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Berg~ TLC* connector 
terminates transmission line cable 

without a paddleboard. 

Paddleboard assembly-the slow way. 

Assembly time and the cost of terminating 
transmission line cable are significantly reduced with 
Berg's unique "TLC" connector system. Completely 
eliminating the need for a paddleboard, the "TLC" 
connector reduces cable assembly time to seconds. 

The connector's compact size provides greater 
signal fidelity and facilitates high-density packaging. 

'TLC" connectors terminate any cable with 
signals on 0.050" centers. The ground wires are 
commoned on the buss bar allowing use of a wide 
range of cable designs with a variety of ground centers 
and diameters. Pre-deposited solder on the buss bar 
and signal tabs allow for mass reflow. This produces 
higher yields and further reduces assembly cost. 

The "TLC" design uses Berg's proprietary PY'; 
receptacle, a connector of proven reliability for over 
a decade in data processing applications. The 
dual-metal construction of the "PY" provides a high 

*Du Pont Trademark 

"TLC" connector-the fast way. 

normal force to assure highly reliable mechanical and 
electrical performance. 

"TLC" connectors mate with 0.025" pins or 
standard Berg headers on 0.100" grid to form a 
complete interconnection system. 

Look to Berg for innovative research and 
development to meet your connector needs, today 
and in the future . For a brochure describing the 
'TLC" system, write or call: 
The Du Pont Company, Berg Electronics Division, 
New Cumberland, Pennsylvania 17070. 
Telephone: (717) 938-6711. 

For more information , Circle No 210 
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SYSTEMS DESIGNER NICK STACEY WORKS LATE INTO THE NIGHT. UNKNOWN TO HIM, A 
SMALL EERIE COMET PASSES OVERHEAD ... 

WHAT'S THAT? 
SOMETHING IS 
CAUSING A 
STRANGE GLOW 

IN THE CRT 
SCREEN!! 

WHY, I CAN PUT 
MY HAND RIGHT 

THROUGH IT! 

IT IS THE BEGINNING OF A NEW 
FREEOOM FOR MAN'S IMAGINA· 

TION! IT IS A MICROPROCESSOR! 
I BESTOW UPON YOU ALL OF THE 
KNOWLEDGE THAT GOES WITH IT, 

BUT USE IT WISELY! NOW, GO!! 

NICK STACEY RETURNS 
TO THE REAL WORLD, 
EAGER TO USE HIS 
NEW POWERS FOR 
THE GOOD OF MAN! 
NICK STACEY RETURNS 

AS tM'Tl//I 
Zll.HI 



THE USUAL 
MIDDAY 
HUSTLE AND 
BUSTlEOF 
DOWNTOWN 
aTYVILLEIS 
ABOUT TOBE 
INTERRUPTEO 
BY A STRANGE 
VJSrTORI TALK 
ABOUT tlDING 
THEICEYTO 
THEOMI 



I HATE TO LEAVE 
ANNE ALONE, BUT 
THIS SITUATION 
CALLS FOR 
CAPTAIN ZILOG! 

SPROUTING SIX MECHAN­
ICAL LEGS, THE STRANGE 
SPACECRAFT SETTLES TO 
EARTH LIKE A GIANT 
INSECT ... 

MY LOYAL SUBJECTS!! 
I AM DIABOUCUS, 
CONQUEROR OF ALL 
TIME AND SPACE! 
(I ALSO HAVE A LITTLE 
MAIL-ORDER COM­
PUTER REPAIR SCHOOL 
ON THE SIDE IN 
SANTA CLARA!) 

MY SATELLITE STATION 
ORBITS YOUR PLANET 
AT THIS VERY MOMENT! 
IT AND THIS MACHINE 
ARE CONTROLLED. 13Y 
THE LARGEST AND MOST 
COMPLEX COMPUTERS 

IN THE UNIVERSE!! 



BEFORE YOU TAKE OVER 
. THE WORLD, DIABOUCUS, 

YOU BETTER REALIZE THAT 
BIG COMPUTER SET UP 
YOU'RE MISUSING DOESN'T 
ALWAYS MEAN YOU'RE IN 
CONTROL! 

ZILOG'S 
THE NAME, 
AND MICRO­
PROCESSING'S 
MY GAME! 

IT'S TRUE THERE 
ARE CERTAIN JOBS 
THAT LARGE COM-

PUTERS DO BEST, 
BUT THIS LITTLE SIU· 

CON CHIP I'M HOLD­
ING IS THE ZILOG 

. ZBOOO!! 

IT'S THE STATE 
OF THE ART OF 
MICROPROCES­
. SORS, AND I'M 
WILLING TO 
BET IT'LL GIVE 
YOUA RUN 
FOR YOUR 
MONEY! 



IT'S A FACT OF LIFE, DOC! 
THE CLEVER ARCHITEC­
TURE OF MY Z 8000 
MAKES ME FASTER ON 
THE DRAW, AS THE PROB­
LEMS GET TOUGHER!! 

SHORTLY AFTERWARDS. 
DIABOUCUS GATHERS 
HIS HENCHMEN IN THE 
WAR ROOM OF HIS 
SATELUTE ... 

THESE EARTHLINGS 
ARE MORE CLEVER THAN 
I THOUGHT! ESPECIALLY 

THIS ZILOG FELLOW! 
' HE WORKS MAGIC* 

WITH A LITTLE SQUARE 
OF SILICON! 

NO, BOTILE­
NECK! l'LL 

HAVE TO 
DEAL WITH 

CAPTAIN 
ZILOG 

MYSELF!! 

*IT'S NOT MAGIC. READERS! WITH DUAL ENVIRONMENTS. 418 OP 00DES. AND ITS 
·UNPARALLELED DEGREE OF REGULAR ARCHITECTURE. TME ZIOOO IS THE MOST 
SOPHISTICATED MICROPROCESSOR AVAILABLE! 



GIVE UP, CAPTAIN 
ZILOG! YOU CAN'T 
POSSIBLY WIN, 
EVEN WITH YOUR 
MAGIC CHIP 
YOU CALL THE 
Z8000! 

IS YOUR EAGER 
utn.E Z8000 ABLE 

TO TELL YOU 
WHICH OF US 

ISME? 



IN A BLINK OF 
AN EYE, CAP· 
TAIN ZILOG 
CHOOSES THE 
REAL CULPRIT! 

EASY, BORON 
BREATH! WITH AN 
ADDRESS SPACE 

·OF BGHT MEGA­
BYTES, THE ZILOG 
ZBOOO MICRO­
PROCESSOR IN MY 
COMPUTER BELT 
WAS ABLE TO 
SPOT YOU AMONG 
THOSE MILLIONS 
OF FAKES BEFORE 
YOU COULD SAY, 
"CUPERTINO, 
CALIFORNIA"! 

ARRESTING ME WON'T SAVE YOU, 
ZILOG! I'VE JUST MENTALLY 

INSTRUCTED MY ALLIES-WASTE, 
INEFACIENCY, AND OUTMODED 
THINKING-TO SABOTAGE THE 

NERVE CENTERS OF YOUR PUNY 

CIVILIZATION! ~ 

WHEN YOU GIVE . 
MACHINES THE POWER 

... _.._..__;a.illili&_,...,__...:;;_.&.. TO PROCESS LARGE 

ZILOG'S ZBOOO MAKES 
THt\ T POWER BOTH 
AFFORDABLE AND 
USABLE, WHERE 

OTHER COMPUTERS 
WOULD BE JUST 

TOO BIG!! 

AS THE aTY'S PRODUCTION, TRANSPORTA­
TION, AND COMMUNICATIONS SYSTEMS 
BEGIN TO FALTER, CAPTAIN ZILOG FLASHES 
FROM MACHINE TO MACHINE, SHOUTING 
HIS MAGIC WORD, '1MAGINEI", AND EACH 
IS INSTANTLY CONVERTED TO MICROCOM­
PUTERIZATIONI 

QUANTITIES OF DATA 
IN REAL TIME, THEY 
NOT ONLY RUN MORE 

EFACIENTLY, THEY CAN 
DO THINGS THEY. 

NEVER COULD BEFORE! 



YOU WIN, CAPTAIN · 
ZILOG! THE Z 8000 
IS TRULY 
ASTONISHING! I 
WILL GO AWAY 
AND NEVER 
BOTHER YOUR 
PEOPLE AGAIN! 

THE Z8000 HAS A 
REGULARARCHITEC­
TURE ! THAT BIG 
COMPUTER DESIGN 
FEATURE AVOIDS 
THE BOTTLENECl<S 
INHERENT IN TRAOI· 
TIONAL MICROPROC­
ESSOR DESIGNSI 

AND MORE! THE Z 8000 
COMBiNED WITH GOOD 
OLD IMAGINATION CAN 
READILY MAKE THE 
WORLD A BETIER 

PLACE TO 
LIVE IN! 

THERE'S 32 BIT OP· 
ERATION CAPABIUTV 
BUILT INTO THE 
Z 8000 THAT IN· 
CLUDES MULTIPLY -~ .... ~ 

WITH 418 OP CODES. THE Z8000 PER· 
MITS COMPACT PROGRAMS! THROUGH­
PUT RIVALS THAT OF LARGE COM· 
PUTERS! 

AND DIVIDE! THINK 
OF THE ADDED 
FLEXIBILITY AND 
SPEED THAT MAKES 
POSSIBLE! 
AS WE'VE SEEN, THE 8 MEGABYTE 
MEMORY LETS YOU TACKLE THOSE 
REALLY BIG JOBS WITH EASE! 

TWO OPERATING MODES {SYS­
TEM AND NORMAL) PROTECT 
SYSTEM INTEGRrTY AND MAKE 
IT NEARLY IMPOSSIBLE FOR THE 
USER TO "CRASH" THE OPERAT· 
ING SYSTEM! 

AND ONE OF THE Z8000 PE· 
RIPHERALS IS A MEMORY MAN­
AGEMENT UNIT THAT GIVES YOU 
POWERFUL· MEMORY MANAGE­
MENT AND PROTECTION 
CAPABIUTIES! 

EARTH IS OURS FOR 
THE TAKING! I HAVE A 
PLAN THAT WILL PUT 

HUMANITY UNDER MY 
THUMB FOR ALL 

ETERNITY! 

BE SURE TO READ PART TWO IN THIS ISSUE: . ••ttl• ... 111 II• MClllTECTll•EI 



A 64 K Byte Microcomputer. CRT. Dual 
Floppies. 9-slot Card Cage. Power Sup­
plies. Z8000 Software Development Pack­
age. Operating System. Editor. Linker. 
Utilities. $10,500' 

TtE NEXT STEP .. 
TheZl/ooPDSBOOO~ 15 

Everything in the Model 10 plus a Zilog 
ZBOOO Development Module! Just 
$11 ,995* 

*Suggested Retail Price. Domestic U.S. Only. 
Prices for ZB001 and ZB002 are for quantity 100. 

The Z8000 Is at your Zllog distributor right now In two 
versions, the Z8001 with 8 MBytes of direct eddnm at 

$139.30"' and the Z8002 with 84 KBytes of direct 
address for only $107.1<1." If that..,, enough to set 

your imagination going, take a look at these new 
development systems from Zllog. They'll 

really give you a chance to aet off some 
fireworks! 

FOR,...,.. BIG WS 
TheZJIOll l'OS 8000Modlla ... 30 

The features of Models 10 and 15 but with 
1 o megabytes of Flard Disc Drive rEJIJlal> 
ing the Floppies. $20,000 and $21 ,500' 

WOWI LOOK AT THI• 
TheZJIOllZ800008&<-1apnent Med.lie 

A Z8000-Based computer board with 2K 
to 8K words of EPROM. 161< to 321< 
words of Dynamic Ram. Dual Serial Inter­
face. 32 Programmable 1/0 Lines. Four 
8-bit Programmable Counter Timers. Lots 
of wire wrap area. $1500' 

FOR MORE INFORMATION CALL 
TOLL FREE!!! 
800-538-9387 
In CBl/fomla, call (408) 446-46'16 



IN THE ROYAL CHAMBER 
OF HIS SATELUTE, DR. 
DIABOUCUS LAUNCHES 
A NEW PLAN WITH HIS 
HENCHMEN-BOTTLE· 
NECI<, POWER STEALER, 
CRASHER, SCRAMBLER, 
SCORCHER, AND KLUGERI 
rr JUST GOES TO SHOW 
YOU: YOU CAN'T KEEP A 
GOOD SCOURGE OF THE 
UNIVERSE DOWN!! 

IN DUE TIME! ARST OUR 
MINIATURIZATION SYSTEM 
MUST SHRINK US DOWN 
TO MICROSCOPIC SIZE, 
AND TELEPORT US TO 
CAPTAIN ZILOG'S 
COMPUTER! 

THEN WE SABOTAGE 
IT!! SCORCHER! MAN 
YOUR TORCHES! BOT· 

TLENECK! GATHER YOUR 
MEN! CRASHER! GET SET 

FOR SOME FUN! 
SCRAMBLER! GET SET 

FOR SOME SILICON 
SMASHING!! 



LATER, IN MCK STACEY'S COMPUTER 
1

LAB ... 

THAT CAPTAIN ZILOG 
WAS SO WONDERFUL, 
NICK! WHAT A MAN! YOU 
SHOULD HAVE BEEN 
THERE ... WHICH REMINDS 
ME! WHERE WERE 

YOU? 

DANCIN' DATA!! SOME­
ONE'S TRYING TO SABO­

TAGE THE GENERAL 
REGISTERS IN THE 

Z8000! AND I THINK 
I KNOW WHO! 

.. . ER .. J FORGOT 
SOMETHING I HAD 
TO DO IN THE LAB! 







YOU CAN 
t<ISS YOUR MEN 

GOOD BYE, THANKS 
TO WHOEVER YOU 

HAD FOOLING 
AROUND WITH THE 

INTERRUPT 
INPUTS! 

C'MON, BOSS!. 
WE CAN ESCAPE 

WITH THE GIRL TO 
THE OPERATING SYSTEM, 

AND DO SOME ' 
DAMAGE JHERE!! 



GIVE UP, BOTILENECK! BE· 
CAUSE OF THE Z8000'S MUL· 
TIPLE ADDRESSING MODES, 
GENERAL PURPOSE REGISTERS, 
RICH INSTRUCTION SET, 
ABUNDANT RESOURCES, AND 

REGULARITY ... YOU DON'T 
STAND A CHANCE!! 

WITH ANNE AS HOSTAGE, 
DR. DIABOUCUS AND BOTTLE· 
NECK TRY DOOR AFTER 
DOOR, ONLY TO AND ... 

THAT'S BECAUSE 
THE Z8000 HAS 
PROTECTED DUAL 

ENVIRONMENT! 
THERE'S NO WAY 

FOR A HARDWARE 
BRAIN LIKE YOUR· 
SELF TO TAMPER . 
WITHTHE 
OPERATING 
SYSTEM! 



THANKS TO THE VERSATILITY 
AND LIGHTNING SPEED OF THE 
Z8000 INSTRUCTION SET, I 
WAS ABLE TO TELL THESE 
GUYS TO CANCEL YOUR 
MlNIATURIZATION AELD IN 
JUST A FEW, WELL.CHOSEN 

OPCODES!* 

WEGOTIA 
· TELEPORT BACK. 

TO THE SATELLITE 
IMMEDIATELY, BOSS, 

OR WE'LL BE 
...... _ ... , CRUSHED! 

YOU'VE BEATEN ME, 
CAPTAIN ZILOG! THE Z8000 
IS SOMETHING I WAS NOT 
PREPARED TO DEAL WITH! 
I HAVE OTHER PLANETS 
TO CONQUER THAT ARE 

FAR LESS TROiJBLE 
THAN THIS 

ONE! 



BUT THERE'S 

DO YOU SUPPOSE 
HE'S GONE FOR 
GOOD, CAPTAIN 

ZILcx;? 

ONE THING THAT ISN'T 
HARD TO BELIEVE ... MAN'S 
. IMAGINATION AND THE 

Z8000 CAN CHANGE 
THE WORLD ... FOR THE 

GOOD OF US 
ALL! 

I HOPE SO, 
ANNE!BUT 
ONLY TIME 
WILL TELL!! 

Written, designed, and illustrated l>y Lou Brooks. Penciled l>y Joe Kul>ert. 

THAT EVENING ... 

YOU KNOW, MCK, 
I FEEL LIKE IvE 
HAD THE STRANGEST 
DREAM THAT YOU 
WERE CAPTAIN ZILcx;! 
ISN'T'THAT HARD 

TO BELIEVE? 





~ 
Zilog 

An aff iliate of 
E'f(ON ENTERPRISES INC. 

10460 Bubb Road , 
Cupertino. CA 95014 
800-538-9367 
(In California call 408-446-4666) 



Never available until now ... 

Ultra-low distortion 
MIXERS 
High-level (+17d8m LO) 

Guaranteed -55 dB 
two-tone third-order 
intermodulation SP-ec 
(below IF output) 

Test conditions 
RF 1 = 200 MHz, RF 2 = 202 MHz at OdBm 
LO = 180 MHz at+l 7 dBm 

Special Features: 
• Wide bandwidth 

50 kHz - 1000 MHz 
• 1 dB compression point +15 dBm 
• Low insertion loss 6 dB 
• High isolation, 

greater than 45 dB 
• 3 connector versions, 

2 pin versions 

NOW. . . improve your systems 
intermod spec by as much as 10 dB 
guaranteed. . . specify Mini.Circuits' 
state-of-the-art ultra- low distortion 
Double-Balanced Mixers. Prices start at 
an unbelievable low $19.95. 
with off-the-shelf delivery. 

For complete specifications, 
performance curves and application 
information, refer to 78-79 MicroWaves 
Product Data Directory (pgs 161-352) 
or EEM (pgs 2890-3058). 

2625 East 14th Street Brooklyn , New York 11235 (212) 769-0200 
Domestic and International Telex 125460 International Telex 620156 

MODEL TAK-lH (5-24) 

Signal 
I dB 

c ..... compr. .... level Size 
Madel F .... (dB (dBm Con- (in.) 

No. (MHr) MAX.) min .) nectlono (w xix ht.) 

11'M-1H 2 - 500 8.5 +14 4- 0.21 xO.Sx 0.25 
11'M-2H 5 - 1000 10 + 14 4p;n. 0.21 x 0.5 x0.25 
11'M-3H 0.1 - 250 8.5 + 13 4- 0.21 Jl 0.5x0.2S 

TAK·lH 2 - 500 8.5 l-1 4 Spins 0.4 x 0.8 x 0.25 
TAK· lWH 5 - 750 9.0 +14 8 pina 0.4 " 0.8 "0.25 
TAK-1H 0.05 - 300 8.5 +13 Spins 0.4 . 0.8 Jl 0.25 

ZAD-lSH 2 - 500 8.5 H4 BNC 1NC l.15 x2.25x 1.40 
ZAD-lWSH 5 - 750 9.0 +14 BNC,lNC l.15x2.2S xl .40 
ZAD-35H 0.05--300 8.5 + 13 BNC,TNC l.15x2.25xl.40 

ZLWlSH 2 - 500 8.5 '14 SMA 0.88 x 1.50x 1.15 
ZLW-lWSH 5 - 750 9.0 + 14 SMA 0.88 x l .50x 1.15 
ZLW-35H 0.05 - 300 8.5 +13 SMA 0.88 x l.50x 1.15 

ZFM-lH 2 - 500 8.5 -+i 4 BNC,TNC 1.2Sxl ,2Sx0.75 
SMA,N 

ZFM·2H 5 - 1000 10 + 14 BNC,TNC 1.2Sx 1.25 x 0.7S 
SMA,N 

ZFM-1H 0.05 - 300 8.5 + 13 BNC,lNC l.25 x l.2Sx0.7S 
SMA,N 

l~r. 50 oh-, JllOilition: 30 cm min., 
BNC et .... rd, TNC on request. Type N and SMA $5.00 additional 

Pric• 
(Qty.) 

S23.95(5-24) 
$31.95(5-24) 
S23.95(5-24) 

$19.95(5-24) 
S23.95 (5-24) 
$21 .95(5-24) 

$40.95(4-24) 
$44.95(4-24) 
$42.95(4-24) 

$50.95(4-24) 
$54.95(4-24) 
$52.95(4-24) 

$53.9$(1-24) 

$61.95(1-24) 

$54.95(1-24) 

1nt•rn•tlon•I RepreHntatlyH: O AFRICA: Afllra (PTY) Ltd . P 0 Bo" 9813. Johannesburg 2000. South Africa 0 AUSTRALIA: General Electronic Servi ce . 99 Alexander St.. New 
Soulh Wales. Auslraha 2065 O EASTERN CAN~OA: B 0 Hummel. 2224 Maynard Ave . Utica. NY 13502 [J ENGLAND: Dale Electronics Ltd . Dale House. Wharf Road. Fnmley Green. 
Camberley Surrey . Unitea Kmgdom D FRANCE: S.C t E -0 IMES . 31 Rue George-Sand. 91120 Pala1seau . France. 0 GERMANY, AUSTRIA, SWITZERLAND, DENMARK: lndustnal 
Elec 1ron1cs GMBH. 6000 Frankfurt Mam. Kluberslrasse 14. West Germany 0 INOIA: Gaekwar Enterpnses. Kamal Mahal . 17 ML. Oahanukar Marg . Bombay 400 026. India. 
D ISRAEL: Vectronics Ltd . 69 Gordon St Tel -Avi v. Israel 0 JAPAN: Oensho Kaisha . lid .. Eguc hi Building 8-l 1-Chome . Hamamatsucho Minato-Ku . Tokyo, Japan. 
O NETHERLANDS. LUXEMBOURG. BELGIUM: B V. Technische Handelsondernemmg . CO IMEX. P.O. Box 19. 8050 AA Hattem. Holland. 0 NORWAY: Oatamallck As . Poslboks 111 , 
BAYN. Oslo 6. OsJ.ens1ove1en 62. Norway O SINGAPORE a MALAYSIA: Electronics Trading Co (PTE) Ltd Suites C13, C22 & C23 (1st Floor) , President Hotel Shopping Complex. 
181 Kitchener Road. Singaport!-8. Republic of Singapore 0 SWEDEN: lnlegrerad Elektron1k AB. Box 43 S-182 51 , D1ursholm. Sweden 
U.S. Distributors: 0 NORTHERN CALIFORNIA: Pen Stock. 105 Fremont Ave . Los Altos . CA 94022. Tel : .(415) 948-6533. 0 SOUTHERN CALIFORNIA, ARIZONA: Crown Electronics. 
11440 Collins St .. N Hollywood. CA 91601 . Tel (213) 877-3550 0 METROPOLITAN NEW YORK, NORTHERN NEW JERSEY. WESTCHESTER COUNTY: Microwave 01str1butors. 
61 Mall Onve. Cammack. NY 11725. Tel (516) 543-4771 836/REV/8 ODD 

For more information, Circle No 1 



• Solid State/Hybrid/Opto-couplers Reed 
General Purpose •Sensitive 

If you're switching 10 amps or less, chances 
are Sigma has just the relay you need. 

For example, our space saving reed relays 
handle loads from dry circuit to 0.5 amps and have 
a life expectancy of 10 million operations. 

If you need the compactness of a reed relay, 
but have to switch up to 2 amps, then your best bet 
is our Series 60 low profile relay. 

For multi-pole switching of dry circuit to 10 
amp loads, we offer a variety of general purpose 
relays with some outstanding features. The new 
sensitive versions of our Series 70 pick-up with as 
little as 10 milliwatts coil power and can be 

operated directly from TTL logic . If size is critical to 
you, our Series 76 is one of the most compact 
1 O amp relays available. 

For truly superior performance, Sigma's 
sensitive relays are in a class by themselves. 
Responding to signals as low as one milliwatt, 
these relays maintain their precise trip points 
through millions of operations. 

When it comes to long life, there is nothing 
betterthan our low cost solid state relays. Our 
Series 226 sells for under $4 and can switch 1 .5 
amps with its integral heat sink and up to 7 amps 
with an external heat sink. We also offer reed 
triggered SSAs and inexpensive opto-couplers. 

