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whatever your computer says ... 
® 

• 

PANEL DISPLAYS 

16/ 18 Character Position Panel, 5 x 7 Dot Matrix, Characters 0.4" High . 
Available as numeric only or alphanumeric panel with 64-character format. 

SELF-SCAN Panel Display Subsystem, 256 Character 
Capacity, 5 x 7 Dot Matrix, Characters 0.25" High. 
64-character format, available with all drive electronics 
including memory, character generator, and timing. 

Whether it 's a police officer in a patrol car requesting informa­
tion on a suspect , an architect specifying coordinates for 
plumbing fixtures in a new building , or a type setter verifying type 
for a mail-order catalog , SELF-SCAN panel displays guarantee 
the most accurate transfer of data between the operator and 
the computer . If you need a computer display and demand 
error-free communications, follow the lead of Kustom Electronics 
(1) in Chanute, Kansas ; Science Accessories Corporation 
(2) in Southport , Connecticut; Automix Keyboards (3) in 
Bellevue , Washington , and the many other SELF-SCAN panel 
display users. Have a Burroughs salesman demonstrate his 
"terminal in a briefcase." You 'll see why the SELF-SCAN panel 
display is the most effective man/machine interface device 
available today. 

Burroughs Corporation , Electronic Components Division , 
Plainf ield , New Jersey 07061 . (201) 757-3400. 
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(Actual photo, 9-inch Miratel display.) 

~ 
Ml RATEL 

That's right. Miratel is the largest supplier of CRT 
data display units to computer terminal manufac­
turers. We take the headaches out of terminal 
building by supplementing your digital expertise 
with our display expertise. 

The Miratel display family includes 5, 9, 12 and 
15-inch monochrome CRTs, as well as the excit­
ing new 25-inch RGB color display. Miratel mono­
chrome displays are compact , packaged in a 
unique wire frame. This technique reduces size 

and weight, and simplifies incorporation into your 
terminal cabinet. 

Miratel displays give page-l ike reproduction of 
alpha-numeric as well as graphic data. Low distor­
tion and high contrast insure that the quality of 
your system is reflected in your terminal display. 

Find out how to make your terminal business 
more profitable with Miratel data display monitors. 
Call or write for information. 

MIRATEL DIVISION 
BALL BROTHERS RESEARCH CORPORATION• 1633 TERRACE DRIVE, ST. PAUL, MINNESOTA 55113 • (612) 633-1742 

Circle No. 4 
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1. Can it be used for p.c. board-to-board, cable-to-board, and cable-to-cable 
applications? 

2. Does it have one contact interface for all interconnect requirements? 
3. Is it reliable? 
4. Does it possess outstanding low force characteristics? 
5. Can it be easily "peeled" apart without damage to contacts? 
6. Does it have polarity and keying to prevent mismating? 
7. Will it accept standard hardware? 
8. Can it be mounted in any position? 
9. Will it accept contacts crimped to wire? 

10. Will it accept wire-wrapping? 
11. Will it accept soldering to wire or printed-circuitry? 
12. Does it feature the proven Varicon ™ contacts? 
13. Are the contacts on standard .100" square grid? 
14. Do the contacts have a floating action for easy a I ignment? 
15. Is there a choice of commonly used sizes or number of contacts, 

like 24, 48. 72 or 96? 
16. Is it available "off the shelf" from a local Elco Distributor? 

In numerical order, here are the answers to all of these questions: .. . Yes. 

ELCO SAYS YES! 
To the 16 most important questions asked about miniature printed-circuit connectors . . . 

their new Series 8223. 

For full details on this new connector series from 
Elco, contact your local Elco representative 
or distributor, or : 

Elco Corporation 
Willow Grove, Pa. 19090 
(215) 659-7000 

Elco Corporation 
2200 Park Place 
El Segundo, Calif. 90245 
(213) 675-3311 

~·· 

Operations in USA, Australia , Belgium, Canada, Denmark, England, France, Germany, Israel and Japan. Sales offices throughout the 
world . In Europe, Elco Beige, 77 Blancefloerlaan, Antwerp, Belgium, Tel. 03-190064. In the Far East, Elco International, TBR Build ing, 
2-10-2 Nagata-cha, Chiyoda-ku, Tokyo 100, Japan, Tel. 580-2711 / 5. 
Copyright ri'l 1973 Elco Corp. All rights reserved . Circle No. 5 



For$395 
how many functions should 

a Function Generator 
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Fifteen. That's the number of waveforms you can get with Krohn-Hite's 
Model 5100A. How? A unique Symmetry Control that allows pulse rep rate to 
be set independently of pulse width and also provides independently 
adjustable triangle slopes. You can skew any of the basic sine, square, 
tria11gle and ramp waveforms by as much as 99% to produce 10 additional 
functions. Frequency range of 0.002 Hz to 3 MHz can be manually tuned or 
externally controlled for VC of 1000: 1. When you compare the 5100A with 
the rest, there's quite a generation gap. For fast action, call The Wavemakers 
at (617) 491-3211, TWX 710-320-6583 Krohn-Hite Corporation, 580 Mass. 
Ave., Gambridge, Mass. 02139. 

1..FLJKROHN-H ITE ni-1 CORPORA. TION 
SALES OFFICES, ALA .. Huntsville (205) 534-9771; CAL. , Santa Clara (408) 243-2891, Inglewood (213) 674-6850; COLO .. Littleton (303) 79~0250; CONN .. Glastonbury (203) 633-0777; 
FLA., Orlando (305) 894-4401; HAWAII , Honolulu (808) 941-1574; ILL., Des Plaines (312) 293-3600; IND., Indianapol is (317) 244-2456; MASS .. Lexington (617) 861-8620; MICH .. Detroit 
(313) 52&-8800; MINN., Minneapol is (612) 884-4336; MO .. St. Louis (314) 423-1234; N.C .. Burlington· (919) 227-2581; N.J .. Bordertown (609) 293-6700; N.M., Albuquerque (505) 
25~2440 ; N.Y., E. Syracuse (315) 437-6666, Rochester (716) 323-2230, Wappingers Falls (914) 297-7777, Vestal (607) 78~9947 , Elmont (516) 483-2100; OHIO, Cleveland (216) 
261-5440, Dayton (513) 42&-5551; PA .. Pittsburgh (412) 371-9449; TEX .. Houston (713) 463-3877, Dallas (214) 35&-3704; VA. , Springfield (703) 321-8630; WASH .. Seattle (206) 762-2310 ; 
CANADA, Montreal, Quebec (514) 63&-4411, Toronto, Ontario (416) 444-9lll , Sti ttsville, Ontario (61 3) 83&-4411 , Vancouver, British Columbia (604) 683-2619. 

Circle No. 6 
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Our new fuseholder isn't really red , white and 
blue. Its standard color is black, just like all other 
fuseholders . 

But there the similarity ends. 
For this Littelfuse fuseholder is the only Amer­

ican-made holder designed to meet current Inter­
national Electrotechnic Commission standards. 

IEC's Publication No. 65, accepted by all Euro­
pean countries, requires fuseholders to offer 
absolute protection against electric shock, even 
under fault condit ions. 

And that's exactly what our new 3AG " Shock­
Safe" fuseholder does! Several safety features 
have been incorporated into the fuseholder de­
sign to protect the user from any possibility of 
touching live parts. 

In addition , our " Shock-Safe" fuseholder of­
fers another important form of protection by 

the lint 

assuring your acceptance in European markets. 
For if the fuseholder used in your product doesn't 
meet IEC standards, that product could be re­
jected by European testing and approval boards, 
which refer to Publication No. 65 for the purchase 
of equipment. 

The "Shock-Safe" fuseholder #345001 has 
been designed to retrofi t existing panel mount­
ing holes and is the only 3AG fuseho lder cur­
rently available for continuous operation to 20 
amperes and 300 volts. 

" Shock-Safe" fuseholders from Littelfuse . 

A basic necessity if you ' re se lling the Euro­
pean market. 

For more information , send for Product Bulle­
tin #1000 or contact your local Littelfuse 
distributor. 

LITTELFUSE 
Subsidiary of Tracor 

800 E. Northwest Highway • (312) 824-1188 • Des Plaines, Ill inois 60016 
Circle No. 7 
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Sendforour 
brushup course on 

Brushless Synchros 
and Resolvers. 
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SIZE 11 

Faced with applications where synchros and 
resolvers have to be driven at extremely high 
speeds? Or where brush wiping contact can 't be 
permitted? 

Kearfott Brushless Components provide 
system performance advantages. (Instead of 
standard brushes and slip rings, rotary transformers 
couple power into the synchro motor.) And extra­
wide bearings give you increased reliability and 
load-carrying capacity. 

Our Brushless Synchros offer you a number 
of other benefits, too. Longer life, since there 's 
nothing to wear but the bearings. No spurious 
signals from high-speed brush bounce wh ich 
Digital Computers can interpret as a command 
input. Elimination of brush friction for Indicators 
that require the ultimate in minimum loading . And 
an end to RFI noise. 

Kearfott Brushless Synchros and Resolvers 
also serve as excellent low cost Brushless 
Encoders when used in combination with Kearfott 
TRIGAC I S/D converter cards. 

Like to know more? Write for our 36-page 
brochure on Synchros and Resolvers. It's packed 
with facts and figures on Brushless Synchros fo r 

SIZE 8 

limited and continuous rotat ion applications-plus 
our full line of Synchros and Resolvers. The Singer 
Company, Kearfott Division , 1150 McBride Avenue, 
Little Falls, New Jersey 07424. 

SINGER 
AEROSPACE & MARINE SYSTEMS 

r----------------, 
I 
I 

The Singer Company, Kearfott Division 
1150 McBride Avenue 
Little Falls, New Jersey 07424 

I Gentlemen: 

I 
I 
I 

D I want to know more about Brushless Synchros . Rush 
me your 36-page booklet on Synchros and Resolvers. 

D I have an application for Brushless Synchros. Have a 
company representative call. 

I Name _______________ _ 

I Title ________________ _ 

I Company ______________ _ 

I Address _______________ _ 

I Ci ty _______ state _____ Zip __ _ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

~----------------~ • Circle No. 8 Circle No. 15 
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The best 
of both worlds 

10 AMP SOLID STATE RELAY FEATURING: 
OPTICAL ISOLATION AND ADAPTIVE PACKAGE DESIGN 

The new 601-1400 series features LED 
optical isolation and synchronous/zero 
voltage switching to virtually eliminate 
RFI for any resistive or reactive load, 
up to 10 amps steady state. 1000% 
surge current capability assures 
maximum reliability without derating 
for the toughest loads - lamps, 
solenoids, motors, transformers, etc. 
High dv/dt rating assures maximum 
output transient immunity. The 
601-1400 's sensitive control input is 
TTL compatible, accepting drives from 
3 to 32 voe. 
Teledyne offers designers the most 
versatile package in the industry -
the "adaptive" configuration with either 
screw or quick disconnect terminals for 
chassis or panel m·ounting, or solder 
pins for PC boards. And the 1" x 2" x 
.9" size makes it the smallest 10 amp 
AC solid state relay available. 
Build total solid state ~eliability into 
your equipment with this latest addition 
to the Teledyne line of application 
engineered relays. Our engineers are 
ready to back th is product with 
complete applications assistance. 
Write or phone. 

'11~ TELEDYNE RELAYS 
3155 West El Segundo Boulevard Hawthorne, California 90250 

Telephone (213) 679-2205 
Circle No. 9 
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EDITORIAL 

A new dimension in design 
According to a report by the Arthur D. Little organization, there are 
now more than 1000 automated tellers in U .S. banks and probably 
twice that many more on order. 

Most of these are simply cash dispensers into which the user 
inserts a magnetically identifiable credit card of some kind , and then 
on a keyboard punches in the amount of cash he wants. The trend , 
though , and what many bankers are eyeing favorably, is the 
multifunction automated teller, which does far more than just 
dispense cash. It allows the user to do things such as make deposits , 
transfer funds from one of his accounts to another and possibly 
even pay some of his bills . 

The potential for such systems is staggering when one considers 
that there are over 50,000 banking offices in the U.S ., plus an even 
greater number of shopping centers, department stores and post 
offices, which are also possible locations for automated tellers . 

Devices, such as these automated tellers, along with point-of-sale 
terminals and similar items, represent what might be ca lled a new 
dimension in electronic systems-and their expected explosive 
growth poses a challenge for designers. All of these items require a 
substantial amount of processing and computing power. They 
require it, though , in a form that is on the one hand highly flexible 
and adaptable and on the other hand reasonably inexpensive, since 
cost effectiveness is the name of the game with these commercial 
electronic systems. 

To meet these needs, semiconductor manufacturers are coming 
to market with microprocessors and at least one minicomputer 
manufacturer is selling "bare-bones" minis . All of these are 
powerful , flexible , compact components whose uses are limited 
only by the equipment designer's ingenuity and capability. 

Never before have designers had such off-the-shelf "com­
ponents " to design into their systems. They can now bring 
computer capability to bear in applications where it was previously 
unheard of-or thought of-and at reasonable cost. But to do so will 
require a knowledge of and familiarity with things that are alien to 
many designers today. Words like software, and programming, and 
polling and priority interupt will have to become more than just 
words. A working knowledge of these and a lot of other areas 
previously considered as strictly within the domain of computer 
people will be essential for engineers using the new processors. 

That old expression, "the race belongs to the swift," could be 
converted in this case to, " the race belongs to the prepared ." 

JI~~ 
Editor 
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THERE ARE BETTER WAYS 
TO PUT AIRTO WORK 

LAMB ELECTRIC KNOWS HOW! 
The Lamb Electric engineering staff 

is ready to put its considerable air­
moving know-how to work for you . 
Know-how amassed from experience 
with computers and business ma­
chines, vacuum cleaners, air moving 
systems for production applications , 
and powering environmental control 
devices. 

This product and industrial experi ­
ence , extending over 50 
years, includes vacuum 
motors, blowers , frac­
tional hp motors, gear 
motors and actuators. 

NEW HIGH 
PRESSURE BLOWER 

One of Lamb's cur­
rent developments is the new com ­
pact 6.0" WINDJAMMER®, a quiet and 

durable blower that gives up to 160" 
H20 pressure at sealed conditions , 
and 71 CFM at 9" H20. The product 
has a design life of 20,000 hours. Ap­
plications include smoke evacuation, 
buffer columns , air bearings , tape 
transport , materials handling and 
other working air systems . 

Lamb Electric can design and man­
ufacture the right air-moving or elec­

tro-mechanical system 
for your product. There 
are three separate 
manufacturing facilities 
to assure dependable 
volume production . 

Obtain a copy of new 6.0" 
WINDJAMMER bulletin, and an informative 

new folder, AIR MOVING SELECTION GUIDE from 
AMETEK/Lamb Electric, Kent, Ohio 44240, Tel. (216) 673-3451. 

.\METEK / Lamb Electric 

Circle No. 17 
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ith Cinch edge connector 
you've got it made. 

nation of cost and reliability lies in 
aliiltd'loir that already exists -that has been 

ted and has proven itself in use. Next best 
om combination of available insu lators and 

Either way you've got it made with Cinch because 
Cinch makes the industry's broadest range of con­
tact spacings, insulator sizes, termination types and 
contact styles. 

Whether you'll need large uanti 
production scheduling-Of smal uantities for 
immediate delivery (through our nationwide network 
of stocking distributors}, you'll save yourself a lot 
of trouble if you think of Cinch first. 

Get a copy of the latest Cinch edge connector 
catalog from your local Cinch sales office, or write 
to Cinch Manufacturing, an Electronic Components 
Division of TRW Inc., 1501 Morse Avenue, Elk Grove 
Village, Illinois 60007; phone (312} 438-8800. 

CM-7306 

TRW CINCH CONNECTORS 
Circle No. 18 



Miida 
Miida 6854 4Y2 digits 
LABORATORY GRADE DMM . 
Accuracy 0.005% ± 0.01 % of FS 
on 200m VDC range. Stability ± 
0.008% of reading on 200mV / 2V / 20V 
ranges, guaranteed for 6 mos. 
Autoranging to 19999 up-level , 
down-level 01800. BCD output. 
CMR 140dB(DC). NMR 40dB. VAC 
accuracy 0.2% of reading ± 0.1% 
of FS ± 1 digit (45Hz to 10kHz). 
Our customers tell us this is the 
finest value in 4Y2 digits in the 
U.S. Check us out. 

Miida 6454 Full 4 digits 
AC / DC / BATTERY HIGH ACCU ­
RACY DMM. Accuracy 0.01 % of 
reading ± 0.01 % of FS ± 1 digit 
on VDC ranges of 1/1 0/ 100/ 1000V. 
Stability 0.02% of reading on 1V 
range for 180 days (0.01 % on 10V, 
0.02% on 100, 1000V). VAC 
accuracy from 0.03% ± 0.2% of 
FS ± 1 digit up to 100V; to 0.5% 
± 0.5% of FS ± 1 digit (45Hz to 
20kHz) on 600 V range. 

$689 

$495 

overdesigned DMMS 
for picky people 

Miida 6354 3Y2 digits 
0.1 % DC ACCURACY. 0.5% AC 
accuracy to 20kHz. Calibration 
guaranteed for 6 months. Fully 
automatic ranging . DC amps from 
20 µ, A to 2A (with shunt). Available 
with rechargeable battery pack 
and many accessories . To our 
knowledge , this is the lowest price 
3Y2 dig it DMM in the U.S. today. 

M iida Electronics 

Mee-Dah. Miida. The best spec-ed digital 
instrumentation you 'll ever find , and always 
belligerently competitive in price. Watch this 
name : Miida. It's worth a lot to you . 
Now, three DMM 's to prove the point. All 
automatic ranging . All our special dual­
slope integration design, with superior 
accuracy and stability. All with options and 
technical conven iences unmatched else­
where. And SERVICE BY HONEYWELL 
throughout the U.S. 

2 Hammarskjold Plaza • New York, N.Y. 10017 • (212) 973-7152 
Circle No. 12 
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Th is ad can carry only a few specs, unless 
we make it into a data sheet. So, why don 't 
you get the data sheets on DMMs from H-P, 
Fluke, S-D, and any smaller houses you 
favor - and also get Miida's. Compare, and 
make your decision on the obvious facts. Fair 
enough? You can get Mi ida's facts and rep 
addresses by writing or calling Tom Williams. 
Be picky. 

$289 

WFO BY TAKEDA-AIKEN INDUSTRIES. LTD 

E D N M A Y 2 0, 1 9 7 3 



The new 1-1/4-inch cermet trimmer 
that replaces all these ... 
55 215 949 3051 AB-MH 
56 235 993 3052 AB-NP 
58 272 995 3059 AB-NX 
78 276 2855 6011 AB-RP 

140 450 3011 6022 AB-RH 
185 650 3012 AB-MP ET-12 

... with the most advanced features, too! 
• Improved wiper and unique slider block design 
• Excellent setability and stability 
• TEMPCO of 100 PPM/ °C 
• 1 W@85°C 
• Five configurations 
• Conforms to MIL-R-22097. 

Send for data sheet and quantity price information, or contact 
your local Spectrol representative or distributor. 

SPECTROL ELECTRONICS GROUP 

UNITED STATES Spectrol Electronlcs Corporation 11010 E. Gale Avenue , City of Industry. Calif. 91745. U.S.A. • (213) 964-6565 •TWX (910) 584-1314 

UNITED KINGDOM Spectrol Rellance Ltd. Drakes Way, Swindon , Wi llshire, England• Swindon 21351 •TELEX : 44692 

ITALY SP Elettronlce ape Via Carlo Pisacane 7, 20016 Pero (Milan) Italy• 35 30 241 •TELEX : 32242 

Circle No. 13 
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~ 
this new 72-pag 
Cherry Products Handbook is actu 
five catalogs in one. 
Packed in a unique new " tell -all" format is everything you could possibly want to know about 
Cherry's: 1 . Unique Snap Switch Selector-Locator that lets you choose- in seconds!-the 
right switch for any application. 2. Thumbwheel and Leverwheel Switches in nine basic 
series available in hundreds of variations and specials. 3. Keyboards . . . Keyboard Switches 
.. . and unique new Matrix Keyboa ~ds . 4. Matrix Selector Switches for rapid circuit selection 
and programming. 5. Gold "Crosspoint" Contact Switches for low energy circuits. 

Circle No. 14 ~-



Raytheon Semiconductor 
is dominant· in beam leads. 

No gimmicks. Just products. 
Raytheon Semiconductor's beam 
lead product line gives designers a 
choice like they've never had before. 
More than a hundred standard types 
in both military and commercial 
versions. 

Now you can appreciate the 
quality, reliability, high yield and 
related economy of Raytheon Semi­
conductor beam leads. A nd do away 
with costly, low yield chip-and-wire 
on your hybrid modules . 

We're adding to this list every 
week. 

Transistors 
8T918 NPN UHF Amp 
8T929 NPN Low-level Amp 
8T930 NPN Low-level Amp 
8T2221A NPN General Purpose Amp 
8T2222A NPN General Purpose Amp 
8T2369A NPN Hi-speed Switch 
8T2483 NPN Low-level Amp 
8T2484 NPN Low-level Amp 
8T2604 PNP Low-level Amp 
8T2605 PNP Low-level Amp 
8T2906A PNP General Purpose Amp 
8T2907 A PNP General Purpose Amp 
8T2946 PNP Chopper 
8T3906 PNP Hi-gain Amp 
8T4856 N-channel FET* 
8T4857 N-channel FET* 
8T4858 N-channel FET* 
8T5109 NPN UHF Power Amp 
*Available in second half of 1973. 

80914 
820914 

803600 
8203600 

8Z752 
8Z758 

Diodes 
2 Anode, 2 Ca thode Leads 
1 Anode & Cathode, 2 Open 
Leads 
2 Anode, 2 Cathode Leads 
1 Anode & Cathode, 2 Open 
Leads 
5.6V Zener 
lOV Zener 

8Z821T 
8Z969 

6.2V Temp Comp Zener 
22V Zener 

Lin ears 
RMIOlABL Op Amp 
RM104BL Negative Voltage Regulator 
RMIOSBL Positive Voltage Regulator 
RM106BL Voltage Comparator 
RM709BL Hi-gain Op Amp 
RM710BL Hi-speed Differential 

Voltage Comparator 
RM711BL Dual Differential 

Voltage Comparator 
RM741BL Op Amp 
RM1741BL Op Amp 
RF9601BL Monostable Multi vibrator 
RF8601BL Monostable Mui ti vibrator 
RC4131BL Hi-gain Op Amp 
RM4132BL Micropower Op Amp 

RF SO BL 
RF60BL 
RFlOOBL 

RFUOBL 

RF200BL 
RF210BL 
RG40BL 
RGSOBL 

RGSOBL 
RG130BL 
RG140BL 
RG200BL 

RG220BL 
RG231BL 
RG240BL 
RG250BL 
RG310BL 

RG320BL 
RG380BL 
RLlOBL 

TTL 
J-K Flip-flop (AND Inputs) 
J-K Flip-flop (NOR Inputs) 
Dual J-K Flip-flop 
(Separate Clocks) 
Dual J-K Flip-flop 
(Common Clock) 
J-K Flip-flop (AND Inputs) 
J-K Flip-flop (OR Inputs) 
Dual 4-input NANO Gate 
AND-OR Inverter Quad 
2-input Gate 
Dual Pulse Shaper AND Gate 
Dual 4-input Line Driver 
Quad 2-input NANO Gate 
Expandable Single 8 NANO 
Gate 
Quad 2-input NANO Gate 
Quad 2-input AOl Gate 
Dual 4-input NANO Gate 
Expandable Quad 2 AOl Gate 
Expandable Dual Output 
2-input AOl Gate 
Triple 3-input NANO Gate 
Hex Inverter 
Fast Full Adder 

RL20BL 
RL30BL 

Dependent Carry Fast Adder 
Independent Carry Fast 
Adder 

RL60BL 4-bit Storage Register 
RL70BL 4-bit Storage Register 
RG3380BL Hex Inverter 
RG3390BL Dual 4-input AND Gate 

(Split Outputs) 
RG3410BL Quad 2-input NOR Gate 
RR5102BL 64-bit Bipolar RAM 

Arrays 
Universal 60-gate Arrays. Many MS! 
functions from registers to counters, 
both custom and standard functions. 

Don't compromise your next 
design. Be dominant with Raytheon 
Semiconductor beam lead products . 
Contact your local Raytheon Semi­
conductor sales office or clip the 
coupon for more information. 

r----------------, 
Raytheon Semiconductor 
350 Ell is Street 
Mountain View, CA 94040 
Phone ( 415) 968-9211 

D Send me a copy of your Beam 
Lead brochure. 

D Send me a mechanical sample. 

NAME 

TITLE 

COMPANY 

ADDRESS 

C ITY/ STATE/ ZIP 

-------------2~-~ 
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DESIGN NEWS 

Digital storage techniques used in medical 
pulse analyzer 
Designers of medical electronic 
equipment are forever admon­
ished to keep the end user­
with his capabilities and limita­
tions-in mind as they design 
their devices. A recently devel­
oped defibrillator analyzer is a 
good example of how such an 
awareness can be combined 
with the latest in components 
and some clever design to 
produce an equipment that 
serves a widespread need . 

As with all hospital equip­
ment, defibrillators must be 
checked periodically to deter­
mine that they are working 
properly. To accomplish this , a 
variety of test instruments have 
been developed over the past 
few years. 

As shown in Fig. 1, there are 
other parameters besides energy 
level which are important to 
know with respect to a defibril­
lator output pulse. These in­
clude peak voltage and duration 
of current flow, as well as 
quality. Is the waveform clean 

Fig. 1-Typical defibrillator waveforms 
are clean and smooth . 
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or, as in Fig. 2, is there arcing or 
spiking present, indicating per­
haps a shorting choke, a 
defective relay or intermittent 
cables? 

It is essential to know these 
things to determine whether a 
defibrillator is capable of reliable 
performance, and in order to 
know these things , it is neces­
sary to visually analyze the 
defibrillator waveform. 

This can be done with an 
oscilloscope and a camera at­
tachment. However, the set-up 
and operation of such an 
arrangement is complex. 

As a result, the developers of 
the new defibrillator analyzer, 
Bio-Design, of Stoughton, MA, 
pursued the following train of 
thought: Suppose there were 
some way to use an electrocardi­
ograph (ECG) as the recording 
device. Every hospital has at 
least two electrocardiographs 
and some have as many as 15 or 
20, so an electrocardiograph 
should always be available. 

Fig. 2-Abnormal defib rillato r wave­
forms show relay arcing on leading edge . 

Unfortunately, ECGs do not lend 
themselves to recording the 
rapid defibrillator waveform. 
Even at a chart speed of 50 
mm/sec, the defibrillator pulse 
would appear as a narrow spike 
(Fig. 3). This is definitely not 
suitable for analysis of the 
waveform. So instead, it was 
decided to use the technique of 
digital memory storage to store 
the defibrillator waveform and 
then read it out at a slower 
speed. 

Fig. 4 is a block diagram of the 
defibrillator analyzer. The elec­
trodes of the defibrillator under 
test are applied to the input 
discs of the defibrillator ana­
lyzer. The defibrillator is dis­
charged into a son load resistor 
built into the analyzer, which 
simulates a patient's body resis­
tance . An attenuator and buffer 
reduce the defibrillator output 
pulse to a level acceptable to the 
analyzer circuitry. 

An output jack is provided at 
the buffer output to connect an 
oscilloscope for viewing the 
defibrillator pulse in real time. 
The buffer output signal is fed to 
the memory circuit which con­
sists of an analog-to-digital 

l 
JL 

Fig. ~Direct recording of a defibrillato r 
pulse on an ECG would appear as a 
narrow spike . 
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IN 
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RL 
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t- " READ Y" 

1 
Fig. ~Defib rillator analyzer uses digital techniques to reconstruct the defibril­
lator pulse for viewing at a lowe r speed. 

converter, an array of shift 
registers and a digital-to-analog 
converter . The defibrillator 
pulse is converted to digital 
information at a rate of 1 
conversion every clock period. A 
clock period of 100 µsec is used. 
Thus, a digital "word" consisting 
of eight parallel bits is written 
into a memory comprised of 
eight parallel shift registers once 
every clock period . 

When the " ready" button is 
pushed , the electronic switch is 
set so that the clock oscillator is 
connected directly to the shift 
register clock input. Also, the 
logic is set so that the recirculate 
input is "off," allowing informa­
tion to be read continuously into 
the shift registers at the fast 
clock frequency. 

When the defibrillator is fired, 
the logic sequence starts. At the 
end of 20 msec, the logic turns 
on the recirculate input to the 

shift registers, inhibiting further 
information from being read 
into them. Simultaneously, the 
logic sets the electronic switch 
to the -:- 200 position, reducing 
the shift register clock frequency 
by a factor of 200. The digital 
information now contained in 
the memory is recirculated at a 
rate determined by the new 
clock period of 20 msec. 

The recirculated information 
is also read out continuously by 
the digital-to-analog converter, 
which produces an exact repro­
duction of the defibrillator 
output pulse , except that is 
stretched 200 times in duration. 
This permits recording on a 
relatively slow device such as an 
electrocardiograph . The output 
of the digital-to-analog con­
verter is attenuated by means of 
R1 and R2 to a very low level, 
providing a convenient time 
scale on the ECG chart.-Ff 

low cost 
ceramic 
trimmer 
capacitors 

These ceramic t rimmer capacitors 
are designed for broadband appli­
cation, from audio to 500 MHz 
and afford an ideal low cost means 
of "trimming" circuit ry such as 
crystal oscillators, CA TV ampli­
fiers and all varieties of communi­
cation and test equipment. 

FEATURES 

• Capacitance values from 
1 - 3 to 5 - 25 pf 

• Low profile - .208 above board 
height 

• Low cost-
75c in 1000 quantities 

• Delivery from stock 

Circle No. 16 
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Multi-layer techniques continue to 
improve for high-density hybrid ICs 

GLASS INSULATOR 

ATTACHMENT MATERIAL 
(EITHER EUTECTIC BRAZE 
OR EPOXY) 

SUBSTRATE IAL2 0 3 ) PACKAGE 

Multilayer construction technique for hybrid circuit substrate can utilize up to 8 
layers of conductors and insulators. (Drawing courtesy of General Instrument Corp .) 

Demands for higher circuit 
densities in hybrid ICs have 
been increasing steadily, and 
many manufacturers are investi­
gating ways to satisfy these 
demands. One older method 
that is gaining new popularity is 
the multi - layer approach. 

Multi-layer construction in­
volves the deposition of al­
ternate layers of conductor 
patterns, such as gold, and thin 
and thick-fi lm resistive materials 
atop one another. In this way 
fewer interconnections are 
needed , particularly for cross­
overs, and density of the circuit 
is increased tremendously, by as 
much as 50% by one manufac­
ture r's recent estimate. An 
added bonus is increased re­
liability due to the fewer 
connections required . 

This technique is not new. 
Among its early developers was 
the then Unisem Div. of United 
Aircraft Corp. (now Norden 
Div.) back in 1968. However, it 
does require much technical 
expertise and is difficult to 
apply. Recent refinements in 
film materials have simplified 
the process somewhat, to the 
point where some half-dozen 
major hybrid manufacturers are 
using it quite successfully. 

The alternate approach to 
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higher densities is to make use 
of thinner and thinner line 
widths for the film materials 
deposited. But even here, a 
point is reached where techno­
logy cannot be pushed much 
further to be of any practical 
use. For example, thick-film 
pastes , which genera lly employ 
10-mil widths , can't be pushed 
much beyond 5 mils. Anything 
less than that poses consider­
able trimming and reliability 
problems for the thick-film 
material. 

One major hybrid manufac­
turer , General Instruments 
Corp., of Hicksville, NY, has 
been able to get up t~ 13 
multiple layers of gold and 
thick-film pastes using this 
multi-layer method. 

Actually, an optimum number 
of layers exists for each circuit 
type. This depends on how 
many monolithic IC and capac­
itor chips used, and on the 
number of interconnections em­
ployed and their relative posi­
tion in the circuit . 

One reason why this method 
is still complicated to use is the 
fact that the materials used must 
be chosen carefully and thus 
certain ground rules must be 
adhered to in the early design 
layout stage for maximum 
connection effectiveness.-RA 
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AMP is making things smaller, 

easier and denser 
for interconnecting MOS. 

Take the 42-position connector in the 
foreground, for example. It's less than .250-inch 
high, with lid installed. And only .050-inch 
lead centers! Simple, easy to use. With zero 
entry force. 

Then, there's our 40-position connector 
(far right, foreground). It's only .235-inch high, 
.100-inch lead centers and-with its snap-on 

adapter-converts in seconds to accept leaded 
as well as leadless packages. Also available for 
24 and 28 package configurations. 

We have others, too. Bottom metallized 
arrays, liquid crystal connectors, etc. But that's 
another story. To get the AMP microelectronics 
story, write AMP Industrial Division, 
Harrisburg, Pa. 17105. 

AMP microelectronics: doing small things in a big way. 

~IVIP 
INCORPORATED 
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Twice: 

Control Data Did 

Control Data's reputation was built 
on providing computers with high 
throughput/dollar capabilities. That 
capability must be protected by 
assuring their customers ultra­
re I iable computers. Therefore , 
when Control Data assigns a scope 
to a computer, that scope must be 
as reliable as their computer. This 
makes reliability equally as impor­
tant a consideration as perfor­
mance -1 n both categories, H-P's 
portable is a scope that meets 
Control Data's rigid requirements. 

It Pays To Compare. 
Before choosing any scope-from 
the smallest portable to the most 
sophisticated lab model - make a 
careful evaluation and comparison. 
If you need a portable, remember 
th a t HP port ables with se lf­
contained batteries give you go­
anywhere capability to meet your 
most demanding field service re­
quirements. A sealed case with no 
fan or vent holes frees you from 
worry about dust and moi sture. 
For a lab system, compare the 
flexibilit y offered by the broad 
range of compatible plug-ins. Then 
call us for a hands-on demonstra­
tion of the combination that best 
fits your needs. 

Look Into Price. 
Analyze your total measurement 

needs, then ask both manufact urers 
to s ubmit pri ces. On cu rre ntl y 
available models, you' ll find that 
HP can save you money- lots of 
it in most cases. C heck carefu lly 
on all aspects of cost and perfor­
mance. Whether you are compari ng 
real-time systems with or without 
delayed sweep, or sampling units, 
you'll find that HP sti ll offers a 
cost/performance advantage. 

Check Ease-of-Use. 
Compare simplicity of controls, 
di splay size and error-prevention 
devices. Does the scope have use­
fu I, time-savi ng feature s, like 
se lectable input impedance , 
variable-persistance storage and 
si mplified sampling? Check writ ing 
speed ; H P's new burn-resistant 
storage scopes are brighter than 
scopes have ever been, and write 
at a speed up to 400 cm/ µ,sec . This 
means you no longer need to bury 
your head under a scope hood to 
view fast-risetime , low-rep rate 
signals. 

Don't Neglect Calibration 
And Service. 
Compare calibration time needed 
for each manufacturer's unit. 
You ' ll find it takes less time with 
an HP scope. In fact, so me com­
panies bought HP scopes because 
of this one fact alone. You' ll also 

Circle No. 20 

di scover that HP scopes are 
backed by video tapes which cut 
the time you spend training your 
calibration people. 

Think Twice: Like 
Control Data. 
You owe it to yourself to make 
these comparisons before you 
choose your next scope. To help 
you compose the check li st for the 
scope th at meets your personal 
needs, send for our "No-Nonsense 
Guide to Oscilloscope ·Selection. " 
Or, contact your local HP field 
engineer for a demonstration. 
Think twice and check before you 
choose. Hewlett-Packard , Palo 
Alto, Cali fornia 94304. In Japan: 
Yokogawa - Hew lett- Packard, 
1-5 9-1, Yoyogi, S hib uya- Ku , 
Tokyo 151, Japan. In Europe : 
HPSA, P.O. Box 85 , C H-12 17 
Meyri n 2, Geneva, Switzerland. 

Scopes Are Changing; 
Think Twice. 

083/ 2 

HEWLETT"' PACKARD 

OSCILLOSCOPE SYSTEMS 
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To isolate 
power switching devices, SCR's, 
Triacs and the like, 
from low level IC control circuits -

-Optical couplers (a) and reed relays are among the most 
attractive alternatives. One form of optical coupler is made by 
Sigma and doesn' t cost three or four bucks (50¢ is more like it) ; 
unlike those using phototransistors or diodes, its output is 
totally passive. 

Reed relays (b) are the classical electromagnetically oper­
ated mechanical switch, but with the switch totally enclosed 
in a minute glass envelope inside the actuating coil. They are 
available either separately or combined with a triac (at c) ; 
operate fast (200 usec.) , have life expectancies of many mil­
lions, and may have elaborate configuration , both multipole 
and transfer switching contacts (Form C). Their cost is moder­
ate , ranging as low as 75¢ or less, and they have close to zero 
output circuit resistance. Because our reed capsules are made in­
house, quality control is a particular Sigma reed relay advantage. 

Light substitutes for magnetism as the connecting link for 
the other class of isolating couplers offered by Sigma. In-house 
manufacture of photosensitive resistors led us to develop 
Sigma's optical couplers which contained a photoresistor and 
an internal light source. Control current to the internal light 
causes a rapid (stepless) decay of output resistance from circa 
lOmeg to a few hundred ohms. There is no electrical feedback, 
either conductive or inductive; there is total isolation, at kilo­
voltages when required; and there is no noise generation in the 
output (a good deal for audio control also). Best of all, output 
is passive, can be either AC or DC. 

The Ladybug featured above is the latest and lowest cost 
Sigma optical coupler. (It was developed by a lady-our senior 
physicist!) For 50¢ in production quantities, you can get them 
as pictured (at a) with one input and one output. The light can 
be incandescent or neon (attractive for lock-on potential plus 
absence of circuit loading til energized). You can also, for more 
money, have an LED light source. Also one may specify two 
or more lights, either capable of controlling the photoresistor 
(and isolated from each other). Or there can be several photo­
resistors controlled by one light .. . passive input, passive 
output, infinite isolation . .. all for 50¢ . 

