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Intech plays the game without spikes . 
If you've had uncertain feelings about chopper op amps, 
you 've had just cause. 

The Op Amp Boys have been making noise about 
chopper performances when the amplifiers they offered 
were only useful with elaborate filters. 

Sometimes you were ' 'spiked." But good. 

lntech's got the quiet answer to your historically noisy 
problem: the A-240 series chopper operational ampli­
fiers. These uniquely designed units virtually eliminate 
chopper spikes. This feature alone makes the A-240 
series the first choppers to be use in wideband appli­
cations without the use of special filters. 

In fact, the engineers who have evaluated the A-240 
series can't even distinguish the chopper frequency. 

While the Op Amp Boys drift from one perform­
ance spec to another, the lntech A-241 holds its own at 

. 05µV/ 0 C. maximum. Yes, that's right! .05,u.V/°C maxi­
mum. Low frequency input noise voltage stands at 
1.0f•,V p-p maximum. 

Compare that to the "old" chopper amplifier speci­
fications. 

lntech does not make idle claims. Try the A-240 on 
a trial basis. You'll experience what we' re proclaiming. 
The units, packaged in 1.5" x 1.5" x .5" modules, are 
$91.00 each (quantity discounts available) and are avail­
able from factory and distributor stock. 

If you want to get back into the ballgame, contact 
your local lntech representative, or write us directly 
using this publication's reader service card, for more 
information and comparison studies on the A-240 series. 

lntech Incorporated, 1220 Coleman Avenue, Santa 

c1ara, califomia 9so5o. 1•:; •inlech 
Phone : (408) 244-0500. •• 

THE SCORE* 

FAST BALL 
A-131 FET 
400 V/ttS 

•vertical resolution: S 11Ndiv. Horizontal resolution : 2 ms/div. 

Chopper amp boys lntech 
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125°C 
doesn't bother 

our DIA 
Converters a bit. 

(not even 
half a bit) 

Over the range of -55°C to +125°C 
you maintain half bit accuracy, as well 
as 11 or 12 bit resolution - a stability 
which spans a full 180°C. This high 
performance level of Perkin-Elmer pre­
cision digital to analog converters is 
based on the utilization of our patented 
principal of vernier transformer wind­
ings. There is no drift or degradation 
over the life of the unit. 

Each DIA unit is encapsulated in a 
rugged package containing a series of 
windings switched by MOSFET IC's. 
The logic input lines can be used di­
rectly with 5.0 V levels and units com­
patible with 0.4 V and 2.4 V logic levels 
for TTL are available. 

These precision converters have wide 
applications in synchro and servo con­
trols, interfacing digital and analog sys­
tems, for shipborne or air data compu­
ters, fire control systems and drivers for 
analog display. 

Numerous applications in the ma­
chine tool and process control indus­
tries are also possible since the 
frequency range is not limited to 400 
Hz. For information on standard 
models, including bipolar or custom 
units for a specific application, just 
write or call: Electronic Products De­
partment, Industrial Products Division, 
The Perkin-Elmer Corporation, 131 
Danbury Road, Wilton, Conn. 06897. 
(203) 762-6574. Vernistat® AC pots, 
Scott T's and other toroidal transform­
ers are specialties of ours too. 

PERKIN­
ELMER 
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Editorial Objectives 

EEE serves e lectronic design engineers ex­
clu sive ly. EEE rest rict s it s editori a l coverage 
to material that ca n he lp e ngin eers ma ke de­
sign deci sions. Such ed itoria l materi a l is 
intended to help a n engineer: 
• Decide for one design technique o r des ign 
philosophy over anot her; 
• Decide fo r o ne measurement technique 
ove r anot he r; 
• Deci de for o ne packaging technique over 
a no ther ; 
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EEE does no t publish genera l-inte rest 
ma te ria l that ca nno t co ntribute to a desig n 
decision. Nor does it publish ma teri a l a imed 
at periphera l interests of an individual. 

EEE is dedi cated to a rti cul a te expression 
and clear visua l presentation. It is pled ged 
to e ncourage the excha nge of sound engi­
neeri ng ideas. 

EEE's editorial pages a re open to en­
gi nee rs for bylined articles and co rrespond­
ence. 

A member of 

EEE is a monthly publication circulated 
without c ha rge to electro nics engineers en­
gaged in design fun ctio ns. 
Subscription price to o tl1ers: $15.00 one year, 
$25 .00 two yea rs. Please notify publi sher 
promptly of a ny cha nge in job function o r 
address, enclosi ng your o ld address la bel. The 
publisher ass umes no responsibility for opin­
ions of contributions o r for the validity of 
claims reported in advert isements o r editorial 
items. Co ntrol led circula tion postage paid at 
Waseca, Minn . Co pyright 1970 by Mactier 
Publi shing Corporat io n . Title Reg. Pa t. Off. 
Contents may not be reproduced in who le or 
part wi tho ut co nsent o f co pyright owner. 
Printed at the Brown P rintin g Co mpa ny, 
W aseca, Minn. EEE is reproduced in micro­
film form by University Microfilms, Inc., of 
Ann Arbor, Mich . 

The Signetics Challenge. 
Here are the distributors 
who back it up: 

ALABAMA 
Huntsville: Compar Corp. 

ARIZONA 
Scottsdale: Compar Corp. 

CALIFORNIA 
Burbank: Compar Corp. 
Burlingame: Compar Corp. , (National) 
Culver City: Hamilton Electro Sales 
El Monte: G. S. Marshall 
Los Angeles: Wesco Electronics, Inc. 
Palo Alto: Wesco Electronics, Inc. 
San Diego: G. S. Marshall 
San Diego: Wesco Electronics 

CANADA 
Downsvlew, Ontario: Cesco Elec1ronics, Ltd. 
Montreal, Quebec: Cesco Elec1ronics, Ltd. 
Ottawa, Ontario: Cesco Electronics, Ltd. 
Quebec: Cesco Electronics, Ltd. 

COLORADO 
Englewood: Compar Corp. 
Denver: Hamilton / Avnet Eleclronics 

CONNECTICUT 
Hamden: Compar Corp. 

FLORIDA 
Orlando: Hammond Electronics 

ILLINOIS 
Elmhurst: Semiconductor Specialists, Inc. 
Des Plaines: Compar Corp. 
Schiller Park: Hamilton/Avnet Elec1ronics 

MARYLAND 

(205) 539-84 76 

(602) 947-4336 

(2 t 3) 843-1772 
(415) 347-950t 
(213)870-7171 
(2t3} 686-1500 
(2 t 3) 685-9525 
(415) 968-3475 
(714) 278-6350 
(714) 279-347t 

(4t6) 638-5250 
(514) 735-55t t 
(613) 729-5118 
(418}524-35t8 

(303) 781-0912 
(303) 433-855t 

(203) 288-9276 

(305) 241-6601 

(312) 279-1000 
(312) 775-0170 
(312) 678-6310 

Baltimore: Compar Corp. (30t} 484-5400 
Hanover: Hamilton/Avnet Electronics (201) 796-5000 

· Rockville: Pioneer Washington Electronics, Inc. (301) 427-3300 

MASSACHUSETI'S 
Burlington: Hamilton/ Avnet 

Electronics Corp. of Mass. 
Newton Highlands: Compar Corp. 
Watertown: Schley Electronics Corp. 

MICHIGAN 
Detroit: Semiconductor Specialists, Inc. 
Southfield: Compar Corp. 

MINNESOTA 

(617) 272-3060 
(6t7) 969-7t40 
(6t 7) 924-1500 

(3 t 3) 255-0300 
(313) 357-5369 

Minneapolis: Compar Corp. (6t2} 922-701 t 
Minneapolis: Semiconductor Specialists, Inc. (612) 866-3434 

MISSOURI 
St. Louis: Compar Corp. 

NEW JERSEY 
Cherry Hill: Hamilton/Avnet Electronics 
Cedar Grove: Hamilton/ Avnet Eleclronics 
Haddonfield: Compar Corp. 

NEW MEXICO 
Albuquerque: Compar Corp. 

NEW YORK 
Albany: Compar Corp. 
Buffalo: Summit Distributors, Inc. 
Deerpark: CIE Northeast, Inc. 
New York: Terminal-Hudson Electronics 
Woodbury: Compar Corp. 

NORTH CAROLINA 
Wlnston..salem: Compar Corp. 

OHIO 
Cleveland: Pioneer Standard Electronics 
Falrbom: Compar Corp. 

PENNSYLVANIA 
PhUadelphia: Milgray-Delaware Valley, Inc. 

TEXAS 
Dallas: Hamilton/Avnet Electronics 
Dallas: Compar Corp. 
Houston: Hamilton/Avnet Electronics 
Houston: Universal Electronics 

WASHINGTON 
Kirkland: Compar Corp. 
Seattle: Hamilton / Avnet Electronics 

(314) 542-3399 

(609) 662-9337 
(201) 239-0800 
(609) 429-1526 

(505) 265-1020 

(5t8} 489-7408 
(7t6) 884-3450 
(516) 586-7800 
(212) 243-5200 
(5t6} 921 Oj93 

(9 19) 723-1002 

(216) 432-0010 
(513) 878-2631 

(2 15) 278-2000 

(214) 638-2850 
(214) 363-t526 
(7t 3) 526-4661 
(713) 781-0421 

(206) 882-419t 
(206) 624-5930 
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"If I told you 
Signetics really 
delivers MSI, 
youll tell me 
to prove it. 

"So-effective Sept.15 to Oct.15-
Signetics makes this challenge: 

"If you order MSI from stock­
and we don't ship them to you 
within ten working days-
Y-OU get UP- to 100 units free. 
''I guarantee it. Personally:' 

. o~ 
James F. Riley 
President 
Signetics Corporation 

The Signetics Guarantee. We guarantee shipment of MS! from stock within ten (I 0) working days ARO, or customer will 
receive, without charge, the first I 00 units or the quantity ordered, whichever is less, of each delinquent device type. This guar­
antee applies to all new single orders placed between September 15 and October 15 , 1970 with Signetics' distributors for imme­
diate shipment of quantities up to 4,999 of N8200 and N8TOO products in silicone DIP. Void if order is cancelled or reduced . 
Signetics Corporation, 811 East Arques Avenue, Sunnyvale, California 94086 / A subsidiary of Corning Glass Works 

Circ le 102 on Inquiry Card 



Fight noise pollution 



with this quiet family. 
Hot Molding with Allen-Bradley's exclusive 
technique, gives these composition variable 
resistors an unusually low noise level. And 
importantly, this low noise level actually de­
creases in use. Under tremendous heat and 
pressure the resistance track is molded into 
place. A solid element with a large cross-sec­
tion is produced . . 

This important Allen-Bradley difference 
means better short-time overload capacity 
and a long operating life. Control is smooth, 
resolution almost infinite. These variable re­
sistors are ideal for high frequency circuits. 
Why should you trust the performance of 

your designs or your reputation to anything 
less than Allen-Bradley quality? Use the most 
thoroughly "field tested " (over 20 years) vari­
able resistors available today. Quantity stocks 
of popular types J, G, Wand GD available for 
immediate delivery from your appointed A-B 
industrial electronics distributor. 

For information write: Marketing Department, 
Electronics Division, Allen-Bradley Co., 1201 
South Second Street, Milwaukee, Wisconsin 
53204. Export office: 1293 Broad Street, 
Bloomfield , N. J. 07003, U.S.A. In Canada: 
Allen-Bradley, Canada Ltd ., 135 Dundas 
Street, Galt, Ontario. 

SPECIFICATIONS 

TYPE J - TYPE G-
STYLE RV4 TYPE K STYLE RV6 TYPE L TYPE W TYPE GD 

CASE 5 / 8 " deep x 5 / 8 " deep x 15/ 32" deep x 15/ 32" deep x 15/ 32" deep x 35 / 64" deep x 
DIMEN- 1-5/ 32" d ia. 1-5/ 32" dia. 1/ 2" dia. 1/ 2" dia. 1/ 2" dia. 1/ 2 " dia. 
SIONS (single section) (s ingle section) 

POWER 
at + 70°C 2 .25 w 3W 0 .5W 0 .8 w 0 .5 w 0 .5 w 

TEMPERA-
TURE -55°C to -55°C to -55°C to -55°C to - 55 °C to -55°C to 
RANGE + 120°C + 150°C + 120°c + 150°C + 120°C + 120°C 

RESIST-
ANCE 
RANGE 50 ohms to 50 o hms to 100 ohms to 100 ohms to 100 ohms to 100 ohms to 
(Tolerances: 5 .0 megs 5 .0 megs 5 .0 megs 5 .0 megs 5 .0 megs 5 .0 megs 
± 10and 20%J 

TAPERS Linear (U). Modified Linear (SJ, Clockwise Modified Log (A). Counter-Clockwise Modified Log (B J. 
Clockwise Exact Log (DB) . (Spec ial tapers available from factory ) 

FEATURES Single. dual , Single , dual , Miniature size . Miniature size . Commercial DUAL section 
(Many and triple and trip le Immersion- Immersion- version of version of 
electrical versions versions proof . SPST proof . type G . type G . 
and available. Long available. Long switch can be Immersion- Ideal for 
mechanical rotational life. rotational life. attached. proof. attenuator 
options Ideal for applications. 
available attenuator Immersion-
from applicati ons. proof. 
factory) Snap switches 

can be 
attached to 
single and dual. 

ALLEN-BRADLEY 

EC70·6 C Allen-Bradley Company 1970 Circle 103 on Inquiry Card 



We've added a little something 
to the Burr-Brown line 
of computer interface 

and data acquisition modules 

51,/STEM 

BURR BROWN 

SAMPLE/HOLD 

4034125 

1'!GlTAL 
COMPLITFR , 

*a small, programmable gain 
data amplifier 

Our new Model 3600K programmable gain data amplifier 
has a distinct advantage over its big, rack-mount counter­
parts in high-performance data acquisition applications. 
The low price (just $245) coupled with the small size 
(3.0" x 2.1" x 0 .4") makes it feasible to assign amplifiers 
to smaller groups of signals and locate them closer to the 
signal source for better resolution . Designed to operate on 
multiplexed low-level signals under computer control, the 
3600K rejects common mode noise and provides proper 
scaling prior to A/D conversion. Naturally, it's compatible 
with Burr-Brown's other interface and data acquisition 
modules. 

For help with your Analog/Digital conversion and interface 
problems phone (602) 294-1431, collect, and ask for your 
Regional Applications Engineer. 

BURR-BROWN 
RESEARCH CORPORATION 
International Airport Industr ial Park • Tucson, Arizona 85706 

TELEPHONE : 602 -294· 1431 •TWX : 910-952-1111 •CABLE : BBRCORP 

PROGRAMMABLE GAIN 
DATA AMPLIFIER 
Model 3600K 
Size: 3.0" x 2.1" x 0.4" 
Price (1 to 9 units): $245 

A/D CONVERTERS 
Size: 3.4" x 4.4" x 0.8" 
Price (1 to 9 units): 8-bit $195.00 

10-bit $225.00 
12-bil $295.00 

D/A CONVERTERS 
Size : 3.0" x 2.1" x 0.4" 
Price (1 to 9 units): 8-bit $ 95.00 

10-bit $125.00 
12-bit $155.00 

SAMPLE/HOLD 
Mode I 4034/ 25 
Size : 2.4" x 1.8" x .60" 
Price (1 to -9 units): $110.00 

BB 
Circle 104 on Inquiry Cord 

Gain accuracy: ± 0.1% 
Linearity: ±0.01% 
Common mode rejection: 100 dB 
Voltage drift : ±1 ,,.v;•c 
Settling time: 500 µ.sec 

High speed: 30 µ.sec• 
Low drift: 20 ppm;•<;• 
Optional input buffer 

amplifier. 

Four popular digital codes 
*10-bit unit. 

High speed : 1.5 µ.sec• 
Low drift : 20 ppm;•c• 
Four popular input codes 

*10-bit unit. 

Ga in accuracy: 50 M!l 
Input impedance: ±0.01% 

Three other catalog 
units also available. 

Operational Amplifiers 
Instrumentation Amplifiers 
Active Filters 
Multiplier/ Dividers 
A/ D-D /A Converters 
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E-H 
the simple solution 

If you want to simplify your testing operations to the point where a 
relatively untrained technician can make sophisticated tests with 
complete confidence and accuracy, E-H Research Laboratories, Inc., 
and its subsidiary, Automated Measurements Corporation, offer the 
simple solution. 

First, take a look at the AMC Model 1100 Digital Readout Oscilloscope. 
It's the only four-channel, four-trace digital readout oscilloscope on 
the market. It was developed for the most versatile laboratory and 
benchtop applications, using remote sampling units to give you greater 
freedom in your testing operations. It has the capability for simul­
taneous viewing of four waveforms. And the digital display can show 
time accuracy to 1 % f.s. and voltage accuracy to 1 % f.s. 

The ideal driver for the AMC Model 1100 is the E-H 135 Pulse Gener­
ator. It's fondly called the Universal Pulser because of its great versa­
tility and capability of handling just about any pulser requirement you 
might have today and for some time to come. The E-H 135 is the only 
50 MHz pulser available that has unattenuated baseline offset to ± 5V 
into 50 ohms. It also features rise and fall times of from 3 ns to 
greater than 8 ms. 

The two instruments mentioned above are just a sample of a complete 
line of E-H and AMC equipment available. So no matter how complex 
your testing problems are, get to the simple solution fast. Contact 
your E-H representative today. 

--~ ~ E·H RESEARCH LABORATORIES, INC. 

515 Eleventh Street • Box 1289, Oakland, California 94604 • Phone: (415) 834-3030 • TWX 910-366-7258 
In Europe: E-H Research Laboratories (Ned) N.V., Box 1018, Eindhoven , The Netherlands, Telex 511 16 
In Japan: lwatsu Electric Company, Ltd ., 7-41 , 1-Chome Kugayama Suginami-Ku , Tokyo 167, Japan 

Circl e 105 on Inquiry Card 



To make the lowest-cost arithmetic 
logic unit with carry lookahead built-in, 

Fairchild's new 9340 is the perfect arithmetic logic unit 
for almost every application. It's a high-speed device that can 
perform two arithmetic operations (ADD or SUBTRACT) 
and any of six logic operations on two 4-bit binary words 
in parallel. To handle 16 bits, just hook up four 9340s. c 

And nothing else. 
The 9340 can ADD two 4-bit words in 28ns and SUBTRACT two 4-bit words 

in 33ns. The addition of two 16-bit words takes only 42ns. 
The new ALU has full internal carry lookahead, and provides either 

a ripple carry output or carry lookahead outputs. The speed and 
flexibility of the 9340 make it ideal for other applications like multipliers, 
dividers and comparators. 

Input clamp diodes are used on all inputs to limit high speed 
termination effects in the 9340. Input/output characteristics provide easy 
interfacing with all Fairchild DTµL, TTµL and MSI families. 

To order the 9340, call your Fairchild Distributor and ask for: 

PART TEMPERATURE PRI CE (100-
NUMBER PACKAGE RANGE (1-24) (25-99) 999) 

U6N934059X DIP 0°C to f- 75°C $20.90 $16. 70 $14.00 
U6N934051X DlP -55°C t.o + 125°C 41.80 33.40 28.00 
U4M934059X Flat 0°C to + 75°C 23.00 18.40 15.40 
U4M934051X Flat - 55°C to + 125°C 46.00 36.80 30.80 
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you have to get serious about 
MSI family planning. 

We put together a family plan by taking systems apart. All kinds of digital 
systems. Thousands of them. 

First we looked for functional categories.We found them. Time after time, in a 
clear and recurrent pattern, seven basic categories popped up: Registers.Decod­
ers and demultiplexers. Counters. Multiplexers. Encoders. Operators. Latches. 

Inside each of the seven categories, we sifted by application. 
We wanted to design the minimum number of devices that could 
do the maximum number of things. That's why, for example, 
Fairchild MSI registers can be used in storage, in shifting, in 
counting and in conversion applications. And you'll find this 
sort of versatility throughout our entire MSI line. 

Finally, we studied ancillary logic requirements and 
packed, wherever possible, our MSI devices with input 

OPERATORS 
9304- Dual Full Adder/ 

Parity Generator 
9340- Arithmetic 

Logic Unit 

LATCHES 

and output decoding, buffering 
and complementing functions. 
That's why Fairchild MSI reduces ­
in many cases eliminates-the 
need for additional logic packages. ' . • 

9308 -Dual 4-Bit Latch 
9314 -Quad Latch 

REGISTERS 

The Fairchild MSI family 9300 -4-Bit shift 
Register MULTIPLEXERS 

plan. A new approach to MSI 9328 -~~~~ ~!~!ter 93o9-g~~~i Input 

that's as old as the industrial revolution. 9312-~~~~~!e~~~ita1 
Multiplexer 

It started with functional simplicity, 9322-~~;i~ai-rnput 
extended through multi-use component parts, and Multiplexer 

concluded with a sharp reduction in add-ons. 
Simplicity. Versatility. Compatibility. 
Available now. In military or 
industrial temperature ranges. 
In hermetic DIPs and Flatpaks. 
From any Fairchild Distributor. 

ENCODERS 

COUNTERS 
9306 -Decade Up/ 

Down Counter 
9310 -Decade Counter 
9316 -Hexidecimal 

9318 -Priority 8-Input Counter 
Encoder 

DECODERS AND 
DEMULTIPLEXERS 

9301 -One-Of-Ten 
Decoder 

9315 -One-Of-Ten 
Decoder /Driver 

9307 -Seven-Segment 
Decoder 

9311 -One-Of-16 
Decoder 

9317 -Seven-Segment 
Decoder /Driver 

9327 - Seven-Segment 
Decoder /Driver 

FAIRCHILCJ 

S E MICONDUCTOR 

FAIRCHILD SEMICONDUCTOR A Division of Fairchild Camera and Instrument Corporation Mountain View, California 94040, (415) 962-5011 TWX: 91 0-379-6435 
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helps you 
. keep alowprofile 

It's small. Only 33h x 25/s x 11/a in. 
Yet it's capable of 80 watts output, 
50 watts internal dissipation at 90°C case 
temperature. Its high open-loop gain and 
low distortion make it an ideal choice for 
driving DC torque motors, servo motors, 
Sonar transducers and other applications 
where maximum performance and mini­
mum space requirements are essential. 

You won't even need a heat sink 
if you're operating short term high peak 
periods with moderate average power 
levels. Give Inland a call for all your 
amplifier requirements. But think of us 
first at the early design stages, when we 
can help you eliminate interface prob­
lems because of our systems capabilities 
through our affiliated divisions. 

INLAND 
CONTROLS 
A DI VISI ON OF 

KOLLMORGEN 



Guesswhatournew 
T N·LE Connector 

saves besides space? 

That's right. This new connector takes 
up very little space. For very little 
money. 

You can choose from four different 
centerline spacings. Two of them­
.100" and .125"-nobody else makes. 
And the other two-.150 " and .156 " 
with bifurcated contacts-a re the 
same spacings as anyone else's. 

But that 's all that 's the same. You 
can get from 6 to 100 contacts (by 
2 's) per connector . Contacts are phos-

phor bronze with gold over nickel 
plating on contact area , and bright 
tin plated solder posts. Our card 
guides can handle two adjacent cards 
at the same time. There 's also the 
unique stand -off feature of the con­
nector housing. It exposes the con­
tacts so you can make electrical con­
tinuity probes without damaging the 
contact area. 

This pre-loaded TWIN-LEAF* con· 
nectar has proven to be adaptable to 
every mother-daughter board appli-

cation known. And its future applica- · 
tions wait only for your imagination. 

For more information on how you 
can save money and space on all 
your mother-daughter board appli­
cations write to Industrial Division, 
AMP Incorporated, Harrisburg, Pa. 
17105. 

AMP 
INCORPORATED 
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OS than Fairch 
Tl and Signetics. 
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Guess which one 
is selling shift ·· ·. 
registers at . · ~ 
a penny a bit. : 



• l 

more .. 
' . 

ild, otorolcl, , I t .. 

combined. 
' I 

\ . 

' i 

J\£f P.ESl4 ME.~OFW '\ 

r~--~----A---~~~--°'"" 

Who else? ~~w 
National just came out with DAT"A 

the MM5016, a bipolar compatible ....,M 501<o 
~12. BIT, ~E&l!>ti:R 512-bit dynamic shift register with a five · · · 

dollar price tag (in quantities of 100). 
The MM5016 should interest designers of CRT 
refresh memories, radar delay lines or fast 
access, drum memories. And engineers looking 
for a small and stable replacement for glass 
and magnetostrictive delay lines. 

Now guess who's selling 600ns ROM's. 
National again.We just introduced the 

MM52'1JO, a bipolar compatible, 2560 bit 
character generator that offers you 
off-the-shelf standard fonts in addition to its 
blazing speed.We've priced the ~5240 
at $30.00 (in quantities of 100) and now await 
orders from people involved in character 
generation, random logic synthesis, 
micro-programming and table look-up. 

What else? 
Well, National recently introduced still 

another MOS, the MM5001. The MM5001 is 

a dual, 64-bit dyqaffiic.shift register~ Lik~ the. 
, MM5016 and the MM5240,.it's b~polar . 
compatible. H costs just $10.80 (in quantities , 
of 100), and you'll find the MMSOOl handy in a 
variety of data handling and computer type 
applications. 

All three of National's new MOS products 
have application in CRT refresh memories. 
We've written an application brief to give you 
all the details. The brief awaits you now at 
your National distributor. So do the products. 
National Semiconductor Corporation, 
2900 Semiconductor Drive, Santa Clara, 
California 95051/Phone ( 408) 732-5000, 
T\VX(910)339-9240. 

National 
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INT'G.R~ONN~Crtt:JN PACK.AGING 

~TAr<r F!NISJ/-

r 

'" 

!lave 
~/.CO bid t--

Thesooneryousayno, 
the more time and money 

you save. 
Take the high road all the way, and 
you 'll be done in six weeks. 

The high road is our "Total 
Packaging Service": comple te inter­
connection system packaging from 
design to wire termination. 

It's saved a lot of our customers 
a lot of time and money. (And helped 
make us the largest manufacturer of 
metal-plate back-panel interconnection 
systems.) 

But maybe that's more than you 
need. 

All right. 
Start at the last decision poin t, 

for instance: Should you have your 
production people making terminal 
interconnections, when they could 
be making something more profi table? 

We think not. 

Send us your back panels and wire 
list. We'll tie everything together for 
you. By hand, semi-automatically, 
or automatically with our Gardner­
Denver think-and-do machines. You'll 
get an accurate job, with minimum 
wire lengths and densities. 

Or start back a little further in 
the process-at the point where you 
have to get and assemble your con­
nectors and back plates. We'll save you 
some time and money there, too. 

Because. 
We've got several hundred 

thousand standard connectors to work 
with. For square or offset grids. On 
.100", .125", .150", or .200" centers. 
And the plates to assemble them on. 
And the people to assemble them 
with. You can buy from us either 

El jC Q Interconnection 
W Systems 
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way. With savings, either way. 
But what if your requirements 

are definitely not standard? 
Ah. 
That brings us back to the 

beginning. Where our designers can 
(a) help you avoid non-standard 
connectors or (b} design, quickly, 
those that can't be avoided. Big 
savings there. 

Whichever decision (crisis?) you're 
facing, between design and production, 
give Elco a call. Call Jim Scaminaci 
direct: he's our interconnections man. 
You can reach him at (213) 675-3311, 
Ext. 235. Collect. Or call, write, or 
TWX Joe Roos, Product Manager at 
Elco Corporation, Willow Grove, Pa. 
19090. (215) 659-7000.~ 
TWX510-665-5573. ~ 



'Editorial 

Letter from a concerned reader 
Dear E EE: 
I was pleased to read your editorial, " Watchful Waiting," 
in the July 1970 issue of EEE. Y ou are finally showing some 
concern fo r the state of the electronics industry. But what 
the hell about the scientists and engineers who are being 
threatened with layoffs? Y our total lack of concern fo r the 
welfare of your readers leads m e to believe you really can't 
care. I will only support those magazines and groups which 
serve the welfare of A m erican Science and its dedicated 
scientists. Please cancel m y subscription to EEE. 

I urge all EEs to cease their support to those elements 
which work against our interests, that are uninvolved or just 
couldn't give a damn about us. 
Paul G. Snigier 
Raynham , Mass. 
July 18, 1970 

We regret that the concern expressed by our July edito ri al 
for the surviva l of new, struggling electronics compa nies 
could be interpreted as a lack of concern for the EEE 
reader. This conclusion does not necessarily foll ow. 

Yes, we expressed the hope that new small companies 
endangered by the recess ion would be able to hold on until 
conditions improve . Ma ny pioneering efforts in the elec­
tr.onics industry are now being carried out by such com pa­
nies and if they' re not around when the recovery comes, the 
industry will be the worse fo r it. 

But certainly the plight of today's unemployed engineer 
is the most serious of any of the problems troubling our 
ind ustry. Mr. Snigier, in his letter, expresses only concern 
for those individuals whose jobs are in jeopardy-does this 
mean that he doesn' t care about the unemployed? This 
conclusion would be just as unfa ir as the one made by Mr. 
Snigier. 

Jerry Eimbinder 
Editor 



PULSE 
SNAP 
DIODE 
Problem: You need to sha rpen 
a high amplitude pulse to 
picosecond speeds. 
Solution: The Siliconix PSD . 
Here's a typical a pplication , 
a pulse sharpener: 

o--LEADING--;'°';~I ' 

.J£ 
0

Pso f ·.J_G 

TRAILING EDGE 

~ t---+--------tiu---.------i 

.J~.~ PSD 

Use the PSD for pulse squ a rin g, 
delaying, a rea limiting a nd 
other applications, too. 

Write for instant data and 
applications information. 

~Siliconix 
~ incorporated 
2201 Laurelwood Rd . • Santa Clara, Calif. 95054 
( 408) 246-8000 Ext. 201 • TWX: 910-338-0227 
In Euro pe : Sil iconix limi1ed. Sau nders Way. Skell y, Swan~a . G reat Britain 
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ACROSS THE 

'Editor's 
'Desk 

Connector terminology 

Dear EEE: 
Your May, 1970 issue had interesting 
his torical notes on rf connectors. 

However, l di sagree wi1h the state­
ment on page 40 th at the letters 
" RG / u ·· and ··uG ·· do not mea n a ny­
thing. The fo ll ow ing expl anatio n ap­
peared in the Jul y 1966 issue of •·73" 
magazine: "Th e fa mili ar 'RG '-/ U, de­
rived fro m ·radio guide,' was desig­
nated fo r rf t ransmiss ion lines, both 
coax ia l a nd wave-guide. The ·uG ·. ; u 
system, derived from ' union guid e,' was 
ass igned to rf connec to rs and adapters 
used with these li nes. The suffi x ·u · 
was used to ind icate a 'universal' sys­
tem of numberin g." 

Ray mond F . E lsner 
ITT Research Institute 
Chicago, Illin ois 

Dear EEE: 
There seems to be some room fo r 
argument over the statements made on 
page 40 of th e May issue under "Coax 
cab les and connecto rs: How they got 
th eir names. " Vo lume IL of the MIT 
Radiation Lab seri es, Techniqu e of 
Microwave Measurements states in 
Section l-4, " . .. the joint Arm y-N avy 
Radi o Frequ ency Cable Coordinating 
Committee (ANRFCCC) was act ive 
during the wa r and established speci­
fica tio ns fo r cables, connectors, and 
ada pte rs fo r transmission lines o f a ll 
types, including waveguides." L ater-on 
th ey sta te ' 'Lines are described by a 
num be r such as RG-9/ U (radi o guid e-
9/ universa l). and fittin gs by UG-21 / U 
(union guide-21/ un iversal)." In rega rd 
to the BNC connecto r the fo ll owin g 
statement is made " . .. the low fre­
quency connector shown in Fig. 1.5 is 
a small connector simil ar to a type N 
conn ector designated as a BNC o r 
'baby ty pe N ' co nnecto r." 

Herbe rt E. Dawso n 
Supervisory E nginee r 
Page Communicat ions Engineers, Inc. 
Washington, D .C. 

