edited by Fred Gruenberger 

By crystallizing the results of the 1973 Informatics/ 
UCLA Symposium, this book offers a powerful blend of 
technical and managerial expertise for enhancing the 
overall success and profitability of today's manufac
turing management systems. Some of the nation's top 
industrial and technical leaders speak freely and in 
depth of their organization's objectives and specific 
operations, as well as their personal strategies and 
methods. You'll find the newest computerized tools 
available to manufacturers . . . crucial managerial 
skills for directing progressive systems .. . the tact 
and care needed for the sensitive human problems of 
system implementation , and more. #5940-x, 160 
pages, $10.50. Circle the Info Retrieval No. to order a 
15-day exam copy. When billed, r.emit or return book. 
No obi igation. CIRCLE NO. 173 

Hayden Book Company, 50 Essex St., Rochelle Pk, N.J. 07662 
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.... our day of fame in the 
laundry room, when one of 
our employees doffed his 
socks, paired them with a 
copper Mueller Mini-gator Clip, 
sent the mates through washer, 
through dryer, into his drawer, 
and divorced them only when 
ready to don them again. Spared 
the matchmaking, his wife now 
has the whole family do it with 
everything worn in pairs! 
Electrical or not, can you match 
this creative connectivity with 
your Mueller Clips? 

At Jobbers everywhere. 

1580H East 31st Street • Cleveland, Ohio 44114 
INFORMATION RETRIEVAL NUMBER 131 

LOOKING FOR 
A 

DISTRIBUTOR 
NEAR YOU? 

Electronic Design's GOLD 
BOOK lists 5,700 distributors 
with access both alphabetic, 
by distributor name, and ge
ographic by location. 

When you need 
information ... 

Electronic Design 's 
GOLD BOOK 

IS THE PLACE 
TO LOOK 

ELECTRONIC D ESIGN I, January 5, 1976 

INFORMATION RETRIEVAL NUMBER 132 

No staking ... 
No lock washers ... 
No plastic inserts. 
No knurling ... 

Self-locking, . 
one-piece, 
PRESSERT captive hardware 

~...-
DRILL PRESS THAT'S IT! 

When you need to fasten , mount, hold, align or lock ... 
you need PRESSERTS. Easiest of all to install, and once 
in place they're permanent. You get vibration proof fas
tening to soft brass, mild steel, aluminum materials. Pres
serts won't push, pull or torque out. Available in studs, 
floating nut, flush and extension types. Send for com

plete catalog to .. . . 

PRECISION METAL PRODUCTS CO. 
4 1 ELM ST .. STONEHAM. MASS. 02 180 

Telephone: (Area Code 61 7) 438-3650 

INFORMATION RETRIEVAL NUMBER 133 
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Information Retrieval Service. New Products, Evaluation Sampies (ES) , Design Aids 
(DA) , Application Notes (AN), and New Literature (NL) in this issue are listed 
here with page and Information Retrieval numbers. Reader requests will be 
promptly processed by computer and mailed to the manufacturer within three days. 

Category Page 

Components 
audio indicators 169 
capacitors 139 
circuit breakers 33 
components 13 
filters, RFl/EMI 162 
lamps 135 
lamps 172 
motors 129 
motors 175 
potentiometers 11 
reed relays 161 
relays 16C 
resistors 65 
switch, PB 101 
switch, PB 16H 
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switches 73 
switches, PB 17 
switches, PB 138 
switches, PB 143 
switches, subminiature 163 
thermal cutoffs 84 

Data Processing 
acoustic coupler 149 
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catalog 29 
data digitizer 150 
data terminal , graphic 146 
data terminal, graphic 152 
graphic display 150 
mag tape transport 168 
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millicomputer 11 
paper tape readers 176 
photo·scanner, TV 149 
printer, matrix 146 
rt links 179 
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tape recorder 150 
thermal printer 113 
voice/ modem adapter 152 

Discrete Semiconductors 
diodes, hyperabrupt 138 
diodes, Schottky 144 
diodes, varactor 140 
display, numeric 138 
displays 1 
indicators, LED 140 
LEDs 31 
LEDs 138 
LEDs 148 
lamps, LED 144 
limit switches 7 
photodetectors 93 
power transistors 153 
SCR, high power 142 
SCRs, medium current 138 
thyristors 140 
transistor arrays 145 
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transistors 173 117 
transistors, npn 138 335 
transistors, power 142 345 
transistors, switching 142 347 
transistors, switching 144 349 