You will need details, and to give our best, we will need 
yours. If you outline your project and purpose in a personal 
letter or phone call to Jim Seppala, Applications Manager, 
you ' ll be well pleased with the promptness and thoroughness 
of our reply. Write or call Sigma Instruments, Inc., 170 Pearl 
St., Braintree, Mass. 02185 . Telephone 617-843-5000. 

SIGM.6 
INSTRUMENTS INC 
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Any designer looks for the ultimate 
answer to his syst.em reqw.nents. 
Sometimes that answer does not 
exist in the options that are avail­
able so he must work out a com­
promise. Now, Motoro)IJ offers the 
designer a choice of specially 
designed int.egrated circuits for the 
Phase-Locked Loop (PLL) func­
tions of phase det.ection, frequency 
aivision, filt.ering, and voltage-con­
trolled signal generation. The modu­
lar concept, where circuits are 
optimized as indepenclent building 
blocks rather than epecific ~ 
increases the deci(Cllfli: flexibility 
and opens up a broad spectrum of 
design options. 

The new concepts presented are 
"digital harmonic mixing" and "digi­
tal phase detection." Drawing from 
the ext.ensive building blocks avail­
able, the designer can produce opti­
mum systems from the 1.1.b-hertz 
region to over 500 MHz. 

rola's digital approa 
applied to frequency synthesis, s 
chronization of digital signals, and 
clock recovery from encoded digital 
data streams. 
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The basic PLL technique compares the fre­
quency and phase of the incoming data to the 
output of a voltage con trolled oscillator ( V CO) . 
If the two signals differ in frequency and/or 
phase, an error voltage is generated and applied 
to the VCO, causing it to correct in the direc­
tion required for decreasing the difference. The 
correction procedure continues until lock is 
achieved, after which the VCO will continue to 
track the incoming signal. 

In the direct approach (Fig. 1), the VCO 
must be capable of operating at the output 
frequency, easily accomplished up to 200 MHz. 
However, the complex programmable counters 
would also have to operate at these frequencies, 
a cost factor since high frequency ( >25 MHz) 
programmable counters are expensive. VHF 
range applications could benefit by the loop 
variation of Fig. 2. 

Here the input frequency is divided by 9 
before phase detection, and the VCO output is 
multiplied by 9. This method works well for 
VHF applications at a fixed output frequency, 
or where a very small change in frequency is 
required. But the required tank circuits must 
be tuned and periodic servicing is needed. 

The prescaler system in Fig. 3 places the 
frequency multiplication inside the loop thereby 
eliminating the tuned multipliers. The input 
frequency into the divide-by-N is as low as 
that in Fig. 2, and likewise, loop response is 
slow. 

Two modulus prescaling in Fig. 4 includes a 
prescaler with provisions for varying the modu­
lus (divisor). Control is by an inexpensive low 
frequency programmable counter. System cost 
is slightly greater than the prescaling tech­
nique of Fig. 3, but performance is equal to 
the direct approach in Fig. 1. 

In the mixing up option the reference fre­
quency is equal to the channel spacing. This 
allows a low operating frequency for the VCO 
and logic, but requires the generation of a fixed 
frequency (£111) to mix to the higher frequency. 
It also requires a tuned output in the mixer, 
thus restricting the allowable tuning range. 

By mixing down the VCO operates at the 
high output frequency. A mixing frequency 
must be generated as a heterodyning signal and 
the mixer must be capable of handling the 
required input frequencies. Since the mixer is 
inside the loop, the effect of the mixing oscil­
lator drift on the output frequency is included . 



Implementing 
The 

Options 
Using the modular, or building block concept, 
the designer can tailor the PLL to his application 
and provide optimum performance at minimum 
cost. Drawing from a full complement of MECL, 
MTTL, and McMOS loop building blocks; 
designers can meet design objectives of speed, 
performance, economy, and power. 

Two new PLL developments are now available 
to implement direct programming by two modu­
lus prescaling (Fig. 4). 

• MC12012 Two-Modulus Prescaler. Consists of 
three functional blocks: A controllable divide 
by 5/divide by 6 prescaler; a divide by 2 pre­
scaler; and a MECL to MTTL translator. 
When used with the MC12014 and MC74416, 
a divide by N programmable counter can be 
constructed for operation to 200 MHz. 

• MC12014 Counter Control Logic. Consists of 
a zero detector which controls the modulus of 
the MC12012, and an early decode function 
controlling the MC74416. The early decode 

50 kHz 
Reference 
Frequency 

B R 
MC74416 C 

PN P3 P2 P1 PO 

100 MHz 

03 B 

MC74416 C 

PN P3 P2 P1 PO 

10 MHz 

F(s) 

03 020100 

MC74416 C 

PN P3 P2 P1 PO 

1 MHz 

feature also increases the useful frequency 
range of the MC74416 from 8 MHz to 25 MHz. 

The disadvantage of using a fixed modulus 
(--:-- P) for high frequency division (Fig. 3) is 
that it also requires dividing the desired refer­
ence frequency by P (desired reference fre­
quency equals channel spacing). By "variable 
modulus prescaling," the MECL MC12012 can 
be controlled by a relatively slow MTTL pro­
grammable counter. This technique permits 
direct high-frequency prescaling without sacri­
ficing resolution since it is no longer necessary 
to divide the reference frequency by the modulus 
of the high frequency prescaler. 

An example of MC12012 and MC12014 appli­
cation illustrating one possible counter scheme 
follows : 

vco 
MC1648 

tout= 100 

% 
MC3060 
o c 
Q D 

B R 

MC74416 c 
PN P3 P2 P1 PO 

100 kHz 

00 

MC74416* C 

PN P3 P2 P1 PO 

50 kHz 

200 MHz 

in 50 kHz 
steps. 

* Used as 
Modulus Two 
Programmable 
Counter. 

Direct Programming 100-200 MHz Synthesizer In 50 kHz Steps. 



IC 
O~tions 

Available 
Motorola's digital approa.ch overcomes 
limitations of linear monolithic PLL 
systems. Linear systems are harmonic 
sensitive limiting the capture range, 
and operation is restricted to an upper 
limit of 20 MHz. Motorola's digital 
phase detectors are not harmonic sensi­
tive and capture range is limited only 
by the tuning range of the VCO. And 
using the modular building blocks, digi­
tal loops can operate at frequencies of 
approximately 250 MHz. Here are the 
IC system components now available. 

The 
OP-ti on 

Is 
Yours 

Evaluate what this digital approach can 
offer. Your nearby Motorola distribu­
tor has the MC12012 and MC12014 
plus all PLL system building blocks 
available for evaluation. And to assist 
you in your design considerations, a 
new comprehensive Phase-Locked 
Loop Data Library has just been pub-

MECL, MTTL and McMOS 
are trademarks of Motorola Inc. 

DEVICE LOGIC SPEED 
FUNCTION NUMBER FAMILY (TYP) MHz 

Phase-Frequency Detector MC4044 MTTL 10 
Voltage-Controlled Multivibrator MC4024 MTTL 25 
Voltage-Control led Multivibrator MC1658 MECL 125 
Voltage-Controlled Oscillator MC1648 MECL 200 
Digital Mixer/Translator MC12000 MECL 250 
Two-Mod ulus Presca ler MC12012 MECL 200 
Counter Control Logic MC12014 MTTL 25 

COUNTER OPTIONS 

DEVICE LOGIC SPEED 
FUNCTION NUMBER FAMILY (TYP) MHz MODULUS 

Programmaole Modulo·N Counter MC74416 MTTL 10* .;- O thru 9 
(MC4016) 

Programmable Modulo-N MC74418 MTTL 10* + O thru 15 
Hexadecimal Counter (MC4018) 

Universal Counter MC4023 MTTL 30 + 2 thru 12, 
except 7 and 11 

Decade Counter MC7490 MTTL 20 + 2, + 5, + 10 
Bi -Quinary Counter MC1678 MECL 325 + 2, + 5, + 10 
UHF Prescaler Type D Flip-Flop MCJ690 MECL 500 + 2 
Universal Hexadecimal Counter MC10136 MECL J50** 0 to 15 
Universal BCD Decade Counter MCJOJ37 MECL J50** + 10 
Decade Counter-Divider MCJ40J7 Mc MOS 5 + JO 
Binary Counter MC14040 Mc MOS JO +(2") 
BCD Presettable Up/Down Counter MCJ45JO Mc MOS 6 + JO 
Binary Up/ Down Counter MC145J6 Mc MOS 6 + 16 
Dual BCD Up Counter MCJ4518 Mc MOS 6 + JO or + 100 
Dual Binary Up Counter MCJ4520 Mc MOS 6 + 16 or + 256 
BCD Programmable Divide By N MCJ4522 Mc MOS + O thru 9 
Binary Programmable Divide By N MCJ4526 Mc MOS 5 ~ 0 thru 15 

( *) Speed can be increased to 25 MHz ( typ ) when used with MCJ2014 
("'''' ) When used as a prescaler, it is possible to extend the input frequ ency of 

the MCJOJ36, 37 to over 200 MHz with the MC10231; to 300 MHz with 
the MC1670; or to over 500 MHz with the MC1690. 

Future 
Options 

DEVICE LOGIC SPEED 
FUNCTION NUMBER FAMILY (TYP) MHz 

Two· Modulus MCJ 2013 MECL 350 
Prescaler 

Phase Freq uency MCJ 2040 MECL BO 
Detector 

Crystal Oscillator MCJ 2060 MECL JOO kHz to 
2M Hz 

Crystal Oscillator MCJ 206J MECL 2MHz to 
20MHz 

lished. This library contains data 
sheets, application notes, digital PLL 
system techniques and covers the var­
ious building blocks now available. For 
your copy write to Motorola Semicon­
ductor Products Inc., P. 0. Box 20912, 
Phoenix, Arizoha 85036. Exercise your 
option today! 

CHARACTERISTICS 

.;- J0 / 11 .;- JO/ J2 

Operation identical 
to MC4044 
Provide a sine wave 
output (with EC L 
thresholds), TTL 
square wave output 
and ECL square 
wave output. 
External crystal 
required (funda-
mental, series mode). 
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First we souped-up 
super beta transistors. 

Then we closed 
the gate 

on FEY leakage. 
And as if that's not enough, we've 

. come up with the lowest noise, lowest 
drift dual FET around, too. 

These three are just part 
of the broad Ii ne of high 
performance dual mono-
lithic FETs and transistors ' 
we've designed to solve 2000.B@20V 
more of your linear circuit AD815 NPN 
problems. 

Our AD815 super beta dual mono­
lithic NPN transistor features 2000 beta 
at a breakdown voltage of 20V. It can 
reduce your input noise current by a fac­
tor of ten. Plus, you get a 0.5mV offset. 
Price: $5.50 in lOO's. 

Our AD830 dual monolithic FET 
gives you an extremely 

low leakage current­
less than O. lpA. 

~, That's as low as they 

O.lpAts 
AD830FET 

come. Price: 
$11.10 in lOO's. 

And when it comes to super-low noise 
and drift, our AD840 dual monolithic 
FET has the lowest noise of any dual 
FET you can get anywhere: 9nV/ JHz. 
It delivers an adjusted drift of lµV/°C, 
too. Price: $7.80 in lOO's. 

These designs are just right 
for upgrading existing circuits 
in low-current measurement 
instruments, preamplifiers, 
and applications involving 9nV/JHz 
high impedance sources. Or tµV/°C 
build them into brand new AD840 FET 
circuits; they'll make your 
design a lot better than anybody else's. 

We've got samples and comprehensive 
data sheets. And our 1973 Product 
Guide. Just ask. 

Analog Devices, Inc., Norwood, 
Mass. 02062. 

r.ANALOG 
_...DEVICES 

Call 617-329-4700 
for everything you need to know about dual monolithic transistors and FETs. 

Circle No. 23 
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Minicom·puters relieve big brothers 
of data communication chores 
As applications of data communication technology expand, 

minicomputers are providing low-cost flexibility. 

John Bond, Associate Editor 

The minicomputer's growing importance in efficient data 
communications is demonstrated by this DEC minicomputer 
surrounded by terminals and telephone. 

The use of computers is expanding at an ever 
increasing rate and with it, efficient data com­
munications is becoming a necessity . To satisfy 
this need for better data communications, mini­
computers are being used more frequently be­
cause of two important considerations: they are 
programmable and they have memory. Those two 
features allow the minicomputer to perform many 
of the functions that traditionally have been 
performed by hardwired controllers, other hard­
ware , or by the main computer itself. 

The jobs that data-communication systems 
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must perform are data synchronization , line 
control, code conversion, error control , message 
concentration and message switching. These 
functions can be combined in minicomputers 
acting as front-end processors and remote-data 
concentrators, to effect savings in hardware and 
host computer programs. This article will examine 
these and other uses of minicomputers in data 
communication. 

Since the subject is essentially a hybrid techno­
logy derived from communications and EDP, a 
glossary has been provided at the end of the 
article to help keep the terminology straight and 
eliminate confusion. 

Common carriers impose constraints 
Before minicomputers and other hardware or 

software can be discussed intelligently, com­
mon-carrier facilities must be understood . Tele­
phone and telegraph cables, high-frequency 
radio and microwave are common-carrier facili­
ties. Because of price and availability, telephone 
and telegraph lines are most often used. Since 
telephone voice lines transfer digital data at 
higher rates than telegraph lines, they are com­
monly used for data transmission between com­
puters. Much of the technology has evolved to 
get around the frequency limitations of voice­
grade telephone lines which constrain the num­
ber of channels available and the transmission 
speeds. The future will hold increased use of 
specialized common carriers with networks such 
as high-speed, wide band microwave systems, 
specifically designed for data transmission. How­
ever, voice-grade lines should continue to be the 
most important segment of the market into the 
forseeable future because of lower cost. 

Modulation techniques 
Communications facilities, in conjunction with 

appropriate processing equipment, can operate 
in three basic modes: simplex (one direction 
only), half-duplex (two way but only one direc-
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Fig. 1-Asynchronous transmission. Each character consists of 
a start bit , 8 data bits and a stop bit. 

tion at a time), full-duplex (both directions 
simultaneously) . Modulator/demodulators 
(MODEMS or Data Sets) interface the digital 
system to the analog communications lines . 
These modems may use several different modula­
tion techniques , the most popular being fre­
quency shift keying (FSK) . FSK is not too efficient 
in bandwidth utilization so that bandwidth must 
usually be increased to adopt multilevel coding . 
Consequently, amplitude shift keying (ASK) and 
differential phase-shift keying (DPSK) , which 
permit multilevel coding schemes, are used in 
high-speed systems or for bandwidth efficiency. 
At any rate , it is not too important from the 
minicomputer standpoint what particular modu­
lation scheme is used . 

More important is the data rate , whether it is 
synchronous or asynchronous, and the code or 
codes used in and out of the minicomputer to 
service modems, multiplexers ~ main processor (if 
used in a larger facility) and numerous peripheral 
devices . Usually transmission is serial but it may 
be parallel as in the case of a high-speed 
computer interface . 

Data synchronization techniques 
Asynchronou s-serial transmission (Fig. 1) is the 

technique used by most low-speed (up to 300 
baud) electromechanical-serial devices, such as 
teletypewriters and keyboard printers, which 
have irregular transmi ssion rates. Unbuffered 
terminals like paper-tape readers and punches, 
card readers and line printers use medium-speed 

0 0 

~IT SYNC 

I 

TIMING 

Fig. 2-Synchronous-transmission bit sync. The synchroniza­
tion code that gets the rece iver in sync with the transmitte r. 

(300-500 baud) asynchronous transmission. 
In asynchronous transm ission, each character 

consists of 3 parts: a start bit, up to 8 data bits per 
character and a stop bit. The transmit and receive 
terminals resynchronize after each stop bit. 
Because each character has its own synchronizing 
information, it allows data to be sent at an 
asynchronous rate. 

In synchronous-serial t ransmission, (fig. 2 and 
3), a serial bit-stream is sent over the line in the 
same manner as an asynchronous-serial bit­
stream except that there are no start and stop bits 
to synchronize each character . Instead , the entire 
block of data is synchronized with a code which 
causes the receiver to lock in and count the 
incoming bits to assemble a character. 

Synchronous transmission at medium speeds 
(300-500 baud) is used fo r buffered card readers 
and line printers. High-speed (500 baud and up) 
synchronous transmission is used for inter-com­
puter communications. A minicomputer data 
concentrator or front-end processor can service a 
number of different-speed terminals or lines and 
execute speed and code conversion to whatever 
is appropriate for the transmission lines or the 
main computer facility . Speed and code conver­
sion can also be accomplished with hardwired 
interfaces but thrs approach limits the system's 
abil ity to react to changing equipment and 
conditions . 

Code conversion 
Code conversion is another function that 

minicomputers may perform. There are a number 
of codes in use for various purposes . Baudot 
Code is a 5-level code used for telegraphs, 
keyboards , printers , pu nches and readers. The 
American Standard Code for Information In­
terchange (ASCII) is a 7-level plus parity code 
established by the computer industry. Most 
computers and terminal manufacturers conform 
to ASCII but minor changes to the code are 
frequently made to make it more applicable to a 
particular terminal. A minicomputer has the 
flexibility to deal with these ASCII variations. 

The Four-of-Eight Code is typically used for 
credit-card verifications and is not important in 
data communications . Hollerith Code is a 12-level 

l----''--S-YN~~D-A_T_A_,__DA_T_A_.__D_AT_A-1.-1~ 
Fig. ~Synchronous-transmission block sync. Afte r syn­
chro nization is achieved , data is sent until e nd of message . 
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Fig. ~Message concentration. Remote-message concentrators multiplex several low-speed lines into one or more 
medium-speed lines. 

code used in punched-card applications. Binary 
Coded Decimal (BCD) is a 6-bit data-processing 
code mostly used with computers. EBCDIC or 
Extended Binary Coded Decimal Interchange 
Code is the BCD code extended to 8 binary bits to 
allow handling of graphic and control-character 
codes. It is compatible with BCD oriented data 
processing. 

Generally, Baudot and ASCI I are used for 
low-speed asynchronous applications; ASCII is 
used for medium- and high-speed asynchronous 
operations and EBCDIC is used for medium- and 
high-speed synchronous communications. 

Communications processors 
A communication processor has to be able to 

input and output several different codes at 
different rates, synchronously and asynchronous­
ly. It must know what to do with the data, when 
and where to store it and what commands to 
send. These are likely functions for a computer. 
Either the main computer will handle it, with an 
obvious high-overhead cost, or some external 
device must be used. 

To take some of the load off the main 
computer, hardwired data-transmission terminals 
can be used. These are special-purpose devices 
designed for this type of work. They work well 
with the equipment for which they were designed 
but tend to be mainframe dependent. When a 
computer manufacturer has control over all the 
peripheral s as well as the main computer installed 
in a facility, hardwired data-communication ter­
minals may be a good choice. If a facility has a mix 
of equipment from several manufacturers or has 
very heavy communications requirements, a mini 
may be a better bet. 

Minicomputers in data communications 
Minicomputers can be used for line control, 

message concentration and switching, code con­
version and error control. They can be used for 
any of these functions independently but more 
frequently they are used for all of them combi ned 
in front-end processors and remote-data concen­
trators . If off-li ne data processing is added to the 
functions that minicomputers perform , they are 
called remote-batch terminals. These remote 
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terminals have generally been used in service 
bureaus or large corporations for the collection 
and transmission of data from remote facilities. 
Considerab ly more than data communications is 
involved in remote-batch processing, so that only 
a small-computer system can perform this func­
tion and hardwired terminals cannot be used. 

Remote-data concentrators reduce costs 
The basic function of a data concentrator is to 

reduce line costs by concentrating the data­
strea m without losing information. Traffic 
smooth ing is one technique that can be used to 
concentrate data. This method smooths the 
bursts and quiet periods of typical data traffic by 
buffering: Buffers are storage devices that are 
used to compensate for rate of data flow or timing 
differences. Because a mini is well equipped with 
circuits that can perform these functions, it can 
provide a moderate amount of buffering quite 
cheap ly without additional hardware costs. Also , 
mass memory can be used as temporary storage 
when the total data-input rate is higher than the 
rated speed of the communication line serviced. 

Data compression can be used to reduce traffic 
load by deleting redundant information such as 
the start and stop bits in asynchronous transmis­
sion. This can improve line utilization by 20% (2 
out of 10 bits) . Data compression may also be 
done simply by encoding of multiple-character 
sequences. 

TERMINAL 
=1 

TERMINAL 
=2 

TERMINAL --- CONCENTRATOR 
=3 

TERMINAL 
=n 

MODEM 
DATA 

LINK 

Fig. 5-Line concentration. Remote-line concentrators mul­
tiplex medium-speed lines into one high-speed line. 

EDN MAY 20, 1973 



LARGE 
PROCESSOR 

(HOST 
COMPUTER I 

CORE 

PREPROCESSOR 

MIN ICOMPUTER BUS 

SYNCHRONOUS 
LINE INTERFACE 

201 
MODEM 

SYNCHRONOUS 
LINE INTERFACE 

201 
MODEM 

- PHONE LINES -

201 
MODEM 

REMOTE 
TERMINAL 

CONTROLLER 

201 
MODEM 

REMOTE 
TERMINAL 

CONTROLLER 

ASYNCHRONOUS 
LINE INTERFACE 

- PHONE LINES -

103 202 
MODEM MODEM 

LOW 
SPEED CRT 

TERMINAL 

Fig. &-Front-end processor manages the communications networks and performs pre-processing of data before trans­
ferring it to the host computer. 

The remote-data concentrator can be used in 
place of or as controller for time-division (TOM) 
and frequency-division (FDM) multiplexers . Fre­
quency-division multiplexing is essentially an 
analog technique, where the communications 
line is divided into channels separated by guard 
bands . Digital devices are not suitable for thi s 
function but can be used as controllers for FDMs . 
However, time-division m(Jltiplexing assigns each 
channel to a specific time period, referenced to a 
synchronizing signal and is well suited to digital 
techniques. Hardwired FDMs and TDMs cause 
some communications capability to be wasted 
because they cannot adapt to temporary under 
utilization or oversaturation of the communica­
tions line. Unlike hardwired multiplexers, a 
minicomputer can adapt itself to different termi ­
nal data rates and can store data that temporarily 

. exceeds the capacity of the line. It can also 
fu nction as a programmable TOM. Used in this 
capacity, a minicomputer data concentrator acts 
as a programmable super TOM, capable of 
handling many more terminals or lines than 
conventional multiplexers. 

Adaptive-concentrator systems allow terminal s 
of different speeds and codes to service any given 
port of the computer . Thus , special telephone 
lines do not have to be designated for each device 
and maximum use of the communications facili-

ties can be achieved. The flexibility allowed by the 
use of programmable-adaptive concentrators as­
sures a solid future for minis since it is probably 
the most economical way to interface terminals of 
varying characteristics. 

Two other important functions that minicom­
puters can perform are line concentration and 
remote-message concentration . A line concen­
trator (fig. 5) is essentially a front-end processor 
that is not local to the host computer. A line 
concentrator may be used wherever several 
communications paths exist over long distance 
lines. Suppose there are several locations, remote 
from each other but in the same part of the 
country. Rather than having dedicated high­
speed lines for each location , it is more cost 
effective to multiplex medium-speed data from 
these locations into one high-speed line by using 
a minicomputer line concentrator. 

Remote-message concentrators (f ig. 4) are 
similar to line concentrators except that they 
multiplex several low-speed lines (up to 300 baud) 
into one or more medium-speed lines. They are 
always remote to the central processor. Several of 
them may feed a line concentrator. 

Message switches 
A message switch may perform line and mes-
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sage concentration but it is a more sophisticated 
system. The major difference between a message 
switch and a concentrator is the long term 
"store-and-forward" characteristics of the switch. 
A system must include sufficient mass storage to 
store messages for an indefinite period of time 
before forwarding them to their destination. 

Large military systems such as AUTODYN , 
which use extremely large computer complexes, 
have been around for years. Even a very moderate 
sized switching system might require 100 to 200k 
characters of core (two characters per 16-bit 
word) and at least 2.5 million characters of mass 
storage. That's a bit much for a minicomputer so 
minis would probably only be used in very small 
systems. However, a mini could be used as a 
front-end processor to a larger computer in a 
message switch. That brings us to a very im­
portant class of devices. 

Front-end processors 
The front-end processor (Fig. 6) manages the 

communications networks and performs pre­
processing of data before transferring it to the 
host computer. The computer used for this 
function is placed in the data-stream between 
remote terminals or computers and the host 
computer. Unlike the line concentrator or re­
mote-message concentrator, the front-end pro­
cessor is local to the host computer. It interfaces 
to the main computer by a communication 
channel or by hardwiring. A high-speed parallel 
transfer of data is most appropriate for the 
interface. Most minicomputer manufacturers 
make standard interfaces for IBM 360 and 370 
computers and will make special interfaces for 
other large computers. 

The minicomputer front-end processor estab­
lishes line disciplines since not all lines transfer at 
the same speed or characteristics. It performs 
handshaking routines which are internal routines 
executed to acquire and establish a communica­
tion link between the front-end processor and 
the remote station . The mini transmits and 
receives data to and from remote stations . It 
assembles data and performs parameter check­
ing, header interpretation and code conversion. 
It may add information to the messages like 
origin, destination, time, etc. Finally, the mini 
transfers messages to or from the host computer 
on demand or on a pre-established time lapse. If 
mass storage like a disc system is included , the 
front-end processor will then have the capability 
of storing messages until appropriate channels 
are available, waiting for the computer to finish 
higher priority jobs before dumping in more data 
as well as smoothing the flow of data in and out of 
the system . 

Hardwired telecommunications controllers 
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such as the I BM 2701, 2702 and 2703 are expensive 
and require software support in the host com­
puter to the extent that 10 to 15% of the CPU may 
be used for telecommunication functions . A 
programmable front end is not only more cost 
effective, it also adapts more easily to changing 
system requirements . It reduces multiplexing 
costs by allowing direct connection of asymetrical 
TDMs (time-division multiplexers), thus reducing 
the number of adapters. Furthermore, it allows 
connection to noncompatible concentrators, ter­
minals and computers. 

Remote-batch processing 
As previously mentioned , there is another class 

of processors used in data communication. A 
remote-batch processor is a minicomputer based 
system that decentralizes processing. It is a local 
computing facility with access to the communica­
tion network and the main computer and it 
performs processing that would otherwise have 
to be performed in the main computer . Thus it 
relieves not only the communication load , but 
also that portion of the processing load that can 
be carried on remotely, often closer to the point 
of entry. Remote-batch processing is becoming a 
highly competitive market with the entry into the 
field of a number of minicomputer manufacturers 
who have not been primarily involved with data 
communications. Since these companies may 
eventually offer a full line of data communication 
equipment in competition with those already 
established in the field, it is to be expected that 
the competition will become fierce . Even IBM has 
reluctantly moved into remote-batch processors 
and programmable-communications controllers 
to meet the threat of the mini manufacturers . 
Such competition can only advance the state-of-
the-art of minicomputers in data communication. 

EON would like to thank the many com­
panies who provided the information that 
made this article possible. Particular thanks 
go to: 

Data General Corp. 
Southboro, MA 01722 

Digital Equipment Corp. 
146 Main St. 
Maynard , MA 01754 

Interdata Corp 
2 Crescent Pl. 
Oceanport, NJ 07757 
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Data Communications Glossary 
Asynchronous transmission: Each character con­
tains its own start pulse from which local timing is 
derived for the interpretation of that character. 
Synchronizing characters are not required. 1, 1.42 
or 2 stop pulses terminate each character, 
depending on the amount of time required for 
the equipment to resynchronize. 
Auto answer: Capability for the computer to 
respond automatically to an incoming call initiat­
ed by dial equipment. 
Auto dial: Capability for the computer to dial calls 
automatically over the communications network . 
Automatic error correction: The detection and 
correction of errors by the use of special codes 
and/or automatic retransmission of the message 
or a portion of the message. 
Bandwidth: The difference in Hertz between the 
highest and lowest frequencies of a band . 
Batch processing: A method of data processing in 
which a number of similar input items are 
accumulated and processed together. 
Baud: A unit of telegraph signaling speed derived 
from the duration of the shortest signaling pulse. 
This pulse is called a "unit pulse". 1baud = 1 unit 
pulse/sec telegraph speed. 
Baudot code: A 5-bit code widely used for 
teletypewriter transmission . Thirty-two charac­
ters can be represented by the 5 bits. The code 
consists of a start bit and 5 character impulses , 
all of equal length , and a stop bit whose length is 
1.42 times the start bit. The presence of a bit on a 
line is called a " mark" , while the absence of a bit 
is called a "space" . The start bit is always a space, 
while the stop bit is always a mark. 
Bits per second (bps): The number of information 
bits in a given time interval. Bits/sec are a 
measure of information rate as contrasted with 
baud , which is a transmission-modulation rate. 
The bit rate and the baud rate are not necessarily 
identical within a system and should not be 
interchanged in usage. 
Buffer: A storage device used to compensate for 
a difference in rate of flow of data or time of 
occurrence of events when transmitting data 
from one device to another. 
Channel, reverse: A communication channel 
between a slave station and a master station that 
is used exclusively for control signals. 
Contention: An operational condition on a data­
communication link in which no station is 
designated a master station. In contention, each 
station on the link must monitor the signals on 
the link and wait for a quiescent condition before 
initiating a bid for master status. 
Continuous operation: A type of message trans­
mission in which the master station need not stop 
for a reply after transmitting each message or 
transmission block. 
Control characters, data communication: The 
10-character subset from the 128-character set of 
control and data characters of USASCll which are 
defined for use in controlling a data communica­
tion system . 
Data set: A circuit-termination device used to 
provide an interface between a data-communica­
tion circuit and a data terminal. A modulation 

and/or demodulation function is typically per­
formed in a data set. See also Modem . 
Dedicated line: A line permanently assigned to 
specific data terminals not part of switched 
networks . Also called a private line. 

Echo check: A check of accuracy of transmission 
in which the information which was transmitted 
to an output device is returned to the information 
source and compared with the original informa­
tion to insure accuracy of output. 
Full duplex (FDX): A communication channel 
over which signals may be sent in both directions 
simultaneously. 
Four-wire circuit: A 2-way circuit using two paths 
so arranged that the signals are transmitted in 
one direction only by one path and in the other 
direction only by the other path. The transmis­
sion paths may or may not employ four wires. 
Half-duplex (HDX): A communication channel 
over which signals may be sent in either direction 
but only in one direction at a time. 
Heading, message: A sequence of characters that 
may precede the text of a message to provide the 
information necessary to route the message to its 
ultimate destination(s). A heading may 
information other than routing instructions. 
High speed: Wide-band capability. Above 9600 
bps . 
Identification, station: A sequence of characters 
used to identify a station. 
Leased line: Generally refers to a private full-per­
iod line. 
Link, multipoint: (1) A data-communication link 
connecting three or more stations; (2) a data­
communication link with the control capability 
necessary to interconnect three or more stations. 
Link, point-to-point: A data-communication link 
connecting two stations. 
Low speed: Up to 200 bps. 
Medium speed: Above 300 bps but still voice 
band. 
Message: A group of words, variable in length, 
transported as a unit. In telegraphic and data 
communications, a message may be composed of 
three parts : 
(1) A heading that contains a suitable indicator of 
the beginning of the message together with the 
source and destination, data and time of filing 
and routing of other transmission information. 
(2) A body comprising the information or advice 
to be communicated. 
(3) An ending containing a suitable indicator of 
the conclusion of the message. 
Message routing: The function (performed at a 
central-message processor) of selecting the 
route , or alternate route if required, by which a 
message will proceed to the next point in 
reaching its destination. 
Modem: Acronym meaning "modulator­
demodulator"; now commonly used to describe 
that piece of equipment which functions at the 
terminals of a commu nication system as a link 
between electronic signals in digital form and 
audio signals which can be transmitted via the 
telephone network . 
Mode, basic: An operational mode in which the 
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Announcing two new switches from Maxi-Switch. 
Use them individually to build calculator blocks or 
alpha-numeric keyboards, or order completed units from 
Maxi, with or without encoding. Both switches accept 
standard Maxi double-shot molded buttons. 

Series 3100 mechanical keyboard switches combine 
simplicity, quality and long life in a low-cost 
package. Dual bi-furcated gold contacts wipe 
across gold plated mating surfaces each time the 
switch is operated. Action is clean, bounce 
minimal , and resistance finite. This rugged switch, 
with a life of over 106 cycles under load, is 
priced as low as .21 each in quantity. 
For applications requiring reed contacts, specify the 
Series 2700 switch. Pre-tested reeds are machine 
adjusted for consistent operation from switch to 
switch. Careful design isolates the reeds from 
mounting and operational stress. Switch rating is 
10 watts, resistive load. Slanted plungers and 
bases are optionally available. You ' ll find no better 
reed switch at any price, and the price is right! 

Maxi-Switch can meet all your switch needs for 
individual switches, interlatching keystrips, binary 
keystrips, numeric blocks, encoded keyboards 
with standard momentary action, or special interlatching 
designs. We can design and deliver custom switch 
assemblies to do your job most economically. 
Call Maxi-Switch, or contact your local Maxi 
representative for a quotation. 

Give Maxi-Switch a try. 
Write for free literature. 

9697 EAST RIVER ROAD • MINNEAPOLIS, MINNESOTA 65433 
(612) 755-7660 

See Maxi in EEM 
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10 communication-control characters of USASCll 
may not be used within a message heading or a 
message text. 
Mode, conversational: An operational mode in 
which message information is used in lieu of, or 
in addition to, control characters as replies for 
message information . 
Mode, transparent: An operational mode in 
which all 120 coded combinations of USASCll are 
allowed as message characters within a text . 
Multiplexing : The division of a transmission 
facility into two or more channels. 
Multi-point: A communication channe l intercon­
necting three or more stations. 
Narrow band: Communication channe ls whose 
maximum speed capability does not exceed 200 
bps, primarily private-wire teletype and TWX. 
Point-to-point : A communication channel be­
tween two stations only. 
Polling: A technique for inviting a station to 
transmit messages at a given time . One station is 
designated as a control station to invite tributary 
station(s) to transmit. 
Simplex (SPX): A communication channel over 
which signals may be sent in one direction only. 
Store-and-forward switching center: A message­
switching center in which the message is ac­
cepted from the sender whenever he offers it, 
held in a physical store and forwarded to the 
receiver whenever he is able to accept it. 
Stunt box: A device to control nonprinting 
functions of a teleprinter terminal such as car­
riage return, line feed, ring-signal bell, answer­
call directing code, etc. 
Synchronization, character: The process by 
which the transmitting and receiving character 
frequencies are made the same and are main­
tai ned in a phase relationship such that the 
characters transmitted can be derived by the 
receiver . 
Synchronous transmission : The process by which 
a block of data is slaved to accurately syn­
chronized clocks at the receiving and transmit­
ting stations. Start and stop pulses are not 
required with each character. Special synchroniz­
ing characters are used to synchronize data. 
System, data communication: The aggregate of 
the data-communication links and link-interface 
equipment and software required fo~ the com­
munication of coded information between or 
among discrete physical locations. 
Switched network: A multi -point network with 
circuit-switching capabilities. The telephone net­
work is a switched network, as are Telex and 
TWX. 
Terminal, data: That part of a station that is 
concerned with the functions of generating data 
and/or recording or display of data, together with 
the control equipment and/or software necessary 
to control these functions . 
USASCll (U.S.A. Standard Code for Information 
Interchange) : An 8-bit (including parity) code 
plus 1 start and 2 stop bits to make an 11-unit 
code. Used in both synchronous and asynchro­
nous transmission. 
Voice-grade channels: A commu nication channel 
capable of accommodating voice or data trans­
mission with a frequency range of 300 to 3000 Hz. 
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New TY-RAP®Tool 
completes one million ties 
eliery monLh Triggered 70,000 times each day without a misfire! 

; Y 1 l As you read this message, the produc-
tion model of this pneumatic hand tool, 
TR-225, is continuing its life cycle test ... 
1,000,000 cycles per month without a 
falter. 

This 20 ounce tool ties wire bundles from 
1/ 16" to 4" diameter with just about 
every regular and "Slim Line" type 
TY-RAP® cable tie ... 16 sizes in all. It 
reduces operator--~-------. 
fatigue ... and is 
particularly well l'l""'~''L' 

suited for close- ---,.~-

up work, break­
out points and ty­
ing in confined 
places in equip­
ment. 

Our other new production tool, the high 
speed TR-300, automatically positions a 
TY-RAP tie around bundle, cinches to a 
preset tension, locks tie securely and 
trims evenly ... all in 8/ 10 of a second 
... and on bundle diameters ranging 
from 1/ 32" to 5/ 8". 
Write for new catalog. The Thomas & 
Betts Co., Elizabeth, New Jersey 07207, 
(201) 354-4321. In Canada, Thomas & 
Betts Ltd., P.W. 

Sold Only Through Authorized T&B Distributors 

THOMAS & BETTS 
Division of Tlu::rrna.s & Bei:ts Carparaticm 
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~ WORLD'S LARGEST UNE OF ADJUSTMENT POTENTIOMETERS! ~ 
0 SELECT FROM OVER 60 MODELS . . . WIREWOUNO OR CERMET! 

0 SINGLE-TURN . .. MUL Tl-TURN! ROUND, SOU ARE ANO REcr ANGULAR! • 

0 OVER 12,000 "MODEL! TERM/NAU REs1sr ANCE" COM BINA TIONs1 

(J OVER 3,soo.ooo UN/rs IN COMBINEo FACTORY I DISTR/BUroR STOCK " 
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Rectifier Product Matrix 

! 