Analog Signals 

Dear EEE : 
I would like to comment on two state­
ments in Bernard Gordon's article 
"Digital Sampling and Recovery of 
Analog Signals" (EEE, May, 1970, 
pp. 65-75) and then propose an alter-

(Continued on page 20) 

MULTIPLE OUTPUT DC-DC 
CONVERTER 
FOR m, OP AMP, MOS, AND DISPlAY POWER 
Size: l*x31,7x3* 
lnput:26·30VDC 
Regulation: 2% 
Ripple: .2% 
Operating Temp: - 55 to + 85°C 

Model Outputs Price 
(Volb DC) (lpc) 

SHU 5@2 Amps 
$150.00 100/.05·5/1 200@ .OS Amp 

SHU 
5@ 2Am ps 

+ 15@.SAmp 175.00 30CT/ .5·5/1 
- 15@ .5Am p 

Delivery: Stock - 4 weeks ARO 

MULTIPLE OUTPUT AC-DC 
CONVERTER 
FOR TIL, OP AMP, MOS, AND DISPlAY POWER 
Size: l*x31hx3* 
Input: I08·130V RMS 50.500 Hz 
Regulation: 2% 
Ripple:.2% 
Operating Temp: - 55to + 85°C 

Modet Outputs 
(Volb DC) 

PHU 5 @2 Amps 
100/.05·5/1 200@ .05 Amp 

PHU 
5@2 Amps 

+ 15@.5 Amp 
30CT/.5·5/1 

-15@ .5Amp 
Delivery: Stock to 4 weeks ARO 

Price 
(lpc) 

$311.00 

365.00 

100 WATT DC-SINE WAVE 
INVERTER 
Size: 5 x4 x21h 
Weight:56oz 
lnput:200VDC 
Output : 100 Watts @ .8 PF 

Closely Regulaledat 400 Hz. 4% 
Total Harmonic Distortion (other frequencies available to IOKHz) 

Operaling l emp:-55to + 7I°C 

Model 
Output 

(VRMS @ 400 Hz) 
18 

115 

Delivery : Stock - 4 weeks ARO 

Price 
(!pc) 

1479.00 
479.00 

Other inverters available from 12 Watts to 200 Watts 

PRINTED CIRCUIT STYLE 
POWER SUPPLY 
Hermetic Sealed Steel Case 
Flexible Lead Spacing 
Sma ll Size: 21h x2Y.i 1.9 
.05% Resulation 
11 5 YAC, 50·500 Hzlnput 
3to30 YDC SingleorDual Outputs 

Applic1tion Model Number 
Losic ftA.5/500 

OP Amp PCBOCT/ 100 

MOS ft.1 ·28/60-14/40 

Delivery: Stock to 5 weeks ARO 

Output 
5VOC@500MA 

+ 15YDC@ IOOMA 
-moc@ 100MA 
-18VOC@60MA 
- 14VOC@ 40MA 

Price(lpc) 
$84.00 

99.00 

99.00 

Other models available with inputs of 28 voe and 5 voe. 

11264 Playa Court, Culver City, Calif. 90230 
(213) 870·7014 TWX 910·343-6468 

18JU.J.i 'M'Nt'i 
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Whafs a 500 kHz plug-in 
doing in a 100 MHz mainframe? 
Increasing its versatility, 
that's what! 

When you need 100 µV sensitivity, 
rather than 100 MHz bandwidth , HP's 
new dual-channel 1806A plug-in lets 
your 180 Scope System do the job. 
With the 1806A, the versatile 180 
Mini-Giant becomes a powerful tool 
for measuring and analyzing low­
level signals up to 500 kHz. 

A 100 µV /div deflection factor 
" lets you see beyond the surface of 

a signal - to detect ripples, 
d iscontinuities and harmonics 
invisible at less sensitive levels. 
To get the most out of the 100 µV 
sensitivity, drift is typically < 50 
µVI hr, CMRR is 100 dB, noise 
is < 20 µV tangential at full BW­
and a pushbutton lets you limit 
bandwidth to 50 kHz, when you 
need to. Yet the price of the 1806A 
is only $675. 
For applications where you need 
high-bandwidth capabilities, there 
are a host of other plug-ins for 
the versatile 180 System. There's 
a 50 MHz, 5 mV /div plug-in for 
only $695. 100 MHz with 10 mV I div 
and son input, $1200 (10 Mn active 
probe, $95 extra) . 

Other available plug-ins include: 
a differential I de-offset amplifier, a 
4-channel amplifier, and a 35 ps 
time-domain reflectometer that 
doubles as a 12.4 GHz sampler. 

Today, oscilloscope technology 
is at a crossroads. The HP direction 
points to getting the best, now, at 
a low price-with assurance of 
increased measurement capabilities 
down the road , using existing 
mainframes. The new 1806A 

• plug-in is the latest example of 
this approach at work. 
To see the 180 System, call your 
local HP field engineer. Or, write to 
Hewlett-Packard, Palo Alto , 
California 94304. In Europe : 
1217 Meyrin-Geneva, Switzerland. 

080 / 15 

HEWLETT. PACKARD 

OSCILLOSCOPE SYSTEMS 
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ACROSS THE 

'Editor's 
'Desk 

nate design a pp roach to the probl e m . 
First he states o n Page 70 : '· 1 f it is 
unde;·stood th a t the or igin a l signa l is 
multipli ed by the sa mpling signa l hav­
in g a n amplitude o f 0 to 1, . then . a 
knowledge of t ra nsfo rm rela t1 o nsh1ps 
ma kes it clea r th a t the o ri gina l spec­
trum is being multipli ed by the spec­
trum o f the sa mplin g theo rem," l sus­
pect a n editin g e rror ocn1rred in this 
case since F ig. 8 does show quite 
clearl y th at the o ri gin a l spectrum is 
bein g co nvo lved by the spectrum o f 
the sa mplin g signa l. 

On page 72, howe ver, t_he s t a te n;e~t 
"This is the theo rem yielding N yquist s 
results - i.e. equi -s paced data , with 
two o r more po ints pe r cycle of high­
est frequency, a llows reco nstructio n of 
ba nd-limi ted functio ns" is at best a 
misleadin g sta te ment o f N yquist's re­
sults eve n for the unrea listi c supposi­
tio n of a n idea l low-pass filt e r. It 
wo uld be correc t, a lth o ugh mi slead­
in g. to say "w ith mo re tha n two po ints 
pe r cycle of hi ghest freque ncy, etc." 
N yqui st's sa mpling theo re m says th at 
the sa mpled frequency spectrum a mpli ­
tude must be ~e ra fo r frequenc ies at 
a nd above the freque ncy whe re two 
sa m ples pe r cycl e a re ta ke n; a subtle 
but most importa nt diffe re nce. 

[n the rea li za ble case, the n, o ne 
sho uld choose the samplin g frequ e ncy 
as be ing twice the freque ncy, f, ,. ,°' at 
a nd above whi ch the sa mpl ed spectrum 
amplitu de ca n be co nside red zero. that 
is be lo w the syste m resolutio n ca pa­
bili ty. Keeping in mind th a t f, .. '° is 
hi gher tha n the hi ghest freque ncy o f 
inte res t f . the des ign questio n 
a mo un ;s t o:"~ h a t is the tra nsitio n ba nd 
cha rac teristi c needed be twee n f , .. , a nd 
f,, . ..,? One a pproach since f ,," is known, 
is to choose f, 0 '° a nd the sa mplin g rate 
2 rb.-o l at the inte rsec ti o n of the a t­
tenua ti on characte ri sti c o f the (natu ­
ra l o r des igned) a li as filte r a nd a po int 
a pproximate ly 6 dB be low the system 
resolu tio n ca pability. Thus, if the sys­
tem had a d ynGmic ra nge of. say 42dB 
- then f wo uld be chose n whe re 
the a lias i ii't~ r res po nse was down 48 
d B. 

If we no w choose the recove ry filt e r 
to have the same atte nu a ti o n charac­
te ri sti cs as the a lias fil te r, but with 
its co rne r freque ncy a t f,.. ,.,,, we a re 
guara nteed two thin gs during recove ry 
by th e symm etry o f the sa mpled data 
spectrum a bo ut f,.., . ., : ( I ) the frequ e n­
cies above f, ,.,.,, co rrespo ndin g to the 
co nvolved spectrum o f the o ri gin a l in­
put signa l ca n inc rease in a mplitude at 
mos t a t the rate they a re a tt e nuated 
by the recove ry filt e r. whi ch for o ur 
purpose ge ts rid of the m. (2) The fre­
que ncies sy mmet rical a bo ut f, ..,

0 
cor­

respo ndin g to the a li ased freq ue ncies 
(due to the rea lizable case th at the 
o ri gin a l sa mpl ed input spec trum a m­
plitude ca nn ot be zero at f,,. , . ., ) a re not 
de tectab le by the system sin ce the spec-

1 R 

trum amplitude at f, ... 0 was a lread y 
6 dB (a pp rox ima tely a factor of two) 
be lo w the syste m resolutio n ca pa bilit y. 
He nce, the a lias ing e ffect is neg li gible. 

If the recovery filte r we re fo llo wed 
by a ph ase equ a liza tio n filter based o n 
the o ri gina l a li as filte r, the recove ry 
process would be the same as for the 
idea l case as fa r as the system co uld 
resolve. 

Phil W ard 
M. I. T. Elect ro nic Systems L a b 
Ca m b ri dge, M ass. 

Author's reply 

Mr. Wa rd 's co mment tha t the phrase, 
" the o riginal spectrum is being multi­
plied by the spectrum of the sampling 
theo re m" sho uld read " is be ing con­
volved by the spectrum o f the sa m 
piing signa l" is correct. 

With respect to the stateme nt, 'This 
is the theo rem yie lding N yquist's re­
sults. etc." it does seem to me th at 
ma king a po int o ut o f the diffe re nce 
be twee n the ph rases, " two o r mo re" 
a nd " mo re th a n two" is c utting it a bi t 
too fine except fo r the ve ry pu rest o f 
mathe ma ti cia ns. Fo r exa mple , R . B. 
Bl ac kma n a nd J. W. Tu key in th e ir 
excelle nt reference book, "The Meas­
ure ment o f Powe r Spectra From the 
Po int of View o f Communica ti o ns En­
ginee ri ng" define (o n page 175) 
·'sa mpling theo re m" as, "N yquist's re ­
sult th at equi -s paced da ta , with two 
or mo re po ints per cycle o f hi ghest 
freque ncy, allo ws reconstructi o n o f 
ba nd-limited function ." I suspect th at 
if th is definiti o n is good eno ugh fo r 
the m it o ught to be good eno ugh fo r 
most prac ti cing engineers. 

Mr. Wa rd 's suggestio n rega rdin g a n 
a pp roach to deve lo pin g t he characte r­
isti cs of a recovery filt e r is a useful 
co nt ributio n. H o wever, o ne of the ma in 
po ints tha t I atte mpted to ma ke in m y 
a rt icle was th a t ve ry freque ntl y the 
speci fi e judgme nt decisio ns made by a. 
systems e nginee r will re late lo the 
exact nature o f wha t th a t system is try­
ing to accomplish a nd th at the va rious 
judgme nt decisio ns will va ry conside r­
a bl y depending o n the e nd res ult. Th a t 
is, in ma ny rea l syste ms the re will 
ex ist no p ractical rea l freque ncy a t 
whi ch the spect rum a mplitude ca n be 
co nsidered zero a nd the syste m des ig n­
er mu st delibera tel y decid e what e rrors 
he can a fford to tol e rate. 

Al so, I wo uld li ke to comment th at 
m y EEE a rticle ca n, a t best, be con­
side red a sta rting po int fo r the e n­
ginee r wh o must se rio usly tackl e the 
probl e ms co nside red . 

Be rna rd M. G o rd o n 
Go rdo n E ngineerin g Co. 
Wakefield. M ass. 

Dea r EEE: 
I think I have never read such a clea r 
a rticle abo ut such a sophi st ica ted 
p rob lem . Th ank you , Mr. G o rd o n. 

J . P. Poinde rsa ult 
Ph ys io A u Fae Sciences 
Po itiers , F rance 

This engineering/ engineering 
management seminar will cover the 

·positive aspects of designing with 
standard ICs. It ' ll analyze the de­
grees of flexibility that different 
standard I Cs provide the circuit I 
system designer and it ' ll survey 
what can be accomplished with 
existing digital and linear ICs in­
cluding bipolar and MOS MSl /LSI. 
The seminar's main goals are to 
show the IC user the ranges of 
capability offered by standard de­
vices and the best ways from tech ­
nical and economical viewpoints , to 
take advantage of these capabilities . 

As with previous EEE Seminars, 
this Boston seminar permits key ap­
plications engineers at leading IC 
manufacturers to interface as a 
group with IC users. This helps at­
tendees gauge the opinions of 
several leading IC engineers on 
each topic discussed. 

PROGRAM: 
Session One 
Key innovators from leading digital / 
linear IC manufacturers will discuss 
groundrules for making standard 
available-off-the shelf ICs fit the 
requirements of various circuits and 
systems. 

Session Two 
The controversies concerning which 



• 

of competing IC approaches is 
best for various systems will be 
examined . 

Session Three 
The present range of capabilities 
of most types of I Cs (LSI / MSI, 
RAMs, ROMs, op amps, regulators , 
comparators , etc.) will be explored . 

Date/Place 

Friday, November 6 
Holiday Inn (Charles River) 
5 Blossom St . at Cambridge St. 
Boston , Mass. (zip : 02114) 
(During NEREM week) 
8:45 -9:15 Coffee / Danish 
9:15 -11 :45 
11 :45 -1:00 
1:00-3:00 

3:00-3 :15 

Morning Session 
Luncheon 
First Afternoon Ses­
sion 
Coffee / Coke Break 

3: 15-4:30 Second Afternoon 
Session 

Registration Fee 
Advance registration is $35 ($40 at 
the door if seats are available) . 
Registration includes detailed pro­
gram , materials, luncheon, coffee 
breaks. Fee is tax deductible. Can­
cellations honored one day before 
seminar. 

To register, use the form below. 

Make your check payable to 
EEE Seminars 
820 Second Avenue 
New York, New York 10017 

Please register me for 

Seminar on "Designing With Commercially Available Integrated 
Circuits," Friday, Nov. 6, 1970, Holiday Inn, Boston, Mass. Fee: $35. 

D My purchase order or check is enclosed, or 
D Bill me, or D Bill my company. 

Name _ _ ___________ Title _ ____ _ ____ _ 

Company _______________ ________ ~ 

Address ___________________ ____ _ 
(St reet) (C ity) 

State _________________ Zip _ ____ _ 

You r t ic ket will be m ailed to you . 
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MECL Ill MAKES IT HAPPEN 

In this computer world of rapidly accumulating data it is 
imperative to develop new high-speed techniques for analog-to­
digital data conversion. To meet these demands Motorola now offers 
the MC1650 A ID Comparator, a digital integrated circuit providing 
faster conversion rates than any comparable IC system available 
today - at no increase in cost! 

Basically, the MC1650 compares an analog signal to a refer­
ence voltage when the gate is in the logic " l" state. When the 
analog level is greater than the reference, the output (Q) of the 
comparator goes to a logic "1". When the analog signal is less than 
the reference voltage, the comparator output voltage goes to a 
logic "O". 

The comparator will accept analog signals with slew rates up 
to 340 V / µ.s and provides digital information at rates up to 200 
megabits per second, at the least significant bit ( LSB) . And the 
MC1650 features a built-in memory whereby the gate input, when 
taken to a logic "O" level, will cause all bits of digital information 
to remain in the present state, regardless of a change at the analog 
input. The MC1650 incorporates two comparators in one package 
and operates at MECL III logic levels. Other features include a 
typical delay of 3.5 ns and complementary outputs which increase 
flexibility of design. 

In the 3-bit A/D converter illustrated, the analog signal is 
represented as a straight line, but may assume any form as long as 
the maximum slew rate is not exceeded. The incremental steps are 
determined by the bias values supplied by resistors between + V R EF 

and -V R EF · Equal values for all resistors (assumed here) will break 
the analog sensitivity of the system into equal increments, while 
different values result in unequal increments. 

Apply the MC1650 to instrumentation applications such as 
frequency measurement, high-frequency sample and hold, and peak 
voltage detection. In navigation and aviation use the comparator 
for application in altimeters, peak detectors, and electromechanical 
system-control interfacing. And consider the high-speed applications 
for computer terminals and memory translation and amplification. 

For complete MC1650 specifications write to Motorola Semi­
conductor Products Inc. , P.O. Box 20912, Phoenix, Arizona 85036 . . 
Your local Motorola distributor has evaluation devices available 
now. Evaluation will introduce you to the latest concept of high­
speed A/D data conversion where MECL III makes things happen. 
MECL - Tradema rk of Motorola Inc. 

If\ MOTOROLA MECL 
'9J the only way to go ... FASTER 
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'Progress 
in 
'Design 
and 
'Researeh 

Two new thin-film 
hybrid D;A converters 
PROG RESS IN 
MICROEL ECTR O NICS 

TINY NEW digital-to-analog con­
verters from two companies have 
one common feature that may 
signify a new trend. Both the 
Micro Networks MN302 and the 
Precision Monolithics AIMDAC-
100 a1·e hybrid ICs with thin-film 
resistor networks. Thus more and 
more companies seem to be fa­
voring thin-film fabrication for 
microelectronic DI A converters. 
Earlier this year, Sprague intro­
duced a thin-film hybrid DAC 
(see EEE, February 1970, pp. 20-
22 ) and Radiation introduced a 
dielectrically - isolated "monolith­
ic" DAC with thin-film weighting 
network (sec EEE, June 1970, 
pp . 32-36). 

Thin-film resistors of course, 
have the important advantage 
that they can yie ld temperature 
drifts lower than those of most 
thick-film res istors . But thin 
films also have some disadvan­
tages that, until r ecently, r estrict­
ed their app lication in DAC 
modules. Costs of thin-film fab­
rication have tended to be higher 
than for the thick-film approach, 
but, thanks to increased knowhow 
and larger manufacturing vol­
ume , some companies have been 
ab le to close the cost gap. Another 
disadvantage of thin films is that 
they aren't suitable for fabrica­
tion of compact, high-value, resis­
tors. But engineers have managed 
to devise some ingenious circuit 
tricks to eliminate the need for 
high-value resistors. 

Though the Micro Networks 
and Precision Monolithics units 
are both compact thin-film hybrid 
ICs, the similarity ends there. 
The circuits are really intended 
for different applications. The 
Micro Networks MN302 includes 
an output amplifier but is intend­
ed for operation with a stable 
external reference source. The 
Pr~cision Monolithics AIMDAC-
100, on the other hand, needs an 
external amplifier in most appli­
cations, but it does include a 
precision reference-voltage regu­
la tor in the chip. Also theMN302 
is an 8-bit DAC, whereas the 
AIMDAC-100 has a resolution of 
10 bits. 

Functio nally adjusted 

While several companies now 
use thin-film resistor networks 
for DACs, Micro Networks claims 
to be one of the few companies 
that actually trims the resistor 
values after the complete DAC 
has been assembled. This allows 
compensation for other errors 
within the DAC circuit, in addi­
tion to errors within the weight­
ing network itself. 

Functional trimming is more 
difficult with other packaging 
approaches. With a wholly mono­
lithic structure it would be almost 
impossible to trim resistors 
without damaging other devices 
on the chip. And if the switching 
network and resistor network 
were in separate packages, it 
would be ne cessary to carefully 

(Continued on page 24) 
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NewHelipot 
DAC & ADC Hybrids 

are MOS ~~ system 

Model 847 DAC & Model 871 ADC offer : 

• Integration of the best DAC / ADC func­
tional elements from MOS/LSI , Bipolar and 
cermet thick-film technologies into complete 
hybrid converters. 

• MOS system compatibility (using 3750 
& 3751) . 

• Small, hermetic metal package & 
environmental specs per MIL-STD-883. 

~eckman3 INSTRUMENTS, INC. 

HELIPOT DIVISION FULLERTON, CALIFORNIA 

compatible 

MODEL 847 DAC MODEL 871 ADC 
• Resolution 10 bit 12 bit 

• Accuracy : (Code) D1 D2 D3 D1 D2 D3 
at 25° C ±0.025% ±0.05% ±0.1% ±0.025% ±0.05% ±0.1% 
-20 to 85° C ±0.05% ±0.1% ±0.2% ±0.05% ±0.1 % ±0.2% 

• Price (50-99 Quantity) $165.00 $148.75 $136.00 $252.25 $191 .25 $165.00 

• Power Consumption 350mW max. 950mW max. 

Cal l your local Helipot Sales Engineering Representative for additional information and 
application assistance. 

INTERNATIONAL SUBSIDIARIES : AMSTERDAM : CAPETOWN ; GENEVA; GLEN ROTH ES, SCOTLAND; LONDON ; MEXICO CITY ; MUNICH ; PARIS; STOCKHOLM ; TOKYO ; VIENNA 

Circle 115 on Inqu iry Card 



.02o/o Sampling Accuracy 

10 mV/sec Hold Time 

30 ,1tS8C tor ± lOV Step 
Acquisition Time 

lntronics' Models FS201 and FS202 low-cost 
sample-hold modules feature closed loop, 
buffered input circuitry to give maximum 
accuracy and high input impedance. Units 
are self-contained, and require only external 
offset adjustment for maximum accuracy. 
Both offer acquisition time of 30 µsec for 
± lOV step change, and turn-off time of less 
than 50 nsec. Low profile case allows mount­
ing on closely spaced circuit cards. 

Special features of Models FS201 and FS202: 
• .01 % tracking accuracy 
• .05% sampling accuracy for FS201, 

.02 % for FS202 
• 50 mV /sec for FS201 , 

10 mV /sec hold time for FS202 
• Non-inverting 
• Low profile package - 1.75 x 1.75 x 0.4 

inches 
• Cost {1 -9): FS201 - $55, FS202 - $80 

Models FS201 and FS202 are designed for: 
• Signal multiplexing 
• A/D conversion 
• Pulse amplitude measurement 
• Sample-data control systems 

For further information or applications as­
sistance, call or write INTRONICS, 57 Chapel 
Street, Newton, Massachusetts, 02158. Tel: 
(617) 332-7350; TWX: 710-335-6853. 

~ 

111 intr(>nicH .....,. 
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+15V 

+!IV I 
14 

+!IV 
8- BIT DIGITAL INPUT 

Simplified schematic of new Micro Networks thin-film hybrid DAC, type 
MN302. The output potentiometer shown 111 an Internal resistor network 
adju.sted by the manufacturer. The complete circuit comes in a 14-pin DIP· 
style package. 

10- BIT LOGIC INPUTS 

Re 
12.Sk 3.2k 3.2k 3.2k 

F. S.TRIM l.6k l.6k l.6k 

RSI RS2 
2.44• 2.44• 

32• 3.2k 3.2k 3.2• 
l.6k l.6k 

Ra 
6.12k 

102.4• 

CHIP I (MONO DAI-01) 
SWITCHING NETWORK 
AND PRECISION 
REGULATOR 

CHIP 2 (MONO OAR-Oil • 
COMPANION RESISTOR 
NETWORK 

OUTPUT· AMPLIAER FEEDBACK 
AND OUTPUT- RANGE SELECTION 

Precision Monolitbic's AlMDAC-100 is a hybrid assembly consisting of a 
monolithic switching network and a thin-film resistor network. The simpli­
fied schematic shows bow the two chips are Interconnected. The complete 
assembly is available in either a 16-pin DIP or a 24-lead flat pack. 

identify which resistors had 
been optimized for a given set 
of switches; the apparent free­
dom to use variou s ladders with 
a given switching network is an 
illusion if one needs optimized 
performance. 

As a result of careful adjust­
ment after assembly, the Micro 
Networks MN302 is able to offer 
accuracies comparable with 
discrete-component modules hav­
ing similar resolution. Yet the 
complete hybrid circuit fits into 
a tiny 14-lead DIP-compatible 

package. The 8-bit DAC has an 
accuracy of ± 1/2 LSB over its 
operating temperature range of 
0 to + 70 °C. The temperature 
coefficient is a low ± 10 ppm/° C. 

Micro Networks does not spec­
ify settling time for the MN302. 
This is because the speed of re­
sponse is limited by the s lew 
rate of the output amplifier, 
which is 0.5 V / µs, and not by the 
switch settling time which is 
around 100 ns . Thus, though the 
MN302 offers bette.r temperature 

(Continued on page 27) 
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Robert J. Widlar 
National Semiconductor 

~ ~ LINEAR BRIEF 12 

AN IC VOLTAGE COMPARATOR 
FOR HIGH IMPEDANCE CIRCUITRY 

The IC voltage comparators available in the past 
have been designed primarily for low voltage, high 
speed operation. A s a result, these devices have 
high input error currents, which limit their useful ­
ness in high impedance circuitry . An IC is de­
scribed here that drastically reduces these error 
currents, with only a moderate decrease in speed . 

This new comparator is considerably more flexible 
than the older devices. Not only wi II it drive RTL, 
DTL and TTL logic; but al so it can interface with 
MOS logic and F ET analog switches. It operates 
from standard ± 15V op amp supplies and can 
switch 50V, 50 mA loads, making it useful as a 
driver for relays, lamps or light-emitting diodes. A 
unique output stage enables it to drive loads refer­
red to either supply or ground and provide ground 
isolation between the comparator inputs and the 
load. 

Another useful feature of the circuit is that it can 
be powered from a single 5V supply and drive 
DTL or TTL integrated circuits. This enables the 
designer to perform linear functions on a digital ­
circuit card without using extra supplies. It can, 
for example, be used as a low-level photodiode 
detector, a zero crossing detector for magnetic 
transducers, an interface for high-level logic or a 
precision mu ltivibrator. 

.-----it------.--,· 
QI 

Rl 
750 

" "' 

" J 

FIGURE 1. Simplified Schematic of the LM 111 

Figure 1 shows a simplified schematic of this 
versatile comparator. PNP transistors buffer the 
differential input stage to get low input currents 
without sacrificing speed. Because the emitter base 
breakdown voltage of these PNPs is typically 70V, 
they can also withstand a large differential input 

voltage. The PNPs drive a standard differential 
stage. The output of this stage is further amplified 
by the 0 5 -0 6 pair . This feeds a lateral PNP, 0 9 , 

that provides additional gain and drives the output 
stage. 

The output transistor is 0 1 1 which is driven by 
the level shifting PNP. Current limiting is provided 
by R6 and 0 1 0 to protect the circuit from inter­
mittent shorts. Both the output and the ground 
lead are isolated from other points within the cir­
cuit, so either can be used as the output. The v­
terminal can al so be tied to ground to run the 
circuit from a single supply. The comparator will 
work in any configuration as long as the ground 
terminal is at a potential somewhere between the 
supply voltages. The output terminal, however, 
can go above the positive supply as long as the 
breakdown voltage of 0 1 1 is not exceeded . 
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INPUT RESISTANCE In) 

FIGURE 2 . Illustrating the Influence of Source Resis­
tance on Worst Case, Equivalent Input Offset 
Voltage. 

Figure 2 shows how the reduced error currents of 
the LM 111 improve circuit performance. With the 
LM710 or LM 106, the offset voltage is degraded 
for source resistances above 200D. . The LM 111, 
however, works well with source resistances in 
excess of 30 kD.. Figure 2 applies for equal source 
resistances on the two inputs. If they are unequal , 
the degradation will become pronounced at lower 
resistance level s. 

Table I gives the important electrical character­
istics of the LM 111 and compares them with the 
specifications of older I Cs. 

A few, typical applications of the LM 111 are illus­
trated in Figure 3. The first is a zero crossing 
detector driving a MOS analog switch. The ground 
terminal of the IC is connected to v-; hence, with 
±15V supplies, the signal swing delivered to the 
gate of 0 1 is also ± 15V. This type of circuit is 
useful where the gain or feedback configuration of 
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Table I. Comparing the LM111 with earlier IC compara-
tors. Values given are worst case over a -55°C to 
125°C temperature range, except as noted. 

Parameter LM111 LM1 06 LM710 Units 

Input Offset 
4 3 3 mV 

Voltage 

Input Offset 
O.Q2 7 7 µA Current 

Input Bias 
0.15 45 45 µA Current 

Common Mode 
±14 ±5 ±5 v Range 

Differential Input 
Voltage Range ±30 ±5 ±5 v 
Voltage Gain t 200 40 1.7 V/mV 

Response Time t 200 40 40 ns 

Output Drive 
Voltage 50 24 2.5 v 
Current 50 100 1.6 mA 

Fan Out 
8 16 (DTL/TTL) 

Power 
80 145 160 mW Consumption 

tTypical at 25°C. 

an op amp circuit must be changed at some pre­
cisely-determined signal level. Incidentally, it is a 
simple matter to modify the circuit to work with 
junction FETs. 

The second circuit is a zero crossing detector for a 
magnetic pickup such as a magnetometer or shaft­
position pickoff. It delivers the output signal 
directly to DTL or TTL logic circuits and operates 
from the 5V logic supply. The resistive divider, R 1 

and R2 , biases the inputs 0.5V above ground, 
within the common mode range of the device. An 
optional offset balancing circuit, R 3 and R4 , is 
included . 

The next circuit shows a comparator for a low­
level photodiode operating with MOS logic. The 
output changes state when the diode current 
reaches 1 µA. At the switching point, the voltage 
across the photodiode is nearly zero, so its leakage 
current does not cause an error . The output 
switches between ground and -10V, driving the 
data inputs of MOS logic directly. 

The last circuit shows how a ground-referred load 
is driven from the ground terminal of the LM 111. 
The input polarity is reversed because the ground 
terminal is used as the output. An incandes-

National Semiconductor Corporation 

cent lamp, which is the load here, has a cold resis­
tance eight times lower than it is during normal 
operation . This produces a large inrush current, 
when it is switched on, that can damage the 
switch . However, the current limiting of the 
LM 111 holds this current to a safe value. 

a. Zero Crossing Detector Drivi ng Analog Switch 

MAGhETIC 
l'ICMU' 

b. Detector for Magnetic Transducer 

" "" 

TO MO S 
LOGIC 

c. Comparator for Low Level Photodiode 

,. 

d. Driving Ground-Referred Load 

FIG UR E 3. Typical Applicat ions of the LM111. 

The applications described above show that the 
output-circuit flexibi l ity and wide supply-voltage 
range of the LM 111 opens up new fields for IC 
comparators. Further, its low error currents permit 
its use in circuits with impedance levels above 
1 kS1. Although slower than older devices, it is 
more than an order of magnitude faster than op 
amps used as comparators. 

The LM 111 has the same pin configuration as the 
LM710 and LM106. It is interchangeable with 
these devices in applications where speed is not of 
prime concern . 

2900 Semiconductor Drive, Santa Clara, California 95051 
(408) 732-5000/TWX (910) 339-9240 



performance than most compet­
ing 8-bit converters, it doesn't 
match the speeds that can be at­
tained using an external fast-set­
t ling output amplifier. 

In quantities of 1-9, t he 
MN302 costs $79. For lots of 100, 
the unit price falls to $53. Deliv­
ery is from stock. In addition to 
the bin ary-input MN302, Mi cro 
Networks has a BCD version de­
signated MN303. The inputs of 
both versions are compatible 
with TTL logic. 

Fast -settlin g hybrid 

The Precision Mono! ithics 
AIMDAC-100 consists, essential­
ly, of two monolithic chi ps mount­
ed on a single substrate with sim­
ple one-to-one interconnections. 
The two chips are the same as 
those used for t he company's 
monoDAR-01 thin-film ladder 
network and monoDAI-01 10-bit 
DI A (see EEE, March 1970, pp. 
64-65 ). Thus the AIMDAC-100 is 
a single-package version of the 
earlier pair of ICs. Available 
package styles are 16-pin DIP or 
24-lead flat pack. 

Unlike the Micro-Networks cir­
cuit, t he new Precision Monoli th­
ic DAC assembly does not include 
an output ampli fier. Depending 
on t he application, thi s may or 
may not be an advantage. One ad­
vantage is that it a llows use of 
a hi gh-speed external amplifier 
in situations where fast settling 
is required. The AIMDAC-100 it-

Differential FET 

self has a settli ng time of 350 ns 
to within ± 0.1 % of fu ll scale. In 
some applications, of course, the 
unit's fu ll-scale current of around 
2 mA wi ll be adequate and an ex­
terna l amplifier won't be needed. 

Precision Monolithics offers 
the AIM DAC-100 in a wide selec­
tion of graded versions. Thus the 
device is tru ly universa l. To some 
users it may provide a low-cost 
solu tion, whi le to others it may 
provide a high-performance soh1-
tion within a tight space. 

All versions of the AIMDAC-
100 will operate over the fu ll mil­
itary temperature range of - 55 
to + 125 °C. Depending on t he 
specific version chosen, accuracy 
(at 25 °C) ranges from 0.05 % to 
0.3 % , whi le tempcos range from 
12 ppm/° C to 150 ppm/° C includ­
ing internal r eference drift. In 
quantities of 1-9, the price can be 
as low as $42 or as high as $200. 
In large quantities, the prices of 
low-performance versions drop 
below $25. 

Other options for the AIMDAC-
100 include a choice of package 
styles (DIP or flat pack) a choi ce 
of pin-outs ( to r eplace the µ,A 722 
and other ICs ) and a choi ce of 
output voltage ranges (0 to + 10 
V and ± 5 V, or 0 to + 5 V and 
±2.5 V). The required input lev­
els are compatible with DTL/ 
TTL logic. • 

For more information on th e Micro Networks 
MN 302 circle 646. 
For more information on th e Precision M ono­
lithics AIMDAC-100, circle 647 . 

op amp slews at 1000 V ;µs 
PROGRESS IN 

PACKAGED CIRCUITS 

UNLIKE OTHER ultra-wideband op 
amps, a new module from Burr­
Brown has differential inputs­
it's not restricted to inverting­
only appli cations. And the high­
freque ncy performance of the new 
amplifier, type 3400B, equals or 
exceeds that of its single-ended 
competitor s. With a large-signal 
slew rate of 1000 VI .us, a small­
signal bandwidth of 100 MHz, 
and a unit-quantity price of only 
$65, the 3400B should provi de 
some tough competit ion for older 
inverting-only designs. 