To find out more about our complete line of 
relays, contact your local distributor or Sigma for 
our new 32-page stock relay catalog. Sigma 
Instruments, Inc., 170 Pearl Street, Braintree, 
MA 02184. Telephone: (617) 843-5000. 
In Canada, Sigma Instruments (Canada) Ltd.,· 
55 Six Point Road, Toronto, Ontario M8Z 2X3. 

SIGM~ 
INSTRUMENTS INC 
For more information, Circle No 2 
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Probes and test , cells simplify EM/ 
measurements (pg 51), 

Wescon/79 blazes trails for new 
designs in electronics (pg 120). 

On the cover: The newest mP develop­
ment systems help prevent disastrous 
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disaterous (!) ones (pgs 99, 179, 227), 
(Photo of the HP64000 courtesy 
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The TREASURE of 
the BLACKBIRD 

A Taut Tale of The Man from Intech in Which He 
Gets The Bird and Saves The Treasure of the Intechs. 

t was foggy. And I was inching along 
a narrow ledge outside the Mariposa 
Hotel seven stories above traffic. I knew 
I had to hurry. The fog was coming in 

from The Bay. As I reached I. M. Grossman's window, 
I drew my .45 automatic. I peered through the 
curtains. They were there - the old goat Grossman 
and Hortense O'Hara. Damn, I thought, I haven't 
a minute to spare. They'd opened The Bird. 

"Okay;' I growled as I clamored through the 
window, waving my trusty heater, "nobody move'.' 

"What is the meaning of this outrage, sir?" 
Grossman rumbled from deep in his throat. 

"Just sit tight, old man;' 'I warned. 
"My dear boy;' Grossman replied, "there must 

be some mistake. By gad, I was searching for a 
lost treasure in diamonds, rubies and emeralds. 
Instead, I find a bird filled with strange little boxes'.' 

"Let angel-face here enlighten you;' I answered 
menacingly. I pointed the gun at Miss O'Hara's 
pretty head , "Go on, sweetheart. Tell him'.' 

Hortense jumped as I jerked the automatic in 
her direction. Her violet eyes widened with fear. 
"Why, mercy me, I haven't the foggiest .. '.' 

"Shaddap;' I snapped. "She tricked you, Pops. 
Fed you a tall tale about a treasure bird of the 
Aztecs. She knew you'd 
open it and figure you'd 
been swindled. She was 
gonna offer to take the 
stuff off your hands. We 
both been conned .. '. ' 

"Gentlemen, please 
.. '.' Hortense pleaded. 

I cocked the trigger. 
"Tell him, precious'.' 

Hortense slumped in 
her chair. "The Black Bird;' 
she began, "really holds 
the world's largest collection 
of AID and DI A data 
converters. They're all self­
contained, ready-to-operate, 
low profile modules, 
ranging in price from 
$53.00 to $1850.00. The 
total collection offers a 

I 

range of resolution from 4 bits through 18 bits'.' 
"You're good, angel;' I piped in, "you're really 

good'.' I picked one of the Intech gems and held it 
up. "School's in session. What's this?" 

Hortense bit her lip, then answered: "An 
A-866-H-12, 10 MHz deglitched 12-bit DAC'.' 

"My, my;' I said with mock amazement. I 
grabbed another box at random. "And this?" 

Hortense's eyes flashed with excitement. 
"That's the new 16-bit Model A-858-16 AID data con­
verter that's microprocessor compatible and is 
user programmable for several input ranges and out­
put codes using a single dip switch'.' 

Just then Lt. Flaherty and the boys in blue burst 
through the hall door. 

"Take 'em downtown;' I said, slipping my 
roscoe back into its holster. 

"But lambykins;' Hortense cooed as she sidled 
up next to me. "You're just jesting, right?." 

"Sorry, kiddo;' I replied . "But I don't play patsy 
for nobody. I know I'll never find another dame 
who knows as much about data converters. But I'll 
keep looking. So Jong'.' 

Hortense refused to look at me as the elevator 
took her down. 

I called out, "If Intech puts out a new DAC, I'll 
send a data sheet to the 
Big House so's you won't 
Jose touch with the market'.' 

Hortense yelled 
something back. For­
tunately, I couldn't hear 
what it was. 

There are no 
mysteries in data conver­
sion that can't be solved 
quickly and economically by 
The Man from lntech. 
Call or write hiin today for 
more detailed informa-
tion at Intechl Function 
Modules, Inc., 282 Brokaw 
Road, Santa Clara, CA 
95050. (408) 244-0500 . 

Taking the Mystery out of Data Conversion. 
For more in formation, Circle No 4 



It's a name that is already well known 
in semiconductor products as well as 
in data systems, cable TV products, 
and industrial components. Now, 
we're taking it into another area of 
high technology. 

In June, General Instrument acquired 
the total optoelectronics operations of 
Monsanto. Their broad product line. Their 
experienced people. Their modern production 

TEN YEARS OF EXPERIENCE IS 
A GOOD PLACE TO START 
Since 1969, the major thrust has been to apply 
high technological capability to product develop­
ment.Result-a continuing series of "firsts" in 
LED lamps, displays and optoisolators. Today, 
you can select from over 150 high performance 
devices in our product line. And you are assured 
of high quality and top performance because of 
vertically integrated production ... from LED 
crystal to finished LED product. 

facilities. And most important ... an outstanding NO BREAK IN CONTINUITY OF 

V\e a
expertl(ise eoeletchtronics.e CUSTOMER SERVICE 

The same conscientious and dedicated people 
will continue to back up our product line. 

With the same prompt product and 
technical assistance, 

10 

new name order processing and 
after-sale service. 

Even the product 

in optoelectronics. • • 
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designations remain the same. The only change 
you will notice is a more aggressive attitude. 
General Instrument is committed to providing 
total resources to become the leader in 
optoelectronics. 

OUR FIELD ORGANIZATION IS 
THE SAME TOP TEAM 
Over 50 of the most competent distributors 
throughout the world will continue to provide . 
our customers with immediate availability of our 
wide variety of optoelectronic products. And our 
sales representatives are strategically located to 
give on-the-spot assistance in design and 
product selection. 

THE FUTURE IS EVEN BRIGHTER 
During the past year we "enlightened" the 
industry with better ways to use alphanumerics, 
new approaches to panel design and how to get 
bigger, brighter digits in less space. And that's 
just the beginning. You'll soon see the result of 
constant research and development as we 
announce a number of creative new products in 
the months to come. As the "oldtimer-newcomer" 
in optoelectronics, we'll continue to design, 
produce and improve the products that best fill 
your design needs. That's a promise. 

General Instrument Optoelectronics Division, 
3400 Hillview Avenue, Palo Alto, California 
94304, Telephone (415) 493-0400 

GENERAL 
INSfRUMENT 

and we will continue to make a name for ourselves. 

EDN SEPTEMBER 5, 1979 
For more information, Circle No 5 
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SIEMENS . 

A whole new class of ATE ... the Small .System. 

Our Model 725 digital IC tester ... a unique combination 
of small-tester price and large-system features . The Small 
System . It 's multiplexed , it has a 1-MHz functional test rate, 
and it 's MPU-based with both functional and parametric test 
capabilities. And it tests virtually all SSI and MSI devices. 

The Model 725 interfaces with a wide variety of probers 
and handlers and accommodates a variety of 1/0 devices for 
data logging , bin counting , and user device programming. 

It also features simple cassette tape load, an extensive 
Siemens library of cassette test programs, and prompted 
English programming that affords you complete self-suf­
ficiency in the development or modification of test programs. 

Mr. Cliff Small will be glad to give you complete details on 
the Model 725 IC tester and its capability. Call or write . 
Siemens Corporation Measurement Systems Division 
2 Pin Oak Lane, Cherry Hill , New Jersey 08034, (609) 424-9210 

For more information, Circle No 6 

The Model 725 digital IC tester • • • from Siemens. 
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Now, a' power to logic 
opt!cal interface tliat 

monitors AC line status 
General Instrument's MID400. 
It's the first optically isolated 
interface to have direct operation 
from an AC line current and direct 
compatibility to TTL and micro­
processor systems. Not only do 
you get a device with direct inter­
face from line voltages ranging 
from 24V to 240V, but one with 
externally adjustable time delay 
and AC voltage sensing. Add to 
that ... logic level compatibility 
and high isolation between input 
and output. 
A system sentry with motor to 
logic c~pability. The MID400 is 
the P,erfect answer to monitoring 
AC' line down" conditions. When 
the power goes, the MID400 can 
activate auxiliary power control. 
In industrial control applications, 
the MID400 is an ideal "closed 
loop" interface between electro­
mechanical elements such as 
solenoids, relay contacts, small 
motors and microprocessors. This 
closed loop capability may also 

EDN SEPTEMBER 5, 1979 

be utilized in emergency shut 
down or fail safe applications. 
And if your system needs an AC 
current status monitor, a 2 or 
3-phase power line status moni­
tor, telephone ring detector or a 
low speed, high gain optocoupler 
interface, there's no better 
device than the MID400. 
Low power ... low current. AC 
line voltage is monitored by two 
back-to-back GaAs LED diodes in 
series with an external resistor. 
A very high gain detector circuit 
senses the photodiode cur~ent 
and drives an open collector tran­
sistor to a logic low condition. 

Ifs another first from the new 
name in optoelectronics. For 
more information on our new 
MID400, contact General 
Instrument Optoelectronics, 
3400 Hillview Avenue, Palo Alto, 
California 94304. 
Telephone: (415) 493-0400. 

With a low threshold input 
current, the MID400 provides 
energy savings and less heat in 
your system. Packaged in a UL 
recognized 8-lead plastic inini­
DIP, it's also a space saver. 

GENERAL 
INSfRUMENf 

For more in fo rmation, Circle No 7 13 



No one portable 
everyone's needs. 

, So we built 21. 
Everyone's needs are different. Some want the same versatility in the 

field they get from a bench model in the lab. Others are more concerned about 
weight. Some require basic performance models at an economical price. Tektronix 
offers a selection of 21 portable scopes -15 real-time and 6 storage models - to 
satisfy just about everyone. 

Take your pick. You can't beat our 400 Series when it comes to high performance. 
Choose from 9 models ranging in bandwidth from 50 MHz to 350 MHz. All under 26 
pounds (11.B kg). Five with an optional DMM and delta time read out. 

If you're looking for a battery-powered model that fits into a briefcase or toolbox, 
there's our 200 Series. Bandwidths to 5MHz. Weights less than 3.7 pounds (1.7kg). 

In between, there's the compact 300 Series, with bandwidths to 35 MHz. Each scope 
weighs less than 11 pounds (5.0 kg). And finally, we offer the low cost T900 Series , 
priced from just $795.00~ 

Our worldwide service team goes where you go. We're with you all the way, 
with more than 500 service personnel at 46 Tektronix centers in the U.S.A. and 
hundreds of Tektronix-supported service engineers 41 over 50 other countries to 
calibrate and maintain your Tektronix scope. 

So let us show you the model that's right for you. Simply contact your Tektronix 
Sales Engineer. He'll arrange for a demonstration of our portable or laboratory 
oscilloscopes. And for our latest portable oscilloscopes brochure, write: Tektronix, Inc., 

P.O. Box 500, Beaverton, OR 97077. In Europe: Tektronix International Inc. , 
European Marketing Centre, Postbox 827, 1180 Av Amstelveen, 

The Netherlands. We're. · going 
places 

· l' 
;-' . 

-··~ 



Product Bw Dual Trace Delayed Sweep FHtHt Sweep Rate Other Speclal Feature• Price• 
Storage Models 466 100 MHz @ 5 mV/ d iv yes yes 5 ns/dlv 3000 div/es stored writing speed $5550 

464 100 MHz @ 5 mV/ div yes yes 5 ns/dlv 110 div/µs stored writing spe8d 4500 
434 25 MHz @ 10 mV/ d lv yes 20 ns/dlv Split·screen storage 3585 
314 10 MHz @ 1 mV/ dlv yes 100 ns/dlv Only 10.5 lbs (4.8 kg) 2725 
214 500 kHz@ 10 mV/dlv yes 1 µs/dlv Only 3.5 lbs (1 .6 kg) 1650 
T912 10 MHz@ 2 mV/ div yes 50 ns/dlv Low.cost bistable storage 1545 

Nonstorage Models 485 350 MHz@ 5 mV/ div yes yes 1 ns/dlv Widest bw In a portable 5870 
475A 250 MHz @ 5 mV/ d lv yes yes 1 ns/div t'iigh-performance 250..MHz portable 3925 
475 200 MHz @ 2 mV/ dlv yes yes 1 ns/dlv Highest galn-bw In a portable 3550 
465 100 MHz @ 5 mV/ div yes yes 5 ns/dlv Cost effective tor 1~MHz bw 2495 
465M 100 MHz @ 5 mV/ dlv yes yes 5 ns/dlv Triservlce standard 100·MHz scope 2700 
455 50 MHz @ 5 mV/ d iv yes yes 5 ns/dlv Cost effective tor 50-MHz bw 2155 
335 35 MHz @ 10 mV/ dlv yes yes 20 ns/dlv Only 10.5 lbs (4.8 kg) 2230 
305 5 MHz @ 5 mV/ dlv yes 0.1 µs/dlv Autoranglng DMM 1780 
221 5 MHz @ 5 mV/d iv 100 ns/ dlv Only 3.5 lbs (1.8 kg) 1225 
213 1 MHz @ 20 mV/ d lv 400 ns/dlv DMM/Oscllloscope@ 3.7 lbs (1 .7 kg) 1675 
212 500 kHz @ 10 mV/d lv yes 1 µs/ dlv Low cost for dual trace & battery 1250 
T935A 35 MHz@ 2 mV/div yes ves 10 ns/dlv Delayed sweep and differential 1535 
T932A 35 MHz @ 2 mV/dlv yes 10 ns / dlv Variable trlgger· holdoff and differential 1245 
T922 15 MHz@ 2mV/ dlv yes 20 ns/ div Low-cost dual·trace scope 975 
T922R 15 MHz @ 2mV/ d lv yes 20 ns / div Rackmount version of T922 1345 
T921 15 MHz @ 2mV/d lv 20 ns/dlv Lowest-cost TEKTRONIX Portable 795 

Time Interval Readout OM44 Optional , factory· lnstalled , d i rect numerical readout of time intervals and DMM functions for the 464, 465, 466, 475 end 475A 445 

*U.S. sales pr ices are F.0 .8 . Beaverton, OR. For price and avellabllty outside the United States, please contact the nearest Tektronix Field Office, Distributor or Represen­
tative. Prices are subject to change without notice. 

For bnmedlale action dlal our toll frM automatic ........,. Mr¥1ce 1-eoo.147•1111. 
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More on counters 
Dea:r; Editor: 
Richard Nelson's article, "Low­
frequency crystal oscillators 
present measurement challeng­
es" (June 5, pg 131), performs a 
useful service in advising that 

conventional "cycle-counting'' 
electronic counters have inade­
quate measurement resolution 
in low-frequency crystal mea­
surements. However, several 
other counters should be added 
to his list of recommended 

A probe 
by any other 

name ... 
Bed-of-Nalls. Test Pins. know that ATEC offers 48 tip styles 
Spring Loaded Contact and configurations; and, not Just 

Probes. a few, but every one of 1hoee 48 
Whatever name you use to different styles Is carried In stock, 

specify spring contact probes, for Immediate delivery. They also 
they a II mean ,...-----------. know that we sup-
pretty much the port our produc1s 
same thing. So and our customers 
what's In a name? with every person 

The simple In our compaiy, so 
fact of the matter when a speclal re-
ls that all probes qulrement or a 
are just about problemarlses, the 
alike. We should people at ATEC 
know. We helped are always there 
pioneer the con- to help. 
cept of replace- So what's In 
able probes. We a name? Now you 
provide more test knON. 
probes to the elec- A probe by 
tronlcs Industry than all the any other name doesn't hove 
other probe manufacturers put ATEC to stand behind It. 
together. Write or coll today, for a 

So, If they're all basically free catalog, complete with 
alike, why do more engineers specifications, pricing, and a 
and quality control people free sample. 
specify ATEC probes than any ATEC 
other? Perhaps It's because they 
know that the quality Is consis-
tently the finest available. They ASSEMBLY AND TEST 
know that more test system man- EQUIPMENT CORPORATION 

2887 NORTH TOWNE AVENUE 
ufacturers use our probes as orig- POMONA, CALIFORNIA 91767 
lnal equipment, and specify 714 621-9511 
them as replacements. They AN EVERETT/CHARLES COMPANY 

A i '!/ ,...,,,,.; CH~ll,/AiC 
For more information, Circle No 8 

models. 
One is Hewlett-Packard's 

5315A universal counter, which 
is by far the lowest priced model 
($800) that can measure period 
and invert the reading for direct 
frequency readout ("reciprocal 
taking''). It provides at least 
7-digit resolution (±0.0001%) 
for inputs from 1 Hz to 100 
MHz-an excellent value for 
many crystal-oscillator testing 
applications. 

If more accuracy is needed, 
H-P's Model 5345A ($4500), 
which Mr Nelson mentioned, 
provides 9-digit resolution in 1 
sec. And for even higher 
resolution requirements, there's 
the HP 5370A universal time­
interval counter ($6500), provid­
ing 11-digit resolution in 1 sec. 
These latter two counters are 
also reciprocal-taking units. 
Sincerely, 
Tom N awalinski 
Hewlett-Packard Co 
Santa Clara, CA 

For the birds 
Dear Editor: 
I would like to solicit ideas from 
EDN readers on how to develop 
an accurate bird-census tech­
nique for counting large num­
bers of blackbirds or starlings in 
a roost (a congregating area). 
Although this measurement has 
perplexed the US Fish and 
Wildlife Service for a number of 
years, no monitoring system has 
yet been developed. 

Blackbird and starling roosts 
occur in dense woods or cattail 
marshes and range in size from 
less than 1 to more than 100 
acres. The number using a roost 
can range from a few hundred to 
several million. The birds arrive 
at these roosts at dusk, either in 
large swirling masses, in long 
ribbon-like flight lines or in 

EDN SEPTEMBER 5, 1979 



TEKTRONIX 
thinks your logic analyzer 

should be as versatile 
---------------------------as you are 
So ours let you sample synchronously and asynchronously. 

As a digital designer you must 
be versatile enough to do the 
entire design job. Logic and tim­
ing. Software and hardware 
analysis. Activity on and off 
the bus. 
And so you need a logic 
analyzer that lets you syn­
chronously verify logic and 
trace program flow on the bus; 
then asynchronously verify tim­
ing sequences and examine 
chip to chip transactions off the 
bus. A logic analyzer, in short, 
as versatile as you are. 

Tektronix Logic Analyzers are 
versatile. In the synchronous 
mode, examine software flow 
using the clock of the system 
under test-up to 20 ns sam­
pling rate. Switch to asynchron­
ous and sample with the Logic 
Analyzer 's own clock-up to 
10 ns sampling rate. Pulse 
anomalies and timing problems 
are out in the open, where you 
can see them. With one logic 
analyzer. 
Synchronous and asyn­
chronous sampling: it helps 

make our Logic Analyzers 
versatile. So you can do to­
day's job and tomorrow's. So 
you can change applications 
without changing your logic 
analyzer. 
Contact Tektronix Inc., P.O. Box 
500, Beaverton, OR 97077. In 
Europe, Tektronix, Ltd. 
P.O. Box 36, St. Peter Port 
Guernsey, Channel Islands. 

COMMITTED TO EXCELLENCE 

TEKTRONIX LOGIC ANALYZERS THE VERSATIL!E ONES 
For immediate action dial our toll free 
automatic answering service 1-800-547-1512 

Use the 7001 F 
for hardware 
and software 
applications. 
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steady streams which are often 
half a mile wide (see photo). 
They remain dormant at night 
unless disturbed. At dawn there 
is a raucous period of singing 
and shifting before the birds 
depart for their feeding areas in 
ribbon-like flight lines. Arrivals 
and departures from the roost 

,,--------Get the FACTS on our ' ' LSI Data Comm Devices: 
Source for the popular 

I ~ USYNR/T-5025 and 
~~ CRT-Video Timer Controller 

I ~~ 5027 /37 from: 
SOLID 

I STATE 
SCIENTIFIC 

I 
I 
I 

The · 'SOURCE. 

I I know we're communicating 

' I 
I 
1· 

I 
I 

at a much higher level since 

I our therapist suggested we I 
switch to SOLID STATE 
SCIENTIFIC LSI NMOS 
Data Comm devices. 

I ANOTHER of the MANY SIDES of SOLID STATE SCIENTIFIC I 
Copy or clip coupon below and SOUD STATE SCIENTIFIC 

attach to your letterhead. Mail to: Montgomeryville, Pa. USA 18936 
or Call: 215-855-8400 ~ ----- -EON 6 Also send lnfonnatlon about 