Instrumentation 
counters 126 308 
DMM 126 320 
DPMs 51 34 
frequency counter 156 88 
logic analyzer 126 310 
memory tester 125 303 
mini-scope 171 114 
multimeter 128 322 
oscillator 125 302 
panel instruments 117 58 
panel meter 16 281 
panel meter 126 309 
panel meters 164 106 
power amplifier 126 63 
radio tester 125 306 
rental instruments 20 21 
synthesizers 125 305 
TM 500 instruments 147 285 
timer/ counter 155 87 

Integrated Circuits 
CMOS 43 31 
CMOS IV 248 
CMOS custom chip 134 329 
clock chip, CMOS 130 325 
driver, power 130 326 
HiNil interface 74 46 
op amp 134 332 
power driver 141 73 
RAM, 4-k 134 328 
RAMs, 4-k 59 38 
sense amp 134 330 
TIL sample kit 177 122 
transceiver 134 331 

Microprocessor Design 
breadboard , IC 64 505 
chip set, 16-bit 62 502 
compiler 68 511 
computer on a board 68 510 
cross-assembler 66 506 
cross-assembler 68 509 
interface unit 64 504 
system, µC 66 507 
terminal, CRT 66 508 
time-share system 61 501 
wiring analyzer 62 503 

Microwaves & Lasers 
amplifier 158 384 
amplifiers 155 371 
Gunn oscillator 156 375 
modulator 156 373 
noise suppressor 155 370 
optical waveguide 157 379 
oscillator 157 380 
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phase shifter 
power meter 
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switch/ driver 
switches 

Page 

156 
158 
157 
157 
158 

Modules & Subassemblies 
amplifier, isolator 162 
amplifier, miniature 166 
blocks, if/ rt 160 
circuits, filter 164 
comparator, voltage 166 
converter, f / v 164 
converter, s/d 161 
converter, v / f 166 
converter, digital/ sin 166 
converters , a/ d 161 
custom hybrid 

microcircuits 161 
drive~ power 166 
monitor, phase 162 
one-shot, controlled 162 
sensor, proximity 166 
synthesizer, frequency 162 
system, data acquisition 162 
timer, open board 166 

Packaging & Materials 
assembly socket 174 
black boxes 144 
breadboarding 67 
breadboards, IC 174 
cable/connector system 16A 
cables, fiber optic 174 
clips 189 
connectors 9 
connectors Ill 
cutter, lead 174 
enclosures 149 
fluxes , solder 174 
heat sinks, T0-3 174 
magnetic shields 124 
resistors, thick-film 174 
socket, lamp 174 
sockets 95 
tapes, industrial 140 

Power Sources 
batteries 127 
batteries 134 
batteries 181 
battery 170 
converters , de/ de 168 
isolated supply 170 
logic supply 170 
modular source 170 
open-frame sources 170 
power converters 130 
power modules 6 
power supply 54 
switcher 168 
switchers 168 
switching units 170 
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ELf'CTRONIC DESIGN'S 
BICENTENNIAL ISSUE 
-- FEBRUARY 16th --

Unquestionably this issue is the most significant publishing effort ever undertaken by 
any electronics magazine anywhere in the world. 

In a message from the White House to be published in the Bicentennial issue, President 
Ford commends this issue as a very special part of America's 200th Anniversary. 

The Bicentennial issue traces the electronics industry from experiments in the Colonial 
period to today's large-scale integrated circuits. It shows how the industry has been 
shaped and re-shaped, not only by technological breakthroughs, but by the socio-economic, 
political and even the artistic climate of the times. It is informed, throught-provoking 
and authoritative. 

This is an issue that everyone will want to rea~. 

Peter D. Coley ~ {~ 
Publisher & Senior Vice President 

ElectronlC lleSlgn 
Hayden Publishing Company, Inc.• 50 Essex Street• Rochelle Park, N.J. 07662 • (201) 843-0550 
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Reader Contest 
PICK THE TOP TEN ADVERTISEMENTS IN THIS ISSUE ... WIN A WINDJAMMER CRUISE FOR TWO 
$1,000 CASH ... FREE JET FLIGHT ... FREE RERUNS OF YOUR COMPANY'S AD ... 100 PRIZES IN ALL. 