Another important feature of 
t he 3400B is its FET input cir­
cuitry. Most competing high­
speed op amps use bipolar tran­
sistors in the input stage. But, 
because of the relatively large 
first-stage collector currents need­
ed to achieve wide bandwidth, 
t he base current ( input bias cur­
rent ) also tends to be large. With 
the FET-input 3400B, however , 
the maximum bias current is only 
100 pA-three orders of magni­
tude better than most bipolar 
uni ts. Thus the a mplifier is ideal­
ly suited for applications such 

(Conti nued on page 28) 

10% OFF 
Call Now 

Digital 
Panel Meters 
3~ and 4~ digits 
All of the high quality DPM's listed below 
are spec ia lly priced with a 10% discount in 
quantities of 1-9. If you call or write within 
7 days as a result of this ad (you must men­
tion this publication), you will recei ve a 
10% discount card good for one month . 

If you require spec ial s for OEM applications 
such as rati ometers, com parators, or cus­
toms (mechanical / electrical) we would like 
to quote it and give you the best price. 

Take off 10% from these 
Published 1-9 Prices 

. .iJ l/2 digit Model 510 Unipolar $195. Now $175.50 
.3 l/2 digit Model 520 Autopolarity $225. Now $202.50 
.4l/2 digit Model 720 Autopolarity $370. Now $333.00 

I 
O I need complete specifications and in- I 

formation. Send literature! 
O Send me a 10% discount card. No obliga- I 
lion . It's good for 30 days. 
Model : D 510 Quantity I 

0 520 
D no 

Name 

Title 

Company 

Address 

City 

State Zip 

Datascan Inc. 
1111 Pau/ison Avenue , Clifton, New Jersey 07013 

----- __ 13!1_!_4!_8:l_8~--- --~"...! 
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A McCRONE ASSOCIATES 
CASE HISTORY . .. 

HOW ONE IC 
PRODUCER 
INCREASED YIELD 17.% 
AND NOW SAVES OVER 
$50,000 IN YEARLY 
PRODUCTION COSTS 

• PROBLEM : A major producer of custom 
tapped resistor arrays found the yield of 
salable devices dropping drastically. Base 
diffusions had intolerably short lifetimes 
as well as low resistivity after furnace dif­
fusion at 1000°C. The only visible clue was 
microscopic deposits on the vertical sides 
of base diffusion windows. The firm tried 
every correcting action in the ir book, but 
nothing worked. Th en the y turned to 
Mccrone Associates. • ANALYSIS: Com­
pute ri zed electron microprobe analysis 
determined that the deposits were iron and 
tin-the ash from photoresist. 

Scanning electron m icrograph of contaminated 
integrated circuit. 

• SOLUTION : Provide separate water rins­
ing faci lities for photoresist processing. 
• BENEFIT TO CLIENT: The yiel d of sal ­
able devices increased 17%, the problem 
did not recur and the client estimates pro­
duction savings at over $50,000 annually. 

Solve your IC production problems . Phone McC rone 
Associates ... the laboratory's labo ratory ... for 
increased IC yield through contamination iden­
tifi cat ion and source location ... contamination 
cure and p revention. Ask about our facilities 
monitoring program . 

Send for our free case history brochure . 

WALTER C. McCRONE 
ASSOCIATES, INC. 
493 EAST 31st STREET 
CHICAGO , ILLINOIS 60616 

PHONE (312) 842 -71 00 
CABLE: CHEMICRONE 

Ci rcl e 151 on Inquiry Cord 
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as hi gh-speed integrators and 
sample/ hold circuits, where hi gh 
bias currents would be a r eal 
nuisance. 

One possible di sadvantage of 
the 3400B is its relatively low 
output - cu rrent capability. The 
maximum rated output is ± 10 V 
at ± 20 mA. Competing invertin g· 
only amplifier s usually provide 
higher currents. For example, 
both t he DDC V A23 and the In­
tronics A501 deli ver outputs of 
± 50 mA at their maximum slew 
rates. Thus inverting-only ampli­
fi ers may still be req uired fo r 
line-drivin g app lication s, and oth­
er situations where large output 
currents are needed. But for the 

vast majority of app lications, the 
3400B's low price and compact 
package should give it a com­
petitive edge. 

Among the other key specs for 
the 3400B are an input imped­
ance of 10 1 1 ohms, a bias current 
of 100 pA, a voltage drift of ± 50 
µV I °C, and an open-loop gain of 
80 dB. A lower-cost version , 
3400A, has a voltage drift of 
±100 µV/° C and costs $55 (1-9 ). 

The amplifier is packaged in a 
low-profil e epoxy case, on ly 1. 125 
X 1.125 X 0.4 inches. Small 
quantities are avai lable from 
stock. • 

For more information, circle 644. 

A wideband 
pulse-modulation multiplier 

PROGRESS IN 
PACKAGED CIRCUITS 

IN A NEW ana log-mu lt iplier circuit, 
Analog Devices has exploited the 
inher entl y-hi gh accuracy of the 
pulse height/width modulation 
principle, while simultaneously 
pushing bandwidths way beyond 
those of competin g units that em­
ploy the same basic circuit tech­
nique. Thus Analog's new Model 
424K achi eves 0.1-percent accuracy 
and has a bandwidth of 100 kHz. 
The new unit's bandwidth is . a 
hundredfold improvement over the 
performance of other avai lable 

height/ width modulation multi­
pliers-that have maximum band­
widths of ar ound 1 kHz. 

High-frequency carrier 

Analog's engineer s achieved the 
increased bandwidth by us in g a 
repetition rate (carrier frequency ) 
of 3 MHz for t he multiplier's in­
ternal pulse train. This contrasts 
with carrier frequencies of around 
50 kHz to 100 kHz that are cur­
rently being used by other manu­
factures. Of course, because of t he 
lowpass filtering that's needed to 
r emove the carrier frequency and 

(Continued on page 30) 
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• Guaranteed performance from - 55 ° to + 125° C. 

• Incorporates an internal resistor ladder network on 
the same chip . 

• Operates in bipolar, unipolar positive or unipolar neg­
ative modes . 

• 1 p.s typical settling time to -+-1/2 L.S.B. 

• $82 .50 in quantities of 100 to 999. 

• Available off-the-shelf in 24 lead dual in-line or flat­
pack packaging. 

Do we mean "guaranteed?" You bet we do. The Rl-
1080 has its own thin -film resistor ladder network 
built right on the same IC chip as the bipolar switches. 
Without that. any guarantee would be meaningless. 
With it. the Rl-1080 is the only D/ A converter that has 
a guaranteed 8-bit performance over the entire military 
range from - 55 ° to + 125° C . 

the converter ladder bus can be returned to voltages 
off-ground for high versatil i ty. Current switching 
reduces ringing in output and reduces power-supply 
transients . The converter is capable of conversion 
rates in excess of 1 o• words/ sec. Just check our specs 
with any other D/ A - monolithic or hybrid - and we 
think you ' ll agree that the Radiation Rl- 1080 offers 
the best price / performance on the market. Not only that, but by using current-mode switching , 

Lexington, Massachusetts (817) 882-1055 
Norwalk, Connecticut (203) 853-3848 

Frederick. Maryland (301) 882-5400 
Oaklawn, Illinois (312) 423-8010 

Dallas, Texas (214) 231-9031 
Albuquerque, New Mexico (505) 288-3549 

Palo Alto. California (415) 321 -2280 
Long Beach, California (213) 428-7687 

P. 0. Box 37, Melbourne. Florida 32901 (305) 727-5430 

EXPORT SALES. OAGE CORPORATION. STAMFORO, CONNECTICUT 
Circle 118 on Inquiry Card 
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Analog Devices' new analog multiplier ha11 an accuracy of 0.1 %, and 
a bandwidth of J 00 kHz, yet it is le!iS expensive and more compact 
than other computer-grade units. 

Ill~ t~Al~l~l~lll~ 
OF MISLEADING DIA SETTLING TIME SPECS 

High speed D/A converters are specified to ±%LSB accu­
racy, therefore, a settling time to ±1 LSB is usually not 
meaningful. Settling time to ±%LSB cannot be extrapolated 
from the ±1 LSB sett ling time specifications and, obviously, 
conversions made before the output has settled to ±%LSB 
cannot be made to that ±%LSB accuracy. 

Be careful that the fast converter you buy has sett! ing 
time specified to ±%LSB. The Analog Devices' MDA-10F is 
an example of such a converter. 

A free pamphlet explaining settling time in detail is 
available from Ana log Devices along with comprehensive 
data on the MDA-1 OF Use the reader service card or con­
tact your nearest Analog Devices Sales Office. 

CAPSULE SPECS. MDA-1 OF settles to ± Y2 LSB 
+1 LSB or ±0.05% in GOns max . 

Settling Time, ±%LSB 40ns typ, 60ns max . - - - -- -·\--
+0.5LSB 

Resolution 8 bits, 10 bits -- --- --
Accuracy ±Y2 LSB (±0 05%, MDA-10F) fina l valu e 

Digital Inputs 
Temp Coeffi cient 
Price (1 -9), MDA-8F 

MDA-10F 

±%LSB (±0 2%, MDA-8F) - 0 .5LSB 

DTL, TTL Compatible 
±25ppm /° C max . 
$220 

240. 
Other 0 / A converters settle to 

~ANALOGlll 
~ DEVICES~ 

± 1 LSB, yet accuracy is spec 'd to 
±Y,LSB. THIS IS MISLEAD I NG I 

PASTORIZA DIVISION 
385 Elliot St., Newton Upper Falls, Mass. 617 /332-2131 

Circle 152 on Inquiry Card 

its harmonics, the maximum band­
width of a pulse-modultiplier is 
neces·sarily less than about ten­
percent of the carrier frequency. 

The need for a pulse-modulation 
multiplier with a high carrier 
frequency has been obvious for 
several years. But practical design 
problems have hitnerto made it 
impossible to build such a circuit 
at reasonable cost. Now Analog's 
engineers have been able to solve 
the problems, thanks, partly, to 
the availability of wideband dif­
ferential-amplifier IC's. These 
IC's are used extensively through­
out the Model 424, and are crucial 
elements in the buffer amplifiers 
and in the pulse generation and 
modulation circuitry. 

In another innovation, the 424's 
designers exploited current-mode 
operation for all switching, modu­
lating and pulse-handling circuits. 
By using current-switching, rather 
than voltage switching, the engi­
neers were able to minimize the 
effects of stray capacitance and, 
thus, achieve maximum operating 
speed with minimum distortion. 

For the 424K, the total distor­
tion at 25°C is less than 0.1 per­
cent for frequencies up fo 1 kHz. A 
lower cost version, 424J, offers 
0.2-percent distortion over the 
same frequency range. Both types 
have a small signal bandwidth of 
100 kHz and a full-power response 
of 30 kHz. 

Competing circuits 

Availability of the new wide­
band 0.1-percent unit will force 
engineers to reconsider the 
cost/ performance tradeoffs be­
t ween different types of multi­
pliers. Not only does the Model 
424 compete with other pulse-mod­
ulation multipliers; it can also 
offer the same performance as 
some quarter-square multipliers­
but at much lower cost. 

Traditionally the quarter-square 
multiplier has provided the best 
solu tion for applications that need 
precision and wide bandwidth. 
Quarter-square circuits can pro­
vide accuracies of 0.1 percent or 
less with bandwidths as high as 1 
MHz. But, hitherto, multipliers 
with .this sort of performance have 
cost from $400 to $1200, or more. 

Though the Model 424 can't 
match the bandwidth of the best 

(Conti nued on page 32) 



T-Bar 
RELAYS 

SERIES 801 

MOMENTARY y. B 
PUSH BUTTON - ar 

SWITCHES 

Available in 12, 24 and 36 poles .. . 
reliable high density multipole switches . . . 

Low Component Cost 
36 PDT - $25.5 2 ea. in lots of 100 
48 PST- $27.30 ea. in lots of 100 

Mounting Ease 
simple sc rews ... can mount 

on panel in any orientation . 
el iminates chassis. 

Simple c rimp snap-on contacts fit 
into single block connectors for 
pre-harnessing. 

BATT Bar l sERIEs 802 
HANDLE -

SWITCHES 

Switch up to 144 PDT ... in less space ! 
Available in Single, Double and Triple 
... as well as Ganged Toggles for con­
trolling 48, 72, 108 poles ... even more ! 

CALIFORNIA 
Alhed Radio o f Cali f , Inc . 
Arca dia , (2 13) 445-4800 
New ark Electronic s 
Inglewood. (213) 678-0441 
Al lied Elec tr onic s ol Ca lif, Inc . 
Los Altos . (41 5) 941 -0524 
Fisher Sw11 ches 
Palo All o. (4 15) 32 1-4080 
Hollywood Radio 
Hollyw ood . (21 3) 466-31 8 1 

COLORADO 
Newark -Denver Electronics 

Supply Corp 
Denver . (3031 757-335 1 

CONNECTICUT 
Cramer Electronics 
North Haven, (203 ) 239-564 1 

FLORIDA 
Cramer Electronics 
Ft Lauderdale. (3051 566-7511 
Elec lronic Equipment Co. 
M iami, (305 ) 635-0421 

ILLINOIS 
Al lied Elec l ronics 
Ch icago. (312) 829-9 100 
Newark Elec tron ics Corp . 
Chicago. (3 12) 638-4411 

LOUISIANA 
Newark -New Orteans Elec tronic 
Corp. 

New Orleans, (504) 834-9470 
Indust ri al Elec t ronic Supply , 
Inc . 

Shreveport , (31 8) 422-9459 

MASSACHUSETTS 
C ramer Elect ronics 
Newton Cenl re, (6171 969-7700 

MICH IGAN 
Newark-De troit Etectron1cs, Inc . 
Oak Park , 13 13) 5•8·0250 
Newark Ind ustria l Elect ronics 
Grand Ra pids. (616) 452- 1411 

MINNESOTA 
Allied Eleclronics 
Minneapoli s, (612) 920-5800 

NEW YORK 
Cramer Electronics , Inc. 
E Syracuse, 

(3151 437-9984 or 9985 
(315) 437-6678 or 6679 

Newark Electronics Center, Inc. 
New Yor k, (2 12) 255«t600 
Cramer Elec tron ics 
Elmhurst , (212 ) 478-4000 

OHIO 
Newark HerrHnger Elec troni cs 
C incinnati , (513) 421 -5282 

TEXAS 
Allied Electron ics 
Dallas, (21 4) 826-51 01 
Newark-Dallas Elec tronic Corp . 
Garland , (2 14) 271-2511 
Sou thwest Eleclronics, Inc 
Houston , 1713) SU 2-3060 
Newark-Houston Eleclronic 
Corp . 

Houston, (7 t3) 782-4800 

For addltlonal Information on these and other T-Bar 
ltem1 refer to Dl1trlbutor Catalog1, " eem," " R/ M" or 
write to E-C-1 for Bulletin TB 801-3. 

T·Bar 
SWITCHING TECHNOLOGY DIV. 

electronic controls, inc. 
Danbury Rd., Wilton, Connecticut 06897 

phone: 203/ 762-8351 



quarter-square multipliers, it is 
much less expensive and is clearly 
the best choice for applications 

that don't need the ultimate in 
bandwidth. In quantities of 1 to 
9, the 424J costs $175, while the 

superior-accuracy 424K costs $195. 
In addition to their low cost, 

pu lse-modulation multipliers have 
other important advantages over 
quarter-square types. The pulse­
modulation circuit provides exel­
lent linearity over a wide dynamic 
range, whereas quarter-square cir­
cuits tend to cause severe nonline­
arity at low signal levels. And 
because of its extensive use of 
I Cs, Analog's new multiplier is 
much mor e compact than older 
quarter-square units. The Model 
420. comes in an encapsulated PC­
mounting package with dimen­
sions of 3.06 X 1.65 X 0.625 
inches. 

X=O 
KX KX 

X<O X>O 

x 
X BUFFER 

3MHz 
PULSE WIDTH 
MODULATED 
OSCILLATOR ON 

±10V ..._ __ _, - -, --y-., 
I I 

ESSENTIALLY A 
CHOPPER,OR 
PUSH-PULL ON-

OFF SWITCH\ 

I 
OFF...___.._..._...__, 

P-W MODULATED SIGNAL 
.,.,-------- DRIVES BALANCED MODULATOR 

EQUAL AREAS 

2KXY 
UNFILTERED OUTPUT SIGNAL 

r---..__:_+~Y_J"~BA~L-A~N-C_E_D_ 
y BUFFER MODULATOR 

•1ov 
INTEGRATING 

FILTER 

FILTER AVERAGES ;1 
TO GIVE OUTPUT 
a< NET AREA 

PROVIDES *10V 
5mA 4-QUADRANT 
OPERATION 

In a pulse-modulation multiplier, one Input determines the 
width of the carrier pulses while the other Input determines 
the height. The net area of the pulse ls thus proportional to 
the product of the inputs. Analog Devices' Model 424 uses a 
pulse repetition rate of 3 MHz. 

Of course transconductance 
multipliers can offer bandwidths 
up to around 10 MHz and are us­
ua lly more compact and cheaper 
than either the pulse-modulation 
or quarter-square types. But 
transcond uctance types have poor 
accuracy ( rarely better than 1 
percent ) and hence can't complete 
with other types for precision 
applications. • 

for more information on Analog Devices ' 
Model 424 , circle 645. 

complEtE 
including precision ladder network and op amp 

lowpricEd 
$79 (1 to 24 quantity), $53 (100 quantity) 

8 BIT DIA CODVERTER 
in dual-in-line package 

Micro Network's MN302 thin film hybrid 
digital to analog converter fits a standard 
14 lead dual-in-line socket and includes a 
precision ladder network and op amp out­
put. The 0.45 x 0.75 x 0.14 inch package is 
the electronic industry's smallest complete 
8 bit D/ A converter. Accuracy is 0.2 per­
cent and maximum power consumption is 
only 400 mW. 
Also available in BCD (MN303). 

For more complete information write or call 
Robert Jay at: 

~icro Networks Corporation 
5 Barbara Lane • Worcester, Mass. 01604 • (617) 756-4635 
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Best lor Hybrid Circuits ... 

DOMINO® Molded 
Solid-electrolyte Tantalum Capacitors 

Designed for hybrid circuit and low-profile flatpak 

printed circuit board applications. Fully-molded 

construction for superior mechanical and humidity 

protection. Excellent stability. Compatible with 

automatic insertion equipment. Available with and 

without extended tab terminals. 

• •• • • 
• • •• •• • • •• • •• . ... :'ii··:, 

••• , ¥'•·· \ 

MONOL YTHIC® 
Chip Ceramic Capacitors 

Offer a unique combination of high volumetric 

efficiency, wide selection of capacitance ranges and 

body formulations, and moderate cost. Excellent 

adherence of metallized terminations eliminates 

problems often encountered with other chip ceramic 

capacitors. Available in four EIA-preferred chip sizes. 

Write for Engineering Bulletin 3532. Write for Engineering Bulletin 6200. 

Technical Literature Service 

Sprague Electric Company 

345 Marshall Street 

North Adams, Mass. 01247 

SPRAGUE" 
THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 

THE MARK OF RELIABILITY 
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Shape Up! 
Wtth Monitors 
Analog Army 

CHECK THIS ROLL CALL! 

• A/D & D/A CONVERTERS 

• MULTIPLEXERS 

• SAMPLE & HOLD AMPLIFIERS 

• OP-AMPS 

They're all veterans of the analog wars. We've got 
regiments of Multiplexers to engage your inputs. Our 
Sample and Hold captures them for our A/D'S. 
You can muster 90 variations of A/D'S (up to 12 bits) 
on a MON I LOGIC card! And for reinforcements we have 
D/A Converters, D.C. Amplifiers and Low-Level Amplifiers. 

FOR FURTHER INFORMATION WRITE OR CAL~· 
PHONE215-646-8100 ONITOR 

Fort Washington, Penna. 19034 
TWX510-661-1520 SYSTEMS 

on AYDIN company 
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DESIGN 
WITH THE BEST AVAILABLE 

RF COMPONENTS 
They come in all shapes and sizes: Connector models in 
three configurations ... printed circuit models in plastic 
or hermetically sealed containers and T0-5 packaged 
units. Packages and specifications for nearly every appli· 
cation you can think of. And a few more we've thought of. 

· Why not review these components for yourself in our 
new series of short-form catalogs: 
MIXERS - This catalog provides basic specifications and 
packaging information on RELCOM's line of single· and 
double-balanced mixers, de to 4 GHz. Application notes 
describe the mixers' use as modulators, phase detectors, 
current-controlled attenuators and up-down frequency 
converters. Typical circuits are shown, along with per­
Iormance data. Tables of intermodulation harmonics for 
both standard and high-level mixers are included. 
WIDEBAND TRANSFORMERS - An important part of this 
catalog of balanced and single-ended transformers is a 
section of "how to" application notes. These notes de­
scribe various techniques lot constructing a frequency 
doubler, 180° power divider, power combiner, phase 
splitter and detector, pulse shaper, sampler and wide· 
band amplifier. Schematic diagrams are included along 
with performance specifications and package descrip· 
tions. Frequency range for the BT· and T-series trans­
formers is 0.2 to 700 MHz. 
REACTIVE HYBRIDS - Relcom hybrids are designed to 
operate over the 0.5 to 600 MHz frequency range. The 
catalog offers detailed functional diagrams, specifications 

and performance data reflecting the hybrids' operation 
as signal combiners, power splitters, and power com­
biners. Equal power output of the hybrid ports insures 
balanced feeding, making Relcom hybrids ideal for use 
in systems such as multi-element antenna arrays. 
RF SWITCHES - Relcom electronic switches include both 
SPST and SPDT devices, covering a frequency range of 
0.3 to 500 MHz, with nanosecond switching speeds. These 
switches are significant for their transient-free operation 
as a result of high isolation between the switching and 
output ports. In fact, the high-degree of transient-freeness 
permits operation of the solid-state devices over a very 
wide frequency range. Complete specifications and ex­
tensive performance data are described in the catalog. 
All catalogs include price inlormation for quantities of 
one to four units. We'll quote prices for larger quantities 
on request. 
For quality RF-signal processing components you'll want 
these catalogs in your file for quick reference. They're 
easy to get. Simply circle our Reader Inquiry Number. 
Additional information and application details are al­
ways available by calling a Relcom Sales Engineer at our 
Mountain View plant. 

RELCOlv.I: 

DESIGN WITH RELCOM 
2329 Charleston Road e Mountain View e California 94040 e Telephone (415) 961-6265 e TWX (910) 379-6979 
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Walt Hirschberg of ACDC 
Speaks Out On 
Whats Wrong With 
Miniature-Power-Supply Specs 
Ail the problems you get in a conventional power 
supply you get in a miniature, and then some. If 
specsmanship is bad with standard-sized supplies, 
its treacherous with small ones. The problems 
faced by the power-supply designer are bigger, 
precisely because they come in small packages. 
And your problems a1·e compounded because your 
system has forced you to a miniature supply in 
the first place. 

Some people go to miniaturization because it's 
a fad-i·t's the in thing to do. But mos•t engi­
neers-the good ones-miniaturize because they 
must. Let's face it. Miniaturization costs money. 
A 100-watt regulated supply that costs $250 in 
a conventional package might go for $400 in a 
package one-fifth the original size. 

So we all know about the price penalty. 
What about the other tradeoffs? 

While a lmost every component accepts minia­
turization more or less gracefully, the power 
supply doesn't. T he conventional supply has bulky 
transformers, filter chokes, capacitors and heat 
sinks. And you can't shrink them without some 
clever and very careful design. 

Further, if you try to dissipate the same 
amount ·of heat from a smaller package, you have 
to demand a lot from your components. And you 
really have to worry about getting the heat out 
of a small volume that your already crowded 
system has for.ced on you. · 

Now let's take a look at some of the specs. The 
first th ing you look for, of course, is the voltage 
output. And you're already on quicksand. Is the 
voltage in the printed spec the one you need 
across your load, or is i·t just what you get 
across the supply terminals? 

The drop in load cables can increase your 
voltage requirement by as much as a volt. If you 
use remote sensing, you'd better find out how 

much cable drop the supply can compensate for . 
I find it rather interesting that 90 percent of 

the supplies on the market don't have that figure 
mentioned. And few engineers stop to remember 
that using remote sensing isn't the same as 
bringing the supply terminals up to the load. 

The ac output impedance (or transient­
response behavior ) is completely different. This 
output impedance is the parallel combination of 
the outpu1t impedance of the regu lating loop and 
the impedance of the output capacitor (which, 
remember, includes inductance). At frequencies 
beyond the amplifier's cutoff, the output capaci­
tor becomes the dominant factor. But remote 
sensing remains effective only within the usable 
bandwidth of the feedback amp, so the benefit 
of the supply's output capacitor is lost at the 
remote load. 

What about load current? You wouldn't 
expect a single parameter like that to 
be misunderstood. 

Current means output power. That spells in­
ternal dissipation. And that produces heat. Most 
circuitry is designed to be raised to some tem­
perature, say 85 °C, before performance and re­
liability suffer. You get that temperature with 
different power-output levels if the ambient tem­
perature and / or the heat-removing mechanism 
changes. But there is another aspect to the cur­
rent rating. 

Whi le continuous de drawn from the supply is 
primari ly tied to temperature, performance with 
regard to specs like regulation and ripple can 
suffer long before we reach the temperature­
limited current level. The clue here is duty cycle. 
This is somewhat implicit in the so-called "multi­
rated" supplies. Several manufacturers have 
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taken the continuous current rating as a func­
tion of temperature, with possibly twice as much 
current avai lable at 40 ° as at 71 °C. Thi s sug­
gests that a peak current equal to the 40 ° value 
can be drawn at 71 °C as long as the duty cycle 
is only 50 percent and as long as the peak cur­
rent duration is short compared to the thermal 
time constant of the critical power-supply com­
ponents involved. In the end, current rating, 
particularly of a miniature supply is intimately 
tied to temperature. 

But whi ch temperature? You look at ten 
power-supply catalogs and get ten different 
meanin gs of temperature. Some talk about base­
plate temperature, some about heat-sink tem­
perature. Others discuss ambient temperature, 
but that can be misleading because the sup.ply 
creates i'ts own ambient if you let it. 

In a miniature power supply, pa.rticulary, re­
gardless of the definitions, be prepared to have 
to remove heat. If the base-plate temperature is 
"allowed" to go to 80°C, it means you have to 
cool i•t down to 80 °C. If the ambient temperature 
corresponding ,to the rated current is 65 ° C, it's 
up to you to see that the air immediately sur­
rounding the supply does not rise higher . 

The manufacturer, faced with stiff competi­
tion, tends to play down this factor. The fact 
that more users don't get into trouble is due to 
extenuating circumstances like lower than 100 
percent duty cycle, or just seat-of~the-pants con­
servati sm in planning for the actual current 
required. 

Many specs combine ripple and noise so 
you can't really tell what you're getting. 
The difference is important. 

Ripple and noise are very important parts of 
the miniature-power-supply spec. Ripple is usual­
ly line-frequency related, so the ratio· of peak 
to peak to rms is about 3 to 1. But to express noise 
in rms or include noi se in the rms-ripple fi gure 
is outright misleading. Switching spikes can have 
destructive amplitudes without contributing to 
an rms reading. And ·speaking of noise measure­
ment, be sure the scope has the necessary band­
width to di splay what's there. A 500-kHz scope, 
plenty good for watching 120-Hz ripple, will 
complet ely .ignore 100-nanosecond spikes. 

A few companies take advantage of th is con­
fusion. They measure ripple with an rms-read­
ing vobtmeter, multiply by three, then write a 
"peak-to-peak" spec for ripple and noi·se. 

Other companies, and national and international 
organizations have tried to eliminate the con­
fusion-without much success. I think they've 
had most success in developing acronyms­
p ARD, for Periodic And Random Deviations; 
CRUD , for Continuous and Random Unwanted 
Deviations; and a term derived from Continuous 
and Ra ndom Amplitude Perturbations. 

But the real problem continues. Noise spikes 
can change logic states in digital systems arid, 

if they're severe enough, they can destroy costly 
components. -

Temperature coefficient is another impor tant 
and deceptive spec. It's easy to measure the out­
put voltage at two temperatures. Then you can 

·plot the two vo ltages and their corresponding 
temperatures and the slope of the line gives you 
the tempco. The beauty of the method is t hat 
if yo u pick the temperature judiciously, you can 
get practically any tempco you like. The tempco 
spec gives no indica t ion of what happens dU?·ing 
temperatu re change or in between the points 
y,ou picked. 

Since parameters of all components don't 
necessarily change by the same amoun t (nor in 
the same direction ) wit h temperature, the out­
put voltage can take wi ld excursions before t he 
sup ply stabilizes at the second temperature. 
We've all heard of 1the man- who drowned cross­
ing t he stream whose average depth was two 
feet. 

In other words, a 15-volt supply with a tempco 
of 0.01 %/°C can change output voltage by 45 
millivolts as the temperature changes foom 20 ° 
to 50 °C but while the temperature is changing, 
the output v,a.riation can be several times that 
value. If you compare this with a 0.1 % or 15-
m V regulation figure you see how fast you can 
get drowned by t he "fringe" factors . 

Along the same lines, you have .to check the 
adjustment resolution of an output-voltage con­
tr.ol. Since thi s is usually a wirewound potenti­
ometer , the volbage is actually adjusted in steps 
as .the wiper jumps from turn to turn. One of 
those steps can actually occur due to tempera­
ture changes or possibly vibration-without your 
finger on the pot. If the adjustment r esoluti on is 
30 mV (a common figure ) while the regulation 
is 5 mV, y.ou're in for a much bigger output 
variation than you bargained for. 

There 's something else about temperature. We 
all know that internal heat generation is a func­
tion of load current. But nobody ever mentions 
gradual output-voltage drift due to load change . 
In some supplies, this can overshadow the regu­
lation and you really get something quite differ­
ent from what you thought you bought. 

If the package is truly small in relation to 
the power it handles, its internally di ssipated 
power in the form of heat probably exceeds that 
whi ch can be convected away by its surface area 
a lone. This means you have to plan for conduc­
tion or forced-,air cooling. Thi s planning is too 
often neglected. 

Here is where the manufacturer has to do a 
better job of educating the user. He should fur­
nish better data than we find in most spec 
sheets. It's fine to tell a user to keep the moun t­
ing surf.ace below 80 °C, but without knowing 
the wa.ttage which must be s inked to keep the 
temperature below 80°C, the user cannot make 
proper heat-flow plans. 

Some manufacturers supply extensive thermal 
curves t hat lead directly to the r equired con­
vecting-surface area. That's fine. But check t hese 
data befo re you buy. You may find that the 



power supply measuring 4 x 5 x 6 inches needs 
a heat-sink measuring 30 x 30 x 1/8 ·inches to 
keep it at the r equired base .temperature. This 
can wipe out any space savings. You may find 
that a finned heat sink and forced air are neces­
sary. The ultimate responsibi lity of proper ap­
plication is still yours but you have a right to 
ins,ist on complete data from the manufacturer. 

Let's see what it takes to make a minia­
ture supply. And let's see what you 
have to pay for it. 

Look at what miniature packages look like. 
They'r e small cubes, the least practical form 
faotor from many points of view. It's hard to 
get the heat ,out of a cube; it's difficult to 
manufacture; it's less accessible for servicing 
and awkward to integrate into equipment. This 
shape is a carryove r from the Mil-T-27 cans 
designed to house transformers. 

Transformers use the least amount of iron and 
copper when approaching the cubic configur­
ation. But r egulaited power supplies contain 
semiconductors and capacitors, which are more 
sensitive to heat. Their packaging configuration 
should allow maximum surface area for mini­
mum volume. 

This leads us to a relatively fl at shape. It of­
fers many advantages in design as well as appli­
cation of small supplies. It provides the 1'argest 
surface area for best heat r emoval; it lends 
itself to printed-circuit wiring; and it exposes 
every component for t esting and replacement. 
And las't, not least, the flat shape is quite com­
patible with cardrack-packaging methods. 

There are several approaches to miniaturiza­
,tion. None is perfect. From the all-important 
thermal point of v,iew, the most popular approach 
uses a switching r egulator instead of a linear 
regulator. 

T,he linear regu lator is a lways on to some 
eX'tent, so it always dissipates heat. In the 
s,witching regulator, the pass element (,transistor 
or SCR) is either completely on (so dissipation 
occurs only in the small saturation resi stance) or 
completely off (so there's no current flow and 
thus no I2R) . Regulation is achieved by con­
trolling the on and off periods, then averaging 
the output in an LC filter to reduce ripple. 

The big bo,ast of switching supplies is effi­
ciency. But they're noisy and they create other 
problems, too. Fur ther, without other measures, 
they don't provide dramatic size reduction. To 
r eally s,ave sipace we must attack bulky items 
Like the 60-Hz transformer and filter. 