me Facts about 0 USYNR/T-5025 0 CRT·Video THE OTHER SIDES OF 

I 
:;;::. Position Timer Controller 5027 /37 :o~=:::: SCIENTIFIC: I 
~~~ Company Microprocessors 

D DT/µMOS Systems 
D Custom MOS ICs 

\ 

SOLIO Street D HI Rel MOS I 
ST.'A"PE City State __ D Display Drivers 

- I D Security ICs 
SCIENTIFIC Zip D 4000 Series 

' - - ..:;e_ - D Tlme= ~ 
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often occur in several flight 
lines. 

Possible ideas for remote­
sensing devices include photo­
graphic techniques, infrared 
imagery, weight-measuring sys­
tems, sound-level measure­
ments, radar scattering or 
low-light-level TV. Please send . 
your ideas to A Lawrence Kolz, 
Electrical Engineer, US Fish 
and Wildlife Service, Bldg 16, 
Federal Center, Denver, CO 
80225. 
Sincerely, 
AL Kolz 

Inadvertently omitted 
Dear Editor: 
We read with interest EDN's 
June 5 article entitled "Low­
frequency spectrum analyzers 
simplify audio measurements" 
(pgs 107-114). We were disap­
pointed, however, to find that 
Nicolet Scientific was left out of 
the article, particularly because 
we believe we sell more 
spectrum analyzers than a 
combination of most of the 
companies the author listed in 
his article. 
Sincerely yours, 
Richard S Rothschild 
VP, Marketing 
Nicolet Scientific Corp 
Northvale, NJ 

JOB SHOPPING? 
Check EDN 's Career Opportun ities 

EON: Everything Designers Need 
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TIE FIRST l&·BIT 1£ 
AT A PRICE YOU MA1 

ICL8068A ICL7104-16 

ICL8068A ICL7104-16 

ICL8068A ICL7104-16 

8-BIT 
µP 

8080/85 
8048/49 
6qQO 
68()0 
8748 
F8 
Z80 

12-BIT 
µP 

6100 

16-BIT 
µP 

9900 
PACE 
1600 
8086 
Z8000 
68000 

\...._ __ ..,. ____ _,) \. .... ______ ......,. ,,,_ ______ .,; 
y v 

16-BIT A / D 3-STATE, BYTE ORGANIZED 
CONVERTER CHIP PAIR OUTPUTS FOR DIRECT INTERFACE 

WITHYOURµP 
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AID CONVERTER EVER. 
NOT BELIEVE: 829.00. 
ANOTHER FIRST FROM INTERSIL. 
Until now, you couldn't buy a 16-bit accurate AID 
converter in IC form. Now you can. From Intersil. 
For just $29.00. The ICL710418068 chip pair. 
A 14-bit version is available for even less. And 
you can forget external active components. The 
ICL 710418068 requires only 8 passive compo­
nents for a complete AID. 

DIRECT INTERFACING. 
Interface the ICL 710418068 with all standard µPs 
and UARTs. 8, 12 or 16-bit. The versatile interface 
features allow two modes of operation: Parallel 
interfacing with 3-state, byte organized outputs; 
and, a handshake mode which allows the three 8-
bit bytes (14-bit version: 2 bytes) to be sequenced 
either synchronously or on demand . .. without the 
addition of any external active components. 

ALL THE FEATURES. 
• 16-bit binary: 1 part in ±65536 
• 1 count max nonlinearity over ±full scale 
•Resolution < lOµV per count 
•Voltage noise = 2µ V 
• True autozero 
• Zero drift 0. 5 µ V l°C 
•Full-scale Tempco. 2ppm/°C (ext. ref.) 
• Ratiometric operation 
• Direct interface to any µP or UART 

INTRODUCE YOUR µ,P 
TO THE ANALOG WORLD. 
The ICL710418068 chip pair can be utilized 
virtually anywhere microprocessors or micro­
computers are used in analog measuring, control­
ling or logging applications. Digital scales. Batch 
processors. Data loggers. Analytical instruments. 
High precision process controls. To name 
just a few. 

PRECISION IC µ,P A/Ds. 
First, it was the ICL7109. The only 12-bit 
monolithic AID with µP compatibility. Now, it's 
the ICL710418068 chip pair. 14 or 16-bit resolu­
tion and accuracy. µP compatible. The ·yltimate 
!Cs for precision AIDs. · 

HIGH PERFORMANCE. LOW PRICE. 
Part No. 

ICL 7104-16CPL (16-bit) 
ICL7104-14CPL (14-bit) 
ICL8068ACPD 

AVAILABLE NOW. 

100 Piece Price 

$22.00 
$18.80 
$ 7.00 

Call your nearest Intersil Sales Office or 
Franchised Distributor for complete technical and 
applications data. Or, return the coupon below. 

INTERSIL SALES OFFICES: 
CALIFORNIA : Sunnyvale (408) 744-0618, Long Beach (213 ) 
436-9261 • COLORADO: Aurora (303) 750-7004 • FLORIDA: 
Fort Lauderdale (305) 772-4122 •ILLINOIS : Hinsdale (312) 
986-5303 •MASSACHUSETTS: Lexington (617) 861-6220 
•MINNESOTA: Minneapolis (612) 925 -1844 •NEW JERSEY: 
Englewood Cliffs (201) 567-5585 •OHIO : Dayton (513 ) 866-7328 
•TEXAS : Dallas (214) 387-0539 • CANADA: Brampton, Ontario 
(416) 457-1014 

INTERSIL FRANCHISED DISTRIBUTORS: 
Advent/ Indiana • Alliance Electronics • Arrow Electronics • Bell 
Industries/Century Electronic Division • CESCO • Component 
Specialties Inc. • Components Plus • Diplomat E lectronics Inc., 
(FLA) • Diplomat Electronics Inc., (NJ) • Harvey Federal 
Electronics • Intermark Electronics • Kierulff Electronics 
• LCOMP •Parrott Electronics • R.A.E. Ind. E lect. Ltd.• RESCO/ 
Raleigh• Schweber E lectronics • Sheridan Associates • Summit 
Distributors Inc. • Wyle Distribution Group• Zentronics Ltd. 

r---------------------------------
EDN 9579 

Analog Products - Data Acquisition 
10710 N o. Tantau Ave ., Cupertino, CA 95014 
Tel : (408) 996-5000 TWX : 910-338-0171 
(800) 538-7930 (o uts ide California) 

16-bit accuracy in an IC A/ D? 
You' ve done it again . 
__ Send me your App Notes and 

Data Sheets on µ.P compatible A/ D converters. 
__ Please include your Henrik Ibsen poster. 

Address _______ _____________ _ 

City __________ State _____ Zip. ____ _ 



DESIGN BECKMAN TRIMMERS IN. 
DESIGN PROBLEMS out 

Our precious metal contacts let you set and forget. 
There are many reasons to make Beckman 

your trimmer choice. But there's one that's actu­
ally worth its weight in gold. It's our precious 
metal brush contact. Unique to the industry. And 
invaluable to your application needs. With it, you 
can forget about long term drift. 

In the rheostat mode, our precious metal 
brush contact would drift from its original setting 
typically less than 2 ohms with time and tempera­
ture changes. A base metal stamped contact would 
drift typically as much as 20 ohms under the same 
conditions. That makes our precious metal contact 
I 0 times better in setting stability alone! This is 

particularly important in low resistance settings. 
In addition, our brush contact offers low 

noise and high overall reliability. So when you 
specify Beckman, you get a superior product in 
every way. All at a competitive price. 

To find out more about the trimmers you 
set and forget, contact your local Beckman dis­
tributor. Or write: Helipot Division, Beckman 
Instruments, Inc., 2500 Harbor Boulevard, 
Fullerton, California 92634. In Europe write: 
Beckman Instruments (Belgium) S.A., 14, 
Avenue Hamoir, 1180 Bruxelles, Belgium. 
Phone: (02) 275.44.30. Telex: 23577. 

BECKMAN 
42 

For more information, Circle No 11 
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Editorial 

Rx for design headaches: 
a written guarantee 
Recently, the mail brought an interesting stack of cmTespondence 
from a reader whose tale of woe should be fair warning to all. The 
man is an electronic-design engineer with more than 20 years of 
experience, eight in computers. 

Two years ago, he began building a computer system for use in his 
consulting business. He originally planned to buy all system 
components from one manufacturer, but after building his CRT 

terminal, he was attracted by an ad in an electronics magazine to a microcomputer from a different 
manufacturer. This µC was a more powerful disc-based machine that was advertised to have an "RS-232 
serial interface for interfacing to your CRT terminal or Teletype." The company also advertised an 
"industry-standard S-100 bus." 

Imagine, then, how this designer's enthusiasm turned to consternation when neither his CRT terminal 
nor his memory boards (bought from a third manufacturer) would work with the computer. Imagine 
further how consternation turned to disgust, when after 6 months of correspondence with the computer 
manufacturer, he determined that not only would he receive no assistance, but also that chances were 
small that any terminal or memory made by a firm other than the computer manufacturer itself would 
work with that manufacturer's product. This, despite the advertised claim and the verbal assurances 
provided at the time of purchase that he'd have no problems. 

The real irony here is the Catch 22 implication: The ad said any CRT terminal would work; when the 
designer's didn't, the computer manufacturer modified its position, saying that it couldn't assure that any 
terminal other than its own would function. Yet at the time of purchase, the manufacturer didn't even 
offer a terminal for sale. 

This saga confirms a recent Business Week article, which stated that "80% of the computer-kit 
assemblies undertaken end in failure." It should forewarn you: Don't rely on advertising claims or verbal 
assurances that system components from different manufacturers will play together properly. (EDN 
learned this lesson during our Project Indecomp last year.) Rather, try to get your assurances in writing 
from the manufacturer (good luck!) and determine what kind of technical assistance you'll receive if 
purchased equipment doesn't interface as claimed. 

An Award*-Winning Magazine 
1978 Staff-Written Series -
System Design Project 
1978 Contributed Series -
Designer's Guide to Fiber Optics 
1977 Contributed Series -
Software Design Course 
1976 Special Issue -
Microprocessor Reference Issue 
1975 Staff-Written Series -
Microprocessor Design Series 
•Jesse H Neal Editorial Achievement 
Awards are the business-press Pulitzer 
Prize equivalent. 
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Boost efficiency, 
cut costs ... 

with top-quality Sturdilite lab & work stations 

Modular Sturdil ite " building-block ' 
design simplifies planning . saves you 
money by providing you with com­
ponents that go together to make up 
precisely and efficiently the job­
oriented lab or work station you need. 

The broad variety and versati lity of 
Sturdili te pedestal bases , work sur­
faces and other componen ts let you 
-with the help of Sturdilite engineers 
-custom plan work areas to meet 

ANGLE 
~ STEEL™ 

your most exacting requirements, 
large or smal l. 

Sturdilite proves that tough can be 
beau tiful. too ... with a wide var iety of 
att ract ive decorator color choices 
That means improved worker morale 
and another cos t-saving advantage 
to you . 

Fo r further informa tion or free con­
sultation-at no obligation-just pick 
up the phone Sturdil it e sales engi­
neers are located nation-w ide to 
assist in plann ing a lab or work area 
that's most economical and efficient 
for you Call (616} 685-6400. Or fill 
ou t and mail the coupon below. 

A DIVISION OF KEWAUNEE SCIENTIFIC EQUIPMENT COR P 

PLAINWELL, MICHIGAN 49080 (616)685-6400 

i STURDl[LJ]LJ~ .LAB~ WO:K ~.A:~::-1 
I Angle Steel Division , 323 Acorn St 
I Dept ED-79, Plainwell , Michigan 49080 
I 0 Please rush FREE informat ion on Sturdil ite lab and work stations. 

0 Please have a Sturdi lit e sales eng ineer call on me. I understand 
I there is no obligat ion . 

I NAME ~---------------------~ 
COMPANY 

ADDRESS _____________ STATE ___ ZIP ____ _ 

I CITY_~~~~~~~~~~~~~~~~~~~~~~~~-

~:'.'.._'.~O~E !::_UMBER~-- --- _ -- _ ---- ______ _:.·_J 
For more information, Circle No 12 
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Key features of model 3570A 
Matrix Switching System 
• IEEE-488 bus interface 
standard • RS232C communi­
cations interface standard • 
Error detection firmware • 
Label assignment firmware ; 

The Systron-Donner Matrix Switch 
completes the picture of a flexible, automated 
test system. 

Specifically, the Model 3570A automates 
the interconnect of your IEEE-488 compatible 
test instruments with the unit under test. 
Note that all signals and power may be routed 
through the Matrix Switch to tie the whole 
system together. 

With your interconnect automated, you 
have further reduced costly, time consuming 
operator interface, creating a highly efficient 
and cost effective system for dedicated and 

non-dedicated applications. 

no costly software • Clock with 
error display• Full 16 x 64 
signal matrix module; 10 MHz 
bandwidth • 4 x 8 power matrix 
module; 5 amp current 
carrying capability. 

Let Systron-Donner help you with your 
test system requirements. Our extensive line · 
of standard, off-the-shelf IEEE-488 compatible 
instruments includes signal generators, fre­
quency counters, DVM's, pulse generators, 
power supplies and instrument controllers. 
All may be used separately as well as in your 
system. Thats really making your hardware 
dollars work! 

To find out more, call Systron-Donner, 
10 Systron Drive, Concord, CA 94518. 
Telephone (415) 676-5000, Ext. 273. 

SYSTRON DONNER 
For Literature Circle no. 20. 
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MEMORY TEST SYSTEMS 

Which systems demonstrate true 25-MHz test capability, 
including state-of-the -art featu res to test 64K Dynamic and 2147-type 
Static RAMs? 

Which system is the complete stand-alone system incorporating an 
industry-standard computer? 

Which system was designed new from the ground up to represent 
the leading edge of technology, not the trai ling edge of product life? 

Which system otters fu lly automatic software ca libration (Auto-Cal) 
without the need for special jigs or fixtu res? 

Which system's overall performance al lows you to minimize test 
guardbands whi le maximizing product yield? 

Which system provides hybridized comparators with 1/0 switching 
for timing measurements at the device end of cable? 

Which system guarantees address/data skew over 20% to 80% of 
the waveform and not just at the midpoint? 

Which system is best designed for maintenance by card replace­
ment without the need tor time-consuming manual pot adjustments 
to guarantee system performance? 

Which system provides separate interfaces, each optimized for 
handlers or wafer probers? 

10 
Whi ch system is offered by the company who has introduced the 
first system into every new test speed category from 2 MHz to 
5 MHz to 10 MHz to 25 MHz? 

MACRODATA XINCOM TERADYNE 
M-1 5582 J-387A 

*Evaluation Quotient 

Scoring: Give yourself 10 points for each correct answer. 
A score of 80 or more means a very high E.O. 70 to 80 is 
above average, 60 is average. And below 60 means you 
need more information in order to wisely specify or pur­
chase a Memory Test System today. 

Whether your E.O. is high or low, if you are involved with 
testing memories, why not send for our eight-page Macro­
data M-1 brochure. It is complete with all the data on the 
industry's most advanced memory dev ice tester. We will 
be glad to send you technical literature on our MD-207 
Memory Board Tester as well. (After all, Macrodata is the 
Memory Test Company.) Just circle the appropriate Reader 
Service Number below, or write or call. Macrodata, P.O. Box 
1900, Woodland Hills , CA 91365, Phone: (213) 887-5550, 
Telex: 69-8489. 

Answers: You may have checked more than one column 
on two questions. For the other 8 questions, all your checks 
shou ld have been exclusively in Column 1, because only 
the new Macrodata M-1 Memory Test System has it all. 

Jl11r~~!~NY 
THE MEMORY TEST COMPANY 

For more information, Circle No 13 
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Leadtime Index PASSIVE COMPONENTS 

PRODUCT PRODUCT LEADTIME IN WEEKS 
Min. Max. 1 Trend 

CAPACITORS Sin le-sided 
Ceramic, disc 8 14 up RELAYS AND TIMERS 
Ceramic, monolithic 8 15 = Crystal can ~ 10 = 
Electrolytic, aluminum 8 14 = General purpose 9 11 = 
Electrolytic, tantalum 10 24 up Miniature (T0-5, square) 16 24 up 
Film 6 10 = Reed, dry 7 11 = 
Mica 18 35 up Reed , mercury-wetted 9 12 = 
Paper 8 14 = Solid state 4 8 = 
Trimming 8 12 up Telephone 15 19 = 

CRYSTALS, FILTERS AND NETWORKS Time delay_ and timer 12 14 = 

Filter, active 9 19 up RESISTORS, FIXED 
Filter, EMI 14 18 up Carbon film up 
Filter, lumped-constant 12 15 up Composition = 
Filter, quartz (monolithic) 11 17 up Metal film = 
Freg. determining crystal 7 12 - Network = 

ENCLOSURES Wirewound = 

Custom 8 10 = RESISTORS, VARIABLE 
Modified standard 10 14 = Pot, nonprecision WW 10 = 
Standard 8 10 u Pot, precision WW 10 = 

FANS AND BLOWERS 4 6 u Pot, nonprecision comp. 10 = 
FRACTIONAL HP MOTORS 14 16 Pot, precision comp. 10 = 
INDUCTIVE COMPONENTS Trimmer, WW 8 = 

Coil 8 10 = Trimmer, comp. 6 = 

Solenoid 8 10 up SWITCHES AND KEYBOARDS 
Transformer, power 10 15 = Circuit breaker 8 12 = 

Transformer, other 10 15 = ! Dual in-line 8 12 = 
INTERCONNECTION COMPONENTS Keyboard and keyswitch 6 8 = 

Back panel 12 19 = Lighted pushbutton 8 12 = 

Flat cable 9 20 = Pushbutton 10 14 = 

Multipin circular high-density 23 29 = Rotary 10 18 up 
Multipin circular standard 19 27 = Snap action 8 10 = 

Packaging panel 20 28 = 
PC, one-piece 8 12 = 

Thumbwheel 14 16 = 
To le 8 12 = 

PC, two-piece 8 14 = TRANSDUCERS 
Rack and panel 15 17 = Pressure = 

RF coaxial 17 25 = Temperature = 
Socket 12 26 = WIRE AND CABLE 

PRINTED CIRCUITS Coaxial cable ...... 6 1~ = 

Double-sided 10 18 up Flat and ribbon cable 3 8 = 

Flexible 8 10 up Hookup wire 4 7 = 

Multilayer 11 17 = Multiconductor cable 11 15 = 

Leadtimes are based on recent figures supplied to Electronic Business magazine by a composite group of 
major manufacturers and OEMs. They represent the typical times necessary to allocate manufacturing 
capacity to build and ship a medium-sized order for a moderately_ popular item. Trends represent changes 
expected for next month. 
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It is now estimated that there is a nationwide 
shortage of 15,000 design engineers.* 

If your company isn 't feeling the pinch , 
chances are you soon wil l. 

Which means you and your staff will have to do 
more work with the same number of people. 

Unless you talk to Information Handling 
Services . 

Because we can help make your entire engi­
neering department more productive by reducing 
the amount of time they have to spend finding 
important technical information . 

The solution is an IHS information system 
commonly known as VSMF that allows your 
engineers to identify product vendors, check 
specificat ions, and locate all pertinent infor-

mation on Industry Standards or Mil Specs - in 
about one-sixth the normal time. 

Which means they spend a far greate r per­
centage of their time doing what they do best, 
designing, instead of acting as file clerks . 

But our system doesn 't just save time . 
It is so complete , with information on over 

10,000,000 products from more than 22 ,000 
different manufacturers, that your enginee rs can 
use it to help locate alternate vendors . Or to find 
less expensive parts and components. Or newer 
and more efficient products . And you 'll know you r 
information will be current , because we auto­
matically update it for you as frequent ly as eve ry 
15 days. 
* Dun's Review: June. 1979 

Finding information the IHS way: It can increase 
your productivity at a fraction of the cost of a new employee. 

How can IHS help your engineers find the infor­
mation they need so quickly? 

Let's suppose, for example, that one of your 
people needs to specify a non-lighted, push-pull 
switch. Our system can deliver data from all 85 
primary manufacturers of thi s device . So you can 

He checks the IHS Product/Subject 
Master Index to locate the appropriate 1 

product category. 
Time required: :45 seconds 

be sure he 'll get precise ly the one he needs, 
when he needs it, at the right price . Along with all 
the information required on Industry Standards or 
Mil Specs. And here 's how simple the IHS system 
is to use. 

Next, he uses the IHS Locator Index to 2 identify the appropriate cartridge. 
Time required: :45 seconds 

The correct cartridge is located 

3 and loaded. 
Time required : :20 seconds 

Then , he reviews the catalog data sheets 

4 
of all 85 possible vendors. He selects 4 
that specifically meet his product 
requirements . 

He pushes the print button to obtain 
copies of the selected catalog 

5 data sheets. 
Time required : 1:45 minutes 

TOTAL ELAPSED TIME : 11:35 minutes 

Time required : 8:00 minutes 

Should you require Domestic or International 
Industry Standards or Mil Specs your people can 
use this same sy~tem and this same procedure in 
about the same amount of time I Or even lessl 

To get complete details on our IHS system , and 

to see what our customers themselves have to say 
about it , please call our toll-free number below TWX 
910-935-0715; or write Information Handling 
Services, Dept. 450, 15 Inverness Way East, 
Englewood , Colorado 80150. 

- lnfo1,111ation Handling Services 
An Indian Head Company 

For information, call toll-free, night or day, 7 days a week: 
1-800-821-2280, ext. 289. (In Missouri: 1-816-358-8850, ext 289.) 

For more information, Circle No 14 
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Sal Nuzzo: "Intel's introduction of the microcomputer 
revolutionized the computer terminal industry. 
We were first to use a microcomputer in a terminal -
Intel's 8008, years ago, and we've maintained a 
price/performance edge over the years by quickly 
taking advantage of Intel's breakthroughs. 

'This is a tough, competitive industry. Getting 
a product to market first can make all 
the difference. Any company that doesn't 
move fast to take advantage of new 
technology will simply get left behind. 
So at Hazeltine, a key part of our strategy 
is to work closely with technology leaders 
- such as Intel. They introduced the 
microcomputer, and have continued to 
innovate with developments such as the 
16-bit 8086 microcomputer. Taking advantage 
of their new products has enabled us to con­
sistently give our customers higher performance 
and greater reliability. 

"The more 
• • compet1t1ve 

the video terminal 
business gets, the 
more Intel helps us 

. . 1 d h. " ma1nta1n ea ers 1p. 
Sal Nuzzo, President, 

Hazeltine Corporation 

"Intel makes it easy for us to apply their new 
products. An example ·is the Intellec® development 
system. Frankly, I don't see how any company can 
design a product that uses microcomputers without 
a system such as the Intellec system. The Intellec 
system features such as in-circuit emulation (ICE) and 
PL/M programming language are essential time­
savers. With our Intellec systems we can convert our 
existing programs for the 8080 microcomputer to 
Intel's new 16-bit microcomputer, the 8086, quickly, 
and increase throughput ten times. That's flexibility." 

Intel® microcomputer products and 
development systems can make the 
competitive difference for your company. 
For more information, contact your 
local Intel sales office or distributor, or 
write Intel Corporation, Literature 
Department, 3065 Bowers Avenue, Santa 
Clara. CA 95051. 408/987-6475 

infel" delivers. 
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Technology News 

Probes and test cells 
simplify EMI testing 
Andy Santoni, Western Editor 

Researchers at the National Bureau 
of Standards, Boulder, CO, are 
attacking both sides of the 
electromagnetic-interference test­
ing problem: They are developing 
new methods for measuring the 
interference radiated near an object 
and for generating the uniform 
fields used in testing electronic 
equipment's EMI susceptibility. 
These latest NBS initiatives in the 
war on EMI (see the Special Report 
on pg 16 4 of this issue for an 
update on action at other fronts) 
include: 

A new isotropic probe that 
permits the measurement of 
either plane waves or complex 
fields, including the near zone 
of complicated antenna arrays 
Continued development efforts 
on a rectangular coaxial line, 
termed a transverse electro­
magnetic (TEM) cell, that 

serves as a broadband linear 
phase and amplitude transduc­
er to establish standard 
electromagnetic fields for 
susceptibility testing. 

Better than standard meters 
The measuring probe and the 

instrument it works with handle 
electric fields from 200 kHz to 1 
GHz. According to Francis Ries, 
deputy chief of the EMl/Radiation 
Hazards Metrology Program at 
NBS, the probe does something 
most conventional field-intensity 
meters (which use directional 
antennas) cannot do: It reliably 
measures complex electromagnetic 
fields, such as those with reactive 
near-field components, multipath 
reflections, undetermined field 
polarization, multiple frequency 
components, complicated modula­
tions and large gradients. 

The probe's sensor consists of 
three orthogonal dipole antennas, 

each 5 cm long, with a diode 
detector connected across the 
center gap of each dipole. The 
diodes - 5802-2837 beam-lead 
Schottky-barrier types-ean with­
stand a peak reverse voltage of 70V, 
nearly 20 dB above that produced 
by a continuous-wave field of 
lOOOV/m. Thus, the sensor is 
virtually burnout proof in high-level 
cw fields. 

The probe's overload or burnout- _ 
field level for pulsed signals has not 
yet been determined, however. The 
researchers are somewhat con­
cerned about its operation in such 
fields-€specially those with low 
duty cycles-because of the fields' 
high levels during pulse-on times. 

Cables reject Interference 
Each detector diode in the NBS 

probe connects to one of the 
metering unit's three input channels 
by means of high-resistance 
carbon-filled Teflon wire, which is 

An Isotropic antenna developed at the 
National Bureau of Standards, Boulder, CO, 
is small and sensitive enough to measure the 
electromagnetic fields generated near signal 
sources. Its metering circuitry is housed in 
the blue box. 

The susceptlblllty of electronic equipment to electromagnetic interference can be measured 
with a transverse electromagnetic (TEM) cell like this 3m-cross-section unit. The cell's input 
connector is at the tip of the pyramid-shaped section on the left. 
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Big torque in a space 
no bigger than your thumb 
Our little SS DC permanent magnet 
gearmotor delivers up to 300 oz. 
in . maximum continuous torque. 
Yet it's only .875" in diameter. 
Compact, rugged planetary gears 
with 21 ratios. Open or enclosed 
models. 6 to 50 v.d.c. 

Reader Service 220 

Mil-spec motors and 
gearmotors for tight spots 
When you require high perform­
ance and reliability in limited 
space, specify Globe mil-spec 
motors. AC and DC models. Max. 
rated torque up to 550 lbs. in. 
with gearing. Up to 143 standard 
gear ratios . Diameters .625" to 
3.75". 

Reader Service 219 

Small pumps for 
fluids, air, and vacuum 
Globe's space-saving pumps use a 
magnetic coupling between motor 
and impeller to eliminate dynamic 
seal problems. Wide choice of AC 
and DC motors makes it easy to 
fit your application. Surprising 
performance in minimum space. 

Reader Service 16 

TRW GLOBE MOTORS 
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Dayton, Ohio. (513) 228-3171. 
Distributed by Hall-Mark, 
Hamilton/ Avnet, Jaco, Pioneer. 

Technology New~ 

virtually insensitive to electromag­
netic fields. The resistance of each 
plastic filament is about 80 kOlcm 
for the 15 cm nearest the detector 
and about 700!1/cm for the 
remainder of the line. 

The leads don't perturb the field 
under test, either, because their 
high resistance results in low 
current flow. Their sandwich 
construction also results in a large 
shunt capacitance, which increases 
RF filtering and permits only 
de-signal conduction to the meter. 

The researchers reduce the 
electrometer effect caused by de 
and low-frequency fields by means 
of a slightly conducting heat­
shrinkable tubing that surrounds 
the probe's 6-conductor resistance 
line and connects to the metering 
unit's circuit ground. "Flexural" 
noise-manifested as fluctuations in 
meter indication whenever the 
resistance line is bent or flexed and 
apparently caused by electrostatic 
and capacitive currents between the 
line's carbon granules-is reduced 
by keeping the line stationary 
during measurements. 

The detected signals from the 
probe are shaped to obtain a de 
voltage proportional to the sum of 
the squares of the three orthogonal 
electric-field components. An '~ma­
log module then delivers a de 
voltage that's read out on the meter 
in units of dB above 1 V Im, 1 OV Im or 
lOOV Im, depending on the range 
selected. 

The measurement probe's small 
size-even equipped with a protec­
tive Styrofoam globe, it's only 10 cm 
in diameter-makes it flexible and 
allows it to measure fields very 
close to EMI-producing equipment. 
It's small enough to move around 
and thus allows a user to roughly 
determine a field's polarization; if 
the X- and Y-axis fields are equal, 
for example, the measured wave is 
likely to be circularly polarized. 
Larger antennas have better 
sensitivity, says Ries, but they can't 
be reoriented to make measure­
ments on different axes in this 

manner. 
Larger antennas also can't get 

conveniently close to electromag­
netic sources-into the regions most 
likely to exhibit large amounts of 
EMI. Then, too, only small probes 
can resolve small spatial variations 
in field intensity. 

To date, NBS has built three 
measurement units and several 
antennas utilizing the probe for use 
by various government agencies. 
The agency can't build units for 
commercial sales, explains Ries, but 
it will provide circuit details to 
interested manufacturers. 

E/lmlnatlng the antenna 
All antennas, no matter how well 

designed and manufactured, suffer 
from limitations in bandwidth, 
directivity and phase linearity. The 
second NBS device, the TEM cell, is 
designed to overcome these limita­
tions in EMI measurements as well 
as in generating electromagnetic 
fields. 

The cell's cross section resembles 
a rectangular-cross-section segment 
of coaxial 500 transmission line, 
tapered at each end to adapt to 
conventional 500 coaxial connec­
tors. Its center conductor is a flat 
metal sheet, supported by dielectric 
rods in the center of the cell. 

The cell either converts an 
electric field set up within its 
boundaries into an RF voltage or 
converts such a voltage fed into its 
input terminals into an electromag­
netic field. Thus, it can either detect 
radiated emanations from electronic 
equipment or establish standard 
electromagnetic fields for suscepti­
bility testing of such equipment. 

In the generating mode, the cell 
propagates a TEM wave character­
ized by orthogonal electric and 
magnetic fields. These fields are 
perpendicular to the direction of 
propagation along the length of the 
cell and are uniform over much of 
the space between the cell's center 
conducting sheet (septum) and 
outer conducting shell. 

There's no low-frequency cutoff in 
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fr~ . .. ~~.~.~~ .... ~~~~)O.S-500 
RF .................................... O.S-500 
IF ....................................... DC-500 

Conversion loss (dB) 
1-2SO MHz .............. . 
O.S-SOO MHz ....... .. 

Isolation (dB) 
O.S·5 MHz .............. 10-RF 

LO-IF 
5-2SO MHz ............... 10-RF 

LO-IF 
2SO·SOO MHz ......... LO-RF 

LO-IF 

Typ. Max. 
s.s 7.0 
6.S 8.S 

Typ. Max. 
so .ilS 
45 3S 
4S 30 
40 2S 
3S 2S 
30 20 

Min. Electronic Attenuation (20 mA) 3 dB Typ. 
Signal, 1 dB Campresi lon level + 1 dBm 
Impedance All Ports, SO Ohms 
LO Power + 7 dBm 

Three years <1Qo, Mini-Circuits" offered a two-year guarantee for its .. hidustry-stcm cu · 
'SRA-1 hermetically-sealed, . ~ouble-balc;anced mixer ... now used world-wide for a variety of 
mi litary and industrial applications. The two-year guarantee was made possible by the use of • 
an accelerated-life screening test for diodes generally reserved only for space applications. 
The HTRB-screened Schottky diodes are subjected to a one-volt negative bias at 150°C for 168 
hours, a . stress designed to accelerate ageing and force time-related failures - thus screening 
out potentially unreliable devices. 

Now Mini-Circuits is proud to offer o three-year guarantee for the SRA-1 achieved by 
further stressing and testing the assembled unit. Each completed SRA-1 experiences: 1. Burn­
in for 96 hours at 100°C with 8mA at 1 kHz. 2. Thermal shock. 3. Gross and fine leak tests 
(per Ml L-STD 202). 

And the three-year guarantee SRA-1 is still only $7.95! Of course, the additional testing 
adds to our cost, but our continuing commitment is to offer performance and reliability un­
matched for off-the-shelf double-balanced mixers. 

So, for space or rugged industrial applications, ensure highest system reliability by spec­
ifying SRA-1 mixers, the only double-balanced mixers with a three-year guarantee ... from 
Mini-Circuits where low price goes hand in han'd with unmatched quality. 

2625 East 14th St reet Brookly n. New York 1 t 235 (2 t 2) 769-0200 
Domesti c and Internati onal Te lex t 25460 Internatio nal Telex 620156 

For more information, Circle No 17 
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Measure pulsed and CW electric 
fields accurately, easily 
and economically 
The EFS-2 E-Field Sensor measures electric fields from 1 to 300 
volts/meter, pulse or CW, in a frequency range of 10KHz to 250 