RCA • ~ 
Rectifiers I 

00 ·1 00 ·26 

0 .5A 0 .75A 1A 

lo 0.125A 0 .75A 0 .75A 1A 1A 2A Ava · 0 .75A Insulated 1A Insulated 
lane he 

I 30A 15A 15A 35A 35A 35A 35A 

VRRM(V) 50 1N536 1N2858A 
100 1 N3754 1N440B 1N537 1N2859A 40266 
200 1 N3755 1N441B 1N538 1N2860A 40267 1N3193 1N3253 1N5211 1N5215 
300 1N442B 1N539 1N2861A 
400 1 N3756 1N443B 1N540 1N1763A 1N2862A 1N3194 1N3254 1N5212 1N5216 
500 1N444B 1 N1095 1N1764A 1N2863A 

600 1N445B 1N547 1N2864A 40808 1N3195 1N3255 1N5213 1N5217 
800 40809 1N3196 1N3256 1N5214 1N5218 

1000 1 N3563 

I ;, 

RCA • t Rectifiers I 
00-15 00 -4 00 ·5 

lo 1A 1.5A SA 6A 10A 12A 20A 40A 

IF M 30A 50A 160A 140A 240A 350A 800A 

VRRM(V) 50 44001 1N5391 1N1612 1N1341B 40108 1N1199A 1N248C 1N1183A 

100 44002 1N5392 1N1613 1N1342B 40109 1N1200A 1N249C 1N1184A 

200 44003 1N5393 1N1614 1N1344B 40110 1N1202A 1N250C 1N1186A 

300 1N5394 1N1345B 40111 1N1203A 1N1195A 1N1187A 

400 44004 1N5395 1N1615 1N1346B 40112 1N1204A 1N1196A 1Nl 188A 

500 1N5396 1N1347B 40113 1N1205A 1N1197A 1Nll89A 

600 44005 1N5397 1N1616 1N1348B 40114 1N1206A 1N1198A 1N1190A 

800 44006 1N5398 40115 

1000 44007 1N5399 

Fast Recovery Types 

RCA l -~ 
Rectifiers I 

lA 6A 12A 20A 40A 

IFSM 35A 125A 250A 300A 700A 

VRRM(V) 50 44933 43879 43889 43899 40956 
100 44934 43880 43890 43900 40957 

200 TA7892 44935 43881 43891 439.01 40958 
300 43982 43892 43902 
400 TA7893 44936 ·43953 43893 43903 40959 
500 

600 TA7894 44937 43984 43894" 43904 40960 
800 TA7895 

1000 
Reverse Recovery 

Time trr 
Typ . 200 ns 200 ns 200 ns 200 ns 200 ns 200 ns 
Max . 500 ns 250 ns 350 ns 350 ns 350 ns 350 ns 
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RCA SOLID STATE 
OFFERS YOU A BROAD 
LINE OF RECTIFIERS 
WITH THE BEST 
CHARACTERISTIC 
YOU CAN ASK FOR 
RIGHT NOW •.. 

RCA's broad line of standard and fast re­
covery rectifiers is only a phone call away. 
Go ahead ... try us out. Pick out a type 
and order it . You'll be delighted at the 
speed with which you can get the finest 
rectifiers available. Just ca ll your local RCA 
solid state distributor or RCA directly. 

Want more information? Write RCA Solid 
State, Sec. 50E-20. Box 3200,Somerville, N.J. 
08876. Or phone : (201) 722-3200. 

RC" Solid 
State 

INTERNATIONAL: RCA , Sunbury-on-Thames, U.K., or Fuji Building, 7 -4 Kasumigaseki , 3-Chome, 
Chiyoda-Ku, Tokyo, Japan. In Canada: RCA Limited, Ste. Anne de Bellevue 810, Canada . 

Circle No. 80 
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The new Potter & Brumfield socket 
system with screw terminals gives 
you a whole new world of relays to 
choose from. 

How? 
By converting octal and quick­

disconnect tab termination relays to 
screw terminals. 

Quickly. Simply. 
Our system comes complete 

with mounti ng channel. 
Brackets. Retainers. 
Spacers. And sockets 
made of virtually inde­
structible Lexan. 

Think of it! 
Now you can use 

sophisticated relays. 

Just as compatible as the ones 
you 've been using. And every bit as 
reliable. 

But they cost less. And take up 
less space. 

(You probably can save as much 
as 75 percent of the space you 're 
now using.) 

This is just part of what 's possible 
with P&B's new socket system. 

To find out more , wr i te or call 
Potter & Brumfield Division, 

c:- AMF Incorporated. Prince­
~ I ton, Indiana 47670, (812) 

' 385-5251 . 
Or talk to your local P&B 

distributor or representative. 

A~F 
Potter & Brumfield 
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Creates A/I-CMOS System Capability-
The interest aroused by Motorola's new MCM-

14524 McMOS* ROM was predictable . After all, it's 
the first 1024-bit CMOS memory. And the interest 
is much deeper than simple curiosity. The growing 
ranks of designers with requirements for low power 
operation and/or high noise immunity have recog· 
nized the MCM 14524 as the closing link in the solu· 
tion to many of their problems. The all-CMOS system. 

For example, this machine or processor control 
section using microprogramming techniques can 
now take full advantage of CMOS. No need to mix in 
bipolar ROMs. Until the MCM14524 provided an 
alternative, no matter how the rest of the logic was 
executed , only relatively power hungry memory 
options were available for the ROM function. None of 
them offered any simple approach to noise immunity. 
With availability of the MCM14524, integrity of low 
system power use and high system noise immunity 
may be maintained. 

Because it's a mask programmable ROM, the 
MCM14524 is ordered as a factory special, with the 
desired unique pattern for the 256 x 4 organization 
specified on punched computer cards, or if preferable 
by means of a completed truth table. The memory is 

expandable by virtue of memory enable on the chip. 
Output latches provide a storage register, and full 
address decoding circuitry is on the chip, too. 

Somewhat paradoxically, though the McMOS 
ROM is generally considered in the medium speed 
category, 70ns data retrieval is possible under cer· 
tain conditions, i.e. , in the chip enable access mode 
where addressing already has been established . 

General McMOS family characteristics serve as a 
good guide to further definition of the MCM 14524. 
Each of two versions is designed for single supply 
operation. The AL suffix version operates over a wide 
supply voltage range of +3 to +18 volts with a -55 
to + 125 • C operating temperature range. The CL ver­
sion operates over the +3to+16 V supply range and 
a -40 to +85°C temperature range . 

Mask charges are $1,400.00 on orders to 24, but 
gradually decline to nothing when order quantities 
reach 500. 100-999 prices are $24 .70 and $13.75 
for the AL and CL respectively. Documentation, 
including programming instructions, is available from 
Motorola Semiconductor Products Inc., P.O. Box 
20912, Phoenix, AZ, 85036. Your Motorola sales 
office with be pleased to entertain enquiries, too. 

• Trademark of Motorola Inc. 

MOTOROLA MOS 
Expanding Dimensions In Digital Design 

Circle No. 27 
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1973 NCC 
focuses on 

total spectrum 
of computer 
technology 

From June 4th through 8th, the American Federa­
tion of Information Processing Societies (AFIPS) 
will host "the biggest computer show on earth", 
the 1973 National Computer Conference and 
Exposition. The '73 NCC, which will be held at the 
New York Coliseum, supersedes the traditional 
Spring and Fall Joint Computer Conferences. 
AFIPS is committed to creating a major forum for 
the data-processing community, aimed at foster­
ing dialogue between the computer industry, EDP 
users , government and the general public. The 
'73 NCC will present an overall view of computer 
technology, what it's doing, where it's going and 
its impact on users and the economy. 

"The biggest computer show on earth" is not 
merely an idle boast . With over 200 exhibitors at 
approximately 700 booths, it promises to be just 
that. All segments of computer technology and 
EDP services will be exhibited and explained by 
the exhibitors at the conference. 

The tech nical program is divided into three 
major areas: Methods and Applications, Science 
and Technology and a Special Program . 

The Methods and Application Program will 
concentrate on the effective use of computers, 
time and people in a very pragmatic approach to 
resource utilization. It is divided into sections 
concerning installation management, govern­
ment, industry, merchandising and a number of 
general topics considering the impact of com-
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Advances in computer technology can take many different 
directions as evidenced by this mixed-architecture computer, 
the PDP-15/76, by Digital Equipment Corp. 

puters on human affairs. 
The Science and Technology Program, the 

largest of the three programs with 56 sessions, 
will present a review of the state-of-the-art and 
examine all aspects of developing technology. 
The areas to be covered in this program include: 
communications, networking and terminals; 
computer architecture and hardware ; informa­
tion processing and pattern recognition; manage­
ment topics including conversion, data bases, 
data security, forecasting and performance evalu­
ation; displays and graphics; EDP education; 
simulation and process control; software and 
areas of concern to the computing community. 

Finally, the Special Program presents a number 
of special sessions and seminars which are of 
broad general interest. There will be a special 
seminar on managing the impact of generalized 
data bases as well as 5 key sessions covering 
computer technology as a public resource ; ven­
ture capital for the computer industry ; outlook 
and prospects for marketing abroad; career 
development for computer professionals and 
economic future of the data-processing industry. 

Sessions in review 
The computer industry has come of age and 

this view is well represented by the mature , 
thoughtful viewpoints presented at many of the 
sessions. The thrust of these ideas is that 
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computers must serve the needs of people rather 
than the other way around , as too often happens. 
This theme is stressed in the panel session (88) 
chaired by Gabriel F. Groner of the Rand Corp. , 
"Computers are for people". Or at least they' re 
supposed to be, but it's often hard to prove. The 
state-of-the-art has reached a point where it is 
both feasible and mandatory that computers 
become subservient and palatable to human 
users. People are scared away by the psychologi­
cal and physical barriers built into computer 
usage. The purpose of this session is to learn 
more about the reasons for success and failure so 
that better people interfaces can be designed . 

Voice answerback 
Another session (2) of great interest is "Voice 

answerback comes of age", chaired by Tom 
Fisher of IBM. This session will discuss the sharp 
increase in the use of computer-voice an­
swerback during the last two years , wh ich has 
occurred because of advances in hardware and 
applications. The quality of computer speech has 
gotten better until it is quite acceptable to the 
human ear. Also, there has been a spectacular 
growth in vocabulary available to computers 
equipped with VAB. Existing applications are 
fascinating but not widely known . Uses of VAB 
will be demonstrated with emphasis on the 
increased efficiency of workers who can move 
around as they hear replies , rather than stay at 
one fixed work station. Some applications will be 
demonstrated live and online . 

Data-base management 
" Trends in data-base management," organized 

and chaired by Dr . George Dodd of General 
Motors Research Laboratories, discusses evolu­
tionary trends in data-base technology. The 
developments shown in this session include 
specialized processors for data-base manage­
ment, relational data bases, a technique for 
data-base sharing and an algorithm for optimal 
distribution of data within a computer network . 
Since operating system design will ultimately be 
influenced by data-base requirements , papers 
will be presented describing the results of 
real-time data-base measurements and optima~ 
file-allocation strategies. 

Intelligent terminals 
There is a trend toward decentralization of 

computer power as evidenced in the growth of 
remote-batch processing, remote-data concen ­
tration , etc . Along with this trend has come an 
explosive growth in the use of intelligent termi­
nals. These terminals use built-in logic circu its to 
perform some processing of data which passes 
through them to or from the computer to which 

they are connected . 
i ra Cotton of the National Bureau of Standards 

has organized a session on intelligent terminals . 
The papers and discussion will cover the spec­
trum of terminals which vary widely in complexi­
ty. They range from "dumb" point-of-sale termi­
nals through text oriented terminals up to 
" bright" graphics terminals . 

Processing power raises questions concerning 
all these different-type terminals and provides a 
unified theme for the sess ion . For example , what 
is the proper or most efficient division of labor 
between the terminals and the central computer? 
What are the limits , if any , to the power that can 
be provided in such terminals? After the three 
invited papers, a panel will address itself to the 
questions raised . 

Hardware advances and their problems 
" Advanced hardware", chaired by John Lynch 

of Burroughs, Corp. , will include various hard­
ware developments that reflect on computer 
architecture. The high-speed capability of the 
Josephian junction and the optical-interconnec­
tion technology will be discussed in relation to 
whether it w ill prolong the life of the traditional 
high-speed processor . Low-cost memory techni­
ques will present the computer designer with 
new storage management problems . The com­
puter on a chip and the network of chips will 
force the design of distributed processing sys­
tems. Included will be a paper which will tell how 
special-purpose hardware (firmware) can be 
tuned to the application via a high-level language. 

Computer graphics-a day-long session 
Computer graphics continues to play an ever 

more significant role in every facet of man 's 
environment. "A day with graphics" reports on 
recent achievements in this field . The 13-1/2 
hours that the five sessions encompass spotlights 
a few of the graphics programming methods 
applied in enlarging man 's creative ability ; in 
producing 3-dimensional drawings, and in em­
ploying computer graphics in the various related 
fields of education, medicine, aerospace , en­
gineering, architecture, art and movies . Ms . 
Jackie Potts of the Naval Ship Research and 
Development Center and Dr. Rodney Allen of 
Flow Research Inc. are the organizers . 

Virtual memories 
A sess ion entitled " Virtual machines" has been 

organized by Dr. Ugo 0 . Gagliardi and Dr. Robert 
P. Goldberg of Harvard University. This session 
explores architectural implications of virtual­
machine systems . In addition , unique perfor­
mance aspects and applications of virtual ma­
chines will be discussed. Virtual-machine systems 
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provide a powerful and useful tool for debugging 
operating systems, running multiple-operating 
systems and isolating the users of the machine 
from each other. Virtual machines are getting 
more popular so this should be an important 
session for anyone involved with them. 

Data communication by satellite 
For those concerned about high-speed data 

communications and/or computer and data net­
works,there are several sessions that examine the 
techniques of communicating data by sate llite. 
One of these sessions , "Data commu nication via 
satel lite", will concentrate on examining com­
mercial-data communications by means of satel­
lite established connections. Some of the topics 
to be discussed are error models, error control, 
mobile services, and wideband transmission . 
W.G. Schmidt of COMSAT Laboratories is the 
chairman. 

Another session , organized by Dr. Lawrence G. 
Roberts of ARPA, is "Satellite packet communica-

NCC NEW PRODUCTS 

Mass memory is expandable to one trillion bits 

tions". This session looks at the possibility of 
including communications satellites in data net­
works. As computer and data networks like 
ARPANET spread to widely separated areas , 
communication satellites can play an important 
role in providing the necessary wideband trans­
mission capacity. Techniques for using a satellite 
in a multi-access broadcast mode will be con­
sidered. (This is accomplished by transmitting 
addressed data packets from many ground sta­
tions, dynamically sharing the capacity of a si ngle 
wideband satellite channel.) Also, progress to­
ward application of these techniques to interna­
tional extensions of ARPANET will be covered. 

Complete proceedings of the National Com­
puter Conference (Vol. 42) are available for 
$40 from : 

AFIPS Press 
210 Summit Ave. 
Montvale, NJ 07645 

MASSTAPETM is the most econo mica l 
mass o n-line storage system ava il ab le in 
terms of initial investment , operati ng 
cos t and space req uired. 

many as 5000 conventional tapes. Th e 
sys tem speeds information to the 
computer at data rates up to 1.2 million 
bytes/sec. 

At presen t, MASSTAPE is designed for 
360 and 370 systems running under OS. 
It is estimated that , in a typical 
installation with 2 computers, use of th is 
sys tem can realize a savi ngs of up to a 
half-mill.ion dollars a year. 

Designed on the modular principle , 
MASSTAPE units ca n be added as the 
d emand increases, with a stora ge 
capability of up to one trillion bits . Each 
storage unit ho lds the eq uivalent of as 

Long-wear, hard-coat heads designed for floppy disc systems 

Originally int roduced by IBM, floppy 
disc systems were created to provide a 
key-to-disc input system that could 
increase the speed and accuracy of data 
entry. One small 8-in. flexible disc 
element provides significantly more 
storage capacity than thousands of 
standard 80-column punched cards. The 
original concept is now being expanded 
by the industry to include data-collec­
tion and storage devices, key-entry 
recording, point-of-sale recording , mini­
computer-storage and minicomputer­
programming applications . 
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Total purchase price for a basic 
system, including an interface unit , data 
buffer unit, system control unit and one 
storage unit with a capaci ty of 14 million 
bytes , is under $356,000. The same 
system ca n be rented for approximately 
$11 ,800 per mo nth , including prime shift 
maintenance. Grumman Data Systems 
Corp ., 711 Steward Ave. , Garden City , 
NY 11530. Phone(516)575-3034. 
Booth No. 2427 275 

The Series FD long-wear, hard-coat 
heads that Nortronics is introducing at 
NCC include read-after-write , wide­
write/narrow-read, read only heads and 
read/write straddle erase heads. 

These heads are designed for opera­
tion in IBM-compatible, read only, and 
in 32- and 64-tracks/in. at a density of 
1600 bpi, double frequency. Typical disc 
speeds are 90 and 360 RPM with data 
transfer rates of 33-133 kbps. Nortronics 
Co., Inc., 8101 Tenth Ave . N ., Min­
neapolis , MN 55427. Phone(612)545-
0401. Booth 1311 276 
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Data set requires a spectrum of only 965 to 2165 Hz 

The Model DS4801, with a data rate of 
4800/2400 bps (strap selectable) is 
designed for multi-drop polled networks 
and point-to-point systems. It features 
fast turn-around time, automatic equal­
ization and built-in diagnostic capabi lity. 

The DS4801 utilizes 4-level, single 
sideband, suppressed carrier, amplitude 
modulation. This technique, coupled 
with an optimally selected carrier 

freq uency, requires a spectrum of only 
965 to 2165 Hz. 

The transmit spectrum of the data set 
occupies only 1200 Hz of a normal 3-kHz 
voice channel. This narrow spectrum , 
coupled with the use of an automatic 
equalizer , provides for operation at 
4800/2400 bps over unconditioned , C1 or 
C2 telephone lines. 

The data set may be used in a 

Bipjexer provides less than 1 error in 106 at 19.2 kbps 

I 
The 296 biplexer provides data transmis­
sion at 19.2 kbps at lower cost and with 
better restoral capabilities than wide­
band se rvice. By combin ing 2 voice­
grade lines in conjunction with Codex 
9600 data modems, it will provide 
full -duplex 19.2 kbps. For present users 

Off-line matrix print/plot systems 
The three systems are designed to 
operate with the Versatec 's 8-1/2 in. , 11 
in. and new 20 in. line of printers , 
plotters and combination printer/plotter 
units which use the advanced matrix 
electrostatic writing te chnique 
(MEWF"). 

Th e matrix print/plot systems 
(MAPPS'"") are designed for use with 
IBM compatib le 37 .5 ips magnetic tape; 9 
track NRZI; 9 track phase encoded , 1600 
bpi ; or 7 track NRZI, 200, 556 or 800 bpi. 

The MAPPS controller accepts data 
from the tape and transmits it to the 
matrix unit after observing appropriate 

30-cps teleprinter 

The 9030 uses matrix-impact printhead 
with operator selectable speeds of 10, 15 
and 30 cps . It offers 132-column print 
capability; full ASCII upper- and 
lower-case codes; form-feed tractors 
that adjust from 2 to 16 in.; half- and 
fu ll-duplex or local operation; odd , even 
or no parity error detection; the ability 
to handle 6-part copy; and an RS232C 
interface. The terminal includes an 
integral power supp ly , electronics , 

of Bell 19.2 kbps wideband service , the 
296 provides lower monthly costs for 
distances of approximately 80 miles or 
more, improved availability, se rvicing 
and restoral of lines. 

The Codex 296 transmit section splits 
incoming traffic into two 9600 bps serial 
streams. Each is transmitted using 960 
modems through dedicated voice cir­
cuits. The 296 receive section adjusts 
contin uously and adaptively for differen­
tial delays of up to 100 msec (optionally, 
to 800 msec) in the 2 channels, and 
recombines them into 19.2 kbps output. 

signal and timing requirements for the 
raster scan plotting and printing. MAPPS 
provides eight operational control func­
tions and indicators located on the 
system control panel , among which are 
fil e select , permitting a search and 

keyboard and printer assemblies and is 
shipped from the factory with its 
desk-top cabinet ready to plug in and 

co ntinuou s or a contro ll ed-carrie r 
mode. In polling systems, the data 
receiver will synchronize and eq ualize 
within 50 msec. In the cont inuous­
carrier mode, receiver synchronization 
may be achieved independent of 
transmit start-up sequence. $3750. Rixon 
Inc., 2120 Industrial Parkway, Silver 
Spring, MD 20904. Phone (301)622-2121 . 
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Init ial synchronization is performed 
automatically after modem training. 

Automatic-feedback capability to 
lower speeds and to single-channel 
operation is provided, as well as remote 
and local loopback for system diagnosis . 
It can also be used at lower speeds for 
14.4 kbps transmission over 2 dedicated 
lines and 9.6 kbps transmission over 4 
dial-up lines. $5000. Codex Corp., 15 
Riverdale Ave ., Newton , MA 02195. 
Phone(617)969-0600. 

Booths 2339 and 2438 278 

selectivity of any file or fi le group on the 
tape ; and number of copies , which 
permits the user to have repetitive 
printing performed by the matrix unit of 
any file selected. 

Price for the 7- or 9- track NRZI 
configuration is $8500 and $11,000 for the 
9 track phase encoded configuration . 
Matrix units , which operate with MAPPS, 
are priced separately, as are individual 
software packages for use with t;, , 
different computer systems. Versatec, 
Inc. , 10100 Bubb Rd. , Cupertino, CA 
95014. Phone(408)257-9900. 
Booths 1815 and 1817 279 

use. 
Vertical tabulation, numeric key­

boards and special interfaces for 
paper-tape punch/readers are available 
on both the KSR and ASR versions. A 
receive only model is also avai lable. 
Price, $2895 for a single quantity OEM 
order to $1995 for substantial quantities. 
Di/An Controls, Inc. , 944 Dorchester 
Ave., Boston, MA 02125 . Phone(617)288-
770Q. Booth 1338 280 
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Serial impact printer provides 5-fold increase in speed 

The PRINTEC-100A full-character se rial 
impact printer uses a 96-character font to 
provide upper- case and lowe r- case 
printout and employs th e " multiple split 
helix" concept. 

Model PT-100A is the first true printer, 
as distinct from typewriters and re lated 
mechanisms, to offer upper-case and 
lower-case printing at high speed and 
low cost. Key features of the new 
machines include 70- cps print rate 
(equ ivalent to 26 lines/minute at 132 
co lumns/ line) , ability to print 6-part 
forms on standard paper , disposable ink 
roller instead of conventional ribbon , as 
w ell as th e inclusions of a 2-channel 
vertical format unit (VFU). 

The machine's 70 cps printing rate 
gives it a 5-fold edge over the IBM 
Selectric's 10-15 cps rate . 

Fault-clearing inverter for computer uninterruptible power supply 

The stepped-wave inverter for battery 
backed uninterruptible power supply 
(UPS) systems uses a digitally controlled 
stepped-wave inverter - with subcycle 
current control. A significant improve­
ment in trouble-free application of UPS 
systems to critical loads is claimed. This 
produces unusually precise power in 
normal operation and the best possible 
response for overloads, inrush loads and 
faults . 

The Exide all-digital voltage regulator 
provides 1% voltage balance with phase 
displacement accuracy of 1° by assigning 
a particular integer between 1 and 756 
for precise-power semiconductor pro-

gram ming. 
Available in ratings of either 200 kVA 

or 125 kVA at 0.5 to 1.0 power factor, 
overload capacity is stated at 125% of 

Processor features a user-alterable dynamic control store 

Th e DCS in the Model B5 contains 1024 
words of 60-nsec bipolar read-write 
memory. This allows the user to wr ite 
and (re-w ri t e) hi s own customi ze d 
instructions and greatl y extend the 
versatility of an already powerful, 

genera l-purpose instru ction set. Micro­
programs in the Model B5 are , typically , 2 
to 5 tim es faster than user-level software 
programs for the same function. 

Interdata will also introduce new 
versions o f thei r Model 70 and 74 

Interface printer and acoustic coupler 

An interface printer for use with Digital 
Equipment Corp.'s PDP-B computer and 
an acoustic coupler compatible with the 
Bell 103A modem will be exhibited by 
Terminal Equipment Corp . 

The computer interface is a low-cost , 
plug-to-plug, 1/0 hard-copy printer , the 
Holmes Tycom Model CSR-BE, available 
to users of the PDP-BE/ PDP-BM min i­
computers. The system uses an IBM 
Selectric" typewriter , the Holmes Tycom 
baseplate , a power supp ly and an 
Omnibus interface. The baseplate is 
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factory installed on the custom e r 
supplied typewriter and operates at 15 
characters/sec, using the standard DEC 
Teletype software . All 12B ASCII charac­
ters ca n be generated from the 
typewriter keyboard . 

The Model CSR-BE provides use rs of 
the PDP-B with all the advantages of full 
upper- and lower-case characters, in ­
terchangeable type font , and a high ­
quality typewriter hard copy for use with 
the DEC text editor and other business 
oriented programs. 

The PT-100A operates on the "print­
on-the-fly" principle , whereby electron­
ica lly timed hammers bang the paper 
against selected characters on a high­
speed print wheel. The high speed is 
achieved by using multiple-character 
fonts on a single print wheel. Using 
separate sets enables the PT-100 series of 
printers to print several times faster than 
conventional serial impact machines, 
which use only one hammer and one 
character set on the print wheel. $2800. 
Printer Technology, Inc. , Bldg. 3G, Sixth 
Rd. , Woburn , MA 01801 . Phone 
(617)935-4246. Booths 1206-1208 
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rated kVA for 10 minutes, to as high as 
250% line to neutral current for 10 
cycles. Transient recovery is accom­
plished within 50 msec for complete 
recovery to within plus/minus 1% band . 

Either multi-tubular lead-acid or 
pasted-plate lead-acid cells may be used 
as the battery w h ich backs up the 
stepped-wave inverter . Exide Power 
Systems supplies both types in a variety 
of cell sizes. A matched solid-state Exide 
charger is also required for the 
"SuperGuardian" system . Exide Power 
Systems Div. , ESB Inc. , Rising Sun & 
Adams Aves. , Phi ladelphia, PA 19120. 
Phone(215)342-BOOO. Booth 1423 
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processors featuring 16 kB of core 
memory on a single 15-in . pc board . 
Interdata , Inc. , 2 Crescent Pl. , Ocean­
port , NJ 07757. Phone (201 )229-4040. 
Booth 2345 283 

The Model 920 originate-only acoustic 
coupler has its own IC regulated power 
supply. The unit is compatible with the 
Bell 103A modem and operates at rates 
from 0 to 300 baud . It can automatically 
switch between data and aco ustic 
operations and can be used with any 
terminal having an EIA RS-232 connector . 
The Model 920 can also switch from full 
to half duplex. Te rminal Equipment 
Corp ., 26 Just Rd ., Fairfield , NJ 07006. 

Phone(201)227-4141 . Booth 1114 
284 
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Test your 
Hybrid I • 

• 

Eight out of ten people in this business can 't get 
100% on the Boeing Electronics Hybrid IQ test. 
That 's not surprising. It's a highly technical, 
complicated science. 
If you wound up with five right answers, we 'd like 
to give you special recognition. It '$ a .Hybrid 
Genius identification card, made of metal and 
stamped with your name. 
But you have to be absolutely honest with us. 
Did you, or did you not, get all five correct, with­
out peeking? Even though you missed one or 
two, there's still another chance. Just ask for 
the Second Chance Hybrid IQ test. 
This little examination is our way of letting you 
know Boeing knows quite a lot about hybrid 
microcircuits. Each of the circuits shown in the 

••••••••••• 
HYBR~() (jE~~us 
This is to certify that I have passed 
the rigid test and Boeing Electronics 
has duly labeled me a Hybrid Genius. 
Hereafter, all peers should treat me 
with respect and kindness. 

Tom Transistor 

••••••••••• 

test was produced by Boeing for very specialized 
product requirements. 
Boeing is especially adept in supplying the right 
technical support to the equipment designer. Our 
engineers know how to design with your unique 
specifications in mind , and how to keep the price 
in line. But just as important, they know the im­
portance of keeping your job on schedule. In 
other words, you ' ll never get lost in the shuffle 
at Boeing Electronics. We 'd like to tell you more 
about our abilities. 

The right answers: 
·waisAs 1011uoo pue 

aouep1n5 e U! OJAD e 4l!M pasn Ja!rndwe 5upois 
-aJ 1a1awoia1aooe ue S! l1no110 S!41. "Jo11oede:> ·s 

·wa1sAs 
1sa1 pue aoueua1u1ew prnoq-uo ue1011e ue U! 
pasn S! p!JqA4 1axa1dn1nw 1auue40-9~ S!41. ":>I ·p 

·1a1ndwoo 
auioq11e ue ui 40l!MS iad sdwe tr sa1pue4 i1no 
-110 4011Ms iuaimo 1enp ppqA4 S!41. "Jase1 "£ 

·1a1ndwoo 1e1101p e JOJ l1no110 
AJowaw ssaooe wopuei 11q 960v e S! S!41. ·saA "l 

·wa1sAs 1011uoo pue aouep1n6 AJel!l!W e U! pasn 
6u1aq 11no110 01601 1e1161p e S! S!41. ·w11~ U!4.l ·~ 

P. 0 . Box 24666 
Seattle, Washington 98124 
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The basics of using FETs 
for analog-signal switching 
If you understand the characteristics of the FETs currently available 

you can make the optimum choice for each particular application. 

Arthur D. Evans, Consultant, Santa Clara, CA 

The field-effect transistor (FET) , when biased in 
the ON condition, contains a conducting channel 
of either n- or p-type carriers . Channel con­
ductance can be enhanced or depleted by an 
appropriate voltage on the control gate. For the 
n-channel FET a more positive gate voltage (Ve;) 
increases the channel conductance and a more 
negative gate voltage decreases the channel 
conductance, as indicated by the curves shown in 
Fig. 1a, b, c. 

Depletion type JFET and MOSFET structures con­
tain a channel which connects source and drain, 
even in the absence of bias voltages. These are 
normally-ON devices. The channel conductance is 
a function of its length (L) , width (W), thickness (T), 
mobile carrier concentration (N e) and carrier mobility 

(µ), and is expressed as g05 = K1 ~T N eµ 

Carrier concentration, carrier mobility and 
channel thickness are affected by electric fields 
and temperature. The function of the control gate 
(G) is to control the electric field in the channel 
region and thus control the channel conductance 
gos· For the normally-ON , n-channel structure a 
negative voltage applied to the gate introduces 
electrostatic fields which will decrease the chan­
nel conductance. If the gate voltage is made large 
enough the channel conductance will be reduced 
to essentially zero . The gate-source voltage at 
which this occurs is the " pinch-off" voltage (Vp). 

Typically, VP is designed to be in the 1 to 10V 
range. 

In an enhancement-type (normally-OFF) de­
vice, a posi t ive gate voltage is required to set up a 
field that "enhances" or creates a conducting 
channel from source-to-drain. The gate-source 
voltage at which a channel is just created is called 
the threshold voltage (VTH). This is typically in the 
1 to SV range. 

Channel conductance is approximately a linear 
function of Vcs with the zero-axis off-set by either 
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Vp or V-n1 as indicated in Fig. 1 and by the 
equations: 

g0 5 = K2 (Vcs - Vp) for depletion type; 
gos= K2 (Vcs - VTH) for enhancement type. 

For n-channel FETs, Vp (depletion types) will be 

N- CHANNEL P- CHANNEL 

9o s 9os 

D 

J- FET ~' 
s 

(+) (-) 
v cs -+ 

(d) 

9os 9os 

D D 

G~~ B B ~L_,.., G I MOS- FET I 
(DEPLETION 

TYPE) 

s s 
(VBS = 0) (Vss = Oi 

(-) V GS __...,. 
(+) (-) v cs -+ 

VP 
(b) (e) 

9os D D 9os 

s ~ 
Gcr-ik-Q B 

MOS- FET 
B~~G p t (ENHANCEMENT-

(-) 
-~----- (+) 

VGS _.. VTH 

(cl 

TYPE) 
s 

(fl 

(+) 

VP 

(+) 

VP 

Fig. 1-Comparison of all six types of FETs and the channel­
conductance vs gate-source voltage plots for each shows the 
basic differences in drive and output characteristics . 
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negative and V.rn (enhancement types) will be 
pos1t1ve. The slope, K2 , is a function of such 
parameters as channel-carrier-mobility and W/L 
ratio. For the .MOS types, the thickness of oxide 
separating gate from channel will also effect the 
slope. Typically, for a given active area, the JFET 
type will have higher conductance slope than the 
MOSFET type. 

N-type carriers (electrons) have higher mobility 
than p-type carriers (holes); thus, other things 
being equal, n-type FETs will have higher g0 s than 
p-type FETs. Conductance can be increased by 
increasing the channel width; however, this also 
increases junction area, and thus capacitance, 
leakage and cost. Decreasing channel length will 
increase gos without much effect on size, capaci­
tance , leakage or cost, but will decrease max­
imum vo ltage ratings. 

Note in Fig. 1a, b, and c that for the Vcs values 
equal to or more negative than the pinch-off 
voltage (Vp), or the threshold-voltage (V.r11), the 
channel conductance is essentially zero; that is, 
the switch is OFF. Note that the enhancement 
type (Fig. 1c) is normally OFF and a positive gate 
voltage in excess of VTH is required to create a 
conducting channel. The depletion types of Fig. 
1a and 1b are normally ON; a negative gate 
voltage is required to turn them OFF. P-channel 
devices (Fig. 1d, e, f) have simi lar characteristics , 
except the voltage polarities are reversed with 
respect to the n-channel devices. 

Typically MOSFETs used as analog switches are 
of the normally-OFF enhancement types; JFETs 
are normally-ON depletion types. The source 
terminal is commonly used as the reference 
terminal when discussing FET characteristics. 
However, in its use as an analog switch the FET's 
source and drain terminals are approximately at 
equal potential when it is ON, and the source-to­
drain potential may be of either polarity when it is 
OFF; thus it makes little difference which end of 
the channel is used as the reference terminal. 
Most devices are approx imately symmetrical so 
that the function of the drain and source termi­
nals can be interchanged. There are, however, a 
few FETs which, by design, have a higher 
drain-gate than source-gate breakdown voltage. 
Also, some types have a slightly lower gate-drain 
than gate-source capacitance. 

Junction FETs have some advantages 
With JFETs, for the ON state the gate-to-chan­

nel voltage should be approximately zero. Al­
though a forward biased gate will produce higher 
channel conductance, it also may result in 
excessive current being forced into the channel 
and hence into the analog signal path . To 
maintain an OFF state, both the gate-source 
voltage (Vcs) and the gate-drain voltage (Vc0 ) 

+lOV 

oF'Fl 
- 20V b 

I 

- 2ov1v21 - 10 - 5 

9os 

0 

v s 

D, 

G, 

(V
2

) - 20V 

ON IVGS " 0) 

OFF IVG = - 20V ) 

+5 • 10 

Fig. 2-Basic JFET switch. and it_s drive circuit result in the 
channel-conductance vs analog-signal voltage plot shown . 

must be kept more negative than the pinch-off 
voltage (Vp). In the OFF state, drain-source 
voltage may be positive or negative. 

A gate-contro l circuit (driver) which performs 
the desired functions is shown in Fig. 2. With an 
ON signal app lied to the input, the JFET switch 
gate (G,) is clamped to its source (5 1) by the 
MOSFET 0 2 • G, is free to fo llow the analog 
voltage, and thus maintain Vcs = 0. The drive on 
the gate of 0 2 sho uld be at least a threshold 
voltage more negative than the most negative 
analog voltage so that 0 2 will remain ON 
throughout the analog-signal range. With an OFF 
control signal at the input, 0 2 is turned OFF and 
0 3 is turned ON; this condition clamps G, to the 
negative supply. It is necessary that the negative 
supply be at least a pinch-off voltage (V") more 
negative than the analog voltage (Vs); otherwise 
the switch will turn ON as indicated in the 
channel-conductance curve in Fig. 2. Thus for the 
ON condition , Ve= V5 , and for the OFF condition 
Vc < Vs + Vr. 

The switch-control circuit of Fig. 2 has some 
desirable features, compared to other types of 
control circuits, which may not be obvious. In 
switch-ON condition the gate (G,) is clamped to 
the source (5 1) even at high frequencies. The 
result is that there is practically no modulation of 
the switch conductance by the analog voltage. 
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Fig. 3--JFET switches with push-pull driver and ITL compatible level shifter also provide a break-before-make feature. 

With some types of diode coupled control 
circuits, a large-value resistor is used to clamp the 
gate to the source, with the undesirable result of 
channel-conductance modulation at high fre­
quency because the gate can't follow the source 
analog voltage. In some cases, large, high-fre­
quency signals may even cause the switch to turn 
OFF during positive peaks. 

In the switch-OFF condition the gate shown in 
Fig. 2 is clamped to the - 20V supply via O:i - Th e 
source 5 1 (and thus the analog signal) is isolated 
from ground because 0 2 is OFF. Analog feed­
through via C g and Cg11 of 0 1 is minimized 
because G 1 is ac grounded through the relatively 
low impedance of O:i and the V 2 supp ly. The ON 
and OFF channel conductance of 0 1 in the circuit 
of Fig. 2 is also shown . Note that if the source 
voltage becomes more negative than (V2 + Vp) , 

then the switch is no longer pinched OFF and the 
channel becomes conductive. 

For a p-channel JFET, the schematic of Fig. 2 
could be used by changing 0 2 to an n-channel 
device, O:i to a p-channel device and reversing 
the polarity of the input drive and the supply 
voltages. Typically , the n-channel JFET has lower 
ON resistance than does the p-channel JFET for a 
given size unit, and is thus more widely used. 

For many applications it is necessary or desir-
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able to control the JFET switch with low-level TTL 
logic signals. Typical values are 0.8V for logic 
ZERO and 2.4V for logic ONE. The driver which 
controls the switch must then provide the neces­
sary voltage gain and level control to achieve the 
gate voltage conditions described above. An 
integrated driver circuit which provides these 
functions is shown in Fig. 3. In addition to the 
input being TTL compatib le, this circuit provides a 
break-before-make feature; that is, the turn-OFF 
is faster than the turn-ON . This feature is 
important when the switches are used as a 
single-pole, double-throw application such as in 
a DIA converter or in a multiplexer. 

MOSFETs, too, have their place 
The control circuit for a MOSFET switch can be 

simp ler than for a JFET because the MOSFET's 
gate may be positive or negative with respect to 
the source and drain . With an n-channel JFET, the 
gate cannot be permitted to become positive with 
respect to the channel since appreciable current 
could flow into the channel from the gate-driver 
circuit. 