The first thing to do is get rid of that massive 
input transformer. We can do this by rectifying 
and filtering the 60-Hz line voltage right at the 
input. This gives immediate advantages. The 
rectifier is more effici ent because its own volt­
age drop is a much smaller percentage of t he 
voltage it's handling. The filter capacitor oper­
ates more effici ently, too, since, for a given 
volume, the energy it stores is proportional to the 

square of the voltage. 
Next, we can invert this de to a frequency 

much higher than that of the line. · This allows 
us to use a much smaller transformer and filter. 
Thi,s three-pronged attack-direct rectification 
at the line, high-frequency operation and switch­
ing r egulahon-allows dramatic size reduction 
with minimum overall heat generation. 

W e can't get something for nothing. 
The switching regulator has another 
limitation. 

Transient response of a switching r egulator 
is usually a n order of magnitude slower than 
that of the linear regulator. This r esults from 
its limited operating frequency (sampling rate ) . 
Because feedback control can be exercised only 
in discrete pulses, a time lag exists in the feed­
back loop. Thi s means the feedback-system gain 
mu st be made to roll off below the samplin g 
frequency bo maintain stability. The higher the 
switching frequency, the higher the feedback­
amplifier bandwidth can be made and the better 
will be the transient response. 

Knowing the operating frequency can tell you 
something about the transient response. Depend­
ing on the operating frequency and loop r e­
sponse, the r ecover y time after a load step can 
be many milli seconds. What's even more im­
portan t and mos.t manufacturer s don't breathe a 
word of it, is what happens while you're out of 
r egulation. What transient amplitude can be ex­
pected as a function of a load step or as a func­
hon of possible additional external capacitance? 
Queshons like these are vital, yet answers are 
almost never in publi shed specifications. Con­
sider yo urself lucky if the data are at least 
available for the asking. 

While we're talking about operating frequen­
cy of a switching supply, find out if you can 
hear it. Audible noise may be perfectly tolerable 
in an unattended ins1trument but it can murder 
yo u, for example, in a desktop computer . I've 
yet to see this mentioned in anybody's catalog. 
E ven the customer installing a supply in his 
instrument may not become aware of the prob­
lem until it 's too late, particularly if the produc­
tion fl oor is r elatively noisy. 

Of course, the best known problem with 
switch in g supplies is noise. Switching produces 
square wavefronts. Even if a ll circuit ringing 
could be suppressed, whi.ch is rarely the case, 
we get high-frequency components that are hard 
to filter out. As an example, pulses that are 20-
microseconds wide and 1-volt high and have 
rise and fall times of 1 mi crosecond, produce 
conducted interference which is 45 dB above 
Mil-Std-461 allowable limits at 2 MHz. When 
t hat switching is done at 300 volts peak to peak, 
the figure jumps to 95 dB above limits . These 
are relative figures, referring to a 50-ohm sys­
tem, but they suggest t he magnitude of the 
problem. 

With extensive low-pass filtering at the out-



put, we can usually control conducted interfer­
ence. However, rfi fed back into the power line 
may not have been taken care of. Filtering here 
is usually required when susceptible equipment 
such as receivers are operated near the power 
supply. The degree of sensitivity to this inter­
ference depends a lot on the application. Be­
cause of size restriction, maximum filtering is 
usually not built into every switching supply. 

This puts added responsibility on you to rec­
ognize susceptibi lity problems when you choose 
your supply and to plan for necessary fil,tering 
at that time. Ideally, the manufacturer of inter­
ference-producing equipment should furnish an 
emi "signature." Remember that noise-suppres­
s ion filters can add 50 percent to the volume of 
a miniature power supply. 

Now look at the most comforting of all 
specs - the guarantee. 

Everyone "warrants" his equipment to be free 
of defects in maiterials and workmanship. The 
time periods vary all the way from one year to 
"forever." But in the final analysis, the fact 
that the factory will repa.ir or replace the sup­
ply is incidental to the amount of red tape and 
the time that can be consumed in putting your­
self back in business. The quality of this type 
of customer service is, unfortunately, never ap­
parent from the written word and personal ex­
perience with a manufacturer is the best source 
of information. So take the written "warranty" 
with a grain of sa lt until yo u know better. 

What abourt reliability? It's sti ll a numbers 
game. Tell me how many parts you're using and 
I'll tel.I you how long it will last. This is, of 
course, an oversimplification. But it's justified 
as the first-order-of-magnitude approach. The 
environment, temperature, shock and vibration 
and the individual component stresses are im­
portant contributing factors. 

In the case of a high-frequency conversion or 
switching regulator, you have two to three times 
as many components as in the conventional 
class-A regulator supply. Because of miniatur­
ization, component temperatures tend to be on 
the high side. All this points to a lower MTBF 
figure. So quality of design and construction 
are doubly important in a miniature supply. 
Buying price alone can be a real booby trap. 

Here's where a word is in order about the 
controversy of a custom unit versus a catalog 
supply. In most military applications, for in­
sfance, the requirement calls for a power supply 
tailored to the application. Couple that with the 
relatively small number of units (compared to 
commercial quantities) that is usually involved 
and the short delivery cycle required (say what 
you will, power supplies are still the last thing 
electronic designers freeze ) , and you have all the 
built-in factors for incomplete design and hasty 
application. 

True, random component failure is supposed 

to be reduced by using military-quality compo­
nents but a complete prediction of the stresses 
and temperatures involved is often imposs ible. 
Hindsig:ht is always better than foresight but 
most of the time there is no second chance. 

Contrast this with the reliability of a com­
mercial catalog item that has been in production 
for a while. Sitresses and failure-prone compo­
nents have become known and field-performance 
data have been fed back, resulting in any neces­
sary corrective action. If, in addition, such a 
seasoned product is put through an intelligently 
devised "run-in" procedure, you may well exceed 
the ultimate reliability of a one-shot custom 
military uni,t. 

T.hese considerations apply particularly to 
miniature supplies. With the state of the art 
being relatively new, the chances of an incom­
plete one-shot design are even greater and, if 
the suipply has a greater complexity, the reli­
ability requirement is even more stringent. There 
is no excuse for sloppy design but after the best 
possible design job, there is no substifote for 
field experience. EEE 
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Current Status of 
DIA Converters 
The explosive growth in electronic data processing 
has created a large market for data-conversion cir­
cuits and equipment that can interface digital com­
puters with the real world (which is predominantly 
analog) . Wherever a computer must control an ana­
log system or provide an analog display, then some 
sort of digital-to-analog converter is required. 

Fortunately for the system designer, the growing 
market has attracted many new DAC vendors. As 
can be seen in our directory, the man who needs a 
ready-made DAC has plenty of possible sources to 
choose from. 

But the diversity of DAC manufacturers can 
cause confusion. Though each of the companies 
makes DACs, the products cover a broad spectrum 
of price, performance and size. Some of the com­
panies are primarily instrument manufacturers , 
others are module manufacturers, and a few are 
integrated -circuit manufacturers. One of the pur­
poses of this Designer 's Guide is to help the engi­
neer design or specify the right DAC for the job. 

Partly because of growing competition, and part­
ly because of the availability of low-cost ICs, DACs 
are becoming better, cheaper and smaller, every 
day. With a wide choice of excellent circuits avail­
able at modest cost, many engineers are now 
choosing to buy, rather than build . Off-the-shelf 
units can fill the vast majority of applications. And , 
even in special situations , it may be possible to 
modify an existing unit or to assemble a custom 
array of microelectronic D/A "building blocks." 

Microelectronic DACs 

Three years ago there weren 't any microelectron ­
ic DACs, and most packaged DACs were quite 
bulky. Then Fairchild introduced the µ,A722 , a 
monolithic 10-bit current switch that could be in­
terconnected with a resistor network to form a 
complete DAC. Though the µ,A722 couldn 't com­
pete with high-performance DACs (it wouldn't op­
erate over the full military temperature range and 
could provide only 7-bit accuracy over the range 
- 20 to +85°C) it had a dramatic impact on the 
low-performance end of the DAC market. Manufac­
turers who had been producing bulky modules, 
costing several hundred dollars, realized that they 
would now have to compete with tiny low-cost ICs. 
The fight was on. 

By the beginning of this year, several companies 
had started to offer low-cost modules costing under 
$75 in unit quantity. Among the companies offering 
DACs in this price range were Analog Devices, 
Beckman , Computer Products and Hybrid Systems 

(see EEE, February 1970, pp. 20-22). And , in the 
last few months, other companies have either 
started to manufacture low cost DACs or have 
slashed the prices of existing units . Recently , Ana ­
logic , Burr-Brown , Va radyne Systems (formerly 
Datel), DOC, Hy Comp, Micro Networks, Precision 
Monolithics, Zeltex and Teledyne Philbrick Nexus 
have all entered the low-cost arena . The latter 
company 's DAC line made an impressive debut 
at Wescon. 

Availability of monolithic chips (for amplifiers , 
logic, and current or voltage switches) has led to 
substantial reduct ions in the size of complete 
DACs. And widespread use of hybrid packaging 
techniques has allowed further size reductions. 
Both thick - and thin -f ilm packaging techniques are 
currently being employed for DACs. Among the 
companies making thick-fi lm hybrids are Beckman , 
Columbia Components and Datel. Recently there 
seems to have been a trend towards thin-film fabri ­
cation-with companies like Micro Networks, Pre­
cision Monolithics and Sprague favoring this ap­
proach . Thin -film weighting networks usually offer 
better accuracy than thick films , but thick films are 
said to be less expensive (see EEE, August 1970, 
pp. 40-44) . Some companies now claim , however, 
that they can manufacture thin -film ladder net­
works that are less expensive than thick-film net­
works. 

Monoli th ic fa b r ication 

While manufacturers of packaged circuits have 
been making giant strides, the IC manufacturers 
haven't been standing still. Various companies 
have introduced ICs that can offer better perform­
ance than the µ,A722 in DAC applications . For ex­
ample, earlier this year Precision Monolithics in­
troduced what it called a "premium monolithic D/ A 
converter." This device is a 10-bit current switch , 
similar to the µ,A722 but with superior temperature 
performance and speed (see EEE, March 1970, pp. 
64-65) . Analog Devices chose a slightly different 
approach and introduced a series of monolith ic 
quad switches that could be cascaded to form DACs 
with resolutions up to 16 bits (see EEE, August 
1970, pp. 18-19). 

One possible disadvantage of monolithic switch­
ing networks (like the Precision Monolithics mono­
DAl -01 and Analog Devices ' AD550 and AD555) is 
that they need external resistor networks to form a 
complete DAC. It can be argued, of course , that 
having the switching network in a separate package 
is an advantage because it allows greater flexibility . 



Radiation 's Rl -1080 is an 8-bit monol ith ic 0 / A converter 
with a thin-film ladder network deposited on the dielectrical­
ly isolated . chip. The circuit operates over the full mili tary 
temperature range and is supplied in a 24-lead flat pack. 

Switching networks can be cascaded and used as 
building blocks for larger systems. Temperature co­
efficients and other errors can be graded to meet 
the overall requirements at minimum cost . Never­
theless, in simple applications it is usually more 
convenient to have a complete DAC in a single 
package. 

Perhaps the most dramatic recent DAC develop­
ment has been the advent of complete, monolithic , 
DACs. A few months ago, Radiation introduced the 

Manufacturers of DI A converters 
Adage, Boston, Mass. 
A.O. Data Systems, Rochester, N.Y. 
American Astrionics, Palo Alto, Cal. 
Amtron, Subs. Republic Corp., Midlothian, Ill. 
Anadex Instruments, Van Nuys, Cal. 
Analog Devices, Pastorize Div., Cambridge, Mass. 
Analogic, Wakefield, Mass. 
Analog Technology, Pasadena, Cal. 
Ann Arbor Computer, Ann Arbor, Mich . 
Applied Dynamics, Ann Arbo r, M ich . 
Astrodata, Anaheim , Cal. 
Astrosystems, New Hyde Park, N .Y. 
Atec, Houston, Tex. 
Automatic Data Processing of Mass, Boston, Mass. 
Automation Development, Culver City, Cal. 
Automation Management, Westboro, Mass. 
Autonetics, Anahe im , Cal. 
Avco Electronics Div., Cincinnati, Ohio. 

Ball Brothers Research, Boulder, Colo. 
Beckman Instruments, Helipot Div., Fullerton, Cal. 
Bendix Corp., Teterboro, N .J. 
Bowmar Instrument, Fort Wayne, Ind . 
Bulova, Woodside, N.Y. 
Bunker-Ramo, Canoga Park, Cal. 
Burr.Brown Reasearch, Tucson, Ariz . 
B & W Electronic Research Labs., Dallas, Tex . 

California Systems Components, Chatsworth, Cal. 
Cambridge Thermionic Corp., Cambridge, Mass. 
Canberra Industries, Meriden, Conn. 
Canoga Industries, Los Angeles, Cal. 
Cardion Electronics Div., Woodbury, N.Y. 
Clifton Div., Litton Industries, Drexel Hill , Pa. 
Coldspring Instrument, Huntington, N .Y. 
Collectron Corp., New York, N .Y. 
Columbia Components Corp., Hempstead, N.Y. 
Compudyne Corp., Hatboro, Pa. 
Computer Central, Detroit, Mich. 
Computer Conversions, East Northport, N.Y. 
Computer Labs, Greensboro, N .C . 
. Computer Logic, Santa Monica, Ca l. 
Computer Products, Fort Lauderdale, Fla. 
Conductron-Missouri, St. Charles, Mo. 
Connor-Winfield, Winfield, Ill. 
Conrac Corp., New York, N.Y. 
Control Logic, Natick, Mass. 
Control Technology, Long Island City, N.Y. 
Cosmos Industries, Brooklyn, N.Y . 

Data-Control Systems, Danbury, Conn. 
DOC, Hicksville, N.Y. 
Data Technology Corp. Palo Alto, Cal. 
Data Technology Inc., Watertown, M ass. 
Datatron, Santa Ana , Cal. 
Da~Con Electronics, Mt. Vernon, N .Y. 
Datum, Anaheim , Cal. 
Daytron, Mountain View, Cal. 
Defense Electronics, Rockville, Md. 
Digiac Corp., Plainview, N .Y. 
Digital Equipment Corp., M aynard, Mass. 
Digital Instruments, Shawnee-Mission, Kans. 
Digital Products, Fort Laude rd a le , Fla. 
Discon Corp., Fort Lauderdale, Fla. 
Ditran Div. Clifton/Litton, Burlington , Mass. 
Dorsett Electronics, Tulsa, Ok la . 
Dynamic Measurements, Arlington, Mass. 
Dynamics Instrumentation, Monterey Park, Cal. 
Dynamic System Electronics, Tempe, Ariz. 
Dynapar Corp., Gurnee, Ill. 
Dynatronics Oper., General Dynamics, Orlando, Fla. 

E-H Research Labs, Oakland, Cal. 
Electronic Associates, West Long Branch, N.J. 
Electronic Design Labs., Philadelphia , Pa. 
Electronic Development Corp., Boston, Mass. 
Electronic Engineering Co., Santa Ana, Cal. 
Electronic Resources, Los Angeles, Cal. 



Rl-1080-a complete 8-bit DAC with a thin-film 
resistor network deposited on the dielectrically iso­
lated active ch ip (see EEE, June 1970, pp. 32-38) . 
More recently , Precision Monolithics introduced a 
6-bit monolithic DAC that uses diffused resistors 
in the weighting network. This new circuit , designa­
ted monoDAC-01 is the first truly monolithic DAC, 
in the sense that it 's constructed on a single chip 
without additional thin-film processing. 

It is unlikely that monolithic DACs with diffused 

E & L Instruments, Derby, Conn. 
Elpac, Irvine, Cal. 
EMR Div., Weston Instruments, Princeton, N.J. 
Epsco, Westwood, Mass. 

Fairchild Hiller, Germantown, Md . 
Fairchild Semiconductor, Mou ntain Vi ew, Ca l. 
Fairchild Space & Defense Systems Div., Syosset , N.Y. 
Fifth Dimension, Princeton. N .J . 
Fisher-Akin, Manhattan Beach, Ca l. 
Flow Technology, Tempe, Ariz. 
Foxboro Co., Foxboro, Mass. 
Frequency Engineering Labs, Farmingdale, N.J. 

GAP Instrument, Westbury, N .Y. 
General Devices, Princeton, N .J . 
General Dynamics, Rochester, N.Y. 
General Electric, Phoeni x, Ari z. 
General Instrument, Hicksv ille , N .Y. 
General Radio, West Concord, M ass. 
General Resistance, Mount Vernon, N .Y. 
Genisco Technology, Compton, Cal. 
Geo Space Systems, St. Petersburg, Fla . 
Gulton Industries, Metuchen, N.J . 

Harris-lntertype, Cleve land, Ohio 
Hewlett-Packard, Palo Alto , Cal. 
Honeywell, Computer Control Div., Framingham, Mass. 
Honeywell, Test Instruments Div., Denver, Colo. 
Hughes Aircraft Co., Newport Beach, Cal. 
Hybrid Systems Corp., Burlington, Mass. 
Hybridyne, Los Angeles, Cal. 
Hy Comp, Maynard, Mass. 

IBM, White Plains, N.Y. 
Icon Corp., Cambridge, Mass. 
Industrial ~ontrol Co., Farmingdale, N.Y. 
lnfomax, Palo Alto, Cal. 
Information Control Corp., El Segundo, Cal. 
Information Displays, Mt. Ki sco, N. Y. 
Instrumentation Technology, Northridge, Cal. 
lntech, Santa Clara, Cal. 
Inter-Computer Electronics, Lansdale, Pa. 
International Components Corp., Asbury Park, N .J. 
lntersil, Cupertino, Cal. 
lntronics, Newton, Mass. 
ITT Aerospace, San Fernando, Cal. 

Julie Research Labs., New York, N.Y. 

Kearfott Div. , Singer-GP, Little Falls, N.J. 
Keltron Corp., Waltham, M ass. 
Kepco, Flushing, N.Y. 

Labtron Div., KDI, Dayton, Ohio 
Lear Siegler, Anaheim, Cal. 
Lear Siegler, Grand Rapids, Mich . 
LFE Electronics, Wa ltham, Mass. 
Librascope Div., Singer-GP, Glendale, Cal. 
Logic Corp., Haddonfield , N.J . 
Logic Science, San Diego, Cal. 
Lorch Electronics, Englewood , N.J . 

Marstan Electronics, Orange, N.J . 
Massey Dickinson, Saxonville, Mass. 
McMaster Products, Chicago, Ill. 
Measurement Technology, Canoga Park, Cal. 
Mepco, Morristown, N .J . 
Metric Systems, Fort Wa lton Beach , Fla. 
Micro Metrics, Paterson, N .J. 
Micro Networks, Worcester, Mass. 
Milgo Electronic, Miami, Fla . 
Monitor Systems, Fort Washington, Pa. 
Monsanto, West Ca ldwell, N .J. 
Moore Products, Spring House, Pa . 

NanoFast, Chicago, Ill. 
Na·vcor Div., KOi, Norristown, Pa. 
Norden Div., United Aircraft, Norwalk, Conn. 
North Atlantic Industries, Plainview, N .Y. 
North Hills Electronics, Glen Cove, N.Y. 
Northern Precision Labs., Fairchild, N.J . 

resistors will ever achieve really high accuracies , 
as diffused resistors can't match the temperature 
performance of thin films . But they offer a low-cost 
solution for routine applications . In large quanti­
ties, the monoDAC-01 costs around ·$25, and lower 
prices for this type of device are probable in the 
future . It should be pointed out , however, that 
though the monoDAC-01 and Rl -1080 are complete 
DACs, they may need external output amplifiers 
in many applicat ions. (Co nti nued on next page) 

Nytronics, Kutztown , Pa. 

Pacific Data & Controls, San Carlos, Cal. 
Pacific Electro Dynamics, Bellevue , Wash . 
Performance Measurements, Detroit, Mi ch. 
Perkin-Elmer, Wilton, Conn. 
Philco-Ford, Washington, D.C. 
Phoenix Data, Phoenix, Ariz. 
Plessey Airborne Corp., Hillside, N.J . 
Powertec, Chatsworth, Cal. 
PPM, Cleveland, Ohio 
Precision Monolithics, Santa Clara, Cal. 
Preston Scientific, Anaheim, Cal. 

Radiation Inc., Subs. Harris lntertype, Melbourne, Fl a. 
Radix Electronics, Anaheim, Cal. 
Raytheon Computer, Santa Ana , Cal. 
RC-95, New York, N.Y. 
Reaction Instruments, Vienna, Va . 
Redcor Corp., Canoga Park, Cal. 
Reeves Instrument, Garden City, N.Y. 
Reflectone, Englewood Cliffs, N.J. 
Reliance Electric, Cleveland, Ohio 
RFL Industries, Boonton, N .J. 
Rohde & Schwarz, Passaic, N .J. 

Saturn Electronics, Garland, Tex. 
Science Accessories, Southport , Conn . 
Sensor Corp., Greenwich , Conn . 
Servo Development Corp., Hicksville , N .Y. 
Servonetics, Northridge, Cal. 
Sierra Research, Buffalo, N.Y. 
Sigma Instruments, Braintree, Mass. 
Signet Controls, Tulsa, Okla. 
Siltronics, Oakmont, Pa . 
Simpson Electric, Chicago, Ill. 
Singer Instrumentation Div., Los Angeles, Cal. 
Solid State Electronics, Sepulveda, Cal. 
Solid State Radiations, Los Angeles, Cal. 
Space Craft, Huntsville, Ala . 
Space & Systems Div., General Time, Stamford , Conn. 
Space & Tactical Systems, Burlington, Mass. 
Sprague Electric, North Adams, Mass. 
Stellarmetrics, Santa Barbara, Cal. 
Stelma, Stamford, Conn. 
Superior Electric Co., Bristol, Conn. 
Superior Mfg. & Instrument, Long Island City, N .Y. 
Systems Engineering Labs., Ft. La ude rd a le, Fla. 

Taft Electrosystems, Metuchen, N .J . 
Technical Material, Mamaroneck, N.Y. 
Teledata, Queens Village , N.Y. 
Tele-Dynamics Div., Philadelphia, Pa. 
Teledyne Crystalonics, Cambridge, Mass. 
Teledyne Philbrick Nexus, Dedham , Mass. 
Teledyne Systems Control, El Segundo, Cal. 
Teledyne Telemetry, Los Angeles , Cal. 
Tele-Signal Corp., Woodbury, N .Y. 
Texas Instruments, Industrial Products Div., Houston, 

Tex. 
Theta Instrument, Fairfield , N.J . 
Towson Labs., Baltimore, Md. 
Transmagnetics, Farmingda le, N.Y. 
TRW Systems, Redondo Beach, Cal. 
Tyco Instrument Div., Waltham, Mass. 

Ultronix, Grand Junction, Colo. 

Varadyne Systems, Canton, Mass. 
Varian Data Machines, Irvine, Calif. 
Veeder-Root, Hartford, Conn . 
Vega Precision Labs., Vienna, Va . 
Vernitron, Farmingdale, N .Y. 
Vidar Corp., Mountain View, Cal. 
Vitro Labs., Silver Spring, Md . 

Weston-Transicoil, Worcester, Pa . 
Wyle Labs., El Segundo, Cal. 

Xerox Data Systems, El Segundo, Cal . 

Zeltex, Concord, Cal. 



Precision Monolithics' new mono­
DAC-01 is a complete 6-bit D/A con­
verter on a single chip. Diffused 
resistors are used for the ladder net­
work. The circuit comes in a 14-lead 
DIP and operates with ±1/2 LSB 
accuracy over the full military tem ­
perature range. 

Analog Devices is one of its own 
best customers. The company uses 
its µDAC monolithic quad switches 
to build a complete 12-bit D/A con ­
verter on a PC board . The circuit 
shown includes a high speed output 
amplifier and a digital input regis­
ter. Other configurations are avail ­
able. 

Many applicatians 

Though the most significant improvements in 
DACs have been in the areas of size and cost , im ­
portant progress has been made in other areas , 
too. There have been gradual improvements in ac­
curacy and speed , and many companies have start ­
ed to pay attention to some of the more subtle as­
pects of DAC performance (such as " glitches," 
monotonicity and common-mode errors). Most com ­
panies offer a set of options with their catalog 
items-the user can choose what he needs from a 
variety of different coding systems and full -scale 
output voltages. 

The proliferation of commercially available DACs 
and the downward price trend are, together, open­
ing up many new DAC applications that were, 
hitherto, impractical or uneconomical. DACs have 
many applications beyond the ir obvious function as 
an interface between digital and analog equipment! 

This Designer's Guide is in two parts. The sec­
ond part will be published later. The two 
articles in this section of the Designer 's Guide con­
centrate on applications for complete DACs. A 
future article will describe the various .circuit 
techniques used in the design of DACs. 

This month 's article by Mike Lindheimer reviews 
some popular DAC applications and shows how 
DAC characteristics can influence and be influ ­
enced by other system elements. The article by 
Michael Neidich concentrates on an interesting 
subclass of DACs-the " multiplying" or " external ­
reference " DAC. He shows how the ability to ma­
nipulate the reference voltage opens up a whole 
new field of DAC applications. Also included within 
Neidich 's article is a discussion of "ac-reference" 
DA Cs. 

It is hoped that this Designer's Guide will not 
only help engineers solve existing problems but will 
also stimulate the discovery of further applications 
for DACs.. EEE 



Guidelines For 
Digital!fo-Analog 
Converter Applications 
By Michael Lindheimer: 

Digital computation is usually employed wher­
ever one needs to perform complicated analyses 
of data. And digital computation is often used 
for relatively simple analyses and operations in 
situations involving nonlinear functions or 
large numbers of data channels . 

In the real world, however, we usually need 
to control analog quantities - such as voltage, 
force, or shaft rotation. Very often, therefore, 
the output from a computer must drive a non­
digital device. In this type of situation, a digi­
tal-to-analog converter provides the required 
interface. 

The name digital-to-analog converter (DAC) 
is self-explanatory. It is worth noting, how­
ever, that a DAC need not be electrical. The 
basic functional elements of a DAC are a set 
of digital controllers, such as switches or 
valves, and a weighted network whose outputs 
are summed. 1 The digital controllers are actu­
ated in accordance with the digits of the nu­
merical input, and • the weighted network as­
signs the proper significance to each digit in 
determining the analog output. 

An additional functional element of a DAC 
allows outputs to be expressed in terms of a 
known standard (usually a calibrated reference 
voltage ) . Sometimes the reference element is a 

Author: Mike Lindheimer is a senior engineer 
with Digital Equipment Corp., in Maynard, 
Mass. 

functional part of the DAC, and sometimes the 
reference signal is supplied externally as a 
separate input to the DAC. If both the analog 
reference input and the digital input to the 
DAC are permitted to vary, the circuit is call­
ed a multiplying DAC. The output is then the 
product of the reference and the input. 

A typical DAC consists of a set of solid 
state analog switches, logic drivers to control 
the switches, and a binary weighting network. 
The latter may be a resistive ladder network 
or a set of current sources. In some types of 
DACs, a fixed reference voltage may be in­
ternally derived from a power-supply line . Of­
ten an op amp will be included to scale the out­
put and provide low output impedance.2 

The resolution and accuracy of DACs are 
often expressed in terms of word length, i. e., 
the number of bits converted. The most popu­
lar word lengths are 8, 10 and 12 bits. It is 
important to distinguish between accuracy and 
resolution, however. For example, a four-bit 
DAC would have an output resolution of about 
six percent of full scale. But it is possible that 
the accuracy of each of its 16 available output 
levels could be, say, 0.01 percent of full scale. 
This order of accuracy, however, would be 
more typical of a fourteen-bit DAC. 

Because accuracy and resolution are usually 
compatible (i. e., about the same number of 
bits ) , it is common practice to express accuracy 
as the resolution plus-or-minus some toler-



ance. Most companies specify t he output ac­
curacy of their DACs, in terms of a calibrated 
reference, as ± 1/z LSB or ± 1 LSB. With this 
terminology, "LSB" refers to the weight, in 
percent of full scale, of the least significant 
bit of the input data. 

A,.,.,tcatlon problems 

Several application problems may limit the 
ability of a DAC to deliver its specified per­
formance. If the reference voltage is external­
ly supplied, its errors add to those of the DAC. 
The varying load, presented by many types of 
DAC, can induce transients in the reference, 
thereby prolonging the DAC's output settling 
time. This problem is especially severe when 
several DACs share a common reference. 

During the transition immediately after re­
ceipt of a fresh input code, a DAC's output may 
pass through values that are unrelated to either 
the old data or the new data. Differences in 
in times of arrival of the bit transitions (data 
skew) and unequal on and off switching times 
in the DAC can cause "spikes", or "glitches", 
in the output.3 Depending on the design of the 
DAC and the response characteristics of its 
load, this may or may not be a problem. 

When the analog device to be controlled is 
distant (say more than 20 feet) from the 
source of digital control information, addi­
tional application problems may arise. If the 
DAC is installed at the location of the con­
trolled device, many conductors must run from 
the computer to the remote location . For this 
reason, one is tempted to locate the DAC near 
the computer, since the analog output requires 
only a twisted pair or a single shielded cable. 
But under these conditions, with a grounded 
load, an error voltage generally occurs due to 
potential difference between the load ground 
and that of the DAC. While the exact ma.gni­
tude of this problem is difficult to predict, it 
is usually worse for long cable runs through 
electrically noisy areas. 

Noise voltages in the ground return can 
cause several counts of error with high-ac­
curacy converters (say 12 to 15 bits ) . One solu­
tion to the problem, albeit at higher cost, is to 
use a differential amplifier to receive the sig­
nal at the remote end of the cable. 

Dynamic performance, too, may be degraded 
by a remote load. Cable capacitance can cause 
oscillation or severe ringing on the output of 
the DAC unless the cable is correctly termi­
nated. Unfortunately, most commercially avail­
able DACs cannot deliver their full output 
voltage into the 50- to 100-ohm load presented 
by terminated cables. 

For a trouble-free installation, therefore, 
it is best to locate the DAC near its load, and 
to run the digital signals through long cables 
if necessary. When speed requirements permit, 
the DAC can be driven serially on one or a few 
lines . 

To see more clearly the role of DACs in 

system design, let's look at some typical cur­
rent applications. 

A1t•lo9 cltart re~clers 

In the past, most industrial processes have 
been monitored with analog recorders, such as 
strip charts or circle charts, and operators have 
become accustomed to these types of informa­
tion display. But modern digital data acquisi­
tion systems usually provide numerica.I print­
out, via teleprinter or line printer, as the 
prime display. 

To ease the transition, when installing a 
digital system, it may be desirable to retain 
the more traditional analog presentation - at 
least for an interim period. The output of the 
data acquisition system can then be processed 
through a DAC to drive analog charts. 

Unfortunately, analog recorders have a 
nasty habit of running off scale when left un­
attended for many hours (possibly a conse­
quence of one of Murphy's Laws ) . Important 
information may be lost. There is a simple so­
lution to this problem, however. If the input 
to the recorder is derived from a DAC, the 
trace can be made to fold over or wrap around. 
This is achieved by using a DAC whose full­
scale output is equal to (or slightly less than ) 
the span of the recorder. 

Suppose that the information to be displayed 
has a 12-bit word length, but that the analog 
recorder has a resolution of only one percent. 
The recorder can be driven through an 8-bit 
DAC, looking at only the eight less significant 
bits of the input data. Then if the input changes 
slowly through a large part of its range, the 
total change can be calculated by counting the 
number of times the chart goes off one side 
and returns on the other side of its span. A 
block diagram of the setup is shown in Fig. 1. 
If required, the discontinuous chart can be cut 
and pasted onto a larger sheet of paper to re­
construct a continuous plot. 

flecfr-agnets «ml so lenolds 

Suppose that one needs to control digitally 
the magnetic field (or current drive ) of a pre­
cision research electromagnet. In terms of de 
accuracy and stability, this is one of the most 
demanding applications for a DAC. Though an 
absolute accuracy and resolution of 0.01 per­
cent of full scale (13 bits ) is adequate, the 
short-term stability must be 10 ppm or better. 
In many cases, even a 15-bit DAC may drift 
excessively unless its temperature is controlled. 

In this type of application, however, dynamic 
performance is relatively unimportant, since 
the magnet current cannot be varied rapidly. A 
few percent modulation at 50 to 100 hertz is a 
typical requirement. 

One way to relax the accuracy and stability 
requirements is to use the DAC as a vernier, 
superimposing it on a fixed reference voltage, 
or quiescent signal, by analog summation as 
shown in Fig. 2. If three-percent modulation is 
needed with 30-ppm resolution and accuracy, 



MORE SIGNIFICANT ANALOG 
DIGITS INPUT A TOD 

SIGNAL CONVERTER D TO A STRIP 
OR 1--t CHART 

DIGITAL CONVERTER 
RECORDER 

VOLTMETER 
LESS SIGNIFICANT 
DIGITS 

TYPICAL CHART SECTION 

Fig. 1. The resolution of an analog chart recorder can be 
effectively increased by "fold-over." This is achieved by 
recording only the less significant digits of the input signal. 
If required, the chart can be cut and pasted to reconstruct 
a continuous plot. 
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Fig. 2. A digital-to-analog converter can be "piggy­
backed" on a stable reference voltage to allow high­
resolution " vernier" adjustment of the output volt­
age. 