MHz. A companion model, the EFS-3 also offers monopulse 
capability; the EFS-3 can operate on a single pulse as narrow as 1 
usec. No tuning or bandswitching is required. Self-contained and 
powered by rechargeable batteries, the unit is physically small, 
thus has only negligible effect on the field. Accessories 
are available for remote readout or control, including fiber 
optic data link. Write for com­
plete data on the EFS-2 and 
EFS-3. These low cost instru­
ments offer maximum versa­
tility and accuracy for measur­
ing and monitoring electric 
fields. 

(ji) illstrulllflllb for iqdustnj. iqc. 
151 Toledo Street• Farmingdale, N.Y.11735 

516-694-1414 Cable: Electronic Hallandale, Fla. Telex: 51-43-32 

I News 

this mode, according to John 
Workman, a technician in the NBS 
EMI/Radiation Hazards Metrology 
Program. However, the cell's 
magnetic shielding becomes less 
effective as frequency decreases. 

The cell's upper useful frequency 
is limited by distortion of the test 
signal caused by resonances and 
multimoding, explains Workman. 
These effects are minimized by 
installation of RF-absorbing materi­
al inside the cell-a procedure that 
raises the upper useful frequency to 
4 7 MHz in the largest configuration 
NBS has built to date: 3x 3m in 
cross section and 6m long. 

Measuring susceptibility 

Although either the cell's top or 
bottom half can be used for 
susceptibility measurements, re­
searchers generally use the latter so 
that the equipment under test can 
be supported by the bottom of the 

_________ F_or_m_o_r_e_in_f_or_m_a_ti_o_n,_C_i_rc_le_N_o_ 1B _________ 1 cell instead of the center conductor. 

EMl/RFI SHIELDING 
PRODUCTS FROM 

CHO MERI CS 
1. Chomerics' heat shrinkable tubing 
and boots offer light-weight EMI 
shielding, grounding and strain relief. 
Technical data sheets provide com­
plete details. 

Reader Service 109 

2. Chomerics' electri­
cally conductive com­
pounds include adhesives, 
coatings and caulks. A new 
catalog provides complete tech­
nical details on these systems. 
Reader Service 110 

3. Chomerics' line of standard --­
conductive elastomer products is presented in a new catalog. Detailed informa­
tion, including material properties, design and performance data, part num­
bers and ordering instructions are provided. 
Reader Service 111 

<CIHIOMIE~~<C~~ 
77 Dragon Court, Woburn, Massachusetts 01888, Tel. (617) 935-4850 
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The equipment is placed so that its 
center lies midway between the 
septum and the bottom of the cell 
and midway between the two side 
walls-the region in which the TEM 
field is most uniform. 

For best results, says Workman, 
the equipment under test should 
measure less than one-third the 
distance between the septum and 
the bottom and less than one-third 
the distance between the sides of 
the cell's main body; larger 
configurations cause excessive 
capacitive loading and short out 
part of the vertical test field , 
distorting the test-field pattern. 
For smaller objects, the cell's 
transmission-line impedance chang­
es by less than 211, and the test field 
increases by less than 3 to 6 dB. 

Of course, a complete test plan 
includes a selection of measurement 
frequencies, waveform levels and 
other characteristics, exposure 
angles and the number of I/O leads 
connected to the unit under test; 
writing such a plan is a complex task 
that depends greatly on the nature 
of the equipment under test. EDN 
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Grab the Comp 
data acquisiti& 
Today's advanced microprocessors and digital 
processing systems require high petformance 
components to interlace the digital/analog 
world. Harris Semiconductor has assembled a 
design file which presents a family of 
petformance-proven data acquisition circuits 
and applications which will stimulate your design 
imagination. This designer's file could be the key 
to solving some of your most perplexing data acqui­
sition problems. 

Harris has a complete line of data acquisition 
components. All of which provide the high speed, high 
accuracy and high throughput you need for processing 
fast signals in all types of applications-military, 
aerospace/avionics, instrumentation, industrial process 
control, EDP, and others. 

For top petformance in your data acquisition systems, 
get "Your Competitive Edge''. Use the file to collect informa­
tion on data acquisition techniques and to store information 
on new, innovative Harris circuits that will be introduced in 
the coming months. For a free designer's file, write on 
your company letterhead to: Harris Semiconductor 
Products Division, Box 883, Melbourne, 
Florida 32901. _ lGNER'S FILE 

pONEN'fS DES 

1CONDllC'fOR/ DA'f A 
ACQlllS\'f\ON coM 

m RARRlS sEM 

Call toll free texcept Hawan & Ala;;;ka J for phont' numl~:r 
(I f your nl.'arbv Harri-. i.:.ale:. 1Jffice, au thori zed di~tnbutor or 
e xpedttl-d literature ~erv1ce . Or dwck your IC ~!ASTER 
for complete producl h -.tm~ and -.pt_-c1fi catum ... 
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Harris Technology 
... Your Competitive Edge 

SEMICONDUCTOR 
PRODUCTS DIVISION 
A D IV IS ION O F H A RRI S CORPORATION 
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6545 CRT Controller. 
The designer's choice. 
DESIGN FLEXIBILITY. 

That's what the SY6545 CRT Controller 
delivers, giving you an unlimited range 
of system design configurations-all program­
mable with the SY6545. You can design 
all your terminals with the same controller. 
It's easy. And it's all the result of the 
programmability and flexibility of the SY6545. 

ROW AND COWMN 
ADDRESSING. 

In addition to the conventional binary 
sequential memory addressing modes, 
the SY6545 gives you the option of address­
ing the refresh memory by row and column. 
There's no need to perform special algorithms 
for address conversions. Because we've 
made the memory location one-to-one 
correspondent to the screen location. 

TRANSPARENT RAM 
ADDRESSING. 

Transparent RAM addressing allows the 
CRTC to address the refresh memory 
"transparent'' to the MPU-the refresh mem­
ory can be configured to be a slave to 
the CRTC instead of being shared with the 
MPU. The SY6545 does all the work of 
generating memory addresses for display 
refresh and memory updates. The memory 
can be updated either during horizontal and 
vertical blanking periods or inter1eaved 
with screen refresh during the display period. 

HIGH 
PERFORMANCE 
ATLOWCOST. 

The SY6545 allows maximum hardware/ 
software design trade-offs. With its 
multiple mode operation, minimum com­
ponent systems can be achieved without 
sacrificing performance. With fewer com­
ponents. you get higher reliability. And lower 
systems cost. Add to this the fact that a 
second source is readily available for the 
proprietary SY6545 CRTC and you've got 
an unbeatable combination. 

Our 6545 CRT Controller offers these 
standard features: 
•Alphanumeric and semi-graphic 

capabilities 
• Fully programmable display formats 
• lnter1aced or non-inter1aced scan 
•Fully programmable cursor 
•External light pen capability 
•Up to 16K RAM addressability 
•Binary and row/column memory 

addressing 
• Refresh memory can be slaved to CRTC 
•Transparent RAM addressing allowing 

memory updates during horizontal / 
vertical blanking periods; interleaved 
during display period; and other modes 

• Scroiling capability 
•Internal status register to simplify system 

designs 

UPWARD 
COMPATIBLE 
TOMC6845. 

The SY6545 is plug-in replaceable with 
Motorola's MC6845, working in all systems 
designed for the MC6845 - without the 
need for system modifications of any kind. 
That's compatibility. And more. too. Because 
the SY6545 does even more than the 
MC6845, operating in more modes and 
possessing additional features above 
and beyond the MC6845. That's upward 
compatibility. 
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6 51. A choice like nsother. 
I IA and Baud Rate enerator. 
WE'VE MADE 
IT SIMPLE. 

Our 6551 Asynchronous Communica­
tions Interface Adapter is the world's 
most comprehensive ACIA. We made it that 
way by designing-in simplicity It interfaces 
directly with 6500/6800 microprocessor 
families. And we've kept it small by eliminat­
ing unneeded synchronous protocols 
and conventions. 

BENEFITS, 
PWSSOME. 

It all adds up to higher reliability, 
lower manufacturing cost and lower system 
cost. Among the 6551's features are: 
• Single + 5 V power supply 
• Requires only a standard 1.8432 MHz 

external crystal 
• Non-standard user-provided baud rates 

at 16X external clock frequency (up to 
125 kilobaud) 

•Stop bits: 1. 1.5 (5-bit word) or 2 
• Independently selectable transmit and 

receive baud rates 
•Parity (odd, even, none, mark parity, 

space parity) 
• Double-buffered transmitter and receiver 
• Half or full -duplex operation 
• Serio! echo mode 
• Interrupt feature and status register 

ON·BOARD BAUD 
RATE GENERATOR. 

The 6551's on-chip programmable 
baud rate generator eliminates the need 
for external components and features 
15 programmable rates up to 19.2 kilobaud. 
For non-standard baud rates (up to 125 
kilobaud) the 6551 allows the use of 
an external 16X clock. This wide-ranging 
programmability allows accommodation of 
a variety of applications-from point-of-sale, 
financial and intelligent terminals to front 
end processors, remote data concentrators, 
computer-to-computer links and more. 
Whatever your communications application, 
the 6551's built-in versatility delivers. 

The 6545 CRT Controller and the 6551 
ACIA can do the job for you in terminal 
applications. Put them to work with Synertek's 
high performance 6500 series microproc­
essors and memory products, and a high 
performance intelligent terminal for your 
needs is only a designer's inspiration away. 

Find out how we can help you meet your 
needs. For information on the 6545 CRT 
Controller and/or the SY6551 ACIA. fill out 
the coupon or contact Clement Lee. Micro­
processor Group. Synertek. Inc .. 3001 Stender 
Way, Santa Clara, CA 95051 . (408)988-5614. 
TWX: 910-338-0135. 

We've made it in production. 
We're making it in high technology. 

,--------------------------
! § SYNERTEK, INC. 

For more information, Circle No 19 

I Mic roprocessor Group 
I 3001 Stender Way. Santa Clara. CA 95051 

Gentlemen: I 
I 
I 
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I 
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I 
I 
I 

I have immed iate needs for technical information on the 

following : D SY6545 (CRTC) D SY6551 (ACIA) 

NAME TlllE 

COMPANY DIVISION 

STREET TELEPHONE 

CllY STATE 
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See us at Wescon-Booth #1859 

For Product Demonstrations Circle no. 60. 
For Literature only Circle no. 61 . 

Patented single-control tun­
ing and simplified channel 
selection make this 520MHz 
synthesized signal generator 
a lot easier to use. Its low 
price makes it a lot easier 
to buy. 

The Racal-Dana 9081 is a superior 
concept in signal generators: 
synthesized performance ·with 
analog tuning. It's the easiest 
synthesized signal generator in 
the world to use, giving you maxi­
mum precision olnd accuracy with 
hands-off cortrol. At under $4500, 
there's nothing else on the market 
that even comes close. 

The 9081 has full amplitude, 
frequency and phase modulation 
capabilities, with automatic level­
ing over a frequency range from 
5MHz to 520MHz. 

Radio communications test­
ing was never easier. You can 
change frequency in channel­
related steps by using either the 
main tuning control or the pat­
ented channel step switch. 

There are many advantages 
to the 9081 in tuning, accuracy, 
stabi lity, flexibility, portability and 
sheer excellence. Get the whole 
new story on synthesized signal 
generators. Call or write for more 
details. 

Racal-Dana Instruments 
Inc., 18912 Von Karman 

Avenue, Irvine, CA 
92715. Telephone: 

714/833-1234. 

RACAL-DANA 
[1](fJ[E(fJ[] 
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Technology News 

Catastrophic failures limit applications 
of high-density epoxy/glass pc boards 

Dale Zeskind, Contributing Editor 

If you contemplate using conven­
tional epoxy/glass pc boards in 
high-density applications (conductor 
spacings in the 10-mil range), and if 
those boards will routinely experi­
ence relative humidities of 80% or 
more--beware. Researchers have 
recently identified an intrinsic 
failure mechanism in such pc boards 
which could limit their use. 

The discovery comes at a time 
when the trend toward VLSI 
circuitry has greatly increased 
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Fig 1-A catastrophic loss of insulation resistance between closely spaced 
conductors maintained at different potentials characterizes a recently described 
pc-board ;ailure mechanism. 
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VIEW OF 
FIG 2b 

Fig 2-Loss in insulation resistance results from the electrochemical growth of a conductive copper compound along a board's 
internal glass filaments (a); the photograph in (b) shows two actual failure paths between conductors fabricated on a 5-mil-thick FR-4 
epoxy/glass substrate. These failure paths arose after 100 days at S0°C, 80% relative humidity and BOV bias. 
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Technology News 

pc-board density and has made 
circuit applications in remote hostile 
environments more common ' than 
ever. Indeed, it suggests that 
current high-density board designs 
with 5- to 10-mil conductor spacings 
press the limits of today's 
epoxy/glass materials. 

Lose insulation resistance 
The failure mechanism is charac­

terized by a catastrophic loss of 
insulation resistance between close­
ly spaced conductors maintained at 
different potentials. 

Fig 1 shows typical pc-board 
insulation-resistance behavior 
under conditions of accelerated 
aging-data presented at the recent 
IEEE International Reliability 
Physics Symposium by Drs J N 
Lahti and D J Lando of Bell Labs, 
Whippany, NJ. As shown, the 
resistance between biased conduc­
tors gradually declines and then 
suffers an abrupt catastrophic-drop 
signaling failure . 

Lahti and Lando explain that this 
severe loss in insulation resistance 
results from the electrochemical 
growth of a conductive copper 
compound along a board's internal 
glass filaments. The growth begins 
at the anode conductor and 
penetrates the dielectric along the 
epoxy/glass interface. 

The gradual decline in insulation 
resistance before failure usually 
results from degradation in the 
board's surface coating. Uncoated 
boards , on the other hand, 
experience little degradation in 
insulation resistance prior to 
failure, say the researchers. 

Watch It happen 
Fig 2a illustrates some possible 

failure paths; you can actually 
observe the failure mechanism at 
work in Fig 2b. 

According to Lahti and Lando, an 
"articulation" or visual enhance­
ment of the glass reinforcement 
around the anode heralds the 
beginning of the failure. This optical 
effect results from a physical 
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Fig 3-Tlme to failure decreases with increasing temperature, as indicated by the 
shaded band of data (a). It also decreases with increasing voltage (b) and drops 
drastically as conductor spacings decrease below 5 mils (c). 
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separation at . the epoxy/glass 
interface. 

Dark copper-bearing material fills 
the articulated regions and grows 
away from the anodes toward the 
cathodically biased conductors. 
When the growth spans the region 
between conductors, a .short circuit 
develops, producing the drop in 
insulation resistance. 

The risk of failure increases 
drastically with increasing relative 
humidity, although temperature 
increases also raise it (Fig 3a). Fig 
3b illustrates the effect of voltage, 
and Fig 3c depicts the influence of 
conductor spacing on failure time. 

E~amlne board construction 
A typical epoxy/glass circuit 

board consists of a homogeneous 
mixture of epoxy resin with 
interlaced glass-fiber reinforce­
ment. The close proximity of the 
glass to the board's copper cladding 

aggravates the failure mechanism. 
One obvious preventive measure, 

therefore, is to include a layer of 
pure epoxy resin between the 
copper cladding and the board's 
central ·glass-reinforced portion. 
But although this approach might 
reduce the failure between surface 
conductors, Lahti and Lando point 
out that it won't prevent failure 
between plated-through holes. 

Board-processing factors such as 
chemistry, lamination parameters, 
baking, fluxing, soldering and 
cleaning also influence board life, 
although the researchers note that 
the nature of these influences is not 
yet clearly understood. 

However , they stress that 
foreign-fiber contamination of the 
board material clearly does degrade 
board reliability: The failure 
mechanism proceeds much more 
rapidly along foreign fibers than 
glass ones. Preventing contamina-

tion during board construction 
therefore becomes critical. 

Lahti and Lando have also 
observed that protective coatings 
applied to a finished printed circuit 
often intensify the epoxy/glass 
failure. Additionally, failures in 
multilayer boards tend to occur first 
on the innermost layers, and later 
on the layers closest to the surface. 

Alternatives considered 
Although adding resin-rich layers 

between the copper cladding and 
glass reinforcement can reduce the 
occurrence of the failure mechan­
ism, Lahti and Lando speculate 
that the real solution might require 
eliminating epoxy/glass entirely as a 
pc-board material. They have 
obtained good results with triazine/ 
glass boards, and investigators are 
also considering using several solid 
thermoplastic and thermoset resins 
as substrate materials. EDN 

ETWO KS 
TO MEET 
MIL-R-83401 

• 
• Schematics A and B 
• 7 or 8 Isolated Resistors • 13 or 15 

Resistors With 1 Pin Common 
• Temperature Coefficient ± 300 

ppm/°C 
• 27 to 100 K Ohms 
• Standard Tolerance ± 2% 

:.~ 

For more information, Circle No 23 

Mil ·Comm Distributors , Inc. 
9400C Lur l ine Avenue 
Chatsworth , CA 91 311 
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TWO NEW MODELS 
MODEL VOLTS AMPS 

BOP 50-2M ±SOV ±2A 
BOP 100-1M ±100V ±1A 

KE PC CJ® For complete specifications, write Dept. AHF-12 

other models: ± 15V, ± 36V, ± 72V 

KEPCO, INC. • 131-38 SANFORD AVENUE· FLUSHING, N.Y. 11352 U.S.A. • (212) 461-7000 • TWX # 710-582-2631 ·Cable: KEPCOPOWER NEWYORK 

For more information, Circle No.24 



The best way to troubleshoot a microcomputer is with another 
microcomputer. Ours. 

The Paratronics Model 532 looks like a logic state analyzer. 
But it's more. It's really a powerful microcomputer programmed 
to perform logic analysis functions . 

With 32 channels, 21 triggering modes, and a deep, high­
speed trace memory, you can debug systems based on 8-bit or the 
latest breed of 16-bit microprocessors. 

Since the Model 532 is a microcomputer, ic's smart and easy 
to use. For example, you can store your tests in RAM or a set of 
UV PROMS for aucomacic playback. Our analyzer even 
remembers front panel settings so you don't have to . 

• 

But that's not all. Software signature analysis on 32 channels 
is a standard feature. Options include RS-232 and IEEE-488 
interfaces, a serial communication test probe, and additional 
program space for defining special functions. 

Our Model 532 will solve your design, production test, and 
servicing problems. Contact us for a no-obligation evaluation 
unit from one of our local sales offices. Or write for our free, 
illustrated booklet, "Check le Again, Sam." See for yourself how 
our microcomputer can help yours. 

Paratronics Inc., 122 Charcot Ave., San Jose, CA 95131 
(408) 263-2252/TWX: 910-338-0201 
Outside California-Call Toll Free: (800) 538-9713 

p PARATRONICS INC. 

DEBUGGING 
MICROCOMPUTERS? 

It takes one to know one. 

For additional Information Circle no 25 
For a demonstration Circle no 50 



Technology News 

Circular connectors employ novel designs 
to deal with tough commercial environments 
Tom Ormond, Senior Editor 

Circular connectors-until now 
primarily used in military/aerospace 
applications-are increasingly find­
ing use in nonmilitary systems. 

The commercial devices used in 
such systems, though, are not 
merely second-rate versions of 
high-reliability military designs. 
Indeed, in at least two application 
areas-in the trucking industry and 
in a CB-radio system-the commer­
cial models actually satisfy user 
requirements better than MIL­
spec' d devices. In both cases, the 
impetus behind circular connectors' 
penetration of the commercial 
marketplace is the need for a highly 
reliable connector that can perform 
economically under a variety of 
environmental conditions. 

Keep the big wheels rolllng 
In the pre-electronic era, the 

devices used for electrical intercon­
nection in heavy-duty transporta- ( 
tion equipment were crude but 
adequate (Fig 1). Connections were 
typically wired one line at a time, 
with the wires attached by means of 
set screws. And although these 
connections were open to the 
environment, the heavy currents 
carried burned off contaminants and 
corrosion to maintain circuit 
functions. 

Today, however, the trucking 
industry's increased use of electron­
ics has complicated the picture. 
Greater numbers of interconnects 
are involved, so connector assembly 
time becomes a crucial factor. In 
addition, signal levels are no longer 
high enough to burn off contami­
nants, so the interconnects must be 
protected from the environment to 
prevent contact degradation. Fortu­
nately, various circular-connector 
manufacturers have developed 
products that provide economical 
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and reliable solutions to these 
problems. 

Available in a range of sizes and 
contact layouts, ITT Cannon's VE 
Series connectors (Fig 2a) consist of 
three basic elements-metal shell, 
single-piece monoblock insulator 
and crimp contact. Environmental 
protection-against steam, water, 

gasoline, diesel fuel, brake fluid, 
transmission fluid, ethylene glycol 
and oil-comes from a gasket which 
seals the shell and barrel when 
mated and an individual wire­
sealing grommet. 

Internal diaphragms in the 
grommet's wire cavities prevent the 
entry of contamination and mois-

Fig 1-lt's a tough and dirty world for connectors used in the heavy-duty-transportation 
industry. In the pre-electronic era, such connectors were open to the environment (a) and 
relied on heavy signal currents to burn off contaminants. It's easy to see, therefore (b), why 
60% of truck-maintenance dollars were spent on solving electrical problems. 

65 



Technology News 
ture. (The diaphragms are e~sily 
punctured when contacts are 
inserted.) The stamped and formed 
contacts are plated with a 
high-performance alloy to maintain 
low contact resistance throughout 
connector lifetime. 

Among the key performance­
characteristic tests passed by VE 
Series devices are: thermal shock­
five cycles of -40 to + 105°C 
temperature change; durability-
240 mating/unmating cycles; tem­
perature life-500 hrs at 105°C; and 
mechanical shock-50g, half sine, 
3-axis. 

Also available in a variety of sizes 
and contact layouts for use in 
trucking applications, Deutsch HD 
Series cylindrical connectors (Fig 
2b) use crimp-type solid copper­
alloy contacts that are easily 
installed in the field. Like the 
Cannon units, these devices are 
completely sealed. 

At the rear of each connector, an 
integral grommet wire seal auto­
matically seals each contact as it is 
locked into place during installation. 
For additional protection, a 
silicone-rubber blanket is located on 
the connector's face to keep out 
moisture and other contaminants. 

The Deutsch connectors operate 
over a -55 to + 125°C range and are 
guaranteed to exhibit no electrical 
or mechanical defects after 100 
mating/unmating cycles. They 
feature a lightweight, rugged metal 
shell to protect contacts and sealing 
grommets; the shell provides a 
multiple keying system that 
positively prevents mismating and 
makes plug and receptacle coupling 
quick and easy. In addition, the 
connectors use a quick-disconnect 
bayonet coupling system that 
provides a positive vibration­
resistant locking mechanism. 

In its Econoseal line (Fig 2c), 

AMP has taken a different design 
approach than Cannon and Deutsch. 
These devices feature factory­
installed elastomeric wire seals and 
a peripheral mating-face seal. 
However, once contacts are 
inserted through a wire seal, they 
cannot be extracted; should contact 
replacement be required, the seal 
must also be replaced. 

Econoseal devices come in 3-, 4-, 
7- and 9-position sizes. Their 
polarized and keyed housings latch 
together and can be panel-mounted 
with a simple snap ring. The 
connectors accept five types of 
contacts to accommodate solid or 
stranded wire, miniature coaxial 
cable or optical-fiber cables. 

Tough problem, tough solution 
Members of another circular­

connector family-Burndy Corp's 
Bantamate II Series (Fig 3)-are 
satisfying the tough requirements 

Fig 2-Reduced maintenance and Improved performance are provided by the circular connectors now employed in the trucking industry. 
ITT Cannon's VE Series (a), Deutsch 's HD Series (b) and AMP's Econoseal devices (c) offer total environmental sealing and provide the 
protection necessary to handle the low-level signals found in the electronic systems of today's trucks. 
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He's one of many distributors who now carry a com­
plete inventory of AML, our Advanced Manual Line. 

Inside that black box, you'll see why so many designers 
prefer AML. 

You have both functional ,and electrical design options. 
A choice of pushbuttons, indicators, paddles ~;=· ~~:::::::::::~ 
and rockers. LED, incandescent, or neon 
illumination. And electrical flexibility that 
ranges from solid state, to electronic and 
power duty control. 

But there are more mysteries inside 
that black box. A call to your distributor can 
reveal them all. Or call us. 815-235-6600. MICRO SWITCH 

Circle no 27 tor data. FREEPORT . ILLINOIS 61032 

See us at the Wescon Show, Booths 309, 311, 313. A DIVISION OF HONEYWELL 



Distributors who 
stock the complete 

Advanced Manual Line: 
ARIZONA 

EJectric Supply, Inc. Phoenix 602-252-zrt:l 
CALIFORNIA 

EJectric Switches, Los Angeles 21'.l{l(ill-P\Q 
Kierulff Electronics, Los Angeles 2l:}?ZS.q325 

Western Electromotive/ Shepard, Joe. 
Los Angeles 213-82(}3m 

County Wholesale EJectric, Orange 714-f!:l3ii440 
Sacramento Electronics Supply Co. 

Sacramento 916-441-4821 
Quement Electronics, San Jose 408-99&59,00 

Wyle/Elmar Electronics, Santa Clara 408-727-2500 
Steven Engineering, S. San Francisco 415-583-5868 

Powell Electronics, Sunnyvale 408-739-4321 
COLORAOO 

Integrated EJectronics, Denver 303-534-6121 
CONNECTICUT 

Wilshire Electronics/ Conn, Hamden 203-281-1166 
FLORIDA 

Peerless Radio Corp. of Florida, Inc. 

Technology News 

Ford Motor Co has set for a 
microphone connector to be used in 
a CB-radio system. Such a 
connector must meet automotive 
environmental requirements (with 
respect to temperature extremes, 
humidity, vibration and dust 
exposure), be simple enough for 
handling by nontechnical personnel 
and be able to provide a minimum of 
5000 mating/unmating cycles. 

The Bantamate II connectors 

employ pin-type contacts in their 
receptacle halves and socket-type 
contacts in their plug halves. A 
latch on the plug and a hook on the 
receptacle provide a quick­
connect/disconnect system that 
securely locks the connector halves 
together. Despite the connectors' 
high-reliability design, mating and 
unmating are readily accom­
plished-even by children. 

The connectors meet durability 

Ft. Lauderdale 305-566-5966 
Powell Electronics, Inc. 

Miami Springs 305-592-3260 (a) 

Hammond Electronics, Inc., Orlando 305-849-{)()6() 
GEORGIA 

Brownell Electro, Inc., Hapeville 404-762-5181 
IOWA 

Mechanical & EJec trical Warehouse, Inc. 
Des Moines 515-243-3102 

KANSAS 
Lakeland Engineering Equip. Co. 

Kansas City 913-384-0050 
LOUISIANA 

Industrial Electronic Supply, Inc. 
Shreveport 318-222-9459 

MARYLAND 
Powell Electronics, Beltsville 301-937-4030 

Marine Air Supply Co., Inc. 
Kensington 301-949-1353 

MASSACHUSETTS 
Controller Service & Sales Co. 

Boston 617-269-1300 
Wilshire Electronics/New England 

Burlington 617-272-8200 
MIClllGAN 

Michigan l..ectrols Corp., Southfield 313-353-1350 
MINNESOTA 

Gopher Electronics Co., St. Paul 612-645-0241 
MISSOURI 

L.COMP-Kansas City, Inc. 
Kansas City 816-221-2400 
L.COMP-St . Louis, Inc. 

Maryland Hts.314-291-6200 
NEW JERSEY 

State Electronics Parts Corp. 
Hanover 201-887-2550 

Brownell Electro, Inc., So. Plainfield 201-753-4600 
NEW YORK 

Peerless Radio Corp., Lynbrook 516-593-2121 
Simeona Electronics Corp., Rochester 716-328-3230 

Harvey/Federal Electronics, Inc. 
Vestal 607-748-8211 

NORTII CAROLINA 
Hammond Electronics of Carolina, Inc. 

Greensboro 919-275-6391 
Southeastern Radio Supply Co., Inc. 

Raleigh 919-828-2311 
omo 

Hughes-Peters, Inc., Cincinnati 513-351-2000 
Michigan l..ectrols Corp., Cleveland 216-292-6032 

Hughes-Peters, Inc., Columbus 614-294-5351 
The Stotts Friedman Co., Dayton 513-298-5555 

OREGON 
AJmac/ Stroum Electronics, 

Beaverton 503-641-9070 
PENNSYLVANIA 

Powell EJectronics, Jnc., Philadelphia 215-365-1900 
Barbey Electronics, Reading 215-376-6116 

RHODE ISIAND 
William Dandreta & Co., Providence 401-861-2800 

TEXAS 
Norvell Electronics, Inc., Dallas 214-233-0020 

Harrison Equipment Co., Inc. 
Houston 713-652-4750 

WASlllNGTON 
AJrnac/ Stroum Electronics, Seattle 206-763-2300 
Platt Electric Supply, Inc., Seattle 206-624-4083 

WISCONSIN 
A.A. Electric, Inc., Cedarburg 414-377-8000 
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(b) MOVABLE ALIGNMENT PLATE 

Fig 3-Extended llfetlme is the major benefit offered by Burndy's Bantamate II 
Series of circular connectors (a). Used in a CB-radio application, they utilize a 
permanent lubrication system to achieve a lifetime in excess of 5000 mating/ 
unmating cycles (b). 
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News 
requirements by using a permanent 
lubrication system consisting of a 
lubricant-saturated foam pad bond­
ed to a stripper plate and retained in 
the connector receptacle by three 
finger-type flexing members. 

When the connector is unmated, a 
compression spring maintains the 
stripper plate in its normal position 
just above the tips of the contact 
pins (preventing any shock haz­
ards). Once the plug is mated to the 
receptacle, the stripper-plate/pad 
assembly is pushed forward until it 
bottoms out on the receptacle's 
internal face , thereby squeezing 
some lubricant from the pad onto 
the plug's pin contacts. The 
compression spring then pushes the 
connector plug backward until the 
latching mechanism's slot engages 
the receptacle hook, thus releasing 
pressure on the pad and stopping 
the flow of lubricant. 

Unmating the connector involves 
pressing the locking mechanism 
down and pulling on the plug; the 
receptacle's compression spring 
then returns the stripper plate to its 
original position. During each 
back-and-forth motion of the 
stripper-plate/pad assembly, the 
pins are wiped with lubricant along 
their surfaces, thereby minimizing 
wear and reducing mating forces. 
The result: a connector with a 
lifetime in excess of 5000 cycles-a 
tenfold improvement over typical 
MIL requirements. EDN 

For more information ... 
For more information on the 
products described in this article, 
circle the appropriate numbers on 
the Information Retrieval Service 
card or contact the following 
manufacturers directly. 

AMP Inc 
449 Eisenhower Blvd 
Harrisburg, PA 17105 
(717) 564-0100 
Clrcle No 436 

Burndy Corp 
Richards Ave 
Norwalk, CT 06852 
(203) 838-4444 
Clrcle No 437 

Deutsch Co 
700 S Hemenway St 
Banning, CA 92220 
(714) 849-4567 
Clrcle No 438 

ITT Cannon Electric 
666 E Dyer Rd 
Santa Ana, CA 92702 
(714) 557-4700 
Circle No 439 
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11THIS CASE IS BEAUTIFUL 
- I THINK l'LL GIVE IT 

TO MY LAWYER!' 
But seriously, folks, people who purchase expensive elec­

tronic equipm ent have no sense of hum or when it com es to 
enclosures. In fac t, 48% of your sales depend upon appearance. 

Funny little problems. like gapping seam s, warped side 
panels and feet popping through load-stressed bottom s, a re 
no joke. 

But Zero VIP instrum ent enclosures a re built to build 
sales. The lines are straight where they should be straight. With 
no funny little bumps or bulges. The surfaces a re smooth and 
even. Zero engineering? Strong, sound and d urable. 

So. say the secret word ("ZERO") to your local dis­
tributor. It's a fou r-le tter word that can mean la rger sales and 
bigger profits. 

Call Your Local Distributor for Immediate Delivery. 