Currently, the p-channel MOSFET is more 
common in switching applications than is the 
n-channel MOSFET; therefore , we will discuss 
p-channel devices as examples. The same con-
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Fig. 4--PMOS enhancement-mode FETs typically display chan nel-conductance vs source-voltage curves simi lar to the 
one shown here. 

cepts app ly for the n-channel devices . 
Typically, the gate of the MOSFET switch is 

switched between two fixed voltages. To hold the 
device OFF, the gate-source and gate-drain 
voltage must not be permitted to exceed (in the 
turn-ON polarity) the turn-ON threshold voltage, 
VTH . The turn-ON threshold for most p-channel 
FETs falls between - 2 and - SV. Common practice 
to keep the switch OFF is to provide a gate-drive 
voltage that is equal to or more positive than the 
analog signal. For example, if the analog signal is 
± 10V, then the gate is held at + 10V to keep the 
switch OFF. 

For the ON condition, the gate-source or 
gate-drain voltage must exceed the threshold 
voltage, with enough magnitude to achieve a 
reasonable conductance. The switch source-drain 
conductance is a function of Vcs - VTH, as shown 
in Fig. 1f. If the gate voltage (Ve;) is fixed, then the 

+5V 

LOGIC IN It--...... -.. 
ON 

:::=t== 
OFF 

channel conductance (gns) will be a function of 
the analog voltage, as shown by the "ON " curve 
in Fig. 6. 

The MOSFET, in its most common structure, is 
a tetrode (four elements), having source, drain, 
gate and body (or substrate) terminals. For the 
example shown in Fig. 4, the body terminal (B) is 
connected to + 10V. 

Two typical driver circuits for PMOS switches 
are shown in Fig. 5 and 6. Fig. 7 is an all PMOS 
system. This system has some advantages from a 
manufacturing standpoint because of the few 
process steps involved in making it into an 
integrated circuit. An 8-channel multiplexer 
which uses this type of circuit is available from 
several manufacturers. In some cases, a pull-up 
FET is included at the " Logic In " gate to improve 
TTL compatibility. 

The circuit of Fig. 6 utilizes both bipolar 

G 

- 22V 
LOGIC DECODE FOR OTHER STAGES 

Fig. 5---0ne channel of a multichannel PMOS switch typifies IC multiplexer designs available from several manufacturers. 
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Fig. ~Combination bipolar/MOS drive circuit offers improved TIL compatibility. Separation of logic bias and analog­
switch bias are an important feature . 

transistors and MOSFETs. A major advantage of 
this circuit compared with the all PMOS circuit, is 
its improved input compatability with TIL logic 
circuits. Note the similarity of the input to 
TIL-type input, and the separation of the logic 
bias from the analog-switch bias. 
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Fig. 7-Basic CMOS analog signal switch requires comple­
ment of the control signal. In CMOS, the n- and p-channel 
conductance variations cancel each other giving a nea rly 
perfect response curve . 
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CMOS is a combination 
As noted above and shown in Fig. 4, the typical 

PMOS-switch circuit exhibits a variation in ON 
cond uctance as the analog voltage is varied. This 
undesirable variation can be greatly reduced by 
parall eling p- and n-channel switches, as shown 
in Fig. 7. For the ON state, the n-channel gate is 
forced positive and the p-channel gate is forced 
negative. Fig. 7 also shows the combined con­
ductance of the two switches. The integrated 
combination of p-channel and n-channel MOS is 
commonly referred to as complementary MOS 
(CMOS). 

The driver circuit for the CMOS switch requires 
opposing voltages for the two gates. A common­
driver circuit is shown in Fig. 8. Note that CMOS 
devices are utilized in the driver as well as for the 
switches. This switch system has some advantages 
over the JFET and PMOS systems discussed 
above. One important characteristic is that the 
analog voltage can swing to the full supply 
voltage. Another feature is that the inverter 
driving the gate has very low stand-by power;. 
when 0 :1 is ON , 0 4 is OFF and when 0 4 is ON , 0 :1 

is OFF. Thus, no steady-state current flows 
th rough this inverter stage. Power is consumed 
on ly d u ri ng the switching mode . The JFET driver 
shown in Fig. 2 also has a low stand-by power 
feature. 

How do they compare? 
Fig. 9 shows the ON resistance , (r 0s), of typical 

PMOS , CMOS and JFET switches. This set of 
curves shows: 

1. The JFET switch (with a driver which clamps 
the gate to the source) has an r11c (ON) that is 
independent of VA within specified limits of 
± 10V), and has a lower va lue than either of 
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Fig. 8-CMOS switch with CMOS d river. Ge nerating the compleme nt of the co ntro l signa l inte rn all y eases design 
requ ire ments and is typ ica l of most switches avai lable today. 

the other two types. 
2. Th e rDs (ON) of th e CMOS switch is rela­

tively independent of VA fo r th e range 
shown , but not as fl at as the JFET. It may 
pea k sli ghtly more at o ne end o r the o ther 
th an is indicated in Fig. 9 because of 
mi smatch in th e parall el PMOS and NMOS 
compo nents of th e CMO S. The fl at rDs 
(ON)-vs-V" characteri stic o f th e CMOS is 
achieved at th e expense of additional acti ve 
area and mo re complex process ing as com­
pared to the PMOS switch . A majo r ad­
vantage of th e CMOS over the other two 
types is that the peak-to-peak analog vo ltage 
VA can equal th e sum of th e supply vo ltages. 

3. Th e rDs of a PMOS switch in the ON state w ill 
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Fig. 9---Comparison of ON-resistance variation with changes 
in the analog-s ignal vo ltage for the three types of swi tches. 

approach in f inity if VA approac hes the nega­
tive supply voltage m inu s the Vrn of th e 
switch . Th e JFET in th e O FF state will start to 
turn ON if VA reaches th e negati ve supply 
vo ltage minus th e VP of the swi tch . 

Shunt capac itance to ground as a funct ion o f 
analog voltage fo r t he O N switch is shown in Fig. 
10. For th e MOS switches a majo r part of th e 
capacitance is th e source, channel, and drain-to ­
body capacitance . This juncti o n capacitance is 
vo ltage sensit ive and is t he cause of the var iatio n 
indicated in Fig. 10. Th ere is, in additio n , the 
source, channel and drain-to-gate capacitance 
w hich is re lat ive ly independent of VA· Fo r the JFET 
in the O N state the capacitance to grou nd is 
principally determined by the d river-output ca­
pac itance. Th e in fo rm atio n contained in Fig. 10 is 
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Fig. 10-Effects of analog-signal voltage on shunt capacitance 
of eac h of the three switches. 

61 



100 

~ 0 
.3 
I-z 
w i--
a: - 100 a: 
'.'.) 

u 
w 
(!) 
<( 

"" - 200 
<( 
w 
_J ~ 

- 300 
- 10 

......... 
_/ 

v 

J_ 

cJos 

JFET 

pMOS 

0 

VOLTAGE 

V D= Vs 

10 

Fig. 11-Leakage currents caused by analog-signal voltage 
variation . Note that both CMOS and JFET devices have an area 
of operation where leakages are essentially zero. 

for one channel of the indicated switch type. 
Typically, only one switch will be ON , but if other 
OFF switches are connected to the ON-switch 
drain then additional capacitance will make itself 
felt. 

A comparison of the ON leakage of the three 
types of switches is shown in Fig. 11. For the 
p-channel MOSFET the principal leakage from the 
switch channel is to the body, which is connected 
to the positive supply; thus maximum leakage 
occurs at the most negative analog signal. The 
CMOS swi tch has leakage to both the positive 
and negative supplies . At some specific analog 
voltage the two opposing leakage currents may 
cancel, in which case the net leakage will be zero . 
In a similar manner, JFET leakage may also pass 
through zero at some analog input voltage . 

For all three types of switches, in the OFF 
condition, the major feedthrough is due to 
capacitance. The output leakage is not ap­
preciably affected by the input voltage unless the 
input-to-gate voltage approaches VI' or V·rn· The 
capacitance feedthrough is via the direct source 
to drain capacitance , Cs"' the indirect path via the 
gate (Csg , Cgc1 ) and the indirect path via the body 
(Cs"' C1id) for the MOS types. The driver-output 
impedance and the body-supply impedance have 
a major effect upon the feedthrough via the gate 
and body. The approximate equivalent circuits of 
the OFF switches, with the drivers being used as 
examples in this discussion are shown in Fig. 12. 
An examination of the equivalent circuits will 
show that the feedthrough is very much affected 
by the driver-output and the body-supply im­
pedances. It should also be apparent that the load 
impedance is important. In many applications the 
load impedance for the OFF switch is made up of 
the ON resistance of another switch (connected 
to the common drain) in series with the output 
impedance of the source conn ected to that 
switch . 
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Don't forget temperature effects 
The major effects of temperature are changes in 

ON resistance ·and leakage currents . The resis­
tance change is due to a decrease in carrier 
mobility with increasing temperature. The leak­
age change is a result of the thermal generation of 
carriers within the p-n junction depletion re­
gions . The temperature coefficients of both 
resistance and leakage are positive. Temperature 
characteristics of typical switches are shown in 

Fig. 13. 

What determines switching speed? 
The actual turn-on and turn-off times for the 

switches are determined primarily by the driver 
circuit. The reaction time of the channel con­
ductance to the app li cation of a gate voltage is 
typically much shorter than the driver switching 
time ; however little is gained by decreasing the 
driver-switching time much below the sett ling 
time of the external circuit being contro lled by 
the switch. The introduction of switching tran­
sients by the driver is unavoidable unless some 
sort of neutralizing technique is used . Turn-on 
and turn-off transients occur because the switch­
contro l voltage applied to the FET gate terminal is 
coup led to the signal chan nel through Cg,1 and Cgs 
of the FET. If source and drain are at a fixed 
voltage the charge transfer required to turn the 
switch ON is approximately the same as that 
required to turn the switch OFF. This does not 
necessarily mean , though , that the turn-off tran­
sient of one switch will cancel the turn-on 
transient of another switch in a multiplexing 
system. Typically, the turn-on and turn-off pulses 
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fig. 12-Equivalent losses are resistive for ON switches and 
capacitive for OFF switches . Losses through the drivers must 
be considered , al so. 
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Fig. 13---All FET switches exhibit positive temperature coef­
ficients of ON resistance , though some are more drasti c than 
others . 

are not matched in either waveform or time. 
Some drivers are designed to insure that the 
turn-off delay is shorter than th e turn-on delay, to 
provide a "break-before-make" switch action . 
Other types have turn-off delay time that exceeds 
th e turn-o n delay time. For these, there will be a 
time during the ON-OFF transition period when 
both switches are ON. For the break-before­
make types, there will be a time when all switches 
are OFF. 

The se lect io n of the best analog switch for a 
particular app li cation is not necessari ly simple. 
The JFET switch has the lowest value of rns(ON), 
and because of the type of driver used, its rns 
(ON) is not modulated by the analog voltage . It is, 
however, the most difficu lt to integrate on the 
same chip with a driver and is thus more cost ly 
than the MOS or CMOS types. 

The all PMOS swi tch with driver is the least 
costly to fabr icate, but is the poorest in terms of 
rDs (ON), modulation of rns(ON) with analog 
voltage and power-speed characteristics. 

Th e CMOS swi tch has the advantage of staying 
ON o r OFF with peak-to-peak analog signals 
equal to the sum of th e power supply voltages. 
Also the CMOS driver typica lly requires less 
power for a given switching speed than other 
types of driver circu its. 

You shou ld remember that the device types 
used as examples are a limited represe ntation of 
the many analog switches avai lable. One com­
pany alone has about 50 standard types listed in 
their current catalog; in addition , many specia ls 
o r custom-design types are being made. The use 
of FETs as analog switches is becoming more 
widespread, and th e manufacturing capabi lity for 
supply ing integrated switches with drivers is 
growing. In a new sys tem design which will utilize 
analog switches, it is recommended th at the 
analog-switch manufacturer be contacted for 
up-to-date information. o 

If you've been looking for a miniature 
crystal-controlled clock oscillator 
in a 14 pin DIP package to fit standard 
PC board sockets, stop looking and 
start ordering. Get details on model 
Kl091A from Motorola Component 
Products Dept. 2553 No. Edgington 
Franklin Park, Ill. 60131 ® MOTOROLA 

SJ*:>focauo"f.41020MH1r•"V• , O.o1'11.l!tb4~1r.Pf010fl'~ 
qu_,,lttla.t •vP•ble !Of -.d<at<o fftl....., in 4 91$2 MH1. Ot 5.0, 10.0 DI' 20 0 Mth. 
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how 10 buy 
a resistor. .. 

o;;--~~~ Catalog tells you what to look l ,. 
for in carbon composition, carbon and ..... J 
metal film fixed resistors. In addition lo ( 
specifications of the broad range of 
Shigoto resistors , it contains data on ~- .. : . 
EIA tolerances and ratings. And it '.Iii:-_..._ 
proves why Shigoto resistors offer ....., ~ 
more. In consistent quality. In reliability. In -~, .. 
performance. In breadth of values. In construction. 
And in unique features that make Shigoto your best quality­
price value. The Catalog is yours, free on request. 

(' Shigoto Industries Ltd. 
Empire State Bldg., 350 Filth Ave., N.Y. 10001 

(212) 695-0200 / Telex 224219 
One of the World's Largest Manufacturing Importers 

Circle No. 57 
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The Sorensen Modulars. 
A powerful line-up. 

Sorensen Modulars give you maximum choice. 
Plus dependability and efficiency. No matter what 
your power requirement, count on Sorensen. 
From the advanced switching-transistor STM series 
to the miniature encapsulated MMs, there's a 
Sorensen modular to meet your system specifica­
tions and your most rigid performance demands. 

Single Output 
STM Series-40 models. Switching-transistor 

modulars that provide twice the.<_.,,. .,.. 
efficiency of series-pass 
competitors in half the r:---.........;.,;;.;;;:..::.;:;;::,::,;:, 

space- and eliminate 
need for external •• 
cooling. STMsfeature .~j\j-ifM 
built-in overvoltage pro- • ' • 
tection; computer-optimized 
filtering; 0 .05% voltage regulation; output 
voltages range from 3.0 (min.) to 56 (max.) Vdc. 

PTM Series- 12 models. All solid-state 
series-pass modulars that achieve state-of-the-art 
power density; deliver more power per cubic 
inch than comparable competitive units, at lower 

cost per watt. Features include //llJ. Jflll\\ 
built-in overvoltage protection; Jl ll.l ~Ill\\ 
highest quality components; = ~ 
adjustable automatic current 
limiting;0.05% + 5mV volt­
age regulation; low ripple 
and noise; six voltage levels 
to l 00 watts. 

Dual Output 

0 0 0 

• ~~u~&e9 ~ 
PTM DUALS Series - 9 models. Dual output 

versions of PTM series, with the same advanced 
design and construction. Compact, solid-state 
series-pass modulars with built-in overvoltage 

. protection; feature --.;:...:::::.~tracking accuracy 
• • to0.2%;voltage 

regulation - .02%; 
• transient response 

- 50 µsec. Series 
includes +5, -12 volt 

model for CMOS applications. 

Miniature 
MM Series-MMS (single) MMD (dual) 

MMT (triple)- 15 models, 4 package sizes. 
Designed for maximum reliability 
in microminiature electronic -~r.;;::i­
applications. All MM encap­
sulated modulars feature 
built-in overvoltage protec­
tion; excellent voltage regu­
lation; single outputs from 
5 to 28 Vdc; dual outputs of+ 12 or+ 15 Vdc. 
Other dependable Sorensen power supplies 

QSA Series - 29 models. Modular, wide 
range, convection-cooled 
power supplies feature excel­
lent operating specifications 
plus a wide range of acces­

sories. Models provide outputs 
from 3-330 volts and up to 300 

watts. Top choice for multi-output systems. 
Lab/Systems Power Supplies 

SRL Series - 14 models. Low voltage, regu­
lated, sol id-state DC power suppl ies. Rack-mount 
style featuring excellent stability, fast response 
time over the full load range, built-in overvoltage 
protection. Power ranges from 0-60 Vdc and 
lOOAmps. 

OCR Series - 37 models. High performance, 
all-solid-state power supplies featuring the 
lowest cost per watt on the market. l 0 voltage 
ranges from 20 Vdc to 30,000 Vdc; 7 power 
levels from 400 to 20,000 watts. Ideal combina­
tion of economy, reliability and performance. 

SORENSENCATALOG/73 SORENSEN 
provides fu lly detai led specifica- · I 
lions for al l models of Sorensen 
modular and lab/systems power 
supplies. W rite for your copy. 
Sorensen Company, a unit of the 
Raytheon Company, 676 Island 
Pond Road, lv\anchester, N.H. 
03103. Tel. (603) 668-4500. 
Or TWX 710-220-1339. 

rorensen 
JPOWER SUPPLIES 

Circle No. 42 See us at Booth #2010 at the 1973 National Computer Conference. 



Have you kept up 
with sampling scopes? 
Their bandwidth, dynamic range and recovery time make them ideal 
for many high-frequency measurements. And they're easy to use, too. 

Russ Harding, Hewlett-Packard 

In the past few years the state-of-the-art in 
sampling oscilloscopes has been extended to 18 
GHz, thus making possible the viewing of signals 
having very fasttransitions or very high frequency 
components. The sensitivity and extended high­
frequency response of sampling instruments 
make them highly suitable for studying fast, 
repetitive waveforms in high-speed digital circuits 
(Fig. 1) . 

In addition to offering more bandwidth , the 
new sampling oscilloscopes have approached 
real-time instruments in ease of use . This now 
means that anyone needing the measurement 
characteristics of a sampling oscilloscope can use 
it without worrying about special and confusing 
controls. 

In addition to fast, sensitive response, sampling 
oscilloscopes have other characteristics which 
will satisfy most high-frequency measurements. 
One of these characteristics is the ability to 
display high-frequency Lissajous patterns in MHz 
and GHz ranges. Sampling oscilloscopes can also 
magnify waveforms for studying fine detail with­
out loss of fidelity. 

All of th is capability can provide the engineer 
with a powerful and versatile design tool. To use 
this capability fully, though, he must understand 
the mechanism of sampling (see box) , the charac­
teristics of the sampling scope and the variety of 
applications in which it can be used. 

Sampling units have come a long way 
The technological advances in sampling oscil­

loscopes can be likened to the advances in 
high-frequency counters and digital voltmeters. 

In the early 1960s, a 10-MHz counter weighed 
over 100 pounds and occupied about 6 cubic feet. 
Today an equivalent counter weighs about 5 
pounds, occupies a fraction of a cubic foot and 
costs 75% less. In addition, the new counters are 
available to 18 GHz. 
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Fig. 1-0scillograms compare performance of a sampling 
oscilloscope with th at o f a real-time oscilloscope. Both photos 
are of a 2.5-mV, fast risetim e pul se, displayed on the left by a 
1-GHz sampler (2 -mV/div defl ection factor , 500-psec/div 
sweep speed) and on th e ri ght by a 250-MHz real-time unit 
(10-mV/div defl ectio n facto r , 1-nsec/div sweep speed). 

Early 1-GHz sampling oscilloscopes weighed 
over 70 pounds and occupied over 3 cubic feet. 
Today, they are equivalent in size and weight to 
real-time systems and cost much less than their 
predecessors. Although the cost reduction is not 
as impressive as for counters , it is worth noting 
that today's sampling systems are p lug-ins for 
high-frequency mainframes , thus comprising a 
measurement system of great flexibility. As with 
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(a) 

Basic sampling 
Sampling is a technique which converts a 

high-frequency, repetitive signal to a low­
frequency signal while maintaining signal 
fidelity. The low-frequency signal is then 
amplified and displayed on a cathode-ray 
tube . For direct reading of the high-fre­
quency signal parameters, the sampling 
osci ll oscope is calibrated in terms of the 
high-frequency signal rather than the low­
frequency displayed signal. The major re­
striction of a sampling scope is that it 
requires a repetitive signal-it cannot dis­
p lay a waveform which occurs only once or 
is asynchronous . 

Assume a waveform , like that of Fig. A, is 
in the GHz region and a sampling technique 

~ t 

\ 
F IRST SAMPLE 

(c) 

/\t 

POINT WH ERE F IRST SAMPLE 
WAS TAKEN ON THE FIRST CYCLE 

high-frequency counters, the state-of-the-art has 
been extended to 18 GHz. 

User convenience is another area where sub­
stantial improvements have been made . For many 
years the potential sampling oscilloscope user 
was plagued with controls like dot response, 
smoothing adjust and minimum delay. He was 
also troubled with a complex scan control and 

is applied. If each of the repetitions in the 
waveform is referenced with respect to time, 
as indicated by poi nts R, and if points 1 
through 6 are plotted on an amplitude-ver­
sus-time graph using point R as the origin in 
each plot, the original waveshape can be 
reconstructed , as shown in Fig. B. 

The important thing to notice is that now 
the reconstructed waveform is in a much 
lower frequency domain than the original 
wavetrain . Because of this low-frequency 
characteristic, the waveform can now be 
processed and displayed on a relatively 
low-frequency oscilloscope system . This can 
be seen very clearly if points 1 through 6 are 
connected with a continuous line, as shown 
in Fig. C. 
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multiple-control triggering. In addition, an abun­
dance of seemingly seldom used or not under­
stood functions were placed on the front panel. 
These included x and y outputs with offset and 
calibration , sweep output and horizontal input. 
The density of controls and other panel functions 
sometimes frightened the potential user so much 
that he often would not even consider the 
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Fig. 2-Front panels of 1-GHz sampling oscilloscope (left) and 
75-MHz real-time oscilloscope (right) show the basic similarity 
between the controls of sampling and real-time units. 

sampling scope to solve his measurements needs. 
Today this is no longer a problem. New 

sampling oscilloscopes are as easy to use as their 
real-time counterparts. The response and 
smoothing adjustments are gone except as initial­
ly necessary to match a system to an external 
sampling head. This is a result of design improve­
ments in the vertical circuits. The minimum delay 
adjustment is no longer necessary because of 
improved time-base circuits, and the complex 
scan control has been greatly simplified by 
eliminating seldom used functions , such as re­
cord scan, since the function can be duplicated 
with the manual scan control. Furthermore, 
advances in trigger circuit design now allow 
single-knob triggering to 1 GHz , which is very 
helpful to the user who is only comfortable with 
real-time oscilloscopes. 

In addition to the elimination of many controls 
and simplification of others, care has been taken 
to create as many similarities as possible in the 
panel layouts of sampling and real-time systems. 
This is illustrated in Fig. 2, which shows the front 
panels of a 1-GHz sampling unit and a 75-MHz 
real -time system. Comparing the vertical portions 
of the two systems, there is only one control 
unique to the sampling system-the normal/ 
filtered display switch. The layout, controls and 
their usage are nearly identical. 
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Comparing the sweep portions of the panels, 
again the controls and functions are quite similar, 
with the sampling system providing an ex­
panded/direct slide switch and scan controls 
unique to sampling. Both systems have a single 
trigger control, with the sampler having fewer 
trigger selection controls (INT/EXT, Line, ac/dc, 
etc.) than the real-time system. (Line and ac/dc 
are not required when making high-frequency 
measurements .) 

With such panel similarities, there is no need to 
educate the user on how to operate the sampling 
oscilloscope . He is able to make high-frequency 
measurements just as easily as he makes low-fre­
quency measurements. In addition , the writing 
speed problems that exist with real-time oscil-

Fig. ~Eye pattern characteristics possible with a sampling 
oscilloscope are shown by an 2' - 1 random sequence as seen 
at the output of a poor transmission line (a), an eye pattern 
generated by a 220 - 1 random sequence (b) and an expanded 
eye pattern showing jitter on the ri sing and falling edges (c). 

EDN MAY 20 , 1973 



MOOULATING 
SIGNAL 

Fig. 4-Trapezoidal waveform is produced with the modulated 
ca rrier on the Y axis and th e modulating signal on the X axis. 

loscopes do not exist with sampling oscil­
loscopes . Because of the low-frequency display, 
the display is always bright, even on the fastest 
signals. The sampling transducer is the only part 
of the system that sees high-frequency signals . 

From the standpoint of cost, sampling oscil­
loscopes offer twice the bandwidth for about half 
the cost. Thus , when evaluating high-frequency 
measurement needs, it is often rewarding to 
consider the sampling oscilloscope. For example , 
if you compare the cost of high-frequency 
real-time systems with the cost of 1-GHz sampling 
system, you find that 250-MHz to 500-MHz 
real-time systems are available in the $4000-to­
$5000 price range while 1-GHz sampling systems 
are available for less than $3000. 

Applications are the key 
Possible applications are of paramount interest 

to the engineer considering the use of a sampling 
oscilloscope. For example , consider digital eye 
patterns . Fig. 3a illustrates a 25 - 1 random se­
quence as seen at the output of a poor transmis­
sion line . Fig. 3b shows the eye pattern generated 
with a 220 - 1 random sequence. The distortion in 
the pulses (i ntersymbol interference) caused by 
the poor transmission line is recognizable in this 
photograph . If the eye pattern is expanded (fig. 
Jc), the time jitter that is introduced by the poor 
transmission line can be measured (horizontal 
scale is 5 nsec/div) . The time jitter at the 50% 
points is 800 psec on the falling edge and 1 nsec 
on the rising edge. The jitter is introduced 
because the pulses do not reach the same 1 or 0 
level each time , causing the threshold crossings 
to be different, as can be seen in Fig. 3a. 

High-frequency modulation trapezoids are an­
other appropriate application for the sampling 
oscilloscope. This technique measures modula­
tion index, phase shift and , to some extent, 
distortion caused by the modulator . The modula-

tion trapezoid is generated by displaying the AM 
modulated carrier against the modulating signal 
(Fig. 4). When the modulating signal goes posi ­
tive, the carrier is at its maximum amplitude (right 
side of CRT). A number of possible displays are 
illustrated in Fig. 5. 

Fig. 6b shows a modulation trapezoid of a 
1-GHz carrier modulated by a 12-MHz sine wave . 
The trapezoid indicates about 70% modulation , 
with some phase shift between the input and 
output, and distortion. The phase shift is recog­
nized as the two separate paths traversed from 
the left to right edge of the trapezoid. The 
distortion shows up as a deviation from an ideal 

lb) 

~ 
DISPLAY 
~ SIG NAL 

SIGNAL 
' MOD Y - X 
' Y+X 

Fig. 5---Modulation condition is indicated by nature of display: 
100% modulation (a), overmodu lation-positive (b), over­
modul atio n- negative (c), overmodu lation-positive and 
negative (d ) and undermodulation (e). 
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Fig. &-Modulation of a 1-GHz carrier by a 12-MHz sine wave 
produces th e modulated carr ie r o f (a), the modulatio n 
trapezo id o f (b ) if th e sampler is tri ggered and the modulat io n 
trapezoid o f (c) if the sampler is no t triggered . 

trapezoid (bent edges). 
Examination of the modulated carrier in Fig. 6a 

shows the distortion in modulation. Fig. 6c is the 
same modulation trapezoid made without trigger­
ing the sampler. Design improvements have 
eliminated the need to trigger the sampling 
oscilloscope for modulation trapezoids. The ad­
vantage is that swept modulation trapezoids can 
be made without concern for triggering , or 
modulation trapezoids can be made on live 
transmission systems where the modulating sig­
nal is a complex waveform and triggering is not 
possible. 

The Lissajous pattern has been used for many 
years in the low-frequency field to determine 
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Fig. 7-lissajous pattern techniques can be used on GHz 
signals with a sampling oscilloscope. In thi s phase shift 
measurement , sin 9 = B/A. 

phase relationships, amplitude and distortion 
between two signals. Sampling oscilloscopes 
allow this measurement to be made in the GHz 
region. The phase measurement is made as 
shown in Fig. 7. Although phase measurements in 
the neighborhood of 90° are difficult to make on a 
Lissajous pattern, measurement of phase differ­
ences in the zero degree phase shift region are 
quite sensitive. If the characteristics of a narrow­
band IF strip need to be checked, a simple 
phase/amplitude/frequency measurement can be 
made by sweeping through the bandwidth of the 
IF strip and extracting the information from the 
Lissajous pattern as displayed on the CRT (Fig. 8). 

In addition to the applications previously men­
tioned , the sampling oscilloscope has been a 
long-time workhorse in the high-frequency mea­
surement area for both pulse and CW signals. 
Because of its broader bandwidth , the sampling 
oscilloscope can more faithfully reproduce com­
plex waveforms, so long as they are repetitive. 
This is demonstrated by the photographs of Fig. 9, 
which show that a significant amount of informa­
tion is lost due to the lower bandwidth of a 

Fig. 8-A typical swept Lissajous pattern shows the results of 
sweeping a 6-in. piece of coaxial cable to produce phase/am­
plitude/frequency characteristics. In thi s case, the center 
frequency is 640 MHz and f = 20 MHz. 
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Fig. 9-Wider bandwidth of sampling oscilloscope allows 
better reproduction of waveform s. The same waveform is 
shown here displayed on a sampling scope having a 1-GHz 
bandwidth (top photo) and a real-time scope having a 75-MHz 
bandwidth (bottom photo) . 

real-time oscilloscope. Similar benefits can be 
realized when making sine-wave measurements. 
Phase, amplitude and distortion can be measured 
using conventional sine-wave instrumentation , 
but before these measurements are valid, it is 
necessary to make a qualitative measurement of 
the signal to insure that no clipping or other such 
effects are present. The sampling oscilloscope, 
with its broadband capabilities, can easily make 
this measurement at high frequencies . 

The large dynamic range and fast recovery time 
of sampling oscilloscopes are other features that 
have wide application. Dynamic range might be 
defined as the ability to see a very small pulse or 
aberration riding on top of a large pulse. Sam­
pling oscilloscopes accurately reproduce small 
pulses or aberrations in the presence of large 
ones , with the ratio of amplitudes being as great 
as 1000:1 . This is demonstrated by time domain 
reflectometry techniques (TOR), as in Fig. 10. 

Recovery time is a factor that must be con­
sidered when discussing dynamic range. This 
phenomenon limits the representation of transi­
tions . It can also be demonstrated by trying to 
view a small pulse preceded by a large pulse 
-one large enough to saturate the real-time 
amplifier. The small pulse will be masked in the 

Fig. 10--The perturbation at the leading edge of the waveform 
in (a) is magnifi ed in (b) to show the large dynamic range of 
the sampling oscilloscope. 

recovery time of the large pulse if the amplifier 
has a long recovery time. Sampling oscilloscopes 
do not have this limitation because of the 
low-frequency signal path after the sampling 
transducer and because of the long time (typically 
10 µsec) between samples. o 
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This is the day Monsanto's 
red LEDs can be sold like 

jelly beans. TEN CENTS 
EACH. (100,00WS) 

Not a low performance unit. Not 
a special device. Not a compro­
mise on Monsanto quality. This 
is our popular MV50 package, 
with a red epoxy lens for high 

contrast. 
We've made and sold more than ten 
million of this type of solid state lamp. 
Volume production brings the price 
down . Now you can get into LED's at 
a new low cost-whether you need one 
or hundreds of thousands. And you 
can get them fast ; they're on your lo­
ca l distributor's shelves. What 's more, 
besides the built -in quality and integ­
rity you can expect of Monsanto, we 
give you the backup of people with 
extensive technical experience on ap-

plications just like .YOurs. 

************************ 

VCP-in 
Vane I 
Liahts 
13 varieties in our MV5010, MV5020, 
MV5030 series. Available in red , yel ­
low, green, or bicolor units. Handy 
snap-in mounting clips are included 
at no extra cost. New technology has 
doubled the light output of our 
MV5020. You can choose either wide 
viewing angle or point source, clear 

lens or red. 

The llluminator 
MV5054 Series 

Available with 1, 2, and the new 3 
millicandela outputs at 10 milliamps. 
Ideal for backlighting of switches 
or panels. GaP performance in a 

GaAsP lamp. 

************************ 

~JI 
Series ~ 
High intensity and small size make 
these units great for PC board mount­
ing and arrays. Mount on 85 mil cen· 

ters for high packing density. 

************************ 

A direct replacement for the TIL209, 
the MV5074 has Monsanto quality, 
round leads, high performance. The 
MV5063 is 0.2 inch diameter, with 
round leads. Easy replacement for the 
HP4403-4850, both are only 17¢ at 

100,000 quantity. 

************************ 

THE LEDSTORE 

Monsanto pioneered this technology 
and its applications. As a result , we 
can offer you the widest selection of 
devices, colors, and packages. If you 
don 't have our catalog, get one. Ask 

any of our distributors: 

EASTERN 
HAMIL TON ELECTRO SALES 

Atlanta. GA (404) 448·0800 
Baltimore, MD (30 1) 796·5000 
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Ease radio-spectrum congestion by 
bandwidth compression/expansion 
Working models with compression ratios of 10: 1: 10 and 2: 1 

are demonstrated using real-time substitution of lower frequencies. 

James J. Savidge, MS Laboratories 

In recent years, congestion of the electromagnet­
ic spectrum has become a major problem for the 
communications industry. Most of the communi ­
cation serv ices could expand if more spectrum 
space were available , or if less of the spectrum 
were required for each transmission. Pseudo­
bandwidth compression techniques , such as 
si ngle-sideband modulation, have permitted 
some services to double the number of com­
munication channels available for use by redu c­
ing the transmitted bandwidth to that of the 
modulating signal. Tru e bandwidth compression 
redu ces the bandwidth of the or iginal signal and 
may be used with any standard modulation or 
storage method . 

Various approaches have been used to reduce 
the bandwidth of signal s. Signal redundancy has 
been reduced by such techniques as sampling 
and transmission of only the changes from the 
last condition . But some signals require more 
bandwidth to transmit when samp led and time 
multiplexed with other si milar signals than if sent 
"as is". 

The method disclosed in U .S. Patent 3,349,184 
accomplishes bandwidth compression by a real­
time substitution of lower frequency components 
for components in the original signal. Th e result­
ant redu ction in signal bandwidth provides eco­
nomic advantages by requiring less in the way of 
facilities for transmission or recording of the 
signal and reducing the power required for signal 
reception with a given signal-to-noise ratio. 

A graphical picture of th e effect of coding ca n 
be had by comparing the various methods of 
sending vocal information . Voice signals are 
allotted approximately 2700 Hz of bandwidth in 
the telephone system. The spoken word rate is 
said to average about three words per sec. At 6 
characte rs per word, this is about 18 characters 
per sec, or nearly twice the 10 cps (characte rs per 
sec) speed of ordinary Teletype, with about 20 
times as much bandwidth as Teletype. 

Facsimile can be used to transmit typewritten 
material over telephone channels at a rate of one 
8-1/2 x 11-in . page in 3 minutes. Such a sheet will 
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1/ n 
FREQUENCY 
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(LINEAR) 
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l 
n 

Fig. 1-Bandwidth compression involves modulation of the 
signal onto a ca rrier, followed by amplitude-linear frequency 
division and synchronous demodulation . Th e fin component 
can be separated by a low-pass fi lter. 

hold approximately 50 lines of 70 characters each , 
or 3500 characte rs (and spaces). This is about 
19-1/2 cps, or twice as fast as Teletype in 20 times 
the bandwidth . Voice information rate has been 
stated to be approximately 50 to 60 bps (bits per 
sec). Note that Shannon's (Professo r Claude 
Shannon of MIT) bits and binary bits are not the 
same. A 2000-baud modem will send the 3500 
characters over an ordinary telephone line in 
about 14 sec. 

Information is carried by amplitude and phase . 
The relat ive importance of frequency can be 
observed by noting that anyone can talk at the 
same speed at their normal pitch , at a falsetto, or 
at a bass pitch. Intelli gibi lity may vary with the 
pitch if it gets too far from the nominal range. 

The nature of signals 
Probably all signals consist of wavetrains of 

discrete frequencies (usually overlapping) which 
exhib it some sort of amplitude variation from 
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start to finish. The wavetrains are fundamental 
frequencies plus overtones. The duration of the 
wavetrains varies with the signal source and the 
information being transmitted . Voice, facsimile 
and TV signals can be shown to consist of such 
wavetrains. Digital signals can be shown to be 
amplitude modulated fundamentals with strings 
of harmonics , with the information largely carried 
by subharmonic wavetrains. 

According to Shannon, the minimum band­
width required to transmit a given message in a 
set length of time is dependent on the informa­
tion content. We are a long ways from achieving 
that minimum bandwidth with any means of 
coding now in widespread use . In addition , 
"information" is not defined in any useful way. 

A TV picture is a good example of the wide 
discrepancy between the bandwidth occupied 
and the actual information rate. In the original 
scene viewed by the camera, the motion of 
objects viewed with respect to the camera's 
coordinate system is relatively slow. Considering 
that relative position , angular orientation and 
color are the main information parameters , the 
information spectrum of a TV scene is probably 
contained within a few hundred Hertz of zero. 
The 3 to 4-MHz range occupied by the coding in 
use is a requirement of the equipment used to 
produce corresponding electrical signals and 
conve rt them to an optical representation. The 
camera tube is compatible with the CRT and 
produces what the CRT requires to make up a 
picture. What happens in between is immaterial , 
as long as the CRT gets what it needs. 

The limit of bandwidth compression is deter­
mined by th e nature of the signal and its 
information rate . Ten-to-one bandwidth reduc­
tion has been accomplished with voice without 
noticeable loss of information. How much greater 
a compression ratio could be used is not known , 
but from observations, a 20:1 compression could 
probably be feasibl e, and possibly even 40 :1. 

The key to application is economics. When it 
costs less to use bandwidth compression than to 
build more facilities, then bandwidth compres­
sion should be used . When spectrum space is so 
crowded that reception of transmissions is un­
certain, bandwidth compression provides an 
economic answer. Mobile radio, satellite com­

munications, facsimile and video recording are 
application areas that can be expected to make 
greater use of bandwidth compression in the near 
future. 