Fig. 3 . Circuit for driving a high-current floating load 
from the output of a DAC. Capacitor C and resistor 
RD are added to prevent parasitic resonances of the 
load and cabling. 
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S1 ON OFF OFF 

S2 OFF ON ON 
S3 OFF ON ON 
S4 ON OFF OFF 
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Fig. 4. In this integrating arbitrary-function. generator, a 
binary rate multiplier produces a train of pulses which are 
conditioned to provide constant charge into an operational 
integrator. The start point, end point and slope of each 
straight-line segment of the output waveform can all be ex­
ternally programmed. 

OUTPUT 



a 10-bit DAC may suffice. A 12-bit DAC will 
allow four-percent peak-to-peak variation with 
10-ppm incremental resolution. 

Of course, the concept of using a DAC to 
modulate an analog signal is quite general, and 
it may prove useful in other applications too. 

In process control, solenoid-operated valves 
are often used to interface with hydraulic and 
pneumatic equipment. For direct digital con­
trol, a DAC can drive a solenoid. Usually, a 
low-resolution DAC (say 8 bits ) is adequate 
for this type of application. 

If necessary, voltage from the DAC can be 
converted to high current for the solenoid as 
shown in Fig. 3. 

The RC network ( C and R 0 ) prevents oscilla­
tions caused by high-frequency parasitic re­
sonances of the load and cabling. In Fig. 3, Z[, 
is the solenoid coil or any suitable load that is 
isolated from ground. 

Component testing 

In testing and sorting components such as 
diodes, transistors, resistors, relays, and me­
ters, two basic categories of test requirements 
occur. For measuring impendance parameters, 
current transfer parameters, or zener and 
breakdown voltages, a programmable test cur­
rent is needed. If, on the other hand, the para­
meter under test is an admittance, voltage 
gain, or leakage current, then the applied volt­
age must be programmed. 

A circuit similar to the coil driver of Fig. 3 
can be used to apply a programmed current or 
voltage to the device under test. But, since 
neither side of the DUT can be grounded, the 
voltage across it must be measured differen­
tially. However, most digital voltmeters and 
digital data-acquisition systems satisfy this re­
quirement. 

Computer-controlled simulation 

Some more-sophisticated applications for 
DACs occur in the field of simulation. Often it 
may be too awkward or expensive to use a real 
device or system for training purposes or for 
evaluation. For example, in the military world, 
one might need to simulate thermonuclear war­
heads, submarine systems, newly designed air­
craft or missiles, etc. And, in industry, many 
complex processes must be modeled mathemati­
cally before full-scale versions can be built. 

In medicine, one can simulate the responses 
of the human body, especially the heart, to 
help determine the effects of drugs and other 
therapeutic agents or procedures. In the past, 
analog tape recorders together with anthropo­
metric dummies were used for this purpose. 
But a digital computer driving DACs can us ­
ually provide the simulation more effectively. 

One interesting example of an arbitrary 
waveform for simulation is the output of a gas 
chromatograph. This type of instrument pro­
duces an output with frequency components 
of interest spanning the range 0.001 hertz to 

1 hertz. The baseline of a chromatograph's out­
put has thermal drift and flicker noise super­
imposed on it, along with the "peaks" that con­
vey significant information. To analyze the out­
put, one calculates the area under the peaks 
by integration. The end points of a peak are 
located byi detecting changes in slope. 

Unfortunately, it is not easy to test the abil­
ity of a chromatographic analysis system to 
quantitate peaks properly (especially when two 
peaks overlap. Simulation provides an answer 
to the problem. Fig. 4 shows the schematic for 
a programmable function generator than can 
simu late the output of a chromatograph. 

Other problems requiring the simulation of 
arbitrary waveforms can be attacked in the 
same way as for the chromatograph. For 
example, systems have been designed for com­
puter generation of music and art. 

In music generation, frequencies up to 10 or 
20 kilohertz are desired. Though this frequency 
range might not tax the response capabilities 
of a DAC, it could load the feeding computer 
quite heavily, leaving little time for process­
ing. In the past, this problem could be solved 
only by pre-processing and tape recording at low 
speed. But, with this approach, a minute of out­
put might take 10 to 100 minutes to synthesize. 
Using DACs augmented by analog line and curve 
generators, however, one can generate many 
wide-range audio signals in real time. 

One major problem in waveform synthesis is 
the possible presence of glitches in DAC out­
puts. Spikes can occur because the switching 
devices used in the DAC do not all turn on 
and off in equal times. Therefore, when the 
DAC input is incremented around half scale or 
at other major switching points, spurious out­
put excursions approaching half of full scale 
can occur. These spikes can be of either polar­
ity and they generally last somewhere between 
a few nanoseconds to a few hundred nanosec­
onds. The most straightforward way of remov­
ing these unwanted transients is by filtering. 
Of course, if the load device has slow re­
sponse, fi ltering may not be necessary. 

CRT disploys 

When a DAC is used to drive the deflection 
circuitry of high speed CRT displays, glitch 
filtering may cause unacceptable delays. One 
popu lar solution to this problem is to blank the 
CRT until the transient has passed. This ap­
proach is effective only when the circuitry fol­
lowing the DAC can recover rapidly from 
glitch-induced overload. Sample-and-hold cir­
cuitry, too, may help to remove glitches, pro­
vided the new transient caused when switch­
ing between "track" and "hold" can be kept 
within tolerable limits. 

A clean, continuous output for vector plot­
ting or function generation can be generated 
by using an incremental, or integrating, DAC. 
With this arrangement, a binary rate multiplier 
produces a variable-rate pulse train. The output 



pulses are conditioned to provide constant 
charge into the operational integrator, and a 
very linear sweep can be produced :' The start­
ing point of such a sweep can be determined 
by a conventional DAC. The end point can be 
determined by a programmable voltage com­
parator looking at the output of the integrator. 
A complete system of this type is shown in Fig. 
4. Alternatively, if the pulse increment is made 
equal to one count (or a known number of 
counts ) of the DAC that specifies the starting 
point, the end point can be determined digital­
ly (by pulse count) . 

Due to integrator drift, incremental varia­
tion of the output of an integrator cannot be 
extended indefinitely. Generally, one would pro­
gram the DAC to r eset the integrator periodi­
cally (30 to 100 times per second in a refreshed 
CRT di splay ) . Then the integrator would be de­
signed to handle the lowest output-frequency 
of interest. 

In the circuit of Fi g. 4, amplifier A functions 
as a trimode integrator. Any arbitrary starting 
point can be established in the "set" mode (with 
switches S 1 and S 4 on ) under control of the DAC. 
The end point is then f ed to the DAC through a 
buffer regist er, the slope is set in another buffer 
r egister , and the clock is enabled. This starts the 
integrator, which then generates a ramp. When 
the output r eaches the preset end point, the 
comparator di sables the clock to terminate the 
integration. The schematic does not show any 
circuitry to control the direction of integration, 
but thi s is easi ly implemented. 

It should be noted that, with this type of cir­
cuit, each straight-line segment of the output 
requires only three words of digital input (start 
point, end point, and slope) . Thus the com­
puter is freed to do other jobs, rather than be­
ing tied up in point-by-po-int plotting. If re­
quired, the comparator output could be allowed 
to interrupt the computing sequence to request 
new data. 

In some applications, true sine-wave outputs 
may be required. In this type of situation, 
straight-line approximation probably won't be 
the best approach, because the circuitry to 
achieve adequately low distortion may become 
unwieldy. The alternative is some sort of direct 
synthesis. s 

Analog synthesis (for example, using a Wien 
bridge oscillator) is a popu lar method that is 
inexpensive and effective. Or, using a digital­
differential analyzer (DDA) , it is now possib le 
to synthesize a waveform , digitally, at the in­
put to a DAC. When multip le DDAs are used, 
it is possible to implement a w ide variety of 
transcendental functions. 

Before making a final choice among various 
methods of waveform syntheses, one should 
analyze the cost-performance tradeoffs. In this 
rapidly moving field, the relative merits of ana­
log and digital devices change frequently, so 
it is impossible to lay down rigid rules. 

Nonlinear devices 

Another set of application problems arises 
when one must produce non-e lectrical and, pos­
sibly, non-linear analog outputs from a DAC. 
If one needed a digitally programmable light 
source, for example, he would face the prob­
lem of nonlinearity of the transfer function 
relating light intensity to current or voltage. 

Feedback from a linear photodetector (sucn 
as a PIN photo-diode ) is one way of linearizing 
a programmable light source . Similarly, a digi­
tal oven or furnace control can be linearized 
by feedback. If a thermocouple is used, its 
small, predictable, nonlinearity can be com­
pensated by a computer program, assuming 
that the feedback path includes a digital data 
acquisition system. 

Mechanical output variables - such as shaft 
rotation - introduce problems of backlash, 
friction, etc. This situation frequently arises 
when a device originally designed for a human 
operator is brought under computer control. 
Front-pane l controls are not normally intended 
to be "tweaked by a machine." If the backlash 
exceeds the allowable setting error, then new 
settings must always be approached from the 
same direction. The most common devices em­
ployed for "knob-twiddling" adjustments are 
digital-to-synchro converters (plus a synchro) 
and stepping motors. The latter type of device 
is obviously a DAC in the broad sense. 

The first step in evaluating how to use a 
DAC in solving a control problem is to "get a 
handle" on the device to be controlled. If the 
device can be digitally controlled, then, of 
course, a DAC ·is not needed. If voltage or cur­
rent programming can be used, many standard 
DACs are available to do the job. If resistance 
programming is the only possibility, a ready­
made solution is harder to come by - especial­
ly if neither end of the programming resistor 
can be grounded. 

This last problem is most readily handled by 
a relay-switched resistance decade ( a DAC of 
sorts ) , provided the speed is adequate. 

The applications that we've looked at should 
serve to place the DAC in proper perspective 
as a system building block. We've seen how 
DAC characteristics can influence, and be in­
fluenced by, those system elements that inter­
face with the DAC. Armed with a greater 
knowledge of its strengths and limitations, a 
system designer can more effectively employ 
the DAC to solve his "real-world" problems, a l­
lowing both the digital and the analog parts of 
his system to make a maximum contribution. 

EEE 
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Multiplying 
Digital-To-Analog 
Converters 
By Michael I. Neidich 

Manufacturers of Multiplying DAC Modules 

Analog Devices Inc. 
221 Fifth Street 
Cambridge, Mass. 

Analogic Corp. 
Audubon Rd. 
Wakefield, Mass. 

Astrosystems, Inc. 
6 Nevada Drive 
New Hyde Park, N.Y. 

Burr-Brown Research Corp. 
International Airport Industrial Park 
Tucson, Ariz. 

DOC 
100 Tee Street 
Hicksville, N.Y. 

Hybri d Systems Corp. 
95 Terrace Hall Ave . 
Burlington, Mass. 

lntronics, Inc. 
57 Chapel Street 
Newton, Mass. 

North Atlantic Industries 
200 Terminal Dr ive 
Plainview, N.Y. 

Perkin-Elmer Corp. 
Main Street 
Norwalk, Conn . 

Redcar Corp. 
Box 1031 
Canoga Park, Calif. 

Transmagnetics Inc. 
210 Adams Blvd . 
Farmingdale, N .Y. 

Vernitron ,Corp. 
59 Centra l Avenue 
Farmingdale, N.Y. 

There is a broad category of digital to analog 
converters (DACs ) that have one common char­
acteri sti c. In thi s type of DAC, the output volt­
age is controlled by both the applied digital word 
weight and an externally a pplied analog r ef er­
ence voltage. Depending on the manufacturer, 
t hi s class of circuit may be called a multiplying, 
external r ef erence, or universal-ref erence DAC 
- or some other combination of these names. In 
a tru e multi plyin g DAC the output volta ge is, in 
fact, pr ec isely the p roduct of the analog r efer­
ence and t he di gital word weight. 

With multi plying DACs, output accuracy is 
i·elative to t he applied r efer ence; ther efore good 
overall accurac ies are more easily achieved wit h 
this type of circuit than with internal-ref erence 
DACs . In an ideal multiplyin g DAC, the r efer­
ence s ignal (V,.1 ) could be arbit rary - that is, it 
could be of any voltage magnitude and spectral 
content. This a rbitrar y waveform applied as t he 
r ef er ence would appear at the output, scaled or 
otherwise modifi ed in amplitude according t o t he 
digital-word weight . 

The way in which di gital-word weight controls 
the scaling of the appli ed r ef er ence can be r epre­
sented as fo llows: 

Author: Michael I. Neidich is Product Man­
ager, Data Convers ion Modules, for DDC (Div. 
of Solid State Scientific Devices) in Hicksville , 
N. Y. 



(where a, is 1 
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( 1) 

is logic 

It follows from this equation that, unless the 
gain is made slightly greater than unity, the 
maximum full-scale output is not vref• but one 
least-significant bit less. This is because, when 
a, = 1, 

n 
'"1 ai V,,, '-'T 

i=l 
v ,., ( 1 _ _ 1 ) 

2" 
For example, in a 13-bit converter the maximum 
output would be 99.987 percent of V,.1, whereas 
half sca le is precisely V,,/ 2. 

If the reference could be as universal as 
we've assumed, then one would be able to con­
s ider the multiplying DAC as a digitally pro­
grammable precision attenuator. Unfortunate­
ly practical DAC circuits don't readily yield 
high accuracy at high analog frequencies. As 
users of wideband pads and attenuators are 
aware, 0.5 db is considered quite a reasonable 
accuracy; but it represents only 1-percent, or 
the equivalent of 7-bit accuracy. Therefore, 
with multiplying DACs, the accuracy band­
width trade-off is as real a problem as the 
more obvious cost size trade-off. 

Let's now review the basic circuit ap­
proaches for building a multiplying DAC. 

Basic m ult ip lying DAC 

As shown in Fig. 1, a practical multiplying 
DAC has three basic parts. These are as 
follows: 
(A) a reference buffer or conditioner, usually 

an op amp, driving 
(B) a network capable of binarily weighting 

the reference, and prec1s1on switches 
which feed the selected weighted currents 
to 

(C) an output buffer capable of summing the 
binarily-weighted reference currents and 
driving the designated load. 

One could argue that only section (B) is 
necessary. But that would be skirting the is­
sue, placing rather stringent performance 
requirements on the reference source; and only 
a very specialized load could be driven. 

Though the ideal multiplying DAC would have 
infinite input impedance and zero output im­
pedance (along with infinite bandwidth and 
zero settling time ) , practical DAC designs 
achieve a high enough degree of perfection to 
be widely useful. 

Binary -we ighting networks 

Let's turn our attention first to the binary 
weigh ti ng network. There are only a few basic 
types of weighting networks, and these are 

summarized in Fig. 2. The advantages and 
disadvantages of each type are described in 
great detail in the literature. 1 Suffice it to say 
that there is no "best" way, and that the spe­
cific application will determine which config­
uration should be selected-especially when 
cost comparisons are made. All of the methods 
have one thing in common-they use precision 
resistors and precision switches configured to 
produce a binary-weighted output voltage and / 
or current. 

For a multiplying DAC, we face some circuit­
design problems that don't occur with simple 
de-output DACs. We are no longer dealing with 
a fixed, well-defined, internal reference voltage, 
but, rather, one whose amplitude may vary 
widely. If we require wideband performance, 
accurate switching becomes even more dif­
ficult to achieve. 

With careful design, it is possible to use 
either bipolar transistors or FETs for switch­
ing. Low device "on" resistance (r 011 ) makes 
a 13-bit converter quite practical. Several prac­
tical FET and bi-polar-transistor switch con­
figurations are being used in commercially­
available converters . Regardless of which type 
of switching device is used, performance will 
be about the same. In most situations, there 
will, of course, be some trade-offs of accuracy 
versus speed or bandwith, depending on the 
specific requirements. 

With an ideal multiplying DAC, the output 
will follow changes in the digital-input word 
instantly (i.e., the circuit will have zero set­
tling time ) . When one asks for switches and 
resistor networks that are both speedy and 
accurate, one should be ready to compromise . 
At the time of writing, the practical limit of 
accuracy is around 13 bits with best switching 
times of around 1 microsecond. Higher speeds 
usually result in less accuracy. 

The bandwidth of most multiplying DAC's 
does not exceed 1 kHz at rated (de ) accuracy. 
However 10-kHz operation is feasible at slight­
ly reduced accuracy, and 100 kHz is possible . 
(Measuring accuracy at even 10 kHz is no easy 
task. ) Special-purpose multiplying DAC's can 
be built for a specific reference waveform, such 
as a ramp, and can achieve higher perform­
ance. But, usually, universality is sacrificed 
in the process. 

Refer ence buffer 

Let's now return to Fig. 1, and take another 
look at sections (A) and (C) of the multiply­
ing DAC circuit. This will help us understand 
more clearly the reasons for settling-time, ac­
curacy, and bandwidth limitations. 

The reference buffer has several different 
and very demanding roles to play. If high over­
all accuracy is to be achieved, the amplifier 
should have a true differential-input con­
figuration with a wide common-mode voltage 
range (CMV) and good common-mode rejection 
ratio ( CMRR). Otherwise, potential differences 



between the external-reference analog-ground 
and converter analog-ground will appear di­
rectly as error. In practical installations, 
hundreds of millivolts of potential difference 
between grounds can exist, thus reducing the 
accuracy of a 13-bit DAC to about 6 bits. 

input configuration, however, is relatively low 
input impedance (typically 20-40 kO) . If very 
high input impedance, and a true differential 
configuration are both required, then an in~ 

strumentation amplifier should be used, and 
it must be used correctly. If however, there is 
no ground-loop problem, then very high input The usual disadvantage of a true-differential 

Applications For Multiplying D/ A Converters 
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Character generation for CRT i:lisplays. A vector 
of any direct ion can be generated us ing a ramp 
reference and digital si n /cos scale-factor con­
trol. Usually two DACs are employed - one for 
the starting point and one for the line itself. 
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Digital I synchro or digital/ resolver conversion. 
Here two ac-reference DACs modulate a 400-
Hz carrier t o produce sin () and cos () com ­
ponents for resolvers, or sin () and sin (() + 
120°) for synchros. 
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Radar raster generation. This circuit is similar 
to that for CRT character generation, except 
that single DACs only . are required to generate 
the X and Y deflection · signals. 
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Single-reference systems. Using a single ref ­
erence for all DACs and ADCs, reference drift can 
be neglected. Because the reference voltage is 
unimportant, the reference need not have good 
thermal stabiltiY. pr !:!bsolute accuracy. 
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Automatic testing systems. Signals can be se­
lected using an analog multiplexer. They are 
then amplitude-scaled in a universal-reference 
DAC, and fed to the system under test. 
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impedance can be achieved s imply by using 
a non-in vertin g op-amp. 

Usually, the referen ce buffer must drive a 
load of wide ly va ryin g impedance-especially 
when it drives an R-2R ladder. Therefore it 
mu st have excellent output-vo ltage regu lation. 

F or the overall converter to set t le at reason-
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INPUT 
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Non-linear D/ A conversion. Non-linear analog 
funct ions can be produced by DACs instead of 
by analog circuits. In this example, the ana log 
output is proportional to the product of the 
two digital inputs. 
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Digital modulation systems. Many types of 
modulators can be driven directly from DACs. 
Multiplying DACs allow generation of a wide 
variety of waveforms. 
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Polar-to-rectangular coordinate conversion. A 
conventional DAC and two multiplying DACs 
can be configured to convert R, sin (j and cos 
(j to the X and Y components. 

JULR.AJUL 
REF 

EXT REF 
DAC 

~ 
POLARITY8 
AMPLITUDE 
CONTROL 

Programmable-amplitude pulse generation. A 
train of pulses is applied as reference , and 
the digital word weight determines pulse ampli­
tude and polarity. 

ab le speed, the reference buffer mu st be a 
fast-settl ing des ign ( i.e., it should have h igh 
phase margin ) . If the referen ce bu ffer r ings 
due to loading changes, the we ig ht ing network 
and output amplifier will fo llow it - regard­
less of how good their individual r espon se 
characte ristics may be . 
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Accurate analog-signal squaring. Conventional 
analog multipliers rarely provide squaring-mode 
accuracies better than about 1 percent. Using 
an ADC and a multiplying DAC, as shown here, 
it's possible to achieve accuracies of around 
0.1 percent. 
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High-accuracy ac comparators. The ac compari· 
son scheme, shown here, offers significantly 
better performance than de comparators, be­
cause de drifts do not cause errors. Other errors 
are minimized by the synchronous, carrier­
type, detection. 
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Ratiometric analog/ digital conversion. Error 
output from the comparator advances a counter 
which controls the DAC. A full count is obtain­
ed when the input signal equals the external 
reference . 
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As those familiar with op amps know, good 
transient performance depends upon loop gain 
(negative feedback) and rolloff rate. The com­
bination of good accuracy with fast settling 
requires extremely wideband amplifier designs, 
and, of course, there is a limit to the gain­
bandwidth products currently available. Very 
wide bandwidth and large phase margin are 
difficult to achieve simultaneously. Thi s is due 
to the presence of parasitic poles at high fre­
quencies. The bandwidth of the reference 
buffer, therefore, affects the performance of 
the converter for both sinusoidal and complex 
reference waveforms. 

To estimate the effect of the reference buffer, 
one can treat it as a s ingle-network with a 
known cutoff frequency f T · Then calculations of 
small-signal bandwidth and delay can be made 
accordingly. 

Output buffer 

Many of the constraints placed upon the 
reference buffer a lso hold true for the output 
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am plifier. Naturally, current-output multiply­
ing DACs usually don't include output buffer 
amplifiers. With this type of circuit, the user 
will be responsible for the over-all perform­
ance of the converter, as he will have to design 
the output amplifier if the application requires 
a vo ltage ( rather than current ) output. 

The output buffer has the job of handling 
a variety of load impedances without undue 
degradation of performance. The load should 
preferably be reasonably resistive. This is be­
cause the amplifier can ring when driving a 
capacitive load (resulting in worsened settling 
time ) unless it is designed expressly for the 
specific capacitive load. In general, fast set­
tling and wideband operation are not con­
sistent with capacitive loads. 

For the same reasons that it's desirable to 
have a separate analog ground on the reference 
input, it's also necessary to have an output 
analog ground. One exception to this rule, of 
course, is when the output signal is being fed 
to a differential-input device. To provide an 
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Fig. 1. Basic external-reference multiplying DAC. 
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analog ground, where necessary, the output 
op am p should be connected as shown in Fig. 1. 

Along with the three basic parts of the mul­
tiplying DAC that we've looked at, the digital 
interface also bears some consideration. So far 
as the digital input data is concerned, the most 
important characteristic of the analog switches 
is their compatibi lity with the digital logic 
circuits feeding the DAC. Not only should they 
accept the correct logic levels (DTL, TTL, 
RTL, etc.) but they must be non-injurious to the 
digital driving circuits (i.e., loading rules must 
not be violated) . Also, some form of storage 
may be required at the DAC, since the DAC 
itself has no inherent memory. These matters 
are common to a ll DACs, and all that need 
be said is that interface specification is very 
important and can cause much embarrassment 
if neglected. 

Ac-reference DACs 

Before going on to look at specific applica­
tions for multiplying DACs, let's briefly look 
at one special type of multiplying DAC - the 
ac reference type. The basic circuit for this 
type of DAC is distin ctly different from the 
conventional multiplying DAC. 

There is no reason, of course, why conven­
tional multi·plying DACs cannot be used at, 
say, 400 Hz. But, for ac performance only, a 
simpler and less costly DAC can be designed. 

In an ac system, the de characteristics of a 
DAC (within reason ) are of little or no conse­
quence. Therefore, in the DAC's precision 
switches, de leakage of FETs or de offset and 
leakage of bipolar transistors are relatively un­
important. Only r0 n is critical. In the reference 
and output buffer op amps, the effects of de 
offsets, drifts, etc., can be eliminated with a 
series capacitor. 

Because savings may be effected in numerous 
ways, an ac-reference DAC can be about one­
half to two-thirds the cost of a comparable 
universal-reference DAC. Also, the ac approach 
allows precision transformers to be used in 
place of resistors in the weighting network. 

There are various ways of using transform­
ers in ac reference DACs. A couple of methods 
are shown in Fig. 3. 

Use of transformers also offers improved 
temperature performance and the possibility 
of greater overall accuracy. Most designers 
will agree that there is no electrical parameter 
quite so stable as the ratios of a tapped trans­
former. But, though a superior performance 
transformer-type ac-DAC can be made, the cost 
tends to be higher. For this r eason, most com­
mercial units use precision wire-wound resistors. 
As we will see, the ac reference DAC has many 
applications, and economy dictates its use when 
a de reference is not encountered. 

Applications for multiplying DACs 

This article includes schematic diagrams of 
some of the most common applications for ac 

reference and universal reference DACs. As 
most of these circuits are self explanatory or 
have been described elsewhere, only brief de­
scriptive captions are included here. While 
there are, no doubt, many other possible appli­
cations, the circuits shown a re representative 
of most classes of applications. 

As can be seen, some of the applications 
make clever use of known characteristics of 
specific DACs. Thus it is wise to study com­
mercial literature and consult vendors to de­
termine the most suitable device for a specific 
application. Also, some vendors may be pre­
pared to tailor a circuit for a customer's re­
quirements . 

In reviewing the list of applications, it will 
be noticed that some require a non-sinusoidal 
reference ( i.e., a ramp ) . In such applications 
one needs to know the slew rates, delay, and 
settling times of the reference and output buf­
fers. Settling time of DACs is usually measured 
for a fixed maximum-value referen ce and with 
the digital data changing from negative to 
positive full-scale. Bu t limited amplifier band­
width will cause a time lag between the refer­
ence ramp and the output ramp. For a fixed 
ramp rate, one can compensate for time delays 
(which convert to equivalent amplitude errors ) 
so that they will not worsen dynamic accuracy. 

Several applications demand true four­
quadrant operation. That is, the s ign or MSB 
may be positive or negative and the reference 
may be positive or negative. The algebraic 
product rules are maintained. In general , the 
digital codes are handled the same way as in 
conventional DACs. Binary, one's-complement 
or two's-complement ( for negative outputs ) are 
popular. Binary magnitude-plus-s ign is also 
available. 

A conventional DAC can often be modified 
to produce a multiplying DAC - if the exter­
nal reference need only vary a small amount 
(say ± 5 percent). Since this is feasible with 
even the simplest DACs, one should investigate 
this avenue before specifying a full-range mul­
tiplying DAC. But, remember, no simple DACs 
employ circuits that will hand le a full-ampli­
tude, high-frequency, s inu soid or ramp. For 
such an application, the system designer will 
need a good universal-reference, or ac-refer­
ence DAC, designed to meet his needs. 

To assist the reader in locating manufactur­
ers of multiplying DACs from among the many 
companies that make DACs, this artic le in­
cludes a list of vendors. It should be noted, 
however, that not all of the vendors make all 
types of multiplying DACs. For example, some 
make only ac-reference DACs while others 
make only universal-reference DACs. It is sug­
gested, therefore, that readers contact the in­
dividual sources for further information. EEE 
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Unihode offers you hermet ically sealed SCRs in metal packages at 
plastic prices. The bonus in rel iab ility you 'll get is performance 

.,;:protection in all types of environmental conditions, wherever your 
ad products may be used. Electr ically, these SCRs are equivalent 

c ,the most widely used plast ic devices, but none in this price range 
offer the high reliability and parameter stab il ity made possible by 
Ur.iitrode's unique combinat ion of ox ide passivated junct ions in 
hermetic packages. Unitrode SCRs range from low-voltage, low­
current sensing models to high-voltage, medium current control 
types. All offer the versatility of lead-mounted design for easy 
interchangeability in hundreds of appl ications. The low-price, high 
reliabil ity of ¢ -line SCRs make them ideal for lamp or relay driving 
and as sensors, for use in pulse generators, tim ing circuits, motor 
controls and process controllers. (Sens ing types are as low as 24¢ 
ea. in 100K lots.) They're in stock now, ready for immediate delivery. 
Can you afford not to use them? For fast act ion , call 
Sales Engineering collect at (617) 926-0404 
Unitrode Corporation , 
580 Pleasant Street , Watertown , Mass. 02172 
Send for your free samples and complete specs today. 

- UNITRODE quality takes the worry out of paying less. 

ID 100 Series ID 200 Series ID 300 Se fies 
Anode current rating 500mA @ 100 ° c Case 1.6A @ 70 ° C Case 1.6A @ 70 ° C Case 

Voltage ral ings to 200V to 200V to 400V 

Max. gate trigger current 200µa 200µa 200µa 

Peak On-vol tage 1.7V max . @ 1 Amp. 2.2V max . @ 4 Amps . 2.5V max. @ 4 Amps. 
Package T0 -18 can. 0.5'' leads T0-5 can , 0.5" leads T0-5 can . 1.5" leads 
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D/A CONVERTER 
THE WORLD'S SMALLEST! 
THE WORLD'S LEAST EXPENSIVE! 
THE WORLD'S FIRST ON A SINGLE CHIP! 
IT HAS HAPPENED! ... A complete 6-bit digital-to-analog converter on a single chip! It's the 
monoDAC-01 ! It operates from ± 15 volt supplies and delivers + 10 volts full-scale output into a 2K 
ohm load and fully settles to better than V2 LSB in 3 microseconds! And - It works from standard 
r2L or DTL levels. 

Everything you need is "on the chip" including reference, current switches, resistor ladder and 
compensated amplifier. You'll be astounded at the performance over the full Mil-Temp range of 
- 55°C to + 125°C. It comes In the popular dual in-line package. Price? Let us surprise your 

VERY SPECIAL-BUT STANDARD-SPECIFICATIONS 

Resolution: 

Accuracy: 

Output: 

6 Bit Settling Time: 

Input Logic Levels : 

Power Supply : 

Power Supply Rejection: 

Power Consumption: 

That's the monoDAC-01: 

The world's first commercial, completely self­
contained monolithic, 6-bit D/ A Converter. 

Write for more information and/ or contact 
the representative in your area given below! 

6 Bits 

± V2 LSB from -55 to + 125°C 

o to +10v 
3 Microseconds 

0 to +3V 
± 12V to ±18V 

0.15% FS/V 

250mW 

PRECISION 
MONOLITHICS 
INCORPORATED 

1500 SPACE PARK DRIVE. SANTA CLARA. CALIFORNIA 95050 
TEL. (408) 246-9225 • TWX 910-338-0528 • CABLE MONO 

For furt her information, ca ll: ALBUQUERQUE (505) 256-1749; ALEXANDRIA (703) 548-7818; ATLANTA (404) 876-2260; BALTIMORE (301) 944-8262; 
BURBANK (213) 846-9631; CHERRY HILL (609) 966-4070; CHICAGO (312) 283-0713; COCHITUATE, MASS. (617) 653-8229; DALLAS (214) 348-6660; 
DAYTON (513) 298-9897; DENVER (303) 744-2821; FT. LAUDERDALE (305) 564-8000; HOUSTON (713) 782-5406; HUNTSVILLE (205) 539-4411; NEW 
YORK (516) 487-0690; ORLANDO (305) 425-5505; PALO ALTO (415) 326-6400; PAOLI (215) 644-3477; SALT LAKE CITY (801) 278-5022; SAN DIEGO 
(714) 222-1121; TULSA (918) 939-2848; CLEVELAND (216) 956-6080; WINSTON-SALEM (919) 725-5384. 
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OSFE'C 
Biasine 

J.:~~hniques 
A wide variety of applications exist for field­
effect transistors today including rf amplifiers 
and mixers, i-f and audio amplifiers, electro­
meter and memory circuits, attenuators, and 
switching circuits. 

Several different FET structures have also 
evolved . The dual-gate metal-oxide-semiconduc­
tor FET, fo r example, appear s particu larly ad­
vantageous in rf stages because of low feedback 
capacitance, high transconductance and superior 
cross modulation with automatic-gain-control 
capability. 

The rules for biasing FETs vary slightly de­
pending upon the type of FET being applied. 
But we'll attempt to cover most of the possi­
bilities by looking at several typical examples. 

As you know, all FETs including junction 
devices, can be classified as depletion or en­
hancement types, depending upon the conduc­
tivity state of the channel at zero gate-to­
source voltage or bias. In a depletion type, 
charge carriers are present and the channel is 
conductive when no bias is applied to the gate. 
Reverse bias depletes this charge and reduces 
channel conductivity ; forward bias draws 
more charge carriers into the channel and in­
creases conductivity. In an enhancement type , 
no usefu l ch annel conductivity exists at either 
zero or reverse gate bias; the gate must be 
forward-biased to produce active carriers and 
permit conduction through the channel. 