~~~(Q) 
WE MAKE YOU LOOK GOOD. 

Zero Corporation • Burbank, CA. 213/846-4191 • Monson, MA 413/267-5561 

Call Me, I'm Interested, Circle no 28. 
Mail Catalog, Circle no 29 

See us at Wescon-Booths # 302 and 304 
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wevemade 
sockets and headers 
a snap to connect. .. 

Now from 3M come several 
important design changes in 
Scotchflex brand socket 
connectors and headers. 
Changes aimed at bringing you 
faster assembly, increased 
reliability and reduced 
maintenance. 

74 

Scotchflex headers (.100" x 
.100" grid series) now include 
built-in retainer/ejector latches 
that snap up to lock sockets 
firmly in place and snap down 
to disconnect them quickly 
and easily. Latches hold tightly 
against vibration and shock, 

and their ejector feature also 
helps reduce wear and damage 
from disconnection and 
reconnection. They work with 
or without strain relief clips 
on both new and previous 
.100" x .100" Scotchflex socket 
designs. 
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and a snap to unp ug. 

Mating socket connectors 
have been redesigned with 
metal spring clips that lock 
cover to body tightly, providing 
greatly increased cover 
retention. And a new one-piece 
strain relief clip now reduces 
parts inventory and cuts 
assembly labor time. 

An improved keying system 
permits positive polarization 
without pin loss, helps reduce 
equipment damage and field 
maintenance. Connectors snap 
into polarized headers to 
insure positive mating and 
provide increased retention. 

New socket and header 
sizes have been added, too. 
Scotchflex sockets and headers 
with .100" x .100" grid spacing 
are now available in 10, 14, 16, 
20, 26, 34, 40, 50 and 60-pin 
sizes to suit your design needs. 

For more information, Circle No 31 

Only 3M offers you so wide 
a choice of mass terminating 
cable, connectors and system 
components. Plus proven 
reliability. A nationwide network 
of stocking distributors. Off 
the shelf availability. And the 
unmatched experience of the 
people who pioneered the 
concept of electronic mass 
termination. 

Most Scotchflex connectors 
are now recognized under the 
component program of 
Underwriters 
Laboratories, Inc. 'i\l 

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

Scotchf lex® 
systems 
from 3M. 
The source. 
See our 
catalog in EEM 

3NI 
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HONEYWELL'S 5600E. 
ITS MONITOR MOERS ASSURE THATYOU 

WON'T COME BACK EMP1Y-HANDED. 
When you take the versatile 5600E to the field you have 
the best possible chance of getting the data you need. 
Because built-in meters let you monitor your record and 
reproduce signals right on the spot. In fact, you can view 
two inputs or outputs or simultaneously monitor the 
input and output of any channel. 

Conventional recorders require that you set up, 
calibrate and then carry along a reproduce amplifier for 
every channel to be monitored. But with the 5600E, 
a single reproduce amplifier can be used to monitor all 
channels. 

So if you need up to 32 channels of laboratory-
qual ity record or reproduce capability in a single compact 
unit, call Darrell Petersen at (303) 771-4700. He can help 
you choose the wideband or intermediateband config­
uration that best meets your requirements. 

Or write for technical data sheets on the 5600E 
and a free illustrated brochure that describes all of 
Honeywell's magnetic tape systems, oscillographic 
recorders and signal conditioning moduies. 

Honeywell Test Instruments Division, Box 5227, 
Denver, CO 80217. 

WEU SHOW YOU A BEnER WAY. 

HoneY"'ell 
For more Information, Circle No 32 



Technology News 

Flat-cable interconnection techniques 
bring relief to prototype-system designers 
Sam Davis, Manager, 
Western Editorial Office (S) 

Increasingly attracting the atten­
tion of prototype-system designers, 
mass-terminated flat cable satisfies 
the need for minimum cable­
harness fabrication time, minimum 
cost and drudgery and maximum 
wiring accuracy. Although flat cable 
is not new-it's been used for more 
than a decade in production 
systems-only recently have proto­
type designers begun using this 
interconnection technique. 

Their needs span a variety of 
applications; 3M marketing manag­
er Kermit Ferrell cites an increase 
in inquiries from both large and 
small companies considering proto­
type/breadboard applications for 
flat cable. One inquiry to the St 
Paul, MN firm asked how 
mass-terminated flat cable could be 
applied to a tester under develop­
ment: The designer wanted to 
connect a test panel to logic boards 

COPPER 
CONDUCTOR 

FLAT CABLE 

INSULATION-PIERCING 
CONTACT 

while retaining the ability to change 
connector types without causing 
major design glitches. As a 
prototype, the application called for 
a minimum amount of documenta­
tion; 3M suggested using flat cable 
and various mass-termination 
insulation - displacement - contact 
(IDC) connectors. 

Making contact 
What's the nature of this 

interconnection technique, which 
prototype designers are considering 
in ever-increasing numbers? Mass­
termination flat cable, explains 
William Miller, president of T&B/ 
Ansley, Los Angeles, consists of 
two or more electrical conductors 
placed side by side and embedded 
within a flat plastic insulator. Most 
varieties have center-to-center 
spacing of 0. 05 in., with tolerances 
of 0.002 or 0.003 in. to ensure 
reliable contact with IDC connec­
tors. Wires are solid or stranded 
and are usually tinned; the solid 

CONNECTOR COVER 

FLAT-CABLE 
POSITIONING 
GROOVE 

CONNECTOR 
BODY 

(b) 

wire can be flat or round. Routing 
this type of cable is relatively easy, 
because the cable is pliable when 
bent along its width. 

3M's Ferrell explains that flat 
cable offers desigtlers predictable 
and repeatable electrical 
characteristics - characteristics 
that discrete wiring doesn't neces­
sarily provide. "There are enough 
things for the designer to do in 
getting his system operational 
without having to worry about the 
unknowns of discrete wiring," 
Ferrell says. "Flat cable provides 
peace of mind when it comes to 
cable harnessing." 

Spectra-Strip's Bennett Brach­
man adds that flat cable forces 
designers to lay out their systems in 
an orderly and disciplined manner. 
"This results in easier-to­
troubleshoot systems through the 
elimination of the 'rat's nest' 
appearance of discrete wiring," 
explains Brachman, marketing VP 
at the Garden Grove, CA firm. 

(c) 

Mass termination of flat cable requires alignment between 
the connector body and cover, the insulation-displacement 
contacts and the flat cable itself. In the cross-section shown 

in (a), all elements are aligned before assembly; then they 
are pressed together with the aid of a hand-operated or 
benchtop tool (b). The process is complete (c) when the 
insulation-displacement contact makes electrical connection 
with the flat-cable conductor and all elements effect physical 
contact. As explained in a 3M brochure, a gas-tight and 
corrosion-resistant bond occurs when the high-pressure grip 
caused by the deflection accompanying insertion produces 
a compressive force that removes any oxides or contami­
nants from both the conductor and contact. 
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Custom Transformers in volume? 
We Can ... We Do! 

Your specs/requirements ... quality designed 
and built in our 4 plants. U.L. and C.S.A. 

Listed - and for use in equipment 
conforming to international specs 

IEC-380; IEC-435; VDE-0730; VDE-0804 

What can we do for you? 

Just give us a call at (618) 654-2341 Nationwide Reps 

~ Basler Electric 9 . Highland, Illinois 
BOX 269 HIGHLAND, ILLINOIS 62249 TWX 910-996-2522 

News 

"Also, if the prototype design 
employs flat cable, the transition to 
a production system is relatively 
simple." 

Compared with discrete-wire 
harnesses, flat cable exhibits an 
ease of daisy-chaining that makes it 
especially attractive for use in 
prototype systems. Specifically, the 
use of discrete-wire systems 
requires cutting the cable to install 
each connector, whereas you can 
install IDC connectors anywhere 
along the length of a flat cable 
without cutting it. In effect, the flat 
cable functions as a flexible 
backpanel. 

Regardless of how flat cable fits 
into a system, though, it provides 
better inherent wiring accuracy 
than a discrete-wire harness. 
Discrete-wire systems require color 
coding or cable markers to identify 
each wire; Wires are then bundled 
together and terminated individual-

____ ____ F_o_r m_ or_e_in_f_or_m_a_ti_on_,_c_ir_cl_e_N_o_3_3 ___ ______ 
1 

ly, either by soldering or pushing 
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HIGH 
RELIABILITY, 

EXCELLENT 
LINEAR RESPONSE, 

AND DELIVERY 
FROM STOCK. 

High-speed si I icon planar diffused photod iodes 
from Applied Solar Energy Corporation offer the engi­
neer 10 nS rise times, 9 decades of linearity, NEPs to 

8x10- 14 W/HzY2, and a choice of six active areas. They are 
ideal for use with fiber optics or as instrument detectors. 
For complete information contact Optoelectronics Group, 

Applied Solar Energy Corporation, (formerly OCLI Photoelectronics 
Division), 15251 East Don Julian Road, City of Industry, CA 91746 . 

Telephone (213) 968-6581. TWX (910) 584-4890. 

Applied Solar Energy Corp. 
For more information, Circle No 34 

crimped contacts into a connector. 
Even ifyoli take the greatest care, a 
wiring errbr can still occur because 
of the sheer number of wires 
involved. On the other hand, flat 
cable achieves its high accuracy so 
long as the system's input and 
output lines have the proper 
arrangement. 

Then, too, the documentation 
requirements of flat-cable systems 
are far less extensive than those of 
discrete-wiring approaches, where 
each step in the termination process 
requires full documentation. 

Easy availability of cable, 
connectors and tools from local 
electronic-component distributors is 
another factor that makes flat cable 
attractive for prototype-system 
design and development. Most 
items are "on the shelf": You can 
merely go to your local distributor 
and pick up what you need. In 
addition, virtually all distributors 
provide value-added services, such 
as complete harness fabrication. 

Finally, the tools for flat-cable 
termination require a relatively 
small investment; benchtop and 
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We'll take it from here. 
Let's face it, interconnections can really 
leave you at loose ends. 

So we're offering to take total 
responsibility for solving your mass 
termination problems. 

We're Spectra-Strip, and what we 
make is exactly what you need to get 
your job done right, reliably and within 
reason. 

For all your interconnect needs from 
jumpers and flat cables to IDC connec­
tors and ready-to-go standard and 
custom planar assemblies, just check us 

out. You won't need to call anyone else. 
For the name and number of 

our nearest distributor or rep, write 
Spectra-Strip, an Eltra Company, 
7100 Lampson Avenue, Garden Grove, 
CA 92642. Orcall (714) 892-3361 today. 

When you're down to the wire 
For more Information, Circle No 35 
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"THE 
AmZ8000 
IS BETTER:' 

~cf1l 

has a more advanced, 
more flexible, much 
more powerful architec­
ture than the 8086. 

Call Advanced Micro 
Devices and get all the 
facts on the AmZ8000. 
It 's the best 16-bit CPU 
there is. 