Bandwidth changing 

Bandwidth compression can be accomplished 
by simultaneously dividing all the frequen cy 
components of a signal by some selected factor in 

real time. If the original signal spectru m extends 
from f0 to f mi the new signal spectrum will extend 
(at baseband) from f0 /n to fm/n . The bandwidth 
will change from (f01 - f0 ) to (fm - f0 )/n. The (fm -
f0 )/n signal spectrum can be transmitted through 
distance or time (stored). But on reception or 
playback, the coding will not be appropriate for 
the usual terminal. Bandwidth expansion is re­
quired to restore the signal to its origina l 
bandwidth and waveform. There are exceptions 
to this rule that will be pointed out later. 

The method of bandwidth compression discus­
sed here involves modulation of the signal onto a 
carri er, frequency division which is linear in 
amplitude and synchronous demodulation. Fig. 1 
shows a block diagram for bandwidth compres­
sion. Algebraically , the process can be expressed 
as follows: 

f(F) = (F + f) + (F - f) 
where " f" is the signal spectrum and " F" is the 

carrier. 
Selecting a sideband and dividing, gives (F ±f)/n. 

Mixing (F ±f)/n with F/n produces: 
F+f F F+f F 

[(F ± f)/n](F/n) =-=-+- +-=- - -
n n n n 

2F ±f f =--+-
n n 

Low-pass filtering separates f/n . Fig. 2 shows a band­
width expander. 

It is not necessary to return to baseband, and in 
some cases it is not desirable. 

The key to the compression process, other than 
the SSB (single sideband) modulation , is the 
amplitude-linear frequency division. There are a 

FREQUENCY 
DIV IDER 

(DIGITAL) 

SIGNAL 
INPUT 

Fi n 

OSC ILLATOR 

f/ n SSB F± f 
MODULATOR n 

MIXER 

F± f 

Fig. 2-Expanding the f/n output from a compression circuit 
involves linear-frequency multiplication of the modulated 
(SSB) input signal. A low-pass filter may be used to separate 
the signal spect rum , f. 
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number of ways it can be done. 
The easiest method is to use a phase locked 

loop to m ultiply the divided signal back up to 
se rve as a reference for a mixer as in Fig. 3. Mixer 
inputs are (F ± f) and (n ± 1)(F ± f)/ n. If a phase 
locked loop is used , its phase comparator has 
inputs from the mixer (through a bandpass filter) 
and from its VCO (voltage controlled oscillator) 
through a digital-frequency divider. 

The VCO is constrained to be any (n ± 1) 
multiple of the phase comparator inputs by 
phase-comparator control. The fact that the 
phase locked loop will operate over an appreci­
able bandwidth in thi s manner (not FM) may be a 
surprise to some people. Th e phase locked loop 
can be replaced by a limiting-frequency multiplier 
chain . 

Bandwidth expansion uses similar techniques 
to restore the signal to its or iginal form. The 
frequency multiplication req uired must be linear 
in amplitude to preserve amplitude information . 
A phase locked loop can be used for this 
operation, although in some instan ces it will be 
marginal. 

Another method is to use a limiting-freq uency 
multiplier to obtain (n ± 1) (F ± f)/n which is 
mixed with (F ± f)/n to obtain (F ± f). Our 10 :1 
expander multiplies the first mixer output by 9, 
then divides digitally by 10 to provide an input to 
the mixer of 0.9(F - f). Mixed with 0.1(F - f), the 
mixer output is (F - f) and 0.8(F - f). A bandpass 
filter eliminates the unwanted lower sideband . 

Advantages of compression/expansion 
The advantages of bandwidth compress io n and 

expan sion are the use of less facilities for 
transmission o r storage of information and an 
improvement in signal-to-no ise (5/ N) ratio trade­
off with power. The congest io n of mobile radio 

channels can be tempo rarily eliminated and t he 
number of voice channels thro ugh a cab le o r 
radio link (or satellite) can be multiplied by a 
substantial factor. Information sto rage densi ty o n 
tapes and records ca n also be multiplied . 

A bandwidth-compressed signal occupies less 
spectrum space when transmitted. On reception, 
o nly that portion of th e spectrum occupied by the 
signal is utilized . Noise outside the utilized 
portion of the spectrum is rejected. The improve­
ment in S/ N ratio, for constant powe r, is the same 
as the compression ratio. The transmitter can be 
less cost ly because of less powe r and can operate 
more economically. 

In wired systems, such as cable TV systems, the 
coax ial cable may be replaced by l~ss expe nsive 
wire, poss ibly even present telephone lines. 

There are some trivial applications of band­
width compress ion and expansion which may 
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Fig. 3---The frequency divider is a closed-loop system. A phase 
locked loop may be used as the frequency multiplier. 

have economic importance in terms of sales. One 
such application is a compressor-expander unit 
which would allow one singer to sou nd like a 
barbershop quartet. The singer cou ld change 
fro m tenor to bass at the flick of a switch . 

A single mu sical instrument could be made to 
sound somewhat like a band by mixing up-sca le 
and down-sca le trans lations of the instrument's 
tones. These thi ngs cannot be done in real time 
without bandwidth compression . 

Applications for this technique 
Initial emphasis has been placed on vo ice 

appli catio ns since existi ng equ ipment can be 
used with only minor modifications. In most 
cases, the o nly modification required is to place a 
bandwidth compression and expansion " black 
box" between the present equipment and the 
input and output transducers. 

As usage increases, new equipment wi ll have 
the black boxes built-in with fac ilities to switch 
the bandwidth compress ion and expansio n com­
ponents out of the system. This type of eq uip­
ment will be fully compatible with ex istin g 
eq uipm ent. Co nserva ti on of spectrum and 
security, which is inherent in this method , make it 
a natural for mobi le-radio se rvices such as 
publi c-service and industrial-radio systems. 

Security is a side effect. At a 5:1 compress ion 
ratio, a man's speech is unintelligible wh en 
compressed. A woman's voice sou nds like a 
basso, but can be understood . At greater ratios, 
compressed signal intelli gibility would probably 
be zero even fo r women's speech. Without the 
expander equipment , security is complete. 

Wider bandwidth system s are being develo ped 
and will be app lied to facsimile systems in the 
near future . The ideal comp ression ratio is not yet 
known, but a 10:1 or greater ratio is expected. 
The bandwidth compress io n will be utilized to 
speed the transmission through a voice channel 
rather than multiplexi ng numerous transmitters 
through the same channel. This will shorten the 
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time required to tran smit a document. 
Another broadband app lication will be voice, 

multi channel, communication systems such as 
those of voice common carriers and sate llite 
ground stat ions. It will be much less expensive to 
bandwidth compress a group or supergroup than 
individual voice channels. 

The wired cities of the future could be classified 
as multichannel systems. The cable TV, data 
systems and telemetry requirements of these 
cities may be handled completely through ordina­
ry telephone lines after undergoing bandwidth 
compression. 

A long awaited advance in telephone service is 
the picturephone . A low compression ratio , 
possibly as low as 10 :1, will permit use of present 
picturephone equipment with existing lines. 

Broadband-bandwidth compression will allow 
recording of video signals on much less exotic 
equipment than is presently used. It is anticipated 
that within a couple of years, it will be possible to 
record TV signals, for later playback, on audio 
tapes at recorder speeds of 7-1/2 in./sec. A 
compression ratio of 1000:1 is probably feasible 
and should not be very expensive. 

An obvious application of bandwidth compres­
sion is telemetry, particularly from remotely 
located instruments. The principal advantage in 
this application is the improvement of the S/N 
ratio. Returns from telemetry in space, where 
power is a major factor, wi ll particularly benefit. 

Considerable activity has been devoted to 
educational applications. For several years practi­
cal means have been sought for increasing the 
speech rate without changing the pitch of voice 
recordings . Bandwidth compression allows fre­
quency division while recording , with playback at 
a speed greater by the division ratio . 

A vocal-book , bandwidth compressed by a 
factor of two, would be played back at twice 
speed with normal pitch . Using standard tape 
recorders and a 2:1 compressor, the recording 
could be processed several times for speech rate 
increases in multiples of two . Other ratios could 
be used but would require recorders with non­
standard speeds . One use of this equipment 
would be in the preparation of talking books for 
the blind. 

The major unknown factor in the use of 
speeded speech is comprehension. It appears 
reasonable to expect speech reaction and under­
standing speed to approach reading rates without 
extensive training. 

A reading rate of 600 to 700 words per minute is 
not uncommon. This corresponds to a compres­
sion ratio of 4:1. Applying this rate to recordings 
of lectures and conferences would mean that an 
eight-hour lecture or conference could be re-

viewed in two hours . 
A service based on these principles would find 

markets in industrial training , continuing educa­
tion for professionals and general education. For 
some professionals intensive training could be 
provided in the use of high-speed recordings. 
Doctors and lawyers are typical of the group that 
must keep up with cur rent developments in their 
fields and in related fields, and would benefit 
from training to use the recordings . 

Present developments 
The original breadboard was a 5:1 :5 voice­

bandwidth compressor and expander which was 
used as the basis for the patent application. That 
unit was built with discrete components. Two 
demonstration units , a 2:1 compressor and a 
10:1 :10 compressor and expander, both with 
voice bandwidth, are presently in use. Op amps, 
!Cs and some discrete components are used in 
the demonstration units . These show that the 
technique has advanced to the point where 
specific products can be designed and developed 
rapidly. 

Broadband equipment is being developed for 
high-speed facsimile and simi lar systems. The 2:1 
compressor is being used in initial studies of 
speeded speech for educational and entertain­
ment use. When used in this application, band­
width is unchanged, but the word rate of 
recorded material is increased. 

The present 10 :1 :10 bandwidth-compressor 
and expander demonstration unit has a probable 
small-quantity manufacturing cost on the order of 
$200 using industrial-quality components. Rela­
tively large-scale manufacture will cut that cost 
considerably. Engineering improvements can be 
made to cut price somewhat further. Units with 
smaller compression ratios will cost even less. 
Large-compression-ratio units an.d increased 
bandwidth add to the cost. o 
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t 
Gain and 
FnmThis 

& 

Phase measurements . You know they ' re necessary-even in­
evitable for the proper design of linear devices . But brother, what 
a nuisance. When you're faced with the prospect of tweaking a 
bunch of instruments for a half day , just to get one set of measure­
ments, it's to your credit that you do them at all. 

But that's all in the past. Today, you can put our 3575A 
Gain-Phase Meter on your bench and make those necessary, even 
critical, measurements in a matter of minutes. One instrument. One 
set-up . Simply adjust the input signal amplitude and frequency, 
then read dB and degrees directly on the LED displays. 

With a frequency range from I Hz to 13 MHz, and levels from 
200 µ V to 20V, the 3575A has the breadth of coverage you need 
for most circuit applications: op amps , broadband amplifiers, RCL 
circuits, filters, etc. Even low-level circuits present no problem 
si nce the 3575A has outstanding noise immunity. The starting 
price of $2450 is low for the capability you get. 
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Making gain, phase and amplitude measurements the easy 
way is the subject of our Application Note. No . 157 . It covers 
app lications from components through networks. Get your copy by 
contacting your local HP field engineer. Or, write to Hewlett­
Packard, Palo Alto, California 94304. In Europe: HPSA, P.O. 
Box 85, CH-1217 Meyrin 2, Geneva, Switzerland. In Japan: 
Yokogawa-Hewlett-Packard, 1-59-1, Yoyogi, Shibuya-Ku, 
Tokyo 151. 
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NETWORK ANALYZERS 
Circle No. 30 
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Thinking of additional memory 
for your mini-computer? 

The best idea is Fabri-Tek's add-on core. 
Fabri-Tek's add-on core memories are plug compatible and they' re available in SK word increments to any word 
size you desire . 

So, whatever your needs ... H P-2100, 2114A/ B, DEC-PDPSE, POPS I, PDPSM, PDP11, DG NOVA 1200 and others, 
think first of Fabri-Tek for off-the-shelf delivery. Another Fabri-Tek plus: on-site and factory service by a highly 
tra ined professional staff. 

For additional information, call or write: 

[]'.d IF ARR II ., TIE lie INC. 
5901 South County Road 18 • Minneapolis, Minnesota 55436 • 

Leader in 
Memory Technology 

(612) 935-8S11 For over a Decade 
REGIONAL Boston Chicago New Jersey Phoenix Lo ng Beach Sunnyvale 
OFFICES: (617 ) 969-5077 (312) 437 -411 6 (201) 964-4770 (602) 266-4448 (213) 420-2493 (408) 739-4780 
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Try any one for 10 days 

Your WESTON distributor 
is betting you'll never want to give it up. 

Weston, the leader in portable test equipment, 
is willing to bet that once you try one of our digital 
DMM's, you'll never want to give it up. 

So, during April, May and June, you can try 
any one of these compact, portable, almost 
indestructible multimeters for 10 days-FREE! 
Just pick the one that suits your needs best. 

Model 4440 Lowest cost, plus high 
performance. Full 3V2-digits. 17 ranges, 200 m V to 
lOOOV, 200 ohms to 2 megohms, plus AC/ DC 
current. Blinking overange indicator. Self-contained, 
re-chargeable battery gives more than 8 hours 
continuous operation. Or, use AC line converter. 

Model 4442 20 ranges, plus amazing accuracy. 
± .05% of reading ± one digit- guaranteed! 
All solid-state circuitry built around MOS /SLI chip. 
Automatic blanking of unused digits conserves 
power. Battery or AC line converter. 

Model 4443 Lowest price, most precise, 
DC-only DMM available. 13 ranges, 200 m V to lOOOV 

(100 uV res.), 200 ohms to 20 megohms (0.1 res.), 
plus current. ± .05% of reading ± one digit­
guaranteed! Battery operated. Comes complete 
with charger. 

Model 4444 The autoranging maximinimulti­
meter. Choose VAC, VDC, Ohms or DC current. 
The 4444 does the rest. Instant automatic range 
selection. Plus four full digit display including 
polarity. Ultimate accuracy in a portable, ± .02% of 
reading ± one digit. No other portable offers more, 
does more. 

So try one today. Just a note on your business 
letterhead will deliver a Weston Multimeter to you 
for a 10-day free trial. Weston Instruments, Inc., 
614 Frelinghuysen Avenue, Newark, N.J. , 07114. 

We're either first or best. Or both. 
WES I ON® ._,n••.J 

Circle No. 33 
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§[Q)~ DESIGN AWARDS 

Window detector uses one IC regulator 

Neal Pritchard 
ACDC Electronics Inc., O ceanside, CA 

Window detectors typically use two voltage 
comparators whose outputs are combined to 
form a single logic output. The unique detector 
presented here uses only one 723 IC voltage 
regulator to perform the same function . 

The detector circuit compares the output 
voltage of two separate voltage dividers with a 
fixed reference voltage. The resultant absolute 
error signal is amplified and converted to a logic 
signal which is TTL compatible . 

The 723 has an internal reference voltage 
output which is only capable of sourcing current, 
not sinking it. Since current sinking is a necessity 
for proper operation , additional components are 
required . The reference voltage is applied thru 0 3 

+12V 

VI N 0---------+---------, 

R, 

o. 

0 3 

Ra R• 
c, 

5 

4 

6 

to the base of 0 1 • The emitter of 0 1 is now equal 
to the reference voltage and is temperature 
compensated by 0 3 • If a lower voltage is needed, 
a resistor may be inserted in series with 0 3 • 

The voltage divider for the lower limit of the 
detector is R1 and R2 • This voltage is compared to 
the reference voltage at point A . During normal 
operation 0 1 is back biased resulting in no error 
signal. When V1N lowers to a point where D1 is 
forward biased , current flows thru R9 , R5 , D 1, and 
R2 • This produces a negative signal on pin 4 of the 
IC regulator which turns on 0 2 and Q3 , resulting 
in a logic ZERO at VouT· The voltage divider for the 
upper limit is R3 and R4 • Similar to the lower limit 
operation , D2 is back biased until VIN reaches the 
upper limit, at which time current flows thru R3 , 

D2 , R6 , and 0 1• The positive signal developed 
across R6 is amplified by the IC regulator and 
converted to a logic ZERO at VouT · 

2.2k 
2.2k 

+5V 
12 10 

11 02 
2N2907 

IC REGULATOR 
µA723 VOUT 

2 

13 9 3 

l k 

BLANKING 

IC voltage regulators can also monitor input vo ltage. When V,N is with in predetermined limits, VouT will be a logic ONE. If V,N is 
above or below limits, VouT will be ZERO . 
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Microprogramming 
made simple 
The microprogramming Design Automation System 
you've always wished you had is here. Now. 
You know that complex hardware is much simpler to 
design and much less costly to implement with micropro­
gramming. Before now, though, there just haven't been any 
design aids available to you. Every step you took was 
time-consuming , laborious and frustrating . Thanks to a new 
and unique Design Automation System from SMS, the past 
problems of microprogramming are no more. 

Now, you can generate your own 
microprogramming software 
support system in less than a day! 
Up to now, one of the biggest hang-ups in micropro­
gramming was design support. Software development costs 
were extremely high. But today, the SMS Design Automation 
System offers you thousands of dollars in software - plus 
the hardware simulation aids and application notes you 
need-for considerably less than you would spend to 
develop your own. The SMS system allows micropro­
grammers to write their programs in assembly language 
(rather than binary) and reduces what was once a laborious 
months-long process to days. No matter what the design 
of your microprogrammed device, you can use the RAPID 
computer program to generate a cross assembler for your 
machine in just a few hours. You can write your microcode 
in a language and symbology meaningful to you. You select 
your own mnemonics and get symbolic addressing as well . 
The RAPID general purpose cross assembler will reduce 
the time required to generate and debug a microprogram 
by a factor of five ! 

Now, you can generate a real-time 
hardware simulation system 
in just a few hours! 
RAPID generates input for your own hardware simulation 
system, built around the SMS -1 OOOA ROM Simulator. 
Once you 've written your microprogram, you debug it on 
your existing system hardware. The SMS Simulator connects 
to your hardware, and you enter your microprograms into it. 
The 140 nanosecond access time lets you run your hard­
ware at full system speed. Using the Simulator, you can 
conduct the hundreds of experiments necessary to locate 
errors quickly and easily. Your programs can then be simply 
updated using the assembler produced by RAPID. That's 
why the largest computer, calculator and peripherals 
manufacturers using the SMS system say they can't get 
along without it. Fill out and return the coupon below, and 
you ' ll be well on your way to making your microprogramming 
a breeze, too. 

Find out why 80% of all the SMS Design 
Automation Systems sold go to customers 
who already own one! Fill out the coupon 
or write or call 

a subsi d iary of Corning Glass Works 

520 Clyde Ave., Mountain View, Ca. 94040. Phone (415) 964-5700 

r:-------------------, Microprogramming can be much easier. Five application notes tell you how. I 25,000 copies have already been requested. You can ask for yours. Here. Now. I 
I O~E~~~~~~~ i::~~!~~~~:b~eo::s~e~: 1 CAN'T WAIT FOR THE MAIL! PLEASE I 

Debugging Microprogrammed Systems 

I 
O§ Economics of Microprogrammable Systems 0 Phone me at 

1 Design of a General Purpose Microcontroller O Contact me to arrange a demonstration of the micropro-
Microprogramming Software Aids grammed Design Automation System. 

I INTEREST IN INFORMATION IS FOR Name I 
O Developing microprogram for microcomputer chip sets Title 

I 
0 Developing microprogram for new microcontrolled system -------------------- I 

design. Type of system: Company _________________ _ 

Department Mail Stop ____ _ 

I Area Code Phone Number I 
Street __________________ _ 

I o File copy for future reference City I 
HARDWARE REQUIREMENTS FOR MICROPROGRAMMED State Zip 

I 
EQUIPMENT START Mail to: ----- I 
O Within next 3 months 
O Within4to6months ~~ 

L° .::::·_ - - - --~.:~==·::::·.: =M:. J 



A resistor Rr may be connected between the 
collector of Q2 and pin 5 of the regulator . This 
positive feedback will produce hysteresis in the 
upper and lower limit settings, thus eliminating 
noise problems at crossover. 

An additional feature of the IC regulator is the 
internal overload transistor which can be used for 

Low cost charge amplifier 

H.C. Carpenter 
McDonnell Douglas Research Labs ., St. Louis , MO 

The charge amplifier shown in Fig. 1 costs less 
than $50 to build . Its conversion gain and 
signal-to-noise ratios are equivalent to charge 
amplifiers costing many times this amount. 

The selection of proper op amps for use in a 
charge amplifier is critical. I found , after trying 
many different manufacturer's operational am­
plifiers, that Teledyne Philbrick's 102601 was one 
of the best for this application . We are using 132 
charge amplifiers to amplify signals from a 
multiwire ionization hodoscope which is used in 
our present experiment. 

The first stage, called the charge-sensitive 
stage, converts the input charge pulse to a voltage 
pulse. The conversion gain of the first stage is 
expressed in millivolts per picocoulomb (mV/pC), 
and yields a specific pulse height (in voltage) 
when a given charge is injected (by a detector) 
into the input. This charge on C2 generates an 

c, 
10pf 

8.2M 

~ ALL RESISTORS 1/4 W 
C

1 
3kV SPRAGUE CERAMIC 30GA·D47 

C
2 

100V MICA D 15 1E 100FC 
C

3 
35 V SPRAGUE CS 13BF 105K 

A
1 

102601 TELEDYNE PHILIBRICK 
A2 1026 TELEDYNE PHILBRICK 
CL DETECTOR LOAD CAPACITANCE 

27k 

Fig. 1-Charge amplifier circuit costs only $50. Compared to 
other charge amplifiers presently available, this simple 2-op 
amp design offers good performance at less than one third the 
cost. 

blanking. A logic ONE at the blanking terminal 
will cause VouT to be logic ONE regardless of the 
state of V,N· o 
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SATURATION VOLTAGE 
616.4pF.-12.0V 
32pF.-14.7V 

10- 32pF- 100 1000 

INPUT VOLTAGE (mV) 

LOAD CAPACITOR · 616.4pF 
32pF 

PULSED BY DATAPULSE MODEL 110B 
PULSE · 2' 1 µSEC RI SETI ME, REP. RATE 2' 5kHz 

ALL MEASU REMENTS MADE USING TEKTRON IX TYPE W PLUG-IN 

Fig. 2-lnput/output response curves of the charge amplifier 
in Fig. 1 show that the charge-conversion gain varies as a 
function of the load capacitance. 

output voltage, V = q/C2V, where q is the charge 
on the input in coulombs and C2 is the capaci­
tance in farads. The conversion gain should be 
high enough to make the signal significantly 
larger than the noise of the second stage. The 
lowest noise amplifying devices available make it 
necessary that C2 be as small as possible and no 
more than about 100 pF. 

An input charge voltage at the summing point 
of the charge amplification stage is balanced by 
an equivalent displacement of charge across the 
feedback capacitor C2 , caused in turn by a change 
in the output voltage, e0 • 

The second stage in Fig. 1 is a voltage amplifier 
which provides the desired output signal level, 
but with low enough gain to prevent continuous 
saturation of that stage. Both of the op amps used 
have good thermal stability, which is particularly 
important in critical applications where the ambi­
ent temperature may vary over a wide range . 
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1,577, 703 Photodiodes 

Typical ST-Vidicon shown with greatly enlarged portion of silicon target . 
Thirty photodiodes of the 613,346 covered by the standard 4 :3 raster are shown . 

.. . make one silicon target that takes 
the compromise out of vidicon performance. 

It took a technological break­
through to produce RCA's unique sili ­
con target structure. RCA conceived a 
way to achieve the excellent perform ­
ance of which silicon targets are inher­
ently capable. Then one of the indus­
try's most talented teams went to 
work . The no-compromise perform ­
ance was wel l worth the wait. Now 
available from stock are silicon target 
vidicons with outstanding resolution, 
as well as low dark-current and low 
lag. 

The RCA-4532A is the outstand­
ing example of this unique photodiode 
target technology and is intended for 
high-quality T V pickup . The RCA-
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4532 is ideal where quality criteria are 
less stringent. 

RCA ST-Vidicons have the sensi­
tivity needed for security and surveil ­
lance. Quantum efficiency of at least 
60% through the visible range provides 
pictures at as low as 0 .1 lux (0.01 
footcandle) on the faceplate . Covert 
systems using infrared are made possi ­
ble through the ST-Vidicon's 30% OE 
at 900 nanometers. 

Use the ST-Vidicon wherever you 
now use a conventional vidicon . Get 
low lag, low dark-current, immunity to 
highlight burn, and high sensitivity . 
Use it in broadcasting, education, secu ­
rity, and surveillance. 

Circle No. 35 

Ask your RCA Representative or 
RCA Industrial Tube Distributor for 
more information on these and other 
RCA ST-Vidicons. For technical data, 
write: RCA, Commercial Engineering, 
Section 50E20 /ZC 13, Harrison , N.J. 
07029. International : RCA, 2-4 rue du 
Lievre, 1227 Geneva, Switzerland, or 
Sunbury-on-Thames, U.K., or P.O. 
Box 112 Hong Kong. 

RGn Ele~tro 
Optics 
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The linear response of the charge amplifier is 
shown in Fig. 2, using load capacitances of 616 pF 
and 32 pF. Noise measurements, using a HP 
model 3400 rms to voltmeter with a shielded 
input , yielded 625 µV rms of noise at the output. 
To test the charge conversion gain that can be 
obtained with this amplifier , we have used an 
ionization chamber with an internal 241 Am radio-

active source to inject a known amount of charge 
onto the preamplifier input. This allows a direct 
determination of the charge conversion gain. The 
charge conversion gain measured by this techni­
que is 1500mV/pC for a load capacitance of 50pF.o 

To Vote For This Circuit 
Circle 161 

Ramp generator has adjustable nonlinearity 

Hank Olson 
Stanford Research Institute , Menlo Park , CA 

The engineering world has devoted considerable 
effort to the attainment of a perfectly linear ramp 
function . However, once the linear sweep has 
been attained , it is then used to sweep some 
other device (like a voltage controlled oscillator) 
which usually has its own type of nonlinearity . 
The result is that, with a ramp input voltage that is 
linear with time, the output of the circuit being 
swept is generally not linear with time. 

The ramp gene rator described here will enable 
one to pre-distort the sweep with either concavity 

+15V 

R, 
10k 

o, 6 
2N3644 

!i +15V 

1011 2k 
SCR 1 

o _LJ_ 
2N5060 

1k 
c 

- 15V ':" 

':" 

~ 
RAMP OUTPUT 

or convexity to compensate for the nonlinearity 
of the circuit being driven. The amount of 
distortion is continuously adjustable by means of 
a potentiometer. 

The ramp generator is shown in Fig. 1. 0 1 

operates as a constant-current source. The 
amount of constant current is proportional to the 
voltage difference between the ±15V supply and 
the base voltage of 01. 

15 - e" 

R1 
1 = (where eb = base voltage of 0 1). 

If the wiper of the "curvature" pot is set to 
minimum position (ground), then e" is equal to 
twice the voltage on the wiper of the "starti ng 

10k 

+15 

+15V 

30pF 

2 10k 

10k 

3 
10k 

20k 

... :.J +15V 

CURRENT 

4 

CONCAVE lk 

CURVATURE 

- 15V 

':" 

Fig. 1-Adjustable linearity/nonlinearity of this ramp generator makes it ideal for driving circui ts which are nonlinear . When the 
final output must be linear, this ci rcuit can be programmed to cancel the no nlinea rity of VCOs and other similar circuits. 
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X-1284 is a pressure-sensitive polyester film tape 
that handles like "Scotch" 56. However, the color is 
red , and because of its outstanding self-extinguish­
ing characteristics , it can be used on radio and 
TV components and wiring involving fire or shock 
hazards. 

It passed the rigid test outlined in U/L Subject No. 
492 , No. 510 and No. 94 with flying colors. ASTM 
D-635 was passed. Federal Highway 
Administration Safety Standard #302. 
Passed. ASTM D-1000-?0a extinguishes 
in less than 3 seconds. Passed. 3M Cello 
Fusee extinguishes in less than 3 sec­
onds. Passed. 

The reason "Scotch" brand flame 
retardant X-1284 tape won't support com­
bustion is that the "Scotch par" polyester 

film backing and the unique adhesive system are 
both flame retardant. One of the key technological 
advantages, included in the "Scotchpar" Type 
7300 polyester film backing, is that the flame re­
tardant properties are built in directly. They cannot 
delaminate or flake off. 

X-1284 provides excellent tear resistance. It 's 
ideal for coil holding and coil covering applica­

tions, high temperature harness wraps, 
color TV flyback transformer insuiation 
and yoke coil assemblies. 

For more information write Dielectric 
Materials & Systems Division, 224-64, 
3M Company, 3M Center, St. P~u/, Min­
nesota 55101. 
See our product data 
in EEM. 

Circle No. 36 



Fig. 2-Scope trace of a concave ramp generated by the circuit 
in Fig. 1. The value of C is 0.22 µ.F and the period is 6 msec. 

current" pot. In this setting, the ramp output is 
linear. SCR 1 is periodically pulsed ON by the gate 
trigger impulses shown. The period of the pulses 
determines the period of the ramp function , 
because capacitor C is discharged by SCR 1 each 
time a positive gate trigger pulse is present. 

The noninverting follower U2 assures that the 
ramp voltage on C is sampled at a high enough 
impedance (1090) , so as not to cause unintended 
distortion of the ramp by partially discharging C. 
The output of U2 provides a ramp output at 

reasonably low impedance for operating other 
circuits . 

U3 is operated as a multiply-by-two amplifier , in 
either the inverting or non inverting mode-­
depending on the input switch setting. In the 
inverting mode (switch in the "convex" position) 
the output has the effect of decreasing the 
voltage (15V - eb) as the capacitor charges . 
Decreasing this voltage decreases the current that 
charges C and produces a ramp that departs from 
linear in a convex fashion. 

If the switch is in the "concave" position, the 
rising voltage on C causes the voltage (15V - eb) 
to increase, which increases the charging current 
into C. This causes the ramp to be distorted from 
linear in the direction of concave . 

Unlike some earlier circuits which used capaci ­
tive coupling of the "bootstrap" feedback, this 
circuit uses de coupling. This frees the designer 
from using huge coupling capacitors which must 
be considered when any change in the ramp 
length is made. The photograph in Fig. 2 is an 
actual waveform generated by the ramp circuit; 
the value of C is0.22 µF and the period is6 msec. o 

To Vote For This Circuit 
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Design Entry Blank 
$20 Cash Award for all entries selected by editors. 
An additional $50 U.S. Savings Bond Award for 
winning circuit each issue, determined by vote of 
readers. Additional $1000 Bond Award for annual 
Grand Prize Circuit, selected among semi-monthly 
winners by vote of readers 

To Ci rcuit Design Program Editor 
EON 
Cahners Publishing Co., Inc. 
22 1 Co lumbus Ave. , Boston, MA 02 11 6. 

I hereby submit my entry fo r the CIRCUIT DESIGN 
AWARD PROGRAM of EON 

Name. ___ ____ _ _______ _ 
Title· _ ___ ________ ____ _ 
Company _ _ ____ _____ ___ _ 
Division (if any), _ _ ___ ____ ___ _ 
Street _ ___ ______ ____ __ _ 
City _ _________ stat.e-_ _ __ _ 

Circuit Title·---------- - ---

Print full name (no initi als) and home address on 
line below exactly as you wish it to appear on Bond, 
if entry is selected for publi cati on. 

Entry bl ank must accompany all entries. Circuit en­
tered must be submitted exclusive ly to EON, must be 
ori ginal with author(s) and must not have been pre­
viously published (limited-distri buti on house or­
gans excepted). 

Circuit must have been constructed and tested. 
Exc lusive publishing ri ghts remain with Cahners 
Publishing Co., Inc. , unless entry is returned to author 
or editor gives written permi ss ion for publicati on 
elsewhere. 

In submitting my entry, I agree to abide by the 
rules of the Award Program. 

Signed, _____ _ _ ________ _ 

Oat.<=-- - ----- ---------

Your vote determines this issue's winner. A ll 
circuits published win $20 cash. All iss ue win­
ners receive an additional $50 U.S. Savings 
Bond and become eligible for the annual $1000 
U.S. Saving Bond Grand Prize. 

Vote now, by circling the appropriate num­
ber on the reader inquiry card. 

Submit your own circuit, too. M ail entries to 
Circuit Design Program Editor, EON, 22 1 Co­
lumbus Ave., Boston, MA 02116. 
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PROGRESS IN PRODUCTS 

Data acquisition costs less 
with DMM/calculator pair 
PROGRESS IN 
TEST EQUIPMENT 

Until now, a gap has existed 
between the simple data-logger 
type of test set up (typically 
priced around $8000 to $10,000) 
and fully computerized test 
setups (pri ced around $30,000) . 
Here's a measurement system 
that spans that gap-the Hew­
lett-Packard 3050A. It combines 
a five-digit DMM (HP 3490A) , a 
scanner and a programmable 
calculator (HP 9820A) . This 
system provides most of the 
flexibility and capability of a 
computerized one, but costs 
only slightly more than a simple 
data-logger setup. 

The new 3050A is well suited 
for traditional data acquisition , 
for production testing and for 
use in R&D labs. Its DMM 's 1µ.V 
sensitivity and 120 dB effective 
CMR, combined with better than 
50 dB NMR permit meaningful 
measurements under conditions 
that would stop less capable 
instrumentation . 

For traditional data acquisition 
applications-such as environ­
mental or process monitoring­
the usual requirements are for 
multiple low-noise , low-level 
inputs; high CMR; scan rate of 
no more than 5 channels per 
second and both time-of-day 
information and test pacing. 
Also called for are transducer 
linearization, and results in 
engineering units to cut analysis 
time. These needs are well 
served by the 3050A. 

Production testing of devices 
and circu it boards also requires 
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Compact, convenient and read y to use 
as del ivered, th e 3050A Data Acquisition 
System has nea r-computer capability at a 

multiple inputs and high CMR. 
"Hands off" operation is fre­
quently desirable , as is conver­
sational communication with the 
operator (often unskilled). Gen­
erally, ac , de and ohms measure­
ments are wanted . Again , the 
3050A fits the needs . 

Calculator control : the key 

As was true with the first such 
HP system (the 3042A Automatic 
Network Analyzer-see Aug . 15 
EON p . 66) , the 3050A Data 
Acquisition System gets much of 

price approaching that o f a manual 
sys tem . 

its power from making measure­
ments under control of the 
9820A Programmable Calculator. 
That's what gives it the capability 
for automatic control and data 
analysis . 

The computational capability 
of the calculator not only 
provides simple decision mak­
ing , such as Hi/Go/Lo limit 
testing and relative offset mea­
surements , but also does high­
level algebraic manipulations of 
test data . Data can be stored for 
a series of tests and manipulated 
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using statistical formulas to 
obtain the mean and standard 
deviation . Results can be 
printed on the calculator's 
self-contained printer or re­
corded in other ways for 
future use. 

Price of a complete, ready-to­
use 3050A system equipped with 
30-channel capability runs 
$15,500 (Delivery starts in June). 
This includes DMM , scanner, 
programmable calculator, 
rack, all interfacing hard - and 

software and the Operating, 
Service and Programming Manu­
als. All interfacing is done at the 
factory, so the system is ready to 
operate as delivered . Hewlett­
Packard , 1501 Page Mill Rd ., Palo 
Alto, CA 94304 . 285 

Miniature 12-bit D/ A and A/Ds are guaranteed stable 
to + 1/2-LSB linearity over fu ll mil-temp. range 

PROGRESS IN 
PACKAGED CIRCUITS 

A series of 12-bit DIA and AID 
converters utilizing ultra-stable 
thin-film resistive ladder net­
works is not only rated to 
operate over the full military 
temperature- range of -55°C to 
+125°C, but also is guaranteed 
to hold to ±112-LSB linearity 
over that full temperature range 
(including extreme points of 
-55°C and +125°C. 

The nichrome ladder net­
works exhibit TC tracking ratios 
down to a very low 1 ppm/°C 
from - 55°C to +125°C and 
absolute maximum TCs of ±50 
ppm, which represents a signifi­
cant advancement in thin-film 
resistor technology . 

An important feature is each 
DIA and AID converter's small 
physical size, 2.2 by 0.825 by 0.5 
in., which includes units with or 
without output storage registers. 

In utilizing a precision ladder 
network, most converter manu­
facture rs purchase the network 
to a tight absolute tolerance and 
then mate the complete ladder 
to individually packaged quad 
current switches that have slight 
errors. 

In the basic MN415 DIA 
converter, the quad current 
switch is mated with a 4-bit 
ladder, and the unit is function­
ally trimmed to reduce the error 
to the smallest possible amount. 
A high-performance op amp 
with a nichrome feedback 

Guaranteed to remain stable to ± 1/2 LSB 
linearity over - 55°C to + 125°C, this 
min.iature 12-bit A/D conve rter uses 

resistor is again trimmed func­
tionally to provide an initial 
offset error of less than ± 114 bit. 
A selected drift-s tabilized zener 
diode reference , driven by a 
constant-current source , assures 
excellent stabilities. 

Linearity is ±112 LSB over 
- 55°C to +125°C, and absolute 
accuracy is ± 1 LSB from - 25°C 
to + 85°C, for the MN415H (the 
MN415 is a commercial version) 
DIA converter. User options are 
available for outputs of 0 to 
+ 10V, +5V to - 5V and +10V to 
- 10V, by external pin strapping. 
The settling time is 2 µsec to 
±0.01 % (±112 LSB). 

The AID converter, the 
MN515H (MN515 is the com­
mercial version), is a succes­
sive-approximation unit whose 
linearity is ± 112 LSB over - 55°C 

nichrome thin-film res istors that have 
tracking ratios down to only 1 ppm/0 C. 

to +125°C, and it has zero error 
of ±1 LSB for unipolar operation 
over that same temperature 
range. User options include 
selectable input ranges of 0 to 
+10V, 0 to +20V, - SV to +SV 
and - 10V to +10V. 

Parallel and .serial outputs are 
available on both MN515H and 
MN515 units . Conversion time is 
3 µsec per bit. 

The MN516 is a unit with 
output storage register . The 
MN416 is the DIA converter with 
an output storage register. 

Single-unit prices are: MN415, 
$129; MN416, $169; MN416H, 
$350; MN515, $199; MN515H, 
$375; MN516, $244; and 
MN516H, $425. 