Examine this issue of Electronic Design with extra care . Pick the ten 
advertisements that you think will be best SEEN AND READ by your 
fellow engineer-subscribers. List these ten advertisements on the 
special entry form bound in at right. (Be sure to check the box 
marked " Reader Contest. " ) 

This year, your selections will be measured against the ten ads 
ranking highest in a weighted combination of both "Recall Seen " and 
" Recall Read Most" categories of Reader Recall - Electronic De
sign's method of measuring readership - see item 6 in contest rules . 

In making your choices do not include "house" advertisements 
placed by Electronic Design or Hayden Publishing Company, Inc . 
(such as this ad describing the contest) . Don 't miss your chance to 
be a Top Ten Winner! All entries must be postmarked no later tha'I 
midnight, February 29, 1976. Winners will be notified in March , 1976. 

READER CONTEST RULES 
1. Enter your Top Ten selections on the entry blank provided , or on 
any reasonable facsimile . Be sure to indicate the name of the adver
tiser and Information Retrieval Number for each of your choices. Do 
not use pagu number. (Ads placed by Hayden Publishing Company in 
Electronic Design should not be considered in this contest.) 
2. No more than one entry may be submitted by any one individual. 
Entry blank must be filled in completely, or it will not be considered . 
The box on the entry blank marked "Reader Contest" must be 
checked. Electronic Design will pay postage for official entry 
blanks only. 
3. To enter, readers must be engaged in electronic design engineer-

ing work, either by carrying out or supervising design engineering or 
by setting standards for design components and materials. 
4. No cash payments, or other substitutes, will be made in lieu of any 
prize, (except the $1 ,000 prize) . 
5. Contest void where prohibited or taxed by law. Liability for any 
taxes on prizes is the sole responsibility of the winners. 
6. Entries will be compared with a weighted combination of both the 
" Percent Recall Seen " and the " Percent Recall Read Most" scores 
for each advertisement. Each percentage point for " Recall Seen " will 
count 1 point. Each percentage point for " Recall Read Most" will 
count 2 points. The ten ads having the highest point scores will be 
declared the winners . Example : an ad with 40% " Seen" score and 
12% " Read Most" score counts 40 + (2 x 12) = 64 points. 
7. In case of a tie , the earliest postmark will determine the winner. 
Decisions of Top Ten contest judges will be final. 
8. Free reruns of any advertisement will be made only from existing 
plates or negatives. If the advertisement qualifying for a free rerun is 
an insert , the winner's company may run a two-page spread from 
existing plates or negatives in up to 4-colors. 
9. Hayden Publishing Company, Inc . reserves the right to schedule 
'reruns at its discretion . 
10. Only one free rerun awarded to any one company. 

FOR A COMPLETE DESCRIPTION OF PRIZES 
FOR BOTH READER AND ADVERTISER CONTESTS 

SEE PAGES 132 AND 133 

USE SPECIAL ENTRY BLANK BOUND IN AT RIGHT 
(Additional entry blanks are bound inside the front cover) 

Advertiser Contest 
PICK THE TOP TEN ADVERTISEMENTS IN THIS ISSUE . . WIN A WINDJAMMER CRUISE FOR TWO 
... $1,000 CASH ... FREE JET FLIGHT ... COLOR TV . . DIGITAL WRISTWATCH. 

There 's a separate contest open to all marketing and advertising per
sonnel in companies, and to advertising agencies. 

Examine this issue of Electronic Design with extra care . Pick the 
ten advertisements that you think will be best SEEN AND READ by 
Electronic Design 's readers . List these ten advertisements on the 
special entry blank bound in the front or back of this issue. (Be sure 
to c:ieck the box marked " Advertiser Contest" .) 

In addition to valuable prizes. all ads that place in the Top Ten will 
be given free reruns . If you are a winner in the advertiser contest, 
and if you ran an ad in the January 5 issue that did not place in the 
a free rerun. See rules if the winning ad is an insert. Only one 
free rerun awarded to any one company. 

ADVERTISER CONTEST RULES 
1. All rules for the Reader Contest will similarly apply for this contest , 
with two exceptions: readers engaged in electronic design engineer
ing work , as defined in the reader contest rules, are not eligible to 
participate in this special contest. The box on the entry blank 
marked " Advertiser Contest" must be checked . 