Advanced 
Micro 

Devices 
~ 

901 Thompson Place 
Sunnyvale, CA 94086 

Telephone: (408) 732-2400 

For more information, Circle No 36 

Technology News 
hand tools vary in price from less 
than $100 to about $400. The latter 
can serve in the lab or field, 
whereas some benchtop tools 
provide faster throughput and less 
fatigue through the use of 
compressed air. However, both 
types of tools have attachments that 
permit system fabrication with 
different styles of cable and 
connectors-although tools from 
one manufacturer usually don't 
work with cable and connectors 
from another one. 

Labor savings 

This cable alternates pairs of 
2-in.-long parallel conductor sec­
tions with 18-in. twisted pairs. 
Overall cable performance is 
comparable with that of convention­
al twisted-pair cable, and the 
parallel conductor sections permit 
termination with IDC connectors. 

The company's figures quote 
about 21 min to prepare and 
terminate a conventional twisted­
pair cable and connector, whereas 
performing the same task with 
Twist 'N' Flat takes less than 1 min. 
Additionally, the labor and materi­
als costs of the Twist 'N' Flat cable 

Spectra-Strip's Twist 'N' Flat are about 36% less than for 
cable provides a good example of conventional twisted-pair cable. 
the cost and time savings possible Another example of 
with mass-termination techniques. transmission-line cable that can be 

PC-board transition connector from Spectra-Strip mass-terminates up to 50 conductors 
simultaneously, providing a fixed flat-cable interface rather than the disconnectable interface 
afforded by a header or socket. 

Protected headers mate with Spectra-Strip's 802 Series of socket connectors. Wire-wrapping 
and solder-tail headers contain a central polarizing slot to ensure proper orientation; the units 
also feature a lock-and-eject feature. 
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Kontron's family of multimeters 
ranges from our $195 DMM 
3020 to our unique Calculating 
Programmable Voltmeter 
(CPV 4) Our multimeters 
feature elegant craftsmanship 
and rugged metal cases that 
provide excellent EMI shielding. 
Some standard features of our 
DMM 3020 include: 

• Up to 3000 
counts with full specs 

• Built-in charger for standard 
Ni-Cad batteries 

• Current measurement to 10 A 
Get our data sheets for all the 
technical details and the name 
of a Kontron sales and service 
organization near you. 

Write or call 
Kontron Electronic Inc .. 
700 South Claremont Street, 
San Mateo, California 94402. 

FOR DATA ON KONTRONs MULTIMETERS, COUNTERS, PROM PROGRAMMERS rn 
AND PRINTERS, CALL (800) 227-6854. IN CALIFORNIA CALL (415) 348-7291. m 

For more Information, Circle No 37 
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One- and three-phase rack-mounted power supplies from 500 
to 10,000 watts. Call TOLL FREE 800-631-4298* for complete 
information and prices, or write for our catalog. 
•Except in New Jersey, Hawaii & Alaska 

6~ 
ELECTRONIC MEASUREMENTS INC. 

•/ 405 Essex Road, Neptune, NJ 07753 
'M Phone: 201-922-9300. TOLL FREE 800-631-4298* 

Specialists in Power Conversion Equipment 

For more information, Circle No 38 

News 

mass-terminated is T&B/Ansley's 
Teflon-insulated Micro-Pitch, which 
consists of alternating signal and 
ground lines on 0.025-in. centers-­
half the spacing of most flat cable. 
During termination, the cable's 20 
signal lines (on 0.050-in. centers) 
are brought out to the Micro-Pitch 
connector pins, while all 21 ground 
lines connect to a ground bar with 
two external contacts for soldering 
to a common ground. 

Another form of flat 
transmission-line cable is jacketed; 
that is, it has an additional enclosing 
plastic sheath. Developed in 
response to an Underwriters 
Laboratories specification that calls 
for jacketing when cables leave one 
cabinet and go to another, this cable 
terminates like any other flat cable 
after you cut off the jacketed 
portion and expose the flat cable 
underneath. 

For noise-sensitive applications, 
you can use jacketed/shielded cable. 
It contains a complete internal 
shield under its jacket; you must 
peel this shield back before 
performing the mass-termination 
operation. The shield in Spectra­
Strip's offering of this type is 
aluminized Mylar; T&B/Ansley 
employs a flexible aluminum foil. 
Separate wires provide an electrical 
ground connection to the shield in 
both cases. 

The newest manufacturer of 
jacketed cable is 3M, which has just 
introduced products functionally 
similar to those of Spectra-Strip and 
T&B/Ansley. This company will also 
soon supply a jacket that can be 
placed over nonjacketed cable. 

The flat connection 
About two or three dozen types of 

flat cable fit the hundreds of 
available mass-termination connec­
tors. With this large number of 
termination possibilities, it's best to 
use compatible cable and connector 
types from one manufacturer. 

The general categories of IDC 
connectors include: 

DIP-plug connectors 
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~The 
reliable 

connection 

Only thing you 
need ber 
about two-piece 
pc connectors: 

You're looking at a variety of Elco two-piece pc connec­
tors. After you put one on the job, you don't have to keep 
remembering to check the reliability of the connection. 
Nothing much is apt to disturb it. Not in most applications. 

That's because these two-piece, metal-to-metal pc 
connectors feature Elco's Varicon"' contacts. Their her­
maphroditic fork-like design provides four mating surfaces 
that wedge together under spring-loaded pressure. Even 
after years of service and thousands of mating and unmat­
ing cycles, a gas-tight connection with low contact resis­
tance is maintained. 

The 8223 plug (shown above with wire) comes with a 
. 100" x . 100" dual-row square grid and mating receptacle 
for 1/16", 3/32", and 1/8" thick P.C . board. It 's available with 

24, 48, 72, or 96 contacts with a choice of terminations: wire 
wrapping, pc solder tail. wire hole, and wire crimp. Polar­
ity and keying are built into the body to prevent mismating. 
It's MIL-C-55302 QPL approved. 

Other Elco two-piece connectors for 1/16" and 3/32" 
thick P.C. cards are supplied in popular sizes (6 to 96 con­
tacts) , and with popular spacings (.050" or .100" dual row 
staggered, and .100" single row). They're all competitively 
priced and promptly available from connector-oriented dis­
tributors. 

For the names of Elco distributors near you and a copy 
of our Two-piece pc Connector Catalog, write to ELCO 
Connector Division, Huntingdon Industrial Park, Hun­
tingdon , Pa. 16652. Tel. 814-643-0700. TWX 510-691 -3117. 

G'1J ~?,;,~~!!~~~~~" 
For more information, Circle No 39 

EDN SEPTEMBER 5, 1979 83 



RYTO N R-10 polyphenylene sulfide is 
a glass-filled thermoplastic with excel­
lent moldability, enabling the use of 
the most complex molds, including 
complicated cam actions. With its high 
production rate and outstanding chem­
ical, electrical and heat resistance, it is 
an excellent replacement for phenolic, 
diallyl phthalate, metals and other mat­
erials. 

The PHYSICAL 
Characteristics 
of a Thermoset 

RYTON R-10 polyphenylene sulfide is 
V-0 rated, with arc resistance to 200 
seconds and temperature index of 200 
degrees. Its electrical properties are 
not affected by moisture. PPS is par­
ticularly well suited to applications in 
electrical and electronic components, 
and the replacement of phenolics, met­
als and other materials. Examples of 
applications are circuit breakers, swit­
ches, relays, wiring devices, toggle swit­
ches, receptacles, sockets, automotive 
electrical components, fuse blocks, ap­
pliance components, control devices­
and many other 0.E.M. parts requiring 
high strength, high temperature, plus 
outstanding electrical qualities. 

RYTO N R-10 polyphenylene sulfide 
parts are now being molded by Security 
Plastics Hetero-cavity®molding system, 
assuring you of four important econo­
mies: Unusually low-cost tooling, be­
cause only one mold insert need be 
made instead of a complete custom 
mold; Lower unit cost of parts pro­
duced, because of "time-sharing" with 
many other customers; Faster tooling 
and production, with sample parts be­
ing shipped for approval immediately 
after completion of mold insert; and, 
Quick, economical design changes on 
most parts as needed. Specify PPS for 
all these benefits on your O.E.M. parts! 

security 
plastics inc. 

• 

14427 N.W. 60th Avenue 
Miami Lakes, FL 33014 
Phone ( 3051 823· 5440 

Largest interchangeable insert molder of 
engineered component parts in the world. 

For more information, Circle No 40 
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DIP sockets 
IC-socket/backplane connec­
tors 
Card-edge connectors 
PC-board solder-transition 
connectors 
PC-board headers 
Female socket-transition con­
nectors 
Male pin connectors 
D, ribbon and DIN I/O 
connectors. 

DIP-plug connectors provide a 
disconnectable interface to DIP 
sockets. They range in capacity 
from 14 to 40 pins; some have a 
strain relief. These connectors 
permit fabrication of a relatively 
inexpensive interface for prototype 
systems employing IC sockets. For 
mating with one of these DIP plugs, 
a DIP-socket connector can form a 
disconnectable in-line cable; it can 

also board-mount to a header. 
Another form of IC-socket 

connector inserts over wire­
wrapping tails on a pc board or 
backplane. It provides a simple 
alternative to the use of discrete 
wire-wrapped wires running from 
an IC socket to an I/O connector. 

Performing the same function as a 
conventional card-edge connector, 
the flat-cable card-edge connector 
comes either with full- or half­
mounting ears or with no ears. 

Solder-transition connectors pro­
vide a convenient means for 
connecting flat cable to a pc board; 
you can solder them on a board after 
effecting a termination to the flat 
cable, or flow-solder them to the 
board and then terminate the cable. 

For mating with flat-cable 
connectors, a pc-board header 
mounts to a board, projecting its 

Lightweight hand tool for mass termination of T&B!Ansley flat cable has interchangeable 
dies to accommodate different types of insulation-displacement-contact (/DC) connectors. 
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T&BIANSLEY #184-JACKETED 110 15.5 1.64 0.050 30 AWG, SOLID 
#177 - JACKETED/SHIELDED 52 33.2 1.60 0.050 28 AWG , STRANDED 
#170-MICRO·PITCH 110 12 1.30 0.025 33 AWG, SOLID 

SPECTRA·STRIP #455-240-SPECTRA·ZIP 105 15 1.40 0.050 28 AWG, STRANDED 
#455-044-3C 92 17 1.40 0.050 28 AWG, STRANDED 
#455·248 - TWIST 'N' FLAT 105 22 1.70 0.050 28 AWG, STRANDED 

3M #3350-LOW PROFILE 125 12 1.42 0.050 30 AWG, SOLID 
#3365-LOW PROFILE 105 12.6 1.37 0.050 28 AWG, STRANDED 
#3384/50-D CONNECTOR 85 15.7 1.41 0.0425 26 AWG, SOLID 

Key flat-cable specs can vary with construction and manufacturer; they depend on 
such factors as conductor spacing and diameter and the dielectric constant of the 
plastic insulator. 
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TOKO 
SWITCHINC 
POWER 
SUPPLIES 

Toko presents the quality, 
moderately priced Type J, S 
H and TH Switching Power 
Supplies. Backed by 25 years 
of acknowledged leadership 
in the electronics industry, 
these light-weight, dependa­
ble Switching Power Supplies 
are guaranteed to meet your 
most exacting requirements. 
Now available in 8, 15 and 25 
watt sizes. 

Watch for our upcoming ad 
introducing the 50 watt 
"U" type. 

For details, write or call : 

r.~• 
I~ 

TOKO AMERICA, INC. 
5520 WEST TOUHY AVENUE 

SKOKIE, ILLINOIS 60077 
(312) 677-3640 • TLX 72-4372 

For more information, Circle No 42 
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pins either in-line or at right angles 
to the board. The solder-tail header 
type mounts and connects to a board 
through its tail; the wire-wrapping 
header type has mounting ears, as 
do some of the solder-tail headers. 

Some headers also provide an 
ejection mechanism, which simpli­
fies insertion and extraction of the 
mating connector as well as 
protecting the pins from bending; 
others offer retaining clips to hold 
the mating connector in place. Most 
headers are polarized to ensure 
proper pin orientation, and you can 
choose among open (unprotected) 
and enclosed (protected) header-pin 
versions. 

For use with board-mounted 
headers, female socket-transition 
connectors come equipped with 
either a strain relief or an extractor 
handle to prevent cable damage. 
They accept polarizing plugs, and 
you can also use male pin 
connectors with them. These male 
connectors come with mounting 
ears for I/O applications or without 

8 

ears for in-line cable splices; a strain 
relief is also available. 

Rounding out the list of 
connectors for use with flat cable 
are the I 10 types-flat-cable 
versions of the D, ribbon and DIN 
(European Standard Interface 
Connector) units. The flat-cable 
mechanical interface allows a 
maximum of only two rows of pins 
for these three types of connectors 
rather than the three rows 
available-a fact that limits the 
total number of pins available to a 
flat-cable user. 

What's coming? 
With the increased interest in 

flat-cable systems, you can expect 
an increased level of product 
developments. For example, look 
for an environment-proof type of 
flat-cable connector; currently, such 
environment proofing is only 
possible if you pot the flat­
cable/connector interface. Obvious­
ly, an arrangement in which 
environmental sealing occurs upon 

b 

Panel-mounted IC socket (a) from T&B!Ansley provides a flat-cable mass-termination 
capability. It can hold any device that fits into a 14-pin socket-such as a switch, trimming 
potentiometer or IC (b)-and permits convenient mounting and interconnection of parts that 
might prove difficult to access if mounted on a pc board. 

For more information ... 
For more information on the products discussed in this article, contact the 
following manufacturers directly or circle the appropriate numbers on the 
Information Retrieval Service card. 

3M Co 
Electronic Products Div 
3M Center 
St Paul, MN 55101 
(612) 733-3350 
Circle N!> 447 

Spectra-Strip 
7100 Lampson Ave 
Garden Grove, CA 92642 
(714) 892-3361 
Circle No 448 

T&B/Ansley Corp 
3208 Humboldt St 
Los Angeles, CA 90031 
(213) 223-2331 
Clrcle No 449 
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FOR A CLEANER, 
BRIGHTER PICTURE, TRY A 

TUBE OF MITSUBISHI. 

Mitsubishi cathode ray tubes will do 
wonders for your image. 

Because each of our high-resolution 
color CRTs actually discriminates among 64 
distinct colors. 

Our radar CRTs give your data systems 
the kind of pin point clarity that assures pin 
point accuracy. 

And our black and white CRTs differen­
tiate between shades of grey. 

We begin with our own phosphors, 
specially developed for their brightness.They 
give our screens their notably short, or long 
flicker-free persistence. 

Our precision electron gun system 
insures that each beam is perfectly aligned 
with the shadow mask. 

And, combined with our ultra­
fine pitched shadow mask, the 
gun system produces a picture so 
sharp, it actually encourages 

reading fine print. 
Another Mitsubishi inno­

vation is our internal magnetic 
shield. It not only more 
efficiently eliminates exterior 
magnetic forces, but makes 
the unit much easier to 
service. Not to mention what 
the magnetic shield does for 
a purer image, in both mono­
chrome and color. 

Mitsubishis complete 
CRT line includes high-resolution 

flying spot scanner CRTs. Fiber optic 
recording CRTs. High-precision display, radar 
and beam penetration CRTs. 

For more information on a display that's 
worthy of your data system, call our Display 
Products Group at 800-421-1132 (in Califor­
nia call 213-537-7132) or write Meleo Sales, 
Inc.,at 3030 East Victoria Street, Compton, 
California 90221. 

We11 gladly show you a CRT for sore eyes. 

l..MllSUBISHI ELECTRIC COLDR CATHODE RAYTUBES 
For other Mitsubishi Electric products such as general p111pose m otors. motor control devices. semiconductors. man/tors. CRTs and other eleclronic appara/us. con/act !he above. 

For more information, Circle No 44 
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mating is more desirable; a 
conventional cylindrical MIL-type 
connector achieves such operation, 
but a flat-cable version would not 
necessarily be cylindrical. 

Also be on the lookout for flat 
cables utilizing fiber-optic tech­
niques. (Such systems would 
require a method of terminating 
cables in the field or lab without 
incurring substantial attenuation.) 
Indeed, 3M already offers a 
fiber-optic flat cable, although the 
device does not allow field 

termination. It consists of a 
transceiver module that plugs into a 
special board-mounted header; the 
flat fiber-optic cable then plugs into 
a connector on the module. The 
cable contains two plastic clad 
0.008-in.-diameter silica fibers in a 
standard 30m length. Only TTL 
interfaces are available now, 
although other types will eventually 
be added. 

Yet another development in the 
maturing flat-cable industry is the 
issuance of military specifications 

by the Defense Electronics Supply 
Center (DESC), Dayton, OH. 
MIL-C-83503 covers flat cable; 17 
slash sheets are in process for 
specific connectors. For use with 
these connectors, MIL-C-49055A 
specifies round-conductor unshield­
ed flat cable; 10 slash sheets are in 
preparation here. Flat-conductor 
unshielded cable will be covered by 
MIL-C-49059A, which is also in 
process and is scheduled for release 
this month. EDN 

You're ready for 16-bit processors, 
but is your logic analyzer? 
Andy Santoni, Western Editor greater demand posed by 16-bit 

procegsors. The Dolch/Kontron unit 
If you're switching from 8- to 16-bit is the record holder wit.h 48 input 
microprocessors in your designs, channels; the Paratronics instru­
make sure your logic analyzer can ment has a flexible input structure 
support the move. Although many that allows it to handle as many as 
older analyzers can check out 16-bit 40 channels of logic-state data. 
systems quickly and conveniently, 
some can't; if you're now using one Obtain enough channels 
of them, you might have to replace An adequate number of input 
it with one of the newer instruments 
that's specifically designed to 
handle the peculiarities of 16-bit 
systems. 

Straightforward testing of a 
16-bit system calls for an analyzer· 
that displays the µP's instructions 
in mnemonic form, not just as ONEs 
and ZEROs. Some analyzers for 
8-bit µP systems can handle this 
chore, but currently, no analyzer 
can disassemble 16-bit-processor 
instructions. 

Two of the latest instruments, 
though, will be able to add 
instruction-mnemonic display for 
16-bit devices to their repertoires: 
Paratronics' System 5000 and 
Dolch's LAM4850 (sold through 
Kontron Electronic in the US) 
provide software-controlled mne­
monic convl!rsion that permits such 
an expansion. 

These new machines also have 
enough input channels to handle the 
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channels is the prime prerequisite 
for a 16-bit-µP analyzer, says Bruce 
Farly, product marketing manager 
at Hewlett-Packard Co's Colorado 
Springs Div. He maintains that the 
absolute minimum required is 32 
and adds that this number only 
applies to µPs with limited address 
space-it isn't large enough for an 
8086, for example, which has a 
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16-bit data bus but a 20-bit address 
bus. 

The 8086's structure calls for a 
logic analyzer with at least 36 input 
channels, such as H-P's 1611A, 
Farly says. Although this instru­
ment was designed for use with 
8-bit devices and thus allocates its 
channels for 16 address bits, eight 
data bits, eight external bits and 
four auxiliary bits, you can reassign 
the channels ·to accommodate 
16-bit-µP systems. 

Multiplexing a must 
Coupled with the need to keep 

costs down by minimizing pin count 
(so that packaging costs are low), 
the 16-bit µPs' large number of 
address and data lines mandate 
multiplexing. Unfortunately, these 
address and data lines might not 
line up conveniently: Address bit 1 
might not be on the same pin as data 
bit 1, says Gary Brock, application 
engineer at Gould Inc's Biomation 
Div. 

On the 8086, for example, the 
first data line is multiplexed with a 
memory-select signal-a provision 
that makes it just a little more 
difficult to untangle logic-analyzer 
leads and put the proper bits in the 
proper locations on the analyzer's 
CRT screen. 

Logic analyzers like Biomation's 
KlOO-D can separate address lines 
from data lines with clock-qualifier 
circuitry that performs functions 
such aR accepting data only on 
positive clock edges or only when a 
specified status line is HIGH. If you 
only want to examine instructions, 
for example, you might have to 
qualify inputs with instruction 
fetches, Brock explains. 

Extendable capabilities 

While a 16-channel analyzer like 
the KlOO-D or Philips Test & 
Measuring Instruments' PM 3500 
can't perform all the tests you might 
need for 16-bit-µP systems, it can 
handle state and timing analysis and 
glitch catching as easily as in any 
other digital system. 

90 

Even 16-blt processors don't have too many lines for Dolch!Kontron 's LAM4850 logic 
analyzer to handle. It accommodates 48 inputs at clock rates of up to 50 MHz. 

Logic analyzers are flexible enough to change input-channel assignments. On Hewlett­
Packard's 1611A, you can swap address, data and other lines to configure 36 input 
channels-more than enough to accommodate 16-bit-µP systems. 

Adapter boxes ease the switch from 8- to 16-bit systems. While Biomation's K100-D has only 
16 lines, a 32-channel adapter for it is available. 
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Trigger probes extend the usefulness of 16-channel analyzers like Philips' PM 3500. This 
instrument handles up to 56 trigger channels in 8-bit increments. 

For more information ... 
For more information on products described in this article, circle the 
appropriate numbers on the Information Retrieval Service card or contact 
the following manufacturers directly. 

Gould lnc/Blomatlon Div 
4600 Old Ironsides Dr 
Santa Clara, CA 95050 
(408) 988-6800 

Kontron Electronic Inc 
700 S Claremont SI 
San Mateo, CA 94402 
(415) 348-7291 

Phlllpa Teat & MNaurlng 
lnatrumenta Inc 
85 McKee Dr 
Mahwah, NJ 07430 

Clrcle No 340 Clrcle No 342 (201) 529-3800 
Clrcle No 344 

Hewlett-Packard Co 
1507 Page Mill Rd 
Palo Alto, CA 94304 
Phone local office 
Clrcle No 341 

Peratronlca Inc 
122 Charcot Ave 
San Jose, CA 95131 
(408) 263-2252 
Clrcle No 343 

Then, too, you can extend these 
16-channel instruments' usefulness 
by means of trigger-extender 
probes; the Philips unit, for 
example, handles up to 56 trigger 
channels in 8-bit increments. 
Similarly, you can extend both 
trigger and data inputs on 
Biomation's KlOO-D with an 
accessory 32-channel adapter. 

In the final analysis, testing 
16-bit µPs isn't fundamentally 
different from testing 8-bit devices, 
points out Biomation's Brock. "The 
differences involved in testing two 
different multiplexed 8-bit µPs are 
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often greater than those for an 8-bit 
µP and 16-bit unit with similar 
architectures," he adds. 

In this regard, Brock notes that 
in the past few years, logic-analyzer 
manufacturers have been supplying 
products to_ develop and debug 16-, 
32- and even 64-bit-processor 
systems manufactured by main­
frame and minicomputer makers. 
Typically, these processors employ 
much higher clocking rates than 
even the fastest µPs and are 
constructed using hybrid technolo­
gies that require several different 
logic-analyzer threshold levels. EDN 

• Life: 50,000 cycles 

• High quality 
for about $2.00* 

• Snap action 
IR 

Single combination saves you 
money because it eliminates 
at least two individual compo­
nents. Only one component 
to buy, stock, mount and wire. 
Very high reliability with 50,000 
cycles mechanical and 25,000 
cycles at rated load. Six handle 
colors. Lighted version avail­
able. Current ratings from 3 
amp thru 16 amp at 250 VAC 
(125 VAC) . 

Call (312) 647-8303 or write for 
complete information. 

Send $10 
check for 
Designer's 
Sample Kit 

• Production 
quantities 

CIRCUIT BREAKERS 
7400 N. Croname Rd. 
Chicago, Illinois 60648 

For more information, Circle No 45 
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For mass termination 
component cost savings and 
applied labor reductions: 

Molex has the answer. 

Molex is the only 
manufacturer that offers 
cable systems on five 
center lines. 

If your application calls for 
ribbon cable , discrete wire , or a 
combination of both in the same 
connector, Molex* Jet-Flees* 
insulation displacement connec­
tors can provide a complete 
system to meet your require­
ments on .050" (1.27mm), 
.098" (2.5mm) , .100" (2 .54mm), 
.156" (3.96mm) and .200" 
(5.08mm) center applications . 