Micro Networks Corp., 5 
Barbara Lane , Worcester, MA 
01604. Phone(617)756-4635 . 286 
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CIRCU ITS 

V/F AND F/V CONVERTERS OPERATE TO 
100 kHz. Model 4703 voltage- to-frequency 
converter features 0.01 S% linearity, 44-
ppm/0C stability, a TTL-compatible output, 
and a price of $69 in 100 quantities. Model 
4704 frequency-to-voltage converter fea­
tures 0.008% linearity, 7Sppm/°C stability, 
and an input stage designed for maximum 
versatility. Its price is also $69 in 100 quan­
tities. Their serial outputs provide a constant 
flow of digitized information that requires 
no synchronized decoding and that is easily 
isolated to minimi ze common-mode prob­
lems. Teledyne Philbrick, Allied Dr. at Rte 
128, Dedham, MA 02026. Phone (617)329-

1600. 196 

LOW-CO ST A/D SYSTEM REPLACES INDI ­
VIDUAL INTERFACE MODULES. A 1 2-bit 
data-acquisition subsystem, Model MP69 12, 
prov ides reso lution/throughput combina­
tions that can run as high as 100 kHz (1 2 
bits) or SOO kHz (4 bits). The $69S mod­
ule is 0.37S-in . high, making it compat­
ible with the O.S-in. ca rd spac ing of most 
minicomputers and instrumentation sys­
tems. It ca n be mounted on a single ca rd or 
on a small area of a mother ca rd with or 
without a compatible accessory SV input­
converter power suppl y. It ca n also plug 
directl y into a card -cage connector, and is 
shielded from electromagnetic and electro­
stati c interference. Analogic Corp., Audu­
bon Rd ., Wakefield, M A 01880. Phone 

(617)246-0300. 197 

SAMPLE/HOLD MODU LE HAS 25-nSEC 
ACQUISITION TIME. Model SHM-UH also 
features 200-psec aperture time and 2S­
nsec settling time. It is packaged in a 
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2 x 2 x 0.4- in . modul e. Input impedance 
is 100 Mf1 shunted by 20 pF . Output slew 
rate is SOOV I µ sec, full-scale output vo ltage 
is ±SV at ±30 mA and output impedance is 
1 Of1. Hold decay rate is 50 µV/sec, feed ­
through attenuation is 40 dB at 10 MHz, 
max. sa mple rate is 11 MHz and operating 
temperature coeff icient is 50 ppm/°C. Date/ 
Sys tems, Inc., 1021 Turnpike St., Canton, 
MA 02021. Phone (617)828-639S. 198 

HYBRID CMOS CRYSTAL OSCILLATORS 
IN TINY PACKAGES. These clock oscilla­
tors feature gated outputs and voltage-con­
tro l ca pabilities. They are ava ilable in TO-S, 
T0-8, and 14-pin DIP packages (0.2-i n. 
hi gh). Frequency range is 1 Hz to 10 MHz 
and they can be ordered with multiple out­
put frequencies. A 60-Hz DIP unit con­
sumes only 1.8 mW at 5V. The operating 
temperature range is - SS0 to + 12S0C, with 
frequency stab ii ities appropri ate to AT cut 
quartz crystal. From $ 12 (1000 pieces). Q­
Tech Corp. , 11 S29 W. Pico Blvd ., Los An­
geles, CA 90063. Phone (2 13)473- 1 lOS. · 

199 

ANALOG M ULTIPLEXER DUO CAN 
HANDLE UP TO 128 DUAL CHANNELS. 
Models 2204 and 2208 dual 4- and 8-chan­
nel multip lexers feature full-scale accu­
rac ies of 0.02S% max. and 3-µ sec typ ica l 
sett l ing times. Ga in for all channels is 
0.999S ±0.000S and drift is just ±2S µV/°C 
max. Output frequency for small -s ignal 
bandwidth is S MHz, and for full output is 
1 SO kHz. Both units ca n be supplied to op­
erate over 0°C to +70°C or -SS°C to + 8S0C. 
$17S for the 2204 and $22S for the 2208, in 
single-unit quantities. Transmagnetics, Inc., 
210 Adams Blvd. , Farmin gdale, NY 11 73S. 
Phone(S16)293-3 100. 200 

10-BIT 4µSEC A/D CONVERTER HAS 
2 X 3 X 0.375-IN . SIZE AND $159 PRICE. 
Model ADC-EHl OB has either unipo lar (0 
to + 1 OV) or bipol ar (±SV) vo ltage inputs 
by external pin strapping, straight or off­
se t binary or two's complement outputs, 

and a specifi ed accuracy of ±0.0S% _of fu ll 
scale that is mai ntained over an operating 
temperature range of 0° to +70°C. TC is 
± 0.004%/°C and long-term stability is 
0.0S % per year. Overall linea rity is within 
± l /2 LSB. The unit uses successive approxi­
mation convers ion . Date/ Systems, Inc., 
1020 Turnpike St. , Canton, MA 02021. 
Phone (6 17)828-639S. 202 

VACUU M-ION PUMP POWER SUPPLIES 
OPTIMIZE PERFORMANCE. Des igned to 
sat isfy the high-voltage requirements of 
vacu um-ion pumps, thi s line of power sup­
plies operates from either 11 SV, 400 Hz ac 
or 28V de. They deliver output vo ltages 
from 2,SOO to 3,SOOV de with less than S% 

ripple, at loads of 20 µ A to 6.S mA. The 
power suppli es are as small as 3 x 2 x 1-
1 /4 in. and weigh as little as 10 oz. These 
units are hermeti ca ll y sealed in a stee l case 
and will operate over the temperature range 
of -SS to + 100°C. All units are provided 
with short-c ircu it protection , overcurrent 
limiting, and an output cu rrent/vo ltage 
monitor tap. Capi tron Div. of AMP Inc., Eliz­
abethtown, PA 17022. Phone (7 17)367-

ll OS. 203 

TIME-DELAY RELAY COMES IN AN O C­
TAL PLUG-IN PACKAGE. Developed for 
computer and business machine app lica­
tions, this ad justab le, delay-on-energization 
relay is economica ll y priced in the $8 to 
$10 range. O nl y 3- in . hi gh by 1-in . square, 
Series TCR units have an electrica l life of 1 
million operations at rated load, and repeat 
accuracy of ±S% . Their reset time is 100 
msec (during and after timing). Thi s spdt 
device operates at temperatu res from - 10° 
to +60°C, and may be knob adjusted or fac ­
tory preset for delays of O.S to 15 sec up to 
1 .8 to 180 sec. Syracuse Electroni cs Corp., 
Box S66, Syracuse, NY 13201. Phone 
(3 15)488-49 11 . 204 
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FREGUENCV COUNTER 
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kHz 

UHF bandwidth with extreme 
sensitiv ity -this is what you need to 
calibrate both a transmitter and 
receiver. Only the 5108 provides you 
at this price with 10mVrms sensitivity 
from 100Hz to 550MHz (100mVrms 
from 10Hz to 100Hz). 
The 9-digit display is a gratifying 
necessity, when you use the 5108's 
full resolution of 1 Hz on a 16-second 
gate time. Your controls provide 4 
decades of resolution , down to a 
160-millisecond gate time for 0.1kHz 
resolution . 

Hz 

Time base aging rate is slower than a 
movie star's: 5 x 10-a for the 
temperature-compensated crystal 
oscillator. 
More : 35dB auto-attenuation with 
automatic noise suppressor ; 20dB 
additional with manually switched 
attenuator. 
Service and parts -Never a problem ; 
HONEYWELL provides both. 
Throughout the USA. Quickly and 
efficiently. 
There are 19 essential specifications 
on the 5108 data sheet, most of them 
superior to those of any com peting 
counter. You 've just read 5 of the 19. 
This is the best counter you can 
procure in this price range, and you 
can get all the details, plus the name 
of your local representative by 

(
212

) 
973

_
7152 

:t~~aaor calling Tom Williams 
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Low cost 
power 
supplies 
for IC's and other 

packaged circuits 
save engineering time, provide design 
flexibility, help reduce costs 

These economical , Burr-Brown power sup­
plies are designed to be soldered onto a 
PC board right along with the IC's and pack­
aged circuits for wh ich they supply power. 
They were specifically developed to sup­
port the growing use of packaged ci rcu its 
and to help reduce design time and total 
systems cost. 

STANDARD SERIES 
• small si ze 
• dual & single outputs 
• 50 to 400 Hz inputs 
• excellent stability 
• outputs current limited 
Iii 5V output logic suppl ies @ 250 mA, 

500 mA and 1 A 
• ±15 V output dual suppl ies @±25 mA, 

±50 mA. ±100 mA and ±200 mA 
• FROM $23.00 

DUAL PRIMARY SERIES 
• small size 
• 115 VAC or 230 VAC input 
• 47 to 1000 Hz input 
• ±15 Vdc @ ±50 mA, ±1 20 mA and 

±200 mA 
• dual 15 Vdc output 
• outputs current limited 
• excellent stability 
• FROM $39.00 

DC-DC CONVERTERS 
• regulated ± 15 Vdc from 

unregulated DC input 
• fast transient response 
• high output currents 
• wide temperature operation 
• FROM $69.00 

For complete specifications on Burr-Brown 
Modu lar Power Supplies, use this publica­
tion 's reader service .card or contact Burr­
Brown. 
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CIRCUITS 

$49 FREQUENCY/ANALOG CONVERTER 
HAS 0.05% ACCURACY. Model 713 is de­
signed fo r use in accurate rate-measu rement 
or mon itoring instruments and systems. Its 
input signal may be derived from any 
source wh ich produces repetitive sine, 
square or tri angular w aves or pu lses. Signal 
levers between 5 and 10 mV rms will cause 
proper operation . The output can drive 
panel meters directl y; produce 0 to 1 mA 
into external loads; develop 0 to 1 V across a 
load res istor ; be read out on digital vo ltme­
ters, and drive current-to-pressure convert­
ers. Richard Lee Co., Box 724, New Provi ­
dence, NJ 07974. Phone (201)665-1 333. 

205 

5 TO 500 MHz DOUBLE BALANCED M IX­
ERS COST F~OM $7 IN ' SINGLES. Model 

MD-108 unit with an 8-pin relay header 
style package provides i-f port bandwidth of 
de to 500 MHz and has low conversion loss 
(7 .0 dB max. from 5 to 150 M Hz and 9.0 dB 
max . from 150 to 500 MHz). Its low profile 
(0.3 12-in . hi gh) and 0.2- in . spacing allow 
fo r convenient microstr ip or strip line 
mounting. The unit is housed in an rfi 
shie lded metal case. ANZAC Electronics, 39 
Green St., W altham, MA 02154. Phone 
(61 7)899-1900. 206 

M ATHEMATICAL MODULE DOES MULTI­
PLE FUNCTIONS. The A-733 is pro­
grammed to mult ipl y, divide, take the 
square root, square, square a ratio and raise 
voltage ratios to an arbitrary power. Pro­
gramming is by 3 pin connections with 2 
res istors. With the addition of minimal ex­
ternal circuits, more complex functions 
such as true rms and vector magnitude can 
be accompli<hf'rl . Outrut error is virtually 
independent of input signal levels. Input 
levels from 100 mV to 1 OV ca n be pro­
cessed with a max. output error of less than 
0.5% of full scale. Output ga in drift at full 
sca le is ± 1 mV/°C max. and output offset 
drift at zero sca le is ± 1 mV/°C max. lntech, 
Inc., 1220 Co leman Ave., Santa Cl ara, CA 
95050. Phone (408)244-05 00. 207 
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The FETset! 
Everything yoo need 
in FETop amps 
The Burr-Brown family of T0-99 FET op amps offers you a one. 
stop source for the exact FET units you need, regardless of 
your requirements. The three units highlighted below are rep· 
resentative of the performance and price advantages available 
from Burr-Brown's new 14 unit series. They are pin compatible 
with 741 types and are 100% tested to all min/max specifi· 
cations. · 

Hybrid/thin -film techniques and a monolithic FET input stage 
provide excellent drift characteristics for source impedances 
to 1 Mn. Active laser trimming of proprietary Burr-Brown high· 
stability, thin-film resistors contributes to outstanding per· 
formance at reasonable prices. Both output short circuit and 
input-to-supply-voltage protection are provided. Units are also 
available with MIL temperature ratings and MIL-883 screening. 

MODEL NO. 3521L 3522L 3542J 

Input Offset Voltage 
vs Temperature, Max. ±lµV/°C ± 25µV/°C ± 50µV/°C 
Initial Offset, 25•c, Max. 250µ,V ± 500µ,V ±20mV 

Input Bias Current, Max. -lOpA ±l pA - 25pA 

Price, 100 up $28.00 $12.50 $4.50 

FOR .COMPLETE INFORMATION, use this publication's reader 
service card or call Burr-Brown. 

~n~a~o~~~t~r~ugrr,~ I BB I 
TH : 602 ·294 ·1431• TWX : 910·952· 1111 •CABL£ : BBRCORP - -

CHICAGO OFFICE (312) 832-6520 
UNITED KINGDOM OFFICE: Watford WO! 8BY PHONE 33080/ 30336 

35421 
LOW PRICE 

$4.50 100 up 

Burr-Brown amplifiers 
deliver what they promisel 
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Dia light 
sees a need • • 

(Need: Single source supply for all indicator lights.) 

See Dialight. 
Dialight has so many kinds of indicator lights-approxi­
mately 1,500,000 on our shelves-that we have set up 
a special magic eye seek-out system to help you find the 
one you need in a wink. Whether it's a flasher , placard, 
press to test , oil tight , water tight, dust tight, dimmer, 
or nondimmer, we have them all, some with incandes­
cent, neon or LED lamps, from 1.35 to 220 volts. Sizes 
vary from small indicators (mount in 0.120'' clearance 
holes} to large indicators (mount in l '/10' clearance 

holes} , and are available in a variety of terminations and 
finishes, lens-cap shapes and colors with or without hot­
stamped, engraved or film legends. We've developed a 
14-digit code number that tells any of our 120 stocking 
distributors in the U.S. and Canada just what indicator 
you want for off-the-shelf prompt delivery. If you would 
like to see for yourself how our code works, just write 
for your free copy. At Dialight it's a designer's choice 
because we see your need. 



Dialight is a company that looks for 
needs .. . and develops solutions. 
That's how we developed the indus­
try's broadest line of indicator lights, 
readouts, and LED light sources. No 
other company offers you one-stop 
shopping in visual displays. And no 
one has more experience in the vis­
ual display field. Dialight can help 
you do more with indicator lights than 
anyone else because we have done 
more with them. Talk to the special­
ists at Dialight first. You won't have 
to talk to anyone else. 

And also be sure to send for your 
free copy of our latest 56-page In­
dicator Light Selector Guide. It will 
show you how easy it is to quickly find 
your way to the indicator light you 
need. This handy guide describes in 
detail the many indicator light choices 
- shapes and colors of their lens 
caps, available terminations, mount­
ing data, available finishes, and LED, 
incandescent and neon light sources 
for which they are compatible. 

DIALIGHT 

Please send me INDICATOR LIGHT 
SELECTOR GUIDE. 

NAME 

TITL E 

CO MPAN Y 

ADDRESS 

CITY STATE 

11/ALIGl-IT 
Dialight Corporation , A North American Philips Company 
60 Stewart Avenue, Brooklyn , N.Y. 11237 (212) 497-7600 
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THREE-POLE SOLID-STATE RELAY HAN­
DLES 25A LOADS. Model 31 A250-1 , with a 
3PST N.O. configu ration rated at 230V rm s, 
is fu lly potted in an aluminum housing to 
w ithstand harsh industria l environments. 
The unit can be actuated directly from TTL 
circuitry, or by 12V de at 150 mA. Fa lse 
turn-on is sa id to be eliminated by proprie­
tary circuitry that maintains the triac dv/dt 
greater than the dv/dt of the impressed volt­
age. Actuating time is 50 µ,sec. The mount­
ing flange is 3- 1 /4 x 3-3/4 in., and the unit 
is 3- in. high. $145. Fli ght Systems, Inc., Box 
25, Mechanicsburg, PA 17055. Phone 
(717)697-0333. 208 

OEM POWER SUPPLIES HAVE U.L. LIST­
ING. Designed for application in " con­
sumer" equipments that range from data 
terminals to office di ctating and transcrip­
tion machines, these 20W de supplies are 
ava ilable in 3 models: DPS-1 which output 
of 5/6V at 3/2 .SA; DPS-2 with output of 
12/1 SV at 1.5/1.2A; and DPS-3 with output 
of 24V at 0.8A. The DPS Series features 
± 1 % regulation, 0.3% rms filtering and 
over load protection. Supplies are availab le 
from stock: $25.60 (1-9), $24.30 (10-24), 

$23.05 (25-49), and $21.75 (50-99). Tele­
Dynamics/Wanlass, Div. of AMBAC Indus-

tries, Inc., 525 Virginia Dr., Ft. Washington, 

PA 19034. Phone (25 1 )643-6161. 209 

SOLID-STATE rf AMPLIFIERS SPAN 1 MHz 
TO 2 GHz. Ser ies PAM1300 amplifiers are 
divided into 4 categories, each emphasizi ng 
one of the fo llowing: low -noise figure rang­
ing from 2.5 to 6.5 dB max. ; a spurious-free 
high-dynamic range; wideband amplifi ca­
tion with flat ga in response and low-noise 
figure; or high-output capability with low 
noise and low intermodu lation distortion . 
These ruggedi zed amplifiers can withstand 
envi ronments of most surface and airborne 
military specifications. American Electronic 
Laboratories, Inc., Box 552, Lansdale, PA 
19446. Phone(215 )822-2929. 210 

RF RELAY FEATURES LONG LIFE. A pneu­
matically operated rf relay that has success­
fully performed more than 2-mil lion tests 
operations, Model RF20Bl 586 allows a 
peak rf vo ltage of 15 kV to be applied across 
its open contacts. Current capab ility is typi ­
cally 400A rms at 400kHz, 225A at 4 MHz, 
and 160A at 16 MHz. Switching time is less 
than 200 msec. Price is $473 each in quan­
tities of 4 to 9. ITT Jennings, 970 Mclaughlin 

Ave., San Jose, CA 95 116. Phone (408)292-

4025. 211 

AUDIO AMP WITH VOLTAGE-CON­
TROLLED GAIN HAS 0.05 % THO (tota l 
harmonic dis tortion). Model 169A features 
an over load-to-noise ratio of 92 dB and ca n 
provide up to 25 dB of ga in. The encapsu­
lated module has pre-dril led holes for two 
resistors whi ch can be added to adjust the 
ga in for specific requirements. Whi le the 
169A includes 4 independent control volt­
age inputs, a current input is also provided 
to al low the customer to add almost any 
number of voltage inputs simply by adding 
resistors. The ga in reduction in decibal units 
is 10 times the sum of all control vo ltages. 
This relationship can be changed by the 
customer, however. $59 ( 100 quantities). 
Parasound, Inc., 680 Beach St., San Franc is­
co, CA 94109. Phone (41 5)776-2808. 212 
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EQU IPMENT 

TRANSMI SS ION LEVEL TEST SET 
WEIGHS ONLY 35 POUNDS. Wavetek 
Model 420 measures return loss (2-wire), 
attenuation (4-wire), impedance, fre­
quency response and noise. Test results 
are displayed on a built - in oscil loscope. 
Features include swept or single fre­
quencies from SO Hz to 15 kHz, stepped 
attenuat ion contro l on bo th the trans­
mitter and receiver, li ghted display grid , 
automati c scale selection and simplifi ed , 
pushbutton operati on including calibra­
tion check. Price is $199S (Battery power 
opti o n , $300 ex tr a) . W avete k , 904S 
Balboa Ave., San Diego, CA 92123. 
Phone(714)279-2200. 170 

TOM-MODEM TEST SET WITH LED 
MONITOR can test and analyze all digital 
data commun ication sys tems conta ining 
low-speed asynchronous o r high-speed 
syn chronous modems and t ime-divi sion 
o r frequ e ncy-divi sio n mult ipl exe rs. 
Model 1310 generates and analyzes 
pseudo random data sequences in the 
form of start-stop asynchronous charac­
ters. Each unit can operate full duplex. 
Asynchronous bit rates of 7S to 9600 bps 
may be se lected ; synchronous to 3 
Mbps. $21SO. International Data Sc i­
ences, Inc., 100 Nashua St. , Provid ence, 
RI 02904. Ph one(401)274-S100. 171 
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LOW-COST DIGITAL TEMPERATURE 
INDICATOR GIVES 1° RESOLUTION. 
Model 43S4 provides digita l disp lay fo r 
RTD (resistance temperature detecto r) 

96 

probes and costs less than $200. It is 
des igned for use with LFE 's Type 1 (1 00!1 
at 0°C, 38SO ppm) pl atinum RTD probe 
fo r temperature measurements in the 
ra nges -80 to + 229 o r Oto + 499 in °F o r 

0 c. The display fl ashes at the reading rate 
to indicate an overrange condi t ion . LFE 
Corp ., 1601 Trapelo Rd ., Waltham , M A 
021S4. Phone(617)890-2000. 172 

MINIATURE PCM DECOM FEATURES 2's 
COMPLEMENT CONVERSION. Model 
EC0-3 PCM (pul se code modulation) 
encoder checkout unit is a miniature 
sto red fo rm at frame and sub f rame 
demultiplexer and wo rd se lecto r that 
operates directly from a PCM encode r o r 
from a bit synchronize r . Features incl ude 
4 switchab le fo rm ats, and data rates from 
1 bps to S Mbps. $3700 . Cod ed 
Commun icati on Corp ., 1620 Linda Vista 
D r ., Sa n M arcos, CA 92609 . 
Phone(714)744-3710. 173 
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MIDGET 5-Hz TO 220-MHz FREQUENCY 
COUNTER HAS DISPLAY STORAGE. 
Crys ta l controlled Model 1S1A uses a 
7-digit LED display wi th bu ilt - in self 
check. M easurement ranges are S Hz to 
20 M Hz, and 1 M Hz to 220 M Hz. Gate 
times of 100 msec and 1 sec are avai lable. 
Th e unit operates from ac l ine o r a de 
supply without adjustments. Size is 4.S 
in. wide, 2 in. high, 8.5 in . deep , and 
weight is 3.S lbs. $79S (plus $200 for 
optio nal 10-hr. NiCad battery pack wi th 
charg e r and case) . Unit ed Sys te m s 
Corp. , (a subsidiary o f M onsanto), 918 
W o odl ey Rd ., D ay to n, OH 4S403. 
Phone(S13)2S4-62S1. 174 

VIDEO DISC RECORDER OFFERS VARI­
ABLE-SPEED RECORD/PLAY. Speeds are 
fro m 1 to 60 frames/sec o f fer in g 
f as t/s low-m o ti o n/s to p ac tion o f S70 
fram es . M odel 9108 is ho used in a 
table-top o r rack mo unted chassis that 
contains a constant-contact reco rdin g/ 
playback head , high fidel ity reco rdin g 
di sc and solid -s tate electronics. Front 
pane l co ntro ls se lect sam e speed 
recording and playback, as well as fas t 
reco rd ing and slow playback o r vice 
versa, enabling a wid e ran ge of effects. 
$18,000. MOXON INC./CTS D IV. 2272 
M ic hel so n Dr ., Irvin e , CA 92664. 
Phone(714)833-2000. 175 

MORE POWERFUL TESTER FOR DIGITAL 
ICs. Model 3200 is designed primaril y fo r 
incoming inspectio n and evaluatio n of 
semiconducto r devices used by elec­
troni c equipment manufacturers. Its new 
techniques and test pattern allow fas t, 
th orough exercis ing o f ve ry complex 
digital ICs. Test frequency is 200 kHz. 
The instrum ent perfo rm s both para­
metric and fun ctio nal tests on DTL , TIL , 
ECL, MOS, CMOS, ROMs, RAM s, SS I, 
M SI and LSI. It accepts dev ices with up 
to 24 pins (expandable to 34 pins). Tests 
incl ude power consumption , fan in , fan 
out , fun ctio n and thresho ld . $42SO. 
Sitek, In c. , 1078 W . Eve lyn Ave., 
Sunnyvale, CA 94086. Pho ne(408)735-
9800. 176 

LOW-COST DIGITAL COUNTER WITH 
LED DISPLAY sell s fo r less than $400. 
M o d el CM 50 m eas ures frequ e ncy , 
frequency ratio and single and multip le 
periods. It also ca n be used as an event 
to talizer . Sensiti vity (1-MO input) is SO 
mV ove r th e entire 5-Hz to 50-MHz 
frequency range . Th e instrum ent's 6 gate 
tim es (100 msec to 10 sec) are deri ved 
from either th e standard 10.000 MHz 
crys tal osc illator o r an optio nal high­
stability TCXO. O peration is from ei th er 
11 5V ac (±10%) o r an extern al 12V de 
source. $399. Analog Digital Research 
Inc. , 1051 Clinton St., Buffalo , NY 14206 . 

177 

HIGH DYNAMIC RANGE LOCK-IN 
AMPLIFIER HAS 100 nV SENSITIVITY. A 
synchronous heterodyning technique 
permits the M odel 186 to measure 
amplitude and phase angle of signals 
obscured by no ise. It handles transient 
noise overl oad s as great as 300 ,000 t imes 
full scale and w ill track drift ing signals. 
Fea tures in clud e bui lt-in low-n o i se 
preamp with cho ice of single-end o r 
di ffere ntial input and built - in low-pass 
filter . Princeton Appli ed Research Corp ., 
Box 256S, Prin ce to n , NJ 08540 . 
Phone(609)452-211 1. 178 

CONTINUOUSLY-TUNABLE SIGNAL 
GENERATOR o ffers AM, FM and pul se 
modulation over the range from 4.S to 
520 M Hz. Frequency readout is on a 
S-digit LED display. Model 7SOA fea tures 
accuracy o f ± 0.0001 % to O. OOS% of 
frequency. The FM , which ca n be used 
independently o r w ith the AM o r pul se 
modulation, has a range o f 0 to 300 kHz. 
Rf output is 1V, automatically leveled to 
within 0.S dB . RFI and leakage meet or 
exceed the provi sions o f Mi l-1-61 61 D. 
Weight is only 27 lbs. $3100. Log imetri cs, 
100 Fo rest Dr ., Greenva le, NY 11 S48. 
Phone(516)484-2222 . 179 
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RF POWER AMPLIFIER FEEDS ANY 
LOAD. All solid-state Model 240L 
supplies up to 40W of linear RF power or 
up to 150W of saturated power. It covers 
20 kHz to 10 MHz without tuning and will 
supply its rated output to any load 
regardless of impedance. (A unique 
feedback circuit instantaneously pro­
tects the output stages from damaging 
transients .) Gain is 50 dB (50.!1 input and 
output impedances) . $1450. Electronic 
Navigation Industries Inc., 3000 Winton 
Rd. South, Rochester , NY 14623 . 
Phone(716)473-6900. 180 

MULTI-CHANNEL ANALOG FILTER SYS­
TEM IS PROGRAMMABLE. System 816 
provides up to 16 filter channels, each 
mounted on a plug-in pc board. Cutoff 
frequencies from 10 Hz to 150 kHz with 
48 dB/octave rolloff may be programmed 
remotely (or locally by front panel 
switches). Remote programming is 
accomplished by TIL levels, and filters 
may be programmed individually or in 
common . Programming delay is less than 
3 msec. Price is $750 for the basic 
cabinet , plus $650 per filter card . 
Rockland Systems Corp ., 230 W. Nyack 
Rd . , W. Nyack, NY 10994. 
Phone(914)623-6666. 181 

DATA SET FEATURES FAST TURN­
AROUND TIME. Model DS4801 has a 
data rate of 4800/2400 bps (strap 
selectable) for multi-drop polled net­
works and point-to-point systems. It 
provides automatic equalization and has 
built-in diagnostic capabi lity. The set 
uses 4-level, single-sideband , sup­
pressed-carrier amplitude modulation . 
The desk top version measures 10 in . H. 
x 20 in . W . x 25 in . D., and the rack 
mount 7in . Hx19 in . W . x 22 in . D. Rixon 
Inc., 2120 Industrial Pkwy., Si lver Spring, 
MD 20904. Phone(301)622-2121 . 182 

Your 
cuse.n1..as•• 
nMwork ~sonly 
an ~dea away! 

CTS CORPORATION, a pioneer in cermet network pack­
aging, HAS WHAT YOU NEED TO SOLVE "CUSTOM" 
RESISTOR REQUIREMENTS! Complete thick film facil­
ities save in-house investments: existing tools speed 
production-cut costs . . . capabilities you can't afford to 
overlook. Resistors and resistor networks are our busi­
ness .. . not just a sideline. 

Whatever your needs, from standarp in-line and DIP net­
works to custom high power/high voltage packages, you 
can rely on CTS experience and know-how. 

Unmatched field reliability, high volume mechanization, 
and over a decade of cermet thick film-technology make 
CTS resistors " the engineers' choice". We have what it 
takes for both standard and custom resistor packages. 
Call on CTS EXPERIENCE ... todayl CTS CORPORATION, 
905 N. West Boulevard, Elkhart, Indiana 46514, Phone : 
(219) 293-7511. 

c TS CORPORATION 
Elkhart. Indiana 

A world leader in cermet and variable resistor technology. 
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COMPUTER PRO DUCTS 

BREAKPOINT REGI STER REDUCES DE­
BUGGING TIME 50-80%. The BPR 2100 is 
designed fo r use w ith the Hewlett-Packard 
21 OOA computer. It may be used fo r soft­
ware debugging where one may breakpoint 
on an instruction or operand and is an in­
va luable aid to deriving software timin g 
measurements or hardware-softwa re debug­
ging where a unique BNC output is used. 
The assembl y incl udes a repl acement CPU 
boa rd, cable and rack-mountabl e switch 
panel. $1 500. America n-As ian Computer 
Serv ices, Inc., Box 5225, San Francisco, CA 
941 01. Phone(415)346-13 40 261 

acters are offered in the 5000 Series di splay 
term inals. Characters are formed on screen 
by a 7 x 9 matri x with green-phosphor 
dots. This large format makes characters 
seem almost like solid strokes instead of 
incf ividual dots. The matri x also permits the 
terminals to di splay the full repertoire of A/N 

characters with ascenders and descenders, 
thus helping to eliminate many common 
recognit ion errors. $3000 and up. Delta 
Data Sys tems Corp. , Woodhaven Industrial 
Park , Cornwelle Heights, PA 19020. Phone 

(2 151639-9400. 262 

MULTIPLE-ACCESS COUPLER DIRECTS 4 
VIDEO TERMINAL OFFERS UPPER/LOWER DATA TERMINALS to 1 or 2 modems. The 
CASE CHARACTERS. Clearer, sharper char- TE-795 has 4 RS-232 terminal input ports 

This newest Telonic 
attenuator, shown full 
• • 51ze, IS priced at 

s7a.oo; 
operates 

overO 
to2 GHz, 

has insertion 
a b ~ loss of only 

.2 dB, IK•lcles .. to 3 
watts of power, and is 
l'ii1 

® (The complete story on Telonic 's new 8120 Series attenuators is available 
" in Data File 8120. Call or write for a copy). 

•Substantial O E M Discounts A1·ai/ab /e 

TELONIC INDUSTRIES, INC. 
2 1282 Laguna Canyon Road • Laguna Beach. California 92652 

teloolc Tel : 71 4 494-940 1 • TWX: 910596-1320 
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th at can direct any 1 of 4 inputs to either of 
2 RS-232 modems. Up to 6 4-wire-audio 
circuits ca n be terminated at a front-panel 
se lector to allow sw itching of a modem to 
any 1 of the standard audio circuits. The 
unit has plug-in pc boards and all inputs 
and outputs are fully buffered (i .e., 1 output 
amplifier serves onl y 1 termin al). Co llins 
Radio Co., 4311 Jamboree Rd. , Newport 
Beach, CA 92663. Phone(7 14)833-0600. 
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LOW-CO ST MATRIX PRINTER ENTERS 
O UTPUT M ARKET. The device w as de­
signed fo r po int-of-sa le systems, va rious 
types of instrumentation, data logging, ter­
minals and business systems. The IPM 130 
prints at a rate of 11 0 cps and ca n be made 
to print any character in any language. Ca­
pacity is 34 characters/ line and 6 lines/ in . 
The 130 accommodates, adjustabl y, many 
standard add ing-machine tapes from 2-9/32 
through 3-3/4 in. w ide and prints in 2 
co lors. $275 w ith O EM and quantity d is­
counts. Victor Comptometer Corp., 3900 N. 
Rockwell St. , Chicago, IL 606 18. 
Phone(3 1 2)539-8200. 264 

PUNCHED-TAPE READER SPECIALIZES IN 
DATA LOADING. The Data Loader is de­
signed fo r O EM punch-tape reader appli ca­
tions requiring reli able reading fo r sequen­
tial b lock-data loading onl y. Data Loader 
operates synchronously at up to 150 cps. It 
is TTL/ DTL/RTL compatible. The self-c lean­
ing LED/photoelectric read head can read 
any standard punch tape with 50% or more 
opac ity. Elec troni c Engineering Co. of Ca li­
fo rni a, 1441 East Chestnut Ave., Sa nta An a, 
CA9270 1. Phone(7 14)547-5651. 265 
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Compact ... reversible ... synchronous. 
These low-cost motors are real workhorses. 
When your constant speed appl ications call for high torque, low 
power or reversibility, consider these miniature permanent mag­
net synchronous motors. They not only conserve space but they'll 
save you money. Low rotor speeds and permanently lubricated 
bearings assure quiet operation and extended li fe, as well . 

Torque at the rotor shaft is .7S oz-in . @ 300 rpm for the 81300 
series (i n the hand). Input power is 1.S watts nominal. Gearing 
gives a choi ce of 92 different speed combinations to 1/360 rpm. 

Series 81400 gives you 2 oz-in . @ 300 rpm at the ro tor shaft. 
Input power is 3 watts nominal. Gear trains available to lower 
output speed to 1 rpm. 

Send for information now! 
A.W. HAYDON CO. PRODUCTS 

Monitor events-track time 
-conserve space! 

Mini events or time indicators for 
important billing or maintenance functions. 
Although they measure only % " square x 11/4" long, these pre­
cision indicators have a clearly visi ble 4-digit readout. They're 
easy to see, yet occupy only a minimum of space. They're non­
resettabl e and tamper-proof - the perfect way to monitor 
elapsed time or events in periph eral s, business machines, pro­
duction machinery or similar electri cal/e lectronic equ ipment. 

Th e Elapsed Time Indicator is furni shed with either front or 
side readout, for surface or through-panel mounting. Available 
for SO or 60 Hz operation. 

The Events Counter comes with the flange-type mount only. 
Count rate is 1200 cpm . It can be suppli ed fo r DC or SO, 60 
or 400 Hz operation at various voltages. Power consumption is 
2.S watts nominal. 

Send for information now! 
A . W. HAYDON CO. PRODUCTS 

I NORTH AMERICAN PH ILI PS CONTROLS CORP. I I NORTH AMERICAN PHILIPS CONTROLS CORP. 
A NORTH AMERICAN PHILIPS COMPANY 

Cheshirn , Conn. 06410 • (2031 272-0301 
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Reed Relays from dry circuit 
to1.5amps 

~,I 

Check into one of the broadest 
reed relay lines available. 
Yo u ca n mee t virtu all y any reed relay requirement fro m 
NA PCC's ex tensive se lect ion of dry and mercury w etted 
types. Sty les range fro m low cost, ru gged open styl es to an 
exclusive, hi gh density memo ry reed with six Fo rm A con­
tac ts th at ca n save up to 45°/o o r mo re in mo untin g space. 
Mini ature types are ava il abl e to interfa ce direc tly with RTL, 
NNIL, DTL o r TTL log ics, compatibl e with 14- termin al du al 
in- l ine ICs. Yo u have a cho ice at NAPCC from a related 
fa mily of reeds, one of th e broades t lines ava il abl e, and at 
competiti ve pri ces o r below . 

Write fo r li teratu re. Today. 
PRI CE ELECTRIC REL AYS 

Mini-sized 
to save 
valuable 
equipment 
space 

A NO RTH AMERICAN PHILIPS COMPANY 
Cheshirn, Conn. 06410 • (203) 272-0301 
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Record"run time"with these resettable 
microminiature elapsed time indicators. 
The only thi ng big about our Series LM49200 Microminiature 
Resettable Elapsed Time Ind icator is t he easi ly readable 
3-digit hourly display. A ll else has been miniaturized includ­
ing the precision hobbed gearing and the aspirin-sized syn­
chronous drive motor used to insure maximum accuracy and 
long life. Measuri ng a scant 37/ 64" sq . x 1-1/ 4" , the indi­
cator is as small as a resettab le ETI could ever hope to be . It 
weighs a mere .75 oz. and takes less than .500 cu . in. of 
equipment space, leaving plenty of room for other needed 
components. Resetti ng? All you need is a standard A llen 
wrench . Operates on 115 V , 60 hz; 1.0 watt maximum power 
input. Accuracy is ± 1% or ± 1 hour, whichever is 
greater . Also available with end readout and a variety of 
mounting configurations. 

Send for information now! 
A. W. HAYDON CO. PRODUC TS 

NORTH AMERICAN PHILIP_s _c_o_N_T_Ro_ Ls_c_o_ Rr._. _) I NORTH AMERICAN PHILIPS CONTROLS CORP. I 
A NORTH AMERICAN PHILIPS COMPANY 

Cheshi,e. Conn. 06410 • (203) 272-0301 
A NORTH AM ERICAN PHILIPS COM PANY 

E. Church & 2nd St.· Frederick . Md . 21701 · (3011 663 · 51 41 
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OPEN-LINE 
REED RELAYS 
Quality Engineered at Low Cost 
Broad Line . .. From Distributor Stock 
An exceptionally high quality line of Form A and Form C open 
frame reed relays - with up to 6 contacts (Form A) and 
4 contacts (Form C) per relay! Available in standard 
coil voltages 5 to 48 VDC ... Capable of switching 
up to V2 amp, 250 VDC (Form A) or 114 amp, 28 
VDC (Form C). Only .350" high by 1.125" long, 
with terminals on .l" or .15" grid spacing. 
Electrostatic and electromagnetic shielding 
optional. Top performance at low cost ... 
Tailored to fit your cost/ environmental 
requirements. 

Phone, wire or write. 