2. Entrants in this contest may use the official reader contest entry 
blanks or any reasonable facsimile . 
3. This special contest is open to marketing and advertising person
nel only at all manufacturing companies and advertising agencies 
whether or not their companies or agencies have an advertisement in 
the January 5, 1976 issue. However, only those companies (or divi
sions thereof) advertising in the Jan. 5 issue, and the advertising 
agencies placing such advertisements are eligible for a free rerun of 
their advertisement should a member of their organization win . 
4. Free reruns of any advertisement will be made only from existing 
plates or negatives. If the advertisement qualifying for a free rerun is 
an insert , the winner may run a two-page spread from existing plates 
or negatives in up to 4-colors . 
5. Hayden Publishing Company, Inc ., reserves the right to schedule 
reruns at its discretion . 

FOR A COMPLETE DESCRIPTION OF PRIZES 
FOR BOTH READER AND ADVERTISER CONTESTS 

SEE PAGES 132 AND 133 

USE SPECIAL ENTRY BLANK BOUND IN AT RIGHT 
(Additional entry blanks are bound inside the front cover) 



Amphenol's ~€1lLI1L 
is lighter, shorter, and 
more reliable than most 
other MIL-C-26482/0026482/83723 
connectors. 

That takes guts: 

Bonded monob/ock construc
tion . Assures environmental 
reliability. 

Self-sealing rear grommets. 
En viro nmental sea lin g with---.: 
or without rear hardware. 

One-piece, molded polymer 
contact retention disc. Elimin
ates as many as 6 1 metal re- -
tentio n cl ips. Fewer parts 
mean greater reliability. 

Closed-entry socket inserts 
and contacts . Eliminate mis
mating due to bent pins. 

40% weight savings achieved 
by shorter design and polymer 
contact retention. Think of 
the total weight savings. 

BUNKER 
RAMO 

Merlin is 7/ 16" shorter than most ~ 
o.ther connectors. Installs more ,_ _______ , 
eas il y in "knuc kle-~us te r " lo
ca tio ns . 

/nterfacia/ mating sea / and 
----- static peripheral shell sea /. 

Assure system integrity. 

Merlin -a quality connector you can 
connect and forget. At a competitive price. 
Ask for a quotation. Most sizes and styles are 
available, off-the-shelf, from your Amphenol 
Industrial Distributor. Or call or write: 
Wayne Zimmerman, Ampheno l Connector 
Division, 2801 South 25th Avenue, Broadview, 
Illinois 60153 . Phone : (312) 345-9000. 

I I When you can connect it 
I I and forget it ... thats cµality 

The seals are f/uorosi/icone. 
Merlin connectors are un
affected by fuels, oils, and 
cleaning fluids. 

62% greater dielectric sepa
ration. Maximum electrica l 
performance. 

And Merlin is intermateab/e, 
intermountable, and inter
changeable with existing con
necto rs to MIL -C-2 6482/ 
0026482/83723 Series I . 

AMPHENOL 
INFORMATION RETRIEVAL NUMBER 247 
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What's new in solid state ... 

The last word on ( 
·. r~lia:bilit~ ~rom the 
first house 1riCMOS. 

Reliability has many aspects. You have to 
look at it from more than one angle. As the 
creator of the CMOS technology, RCA has years 
of experience in measuring and improving the 
various aspects of CMOS reliability to prove it. 

A new 24-page technical paper explores the 
total RCA reliability test program. It describes 
how RCA determines and controls the growing 
reliability of COS/MOS integrated circuits, both 
plastic and ceramic. It includes RCA developed 
real-time test procedures and controls. Plus a 
discussion of circuit and device mechanisms. 
This information can help designers improve 
equipment value by increasing reliability without 
component costs. Where essential, RCA has an 
Extra Value Program that offers enhanced product. 

New reliability test specs 
The paper details how RCA's comprehensive 

specifications help designers match device to 
application. Typical RCA specs and test circuits 
are shown. You'll see how a 4-step testing routine 
and real-time indication tests assure product 
quality and long-term reliability. 

Designing for the environment 
Curves and data in the paper reveal the 

effects of environmental extremes on various 
packaging systems such as plastic, frit seal and 
the new Gold CHIP. They show accelerated life 
and thermal cycling tests with high MTTF figures. 
An important section compares predictable life 
data of TTL vs. COS/MOS: under the same 
ambient temperature, COS/MOS would have a 
better failure rate by a factor exceeding 20. 

There's much more in this important docu
ment, ST-6418. We want you to have it, free. Con
tact your local RCA Solid State distributor. 
Or RCA. 

Write: RCA Solid State. Box3200,Somerville, New 
Jersey 08876; Ste. Anne de Bellevue 810, Canada; 
Sunbury-on-Thames,U.K.; Fuji Bldg., Tokyo, Japan. 
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