The photo depicts harness 
and non-harness board .156" 
and .100" center connector 
versatili ty. What the photo 
cannot show is the vast 
selection within the Molex 
system including 3 
reliable contact designs . 

Jet-Flees .156" connectors 
accept wire gauge sizes from 
18-28 AWG and Jet-Flees .100" 
connectors accept 22-28 AWG . 
The Jet-Flees connectors are 
drop-in replacements for 
standard KK* crimp prod­
ucts. There is no need to 
redesign your present 
product or application to 
uti lize the advantages of the 
Jet-Flees system since the con­
nectors will mate with Molex KK 
headers accepting round or 
square pins . 
Cost savings up to 403 

When using insulation dis-

placement, your applied 
costs are lowered by 30 
to 40%. This is accom­
plished by replacing the 
strip , crimp , and inser­
tion steps with one 
simultaneous mass 
termination operation .. 

The components 
and cable are 
only half the 
system. The big advantage 
Molex offers is the complete 
range of application tool­
ing. This equipment 
ranges from single wire 
hand tools to fully auto­
matic assembly machines. 

Molex's application 
equipment is in two 

main categories, cable 
assembly and discrete 
wire assembly. 

For cable termination , 
an arbor-type press is 
available and a semi­

automatic terminator 
for higher production 

rates . 
Discrete wire 
termination 
can be accom­
p I ished with 
the use of an 

Assembly Tool arbor-type 
press, a semi-automatic single 
wire terminating machine, a har­
ness board assembly tool (which 
is compatible with your present 
harness board), or a fully auto-

matic multi-wire assembly 
press. 

Many of these unique appli­
cation tools are available for 
demonstration in your manufac­
turing facility.' Or, if you choose, one 
of the Molex equipment demonstra­
tion vans can visit your facility and 

show the complete array of 
tooling which is avai la­
ble to help lower your 

costs . 
Molex and distribu­
tors now offer cable 

ystem assembles! 
Molex franchised 

distributors 

nationwide have value-added 
equipment to manufacture your 
systems quickly and economically 
with stock products. 
High volume 
OEM assem­
blies can be 
manufactured 
to meet your 
specifications 
and shipped 
directly 
from Molex. 

•Molex. Jet-Flees ard KK ore r:'\ 
registered trademarks of Molex . Incorporated. 

® 

mOl9X ... Affordable Technology 
\. ~ For complete details and catalogs , contact: 
"--""' Molex Incorporated, 2222 Wellington Court, 

Lisle, Illinois 60532 (312] 969-4550 

For more information, Circle No 46 





A whole kingdom of richly endowed electron 
devices to make your design dreams come true. 

The imaginative shall inherit the earth. 
And we want you to be part of our kingdom. 
We have a mind-boggling collection of won­
drous little electron devices to ensure that all 
your design dreams for the future do indeed 
come true. 

Modern electronic systems are becoming 
more complex and tinier by the day. Any 
"wonder product" -from a liquid crystal 
watch to a huge intercontinentaltelecommu­
nications system-is only as good as the 
components inside. NEC wants you to be 
choosy when selecting such components. 
After all, a failed diode, transistor or capacitor 
can make a total system look bad. A failure 
is a failure. It makes sense to go with the best. 

Rummage through our treasure of tiny 
gems. NEC has established a global reputa­
tion for producing a wide range of highly 
sophisticated and reliable electronic com-

Let the crown prince of The House of NEC, Jason 
Stewart, show you the way to an enriched electronics 
future that won't cost you a king's ransom. 

For more information, Circle No 181 

ponents. We deliver hundreds of millions of 
them each year to discerning design and com­
ponent engineers. Our tough pre-test burn-in 
techniq~es an~ fully automated QA methods 
make failure virtually an event of the past. 

If you can imagine it, NEC probably 
manufactures it. Check out our rich range of 
Q_roducts: tantalum capacitors, zener diodes, 
T0-92 and SOT-23 small signal transistors, 
QOwer transistors, optoelectronic devices, 
Fluorescent Indicator Panels (FIPs™), SCRs 
and TRIACs, DIACs, linear ICs and ECL 
memory ICs. 

Give your ideas the best our kingdom 
has to offer. Specify NEC. For the royal treat­
ment, just fill out accompanying coupon and 
send it to us today. 

NEC 
If you have designs on the future. 
,----------------------------------------------------------· 
I 

'· NEC Electron, Inc. 
Mr. Jason Stewart, Executive Vice President 
3120 Central Expressway 
Santa Clara, CA 95051 

Dear Jason: 

I'm interested in your royal collection of little 
gems. Please send along your latest product line 
catalog and current rep list. 
NAME ____________ _ 

TITLE ____________ _ 

COMPANY __________ _ 

ADDRESS __________ _ 

CITY ____________ _ 

STATE ________ ZIP ___ _ 
ELECT-1 



Custom assemblies 

DIP plugs and sockets 

IDC mass termination never had it so 
good, because now you can get all the 
connectors you need from a single source. 

And, if we don't have the standard 
IDC connector you need to solve your 
mass termination problem, we'll invent 
one that will. 

We'll take total responsibility for all 
your interconnect needs from jumpers 
and flat cables to IDC connectors and 

PCB transitions 

ready-to-go custom and standard planar 
assemblies, so check us out. You'll quickly 
see why so many happy endings begin 
with a call to us. 

For the name and number of 
our nearest distributor or .rep, write 
Spectra-Strip, an Eltra Company, 
7100 Lampson Avenue, Garden Grove, 
CA 92642. Orcall (714) 892-3361 today. 

<O SPECTRA-STRIP 1978 



Card-edge connectors 

Protected and unprotected pin headers 

• 

When you're down to the~ 
For more information, Circle No 48 





Editor's Choice: New Products 

Hard-disc-based development system 
eases software/hardware integration 
The HP64000 Logic Develop­
ment System comprises a set of 
tools that help you integrate 
software into a µP-based 
product. It supports up to six 
stations, each furnishing 
software-development capabili­
ty and each configurable into a 
hardware-development station 
with the addition of the 
appropriate emulator, up to 
128k of 200-nsec emulation 
memory and a PROM program­
mer. 

A multiuser operating system 
provides you with the perfor­
mance benefits of a Model 7906 
20M-byte hard disc (which 
allows you to back up your files 
with a lOM-byte removable 
cartridge) and a Model 2631 
printer for hard copy. 

Two beeps means It's working 
The 64000 performs a com­

plete self test of its RAM, ROM, 
keyboard and µP every time you 
turn on the power, notifying you 
with two beeps that all is well. If 
the system passes, its display 
then describes the current 
hardware configuration (disc in 
use, number of stations) and 
presents a menu of the functions 
you might wish the system to 
perform, such as edit, compile, 
assemble, link or emulate. You 
activate the desired function by 
depressing the key immediately 
below the corresponding screen 
display. (These keys are termed 
"soft keys" because system 
software defines their function 
dynamically , indicating the 
function activated on the 
screen.) 

The soft-key concept forms 
part of the manufacturer's 
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Multiuser capeblllty makes the HP64000's use of high-performance peripherals 
(such as its 20M-byte disc) economically feasible, thus easing the development task. 

strategy of minimizing the time 
spent learning to use the 
system. Operator assistance is 
also provided by sophisticated 
prompts from a disc-resident 
section of the user's manual. 

Testing software In real time 
System emulation facilities 

can test the generated code at 
the highest rated execution 
speed of each processor support­
ed. The unit's 2-bus architecture 
permits execution in a prototype 
independently of the develop­
ment system's speed limitation. 
Run and register control furnish 
complete processor manipula­
tion, including start/stop and 
examination/modification of reg­
ister contents. For prototype­
memory emulation, the system 
provides control over address­
ma pping and memory-con­
figuration parameters such as 
length and width. 

With proper emulator and 
software selection, the HP64000 
allows you to develop systems 
based on Intel 8080/85, Motorola 
6800 and Zilog Z80 µPs. 
Relocating macro assemblers, 

trace/debug programs and 
linking loaders produce the code 
for the target µP. To simplify 
the code-writing stage, a 
"friendly" editor lets you 
perform sophisticated editing 
chores with one keystroke. 

Programs such as RESET 
and RECOVER attempt to 
ensure that the mistakes you 
make are not fatal. RECOVER, 
for example, lets you find a 
previously deleted file, provided 
you haven't already used that 
file's disc space for new files. 

The basic HP64000 package 
costs $35,000 and includes a 
software/hardware development 
station (with your choice of 
emulator), 200-nsec emulation 
memory, 7906 disc, 2631 
printer, integral PROM pro­
grammer with 2716 personality 
module, cassette tape and 
software. Additional software­
development stations (up to a 
total of six) cost approximately 
$8000 each. 

Hewlett-Packard Co, 1507 
Page Miii Rd, Palo Alto, CA 
94304. Phone local office. 

Clrcle No 455 
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Yom­
tlila at SOX enta .... rliant (unra­
touched). ~uae~are punched 
out of metal, the edges are rough, 
Jagged and irregular. In contrast, the 
flat sides of the lead frame are 
smooth, even and perfectly plated. 

!"ct:rtlr::::'.an.r S lnaartlone 
of DIP lead frame. ~irtact 
has been spread apart to 
show inside faces of contact. 
Notice how the contact has 
scars and abrasions from 
rough, Irregular edge of IC 
lead frame. Electrical con­
tact is degraded and resist­
ance is increased. Reliability 
is obviously reduced. 

Lead frame in place in an 
ordinary edge-bearing 
contact. 

............... ------:latter 5 ln­eertk>ns of DIP lead frame. 
Contact has been spread 
apart to ehow inside faces 
of contact. See how the RN 
contact-because it mates 
with the smooth, flat side of 
the IC lead frame-retains 
its surface integrity. This 
100% greater lead frame 
contact results in continued 
high reliability. 

Lead frame in place in 
RN "side-wipe" contact. 



se'junk'sock~ 
problems 

Secret o1 •• hliah relliabil~ 
'slide-wli~' DIP sockets 
rewealed by mlicrophotos 

Here's microscopic proof that high reliability 
Robinson-Nugent "side-wipe" DIP sockets 
make 100% greater contact than any edge­
bearing socket on the market. This advance 

design provides constant low contact resist­

ance, long term dependability- trouble-free 
IC interconnects. Yet RN high reliability DIP 
sockets cost no more than ordinary sockets! 

Get the high reliability that eliminates trouble. 
RN "side-wipe" DIP sockets make contact with the 
wide, flat sides of your IC leads. You get 100% greater 
surface contact for positive, trouble-free electrical 
connection. 

WRITE TODAY for latest R-N "Short Form" Catalog 
of R-N production DIP sockets. Contains full specs, 
dimensions and material data. Get yours now. 

'ROllllllSOlll 
MUBElllT,llllC. 

800 East Eighth Street, New Albany, Indiana 47150 • Phone: (812) 945-0211-TWX: 810-540-4082 

EDN SEPTEMBER 5, 1979 
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PCB Flexibility 
with Bendix Bnish 

Connectors. 

A low mating force connector with up to 400 
contacts. 4 body styles. 3 contact variations with 
options. Superior electrical characteristics and long 
mechanical life. That's flexibility! And Bendix has 
one for your high-contact needs. The Brush Con­
nector. Here's what you get. 

Bendix Brush Connectors increase circuit count 
per board. 
• Reduce number of boards by allowing more cir­

cuits per board. 
• Greater board effectiveness by providing exact 

circuit counts up to 400 contacts in only one 
connector! 

Bendix Brush Connectors reduce mating force 
70% to 90%. 
• Less complex board supports. 
• Secondary actuators eliminated . 
• Extended mechanical life. Up to 20,000 mates/ 

unmates. 

• Fewer damaged boards. 
• Eliminates fixture mounting need of multiple 

smaller connectors. 

Bendix Brush Connectors-a broad product line. 
• Mother Board, Daughter Board, Input/Output, PC 

receptacle body styles. 
• 2, 3 and 4 row configurations. 
• 90° and straight PC, solderless wrap, crimp re­

movable terminations with multiple lengths and 
plating options. 

Bendix Brush contacts improve electrical charac­
teristics. 
• Highly redundant contact sites with multiple elec­

trical paths and wiping action . 
• Gold plated wire bristles mesh together intimately 

with gas-tight junctjons. 
• Stable contact resistance even after extreme me­

chaniQal dur~bility abuse to 20,000 matings. 

·­·---· 

For full information, call (607) 563-5302, or write 
The Bendix Corporation, Electrical Components Divi­
sion, Sidney, New York 13838. 

: : I 

We speak connectors. 
For more Information, Circle No 51 



Editor's Choice: New Products 

100-MHz dual-trace oscilloscope 
features high sensitivity, composite trigger 
Competition in the 100-MHz­
oscilloscope arena got tougher 
recently when Tektronix intro­
duced its improved Model 465B 
(EDN, May 20, pg 89). But 
Gould's Instruments Div feels it 
can meet this challenge head-on 
with its Model 083600. Priced 
identically to the 465B at $2495, 
the 083600 offers: 

Improved sensitivity 
Composite trigger 
DMM add-on with voltage 
(and time)-measurement 
capabilities 
Full 2-yr warranty. 

Highest vertical-deflection 
sensitivity on the 083600 
measures 2 mV/cm and remains 
flat to 75 MHz. It drops to 5 mV 
at 100 MHz, however. (In 
contrast, 465B sensitivity specs 
at a constant 5 mV to 100 MHz.) 
You get 11 sensitivity ranges in 
a 1-2-5 sequence to 5V/cm max. 

The OS3600's composite­
triggering mode is aimed at 
applications where users are 
more interested in observing 
wave shapes than in determin­
ing precise time differences. 
Given two signals of different 
frequencies, the instrument 
synchronizes them for display 
by alternately triggering on one 
channel and then the other. 
Additional triggering sources 
include the standard CHI, CH2, 
external and line; modes include 
manual, auto, single sweep and 
trigger after delay. 

A rise time of 3.5 nsec, 
combined with a third-channel 
trigger view and hold-off, aid 
users working on digital 
systems. And the instrument's 
16-kV CRT accelerating voltage 
provides a bright trace on the 

EDN SEPTEMBER 5, 1979 

A full 2-yr warranty on the 053600 dual-trace scope covers parts and labor and is 
exclusive only of fuses, minor maintenance and calibration; it's honored at 13 service 
stations in the US. The $2495 scope is shown here with its $595 DMM option, which 
can measure the voltages of displayed signals. 

8 x 10-cm display for investiga­
tion of narrow pulses at low 
repetition frequencies. (Sweep 
speed of the 083600 extends to 5 
nsec/div, not quite equal to the 
2-nsec/div capability of 465B.) 
Both delayed and intensified 
sweeps appear simultaneously 
when you select the scope's 
alternate-time-base mode. 

Eliminating uncertainty 
Users requiring high mea­

surement accuracies can order 
the OS3600's $595 DM3010 
option as a factory fit or retrofit. 
This 31/2-digit meter, when used 
with the scope, measures 
amplitude (±2%±2 digits), time 
(±1%±2 digits) and frequency 
(reciprocal pf an equivalent 
period± 1 digit). It can also be 
operated independently to 

measure de voltage, de current 
and resistance. 

Gould Inc, Instruments Div, 
3631 Perkins Ave, Cleveland, 
OH 44114. Phone (216) 
361-3315. Circle No 456 

NEXT TIME 
EDN's September 20th issue will 
feature a Special Report on pots 
and trimmers, plus useful and in­
formative articles on 

• Applications of a new super­
fast dual Norton amplifier 

• Indexing computer-stored data 
by means of hash-coding 
techniques 

• The analysis of motor-heating 
conditions 

• The basics of serial data com- · 
munication 

• The proper application of low­
frequency bypassing in power­
supply design 

.. . and much more. Don't miss it! 

EON: Everything Designers Need 
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Microcomputer with prlnter-$375. 
1bat's Rodnuell .Mlcropower. 

For learning, designing, work or just fun, Rockwell's AIM 65 
f microcomputer gives you an easy, inexpensive head start. 

• 20-Column Printer and Display 
• Dual Cassette, lTY and 
General-Purpose I/Os 

• R6502 NMOS Microprocessor 
• System Expansion Bus 
• Read/Write RAM Memory 
• PROM/ROM Expansion Sockets 
• Advanced Interactive Monitor Firmware 
• Big Terminal-Style Keyboard 

For more on AIM-65 and how you 
can develop programs in assembly 
language or BASIC, write Microelectronic 
Devices, Rockwell International, 
D-727-B4, P.O. Box 17479, Irvine, 

CA 92713 or phone (714) 632-3729, or 
contact your local Hamilton-Avnet office. 

Rockwell International 
.. .where science gets down to business 

For more information, Circle No 52 
EDN SEPTEMBER 5, 1979 



Editor's Choice: New Products 

"Super high-level" 4-bit µC 
performs most processing in 8-bit bytes 
Members of the MN1500 
microcomputer family might 
best be described as "bridge" or 
transition devices because they 
offer close to 8-bit performance 
at 4-bit prices. Totally new both 
in architecture and instruction 
set, they rely on tight 
geometries, the n-channel 
LOCOS EID MOS process and 
3-µm line widths to achieve 
instruction speeds of 2 µsec. 
Moreover, they sport either 2k 
or 4k bytes of on-board ROM, 
plus 152 or 256 words of RAM, 
respectively, achieving note­
worthy computing power. 

Six members constitute the 
family: Two µCs (the MN1542 
and MN1544) come in 40-pin 
plastic DIPs and feature six 
bidirectional I/O ports; two 
others (the MN1562 and 
MN1564) use 64-pin packages to 
increase the number of I/O ports 
to 12 . An evaluation chip 
(MN1599) and companion I/O 
expander (MN1591) support 
prototyping efforts and round 
out the family. 

Save money, cut power 
Pricing for the µCs starts at 

less than $7 in quantities of 
50,000-not overly high consid­
ering the chips' memory 
capacity, speed and computing 
capability. Key architectural 
features include 4-level priority 
interrupts, table-look-up func­
tion, an 8-bit counter/timer and 
an 8-bit serial shift register. 

For power, devices in the 
MN1500 family need only a 
single 5V supply. Moreover, 
they can operate in a power­
down mode to minimize 
dissipation-data is retained in 

EDN SEPTEMBER 5, 1979 
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Aimed at use in computer peripherals, "smart" instrumentation, high-level industrial 
controllers and sophisticated appliances, the MN1500 µ.C family incorporates 
bidirectional 110 ports for flexibility in assigning inputs and outputs. On-chip ROM 
capacity can range up to 4k bytes; no EPROM version is currently planned. Loop 
Count and Indirect Jump are included in the family's set of 124 standard instructions. 

memory by applying power only 
to the RAM via the V mm pin. 

The necessary tools 
Support for the MN1500 

family will include prototyping 
boards, emulator boards and a 
low-cost floppy-disc-based de­
velopment system. The latter 
will furnish a resident cross 
assembler with editing and 
debugging packages and will be 
available in November. 

The evaluation chip and its 
companion expander, which cost 
$125 and $20, respectively, are 
available from stock. Deliveries 
of the MN1542, 1544, 1562 and 

1564 depend on the overall 
mask-development cycle, which 
generally ranges from 6 to 8 wks 
after receipt of order. 

Panasonic, 1 Panasonic 
Way, Secaucus, NJ 07094. 
Phone (201) 348-7276. 

Circle No 458 

JOB 
SHOPPING? 

Check EDN 's Career Opportunities 

EON: Everything Designers Need 
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Tbe~llest 
lllskcontnner. 
Plall. 

Now there are two ways to get the simplicity, power and flexibility of our 
floppy disk controller: NECs µ,PD765 chip, or the BP-2190 board from 
NEC Microcomputers. 

The innovative µ,PD765, developed and introduced by NEC, has 
become an industry standard and will soon be second-sourced by a 
U.S. semiconductor company. Its simple to build into your system, 
because the standard 40-pin, + 5V design is totally compatible 
with IBM single- or double-density format floppies and 51/ 4

11 

mini-floppies, as well a~ standard 8" drives. 
Its powerful too, ~xecuting 15 complex commands including 

many $Ubroutines usua,lly found in a disk handler software 
package. Plus it controls up to four double-sided drives. 

And the 765 gives you unequalled flexibility ip. programming 
your controller system th.rough such commands as Multi-Sector 
Reiid? and/ or Writes, Track Formatting, and Multiple Drive Seeks. 
It operates in either DMA or interrupt-driven mode, and interfaces 
to all popular micrpprocessors, including our µ,PD8080AF, 
µ,PD8085A and µ,PD780 (Z80™ ). 

For board applications, you get all the capabilities above and 
more. The BP-2190 board includes the 765 and 48K of dual­
ported RAM (utilizing NE C's µ,PD416), along with priority 
and refresh logic. Disk-to-RAM transfers are under D MA control 

Controller Chip REPS: Action Unlimited, Arlington, TX, Spring, TX; Cereo, San Diego, CA; Contact Sales, Inc., Burlington, MA; D/Z Associates, Inc. , Denver, CO; 
Electronic lnnova)ors. Inc .. Minneapolis, MN; Eltron, Phoenix, AZ; HLM Assoc .. Torrington, CT, Northport, NY, Parsippany, NJ; lmtech, Inc., Cleveland, OH, Dayton, 
OH; K-Mar Enginerering & Sales, Inc., Grandview, MO; Kaytronics Limited, Ville St. Pierre, QUEBEC, Concord, ONTARIO, Surrey, BRITISH COLUMBIA; L & M 
Associates. Pikesville, MD, Montpelier, VA; Harry Nash Associates, Willow Grove, PA; R.C. Nordstrom & company, Lathrup Village, Ml; Perrott Associates, Inc., Fort 
Laudjjjrdale, FL, Clearwater, FL, Orlando, FL; Santana Sales, Costa Mesa. CA; Stone Component Sales, Waltham, MA; Technology Sales, Inc., Palatine, IL; Trident 
Associates, Inc., Sunnyvale, CA; Tri-Tronix, Albuquerque, NM; Tri-Tronix, NW., Mercer Island, WA; 20th Century Marketing, Inc., Huntsville, AL, Knoxville, TN; Wolff's 
Sales Service Company, Raleigh, NC. · 
DISTRIBUTORS: Almo Electronics Corp., Philadelphia, PA, Baltimore, MD; Bell Industries, Bellevue, WA; Century Electronics, Albuquerque, NM, Wheatridge, CO, 
S!!lt Lake City, UT; Diplomat/Westland, Inc .. Sunnyvale, CA; Diplomat/Southland, Inc., Clearwater, FL; DiplomaVLakeland, Inc., Elk Grove Village, IL; DiplomaVIPC 
of Mass .. Chicopee Falls, MA; Diplomat, Holliston, MA; DiplomaVNorthland, Inc., Farmington, Ml; Diplomat/Electro-Com Corp., Minneapolis, MN; Diplomat/St. Louis, 
Inc., St. Louis, MO; Diplom!!t/ IPC Corp., Totowa, NJ, Mt. Laurel, NJ; Diplomat Electronics Corp., Woodbury, NY; DiplomaVAlta-Land, Inc., Salt Lake City, UT; Future 
Electronics Corp., Montreal, QUEBEC, Downsview. ONTARIO, Ottawa, ONTARIO, Natick, MA; Hughes-Peters, Inc., Cincinnati, OH, Columbus, OH; lntermark Elec­
tronics. Sunnyvale, CA, Santa Ana, CA, San Diego, CA; KA Electronics, Dallas, TX ; Kent Electronics, Houston, TX; G.S. Marshall, Sunnyvale, CA, Canoga Park, CA, 
El Monte, CA, San Diego, CA, Phoenix, AZ; Marshall Industries, Farmingdale, NY, Wallingford, CT; Milgtay Electronics, Inc., Freeport, NY, Orange, CT; Quality Com­
ponents, Austin , TX, Houston, TX, Dallas, TX; Reptron Electronics, Inc., Livonia, Ml, Columbus, OH; Rasco/Raleigh, Raleigh, NC; Semiconductor Specialists, Inc., 
Chicago, IL, Burlington, MA, Farmington, Ml, Minneapolis, MN, Hazelwood, MO, Pittsburgh, PA, Dallas, TX, Milwaukee, WI; Sterling Electronics, Phoenix, AZ, Santa 
Clara, CA, San Diego, CA, N. Hollywood, CA, Baton Rouge, LA, Waltham, MA, Albuquerque, NM, Dallas, TX, Houston, TX, Tukwila, WA; Summ~ Distributors, Inc., 
Buffalo, NY; Summit Elec. of Roch., Inc., Rochester, NY; Western Microtechnology, Cupertino, CA. 
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11 • tbe wadis. 
which keeps host processor overhead to a minimwn. And mixed 

densities and sizes are handled with ease. All of this on a single 
ready-to-run board that plugs directly into a Multibus TM system­

and we'll sµpply the software drivers, too. 
The µ,PD765 chip, or the BP-2190 board. Either way, it's the 

world's best floppy disk controller. Backed by full docwnentation, 
testing, and engineering help for specific application problems. 
For more information, attach your business card or letterhead 

to this page and send to NEC Microcomputers, Inc., 173 
Worcester Street, Wellesley, MA 02181. Or contact the 

regional office near you. WESTERN REGION OFFICE: 
Orange, CA at (714) 633-2980; EASTERN REGION 

OFFICE: Melville, NY at (516) 293-5660; MID­
WESTERN REGION OFFICE: Des Plaines, IL at 
(312) 298-7081; SOUTHERN REGION OFFICE: 
Dallas, TX at 

(214) 980-6976. 