ELEC-TROL, INC. 
26477 N. Golden Valley Road 
Saugus, California 91350 
(2131788-7292 
TWX 910.336-1556 
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ins ee 
a better source for your thin gauge 
NICKEL/MON EL® ALLOY 400/CDA 194 
When quality and uniformity are critical to the rel iability factors of your 
semiconductors , connectors, lead frames, bases and cans, you can specify 
Th insheet with complete confidence. Our facilities , qual ity contro l, and 
reputat ion are the finest. Th insheet now supplies Nickel 200, 233, 270, 
Monel Alloy 400, and CDA 194 in gauges from .025" to .001 " . Widths from 

1.4" to 25" . Thinsheet also supplies thin 
gauge copper, brass, phosphor bronze, 

nickel silver, sta inless steels, alum inum 
and tin coated metals. Deliveries 

are prompt, in many areas direct 
with our own fleet of trailer trucks. 
Write for literature or phone 
(203) 756-7414 (in Newark, N.J. 
area direct line on 642·1624). 
The Thinsheet Metals 
Company, Waterbury, 
Connecticut 06720. 

® Monel is a registered trademark of the International Nickel Company, Inc. 
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COMPUTER PRODUCTS 

ADD-ON CORE EXPANDS HP COM­
PUTER MEMORIES. Model 72001 Series of 
add-on core memory is available in 7 sizes 
with the capabi lity of expanding the 
HP2100, HP2114, HP211S and HP2116 
memory capac ities to 32,S36 words. The 

Mode l 72001 Series are priced as low as 
2~/bi t and are availab le in 4, 8 , 12, 16, 20 

and 28k, permitti ng combi nations of HP 
and DSS memory tota ling 32k words. This 
extension memory is complete ly hardware 
and software transparent to HP computers. 
Digital Systems Services, P. 0. Box 1239, 
Mt. View, CA 94040. Phone(41 S)968-42S7. 
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MOVING-HEAD DISC FOR OEM MAR­
KET. Designed as a PDP-11 add-on, the 
Data Miserr"' 110 inc ludes all d igital intE;r­

face electronics (disc is sea led in dustproof 
enclosure), 1.2S mil lion words of storage 
wi th an average access time of 7S msec and 
a data transfer rate of 10 µ.sec/word. It re­
quires less than 1 OOW of power and has an 
operating temperature of SO to 100°F. At 
S- 1/4 in . high , it fits into a 19-in. rack and 
weighs less than SO lbs. $19SO in single 
quantity. International Memory Systems, 
14609 Scottsda le Rd. , Scottsdale, AZ 
8S260. Phone(602)948-2120. 267 

FFT PLUGS IN. The plug-in hardware Fast 
Fouri er Transform processor Model 
306/H FFT Code 1 plugs into the Nova 800 
Jumbo COQlputer or other Data General 
computers on request. It is capable of per­
fo rming the forward or inverse FFT of 16 to 
16,384 real poin ts with a full 16-bit process­

ing accuracy. Typica ll y, the basic complex 
Fou rier tra nsform of S 12 complex points 
takes 9.S msec w hen the 306/HFFT Code 1 
is used with the Nova 800 computer. $1S,-
200. Elsytec, Inc., 212 M ichael Dr., Syosset, 
NY 11791 . Phone(S 16)364-0S60. 268 
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Unitrode's UPT Power Switching Transistor series offers representative. For the one closest to you , dial (800) 
the optimum com bi nations of price and performance from 645-9200 toll free, or in N.Y. State (516) 294-0990 collect. 

0.5A to 20A, and up to 400V in 3 package types. Choose For immediate action on any specific problem, call Sales 
from 100 different transistor types for more efficient and Engineering collect at (617) 926-0404, Unitrode Corporation, 

simplified circuit design in power supplies, switching regu- Department10Z, 580 Pleasant Street, Watertown, 
lators, inverters, converters, solenoids, stepper motors Massachusetts 02172. 

and other inductive load driving applications. They're avail- For specific data sheets containing full characterization 
able off-the-shelf from your local Unitrode distributor or of devices check the table/coupon below. ·----------------------· Unitrode Corporation Dept.10 z , 580 Pleasant St. , Watertown, Mass. 02172 I Please send data sheets on specific (j;-Line Power Switching Transistor series checked below. I 

~~eek 100 Qty 100 Qty 

I 
I 
I 
I 

Here 

0 

0 

0 

0 

0 

I Name: 

I Co.: 

I City : 

le 

0.5ADC 

!ADC 

2ADC 

3ADC 

Y CER 
SERIES/ 
PACKAGE 

up to 400V UPTOll -T05 
UPT021 -T066 

up to 150V UPTll 1 -T05 
UPT121 -T066 

up to 150V UPT211 -T05 
UPT221 -T066 
UPT311 -T05 up to 400V UPT321 -T066 

up to 400V UPT521 -T066 
UPT531 -T03 

t • • t.11 prices each 

50ns 400ns $1.02 to 
2.30 

IOOns 250ns 0.83 to 
1.86 

130ns 300ns 1.08 to 
2.42 
1.25 to 200ns 800ns 2.73 

200ns 900ns 2.30 to 
3.80 

Check SERIES/ 
Here le Ye ER PACKAGE 

0 up to 150V UPT611 -T05 
UPT621 -T066 

5ADC UPT721 -T066 0 up to 400V UPT731 -T03 

0 up to 150V UPT821 -T066 
UPT831 -T03 

IOADC 
0 up to 400V UPT931 -T03 

0 15ADC up to 150V UPT1021-T066 
UPT1031-T03 

0 20ADC up to 150V UPT1131-T03 

Title : 

Address : 

State : 

Telephone: 

t.. 

250ns 

250ns 

250ns 

500ns 

450ns 

300ns 

Zip : 

to ff prices each 

550ns $1.25 to 
2.72 
3.38 to 800ns 5.43 

550ns 3.14 to 
5.05 
7.67 to 1200ns 13.92 

350ns 3.69 to 
5.93 

600ns 4.52 to 
6.91 

I 
I 
I 
I 
I 
I 
I ·----------------------· [1W s,. EfM '""'" 48ll0 '"' EBG Som;oood"t°'' S"ti'" foe moco oomploto pmdo<t H•ti•g 

U N IT R 0 DE quality takes the worry out of paying less. 



The new Hickok 3420 is different: 
it's a full 5-digit counter to 20 MHz 
and it also measures DC/ AC voltage 
from 10 µV to 1 kV, and resistance 
from 10 mo to 10 Mo with 4-digit 
resolution. Frequencies are measured 
to 0.01-Hz resolution, accurate to 
1x10-& for 1 year. Sensitivity of 
100 mV and the 20-MHz bandwidth 
make the 3420 useful In logic circuitry 

and communications systems 
testing. Internal rechargeable battery 
Is optional. Price, only $750. 

HICKOK 
the value innovator 
Instrumentation & Controls Divl1ion 
The Hickok Electrical Instrument Co. 
10514 Dupont Ave.• Cleveland, Ohio 44108 
(216) 541-8060 •TWX: 810-421-8286 

S·di9it counter & 4·di9it 
multlmebHlnOH 

Circle No. 10 

The new Hickok 5310 gives you high 
performance at a low.price -
performance like ultrastable trig­
gering to 15 MHz, 5 mV/cm sensitivity 
and full overload protection. Even 
for low repetition rate signals, the 
CRT display Is clear and sharp 
because of the high accelerating 
potential and P31 phosphor. For 
broadcast work, the 5310 has an 

easy-to-use automatic VITS 
capability. Also, trace invert and 
beam finder. 

HICKOK 
the value innovator 

Instrumentation & Controls Division 
The Hickok Electrical Instrument Co. 
10514 Dupont Ave.• Cleveland,Ohlo 44108 
(216) 541-8060 • TWX: 810-421-8286 
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COM PUTER PRODUCTS 

DESIGN. The Series 200 printer allows 
plug-in options to be added as required. 
Maintenance is as simple as unplugging a 
malfunctioning module and plugging in its 
replacement. The printer operates asyn­
chronously at speeds up to 240 cps. Printer 
speeds are switch selectable with rates be­
ginning at 75 baud. Character recognition 
includes 128 standard ASCI I characters. The 
printing of 96 upper- and lower-case char­
acters is accomplished through the use of a 
7 x 9 dot matrix. SCOPE DAT A Inc., 5870 
S. Tampa Ave. , Orlando, FL 32809. 
Phone(305)859-1410. 269 

PRINTERS INTERFACE W ITH INTELLI­
GENT TERMINALS. The Model 3486 print­
er can print 300 lines/min. for a full 132-
character line or 600 lines/min for a 72-
character line. The contents of 2 cassette 
tapes resident in the Model 340 intelligent 
terminal (400,000 characters) can be print­
ed in less than 10 min. on pin-fed, 18-in. 
wide forms. The 80 cps Model 3481 printer 
is designed to handle medium-speed print 
applications. Both models are capab le of 
printing 1 origina l and 5 copies. Sycor, Inc. , 
100 Phoenix Dr. , Ann Arbor, Ml 48104. 
Phone(313)971-0900. 270 

HAND-HELD U NIT TESTS M ODEMS. A 
number of tests can be implemented by the 
7914A data-set tester to isolate equipment 
failures or evaluate system performance. It 
can be operated in synchronous or nonsyn­
chronous systems and in the simplex, half­
duplex , or full-duplex modes. Data rates 
may be 150, 300, 1200 or 1800 bps in non­
synchronous applications; up to 9600 bps 
for synchronous applications. The 7914A 
provides a WECO 914B-compatible 63-bit 
pseudorandom pattern and mark-hold, 
space-hold or dotting patterns for perfor­
mance-evaluation applications. Hand­
shaking functions can also be exercised. 
$495. Tele-Dynamics, Div. of AMBAC In­
dustries, 525 Virginia Dr., Ft. Washington, 
PA 19034. Phone(215)643-6161. 271 
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resistor 
now available 
off-the-shelf 
Pull ups 
terminat rs, .:--.­
in popular 

200 values. 

Now our most popular thi.ck-film 
resistor networks are ready and 
waiting, in quantity, at your A-B 
electronics distributor. Pull-up 
networks and terminator net­
works with tolerances of +2% 
in popular values from 68 ohms 
to 22K ohms. All in compatible 

Actual Size 

EC73-3 e Allen -Bradley 1973 

14 lead .300 series DIP's. Or if 
you need something special we 'll 
quickly custom design any cir­
cuit that'll fit into a 14 or 16 lead 
DIP. And we mean quickly. Over­
all specs include: absolute toler­
ances to +.5%. Tracking +so · 
ppm/°C (and lower). TCR to 

Circle No. 77 

+100 ppm/°C. Write for free 
technical publications 5850 and 
5851 . Allen-Bradley Electronics 
Division, 1201 S. Second St., Mil­
waukee, WI 53204. Export: Bloom­
field , NJ 07003. Canada: Cam­
bridge, Ontario. United Kingdom: 
Jarrow, Co. Durham NE32 3EN . 
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Design in Elmwood's fast, de­
pendable snap-acting thermo­
stats ... artery to more reliable 
temperature control. Some are 
available for "world-trade" appli­
cations with U.L , CS.A and 
European listings. Many offer a 
choice of narrow or wide differen­
tials to minimize cost. All are pre­
set, tamperproof, and 100% 
checked for years of trouble­
free periormance. Phone, TWX, 
or write for prototypes, specs 
and prices. 
ELMWOOD SENSORS, INC. 

1663 Elmwood Ave . 
Cranston , R. I. 02907, U.S.A. 

Phone (401 )781 -6500 
TWX 710-381 ·6413 
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COMPONENTS/MATERI ALS 

HERMAPHRODITIC CONNECTORS MATE 
WITH EAC H OTHER. A 6-contact bisexua l 
connector, the first in a family of stackable, 
snap-together interconnect packages has 
been developed for prototype design and 
limited production run s. The connector's 
unique des ign consists of a single connector 
that houses both 3 male and 3 female con­
tac ts. The individual units ca n be mated 
with each other face-to-face. The 233 Series 
connector can be used as a single connector 
or can be stacked with as many modules as 
needed. Amphenol Industrial Div., 1830 S. 
54 th Ave., Chi cago, IL 60650. Phone 
(3 12)652-1220 213 

REFLECTI VE LIQUID-CRYSTAL DI SPLAYS 
REQUIRE NO BAC KLI GHTING. The Seri es 
1603-02 is a 3-1 /2 decade liquid-crystal 
di splay with 4 floating decimal points and 
an overflow (±0. 1) (0.0-9) (:0-9) (0.0-0.9). A 
co lon is incorporated in the di splay for ad­
ditional app lication advantages such as 
clocks. Rated voltage is 24V p-p (l 5-40V 
range) at 20 µ,W per segment. Contrast ratio 
is at leas t 15: 1 w ith a minimum life of 10, 
000 hrs at rated voltage. $2 1.50 in single 
quantity; $8.50 each in 1000 quantity. In ­
dustrial Electronic Engineers, Inc., 7720 
Lemona Ave. , Van Nuys, CA 91405. Phone 
(2 13)787-031 1. 214 

LEO DISPLAY UTILIZES ELD. With the en­
capsulated light diffusion (ELD) process the 
Data-Lit 700 Series uses 85% less ga llium­
arsenide phosphide (GaAsP) materi al than 
standard 7-segment di splays while improv­
ing visibility. The ELD technique allows use 
of onl y a single LED per segment to reduce 
cost and lower power di ss ipation . ELD is 
di stinguished from present " li ght pipe" 
techniques in that a single molding process 

produces an array of 8 integrated li ght-d if­
fusing channels and substrate encapsula­
tion. 100-999 price: $3.25 . Litronix Inc., 
19000 Homestead Rd ., Cupertino, CA 
Phone(408)257-7910. 21 5 

TRANSFORMERS TRIGG ER SCR/TRIACS. 
Four primary functions are performed by the 
Series 7330 transformer group. At a speci­
fied voltage level, they suppl y the required 
current to activate an SCR. In addition to 
providing iso lation between c ircuits and 
180° phase reversa l in full-wave c ircuits, 
their leakage inductance ca pability mini ­
mi zes potentially damaging sw itching 
spikes . $2. The Potter Co., a Div. of Pemcor, 
Inc., 10441 Rose lle St., San Diego, CA 
92121. Phone (7 14)453-66 10. 216 

DIP TRIMMER FOR AUTOMATIC INSER­
TION . The Model 86P DIP cermet trimming 
potentiometer offers total res istance and set­
ting stability with typica l change less than 
0.5% during the first thousa nd hours of op­
eration. Change is progressively less, per 
thousa nd hours, thereafter. The cermet ele­
ment permits settings to within 0.05% of a 
desired voltage. $1.61 each ( 1000-1999 
quantities). Helipot Div. , Beckman Instru ­
ments, Inc., 2500 Harbor Blvd., Fullerton, 
CA 92634. Phone (7 14)87 1-4848. 21 7 

DIP-TYPE ROTARY SWITCH HAS 16 PINS 
and houses 4 cam operated form "C" 
sw itches. The ca m itse lf is binary encoded 
and can be rotated to the desired setting in 
either direction. The fully enc losed design 
provides environmental protection for the 
go ld plated phosphor bronze contacts. Con­
tac t res istance is less than 50 mO pin-lo-pin 
and with a 100 mA res istive load . Contacts 
are rated at 28V de. Life expectancy exceed 
2000 cam revolutions. The 16-step bidirec­
ti onal cam provides BCD and BCD co?1ple­
ment outputs. AMP Inc., Harri sburg, PA 
17105 . Phone(717)564-0101. 218 
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TEST SOCKETS FOR DIPs. This design can 
be used for testing 14- thru 40- lead standard 
dual-in-lines and the new side brazed pack­
ages, without carriers. Unlike some "zero 
insertion force" sockets, the LMC # 2748 
Seri es incorporates excellent contact w ip­
ing action, wi th durable spring quality, to 
maintain easy insertion and withdrawa l of 
the device. Contacts are easily repl aced, 
thereby extending socket life. Temperature 
range is from - 65°C to +300°C continuous 
operation . Lorangor Mfg. Corp., P. O. Box 
948, W arren, PA 16365. Phone (8 14)723-

8600. 219 

PUSHBUTTONS FEATURE RIGID CON­
STRUCTION. Some of the pertinent features 
of the POl-042 (4-po le) and the POl -062 
(6-po le) pushbutton sw itches are no shaft 
wobble, perfect shaft ali gnment and rugged 
tank-li ke construction. There are 5 d ifferent 
terminal types ava ilab le such as solder lu g, 
pc, w ire-wrap or space-saver terminals. 
Both dry-c ircuit and power-type terminals 
are available up to 4A, 125V ac. Also, both 
momentary and push-push actuation is of­
fered. UID Electronics Corp., 41 05 Pem­
broke Rd., Holl ywood, FL 3302 1. Phone 
(305)98 1-1211. 241 

Now there's a 
big name in miniatures. 

It's Raytheon. And you know 
~ 

with Raytheon on a mini-
ature switch you get 
quality, dependability 
and most important -
availability. Popular 
toggle, push-button, 
proximity, rotary and 
rocker-type designs 
carry the Rayswitch 
name and Raytheon's 
reputation for 
excellence in 
electronics. 

Whatever your application, 
from test equipment to 
computer peripherals, 

there's a Rayswitch for 
your panel. Switch to the 
big name in miniatures. 

Call your Raytheon 
representative. Or fora 

FREE copy of our 
Rayswitch catalog 

write Raytheon 
Company, Fourth 

A venue, Burlington, 
Mass. 01803. 

c:AYTHEO~ 
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TEMP·R-TAPE: 
GREAT ELECTRICAL 
PROPERTIES 

PLUS 
MOST ANYTHING 
ELSE YOU MIGHT 
WANT IN A TAPE. 

Like high tensile or tear 
strength; excellent abrasion, 
thermal , and chemical 
resistance; exceptional 
dimensional stability; 
excellent conform ability; and 
a low-friction, easy-release 
surface. Because 
Temp-R-Tape® is a complete 
tape "family" available in a 
variety of materials like 
polyester, polyester/rope 
paper laminate, Teflon*, 
Kapton*, and fiberglass. 
Supplied with thermosetting, 
silicone , or acrylic pressure­
sensitive adhesive . 

Find your CHR distributor in 
the Yellow Pages under 
"Tapes, Industrial" or in 
industrial directories. Or 
write for details and sample. 
The Connecticut Hard Rubber 
Company, New Haven, 
Connecticut 06509. 

•T.M. of DuPont 
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Dual visual 
recognition 
switches with 
versatility and 

economy­
that•s yankee 
ingenuity. 
Switchcraft 's unique and highly 
versatile DVR Switches give you the 
advantage of advanced DUAL VISUAL 
RECOGNITION . When the pushbutton 
is " out, " the black color band 
contrasts with the recognition cap; 
in the " in" posit ion , only the colored 
recognition cap shows. It means 
we've made it easier to see the 
switch posit ion , eliminating false 
indications. 

Th is kind of advanced "human 
engineering" -plus its low cost­
makes DVR ideal for applicat ions in 
EDP, computer systems and 
peripheral equipment, sound and 
communications equipment, and 
telephone equipment. You get 
reliab ility and economy in one 
little package. 

DVR Switches in either momentary or 
push-lock/ push-release functions 
offer up to 4 -C switch ing. Standard 
si lver-plated, U-shaped bifurcated 
sliders are rated at 0.5 amp D.C. , or 
3 amps A.C., 125 V non-inductive 
load are ideal for dry circuit use. An 
11 amp power module is offered with 
1-C switching (depth: 1%i") , plus 
additional 1-C or 2 -C of standard 
bifurcated switching (depth : 2 )1'2" ). 

Solder lug terminals are standard ; 
P.C. or wire wrapping terminals are 
available. DVR switches mount in a 
single 1%2" ho le and offer a variety of 
colors, styles, mounting hardware 
and legends. 

Only Switchcraft-and a little Yankee 
Ingenuity-gives you all this for so 
little . Contact your Switchcraft 
Representative or Switchcraft, 
5555 N. Elston Avenue, Chicago, 
Illinois 60630. 
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COMPONENTS/MATERIALS 

SIMPLIFIED He-Cd LASER OUTPUTS 10 
mW of power at the 44 1.6 nm wavelength 
(visible blue). The Model 90 uses a cad­
mium ring implanted in the bore as the 
metal-vapor source. The de discharge va­
porizes and excites the cadmium which is 
ca taphoretically transported from the anode 
to the cathode region . The integral mirrors 
are mounted directl y on the resonator. A 
quartz resonator-support structure provides 
long-term power stability. Las ing action is 
obtained w ithin 2 min. after turn-on and full 
power is obtained within 8 min . Coherent 
Radiation, 32 10 Porter Dr., Pa lo Alto, CA 
94304. Phone (41 S)493-2 l l l . 242 

TORQUE MOTOR DESIGNED FOR 
FLIGHT CONTROL. The small size and 
hi gh response of the de torque Model 43 1-
07 pa rti cularl y suits it fo r use in remotely 
piloted vehic les. The motor produces 160 
oz- in. of torque, yet weighs onl y 17 ozs. 
Torque- to-power ratio requi res onl y l 30W 
at peak torque. Just 2.8 12 in . in diameter 
and 1 in . long, the large l.D. of the panca ke 
shaped motor can be applied directly to, or 
around, hubs and shafts attached directl y to 
the load, thereby eliminating gear trains and 
associated backl ash problems. Magnedyne, 
Inc., SS80 El Camino Rea l. Ca rlsbad, CA 
92008. Phone (7 14)729-7 191. 243 

FERRITE BEADS AVAILABLE ON TAPE. A 
Ceramag" ferrite bead for the suppression of 
transient no ise signals in electronic circuitry 
is now ava ilable on lead tape. The sa me 
equipment which can handle automatic 
insertion of ax ial-lead components can 
handle thi s fe rrite bead. The bead is 0. 138 
in . ±0.008 O. D. and 0. l 7S in . ±0.010 long. 
Ferrite beads offer a simp le way to obtain RF 
decoupling, shielding and parasit ic suppres­
sion w ithout sac rifi c ing low-frequency 
power or signal level. Stackpo le Carbon 
Co., Electroni c Components Div., St. Marys, 
PA 1S8S7. Phone(814)78 1-1234 244 

MAGNETIC SWITCH HANDLES HIGH 
INRUSH LOADS without contact protec­
tion. The axia l travel switch is a hermetica l­
ly sealed , magnetica ll y actuated device fea­
turing semi -prec ious metal contacts and 

snap-in fuse-cl ip mounting. The ATS-6000 
is avai lable in SPST - N.O. and N.C. ver­
sions capable of speeds up to 60 Hz. The 
N.C. version of the ax ial switch does not 
require a bi as ing magnet thus elimi nating 
fine magneti c adjustment. Total switch re­
sistance is 0.6!1 max. at j ust operate. Oper­
ate time is 4.0 msec including co il lag time. 
Gordos Corp., 2SO Glenwood Ave., Bloom­
field, NJ 07003. Phone (201 )743-6800.245 

PHOTOMULTIPLIER TUBE DETECTS 
LASERS. The 10-stage photomulti plier tube 
w ith S-20R (extended red) spectral response 
has a useful photoca thode diameter of 32 
mm and is intended for use in the red and 
near IR regions, espec iall y in detection sys­
tems fo r He-Ne and ruby lasers. The 
PM2007 has a gain of 1 Qfi at l 600V, with 
typi ca l radiant sensitiv ity of 2S mA/W at 
700 nm and 8 mA/W at 8SO nm. The spec­
tral response peaks at S80 nm with a typica l 
radiant sensitivity of 30 mA/W . Amperex 
Electronic Corp., Scientifi c and Resea rch 
Products, Hicksv ille Div., Hicksville, NY 
11 802. Phone (S 16)93 1-6200. 246 

TINY FILTERS OFFER HIGH INSERTION 
LOSS. These low -pass Button EMl/RF I fil ters 
are ava il able in 2 seri es : the 20SO Seri es for 
reduction of RF interference over the enti re 
temperature range (-SS°C to + l 2S°C); the 
lOSO Series for use where va ri ations in per­
fo rmance w ith temperature change are not 
criti ca l. Insertion loss of up to 70 dB a t 1 
GHz is standard in SO, 1 00, 200 and 300V 
de and 11 SV ac ratin gs. All units are rated at 
1 SA de max. The case is less than O.SOO in . 
long with a 1 /4-28 U NF-2A threaded end. 
$4 in production quantities. USCC/CEN­
TRALAB, 21Sl N. Lincoln St., Burbank, 
CA 91 S04. Phone (2 13)843-4222. 247 

MINI CRT FOR DATA DISPLAYS. The 1. S­
in . CRT data-di spl ay devi ce, the " nimo 64", 
has 64 independent guns which displ ay an 
alphanumeric character up to 0.6 in . high or 
complete message of up to 3 lines of 6 char­
acters. The nimo requires onl y a half dozen 
TTL packages for simple and inexpensive 
interfac ing to complete the display package. 
1000 qty. pri ce is $38.SO. Industri al Elec­
tron ic Engineers, Inc., 7720 Lemona Ave., 
Va n Nuys, CA 9140S . Phone (2 13)787-
03 11 . 248 
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Delay lines 
You name it. We've got it. • 

Impedance 
Zn Total No. Rise 

Catalog (ohms Delay of Delay Time 
Number ±10%) (ns ±5%) Taps Per Tap .(ns max) 

9822 50 100 10 10 17 
9823 50 125 10 12.5 21 
9825 100 100 10 10 17 
9826 100 125 10 12.5 21 

. 9827 100 150 10 15 25 
9828 100 200 10 20 34 
9829 100 250 10 25 42 
20410 100 10 4 2.5 4 
20411 100 20 4 5.0 7 
20412 100 30 4 7.5 10 

Now you can choose from the broadest selection of 
DIP Delay Lines ever. 

Available today from quantity stock at any PULSE 
ENGINEERING regional office in the United States and Europe. 
Featuring: 

• Fast rise time and low distortion 
• Total delay 10 ns to 250 ns 
• Delay per tap 2.5 ns to 25 ns 

Order today and send for our free product line catalog. 

Pul•• 
En"!fl••l"lng 

' Inc. 

A Varian Subsidiary 

Pulse Engineering, Inc. 

P.O. Box 12235 •San Diego, Calif. 92112 
Phone 714-279-5900 • TWX 910-335-1527 

Circle No. 29 

Reedacs are the triac switching devices that con­
quered the "bug" of permature triac failures. Of­
fered in a wide selection of sizes and types. Octal 
plug-in to DIP. Hybrid or Photo-coupled input. 
Synchronous or random turn-on output. Switch to 
240 VAC and 40 amps. For complete technical 
specifications, write or call us. Or see your 
Grigsby-Barton representative. 

Circle No. 56 

Tansitor 
means Tantalum 

Capacitors. 

TANSITOR 
tl53CL321 
320MFD­

g 11 

We're the speciali sts. The firm 
that offers you a full line of 
wet, foil and mi niature solid 
tantalum capacitors. The right 
capacitors for your specifica­
tions ... at the right price for 
your budget ... and the right 
delivery schedule. For tantalum 
capacitors that meet your 
expectations . . . count on your 
first choice . Tansitor. 

For more informatio n call your 
Tansitor Representative or contact : 

•t• T~u~!!~r 
DIVISION OF AEROTRON . INC 

West Rd., BenninMon, Vt. 05201 • Phone: (802) 442·5473 • TWX: (710) 360-1782 
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lntronics 
multiplies 
your design 
I lexibility 
with low-cost, high accuracy 
M530 IC multiplier/dividers 
lntronics IC multiplier/ 
dividers provide the ~ 
packaging flexibility ~ ~,. •''-•l 
you need when ~-
space is at a --
premuim. These ~ 
low-cost, fully self­
contained, four-quadrant monolithic 
devices are capable of 

multiplication ~6 , 

division 1oz 
Y ' 

squaring X2
, 

10 
and square 

rooting v'1 OZ, 
and feature high accuracy to 

0.5% with excellent 
stability and a wide 
bandwidth of one 
megahertz. Prices 
start as low as $20. '1-

Applications include: 
modulation and demodulation, phase 
detection and measurement, ratio 
measuremeht, power measurement, 

function generation 
and frequency 
discrimination. 

'''II""""""''-- ~ Write for com-
. plete applications 

: : ' · ~information in our 
~ designer's guide, 
~ "Optimizing Analog 

Multiplier Performance." 

When you 're in a tight spot specify 
lntronics M530 IC multiplier/ dividers. 

@ 
Intro Dies 

57 Chapel Street, Newton, Massachusetts 02158 U.SA 
617-332-7350, TWX 710-335-6835 

Overseas, call , 
Belgium 35-97-91 
Finland 11 -123 
France 270-2255 
Germany 524181 
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Israe l 53459 
Italy 719-518 
Japan 279-0771 
Netherlands 678380 
Un ited Kingdom Ma idstone 54224 

Circle No. 58 

! SEMICONDUCTORS 

MOS/LSI PARALLEL-PROCESSING SYS­
TEM OFFERS FLEXIBILITY. Rockwell 's PPS 
performs the arithmetic and logic functions 
of a 4-bit parallel microprocessor. It is based 
on a 1-chip CPU contro lled by ROM micro-
programming and possesses its own 1/0 
capabi lities. Predesigned, compatible 
MOS/LSI ci rcuits-ROM/RAM, ROM, 
RAM, 1/0 and a crystal control led clock 
generator circuit -enable equipment de­
signers to implement unique systems. Paral-
lel bus design (dual 8-bit data bus ; expand­
able 12-bit address bus), time shared multi­
plex ing and unique 4-phase techniques 
achieve a PPS instruction and execution 
cycle time of S µ sec North American Rock­
well Microelectroni cs Co., P.O. Box 3669, 
3430 Miraloma Ave., Anaheim, CA 92803. 
Phone(7 14)632-232 1. 184 

DUAL-TRACKING REGULATORS HAVE 
LOW DRIFT. RC419S units deliver ± 1 SV 
outputs that track within SO mV, Line regu­
lation is 2 mV, load regulation is S mV and 
drift is on ly O.OOS %/°C The new ci rcuit wil l 
source 100 mA at each output and requires 
only two bypass capacitors. It also provides 
thermal shutdown that inhibi ts the regula­
tor's operation at junction temperatures 
excedding 17S°C The 419S circuit is avai l-

' able in a mini -DIP that dissipates 600 mW, 
the TO-S 900 mW, and the T0-66 2AW 

1 (9W with a heat sink at 2S 0
() . Raytheon 

Semiconductor, 3SO Elli s St, Mountain 
View, CA 94040. Phone(41 S)968-921 L 

185 

IC CONVERTS TTL LEVELS TO MOS. The 
SN7S3 6S accepts standa rd TTL/ DTL input 
signals and provides output levels su itab le 
for driving address, control and ti m ing of 
the 1103, the 4062 and other MOS RAMs. 
Features include h.igh-speed switching and 
low standby power dissipation. There are 
two common enable inputs per gate pair. 
This driver operates from a SV TTL power 
supply and from two MOS supplies, a nomi -

nal 20V Vss and 24V v,,w Maximum volt­
ages are 22 V for Vss and 27V for v,,,,, Texas 
Instruments Inc , P.O. Box S012, Dallas, TX 
7S222. Phone(214)238-374 L 186 

64-BIT ECL MEMORY HAS 14-nSEC AC­
CESS TIME. The 9S400 is a RAM organ ized 
as 16 words of 4 bits. It features fully decod­
ed 4-bit address capabi lity, SO-line drive 
ca pacity, and provision for wi red-OR out­
put connections. Price of the memory in a 
16-pin ceramic DIP package in 100 to 999 
quantities is $20. Fai rchild Corp., Semicon­
ductor Components, 464 Ellis SL , Mountain 
View, CA 94040, Phone(41 S)962-3816. 

187 

AUDIO AMPS ARE FULLY PROTECTED. 
TBA810S, when powered by 14A V, del iv­
ers 6W into a 4.!1 load. At this vo ltage there 
is total protection agai nst short circuit and 
accidenta l overload . Complete therma l pro­
tection automatica lly limits output power in 
the event of an undesi rable rise in junction 
temperature. The TBA810S is supplied in a 
12-lead quad in-line plastic package with 
external cooling tabs designed to fit a pc 
board. A version with flat, pierced tabs for 
the attachment of external heatsink is desig­
nated TBA81 OAS. Price (for 1 00-999) is 
$3 .00 ea. SGS-A TES Semiconductor Corp,, 
43S Newtonville Ave., Newtonvi l le, MA 
02160. Phone (617)969-1610. 188 

SCHOTTKY MULTIPLEXER ADDEO TO 
TTL PRODUCT LINE. A hi gh-speed Schott­
ky version of the 93 12 TTL 8-input multi ­
plexer is simi lar in operat ion, but typical 
address-to-output delay time is reduced to 
12 nsec, compared to 2S nsec for the stan­
dard unit Either multiplexer provides in one 
package the ability to se lect one bit of data 
from up to 8 sources. Pricing (for commer­
cial temperature range devices in a 16-pin 
ceramic D IP package) is $6.SO in 100 to 
999 quantities. Fairchild Corp. , Semicon­
ductor Components, 464 El l is St, Mountain 
View, CA 94040. Phone(41 S)962-38 16. 
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HERE'S THE INSIDE STORY 
of ATOM ICLAD® 11 

to prevent 
corrosion 

Metallurgically 
bonded to 

Gibson Electric's "Silver Saver" 
COMPOSITE CONTACT RIVETS 

Full Contact Surface Area 
The proper 
thickness of 

prevent separation outside corners 

for economy, 
heat dissipation 

Avai I able with 
--- flat or indented 

shaok end 

The new, improved second generation of Gibson Electric 
ATOMICLAD II composite electrical contact rivets are avail­
able in standard and custom sizes and various materials 
to solve your contact problem economically without sac­
rificing dependable performance. 

SEND FOR FREE CATALOG 

AND SAMPLE Gibson 
OF ATOMICLAD ll 's ELECTRIC INC. 

A Subsidiary of GTE Sylva nia 

DELMONT, PA. 15626 
Circle No. 6b 

Introducing 
the expensive 
dual-trace scope 
that doesn't 
cost a lot. 
The B&K Precision Model 1470. 

The compact 5-inch solid-state 1470 is 
specially designed to meet 80% of all your 
scope applications. 

It has DC to 10 MHz bandwidth with 10 mV/cm 

b~~~~~?~~~:+;~r~r::gered$-•waeds raB5nge 

input signals as low as 5mV. 
Sound good? Our prices 

become even more r · 
remarkable once you -

·see our specs. 
Call your B&K 

distributor. Or write 
Dynascan Corporation. 

Very good equipment 
at a very good price. 

/st:I 
Product of 
D_ynascan Corporation 
rno1 West Belle Plaine Avenue , Chicago, Illinois 60613 

Circle No. 68 

the best di9ital .. J 
does cost ~~~~~g~~ICE less Model 6~~~NSTRATION 

2540A1 AL (205) 88J.2530 

St·111 the best buy ~~ N i:~~: ~~~ :~~i~ 
CA s (714) 540·7160 

at $1295 co (303) 449·5294 
CT (203) 527·1245 
FL s (305) 563·8056 
FL N (305) 241 ·4445 
GA (404)457·7117 

+ ' I di' 

... ,, 

5 1/2 -DIGIT 
TRl-PHASIC™ 

' 

MULTIMETER 2540A 1 Autoranging. 

1 µV to 1000 voe. 1 µV to 500 VAC. 
1 milliohm to 12 megohms. DC/DC ratio. 
AC/DC ratio. Isolated BCD output. 

Remote Control. 
Data Precision Corporation 
Audubon Road, Wakefield, Mass. 01880 
~ (617) 246-1600 

"-DATA PRECISION 
... years ahead 

Circle No. 67 

IL (312) 286·6824 
IN (317) 253·2087 
MA (617) 27J.0198 
MO (301) 588· 7790 
Ml (313) 482·1229 
MN (612) 781 ·1611 
MO w (913) 236·6600 
MO E (314) 426·2331 
NC (919) 787·5818 
NJ (215) 925·8711 
NM (505) 265·6471 
NY N (315) 446·0220 
NY s (516) 482·3500 
OH N (216) 24J.7430 
OHs (513) 298·3033 
TXN (214) 234·4137 
TX s (713) 461 ·4487 
WA (206) 767-4330 

QU/CK/E~oNNEcToR .. . 

FOR THE RAPID, RELIABLE TERMINATION 
OF FLAT FLEXIBLE CABLE. 

The Berg QUICKIE, a female connector, simultane­
ously terminates multi-lead flexible round cable without 
pre-stripping. The askewed tines of the contact effect 
a stripping action which terminates virtually any brand 
of cable, regardless of insulation material , in about 
1 O seconds. Design assures redundant electrical con­
tact, and allows for visual inspection before assembly. 
QUICKIE can be used to interface cable on .050" 
centers to .025" square wire-wrapping posts on .100" 
sq. grid. Write for Catalog 125 or call : 
• serg Electronics Trademark 

BERG 
ELECTRONICS 

D1111s1on E I du Pont de Nemours & Co 
,~~llO 

New Cumberland, Pa. 17070 Phone: (717) 938-6711 
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DC·DC 
REGULATED 
POWER 
SUPPLIES 
ONE, THREE 
AND SIXWATT 
The new Tecnetics 1000 Series 
DC-DC Regulated Power Supplies 
are available in one, three and 
six watt models. 

FEATURES 
eversatile built-in heat sink 

emount direct to PC board 

esingle, dual or triple output 
available 

eoverload and short circuit 
protected 

SPECIFICATIONS 

Input Voltages: 
5 VDC (Logic) 

6 ,12 ,24VDC (Battery) 
28 VDC (Aircraft) 
48 VDC (Telecommuni­

cations) 

• Single Outputs from 3.6 to 
24VDC 

• Dual Outputs from± 10 to 
±24 voe 

•Triple Outputs 5 & ± 15 VDC 
or 5 & ± 12 voe 

• Regulation: line 0.1% 
load 0.3% 

• Output Impedance: 
0.02 ohms 
to 10 kHz. 