Test circuits which can be used to measure 
t he zero-bias drain current I oss of junction-gate 
and insulated-gate field-effect transistors are 
shown in Fig. 1. The junction-gate device, shown 
in Fig. 1 (a ) , is always a depletion type and thus 
~xhibits a reading for I oss· Insulated-gate or 
MOS devices may be either depletion or enhance­
ment types; depletion types exhibit r easonable 
I oss readings in the circuit of Fig. 1 (b ) , while 
enhancement types are cut off . The transisto r 

Author: Seymour Reich is a semiconductor­
device applications engineer for RCA, Somer­
vi lle, N.J. 



symbol shown in Fig. 1 (b ) uses a solid channel 
line to indicate the "normally ON" channel of 
a depletion type. An enhancement type is repre­
sented by an interrupted channel line, that in­
dicates the "normally OFF" channel. 

Although enhancement types are always oper­
ated (activated ) in the enhancement mode (be­
cause application of reverse bias would simply 
cut the device off), depletion types can operate 
in either mode. Junction-gate devices can oper­
ate in the enhancement mode only within a very 
limited range because gate voltages exceeding 
0.3 V also forward-bias the gate-to-source input 
diode and load the signal source. However, MOS 
depletion devices can operate in either the en­
hancement or the depletion mode without the 
constraints associated with input-diode loading. 

The field-effect transistors shown in Fig. 1 
are single-channel, single-gate, or triode-type 
devices. Although it is possible that the sub­
strate of either the junction-gate or insulated­
gate transistor may be used as a separate con­
trol element, in most circuits it is adequate as 
a control element and is extrinsically connected 
to the source or operated at a fixed potential. 

When two separate control elements are re­
quired in a circuit, a dual-gate MOS transistor 
such as that shown in Fig. 2 is usually used. In 
this type of device, two independent gate elec­
trodes that control individual channels are 
serially interconnected. In newer dual-gate MOS 
transistors, gate protection is provided by in­
trinsic back-to-back diodes, as shown in Fig. 
2(b ) . The substrate in this type of device is in­
ternally connected to t he source. 

Blasing a single-gate MOS trans/star 

The bias circuit for a single-gate MOS tran­
sistor may take three forms, as shown in Fig. 
3: ( a) self-bias, (b ) an external supply, or (c ) 
a combination of the two. The design of a self­
bias circuit is fairly straightforward. For ex­
ample, if it is desired to operate a 3N128 MOS 
transistor (an n-channel, depletion device ) with 
a drain-to-source V ns voltage of 15 V and a 

small-signal transconductance g fs of 7.4 mmhos, 
the drain current In required for the desired 
transconductance is first obtained from pub­
lished transfer-characteristics curves such as 
those shown in Fig. 4(a ). A published curve 
such as the one shown in Fig. 4 (b ) is then used 
to determine the gate-to-source voltage Va s re­
quired for the desired value of I n. The circuit 
parameters can then be calculated using V vs = 
15 V, Iv = 5 mA, Vas = - 1.1 V and V 0 = 0. 

Vs= V 0 - V as = 1.1 V (1 ) 
R s = Vs! Iv = 1.1/5 = 220 n (2) 

Vnv = Vns + Vs = 15 + 1.1 = 16.1 V (3 ) 

In a circuit designed for applied bias only, the 
problem becomes more complicated. For example, 
the voltage divider consisting of R , and R , in 
Fig. 3 (b ) may be required to apply a V as of 
- 1.1 V. In addition to the fact that a negative 
supply is required, a more serious problem 
exists. The bias-voltage computations shown 
above were based on the solid-line curve shown 
in Fig. 4 (b ) for a typical device. 

However, the drain currents for individual 
devices may cover a wide range of values, as in­
dicated by the dashed curves H and L repre­
senting high- and low-limit devices, r espectively. 
With a fixed-bias supply of - 1.1 V, therefore, . 
drain current cou ld range from cutoff to 18.5 
mA. Some form of de feedback is obviously de­
sirable to maintain the drain curi-ent constant 
over the normal range of product variation. 

The combination bias method shown in Fig. 
3 (c) makes use of a larger "'.a lue of R s to narrow 
the range of drain current to plus or minu s a 
few milliamperes. Figure 5 shows curves of I vss 
as a function of I v for various values of R 8 • The 
.normal range of I vss for the 3N128 is from 5 to 
25 mA, or a spread of 20 mA. The use of the 
220-n source resistor R s calcu lated in the previ­
ous example reduces this spread to about 5 mA, 
for a 4-to-1 improvement. Higher valu es of R s 
achieve tighter control of the spread of drain­
current values. 

As an example, the circuit of Fig. 3 (c ) may 



be required to ma intain drain current constant 
within ± 1 mA fo r the same conditions given in 
the previous example. Fi gure 5 shows t hat a 
valu e of R s equal to or greater than 1000 D will 
sati sf y the r equired drain-current tolerance. 
However , a qu iescent current of 5 mA through 
a source res istor of 1000 D pr oduces a V cs 
value of - 5 V, which is incompatible with a 
drain current of 5 mA. Therefore, an applied 
bias mu st be used in conjunction with the self­
bias. The circuit parameters for Fi g. 3 (c) are 
then calculated using V 08 = 15 V, I 0 = 5 mA, 
V as = - 1.1 V, and R s = 1000 :!1 . 

Vs= 10 R.~ = (0.005 ) ( 1000 ) = 5 V ( 4 ) 

V0 = V08 + Vs = - l.1 + 5 =3.9V (5) 

V 00 = V os + V s = 15 + 5 = 20 V (6) 

V 00 R1 + R2 20 
---- 5.12 

~ R, - 3.9 
(7) 

The lower limits of R 1 and R 2 are established 
by det ermining the maximum permissible load­
in g of the input circuit and setting this value 
equal to the parallel combination of the two re­
s istors. For example, if the total shunting of the 
input circuit is t o be no less than 50,000 D, R 1 

and R 2 are calculated as follows : 

R 1 R , 
50,000 ( 8 ) 

R 1 + R , 

R 1 + R, 
5.12 (9) 

R , 
R i = 256,000 D, and R 2 = 62,000 :n . 

In practice, the effects of input-circuit loading 
can frequently be eliminated by t he use of the 
circuit arran gement shown in Fi g. 5. 

The upper limits of R 1 and R 2 are usually de­
t ermined by practi cal considerati on of t he r e­
sistor component values because the absolute 
values of gate-leakage current I ass are extreme­
ly small. In unique applications where l ess is a 
signif icant factor , a maximum value fo r the 
parallel combination of R 1 and R 2 can be deter­
mined by dividing the t otal permi ssible change 
in voltage V 0 across the combination by the 
maximum allowable value of I ass at the expected 
operating temperature, as determined from the 
published data for the transistor used. 

Because I ass consists of leakage currents from 
both drain and source, and these currents are 
usually measured with a maximum-rated voltage 
stress on the gate with respect to all other ele­
ments, the published value of l ass is generally 
much higher t han that which could be expected 
under typical circuit conditions. As a result, the 
values of R 1 and R 2 determined in this manner 
are conservat ive. 

Substrate biasing 

As mentioned pr eviously, many sin gle-gate 

FETs incorporate prov1swns for separate con­
nection to the substrate because it is sometimes 
desirable to apply a separat e bias to the -s ub­
strate and use it as an additional control ele­
ment. A s imple a rrangement for achieving thi s 
bias is shown in Fig. 7 (a ) . In this circuit, the 
substrate bias V us is equal t o 10 (R 1 + R 2 ) and 
the gate bias V as is equal to 10 R 1 . 

One application in which substrate bias is 
mandator y is t he attenuator circuit shown in 
Fig. 7 (b ) . An MOS transistor is extremely use­
ful as an attenuat ion device because it acts as 
a fairl y linear res istance whose intrinsic con­
ductivity can be drastically changed by means 
of a de voltage applied to the gate. In the cir­
cuit of Fi g. 7 (b ) , for example, a signal applied 
to the drain can be attenuated by application of 
a positive voltage to the MOS transistor gate. 
The attenuation A v obtained is given by 

R 0 + R , 
(10 ) 

where R 0 , the device channel r esistance, is a 
function of bias voltage and can be varied from 
approximately 100 D to 105 Mn. Because of the 
construction of the MOS transistor, however , 
the drain must always be positive with respect 
to the substrate so that the drain-to-source 
diode (diffusion ) will not be biased into conduc­
tion. Therefore, t he substrate must be back­
biased to at least the peak value of the negative­
going signal that might be applied t o the drain. 
Figure 7 (b ) shows how this back-bias is ob­
tained. 

Biasing a jundian-gate transistor 

The biasing techniques that have been de­
scribed fo r s ingle-gate MOS transistors are 
directly applicable to junction-gate devices with 
one excep tion. Because the input gate of a 
junction-gate field-effect transistor consists of a 
back-biased diode, the device must always be 
biased so that the input-gat e diode is not in 
conduction. Effectively, therefore, a junction-gate 
device will almost always be operated in the 
depletion mode. 

Although the biasing considerations covered 
thus far are applicable to all types of single-gate 
transistors, it should be remembered that en­
hancement-type devices must be turned on be­
fore they can be used as amplifier s. Therefore, 
applied bias such as shown in Fig. 3 (b ) and 3 (c) 
must always be used with these devices. In 
addition, it is desirable to narrow the range of 
drain current by means of a source resistor , 
such as that shown in Fig. 3(c) , that produces 
self-bias after the transistor is turned on. 

As an example of this type of biasing, it may 
be assumed that a 2N4065 p-channel enchance-
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Fig. 2. Dual-gate MOS transistors. 
(a) conventional symbol, (b) modi­
fied symbol to show gate-protected 
device. 
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Fig. 3. Biasing circuits for single-gate transistors : 
(a) self-biasing; (b) external biasing; (c) a combina ­
tion of self-biasing and external biasing. 
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Fig. 7. Substrate biasing circuits. 
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Fig. 12. Typical biasing circuits for the 3N 140. 
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Fig. 9. Circuits showing element voltage associated 
with MOS dual-gate transistors. 
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ment-type MOS transistor is to be operated at 
room temperature with a supply voltage of 19 V, 
a source resistance of 1000 n, and a drain cur­
rent of 1 mA, as shown in Fig. 8. To complete 
the bias circuit, it is necessa ry to determine 
the values of R , and R2 to satisfy a total input­
loading requirement of 10,000 n. 

The 2N 4065 transistor has a typical threshold 
voltage of - 5.3 V and requires a gate voltage 
of approximately - 9.2 V for a drain current of 
1 mA . (The threshold voltage v.,. 11 for an en­
hancement-type device is comparable to the cut­
off voltage V 08 (OFF ) for a depletion-type de­
vice, and is the value of gate voltage r equired 
to initi ate drain current. It is usually specified 
for a drain-current value between 10 and 100 
mA ). Circu it parameters for the network of Fig. 
8 are then calculated as follows : 

V 8 = 18 Rs= (- 0.001 ) (1000 ) = - 1 V (11 ) 

V08 = V00 - Vs = - 19 + 1 = - 18V (12) 

V 0 = V 0 8 + Vs = - 9.2 - 1 = - 10.2 V (13 ) 

R , + R, _ ~= 19 
= 1.86 (14 ) --R-,---

Va 10.2 
R , R, 

= 10,000 IJ (15 ) 
R , + R, 

R i 18,600 n (16 ) 

R, 21,500 IJ (17 ) 

Biasing the dual-gate MOS transistor 

A dual-gate MOS transistor such as that shown 
in Fig. 9 (a) is actually a combination of two 
single-gate MOS transistors arranged in a cas­
cade configuration, as depicted in Fig. 9 (b) . 
The element voltages associated with each of 
the individual transistors can be analyzed as 
follows: 

VOS = VD·' 1 + v 0 82 

V GZS = VOS 1 + V GS2 

V 01 s = V asi 

(18 ) 

(19 ) 

(20 ) 

Cu rves of the voltage distributions for the 
3N140 dual-gate MOS transistor are shown in 
Fig. 10. It can be seen for an applied gate-No. 1-
to-source voltage V 01 8 of zero, a supply voltage 
V 00 of + 15 V and a gate-No. 2-to-source volt­
age V 0 28 of + 3 V ,the actual drain voltage 
across the grounded-source unit is approximate­
ly + 2.75 V and gate No. 2 is 0.25 V positive 
with respect to its own source. These curves ex­
plain the logic behind the apparently hi gh posi ­
tive gate-No. 2 voltages (in the order of + 4 V ) 
recommended for typical operation of dual-gate 
MOS transistors. 

Operating curves for the 3N140 are shown in 
Fig. 11. These curves can be used to establish 
a quiescent operating condition for the transis­
tor. For example, a typical application may 
require the 3N140 to be operated at a drain-to­
source voltage Vns of 15 V and a transconduct­
ance g 1,, of 10.5 mmhos. As shown in Fig. ll (a ) . 



the desired value of Yrs can be obtained with a 
gate-No. 2-to-source voltage V a2s of + 4 V and a 
gate-No. 1-to-source voltage Vai s of - 0.45 V. 
From Fig. 11 (b ) , the drain current compatible 
with these gate voltages is 10 mA. 

Two biasing arrangements which can be used 
to provide these operating conditions for the 
3Nl40 are shown in Fig. 12. For the application 
mentioned above, it may be assumed that shunt 
resistance for gate No. 1 should be 25,000 n 
and the de potential on gate No. 2 should be fixed 
and at rf ground. The remaining parameters for 
t he biasing circuits can then be obtained from 
the curves showing I 0 as a function of R s in 
Fig. 13, with R s = 270 n: 

V s = 10 R s = + 2.7 V (21 ) 
V a,= Va 1s + V s = +2.25 V (22) 

V a2 = Va2s + V s = + 6.7 V (23) 
V 0 0 =Vos + V s = + 17.7 V (24) 

The values of the resistance voltage dividers 
required to provide the appropriate gate voltages 
are determined in the same manner as shown 
previously for single-gate transistors . For the 
circuit of Fig. 12 (a ) , R 8 is 197,000 n, R 4 is 
28,600 n, and R , R2 = 11/ 6.7. 

The circuit of Fig. 12 (a ) is normally used in 
rf-mixer applications and in rf-amplifier circuits 
which do not use age. The circuit of Fig. 12 (b) 
is recommended for the application of age volt­
age to rf-amplifier stages. In this circuit, the rf 
signal is applied to gate No. 1, and the age volt­
age to gate No. 2. 

The dual-gate MOS transistor is useful in 
age-supplied rf amplifiers because almost no age 
power is required by the device as a r esult of 
the hi gh de input resistance indigenous to the 
MOS transistor. Another advantage provided by 
t he MOS transistor is revealed by the ease with 
which it obtains delayed age action and good 
cross-modulation characteristics as a function 
of age. The application of age bias to gate No. 2 
while the bias on gate No, 1 is changed improves 
the cross-modulation characteristics of the tran­
sistor as a function of age applied. 

Blasing to compens ate for t e mpera ture v a ria tions 

Unlike bipolar transistors, MOS transistors 
exhibi t a negative temperature coefficient for 
typical values of drain current. That is, drain 
current and dissipation decrease as temperature 
increases, 'and there is no possibility of I 0 

runaway with elevated temperature. Unfortun­
ately, transconductance and rf power gain also 
decrease as temperature increases. Figure 14 
shows curves of drain current and transconduct­
ance as a f unction of temperature. These curves 
also show the compensating effects produced by 
the use of source resistance R s; variations in 
drain current are reduced s ignificantly by use 
of an R s value of 1000 n. 

Variations in transconductance can be virtu­
ally eliminated by application of a gain-control 
voltage from a temperature-dependent voltage­
divider network to gate No. 2. For example, the 
values of the resistance voltage divider s in t he 
circui t of Fig. 12 (a ) were determined to provide 
a transconductance of 9.5 mmhos at ambient 
temperature, and the device temperature was 
then varied th rough the range of - 45 to 
+ 100°C. The values of gate-No. 2-to-source 
voltage V a•s required to maintain a constant 
transconductance over t he entire temperature 
range, for R s values of zero and 1000 n are 
shown in Fig. 15. 

In a practical circuit, the required voltages 
can be applied to gate No. 2 if R,, or the combi­
nation of R , and R, , is a temperature-sensitive 
resistor that is thermally linked t o the MOS 
transistor package. This thermistor network can 
be designed to provide a desired voltage charac­
teristic at gate No. 2 either to keep the trans­
conductance constant or to permit some vari­
ation with temperature to compensate for 
changes in other stages. The effects of temper a­
ture given in percentages on these other stages 
may be summarized as follows: R in-one per­
cent; C in- one percent; C feerlback-one percent; 
R o·ut-plus 45 percent; C0 ,.1-one percent. 

The data was measured on a 3N140 MOS tran­
sistor in t he circuit of Fig. 12(a). Drain cur­
rent was 8 mA, frequency was 200 MHz, and the 
temperature varied from O to 100°c. 

Summary 

All field-effect transistors may be biased simi­
larly. Uniform quiescent operating points can be 
easi ly achieved in MOS field-effect transistors by 
employing circuit designs that incorporate a 
source resistance. For a given loss range, the 
value of t he source resistance inversely affects 
the in-circuit I 0 spread. An increase in t he value 
of the source resistance minimizes variations in 
I 0 as a function of temperature. The dual-gate 
MOS fi eld-effect transistor is ideally sui ted for 
use in gain-controlled stages; dual-gate transis­
tor biasing can provide various types of age 
action including temperature compensation to 
assure constant output. EEE 
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The IC 
troubleshooters. 

For $US, it lets you 
see logic states 

ata glance. 
Engineers testing the logic states of 
DTL or TTL IC packages no longer 
have to go the troublesome voltmeter 
route. The new HP 10528A Logic Clip 
shows you the state of all 16 (or 14) 
pins. This simple tool clips over the 
IC package, uses the circuit's power, is 
auto-seeking of Vee and ground. 

Bright LED's light up, indicating a 
high logic state. All this for just $125. 
Or less in quantity. 

For $95, it lets you 
see pulse activity 

ata glance. 
The HP 10525A Logic Probe makes 
tracing pulses through integrated circuits 
a painless task. Just touch the DTL or 
TTL circuit with the probe, and the 
tip flashes a signal for pulses as narrow 
as 25 nsec. A light in the tip indicates 
pulse, polarity, pulse trains, logic state. 

It's almost like having an oscilloscope 
squeezed into a ball-point pen. And 
it only needs 5 volts and $95 to start 
troubleshooting your circuits. 

Your local H P field engineer is your source for the clips and 
probes to speed up your IC testing. So give him a hurry-up 
phone order. Or you can write for full information from 
Hewlett-Packard, Palo Alto, California 94304; 

HEWLETT"' PACKARD 

Europe: 1217 Meyrin-Geneva, Switzerland. 
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'Products 
Of 'rhe 
cMonth 

semiconductors 

Boldface numbers following 
each product refer to those 
you can circ le on the reader 
inquiry card for further in­
formation. 

Inexpensive op amp, MC1456G, with 
super-beta-t ransistor input. Bias cur­
rent. 90 nA max; offset current, 30 
nA max; offset voltage, 12 nV max; 
slew rate, 2.5 VI µ.s. 8-pin T0-99 can. 

This Month's ICs 

$1.90. MOTOROLA. 563 

Transducer op amp, KH 10 I, for trans­
ducer and strain gage bridge, or ther­
mocouple amplification Frequency re­
sponse, JOO kHz; input impedance, 20 
kll; common-mode rejection ratio, 90 
dB; supply voltage rejection ratio, 30 
µ,V / V. KULITE SEMICONDUCTOR. 

564 

Low-power-supply op amp, UC4250, 
can be powered by I V. Typ input bais 
current, 3 nA with temperature drift of 
less than 2 pA -'° C; gain, 100 dB into 
10 kll load. Available in 8-lead T0-99 
can or as chips. SOLITRO . 565 

Positive/ negative voltage regulator, 
SG723 series, equivalent to Fairchild 
723 ICs. Output adjustable from 2 to 
37 V. Current outputs to 150 mA. · 10-
pin T0-100 or 14-pin T0-116 DIP. 
$3.05 (TO- I 00, I 00-999). SILICON 
GENERAL. 566 

Voltage regulators, TV2000, series, 
maintain voltage within 5.5 mV over 
0 to 38 V range. · Operate - at · output 
load currents up to 200 mA. Short 
circuit, overload protection. T0-100 or 
14-pin DlP. TRANSlTRO . 567 

COS MOS counter/ divider, CD4017D, 
has 5 µ.W dissipation. Device consists 
of decade counter and output decoder; 
converts binary code to decimal num­
ber~ - Operates with clock-input rates 
from de to 3 MHz. 16-lead DIP. 
$12.80 (1000 up). RCA. 568 

Decoder/ driver TTL ICs, US5446, 7, 

Dual op-amp, $18.00. AMELCO. 589 
Variable•bandwidth op amp, $2.10. TRANSITRON. 590 
More phase-locked-loop res, $6.35, SIGNETICS. 591 
Low-cost super-beta op amp, $1.90. MOTOROLA. 563 
Transducer op amp. KULITE SEMICONDUCTOR. 564 
Low-drain op amp, SOLITRON. 565 
Voltage regulator, $3.05. SILICON GENERAL. 566 
High-voltage voltage regulator. TRANSITRON. 567 
COS MOS counter/divider, $12.80. RCA. 568 
Decoder/driver TIL res. SPRAGUE. 569 
Arithmetic logic unit, $14.00. FAIRCHILD. 570 
Position scaler, $12.60. SIGNETICS. 571 
Dynamic 512-bit shift register, $19.20. INTEL. 572 
Multiplexer-input shift register, $15-40. ADVANCED MICRO DEVICES. 
573 
Low-cost shift registers, $3.00. NATIONAL SEMICONDUCTOR. 574 
Dual 128-bit static shift register, $10.30. TEXAS INSTRUMENTS. 
575 
Character generator, $28.00. GENERAL INSTRUMENT. 576 
MOS 4096-bit ROM, $60.00. ELECTRONIC ARRAYS. 577 
Hybrid 4096-bit RAM, $1200. COMPUTER MICROTECHNOLOGY. 578 
Static 1024-bit ROM_ SOLITRON. 579 
Linear, digital IC chips, $3.00. ADVANCED MICRO DEVICES. 580 
Interface ICs, $8-45. CERMETEK. 592 

This Month's Transistors and · Diodes 

Ninety low-cost FETs, 50¢. CENTRALAB. 581 
High-frequency, silicon-nitride transistors, $40.50. FAIRCHILD. 582 
Low turn-on current SCR, $43.50. WESTINGHOUSE. 583 
General-purpose SCRs, $2.35. UNITRODE. 584 
Custom-tailored-gate SCRs, SARKES TARZIAN. 585 
Light-emitting diode, 99¢. FAIRCHILD. 586 
Transistor, diode chips. SEMICONDUCTOR SERVICES. 587 
Semiconductor infrared detectors. VICTORY ENGINEERING. 588 

8, new series 54/74 devices. For BCD­
to 7-segment decording . Accepts 4-bit 
BCD inputs. US5446 has 30 V rating: 
US5447 has 15 V rating. US5448 has 
active-high passive-pull up outputs for 
current sourcing applications such as 
driving DTL and TTL logic. 16-pin 
DIP. SPRAGUE. 569 

Arithmetic TTL logic unit, 9340, ac­
cepts two 4-bit binary words in par­
allel , performs addition in 28 ns, sub­
traction in 33 ns. Carry lookahead 
techniques generate carry terms simul­
taneously with addition. Four ICs pro­
duce 16-bit arithmetic logic unit: addi­
tion time for two 16-bit words. 42 ns. 
24-lead DIPs and flat packs. $14.00 
(I 00-999). FAIRCHILD. 570 

MSI position scaler, 8243. contains 70 
gates. Accepts eight data inputs: upon 
command of 3-b it binary selector code. 
can transfer data to output; can shift 
positions right or left before transfer 
takes place. Delay, 20 ns for data in, 
30 ns for select , 25 ns for inhibit. 30 
ns for enable. 24-lead flat packs and 
DIPs. $12.60 (100-999). SIGNETICS. 

571 

Silicon-gate MOS shift register, 1405'. 
dynamic 512-bit recirculating type. 
Dissipation_ .3 mW/ bit at I MHz: Fre­
quency, 2 MHz guaranteed ; DTL, TTL 
compatible; clock capacitance, 80 p F. 
Can be driven directly by standard bi­
polar integrated circuits. Clock leak­
age, I ,uA max at 15 V. JO-lead T0-5 . . 
$19.20 (100-999). INTEL. 572 

Dual 8-bit shift register, 9328 , has 2-
input multiplexer in front of each data 
input. Offers 25 MHz clock frequency 
and active pullup outputs. Replaces 
Fairchild 9328. Asynchronous master 
reset allows clearing of 16 stages in­
dependently of any other signal. In­
cludes clock enable. input clamp di­
odes. DlP. $15.40. ADVANCED MI­
CRO DEVICES. 573 

512-bit MOS shift register, M M5016. 
prices at less than 1-1 /2¢ per bit. Op­
erate on + 5 and - 12 V power sup­
plies. eliminating need for external 
interface circuitry. T0-5 . Dual J 00-bit 
M M5006 also available. M M5016. 
$5.00: MM5006, $3.00 (100 up). NA­
TIONAL SEM ICONDUCTOR. 574 

Dual 128-bit static shift register, 
TMS3028 , for de to 1 MHz operation. 
MOS device. Directly compatible with 
DTL/TTL. One external clock re­
quired. Three clocks generated in each 
section. JO-lead T0-100 can. $10.30 
(100-249) . TEXAS lNSTRUMENTS. 

575 

MOS ROM character generator, RO 1-
2240. 2 MHz (500 ns) character access 
time. Horizontal output uses ASC 11 
coding. 2240 bits. Organized into 64 
perm anent locations of 35 bits each. 
Five outputs. 24-lead DIP. $28 (100 
up). GENERAL INSTRUMENT. 576 

MOS 4096-hit read-only memory, EA-
3300, organized as 512 word by 8 
bit memory. Two output inhibit con­
trols al low operation as 1024 word, 4 

(Continued on page 72) 



1 A re they available in p roduct ion quant it ies 
for a w ide range of app lications? 

2 Can you get th em in a w ide range of custom-types? 
, , economical ly? ... quickly? 

3 Is the device an industry standard ? 

-
4 Do they permit you to estimate your circuit yields 

and production costs accurate ly? ... and in advance ? 

5 A re they available in matched pairs as 
standard types? ... off -the-shelf? ... economically ? 

-
6 Do they eliminate the need for specialized 

handling equipment? 

7 Are they des igned fo r economic al 
produc tion attachment ? -

8 Do they use reliable , low temperature-attachment 
techniques which prevent parameter drift ? 

9 Does the fini shed circuit lend itse lf 
to easy repairability ? 

10 Which of the two components will make the following 
fo rm ula approach a minimum: 

cost of components + cost of processing + cost of Jield = 
total cost of circuit. 

I 'Wla I 

I YES I 

I YES I 

I YES I 

I YES I 

I YES I 

I YES I 

I ftS I 

I Yea I 

,YES 

YES 

NO 

NO 

NO 

NO 

NO 

NO 

NO 

From s imple logic diodes to monolithi c IC's, 
Ampe rex has ch ips and packages to fi l l your needs. 

Am pe rex w il l custo mize an y LID semiconduc tor types you requi re . 
fo r qu ick delive ry ... in any quanti ty. 

Th e T0-122 LI D is an E.l.A.-registered package . 

LIDS come to you fully characterized , specified and pre-tested for all parameters. 
You can predict Jljgher circuit yields and quote your customer with confidence. 

Th e LID is easi ly matched for a variety of electrica l parameters . 
Closel y matched pairs are avai lab le ri ght out of the Amperex catalog! 

L IDS are readily positioned on your su bstrate by hand without 
costly optical or mechanica l equipment. 

The reflow solder techni que permits simultaneous bonding of all the LIDS 
to the substrate . Costly, yield-reducing semiconductor bonding operations 
are eliminated ; labor is greatly reduced. 

LIDS are bonded to the subst rate via low-temperature soldering (200°C 
for 10 seconds) . Th ere is no dr ift ... no change of parameters . 

A LID can be replaced , if necessary, with localized heating 
without affecting the rest of the circuit, thereby increasing your yield . 

The LID ... obviouslJ! We've shown you why your IC processing costs 
and Jield costs are lower with LIDS ... now, pick up your telephone 
and call our LID Product Manager at 401 -P02-9000 and he' ll show 
rou how low our LID prices really are todaJ. 



bits per word array. Output inhibit 
control all ows use of multiple EA 
3300s in wire-or'd configuration. 4692 
transistors. Diss, 100 mW, access time, 
1.2 µ. s. 24-lead DIP. $60. ELECTRON ­
IC ARRAYS. 577 

Read / write 4096-bit memory, CM2400 , 
bipolar / MOS hybrid. Access time, 300 
ns typ; cycle time, 450 ns typ; diss. , 
0.4 mW ! bit typ. 26-lead square flat 
pack. $1200 each. COMPUTER Ml­
CROTECHNOLOGY. 578 

MOS 1024-bit ROM, UC62525, com­
patible with bipolar logic circui ts. 
Logic " 1" input is 2.4 V min, logic 
"O" input is 0.4 V max. Access time, 
500 ns. 24-lead DIP and flat pack. 
SOUTRON . 579 

IC digital, linear chips, 101, 107, 715 , 
723 , 741, 748, also other devices. 
Tested and glass protected . Shipped in 
100-unit protective carriers. $3.00 to 
$3 .95. ADVANCED MICRO DE­
VICES. 580 

Ninety new FETs, new line, amplifiers 
and switches . Said to accommodate 

90 % of all FET applications. Choice 
of five packages. 50¢ to $10.00 . 
CENTRALAB. 581 

Silicon-nitride transistors, new family , 
for use in 1.5-2 GHz range. Outputs 
of 1 to 20 W available in broadband 

use. Strip line package. $40.50 (I 00-
249) . FAIRCHILD. 582 

Soft-gate-control SCR, T507, handles 
10 kHz inputs. Turn-on time 3.5 µ.s; 
forward voltage drop 4.5 V max . For­
ward current, 110 A; turn-on time, 30 

µ.s; gate triggering current, 150 mA 
max ; voltages to 1200 V. 600 V price: 
$43 .50 (10-99) . WESTINGHOUSE. 

583 

General purpose SCRs, 2N5719, 2N-
5724 series, ratings to 400 V. Gate 
trigger current, 20 µ.A max; dV / dt, 
100 V/ µ. s. T0-18 and T0-5. $2.35 
(100-999). UNITRODE. 584 

Custom-tailored-gate SCRs, 3TCR to 
35TCR series, turn-on characteristics 
can be modified to specific require-

ments Current rati ngs, 500 mA to 35 
A. turn-off time, 30 µ. s; gate power, 
5 W peak. SARKES TARZIAN . 585 

Light-emitting diodes, FL V 100-1 , pric­
ed at 99¢. Brightness, 1500 ft / lam­
berts, viewing angle, 160 ' . T0-18 type 
package wi th transparent (FLVIOO) or 
frosted (FLV101) lens. FAIRCHILD. 

586 

Dual op amp, 747, equivalent to pair 
of 741s on one chip. Offset current, 
30 ns typ ; Bias current , 200 ns typ ; 
CMRR, 70 dB min. Two voltage-gain 
versions avail ab le. 747B, with 50,000 
min; 747C, with 20,000 min. 14-lead 
DIP. $18 (100-999). AMELCO. 589 

Variable-parameter op amps. TOAl 748 
series, req uire one capacitor fo r exter­
nal frequency compensation. Band­
width and slew rate can be changed 
by a factor of ten accord ing to capaci­
tor used. Devices interchangeable with 
units in National Semiconductor LM-
101 series. $2.90 (100 up) . TRANSI­
TRON . 590 

Improved phase-locked-loop ICs, 562, 
565, more versati le than original line. 
Loop can now be opened to permit 

insertion of externa l devices. Loop 
opening capability provided between 
voltage-cont ro lled oscillator and phase 
comparator. 562 operates over 0.1 Hz 
to 50 MHz range ; 565 operates to 500 
kHz. 562, $18.00; 565, $6.35 (100 up). 
~GNETICS. ~1 

Transistor, diode chips, new series, in­
cludes zener d iodes. Wafers also avai l­
able, shipped in plastic cases wi th 
shock absorbers. SEMICONDUCTOR 
SER VICES. 587 

Semiconductor infrared dectors, new 
line, si licon, sapphire, germanium, in­
dium, antimonide, other materials used 
to cover 0.2 to 35 micron spectial 
range. Resistance lowered with r ise in 
temperature. Can be supplied with 
shielded compensator. T0-5 and T0-9 
style packages. VICTORY ENG I­
NEERING . 588 

Interface I Cs, CM 1150, CM 1160, dua l 
transmitter and dual receiver. Meet B 
and C revisions to EIA spec RS232; 
meet MIL-STD-188B . $8.45 (JOO up). 
CERMETEK. 592 

capacitors 
MOS-capacitor chips for hybrid circuit 
app lications. Six different geometr ies 
of single and dual units. Capacitance 
0.5 to 220 pF. 25-75 . V Chip sizes 20 

to 45 mils square, 6 mils thick . Chips 
are gold backed with alumi num bond­
ing pads. DIONICS. 534 

Phenolic-dipped ceramic capacitors, 
VK, with maximum capacitance of 
100,000 pF. Rated at 200 V over -55 
to 125 ' C. Can be operated at 150 ' C 
with no loss of reliability. Cap change 
of + 5%, -8 % from O' C to 85 ' C 
and ± 15 % from - 55 ' C to 150 ' C. 
Dissipation factor 1.5 % for values 
through 680 pF and 2.5 % for 820-
100,000 pF. YK23,0. l 80 X 0.180 X 
0.070 in. and VK33,0.280 x 0.280 
X 0.080 in . Lead spacin g 0.200. 
VITRAMON. 535 

Microcircuit trimmer , capacitor, 7200, 
for uhf osci ll ators, strip lines, balancing 
of semiconductors and microwave 
components. 10: 1 tuni ng ratio. Cap 
from 0.1 - 2.0 pF. Constructed of go ld 
plated brass. Uses high K glass and 
alu mina ceramics. Available in pc or 
chip mountings. JOHANSON . 536 

Chip capacitor, ATC-300, for ultra­
high packaging. Capacity 0.012 to O.l 
µ.F . Tolerances M(20 %), N(30 % ), · Z 
(GMV) . Dissipation factor 4 % at 1 
kHz. Rated at 25 V. Case size 0.050 
X 0.050 x 0.050 in . Weight 1/ 10 of 
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Need 
a 

hybrid 
op amp 

with 2watts 
power 

output? 
DICKSON 

has it! 

That's right! 
A hybrid op amp with up to 2 watts power output in a 
12-lead T0-8 package. 

This new Dickson unit, the DPA 500, combines a 
standard monolithic operational amplifier with 
a complementary current amplifier. It has internal 
frequency compensation , a large input voltage range, 
and there's no danger of latch-up. 

The price is just $14.50 (in 100 unit quantity) and it's 
in stock for immediate delivery. 

EASILY CUSTOMIZED IN OEM QUANTITIES 
The DPA 500 's unique design also enables Dickson to 
supply customized units in OEM quantities at 
reasonable prices. 

To meet your special requirements, a wide selection of 
resistors, voltage regulator diodes and voltage 
reference devices can be easily mounted inside the can 
without extensive engineering changes. 

FOR COMPLETE DETAILS 
on the DPA 500 including application information , use 
this publication 's reader service card or phone 
Dickson Electronics Corporation . 

DPA 500 POWER OPERATIONAL AMPLIFIER 

• INTERNAL FREQUENCY COMPENSATION 
• NO LATCH-UP 
• LARGE INPUT VOLTAGE RANGE 
• CAPABLE OF DRIVING EXTERNAL HIGH-POWER TRANSISTORS 

ELECTRICAL CHARACTERISTICS 
(Closed Loop, 1 :::: Av :::: 10) (Power Supplies = ± 15 Volts) 

Input Voltage ± 15 Volts 
Power Dissipation @ TA= 25°C 1.25 Watts 

@ Tc=25°C 2.0 Watts 
Harmonic Distortion .2% 
Output Voltage 26 Volts (P-P) 
Output Current DC 200 mA 

AC 500 mA pk 
Offset Voltage 5 mV 
Output Impedance 4.0 ohms 

-

e DICKSON' 
ELECTRON/CS CORPORATION 

PHONE (602) 947- 2231 TWX 910-950-1292 TELEX 667-406 
P. 0. BOX 1390 • SCO TT SD AL E, AR I ZO NA 852 5 2 
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a gram. 53¢ to $1.98. AMERICAN 
TECHNICAL CERAMICS. 537 

Resistors 
Infinite-resolution variable.-resistance 
elements for use as pick-offs, voltage 
dividers and like instrumentation . Re­
sistance element is non-inductive film . 
Life 10 x 106 cycles. R, 500 11 to 
50 kl! per inch of travel. Linearity 

0.1 % per inch of travel. Available in 
a wide variety of shapes and sizes . 
CIC. 559 

Temperature-sensing resistors, TEMP­
ISTORS, with tempcos between - 10 
ppm/°C and + 6000 ppm /° C . Con­
struction to MIL R93D. Operation 
-55 to 125 °C, 114 in. dia X 1/2 in . 
75¢ in 100 qty. GENERAL RESIST­
ANCE. 560 

Precision resistor, HP202, with stabili­
ty of 5 ppm / yr and absolute tolerance 
to ± 0.001 %. Tempco 1 ppm/° C and 
tracking to 1/2 ppm /° C. 1 ns rise 
time. Res 30 n to 50 kn. 0.4 X 
0.425 X 0.177 in. VISHAY. 561 

Ultra-miniature trimpot with 0.5 watt 
power dissipation at 85 °C. 3/ 16 in.2 
X 0.080 in. Single-turn construction 
with cermet element. Life 105 cycles. 
Clutch at both limits of travel. R I 0 
f! to 1 Mil. Tolerance I% , 5 % and 
10 % . 4 types of mounting configura­
tions. MARK MICRO-ELECTRON­
ICS. 562 

Packaged Circuits 
High·CMRR op amp, Al03A, with 
FET input stage . CM RR 106 dB. De 
gain 134 dB . Voltage drift 20 µ.V 1.°C . 
Input bias current 10 pA. Input im­
pedance 1012 11 . Encapsulated module, 
1.5 x 1.5 X 0.43 in. $32 (unit qty). 
2 wks. MONITOR SYSTEMS. 485 

Fast differential op amp, Model 45, for 
inverting and noninverting applications. 
Settling time 0.8 µ.S to within 0.01 % 
of final value. Slew rate 75 VI µ.s. 

Input resistance 1011 11 (differential 
and common-mode). Small-signal band-

width 10 MHz. Open·loop gain 105. 
Output ± 10 V at 20 mA. Bias current 
50 pA (J version) or 25 pA (K ver­
sion). Voltage drift ± 50 µ.V /° C (J) or 
±15 µ.V /° C (K) . $37 (451) and $47 
(45K). Stock. ANALOG DEVICES. 

486 

Fast-settling op amp, 3401 A, for buffer 
applications. Settles to within 0.01 % 
of final value in I µ.s, when connected 
as voltage follower. Meets settling-time 
specs with capacitive loads of 100 pF 
or more. Common-mode voltage range 
±10 V. Max gain error ± 0.01 % 
(including nonlinearity). Output ± 10 
V at 20 mA. Open-loop gain JOO dB . 
Bandwidth 10 MH z. Bias current 50 
pA. Input Z 1011 11 paralled with 3 pF. 
Voltage drift 50 µ.V /° C. 1.125 X 
1.125 x 0.4 in. $45 (unit qty). Stock. 
BURR-BROWN . 487 

Low-level amplifier, MP297, with pro­
grammable gain. Offset 5 µ. V (referred 
to input). Offset adjustable to zero 
(rto). Single-ended or differential oper­
ation. DTL/ TTL compatible. '' Input 
impedance I 0 Mil paralleled with 30 
pF. Output ± 10 V at 5 mA. Noise 1 
µ.V rms (rti). Housed in pair of modules, 
each 2 x 2 x 0.39 in. Pins on 0.1-in. 
centers for PC board or DIP sockets. 
Electrically and mechanically shielded. 
Repairable. $600 (unit qty). 2-3 wks. 
ANALOG IC. 488 

Buffered sample and hold, SAMP AC 
MP255, with accuracy of 0.0 I % . Input 
impedance 1011 11. Acquisition uncer­
tainty 50 ns. Hold decay 15 µ.V i ms. 

' ~'0'< 
""""~'°'~~' '1-'-

- - . ~~~~~~ 
\.\'»~"'°' 

~ 
DTL/TTL compatible. Minimal feed­
thru in " hold" mode. Compact module, 
2 x 2 x 0.39 in. Electrically and 
mechanically shielded. Needs ± 15 V 
at 12 mA. $150 (unit qty). 2-3 wks. 
ANALOG IC. 490 

A/ D converter modules, ADC30 series, 
in 8-, I 0-, or I 2·bit versions. Available 
with or without input buffer amplifier. 
Successive-approximation circuitry pro­
vides rapid conversion. Conversion 
times 20 µ.S (8 bits) to 40 µ.s (12 bits). 
Accuracy ± 1/2 LSB (relative accuracy) 
±I / 2 LSB (quantizing error) for a ll 
types. Tempco 20 ppm/° C for 12-bit 
converters. Operating temp 0 to 
+ 70 °C. Choice of three output codes. 
$195 to $345. BURR-BROWN. 492 

Ultra-fast D / A converter, MDA-IOF, 
with settling time of 60 ns to within 
1 LSB . Accepts update rates to 10 
MHz. Built-in reference. 10-bit resolu­
tion (8 bit optional) . Tempco 20 
ppm/ °C. Output variation versus sup­
ply voltage 0.03 % per % . Full -scale 
output 4 mA ±5 % . Max glitch 50 % 
f.s. with duration of 20 ns. Operates 
from ± 15 V power supplies. PC­
mounting module, 4 X 2 x 0.4 in. 
$370 (10 bits in unit qty) or $3 I 0 (8 
bits in unity qty). 3 wks. ANALOG 
DEVICES. 493 

Modular D / A converters, DAC20 
series, in compact PC-mtg packages, 3 
X 2 X 0.4 in. Complete with input 
switches, resistor network, reference 
and output amplifier. TTL compatible. 
Available with resolutions from 8 to 
12 bits. Relative accuracy ± \12 LSB. 

'"IT'.,. -·:____,: ~uu· 10-.. ' - , <> • : I 
g l ' -o: 
0 .. f J 

0 • ~ •n. O-
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---- --------

Settling time 1.5 µ.s to within ~ LSB 
(8 and 10 bits) or 2.5 µ.s (I 2 bits) . 
Tempco ±20 ppm/°C (10-bit binary 
version). Operating temp 0 to + 70 °C. 
Available with choice of 4 digital 
codes. Operate from ± 15 V supp ly. 
Unit·qty prices: $95 (8 bits) to $I 55 
(12 . bits). BURR-BROWN. 494 

Hybrid-IC timer/pulser, LMD-70, for 
(Continued on page 76) 



Helipot 
Trims 

Price & Profile 

The new Helipot Series 89 industrial 
cermet trimmers feature : 

Low Cost: 
$1.35 each in 1-9 quantities; 

less than $1.00 
in quantities over 1,000. 

Low Profile: 
Maximum height of .250 inches 

allows for closer p-c board stacking. 

Series 89 trimmers with two different pin spacings 
are available " off-the-shelf" 

from 17 locations across the country. 

[ eeckmanj 
INSTRUMENTS , INC . 

HELIPOT DIV ISION 
FULLERTO N , CALIFO RNIA 

INTERNATIONAL SUBSID IARI ES , AMSTERDAM ; CAPE TOWN; GENEVA ; GLENROTHES, 
SCOTLAND; LONDON; MEXICO CITY; MUNICH ; PARIS; STOCKHOLM; TOKYO ; VIENNA. 
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Why buy a 
separate 
word 
generator 
for each test? 

'l1 f >f. 11 

fl < j< , "' J 4 1~ 

'l1 f 1#f;f f>f 

... . ., 
• '• + 

t"I ·~ ~ . i> 

With the new HP 1925A 
Word Generator plug-in 
you get: 

• 2- to 16-bit word lengths 

• Complete remote programming 

• Oto 50 MHz clock rate 

• Pseudo-random noise output 

• NRZ or RZ formats at the flick 
of a switch 

• Complementary output 

• Manual or automatic recycling 

All this for only 

$850. 
And , when you plug this digital signal 
source into the 1900 pulse system, 
you are compatible with ECL, TTL, 
DTL, MOS, core memories or any 
other type of circuit you are testing. 
For additional information .. contact 
your local HP field engineer. Or, write 
to Hewlett-Packard, Palo Alto, Cal­
ifornia 94304. Europe : 1217 Meyrin­
Geneva, Switzerland. 

089/ll 

HEWLETT"' PACKARD 

PULSE GENERATOR SYSTEMS 

Circl e 132 on Inquiry Card 

use with electromechanical switchi ng 
and positioning devices. Consists of 
UJT timing circuit and SCR switching 
circuit. "Ad just" term inal a llows time 
intervals to be varied from I ms to 
2 s, by varying value of external re · 
sistor . External capacitor allows ex­
tension of tim e interval to 20 s. Output 
12 to 35 Ydc at 2 to 7 A. Compact 
encapsulated unit, 0.3 X 0.3 X 0.3 in ., 
with wire leads. Operating temp -55 
to + 100°C. $ 17 .90 (1-24). Stock 
(sample qty). LEDEX. 499 

Avalanche-diode oscillators, ADO se­
ries, in 18 different ve rsions with rf 
outputs to 100 mW. Mechanica l tuning 
over range of 200 to 1200 MHz about 
any frequency in X-band region . T ypi· 
cal power variation less than I dB 
across band . Typical frequency tempco 
100 kHz/ °C. Prov ide solid -state re­
placement for klystrons. RAYTH EON . 

503 

Stereo-amplifier assembly, PCA-3C-18 , 
for use in OEM phonographs, tape re­
corders and radios. Output 4 W per 
channel at 1 kHz with I 0% distortion . 
Frequency response ±3 dB from 40 
Hz to 30 kH z at 1 W per channel. 
Sensitivity 200 mY. 4 independent con­
trols for volume, balance, bass and 
treble. Circuit has direct-coupled tran­
sistor power amplifier with IC preamp 
for eac;h channel. PC board 3Y2 X 7'1z 
in. Height 1 'lz in. From $I 0.60 (I 0,000 
up) to $12.80 (500-999). AMPEREX. 

Transformers 
I Inductors 

504 

Miniature transformer, micro-Mini, 
for pul se or transistor circui try. 0.038 
cu. in . and 0.06 oz. Meet MIL-T-27B. 

-195 ° to + l 30 °C. Leads 0.025 in . 
Type A Nickel. TRANSFORMER 
ENGINEERS. 555 

4-identical transformer module, 8000-
9000, for computers and peripheral 
equ ipment. In a 16-lead, side egress. 
transfer-molded DlP package. Induc­
tance 20 to 500 µH. Turns ratios I : I 
or 2: l. Peak pulse 50 V and insu la­
tion res exceeds 10,000 M !1 . $18.50 
( l-9) . PULSE ENG IN EERING. 556 

Modem-coupling transformer, MT35 , 
for remote access data termin als. In­
put 600 !1. Output 600 !1 center tapped 
and 600 !1 center tapped. Freq re­
sponse 40-20 ,000 Hz ± 2 dB at 5 
dBm. Hi -pot 500 V. Bifilar windings. 
1 1/ 32 X 13 /16 X 1 1/16 in. Weight 
l oz. Open frame or molded plug-in. 
$3.90 MICOTRAN . 557 

Isolation transformer, 150, with 3-d B 
bandwidth from 150 Hz to 150 MH z. 
1-ns risetime and O.l-ms pul se dura­
tion. CM RR JOO dB below l GHz and 

ISOLATION TRANSFORMER 

MCCEL 150 

~11Gi 
om•.,~ .... o 1.•• 1..as &1.TD• CAL .. 

40 dB at l 50 MHz. For use in 50-!1 
systems. SMA, BNC, or T C fem ale 
con nectors. $65. DEERFIELD LAB . 

558 

switches I Relays 
Very-high-sensitivity general - purpose 
relay, with 2, 4, 6 poles. l cu in . 35 
mW pullin for spdt. Gold-plated ter-

minals and contacts. Nickel-pl ated 
bearings. Filled-pol ycarbonate plug-in 
base. DEUTSCH. 513 

Solid-state time-delay relays in half 
crystal can or full crystal can . Half 
can with preset del ays to 5 s, fu ll can 
to 180 s. Output current to I 00 mA . 
5% acc. Meet Mil specs. Solid-state 
timing and switching. TEMPO. 514 

PC-mount reed relays, Tri-R, in line 
expanded to include smaller (0 .4 X 
1.25-in .) package with 6 leads max. 
Low profile all ows board stacking as 
close as half inch. ALLIED CON­
TROL. 515 

10 X 10 matrix board with sealed 
panel, front-removable active-circuit 
snap-in lamps. SEALECTRO . 519 . 

16-position submin thumbwbeels and 
_lever-actuated thumbwheels, T20 ·09A, 

(Continued on page 78) 



Again. 
A short time back, we introduced the 

phase locked loop. Or, to be technical, the 
monolithic phase locked signal conditioner 
and demodulator. 

Now we've gone ourselves two better. 
First, with the PLL 562. This is our 

phase locked loop with the loop opened. It 
gives the designer access · to the innards of 
the system. It also allows him to hook up the 
PLL to other standard parts like our 8200 
series MSI. And this enables the PLL to do 
things like frequency multiplication and divi­
sion. (If you ask us, the PLL 562's major uses 
will be in frequency synthesis and synchro­
nizing data off tape and drum memories.) 

Second, our low-cost PLL 565. This 
is a brand new design, again with the loop 
opened. It provides a reference on the output 
and operates from common power supply 
voltages. That's why the PLL 565 can dras­
tically simplify modem designs. 

Most important: you get the savings 
and benefits inherent in broader application 
of the PLL technique. 

As we've said before, the PLL concept 
has many possibilities. It will be the universal 
building block that the op amp has become. 

Our new phase locked loop devices are 

available now from Signetics and Signetics 
distributors. Nowhere else. 

In 100-up quantities, the PLL 562 goes 
for $18; the PLL 565 for $6.35. 

Build yourself a better whate·ver. 
Cheaper. Write for a complete description of 
performance, applications and spec sheets. 

Be two up on everyone. 

Vee 16 

PHASE 
COMP. 

10 

V -

562 TTL Compatible Loop 
14 13 10 

565 MODEM/FSK Loop 

vco 
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10 Bit* 
10 MHz 
D/A 
CONVERTER 

• SETTLING TIME: 50 nsec. 

•LOW POWER DISSIPATION 

• REQUIRES ONLY 
1 POWER SUPPLY 

• MODEST PRICE: 
ONLY $225 (1-24) 

•Also available in 8 bit model 

o.sv 

0 v 

4V 

OV 

ACTUAL PHOTO: DYNAMIC RESPONSE 

Although only the MSB response 
is shown , all bits are essentially 
the same in appearance and 
speed . For complete details, write 
Norm Palazzini. 

4D 
HyCornp 

146 MAIN STREET, BOX 250 

MAYNARD, MASSACHUSETTS 01754 

Circle 134 on Inquiry Card 

with hexadecimal-plus-complement cod­
ing, two commons. Readout numeric 
or numeric plus A through F. Front 
or back-of-panel mount. $12.40 (I-up), 
$9.95 (500-up). C HERRY. 520 

Latching reed switches, Memreed, with 
remanent magnetism of reeds main­
taining closure without need for ~old­
ing coils or bias magnets. 50·,us signal 
for energization. Form A or B, 15-VA 
contacts. 85 ¢ (100-up), 60<· (1000-up). 
TEMPRESS ELECTRONIC. 517 

Low-cost conductive-plastic keyboard 
with an; number of keys on 3/ 4-in. 
centers. Contact made through silver­
filled elastomer. Initial contact re­
$istance 40 !1. Any coding to 16 bits 

without external logic. Snap-action 
keys with 80-mil travel, 2-oz actuation. 
JOG operations at 40 mA, 30 Ydc. 
12-key version $9 .50 in prototype 
quantities. CHOMERICS. 523 

Packaging/Hardware 
Tiny rf connector, NanoheX, with 
··telescoping" interface for consistent 
impedance match with repeated cou­
pling and uncoupling. Metal body 
aligns first, then dielectric, then center 
contact. 50 or 75 ohms. Screw-on, 
snap-on or slide-on mating. SEAL­
ECTRO. 476 

PC connector, Hypertac 12, with heli­
cal-wires socket contact for low (2 oz) 
insertion/ extraction force with low 
contact resistance, low wear, long life 
(I 00,000 insertions). INDUSTRIAL 
ELECTRONIC HARDWARE. 477 

Round-wire flat-cable connectors for 
mating to PCs, wrap posts or DlPs. 
Pressure-type "U" contacts pierce in­
sulation and grab conductors on 50-
mil centers, stripping away oxide films. 

/ 

Gl ass-f illed nylon body with Au over 
Ni over BeCu contacts. 3M. 478 

Rigid laminar bus bars, Capitron, with 
layers of pl anar conductors and dielec­
tric, epoxy potted in aluminum housing 
strong enough to serve as chassis struc­
tural member and mounting point for 

connectors. Capaci tance to 1000 pF/ sq 
in. AMP. 479 

Adhesive-backed thin-film resistors on 
5 X 12-in. Mylar sheets in thicknesses 
from I to 10 mils with resistivities 
from 50 to -·377 ohms/ square (stand­
ard), I to 750 ohm~/ square (specia l). 
FILM OHM. 480 

"Do-nothing" paste, 921, for sett ing up 
and aligning screen printers without 
wasting ceramic chips and costly con­
ductor and resistor inks. Can be clean­
ly fired off substrates all owi ng their 
use with permanent inks. $2/ troy oz. 
ELECTRO MATERIALS. 481 

Alumina, beryllia and Kovar-alloy 
microcircuit packages, Sealox, in high 
volume for almost any hybrid pack­
age. Die-mount areas can be metalized 
or supplied with screened pattern. 
NATIONAL BERYLLIA. 482 

Solder remover, Soder Wick, in form 
of rosin-treated copper wick whi ch , 

heated by soldering iron, sucks solder 
off connection. TECHNITOOL 483 

·Computer-controlled component insert­
er, 6264, for mounting up to 5000 
sequenced , reel-packaged components 
per hour on PCs. 999 computer-con­
trolled center distances. System ex­
pandable to include component inser­
tion , sequencing and wire terminat ion. 
UNIVERSAL INSTRUMENTS. 484 

Power supplies 
Miniature-encapsulated module, P 1.5.-
1000, with 5 V at I A. 2.5 X 3.5 X 
I .25 in . 5-watts power output from 
-25 °C to 71 °C. 105 to 125 Vac at 
50 to 400 Hz. Reg (0 to full load) 
0.1 % . Ripple and noise l mV rms. 
Tempco 0.02 %/° C. Short ckt proof. 
$69 (1-9). SEMICONDUCTOR CIR ­
CUITS. 550 

S V SO AMP supply with 85 % ef­
ficiency . Line and load reg each 

(Continued on page 80) 
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ANALOG IC 
INTRODUCES 

Analogic 's new Modupac'" line is the first complete 
family of analog-digital-analog signal conversi on mod­
ules . They're available as independent single units, or in 

th 
any combination, and easily interconnected to form all 

e or part of a limitless range of systems. However you 
specify them, Analogic Modupac™ modu les offer you 

f e the following advantages: 

I rst D Pre-system engineered for maximum performance 
e and high M.T.B .F. 

Jam I ly D Both electrostatically and electromagnetically shield­
ed . . . yet easily repairable. 

ANALOGlC• 
... The Digitizers 

Audubon Rd .. Wakefield , Mass .01880 
Tel. (617) 246-0300, TWX (710) 348-0425 

D Standardized terminal arrangement. 
D 0.10" pin spacing . . . for P.C. or "DIP" socket 

mounting . 
D 3 plan sizes : 1" x 2", 2" x 2", and 2" x 4" ; most a re 

0.39" high . 
Function for function , the best price-performance ratio 
available. 

Circle 136 on Inquiry Cord 

TOTAL DESIGNER SUPPORT 
Get complete support for your design problems. Choose from a 
full line of 20 different PC boards, including a wide selection 
for dual-in-lines, flat packs, T0-5s, matrix, and general purpose 
cards. 

Couple these with Douglas card racks, cases , connectors and 
packaged power supplies. The result is faster and easier com­
patible prototype and limited production service for your 
company. 

Get the full story on our total capability and off-the-shelf 
delivery in EEM , pages 1349-1353 or send for ou r free catalog . 
Write or phone: 

DOUGLAS 
Phone (415) 483-8770 ELECTRON/CS /NC. 

718 Marina Blvd .. San Leandro , Calif. 94577 

Ci rcl e 137 on Inquiry Card 

0.05 % . Ripple and noise 50 m V pk­
pk. Response time 200 µs. 0 to 50 °C 
without heatsink or forced air. 4 X 4 
X 6 in. 5 year warranty. $364 . POW­
ER DEVICES. 551 

Dual de module, MP1612-R, with 5 V 
(20 mA) and 10 V (30 mA) references. 
Tempco ± 0.0009 % I °C. Short ckt 

proof with de and dyn amic output Z 
of 0.01 and 5!1 respectively. 2 X 1 X 
0 .39 in. Operates from ± 15 Y. $90 
(unit qty). ANALOGIC. 549 

Precision-lab supply, QHS, with volt­
age ranges from 0 to 20, 40 and 100 
volts respectively. 5 decade thumb­
wheel switch and fine control pot pro­
vide 11 µ V resolution. St ability 10 
ppm/ 8 hr. Line reg 1 ppm + 30 µV 
and load reg 50 ppm + 50 µV. Abso­
lute ace 0 .1 % . Pk-pk noise JOO µ V 
from 0-500 kHz. SORENSON. 552 

Ultra-quiet switching power converter, 
301 , with 500 µV of noise at the out­
put. Input 105-130 Yac 50-1000 H z. 
Output ± 12 to ± 15 Ydc at 6 A 
total or 24-30 Vdc at 3 A . Response 
20 µ,s. Line reg ± 0.01 % and load 
reg 0.1 %. Size 5.26 x 10.6 X 1.69 
in. Efficiency 65 %. $350. RO 553 

Precision-ac power source, 7 51 , with 
an output power of up to 750-VA 
single phase. 40-standard plug-in oscil­
lators give fixed or vari able outputs 
45 H z-10 kHz. Ace 0.1 % to 0.000 I %. 
Output V 0-30 Vac and 0-260 Yac. 
7 X 19 X 18 in. $1725 plus oscil­
lator. ELGAR. 554 

Test Equipment 
1-MHz automatic capacitance bridge, 
C403 , with 25-ms balance time and 
measurements in % devi ation from 
nominal. Capacitance measurements 

from 1 to 2000 pF. Deviations from 
- 100 % to + 159.9 % . Dissip ation 
factor to 15 %. Range and nominal 
value programmable. BCD o utput. 
$5850. TERADYNE. 538 

Digital L-C meter, 9400L-C, with 4-
digit (in-line) displ ay. Inductance reso­

(Continued on page 82) 



Even in power supplies, somebody 
makes progress once in a while. This is 
the new NIMS high voltage power supply. 

It's a Fluke. 
Fluke's new NIMS (nuclear instrument module system) 
high voltage power supply is priced about the same 
as the three major competitors, $460. That's 
where the similarity ends. 
In every other pertinent spec, the new Fluke 423A 
exceeds or at the very least meets the competition. And, 
in addition, it offers some exclusive features all its own. 
Let's go down the list. Only Fluke offers a full 0 to 3000 
volts, line and load regulation of 0.001 and 0.002 
percent across the board. Only Fluke offers portable 
bench case or NIMS bin module. Only Fluke offers 
remote analog slewing of the output or manual 
operation. Only Fluke offers a current limit of 15 ma. 
Other specifications are output current, 0 to 10 ma, 
Resolution , 100 mv. Accuracy, 0.25%. Ripple and noise, 
5 mv peak-to-peak (10 Hz to 1 Mhz). Polarity is 
reversible at the rear panel. Size is 2. 7" x 8. 7" x 9. 7" . 
Price with case is $495. 
For full details, see your Fluke sales engineers 
or contact us directly. 

I FLU KE 1 ®Fluke, Box 7428, Seattle, Wash ington 98133. Phone: (206) 774-2211 . 
!WX: 910-449-2850. In Europe, address Fluke Nederland (N.V.) , P.O. Box 5053, 

• • Tilburg , Holland. Phone : (04250) 70130. Telex : 884-50237. In the U. K., address 
Fluke International Corp ., Garnett Close, Watford , WD2 4TT. 
Phone : Watford , 27769. Telex : 934583. 
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ARI TECH VOLTAGE CONTROLLED Fl L TERS 

s 
can help you 

solve problems 
in radar, telemetry, voice coding, 

signal conditioning, data acquisition, 
plus many other areas. 

VCFs allow you to electronically shift cut-off frequency 
without affecting the shape of the response. They are 
compact, stable, and extremely reliable. 
Our standard VCFs - now in stock - are 4-pole 
Butterworth , 24 dB/octave, either high-pass, low-pass, 
or band-pass. 
Cut-off Frequency Range 0 .1 Hz to 20 kHz 
Tuning Ratio 50:1 
Tuning Voltage 0 to 5 VDC 
Module Size 0 .75" x 2.15" x 2.15" 
Quantity prices for some versions - under $80. 
See us also for custom active filters. 

ARITECt+ 130 Lincoln St .. Brighton, Mass. 02135 
ca R p Telephone: C617l 254-2990 

Circle 138 on Inquiry Cord 

Dust Cover 
PC BOARD 
PLUG-IN 
Series 6 
RELAYS 

0 rrD w~&t~~ 
on:J!~ 

(IN sooo LOTS) 

Plugs into your PC board .. . mates with plated conductors 
The design concept of the series G non- tails , permanent magnet avoids return spring 

latching and series LO dual coil magnetic and mechanical linkage-all of which assures 
latching relays is to simply mate the encap- con tinuous performance for many millions of 
sulated motor assembly and its associated cycles. 
swinger blade assembly with etched and Available with 6, 12 or 24 VOC coils (0.5 
plated conductors on your PC board which watt G series, 1.0 watt LO series) in 2, 3 and 
become the fixed contact section. 4 pole configuration . Series break swingers 

Encapsulated coil , bifurcated gold or permit each pair of fixed contacts to be 
palladium contacts, low thermal EMF, plug-in etched with common (Form C) or isolated 
without sockets or soldering , low bounce and (Form A plus Form B) switchi ng between 
chatter, series-break switching eliminates pig- make and break circuits. 

For data write or call 212-EX 2-4800. 
Priritact Relay Division, Executone, Inc., Box 1430, Long Island City, N.Y. 11101 

Circle 139 on ·Inqu iry Cord 

lution 0.1 µH and capacitance resolu­
tion · 0.1 pF. Accuracy ±1 % f .s. ± 1 
digit. Cap ranges 100 pF to 100 µF 
in 7 decade steps. Inductance ranges 
100 µH to 100 mH in 4 decades. BC D 
output. $550. SYSTRON DONNER. 

539 

A nalog filter, 1100, for a range of 10 
H z to 1.1 MHz. Band-pass, low-pass 
and high-pass modes. Digital frequency 
~election. 24 dB / oct slope . 5% accura­
cy. Butterworth or Bessel response. 
$690. ROCKLAN D SYSTEMS. 540 

Spectrum Analyzer Module, 1401 , for 
use with Sony/ Tektronix 323 or any 
other scope. 1 to 500-MH z display . 

Up to I-MHz resolution bandwidth . 
60-dB log dynamic range. Power from 
ac line, 6-16 Ydc or int batteries. 
TEKTRONIX. 541 

Low-cost D VM, DVM-110 , with 31/2 

digits. De ranges 1.5, 15, 150 and 
1000 Y. 33 % over-ranging on all 
scales. Incorrect voltage polarity causes 
readout to indicate zero. Automatic 
overload protection. Input Z 0.2 M!1 
( 1.5-V range) and 10 M!1 all other 
ranges. Accuracy 0.5 % . Ac operation. 
$189 .50. ALCO. 544 

Wideband wattmeter/ analog multiplier 
for complex waveforms. 0 .25 % -multi­
plication accuracy. DVM reads watts, 
kilowatts or megawatts. Voltage inputs 
to :::: 1000 V. Current range to ± 25 ,-
000 A. Two voltage outputs, filtered 
and unfiltered . HALMAR. 546 

F unction Generator, 745, with 6099-
digitally adjustable frequencies from 
0.01 Hz to 1.099 MHz. Triangle, 
square a nd sine wave mode. Tone 
burst, sy nchronization and fm of all 
waveforms. 20 Vpp from two isolated 
50-!1 terminals. Sine wave ampl itude 
var iation 0.05 dB. Distortion 46 dB. 
Square wave rise time 50 ns. 3 digit 
control of frequency. At 25 °C freq 
resettability ± l digit. Freq ace ± 0.4 % 
and ± 2 digits. $425. CLARKE-HESS. 

547 

DiSPIBY Devices 
CRT-bargraph display, MS20D, for 
displ ay ing up to 50 cha nnels of data. 
Provides 4-digit readout of any se­
lected ch annel or high and low alarm 
level s on that channel. 20 in. CRT 
with electronically-generated no-paral­
lax grid. Transducer input 5 mV to 5 
Ydc. Can be interfaced to line print-

(Cont inu ed on page 84) 



THE WHAT, WHY, WHEN, HOW AND WHOM 
·of COORS MICROCERAMICS 

Q. WHAT ARE COORS 

MICROCERAMICS ANYWAY? 

A. Glad you asked. They are 

small, precise parts of alu­

oime t) mina or beryllia ceramic for 
BB 

microelectronic applications. We 

define small rather loosely as any 

part between, say, the size of a 

dime and a BB. The definition 

of precise is more 

precise: our standard toler­

ance is ± 1%; tighter toler­

ances are available if needed. 

aa 
I 

More Microceramics 

a 
a 

Q. WHY SHOULD I USE COORS 

MICROCERAMICS? 