Price: from $44.00 to $99.00 

For immediate delivery call 
(303) 442-3837 

tecnetics, inc. 
Box 910 
Boulder, Colorado 80302 

tecnetics 
Circle No. 62 
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SEMICONDUCTORS 

OP AMPS FILL PERFORMANCE GAP. A 
general purpose series of op amp units ex­
hibits performance between that of 741-and 
108-type op amps. Improved characteristics 
of the LM 141 /142 series incl ude increased 
slew rate of 2V/µ,sec providing full output­
voltage swing through the audio frequency 
range. Input bias current is reduced to 30 
mA maximum and input offset current to 5 
mA max. The LM 141 series is internally 
compensated and is compatible with exist­
ing designs that use 741, 107 or 1556. The 
uncompensated version, LM 142 is a re­
placement for 101 A, 748 and 777 applica­
tions. Teledyne Semiconductor, 1300 Terra 
Bella Ave., Mountain View, CA 94040. 
Phone(415)329-0810. 190 

6 SOLID-STATE RECTIFIER REPLACE­
MENTS FOR TUBES in certain television 
applications have been added to the ECG 
semiconductor line. Types ECG508/R-3A3, 
ECG509/R-3AT2, and ECG510/R-3 DB3 are 
high voltage rectifiers. ECG5 l l/R-2AV2 is a 
focus rectifier; ECG5 l 2/R-DW4 is a damper 
diode, and ECG51 3 is a 45 kV stick rectifier 
used iri high-voltage applications. The de­
vices are packaged individually with a data 
sheet giving mechanical and electrical rat­
ings and a list of tube types they replace. 
GTE Sylvania Inc. , 730 Third Ave., New 
York, NY 1001 7. Phone(617)890-9200. 

191 

VOLTAGE REGULATOR SERIES IN PLAS­
TIC POWER PACKAGES. The MC7805/24 
series positive voltage regulators can supply 
in excess of l .OA at nominal vo ltages of 5, 
6, 8, 12, 15 , 18 or 24V, as designated by the 
last two digits of the device number. These 
devices have only 3 termina ls: Input, output 
and ground. They require no externa l com­
ponents. Maximum input voltage is 35V on 
all types except for the MC7824 which is 
spec'd at 40V. All 7 are available at $1.75 
ea in 100-up lots. Motorola Inc., Semicon­
ductor Products Div., P.O. Box 20912. 
Phoenix, AZ 85036. Phone(602)244-3466. 
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T·BAR 

Switch 
12·144 

circuits 
altogether 

with 
ONE 
Y.BAR 

Toggle Switch! 

24 PDT 

T-Bar Togg le Switches are designed 
spec ifically for manually switching 

many parallel lines. 8 • 144 pole 
T ~Bar Toggle Switches are available 

in Form A and C contacts. For low 
level switch ing, specify Series 902 
T-Bars with bifurcated contacts for 

high rel iability. 

Off-the-shelf from 
• CRAMER • NEWARK 
• ALLIED • HOLLYWOOD 

For information, write or phone T-Bar, 
refer to distributor catalog or eem. 

.-----"'-"ISWllChiDU 
T·Bar comP~9,tm! 

INCORPORATED 
SWITCHING TECHNOLOGY 

141 Danbury Road, Wilton, CT 06897 
Telephone: 203/762-8351 
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ULTRONIX • ULTRONIX 
• 

>< -z 
0 
a: 
~ 
:::) 

• 
~ z 
0 
a: 
~ 
:::) 

• 
~ z 
0 
a: 
~ 
:::) 

• 

• 

Five 
Reasons 
Wh~ II 
Ma es 

Sense to 
s1eci1J 
U tron1x 
Power 

Resistors: 

• c 
!:4 
JJ 
0 z ->< 
• c 

!:4 
JJ 
0 
z ->< 
• c 
Ci 
JJ 
0 z 
>< 
• c 

!:4 
JJ 
0 z 
>< 
• 
c 
!:4 
JJ 
0 z 
>< 
• 
c 

~ !:4 
Oz P RICE : Available for under JJ 

20c in large quantity lots. 0 
~ O N-TIME-DELIVERY: z 
:...J Two to four weeks standard . X 

• :::) W ATTS : .5 to 12 watt range . 
. c 
~ ENCAPSULATION : C 
Z Coated Silicone -, 

~ R ESISTANCE : .1n to 275ko. ~ 
~ Meets and exceeds MIL-R 26 ~ 
:::) requirements . 

~ ULTRONIXli,Nc. ~ 
z c 
0 

TECHNOLOGICAL LEADERSHIP IN :;: 
PASSIVE COMPONENTS .N 

~ 461 North 22nd St., 0 
!::j Grand Junction, Colo . 81501 Z 
:::) (303) 242-0810 >< 
• Dept. EON e 

XINOl::l.l1n. XINOl::l.l1n 
Circle No. 37 

Staggered fingers 
let case-mounted semi's 

work harder in 
less space 

Now you can safely operate such 
devices as T0-3, T0-6, T0-66, plas­
tics, at many times their bare case 
power rating using our patented 
Staggered Finger dissipaters. We've 

watts in forced air. Why are 
they better? Staggered Finger 

design increases dissipating sur­
face, cuts re-radiation, and pro­

got over 70 different models with dissipa­
tion capabilities ranging from 3 to 35 
watts in natural convection, up to 125 

duces turbulence in forced air. Send 
for catalog. IERC, 135 W. Magnolia Blvd., 
Burbank , Calif. 91502 , a subsidiary of 
Dynamics Corporation of America. 

j I ERC I~ I Heat Sinks 
Circle No. 64 

The only 
1c1i1lo1 catalog 
wilh a bulll-in 
capcdilo1. 

SKT electronics, inc. 
208 S LaSalle Street 
Chicago, Illinois 60604 
312 . 372 - 1465 

Circle No. 65 
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LITERATURE 

DIGITAL DATA ACQUISITION SYSTEM. 
Data sheet 186A describes a high-speed, 
low-level multiplexer/AI D converter, the 
VIDAR 600. This mu ltiplexes up to 1024 
differenti al-input analog signals at rates to 
20,000 cr annels/sec. It accepts input sig­
nals from ± 15 mV to ±8V full sca le and 

automatica lly switches ga in ranges. VIDAR, 
265 N. Whisman Rd., Mt. View , CA 94040. 

249 

BROADBAND POWER AMPLIFIERS. An-
611 8, " 10-, 16-, 30-, and 60-W Broadband 
(620-to 960-MHz) Power Amplifi ers Using 
the RCA-2 N62666 and 2N6267 Microwave 
Power Transistors," describes bas ic broad­
band circuit design. Photographs of assem­
bled modules, schematic diagrams and per­
formance characteri sti cs are included for all 
circuits discussed RCA Solid State Di v., Box 
3200, Somerv ille, NJ 08876. 250 

MULTIPLE-PROCESSOR SYSTEM. The 24-
pg. brochure, describing 3 multiprocess ing 
hardware options for the PDP-11 family of 
computers, contains detailed descriptions of 
the 3 hardware devices, the Unibus switch, 
the Unibus window and the Unibus li nk. 
The comprehensive brochure also high­
li ghts the benefits of mu ltiprocess ing and 
the architecture of the PDP-11 famil y that 
permits integration of PDP-11 central pro­
cessors. Dig i~a l Equipment Corp., M aynard, 
MA01754. 251 

RATIO TRANSFORMERS. An 8-pg. bro­

chure describes " Ratio-Trans" precision 

vari abl e ac vo ltage di viders. These are pro­
vided with certifi ca tes of accuracy showing 
traceability to NBS standards. They are used 

for checking servos, ca librating voltmeters, 
testing computers and for measuring trans­
former turns ratios and the arms of sensitive 
bridges. Sin ger Instrumentation , Los An­
geles Operation, 32 11 S. La Cienega Blvd ., 
Los Angeles, CA 9001 6. 25 2 

11 2 

RFI POWER-LINE FILTERS are desc ribed in 
a 12-pg. catalog. It covers 6 series of filters 
with current ratings from 1 to 60A, and with 
a wide variety of case styles and termination 
arrangements. Complete elec trica l and 
mechanica l information is inc luded along 
with insertion-loss graphs and an appli ca­
tion/se lection chart. CORCOM, Inc., 2857 
N. Halsted St. , Chi cago, IL 60657. 253 

MANUAL SWITCH CATALOG. The 84-pg. 
edition "C" of Catalog 51, Manual Switches 
covers the Seri es 3 and 4 pushbutton lines 
and modifications in the rotary se lector 
lines. The ca talog also highlights additions 
to traditional M ICRO SWITCH industri al­
and commercial-grade lighted and unli ght­
ed pushbutton s. MICRO SW ITCH, Div . of 
Honeywell Inc., 11 W . Spring St. , Freeport , 
IL 61032. 254 

80% NICKEL-IRON SHIELDING Mu Guard 
80, a high-permeability shield ing stri p and 
fo il provides excellent shielding protection 
fo r sensitive c ircuit elements aga inst stray 
magnetic fields. Typica l uses are found in 
transformers, reed relays, vacuum and cath­
ode ray tubes, microphones, loudspeakers, 
recordin g heads, amplifiers and other in ­
struments. Bulletin SM A-2 R, M agnetics, 
Spec ialty Meta ls Div., Butler, PA 16001. 
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APP NOTE DESCRIBES USE OF STATIC­
CARD READERS. Stati c-card readers are 
electro-mechanica l devices used to trans­
late in formation from punched ca rds into 
electrica l signals. They have appli cations as 
programming devices, data input devices 
and as economica l memories. This 8-pg. 
app note explains it all. The H ickok Electri­
cal Instrument Co., 105 14 Dupont Ave., 
Cleveland, O H 441 08. 256 

SOLID-STATE kW AMPLIFIERS. Free tech­

ni ca l memos on linear- and switching-type 
kW ampli fiers are avail able. Topics such as 
vo ltage- and current-source amplifiers, out­
put-load se lection, di ss ipation, di sto rtion 
and eff iciency are tho roughl y covered. In­
struments Inc., 3432 Midway Dr. , Sa n Die­
go, CA 92 110. 25 7 

DIGIT AL CLOCK/CALENDARS. Series 
70,000 units whi ch feature LED displays are 
described in thi s bul letin . It includes a dis­
cuss ion of the time ranges and ca lendars 
and the various time bases, such as line fre­
quency or internal oscill ators. The units' 
LED displays are 4 x 7 dot-array shaped 
character readouts w hich can be "frozen" 
for photographing without affecting the 
time-keeping c ircuits. Chrono-Log Corp., 
2583 W . Ches ter Pike, Broomall , PA 19008 . 
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SUBHARMONIC FREQUENCY CONVERT­
ERS fo r PBX and PABX are described in this 
bulletin . Shown are 18 new SFC Seri es units 
fo r low-frequency rin ging power. The Seri es 
uses all-magneti c frequency conversion to 
deri ve submultiples of the primary frequen­
cy at hi gh power levels, with a resulting 
substanti al cost savin g. A ll models are se lf­
starting and fea ture overload and short-c ir­
cuit protec tion. Tele-Dynamics/W anlass, 
Div. of AMBAC Industries, Inc., 525 Virgin ­
ia Dr., Fort W ashington , PA 19034. 259 

MICROWAVE SOLID-STATE DEVICES. A 
catalog containing reference data on RCA 
microwave devices, a 6-pg. booklet, MWD-
104F " RCA Microwave Solid-State Cata­
log", includes in fo rmation on gall ium-a r­
senide transferred electron osc illator (TEO) 

diodes, fi xed and mechanica l ly tuned TEOs, 
voltage controlled osc illators (VCOs) and 
multi -oc tave osc ill ators and subsystems. 
RCA Commercial En gineering, 41 5 South 
Fi fth St. , Harri son, NJ 07029. 260 
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For price, delivery, quality 

look to wabash 
For SSA modules 

look to wabash 
930 series semi-solid state on-off relay 
in low profile package. Provides 
complete isolation between low control 
power input, high power load. 
Exceptional switching reliability. TTL 
logic-compatible. Use to switch 
inductive, capacitive, tungsten or 
resistive loads in wide range of 
equipment. For fast delivery, call today. 

SPECIFICATIONS Load Current 10 amps A.G. 
(maximum) 

Control Voltage (nominal) 5-4Bv D.C. Life up to 500 X 106 Operation 
Load Voltage (maximum) 200 or 400v (peak) Size 2.63" L X 1.52" W X .850" H 

For all relay types 

look to wabash 
NPE/New Product Engineering, Inc. 
a subsidiary of Wabash Magnetics, Inc. 

First and Webster Streets, Wabash, Indiana 46992 
Phone 219/563-2191 TWX 810-290-2722 

•RF SWITCHING & MERCURY WETTED RELAYS • SUBMINIATURE REED SWITCHES 
• DIP REED RELAYS • SSA MODULES • STANDARD & MINIATURE REED RELAYS 

A 
NEW 
LINE ••• 
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~ electrocube ... ne"'.' series of 
"" metallized poly­

carbonate capacitors are offered in a min-
iature package, smaller than conventional 

units, with excellent performance characteris-
tics over a wide temperature range. 0 Choose 
from more than 1100 different Series 650 mod­
els, in six case styles, with capacitances from 
0.001 O to 50.0 mfd. and 50, 100, 200, 400 and 
600 VDC ratings. Order small quantities from 
stock, with only a short 4-5 week wait for pro­
duction runs. 0 Get more information today 
from Electrocube, 171 O So. Del Mar Ave., 
San Gabriel , Calif. 91776, or call (213) 
283-0511; TWX : 910-589-1609. / 

FREE . 
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5 
Remarkable 
Little Ovens 

from 
Texas 

Instruments, 
$15. 

These self-regulating solid­
state component temperature 
stabilizers provide a low cost 
means of controlling the envi­
ronment of a wide variety of 
transistors, diodes, and !Cs. 
Application of these component 
ovens permits the use of less 
expensive semiconductor 
devices by improving their 
thermal characteristics as much 
as 30:1. See how much less you 
get for your money. 
Less Bulk. Typically l/lOth the 
size of conventional ovens. 
Less Headaches. Solid state ovens 
have no moving parts- are more 
reliable-aren't handicapped by 
a limited cycle life. 
Less RFI. In fact, there's no RFI 
since the ovens eliminate the 
need for thermostat s and SCR's 
which create undesirable radio 
frequency interference. 
Less Money. Costs $3 to $5 
instead of the $5 to $250 you're 
paying now. 

Send $15 for your 5-piece 
Oven Sampler to Commercial 
Controls Marketing, MS 12-33, 
Attleboro, Mass. 02703. Or write 
for the literature. 

TEXAS INSTRUMENTS 
INCORPORATED 
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Dial Direct---
The response of readers inquir­
ing about the "Phase Locked 
Loop Handbook" mentioned in 
the March 5, 1973, issue of EON 
has been overwhelming. Many 
of you thought that we had 
erroneously omitted the reader 
service number, so let's set the 
record straight. Both Signetics 
(the PLL handbook publisher) 
and National Semiconductor 
have requested that we refrain 
from assigning reader-se rvice 
numbers to their product an­
nouncements. Both will still 
respond, but only to letterhead , 
phone or TWX inquirires. This 
explains the occassional " mis­
sing" reader-service numbers 
that you'll notice in thumbing 
through the new products . 

EON still hasn 't decided 
whether this is a good or bad 
trend, or for that matter whether 
it's a trend at all. Obviously, the 
processing of thousands of 
reader service cards costs us a 
lot of money. On the other 
hand, one of our main objec­
tives is to make your life a little 
easier, and writing letters isn 't as 
easy as circling a bingo number. 
If you have anything to say on 
this subject, we would like to 
hear it. Meanwhile, if you need 
info from either of those 
companies-phone, TWX or 
write-to them, not us, please. 
Ed. 

Innovations are not 
inventions 
Dear Sir: 
You seem to marvel over the 
patent record of a G.E. engineer 
and use the word innovate in 
your text at the same time. 
(Editorial, EON Feb. 5, 1973) A 
patent is to cover an invention, 
not an innovation . The G.E. 
engineer may well have made 
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one invention, but the resources 
of the company are large 
enough to "cover up" all the 
possible applications around the 
area of invention. 

Something you did not men­
tion was the cost to G.E. of some 
$80,000+, based on $2000 per for 
the legal fees, etc. to obtain the 
patents. It better be something 
good or G.E. will never recover 
the cost. It is this cost that keeps 
the average company/individual 
to a few patents in a life time. 

Stockholders, investors and a 
few others such as attorneys 
seem to think that a patent is 
something. A few are, such as 
the basic patents on the Xerox 
and Dr. Land's film process. The 
remainder are a joke, like the 
human drive tank I saw in the 
gazette in the early 1960s. 
During that period I was at 
Grumman Aircraft, and the 
company would route the 
gazette across my desk. I 
considered the gazette, a record 
of U.S. inventions, like Joe 
Millers Joke Book. The area of 
digital electronics at that time 
was going from tubes to transis­
tors. The number of ways to 
"speed up, " or increase the 
"fan-in/out" patented was unbe­
lievable . Also, method s to 
count/shift used to fill the book. 
These are "text book" items with 
a little innovation , not inven­
tions, and they do not deserve a 
patent. 

You might feel that I am down 
on patents, I am. I do not feel 
that 99.999% of patents iss ued 
by the U .S . Patent Office are 
worth anything other than trad­
ing material for the large 

·co rporations . Of the millions 
issued during my engineering 
life of 20 years I would be willing 
to bet that not more than a few 
thousand are basic inventions of 
commercial value. Just try to 
think of 100 basic inventions in 
the area of electronics during 
that period (of commercial 
value). There has been many 
innovations and applications 

which are not inventions. 
Yours truly, 
Charles R. Conkling, Jr. 
President 
Logos Design, Inc. 
Rocky Point, NY 11778 

Yes, you can get action 

With great interest I read the 
article entitled "How Users Look 
At Bench Test Equipment and 
Manufactures"; and I agree 
100% on the viewpoints of the 
speakers and especially on the 
point that equipment is used in 
production facilities. Not too 
long ago, I worked for a firm that 
was manufacturing consumer 
products, and there was approx­
imately $20.00 per second of 
finished product going thru it. 
You can imagine the " Panic" 
when a piece of equipment 
broke down. 

Perhaps because of our exper­
ience of having been on " the 
receiving end", and also be­
cause our products are aimed at 
"Automatic Production Con­
trol ", we at Microtronics Corp. 
include in our warranty that "We 
Will Ship A Duplicate Within 24 
Hours Of Notice" free of charge 
for as long as the original is in for 
repairs . We realize that this 
policy costs money, but let us 
not forget that service is what 
counts. 
O.P. Fest, President 
Microtronics Corp. 
203 Gateway Road 
Bensenville, lll. 60106 
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" WHAT'S THE MATTER WITH YOU GUYS? ... 
EVEAYTIM E YOU HAVE A PROBLEM ... 

HERE YOU COME1 ·· 
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TWO-CIR IT 
PCB SWITCHES 
... IDEAL FOR SUB-CHASSIS 
CHECKOU~INTERLOCK 

CIRCUITS AND FIELD SERVICE 

e NO MOUNTING HARDWARE 
Specifically designed for solder 
pin insertion into Yi6 , ~2 and 
Vs" PC Boards 

e IMPACT AND FLAME­
RESISTANT CASE 
Available in a variety of colors 

e GOLD PLATED CONTACTS 
Ideal for low level operation-
500,000 cycles minimum 

Screwdriver Snap-On 
-Slot Button 

PUSHBUTTONS 
(Actual Size) 

Each type Momentary 
Action or Latch-Down 

CONTROL SWITCH INC. 
A SUBSIDIARY OF CUTLER-HAMMER INC. 

1420 Delmar Drive • Folcroft, Pa. 19032 • (215) LU -6-7500 
Representatives and Stocking Distributors Throughout the 
United States, Canada, and Europe 
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COMPLETE GUIDE TO 

PROJECT 
MANAGEMENT 
by Dennis L. Lock 

Here is the perfect introduction to project management , the 
technique that was created to deal with the complex activities 
of modern industry-planning, costing, controlling and eval­
uating projects so they are completed on time and to specs 
and budget. 

With over 60 how-to-do-it illustrations and many practical 
examples , this book covers all the basics including defining 
the task , estimating costs , pricing , planning the time scale , 
scheduling , materials control , maintaining the program , modi­
fications, build schedules, concessions and relating achieve­
ment to expenditures. CPM and PERT are also explained. 

Complete Guide to Project Management is essential reading 
for anyone, on either the technical or managerial side of 
industry, with any responsibility for projects. 224 pp. $10.95 

Order Today-15-0ay Free Trial-Satisfac tion Guaranteed 
or Money Back-Send check and we pay shipping 

Cahners sooK 01v1s10N 
89 Franklin St., Boston, Ma. 02110 S58/ M0809 

Free Application Data 

Conceived from the point of 
view of the operating engineer 
rather than the computer pro­
grammer, the new Omniferous™ 
FFT Analyzer operates like an 
instrument, ca lculates like a 
computer. This Series OF-400 
Analyzer is a universal digital 
signal analysis system for real­
time viewing of changing func­
tions, a complete instrument 
with all signal conditioning and 
display calibration built-in. For 
the first time an operator can 

observe transfer function , cross-spectra or coherence as 
the signal is changing without waiting for the analyzer to 
perform successive laborious calculations. 
Features include high speed of 68,000 samples/ sec through­
put, and high resolution with a 2048 transform size and 
extra-sharp input anti-aliasing filtering. Calculates FFT, 
IFFT, power spectra, auto-correlation, cross-correlation, and 
signal enhancement (time averaging), as well as the aver­
aging of any calculated function in sum , peak or exponen­
tial mode. 
The system excels in high dynamic range, ease of use, dis­
play flexibility with two simultaneous display outputs, fre­
quency coverage to 100 kHz, and reasonable cost. Designed 
by the originators of the famous Ubiquitous® family of real­
time spectrum analyzers. 

Federal Scientific Corp. 
An affil. of Nicolet Instrument 
615 West !31st St., New York, N.Y. 10027. (212) 286-4400 
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WHAT'S 
MY LINE? 

Making things happen! .. . as arc 
suppressors, multivibrators, oscillators, 
photochoppers, voltage regulators, 
relays, SCR controllers, wave generators 
and lots of other things. I'm low-cost 
and long-lasting with close tolerance 
and reliability . .. I'm an lnner-Vator 
from Glowlite. Take the blindfold off. 
Write for my catalog # EDN-172. 

~!!?W~ite 
Subsidiary of El-Tronics. Inc. 
Paul s Valley, Okla. 73075 • (405) 238-5541 
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" 
tfltltlfl .............. .. 

You can always keep ahead of the game if you plan ahead 
and look at connector availability before you design a system. 
For example, we're planning ahead too, because now we have 
12 right angle molded printed circuit headers for use with 
0.100" center wire wrapped plates : three 34-pin models, five 
56-pins, one 70-pin and three 112-pin models. Your National 
Connector salesman has all the details. 
Plan ahead with headers from ... . 
NATIONAL CONNECTOR 

5901 South County Road 18 • Minneapolis , Minnesota 55436 • (612) 935-0133 

DIVISION OF~ FA~R.ll~VEllC INC. 
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CHOOSE FROM OVER 4,000 I 
UNUSUAL BARGAINS. 

OPTICS• SCIENCE 
ELECTRONICS 

-Et -CATALOG! 
~ 1,000's OF HARD-TO-FIND 

BUYS FOR INDUSTRY 
Q Brand new 164 ·page easy-to-r ead edition packed with new 

products, cha rt s, diagrams , illustrations. On-the-job helps; 
qual ity control aids , unique , exclusive items to speed your 
work , improve quality, cut development and production 
costs' Loaded with optical, scientific and electronic 
equipment available from stock for industry, research 
labs, design eng ineers, experimenters, hobby ists. 

ONESOURCEFORALLYOURNEEDS 
Tremendous variety. Terrifi c savings. Countless hard-t o-get 
surplus bargains. Many "one -of -a-kinds " nowhere else. 
Ingenious scientific tools . Thousand s of components: 
lenses, prisms, wedges, mirrors, mounts , all types of ac· 
cessories. Hundreds of instruments: pollution testing 
equipment , lasers , comparators, magn i fiers , microscopes , 
projectors , telescopes, binoculars , photo attachments, eco­
logical items, black l ight equipment and America 's largest 
collection of unique lighting products . 

BUY DIRECT WITH MONEY-BACK GUARANTEE 
Edmund ships over 5,000 orders monthly to America 's 
largest industrials - every item guaranteed' You must be 
satisfied, or return your purcha se in 30 days for your 

1 money back . Shop the catalog of America 's largest Science­
Optics-Electronics Mart with confidence! Get your FREE 

. copy without obl igation. No salesman will call . Wr i te now 
for free ca ta log " AT • 
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EDMUND SCIENTIFIC CD. 
300 EDBCDRP BUILDING 
•ARRINGTON, NEW JEAaEV 08007 
TELEPHONE: 609·547 -3488 
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BOSTON 02116 
Ri chard Parke r, D ist ri ct M anage r 
Hal Sho rt, D istr ict Manager 
221 Co lumbus Ave. 
(617) 536-7780 

PHILADELPHIA 19103 
Steve Farkas, D istric t Manage r 
Penn Towe rs 
1819 John F. Ken nedy Blvd. 
(215) 569-2424 

A HANT A 30328 

Steve Farkas 
Distri ct M anager 
6065 Roswe ll Rd . 
(404) 252-7753 

CHICAGO 60521 
Terry McDermott, District Manager 
Frank Sibley, District Manager 
15 Spinning Wheel Rd . 
(312) 654-2390 

DENVER 80206 
John Huff, Regional M anager 
270 St. Paul St. 
(303) 388-4511 

SAN FRANCISCO 94103 
William J. Healey, District Manager 
1111 Hearst Building 
(415) 362-8547 

LOS ANGELES 90036 
Ed Schrader, Regional Manager 
5670 Wilshire Blvd. 
(213) 933-9525 

High 
VP.ltage 
Diffused 
Silicon 
Rectifiers 

Six series in a wide range of mini­
mum size packages with low leak­
age currents for commercial and 
industrial applications requiring 
high reliability at economical cost. 

These devices feature 1 kV to 40kV 
PAV with 5mA to 2A, lo. All series· 
available in fast recovery versions. 

Typical applications: CRT power 
supplies , RF transmitters, micro­
wave ovens, electrostatic copiers 
and precipitators. 

Series VG ; 20kV PRV.$1.49 (1000). 

Rectifiers for medical and industrial 
X-Ray equipment and high voltage 
multipliers also available from Varo. 

Write tor tree catalog. 

Design us in -
We'll stay there VARO 

VARO SEMICONDUCTOR, INC. 
P.O. BOX 676, 1000 NORTH SHILOH, 

GARLAND, TEXAS 75040 
(214) 272-4551 TWX 910-860-5178 

Distributed by: 
ALLIED ELECTRONICS, Chicago, Il l. 312 / 421 -2400 . 
THE ALTAIR CO. , Richardson , Tex . 214/ 231 -5166. 
BELL ELECTRONICS, Menlo Park, Cal. 415 / 323 -9431. 
BLUFF CITY DIST., Memphis, Tenn . 901 / 725 -9500. 
BRIDGEFIELD SUPPLY, Twinsburg, Ohio , 216/ 425· 
4209. CRAMER ELECTRONICS, Nationwide; Newton, 
Mass. 617 / 969-7700; Rochester. N. Y. 716/ 275 -0300. 
ELECTRONIC PARTS CO., Denver. Colo . 303 / 266·3755. 
FARWEST, INC. Bellevue, Wash . 206/ 747 -115. 
MERQUIP ELECTRONICS, Skokie , Ill . 312 / 965 -7500. 
MERRILL ELECTRONICS, Chicago, Ill. 312/ 286-2525. 
MILGRAY ELECTRONICS, Freeport, N. Y. 516/ 546-
6000. WESTATES ELECTRONICS, Chatsworth , Calif. 
21 3/341 -4411. 

In Canada: 
ELECTRO SONIC, Toronto, Ont. 416/ 924 -9301. 
PRELCO ELECTRONICS, LTD, Montreal 357. P.Q. 
514/ 389 -8051. R. A. E. IND. ELECTRONICS, Van · 
couver. B. C. 604/ 687 -2621. WESTERN RADIO 
SUPPLY, Hamilton , Ont. 416/ 528 -0151. 
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INDEX TO ADS, PRODUCTS ANO 
1.R. PG. 

LITERATURE Use card for free product information ... 
1.R. PG. l.R. PG. "' 

NO. NO. NO. NO. NO. NO. 

CIRCUIT MODULES/CARDS ENGINEERING AIDS Delay Lines 29 63 
A/D Conversion Systems 197 90 Data Set Testers 271 104 ECL Terminators 43 98 
A/D Converters 202 90 Employment Opportunities 52-55 EMI Filters 8 10 
Analog Multiplexers 200 90 Fourier Transform Processors 268 100 Ferrite Beads 244 106 
Crystal Controlled Oscillators 55 107 Microprogramming Design Filters 247 106 
Double Balanced Mixers 206 90 Automation Systems 82 Potentiometers 13 17 
Frequency/Analog Converters 205 92 Power Resistors 37 111 
Frequency Converters 259 112 INSTRUMENTATION Resistors 65 111 
Function Modules 207 90 CRT Displays 4 6 Resistors 3 122/Cov. 4 
Hybrid CMOS Crystal Digital Clocks 258 112 Resistors 57 107 

Oscillators 199 90 Digital Multimeters 11 103 Resistor Networks 71 51 
Rf Amplifiers 210 95 Digital Multimeters 33 80 Tantalum Capacitors 54 107 
Rf Relays 211 95 FET Analyzers 71 115 Trim Potentiometers 79 40-41 
Rfi Power-Line Filters 253 112 Frequency Counters 12 16 Trimmer Capacitors 16 21 
Sample/Hold Amplifiers 198 90 Frequency Counters 174 96 Trimming Potentiometers 217 104 
Solid-State Relays 208 93 Function Generators 6 8 
Time-Delay Relays 204 90 Gain/Phase Meters 30 78 POWER SUPPLIES Vacuum-Ion Pump Power Lock-In Amplifiers 178 96 De-de Converters 62 110 Supplies 203 90 Osei I loscopes 68 109 Power Supplies 209 95 
Voltage-Controlled Amplifiers 212 95 Oscilloscopes 20 24-25 Vacuum-Ion Pump Power Voltage/Frequency Oscilloscopes 11 103 Supplies 203 90 Converters 196 90 Power Amplifiers 257 112 

Pro~rammable Filters 181 97 

COMMUNICATIONS EQUIPMENT Ratio Transformers 252 112 PRODUCTION EQUIPMENT 
Frequency Converters 259 112 Rf Amplifiers 180 97 Digital Temperature 

Multiple Access Couplers 263 98 
Signal Generators 179 96 Indicators 172 96 

Power Amplifiers 257 112 Tape Recording Systems 25 51 
Printers 269 104 MATERIALS/HARDWARE SPECIAL PRODUCTS 
Rf Amplifiers 180 97 Connectors 18 15 CRT Displays 4 6 
Video Display Terminals 262 98 Connectors 32 79 General Products Catalog 74 116 

Connectors 213 104 Temperature Stabilizers 61 113 
DATA HANDLING EQUIPMENT Contact Rivets 66 109 Video Disc Recorders 175 96 
Breakpoint Registers 261 98 Electrical Tapes 52 105 
Core Memories 266 100 Fuseholders 7 9 SPECTRAL DEVICES 
Data Displays 248 106 General Products Catalog 74 116 Data Dis~lays 248 106 
Data Set Testers 271 104 Heat Sinks 64 111 General roducts Catalog 74 116 
Data Sets 182 99 High Pressure Blowers 17 14 Lasers 242 106 
Digital Data Acquisition Indicator Lamps 39 94-95 LEDs 215 104 

Systems 249 112 LSI Connectors 19 22-23 Liquid Crystal Displays 214 104 
Fourier Transform Processors 26$ 100 Magnetic Shielding 255 112 Neon Lamps 72 115 
Matrix Printers 264 98 Miniature Switches 51 105 Photo Multiplier Tubes 246 106 
Moving Head Disc Drives 267 100 Relay Pocket Systems 26 44 Vidicons 35 84 
Multiple Access Couplers 263 98 Sheet Metals 46 102 
Printers 269 104 Tapes 36 86 SYSTEMS/SUBSYSTEMS Printers 270 104 Temperature Stabilizers 61 113 A/D Conversion Systems 197 90 Punched Tape Readers 265 98 
Video Display Terminals 262 98 

Test Sockets 219 105 Breakpoint Registers 261 98 
Core Memories 266 100 

MICROWAVES Data Set Testers 271 104 DISCRETE SEMICONDUCTORS Double Balanced Mixers 206 90 De-de Converters 62 110 
Hi-Voltage Silicon Rectifiers 75 117 Rf Amplifiers 205 92 Fourier Transform Processors 268 100 
LEDs 215 104 Rf Relays 211 95 Matrix Printers 264 98 
Power Transistors 101 Rfi Power Line Filters 253 112 Moving Head Disc Drives 267 100 
SC Rs 195 111 Multiple Access Couplers 263 98 

MONOLITHIC/HYBRID ICs Printers 269 104 ELECTROMECHANICIAL COMPONENTS Audio Amplifiers 188 108 Printers 270 104 
Connectors 213 104 CMOS ROMs 27 45 Punched-Tape Readers 265 98 General Purpose Relays 2 121/Cov. 3 Dual FETs 23 31 Relay Socket Systems 26 44 General Purpose Relays 9 12 ECL Memories 187 108 Video Display Terminals 262 98 
Lighted Pushbutton Switches 53 106 FET Op Amps 40 92-93 
Magnetic Switches 245 106 Hybrid CMOS Crystal 
Matrix Printers 264 98 Oscillators 199 90 TEST EQUIPMENT 
Moving Head Disc Drives 267 100 Level Translators 186 108 Counters 177 96 
PCB Switches 70 115 Microprocessors 184 108 Data Set Testers 271 204 
Printers 269 104 Microwave Devices 260 112 Digital Clocks 258 112 
Printers 270 104 Multiplexers 189 108 Digital Multimeters 33 80 
Pushbutton Switches 24 58 Mutliplier/Dividers 58 108 Digital Multimeters 11 103 
Pushbutton Switches 241 105 Op Amps 190 110 DMMs 67 109 
Pushbutton Switches 14 18 Phase Locked Loops 27-30 Frequency Counters 12 16 
Reed Relays 45 102 PIN Diodes 193 111 Function Generators 6 8 
Relays 21 26 Power Amplifiers 250 112 Gain/Phase Meters 30 78 
Rotary Switches 218 104 Power Darlingtons 194 111 Oscilloscopes 68 109 
Solid State Relays 9 12 Solid State Relays 59 113 Oscilloscopes 11 103 
Solid State Relays 59 113 Solid State Tube Oscilloscopes 20 24-25 
Solid State Switches 56 107 Replacements 191 110 Pulse Code Modulation, 
Synchros/Resolvers 15 11 Voltage Regulators 185 108 Encoder, Checkout Units 173 96 
Test Sockets 219 105 Voltage Regulators 192 110 Ratio Transformers 252 112 
Thermostats 38 104 Signal Generators 179 96 
Toggle Switches 63 110 PASSIVE COMPONENTS/NETWORKS TOM-Modem Test Sets 171 96 
Torque-Motors 243 106 Attenuators 76 100 Tester for Digital ICs 176 96 
Transformers 216 104 Capacitors 60 113 Transmission Level Test Sets 170 96 
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MAGNECRAFT'S NEW CLASS 388 

C:::::.ENERAL I 'URPOSE RELAY 
Magnecraft is pleased to introduce the new Class 
388 General Purpose Relay. This inexpensive, 
high performance line of stock relays offers many 
quality features found only in custom built ver­
sions. Available in either a covered plug-in or 
open style with a wide choice of AC or DC coil 
voltages and SPDT, DPDT, or 3PDT 10 amp 
contacts. 

All Class 388 relays have 3-way pierced terminals. 
While spaced for standard plug-in mounting, the 
flat terminals (0.187" x 0.020") also accept quick­
connect receptacles or direct soldering. For plug-in 
use, three types of chassis mounted sockets are 
available; quick-connect, solder, or printed circuit 
terminals. Covered plug-in version has a tough 
clear polycarbonate plastic cover. 

In a highly competitive business, delivery can be 
a decid ing factor. If delivery is important to you, 
be aware that Magnecraft ships better than 90% 
of all incoming orders for stock relays, received 
before noon, THE SAME DAY (substantiated by 
an independent auditing firm). In addition to our 
shipping record , most stock items are available 
off-the-shelf from our local distributor. 

FREEi 
DESIGNER'S 

CATALOG 
The purpose of this 36-page catalog is to assist 
the design engineer in specifying the proper relay 
for a given application. The book completely de­
scribes General Purpose, Sensitive General Pur­
pose, and Mechanical Power Relays. New 
products include the complete line of Class 388 
General Purpose Relays. 

See Us at W.ESCON, Booth 2400 

lltEag.n.ecrart® ELECTRIC COMPANY 

5575 N ORTH LYN CH A VENUE • CHI CA GO . ILLIN OIS 60630 • 312 • 282 -5500 • TW X-9 10-22 1 5211 
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"We definitely use their P d t T well and I have a high reg~~du~os.th.hey have always performed 
with Dale resistors has always br is company. My experience een very good." 

Engineer, 
Equipment Mfgr. 

"I think this is an excellent CXJlPaI1Y· Their rep­
resentatives have been doing quite a bit for rce in 
obtaining items that I may need quickly and their 
products have perforned well for us." 

Project reader, 
tvellcal EqUiµrent Mfgr. 

"They are dependable and 
products are exce I I ent." their 

Vice President 
Controls Mfgr., Purchasing 

=· 0 
"I rate Dal,e up around the top. They're aiways coming up 
with new ideas ... 'Dependabl,e DaZe' is a worthy name for them." 

- ---- -
Purchasing Mgr. 
Instrument Mf gr. 

''D 1 
ho

alde is an old standby for a ste d special pre i i a y course and th i c s on parts Th 
well deserved. er excellent reputation.is ey 

"I would 1 ca 1 Dale a progressiv 
complete line and they keep it e company--they have a 

up to date." 

Division Manager 
Equipment Mfgr. 