A. ( 1) Because you can be sure they 

will be manufactured exactly to your 

specifications and not modified to suit 

our production capabilities; (2) Because 

you can be sure they will be 

of uniformly high quality; 

Q. WHEN SHOULD I USE COORS 

MICROCERAMICS? 

A. When you want ceramic components 

of highest quality and reliability. Also 

when you need a ceramic producer 

with dependable, high-volume pro-

duction capacity-or one that 

can turn out prototype and 

II small-run quantities economically. 

We're geared to do both. 

Q. HOW CAN I GET MORE 

INFORMATION ON COORS 

MICROCERAMICS? D 
A. Simply by asking. We'll 

be glad to counsel with you 

anytime by letter or phone. 

Or have our sales engineer in 

your area contact you for 

personal assistance. Or send 

you an informative D 
data pack. Or all three/' 1

, 

\ }. 
Q. WHOM SHOULD I ASK? 

A. Who else? 

Still More 

Coors Porcelain Company • 600 Ninth Street 
Golden, Colorado 80401 • (303) 279-6565 (3) Because of (1) and (2) 

your yields will improve and 

your unit costs will be lower. 

... . I 

... . 
And Others CP-137 
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er, computer, or other digita l equip­
ment. $4,375 plus $40 per channel 
monitored. METRA INSTRUMENTS. 

528 

Hexadecimal Display, series 30, with 
9-bar readout for translating 8-4-2-1 
BCD into a disp lay of 16 non-ambigu­
ous characters, 0 through 9 and A 
through F . Character height is 0.32 
in . $26 . LUMINETICS. 529 

DPM, 332, with bipolar operation and 
automatic zeroing. 3 1/ 2 digits plus 
neon minus sign. All function s pro­
grammable. Zin I 00 Mr!. Ranges: I to 
1000 V, lk to IO Mr! and 100 µA to 
I A. I 00 % overrange. Ace 0.1 % f.s. 
± I digit. $184. DIG I UN. 530 

Digital tachometer, D9000, with 3 1/2-
digit display . Displays rpm or any 

other rate information. Inputs from 
mag pickups, photocells, or shaft en­
coders. Input 15 mV to 30 Yrms. Input 
Z 4 kr!. Frequency from 0-50 Hz to 
0-20,000 Hz. Linearity 0.1 % . Wave­
shape: Pulse, sinusoidal, square or tri­
angu lar. $354. DYNALCO. 531 

Low-cost decade counter, DC-10-1, 
with integral neon display. Counting 
rate IO MHz over + IO to 50 °C. 
Input, ca rry, output and clear are TTL 
logic levels. Mounting tab and etched 
edge connecto r. Power in : 5 Vdc ±5 % 
at 75 mA and 105 Ydc ± 15 Y at 
4 mA. $16.95 . DISPLAY ELEC­
TRONICS. 532 

Low-cost panel meters, Stellar I, with 
standard sizes from I I /2 to 4 1/ 2 
inches. Shielded permanent-magnet 

moving coil mechanism. Optically 
clear plastic windows, antistatic treat­
ed. Ace ± 2% or I % f.s. Meets ASAC 
39.1. $4.50 to $5.00. PHAOSTRON. 

533 

Special Products 
Plated wire, NW-100 for NDRO 
memory applications. Consists of 5-mil 
beryllium-copper wire, electroplated 
with 30 µin. layer of magnetic per­
malloy. Switching speeds as low as IO 
ns a llowi ng construction of memories 

having five times the speed of core 
memories. Avail able in 15-in. lengths. 
$0.10 per in . (qty of 100,000 wires or 
more). NEMONIC. 525 

High-torque stepper motor, VR2490-
15, with low rotor inertia. Stall torque 
90 in.-oz. Rotor inertia 20 X I 0-6 

lb. in.-s2. Stepping response time 2 ms. 
Step angle 15 °. Positioning accuracy 
± 18 min. Rated input 24 V de at 13 A. 
3.28 in . dia X 4.87 in. Shaft dia 0.25 
in. BU LOY A 526 

Tiny low-cost tachometer, 220/ 21 OT, 
with unique ironless skewed-winding 
rotor th at minimizes ripple and output 
non-linearities. Output gradient 3.4 
VI 1000 rpm. Linearity 1 % . 1.02 in. 
dia X 1.6 in. 5 oz. $25.40 (sample 
qty) or $16.20 (I 00 up) . Stock to 4 
wks. MICRO-MO 527 

--------ConJfanline l:ngineering c:faboralorieJ Compan'J 

PRECISION DISPLAY SYSTEM 
The CELCO Precision Cathode Ray Tube Displ<1 y 
System is a completely self-contained high reso­
lution monitor featuring wide bandwidth, ex­
cellent linearity, fast slewing rates and high 
repeatabil ity and stability. 

The main electron ics package contains all of 
the necessary power supplies, amplifiers and 
controls as well a s input and output connections. 
In the CRT enclosure are the high resolution 
cathode ray tube, m icro-positioning mechanisms, 
CELCO precision coils and the input connections. 
This unit is furnished with mounts for most CRT 
camera adapters . 

This CELCO Precision System provides the utmost 
in high resolut ion display and is also ideal for 
fly ing spot scanners, film and hard copy printers 
and recorders, f ilm readers and other applica­
tions where a h igh resolution light source is 
requ ired . 

Mahwah, N.J. 07430 
Tel. 201 - 327,1123 
TWX 710 · 988·1018 

The system is comprised of two packages, a 
main electronics box and a CRT enclosure which 
are separated to provide a maximum degree 
of flexibility. 

Upland, Cal. 91786 
Tel. 714 · 982·0215 
TWX 910 · 581 -3401 
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Fastest disconnect in the business 
(And practically indestructible.) 

Apply gentle pressure on the locking latch of this 
coupling connector and the ejector spring pops the 
plug assembly into your hand. 

It's the MB6 series, and it connects easily, too, 
especially in limited access areas. Manipulation for 
blind mating is convenient and safe, and a dead-front 
pin-protecting plate makes the plug "more than 
scoopproof". When inserted, a quick "click" lets you 
know it's connected ... securely. 

Burndy uses resilient nylon for both the plug and 
receptacle. Lightweight, reliable and low-cost, it will 
withstand many times more disconnects than a metal 
connector, without any wear or galling. Even if 

.O BURNDV 'O Electron ic Products/Norwa lk, Connectic ut 

INTERNATIONAL SALE S HEADQUARTER S & MAN UFACTU RING FACI LITIES: 
CANAOA/EN GLAN O/BELG IUM/ MEXICO/ BRAZI U JAPAN/Sales Otf1ces 1n M11or C1t1u 

accidentally stepped on, it cannot be deformed. 

Unaffected by humidity, the MB6 is rated for 
temperatures from -55°C to + 100°C and is shock and 
vibration resistant. Uses standard copper alloy 
gold-plated contacts installed with standard tools. 

Burndy has more connectors like this, with and 
without the self-ejecting spring feature. Write for 
complete information, including test results. 

Plug Assembly Type MBSP- Receptacle Assembly Type M BSR-

'"""iiffl ~·i - ..... [[tf ::: .. 
.84~ 1.44 

Accepts fi ve standard contacts for No. 24-20 wire, plus either one 
standard contact for No. 14-12 wire, or one cqax ial cable contact . 70-26 



c'New 
Literature 

Rf connectors in comprehen ­
sive 16 l -pg Bendix cata log. 400 

Numeric readout tubes, zero­
voltage switching, h a nd 1 in g 
and mountin g pl astic semis, 
thyristo r cha racteristics a nd 
applicati ons, ga te-ox ide protec­
tion circuits and astabl es and 
monostables using DICs in 6 
RCA app notes. 401 

Switches of many types in Alco 
24 page r. 402 

"Digital Fourier Analysis," fin e 
tech article in "Hewlett-Pack­
ard Journal." 403 

30 pager. 405 

M iniature switches and termi­
nations in Grayhi ll 92 pager. 

406 

IC circuits in 6 Sprague app 
notes. 407 

DI A and A/ D conversion in 
Burr-Brown 16 pager. 408 

Digital readouts in Instrument 
Displ ays catalog. 409 

Connectors of many types in 
Cinch 28 pager. 410 

Silicones for electronics in Dow 
Corning 20 pager. 411 

Rf coax cable in Times Wire 
44-pg handbook. 404 Broadband VSWR measure-

ments in fi rst issue of "Wiltron 
Solid-state timers in Syracuse Technical Review." 412 

Unusual 
Literature 

How to Select 
The Optimum Fan 
For Your Application 

Pamotor 
It's just superb . In this ser ies 
of six pocket-s ized booklets we 
find some of the best written. 
clea res t, down-to-earth materi al 
on selecting th e optimum ai r 
mover fo r cooling elect ronic 
equipment. The auth or starts 
immedi atel y with th e Ohm's 
Law analogy to cooling sys-

terns, then promptl y shows 
where the analogy fa lls down . 

Pract ical throu ghout , he 
shows the approxi mations we 
can make and the dangers th at 
confro nt us. He mentions the 
"exact" mathematical fo rmul as 
ava il able. but scarcely uses 
them. He recognizes th at, in 
rea l L°i fe, there are many meas­
urements th at simpl y a ren' t 
practical. As an example, he 
po ints out that "determining 
(or a t least estimating) the re­
sistance to a irfl ow is the great­
est prac tica l difficulty you 
face ." Then he shows wh at we 
can do - practica ll y. 

He warns us of matters we 
have to wo rry about but he 
tell s us, too , about things that 
need not concern us - like the 
ty pe of fa n o r blower - which 
should remain the province of 
the fa n designer, not th e elec­
tronics designe r. And he pulls 
no pun ches in ca lling nonsense 
nonsense. 

His style, completely info rm­
al, is so fin e th at we -sca rce ly 

Economy pushbutton switches 
in Oak data. 41 3 

Tape recorders in three Leach 
catalogs. 414 

Photographic information in 32-
page Kodak 1970 index. 415 

Solid-state control modules in 
M ullard 12 pager. 416 

Linear ICs in 88-pg F ai rchild 
pocket catalog. 417 

Beryllia and alumina properties 
in National Beryllia tech bulle­
tin with 11 X 17 wall chart. 418 

Pulse, wideband, video power 
amplifiers in C-Cor short 
form . 419 

Byte generators in Adar data. 
420 

Mercury-film relays and switch­
es in Fifth Dimension bro­
chure. 421 

Transistors for vhf to S band 
band in KMC "Design Aids." 

422 

notice it. Instead, we get the 
feeli ng, throu ghout , that a good 
engi neer who knows hi s stuff, 
is givin g us some hand y tips 
and procedures. 

For a copy of the six-book­
let series, circl e 460. 

Capacitors . . 

F. L. Johnson 
Elecrro Cube 

Here's the beginning of a fi ne 
se ries of brief bull etins on ca­
pacito r subtl eties that can still 
confuse. None of the in fo rma­
tion is reall y new, but because 
most engi neers take capacitors 
so much fo r granted, they 
often run into snags because 
of things they should know, 
but don't. 

In one of the bull etins, "Ca-
pacitors Capacitance 
Changes Wh y?," autho r 
Johnson provides three handy 
charts showing vari ation of 
dielectric constant as a func­
tion of temperature for the 
most popul ar dielectrics (ex­
cept ceramics) and fo r differ­
ent capacitor impregnants. The 
info rmati on in th e charts will 
come as a surprise to many 
users of very "stable" capaci-

Automatic measurement in Vi­
dar 16 pager on computer-con­
trolled , digital data acquisition. 

423 

Digital cassette tape drives in 
Ampex data. 424 

F lexible fl at cable in Teled yne 
24-pg design guide. 425 

Wire-Wrap formats and serv­
ices in two Raytheon bro­
chures. 426 

Monolithic ceramic capacitors 
in San Fernando 24 page r. 427 

Instrument rental in 
Beckman bulletin. 

22-pg 
428 

Solid-state microwave products 
in Varian 36 pager. 429 

A/ D conversion in Analogic 
packet including reprints of 
"Bernard Gordon Speaks Out 
on What's Wrong with A I D 
Converter Spe cs," " Digital 
Sampling and Recovery of 
Ana log Signals" and other 
tech articles. 430 

I 
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tors. The text goes further and 
di scusses the effects of mois­
ture, voltage and frequency. 

Another bull etin , ' 'Ca pac i­
to rs . .. Insul ation Resistance 
Can Be Confusing! " covers ma­
teri a l th at shouldn 't confuse, 
but still does. The author sets 
up a straw mari in a theatrical 
di alog and uses this vehicle as 
a method for cl arifying meg­
ohm-microfa rad ratings. Oth­
er bulletins cover other ca­
pacitor specs that are more or 
less well known. 

Much of the information in 
these bulletins has already 
been widely disseminated. Yet 
there's material th at ca n be 
new to many of us. 

F or a copy, circle 464. 



SAVES200 
on this special 

Prepublication Offer! 

• BRAND NEW and Complete 

• 7 BIG Chapters 
• 272 Fact-Filled Pages 
• Over 140 Illustrations 
• Attractively Hardbound 

CONTENTS -----. 

SEMICONDUCTOR DEVICES & HOW 
THEY WORK 
diodes, transistors, leakage, tem­
perature, noise, FETs & MOSFETs, 
zener diode, thyristors, unijunction 
transistors. 

SEMICONDUCTOR BIASING TECH-
NIQUES 
lim its for design, loop equations, 
voltage vs. current biasing, load 
lines, feedback bias ing, fi xed bias. 

AC CIRCUITS & AMPLIFIERS 
AC considerations, matrices, h, y, 
and s parameters, working prob­
lems, large signal circuits, thyristor 
appli cations. 

PULSE & SWITCHING CIRCUITS 
switching load lines, saturated and 
non-saturated switches, multivibr8-
tors. 

LOGIC & DIGITAL ICs 
And -Or functions, Nand -Nor logic, 
truth tables, basic Boolean equa­
tions, binary numbers, the Kar­
naugh map, And-Or negation, DTL 
and TIL. 

OPERATIONAL AMPLIFIERS 
basic amplifiers, working exa mples; 
opamp ci rcuits, monolithic voltage 
regulators. 

l\RITHMETIC OF ELECTRONICS 
math fundamentals, voltages and 
currents, series and parallel cir­
cuits, general networks. 

SOLID-STATE CIR1CUIT 
DESIGN & 0 1PERA TION 

By Stanton Rust Prentiss 

A Unique and Informative Guide 
to Semiconductor Circuit Analysis 
and Design of Value to Practicing Design Engineers 

F rom diodes to integrated circuits - from FETs and MOSFETs to opamps - here is a truly 
practical guide to the design and operation of solid-state circuits. Containjng numerous prac­

tical circuits designs, along with the solutions to a variety of basic circuit development problems, 
this all-encompassing work delves into operational problems frequently encountered in everyday 
design work. 
Concentrating on the needs of circuit design engineers and technicians, the author begins with 
a ,; refresher" look at semiconductors - including diodes, transistors (including FETs and 
MOSFETs), thyristors, SCRs triacs, diacs, etc. - how they are constructed and how they work. 
This is followed with an entire chapter on biasing techniques, emphasizing the importance of bias 
in solid-state circuit operation. Chapter 3 considers amplifier circuits, with guidelines, for a nalyzing 
AC circuit characteristics. Pulse and switching circuits are discussed in Chapter 4, a lo ng with an 
array of useful multivibrator data. In Chapter 5 there 's a discussion of computer logic using 
digital ICs, with many circuit design examples (including DTL TFL) a nd a discussion of basic 
AND-OR/ NANO-NOR functions. In the author 's presentation of Boolean equations and the 
use of binary numbers is considerably easier to understand than in previous texts o n the subject. 
A similar treatment is given operational amplifiers. After a discussion of what opamps are and 
how they work, the author describes several currently available opamps and the uses for which 
they are designed. 
For those whose grasp of circuit design math may be a little rusty, Chapter 7 provides a clear-cut 
expla nation of the fundamentals (decima ls and powers o f 10 reciprocals, algebra, matrices, deter­
minants), along with a full treatment of network ana lysis. As a result of the author's logical 
presentation , you ' ll quickly acquire the necessary understanding of the math so vital to modern 
electronic design. 
Whether you ' re a practicing engineer ever alert to a source of new ideas, or a n engineering 
support technician looking for an informative and definitive source of solid-state circuit design 
data, this book certainly belongs in your library. You'll find the text and illustrative material 
most informative, and the countless examples and problem solutions - worked out in mjnute 
detail in both narative and mathematical form - of enduring value as the science of solid-state 
continues to grow. 272 pps., over 1<40 illus. Hardbound. 

FREE - 10 DAY EXAMINATION! " Solid-State Circuit Desig n & Opera tion " is published to 
sell at $9.95 bu t you can order now at the Special Price of o~l y $7.95 ... at our risk ... 
for 10 day FREE examina tion . SEND NO MONEYI Simply fill in and mai l NO-RISK coupon 
below for this indispensable vo lume! 

OTHER HELPFUL BOOKS FOR ELECTRONICS ENGINEERS 

Electronic Circuit Design Ha ndbook : New Third 
Edition. A carefully-planned reference source of 
nearly 600 tried and tes ted circuits, selected from 
thousa nds submitted by distinguished engineers. This 
detailed compilation of practical design data is 
the answer to the need for an organized gathering 
of proved circuits-basic and advanced designs that 
con easily serve as steppi ng stones to a needed 
configura ti on for busy design engineers, thot ca n 
be adopted or modified to serve specific needs. 19 
big sections cover circuit designs for control, regula­
tion , protection, filtering and sup pression, compari­
son, amplification, oscillation, alorm, counti ng and 
timing, testi ng and mea suri ng , power supplies, de­
tection and sensing, display and readout, gating 
and logic, relay ond switching, and signa l genera­
tion. 384 pages, 81h x 11" . 
Order # T-101 Only $17.95 

FET Applications Handbook : New 2nd Edition . 
for an yone needing practical design data on FET 
circuits, here is the most current and compre­
hen sive guide available todoy. Prepared by so me 
of the most capable men in the industry, the con­
tent covers FET types, parameters and charac­
teri st ics, and operational modes. Of immedi ate 
value to a nyone looki ng for new ldeos and unique 
circuit applicat ions. Illu strated with over 250 
circuit drawings and graphs. Appendices conto in 
often-needed design dota and charts. 352 pps. 
Hardbound . 
Order #240 On ly $14. 95 

Electronic Design Charts : Saves hours of design 
time. Simplifies design procedure . Soves time and 
effort on computa ti on . Provides a high degree of 
accuracy. Solves design problems quickly and easily. 
Contain s 59 lorge, clear charts on on 8112 x 11 inch 
page size. Permanent spiral binding keeps pages 
flat while you ' re looking up answers or stand s up 
fo r ready reference. An invaluable working tool 
for e ngineers and technicians. 128 pages. 
Order #11 O Comb-bound $5. 95 

Electronics Reference Dotabook : This reference book 
is much more than a simple collectio n of tables, 
formula s, graphs, equations, etc. Rother, it contains 

on abundance of helpful informatio n - specific 
guidance in the use of data, using as examples 
numerou s problems a ssociated with every level of 
interest - from electronics theory (formulas, lows) 
to mea surements, and circuit design. Unlike most 
other data books, information here will e nable you 
to use data available from ma ny other sources; 
also, it tells how to develop additional data on 
your own . 232 pps., over l 00 illus., plus 45 
Tables. 
Order #488 Only $7.95 

Electronic Engineering Nomograms: Over 100 no mo­
groms based on equa tions commonly used by 
engineers and technicia ns providing quick sol ution s 
to a wide variety of compl icated electronic prob­
lems. Content includes often-used convers io n char ts, 
design of attenuator filter s a nd pods, characteristics 
of transmission lines, design of passive, vacuum 
tube and transistor ci rcuits, a nd many often-used 
nomograms. La rge size chorts assure dependable 
results, eliminate unce rtainty and costly mistakes . 
Saves invaluable time by eliminati ng time-consum­
ing mathematical computations. 176 pp s., over 100 
nomograms, BIG 81/i x 11" format. 
Order # 254 ... .. .......................... Only $9 .95 

Electronic Engineering Mea surements Filebook -
Second Edition : Thi s revised and enlarged edition 
constitutes o single source of measurement prin ­
ciples and practices . Authored by practicing spe­
cialists, it describes detailed tech niques, complete 
wi th test setups , waveforms, mathematical analyses, 
etc., for measuring those speci fic parameters deem­
ed most important in engi neering work. In ge neral, 
each of the measurement techniq ues described in­
cludes data on the test equipment and/or tes t cir­
cuitry required, procedures, spec ial cons iderations 
and/or pitfalls, nature and interpretation of the 
readout or data presentation . This book represents 
one of the most complete collect ions of its type 
a vailable today, co ntaining 60 complete '' How-to­
Measure'' sect ion s. In most in stan ces, the tech ­
niques described can be readily modified and 
adopted to suit the reader's specif ic needs. 256 
pages . 
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UNUSUAL CIRCUITS D Designed by EEE's readers D For use 
by EEE's readers D Voted on by EEE's readers. 
Your vote determines the winner of the monthly $100 U. S. 
Savings Bond. All monthly winners are finalists of this year's 
$1000 U. S. Savings Bond grand award. All other circuits 
published each month win a $25 U. S. Savings Bond consola ­
tion award. 
VOTE NOW ... The ballot is on the reader inquiry card. 
Submit your own circuit, too. Mail entries to Circuit Design 
Program Editor, EEE, Mactier Publishing Corp. , 820 Second 
Ave., New York, N. Y. 10017. 

EEE readers have voted Stuart D. Culp winner 
of the $100 Savings Bond for July. The win· 
ning circuit design is " Crystal oscillator uses 
logic gates." Mr. Culp is with General Electric 
in Utica, N.Y. 

High-efficiency, miniature decoupler 
Circuit Design No. 14 

by Gordon J. Deboo 
NASA 
Ames Research Center 
Moffett Field, Calif. 

IT' S USUALLY NECESSARY to de­
couple the power supplies used 
with high-gain amplifiers to 
prevent oscillation due to feed­
back through the power lines. 
A disadvantage of the conven­
tional network at the top of 
the figure is that decoupling is 
not very effective at low fre­
quencies where good decoup­
ling is often very important. 

For example, a 1000-µF ca­
pacitor has a reactance of 
160!1 at I Hz, so 1-Hz ripple 
is attenuated by a factor of 
only about 60. It is at fre­
quencies of about 1 Hz that 
motor-boating oscillation oc­
curs. Further disadvantages of 

this circuit are that it introduces 
phase shift , increasing the pos­
sibility of oscillation , and it re­
quires physically large compo­
nents. 

The lower circuit in the fig­
ure overcomes all th :'! se disad­
vantages. The IN 5283 is a 
current-regulator diode, which 
is a two-terminal field-effect de­
vice with common source and 
gate as one terminal and d ;-ain 
as the other. The 1N4737 is a 
conventional regulator diode. 

When used with a load re­
quiring almost zero current, the 
attenuation of this circuit at 
1 Hz exceeds 50,000 to 1 from 
de to many kilohertz. The fact 
that attenuation is maintained 
down to de is a significant ad­
vantage in preventing low-fre­
quency oscillation. The circuit 
also uses small components. 

Excellent decoupling from 
de to very high frequencies can 
be achieved by adding an rf 
choke in series with the input 

The conventional decoupling circuit at the top uses large com· 
ponents, yet it's not effective at low frequencies; it introduces 
phase shift and increases the possibility of low-frequency oscilla­
tion. The bottom circuit eliminates these problems, offering 
high attenuation from de to high frequencies. 

to the IN5283 and a capacitor 
across the decoupled output. 
Decoupling can be maintained 
for load currents that aren't 

negligible compared to the 
zener current by using an ap­
propriate emitter-follower cir­
cuit as a buffer. • 

(EEE cannot assume responsibility for circuits shown nor represent that they are free from patent infringements.) 



Versatile one-shot 
Circuit Design No. 15 

by Ralph Tenny 
Texas Instruments 
Dallas, Texas 

THIS CIRCUIT uses standard dig­
ital-IC voltage levels as inputs 
and can be inhibited or en­
abled at any time without 
causing an output. Duty cycle 
approaches 98 percent at trig­
ger ra tes of 500 kHz. 

Comparable IC monostables 
are limited to 50 percent duty 
cycle and are noise sensitive 

during long pulse times. Also, 
IC monostables may trigger on 
an inhibit command unless the 
inhibit occurs during the one­
shot period. 

The input gate (Q 9 and Q4 ) 

is enabled with a logical I a t 
point A and inhibited with a 0 
at the same point. If the in­
hibiting function is not needed, 
the emitter of Q 9 should be 
grounded and Q4 omitted. A 
logical I at point B starts a 
timing cycle. Q, is a 2N3819 
JFET while all other transi s-
tors are 2N3704s. • 

Versatile one-shot mono may be enabled or inhibited at any 
time without a fa lse output. 

Gain-programmable amplifier 
Circuit Design No. 16 

by Karl Karash 
Raytheon 
Sudbury, Mass. 

THE CIRCUIT in Fi g. I enables 
the gain of a non-inverting op 
amp to be changed externally. 
The control device is a FET, 
which shorts feedback resistor 
R 3 to ground. Additional gain 
variation could be obtained by 
dividing R , into smaller incre-

ments and shunting each seg­
ment to ground with its own 
control FET. With the "digi­
tal input" at zero volts, Q 

1 

turns on but is held out of 
saturation by Schottky diode 
D 2 . Q, then injects current in­
to the gate of Q2 through the 
reverse capacitance of D 9 • Q2 

turns on , making its drain-to­
source resistance about 10 
ohms. This value is negligible 
compared to feedback resistors 
R 1 and R 2 • The resulting op­
amp gain is Eo/ Ei = (R 

1 
+ 

Fig. I . Th is circuit's ga in is programmable with standard 
logic levels. 

Fig. 2. 
control signal. Analog output voltage scale is 1 VI cm and the 
digital input' voltage scale is 10 VI cm. The time scale is 200 
µ.s/cm. 

R 2 ) / R 2 . If R2 is 1.13 kn and 
R 

1 
is lO kn, the resulting gain 

is 10. 
When the "digital input" is 

5 volts, Q, is off and the gate 
of Q2 is driven to - 15 V. This 
negative gate bias causes the 
drain-to-source impedance of 
Q2 to approach an open cir-

cuit. Now the gain becomes 
Eo/ Ei = (R,+R 2 +R) ! (R 2 

+ R 3 ). If R 1 and R 2 a re still 
a t 10 kn a nd 1. 13 kn, respec­
tively, a nd if R 9 is 8.87 kn, 
the resulting gain is 2. Fig. 2 
shows the vari ation of the 
analog output as a function of 
the digital control signal. • 

Short-protected current limiter ignores inrush currents 
Circuit Design No. 17 

by L. G. Wright 
Westinghouse Defense and 
Space Center 
Washington, D. C. 

THE SIMPLE CURRENT limiter 
in the figure protects itself from 
overdissipation in case of a 
shorted output. It also distin­
guishes between a shorted out­
put and capacitive or cold-fil­
ament loads which can mo-

mentarily look like shorts. 
As soon as the current in 

the circuit exceeds the limit 
value, 3 A in this case, the 
voltage drop across the cur­
rent-sensing resistor R 2 exceeds 
the cut-in voltage for the emit-

ter-base junction of 0 2 • This 
causes 0 2 to conduct, thereby 
limiting the base drive to 0 1• 

If the load resistance is re­
duced to zero, 0 4 conducts and 
0 3 saturates, thereby turning 

(Continued on page 90) 



FOR T03 
AND T066 

Ci rc le 145 on Inqui ry Card 

Forget Chassis Burrs: 
Epoxy Coated Aluminum replaces fragile hard-to­
handle mica wafers. Thermally conductive epoxy coat­
ing applied to transistor side of .020 thick aluminum 
wafer. Wafer protects coating from chassis burrs. 
Screw clearance holes accept sleeved number 6 
screws. Shoulders around holes provide positive loca­
tion. Type 171 for T03 is rated 400 VDC operating with 
thermal resistance of 0.3°C/watt. Priced from 4Jf.1 ¢ 
each up. Send for Bulletin 170. 

,& V,Y,~,tSE,f.I§,hQ 
Circle 144 on Inqu iry Cord 

T hough protected against short circuits, this current limiter will 
deliver momentary high current to uncharged capacitors or cold 
fila ments . 

Q, off, and the current is lim­
ited by R , in series with R2 • 

If the load is a filament , R , 
is necessary to allow the circuit 
to operate. If R

3 
is omitted, 

then when power is applied, 
Q4 conducts and Q.1 saturates, 
keeping Q, off. If R 3 is added, 
a "start ing" c u r re n t flows 

through R 9 and R 2 to the load . 
R

9 
is adjusted so the starting 

current is large enough to be­
gin heating a cold fil ament. As 
the filament voltage increases 
to about JOO mV , Q4 and Q3 
turn off, a ll owing the load cur­
rent to rise to the 3-A limiting 
value. • 

TRY YOUR 
OWN 
CIRCUIT 
IN THESE 
COLUMNS. 
Send your entries to: 

Circuit Design Program Editor 
EEE 
Mactier Publishing Corp. 
820 Second Ave. 
New York, N. Y. 10017 
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NEED A STEPPING MOTOR 
THAT CAN DELIVER 

• HIGH RESPONSE RATE ... with response 
to signals in less than a millisecond 

• HIGHER RESOLUTION . . than any other 
stepping motor, with up to 2000 steps per 
revolution available 

• HIGH STEPPING RATES . . _up to 3200 
steps per second with high, directly coupled, 
inertia loads 

• HIGH PEAK TORQUES . 
rated torque 

up to 2 times 

RESPONSYN® 
S T E P P N G 

A large percentage of stepping motor appli­
cations do not require the precise step 
angles and high stepping rates possible 
with Responsyn motors. but for those that 
do, Responsyn offers the best performance 
capabi lities , 

MOTORS 

Responsyn Stepping Motors feature the 
proven and patented Harmonic Drive prin­
ciple which replaces the conventional heavy 
rotor with a thin shell rotor thereby greatly 
reducing the motors inherent Inertia. This 
results in the abil ity to precisely start, stop 
and reverse higher inertia loads at higher 
speeds without errors. 

Compatible logic driver cards. translator and 
pre-set indexers are also available. 
For complete details, contact : USM Corpo­
ration, Gear Systems Division. Rte . 128, 
Wakefield , Massachusetts 01880. 

0 USM Corporation 
Gear Systems Division 
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TELEDYNE SEMICONDUCTOR 
MAKES UL TBA LOW POWER 
LOGIC 111111/GATEI 
Ultra-Low-Power CV4 mw/gate; 1 mw/Flip Flop) means more logic, longer 
experiments , and smaller, lighter power supplies. Our ULP logic family 
is built in a 5 volt TTL configuration which means that it is 54L com­
patible. By intermixing ULP and 54L in your system you can tailor it 
for the ultimate compromise to the speed-power trade off. And by 
using the expander inputs and our optional pull-up resistors, you can 
make those gates go farther with more noise immunity. We also 
used the same pin configuration as on our low power DTL family. 
That means you can replace that 9040 logic with ULP for a factor 
of 11 decrease in power dissipatiori , and with NO board changes. 

So, for either LPDTL or ULP call/run to your nearest Teledyne 
Semiconductor sales office. At the same time you might 
ask him about our PACE 111 program (that's just our 
way of saying 883 with NO EXCEPTIONS). 

MAKE OUR MOON MEN HAPPY 
ULP* 
Part # 
525 BH 
526 BH 
527 BH 
528 BH 
529 BH 

Quad Two Input Gate 
Dllal Three Input Gate W/ Ex 
Dual Four Input Gate 
Dual Three Input Gate 
J-K Flip-Flop 
Monolithic Dual J-K Flip-Flop 
Dual Four Input Gate 
Triple Three.Input Gate 

LPDTL 
Part # 
9046 BH 
9042 BH 

9041 BH 
9040 BH 
9007 BH 
9044 BH 
9044 BH 

•The ULP column on the left is made up of low 
power replacements for the LPDTL column on the 
right. Pick items from whichever column you 
choose; we make both! 

4 ... TELEDYNE 
,.'111111 SEMICONDUCTOR 

1300 Terra Bella Ave. 
Mountain View 
Calif. 94040 
Phone (415) 968-9241 
TWX: (910) 379-6494 

TELEDYNE FIELD SALES OFFICES: Palo Alto, California (415) 321-4681 •Hawthorne, California (213) 772-4551 
•Anaheim, California (714) 635-3171 •Dallas, Texas (214) 357-0259 •Des Plaines, Illinois (312) 299-6196 
• Westwood, Massachusetts (617) 326-6600 • Lutherville, Maryland (301 ) 825-1920 • Little Falls, New Jersey 
(201) 256-8557 •Wappinger Falls, New York (914) 297-4316 •Winter Park, Florida (305) 647-7813 • Dayton, 
Ohio (513) 298-7207 • Wiesbaden, Germany 370243 . 

Circle 148 on Inqu iry Card 