'"Z80 is a trademark of Zilog Corporation. 
'" Multibus is a trademark of Intel Corporation. 

EC 
NEC Microcomputers, Inc. 

Controller Board REPS: Action Unlimited, Arlington, TX, Spring, TX; Cereo, San Diego, CA; Contact Sales, Inc., Burlington, MA.; D/Z Associates, Inc., Denver, 
CO; Electronics Innovators, Inc., Minneapolis, MN; E:ltron, Phoenix, AZ; Kaytronics Limited, Ville St. Pierre, QUEBEC, Concord, ONTARIO, Surrey, BRITISH CO­
LUMBIA; Santana Sales, Costa Mesa, CA; Trident Associates, Inc., Sunnyvale, CA; Tri-Tronix, Albuquerque, NM; Tri-Tronix, NW., Mercer Island, WA. 
DISTRIBUTORS: Alrno Electronics Corp., Philadelphia, PA, Baltimore, MD; Bell Industries, Bellevue, WA; Century Electronics, Albuquerque, NM, Wheatridge, CO, 
Salt Lake City, UT; Diplomat/Westland, Inc .. Sunnyvale, CA; DiplomaVSouthland, Inc., Clearwater, FL; DiplomaVLaketand, Inc., Elk Grove Village, IL; Diplomat/I PC 
of Mass .. Chicopee Falls, MA; Diplomat, Holliston, MA; DiplomaVNorthland, Inc., Farmington, Ml; DiplomaVElectro-Com Corp., Minneapolis, MN; Diplomat/St. Louis, 
Inc .. St. Louis, MO; Diplomat/I PC Corp., Totowa, NJ, Mt. Laurel, NJ; Diplomat Electronics Corp., Woodbury, NY; DiplomaVAlta-Land, Inc .. Salt Lake City, UT; Future 
Electronics Corp., Montreal, QUEBEC, Downsview, ONTARIO, Ottawa, ONTARIO, Natick, MA; Hughes-Peters, Inc .. Cincinnati, OH, Columbus, OH; lnterrnark Elec­
tronics, Sunnyvale, CA, Santa Ana, CA, San Diego, CA; KA Electronics, Dallas, TX; Kent Electronics, Houston, TX; G.S. Marshall, Sunnyvale, CA, Canoga Park, CA, 
El Monte, CA, San Diego, CA, Phoenix, AZ; Marshall Industries, Farmingdale, NY, Wallingford, CT: Milgray Electn;mics, Inc .. Freeport, NY, Orange, CT; Quality Com­
ponents, Austin, TX, Houston, TX, Dallas, TX; Reptron Electronics, Inc., Livonia, Ml, Columbus, OH; Flesco/Raleigh, Raleigh, NC; Semiconductor Specialists, Inc .. 
Chicago, IL, Burlington, MA, Farmington, Ml, Minneapolis, MN, Hazelwood, MO, Pittsburgh, PA, Dallas, TX, Milwaukee, WI; Sterling Electronics, Phoenix, AZ, Santa 
Clara, CA, San Diego, CA, N. Hollywood, CA, Baton Rouge, LA, Waltham, MA, Albuquerque, NM, Dallas, TX, Houston, TX; Tukwila, WA; Summit Distributors, Inc .. 
Buffalo, NY; Summit Elec. of Roch .. Inc .. Rochester, NY; Western Microtechnology. Cupertino, CA. 
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Tektronix has the OEl\ 
a success. At prices t~ 

Choose the performance you 
need at the price that's right. 

From low-cost X-Y displays to 
video displays to cameras and ac­
cessories, Tektronix delivers solid value 
for your display dollar - the kind of value 
that can mean a competitive edge for 
you . And of course we've got OEM and 
quantity purchase discounts. That's an 
important edge, too . 

Courtesy of Optical Elect ron ics Inc . 

I--+-·~--+--+--+--+--+--+--+-~ 
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Order mechanical 
packaging to fit your 
designs. 

Need packaging for your custom 
electronics c ircuitry? Tektron ix has it. It 
saves you valuable time and money on 
mechanical designs, tools , and dies. Plus 
it helps you get your products to market 
more quickly. Select full horizontal rack 
width or vertical double height packaging 
in a clean , contemporary configuration . 
This lets you combine your custom 
electronics circuitry with Tektron ix 
displays. And , you can order different 
combinations of handle, feet, and covers 
for stand-alone designs. Or, choose a 
basic display that easily mounts into your 
system. Your custom electronics plus our 
ready made packaging will give your 
instruments a solid professional look, too . 

And rely on Tektronix 
for service and support. 

When you choose Tek­
tronix, you'll benefit from a work­
ing relationship that lasts long 
after the contract is signed . 
You can work closely with our 

... 



lisJ!lays to make you 
make you competitive. 

specially trained Applications Engineers. 
They'll help you choose just the compo-

nents you need for your special ap­
plications and help solve even 

your toughest interface prob­
lems. You'll get fast, re­
sponsive service from over 
46 Centers in the U.S. 
alone, plus repair 
facilities in many coun­

tries abroad. And for the 
long term, you can't beat 

Tektronix support in serv­
ice and parts availability. 

Interested in setting up a 
partnership for success with the Display 
Components leader? 

For a demo, loaner or literature, 
call Tektronix, toll free at: 
1-800-54 7-1512. In Oregon: 
644-9051. Or write : Tektronix, Inc., 
P.O . Box 500, Beaverton, Oregon 
97077, Delivery Station 76-260. 

For Technical Data Circle no. 62. 
For Demonstration Circle no. 83. 

For Immediate action dial our toll lrH automatic anawetlllf aenlt» 1-loo-541·1112 





Now!20MHz 
monolithic 
10·9·&8·bit 
DIA converters 
(And they're glitch less~) 

Only TRW offers you all these featu res 
in a DAG. 

Signal conversion is a guaranteed 
20 megasamples /sec. Best rate yet 
for a monolithic 10-bit DAG. 

*Glitches are barely measurable. 
Less than 100 picovolt-second on 
average. Internal input registers erase 
the need for any resampling. 

Our b AGs are compatible with 
TTL and single-ended or differential 
EGL. And handle a variety of inputs: 
2's complement, inverted 2's, or binary. 

A unique output clocking option 
offers the ability to terminate the 
ouiput clock at any time. It can be 
strobed with an independent clock. 

A 1V/ 75 ohm output directly drives 
a load without an op amp or buffer. 

For convenience, we included a 
Force High/Force Low control for 
calibration . It gives you fu ll scale or 
zero output without changing digital 
input. 

Physically, our monolithic / bipolar 
DAGs in thei r 40-pin DIP demand less. 
They take up only a 1114 - inch square 

(an inch or more shorter than others) 
and requ ires on ly 500mW (vs. 2-5 
watts for module types) . 

The new DAGs from TRW: they 
leave no reason to delay going 
monolithic. Not even price : 1 b-bit 
(TDG-1016J-10) is $98 in 100 lots ; 
9-bit (TDC-1016J -9) is $51 ; 8-bit 
(TDG-1oi6J-8) is $38. They're in 
stock at Hamilton I Avnet. 
For immediate information, 
call 213/535-1831 or send th~ 
coupon. 

·-------------------------
TRW LSI Products 
An Electronic Components Division of TRW Inc. 
P.O. Box 11 25 
Redorl do Beach , CA 90278 

Please send me data sheets on t he 
DI A converte r series TDC·1 016J . 

Na me 

Company 

D iv/ Dept Mai l Code 

Address 

City 

State Zi p 
EET-12 

·----- ----------~--------· TRW keeps you ahead in 
digital signal processing 

TRWLs1 PRODUCTS 
ANOTHER PRODUCT OF A COMPANY CALLED TRW 

For more information, Circle No 55 



And say hello to Fluke's 
family of True RMS 
Digital Voltmeters at 
analog prices. The ad­
vantages of a digital 
voltmeter 's speed and 
accuracy have finally 
come to wideband true 
rms measurements . 
Thanks to an exclusive 
Fluke-designed micro­
electronic chip, you can 
now make true rms measure­
ments with an ease never before 
possible-and starting at just $1095*. 

Try this on your old analog meter. 
Each model boasts an autoranging 
LED display of volts (3V2 digits) or dB 
(41/z digits) with 0.5% midband accur­
acy. An exclusive "dial-a-reference" fea­
ture lets you match the instrument's 
dBm reference to the impedance of the 
system you're working with . The 
resultant direct reading of dBm eli­
minates time consuming calculations. 
With the relative dB feature , you can 
set the existing dB reading to zero 
establishing the input voltage level 
as the dB reference. Subsequent 
readings will be indicated as ± dB . All 
with ac or ac + de input coupling. 

For simplified peaking/dipping 
measurements, an analog meter com­
plements the digital display. Counter 
and log output options are available 
for your system applications. 

Match the model to your mea­
surement needs. There's no compro­
mise when buying a Fluke 'frue RMS 
Voltmeter. The 8920A a nd 8921A boast 

*U.S. Prices Only 

lOHz to 20MHz specifications with a 
2 mV range to 2 MHz. Choose the 8920A 
with a BNC input or, for floating mea­
surements to 500V, the 8921A with 
isolated banana jacks. 

The 8922A, newest in the series, 
includes design enhancements for 
both audio measurements (with 
specifications to 2 Hz) and rf 

applications (with an 
11 MHz, 2 mVrange). 
Selectable 200 kHz 
filtering enhances 

· audio performance 
by eliminating 
unwanted high 
frequency noise. 

Latch them to-
~ .. .. ... · gether, then put them 

~ljjt:!'t:!:~ on the b.us. Each 
8920-Senes Voltmeter 

is housed in the exclusivt Fluke por­
table test instrument package. This 
system allows convenient stacking and 
latching of multiple instruments for 
unrivaled transportability. And by 

adding the new 1120A 
'franslator, with appropriate 

- instrument options. you 
can make your new 
voltmeter I EEE-488 
compatible. 

See how the 8920 Series 
measures up. For imme­

diate response, contact the Fluke 
sales office or representative in your 
area or call: 

800-426-0361 
If you prefer, just complete and mail 
the coupon below. 

For technical data Circle # 57. 

IFLUKEI ====® 
r-----------------------------· 

IN THE U.S. AND NON­
EUROPEAN COUNTRIES: 

~~n /o~u~32~J\i~°#'isc 
Mountlake Terrace, WA 98043 
(206)774-2481 
Telex: 32-0013 
0 I'd like a demonstration. 

IN EUROPE: 
Fluke (Holland) B.V. 
P.O. Box 5053, 5004 EB 
T\lburg, The Netherla nds 
(013)673-973 
Telex: 52237 

0 Please send me information on 
8920-Series True RMS Voltmeters. 

0 Please send 1120A IEEE-488 ']}anslator 
information. 

Name 

Tit le Mai l Stop 

Companv 

Address 

City State Zip 

Te lephone ( Ext. 

EDN 9/79 



µ·Computerist Corner 

6502 routines aid debugging 

Don Shapiro 
American Electronic Laboratories, Lansdale, PA 

The 6502 Single Step (Fig 1) and Trace (Fig 2) 
programs presented here can save many hours of 
debugging time by permitting software debugging in 
a controlled environment. With them, program 
errors can be detected and corrected efficiently 
without reloading a program after each error. 

The Single Step program permits execution of any 
software one opcode at a time. After the execution of 
each opcode, the routine displays the address of the 
next one. In this manner, software execution can be 
observed and terminated when art error is detected. 
This nondestructive software testing permits error 
correction without inadvertent modification of other 

HEX HEX 
ADDRESS CODE LABEL OPCODE OPERAND COMMENTS 

0000 LOW NEXT ADDRESS LOW 
0001 HIGH NEXT ADDRESS HIGH 
OOE2 USER L Fl AST ADA USER LOW 
OOEJ USER L FIRST ADA USER HIGH 
OOE4 SP STACK POINTER STORAGE 
NMlllRQ 48 PHA PUSH A ON STACK 

SA TXA EXCHANGE X AND A 
48 PHA PUSH X ON STACK 
98 TYA EXCHANGE Y AND A 
48 PHA PUSHY ON STACK 
BA TSX PUT STACK POINTER INTO X 
BDOS01 LDA 010S,X GET OPCODE ADA LOW 
esoo STA LOW STORE OPCODE ADA LOW 
BD 06 01 LDA 0106,X GET OPCODE ADA HIGH 
8S01 STA HIGH STORE OPCODE ADA HIGH 

memory locations. 
Under Trace program control, a sequential record 

or history of program execution is made available for 
display. By examining the "trace," you can detect 
improper branches or exits from loops and monitor 
loop durations. Bugs are quickly located because 
intermediate steps of the trace can be overlooked. 

Using breakpoints. You can use the breakpoint 
opcode (0016) of the 6502 in conjunction with the 
Single Step or Trace programs to produce powerful 
troubleshooting tools. Single Step and Trace normal­
ly make each user-executed opcode available for 
display. But by placing breakpoints in the user 
program, you can display just the opcodes following 
those breakpoints. Because only critical opcodes 
appear, rapid examination of program branches and 
loops is possible. 

For example, consider inserting breakpoints into 

HEX HtX 

ADDRESS CODE LABEL OPCODE OPERAND COMMENTS 

86 E4 STX SP STORE STACK POINTER 
38 SC SEC SET CARRY 
BO FD BCS SC JUMP BACK TO SET CARRY 

NEXT A6 E4 LDX SP GET STACK POINTER 
9A TXS PUT X INTO STACK POINTER 
68 PLA GET Y FROM STACK 
AS TAY PUT A INTO Y 
68 PLA GET X FROM STACK 
AA TAX PUT A INTO X 
68 PLA GET A FROM STACK 
40 ATI EXECUTE NEXT USER OPCODE 

INITIALIZE A2 FF LDX #,FF PUT FF INTO X 
9A TXS PUT X INTO STACK POINTER 
6C E2 00 JMP (USER L) JUMP TO USER PROGRAM 

Fig 1--Single Step goes anywhere in memory for breakpoint operation. Opcode operation requires memory locations controlled by 
a chip select not common to the application program. 

HEX HEX HEX HEX 
ADDRESS CODE LABEL OPCODE OPERAND COMMENTS ADDRESS CODE LABEL OPCODE OPERAND COMMENTS 

OOEO STL START TRACE LOW 84 ES STY TC STORE TRACE COUNTER 
OOE1 STH START TRACE HIGH AOOO LDY #,00 SET Y TO 00 
OOE2 USER L FIRST ADA USER LOW B1 E6 LDA (RL),Y GET OPCODE 
OOEJ USER H FIRST ADA USER HIGH A4 ES LDY TC GET TRACE COUNTER 
OOE4 TL TRACE LENGTH cs INY BUMP TRACE COUNTER 
OOES TC TRACE COUNTER 91 EO STA (STL).Y STORE OPCODE IN TRACE 
OOE6 AL OPCODE REFERENCE LOW cs INY BUMP TRACE COUNTER 
OOE7 RH OPCODE REFERENCE HIGH 84 ES STY TC STORE TRACE COUNTER 
NMlllRQ 48 PHA PUSH A ON STACK C4 E4 CPY TL TRACE LENGTH EXCEEDED? 

SA TXA EXCHANGE X AND A 10 FE OVER BPL OVER BRANCH IF YES 
48 PHA PUSH X ON STACK 68 PLA GET Y FROM STACK 
98 TYA EXCHANGE Y AND A AB TAY PUT A INTO Y 
48 PHA PUSH Y ON STACK 68 PLA GET X FROM STACK 
BA TSX PUT STACK POINTER INTO X AA TAX PUT A INTO X 
A4 ES LDY TC GET TRACE COUNTER 68 PLA GET A FROM STACK 
BD OS 01 LDA 010S,X GET OPCODE ADA LOW 40 All EXECUTE NEXT USER OPCODE 
91 EO STA (STL),Y STORE ADA LOW IN TRACE INITIALIZE A2 FF LDX #,FF PUT FF INTO X 
SS E6 STA AL SET UP OPCODE REF LOW 9A TXS PUT X INTO STACK POINTER 
BD 06 01 LDA 0106,X GET OPCODE ADA HIGH A9 00 LDA #,00 00 INTO A 
cs INY BUMP TRACE COUNTER SS ES STA TC A INTO TRACE COUNTER 
91 EO STA (STL),Y STORE ADA HIGH IN TRACE 6C E2 00 JMP (USER L) JUMP TO USER PROGRAM 
SS E7 STA RH SET UP OPCODE REF HIGH 

Fig 2-For breakpoint operation, Trace can go anywhere in memory. For opcode operation, it must go in memory locations 
controlled by a chip select not common to the application routine. 
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You'll find every feature 
you've been looking for: speed, 
performance, price and reliability. 

That's right. For the first time ever, Burroughs offers to OEM's our line of 
dependable, low-cost, dot matrix print heads and printer mechanisms. The 
print head options include 90, 120 or 180 cps operation with 7 or 9 pin configuration . 
Print mechanisms available with 132 print positions and print speeds to 90 cps. 

You can add Burroughs dependability to your product for as little as $80 (PH 119-90 print 
head) or $270 (PM 100 Series print mechanism) in 100 quantity. They're worth looking into. Call 
or write for low evaluation unit prices and detailed specifications. 

Burroughs OEM Marketing Corporation, P.O. Box 1226, Plainfield, NJ 07061, (201) 757-5000. 
In Europe, High Street, Rickmansworth Hertfordshire, England. Telephone 70545. 

Burroughs 
For General Information Circle no. 58 
For Detailed Specifications Circle no. 59 
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+5V 

IC4 
1k 74145 mo) BCD·TO·DECIMAL 

1024-BYTE DECODER 
RAM 

IC1 
X PAGES 

6502 0 . 00, 01 , 02, 03 

7 1 . 04 , 05, 06, 07 
SYNC 2 . 08, 09, OA, OB 

3 · OC, OD, OE, OF 
4 . 10, 11 , 12, 13 
5 . 14, 15, 16, 17 

NMI 6 . 18, 19, 1A, 1B 

6 7 · 1C, 1D, 1E, 1F 
+ 5V 8. 20, 21 , 22 , 23 

+5V 9. 24, 25, 26, 27 

1k 
1k 

11 

AB10 15 A 

{ "" 14 B 
BUFFERED 

ADDRESS BUS AB12 13 c 
AB 13 12 D 

Fig 3--Circuit modifications are required for opcode/Single 
Step and opcode/Trace operation. Add IC2 and s, to your existing 
design; IC3 is needed only when RAM is limited to 1024 bytes. 

program loops and at each loop exit; Trace or Single 
Step then indicates an entire loop path with a 
particular loop exit. Realize, though, that Single 
Step or Trace will cause the program to resume 
execution at the breakpoint location plus two bytes. 
Thus, when a breakpoint is inserted in the user 
program, the byte following the brea~point is 
skipped. 

Hardware modifications. The breakpoint/Single 
Step and breakpoint/Trace programs just described 
require no hardware modifications; you can use these 
powerful debugging tools on virtually any 6502-
based computer. However, the opcode/Single Step 
and opcode/Trace programs require minor circuit 
modifications. The circuit shown in Fig 3 generates a 
nonmaskable interrupt (NM!) each time a user 
opcode is fetched and disables NMis when the 
opcode/Single Step and opcode/Trace programs 
execute. Circuit operation depends on the 6502's 
generating sync each ti.me an opcode is fetched. The 
opcode/Single Step and opcode/Trace programs run 
at any memory location with a chip select different 
from the memory location of the application pro­
gram. 

In a system with only 1024 bytes of memory, !Ca 
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INITIALIZE 

INITIALIZE 
STACK 

JUMP TO 
USER 

PROGRAM 

I 
r ______ j _______ , 
I INTERRUPT I 
I GENERATED BY I 

------------~, EXECUTION OF I 
I USER PROGRAM I 
L-------,-------J 

I 

START 
NMl/IAQ 

PUSH A, 
X ANDY 

ON STACK 

' GET NEXT 
OPCODE ADDRESS 

AND STORE 
IN ADDRESS 

0000, 0001 

STORE 
STACK 

POINTER 

JUMP LOOP 

(NExn . 
EXECUTE PRESENT 

OPCODE AND 
STORE NEXT 

OPCODE ADDRESS 

RETURN STACK 
POINTER 

STACK- A, 
X AND Y 

RETURN FF;lOM 
INTERRUPT 

(EXECUTE NEX.T 
USER OPCODE) 

I 
~-------------------~ 

Fig 4-The Single Step routine allows the application program to 
run until it encounters a breakpoint or until fetching an opcode 
generates an interrupt. The dashed lines show the 6502's 
response to interrupts. 
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Dialight is the first place to look. We can help you do 
more with LEDs ... because we've done more with them. 

Discrete LEDs come in a variety of sizes, shapes, 
colors (red, yellow, green in clear or diffused), with or 
without built-in resistors. 

Low cost logic state fault indicators for trouble 
shooting complex circuits. Designed for close density 
PC board mounting. 

High-brightness bi-color LEDs (red/ green) suit­
able for go/ no-go situations. Designed with unique 

• 
lenses for the extra visibility you'll want for your most 
critical applications. 

Snap-in mounting LED indicators reduce labor 
cost. Available in red, yellow or green with or without 
built-in resistors. 

Whatever you need in LEDs, Dialight's probably 
got it already. For your free 60-page selector guide and 
listing of our nationwide Olr A L/Gff T 
stocking distributors, con- ,.. 
tact US today. A North American Philips Company 

Dialight meets your needs. 
Dialight, 203 Harrison Place, Brooklyn, N.Y. 11 237 (212) 497-7600 

For more information, Circle No 64 
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allows the Single Step and Trace programs to be 
loaded on page 0316 and executed as if they were on 
page 2715. NAND gate IC2 feeds NM! through switch 
S1 whenever opcodes are fetched from any pages 
except 2416, 2516, 2616 and 2716· !C4 is a decoder 
configured to decode the 10,240 bytes of memory 
1024 bytes at a time. 

Using Single Step. The flowchart shown in Fig 4 

START 
INITIALIZE 

INITIALIZE 
STACK POINTER 

AND 
TRACE COUNTER 

JUMP TO 
USER 

PROGRAM 

I 
I 

·-------'-------· 
: INTERRUPT I 

r--------------.i B~~~~~wgN I 
: OF USER PROGRAM I 
L--------------J 

JUMP 
LOOP 

YES 

I 
I 

START 
NMl/IRQ 

PUSH A, 
X, ANDY 

ON STACK 

GET NEXT 
OPCODE ADDRESS 

AND STORE IN 
TRACE RECORD 

GET NEXT 
OPCODE 

AND STORE IN 
TRACE RECORD 

PULL A, 
X ANDY 

FROM STACK 

RETURN FROM 
INTERRUPT 

(EXECUTE NEXT 
USER OPCODE 

I 

----------------------~ 
Fig ~The Trace program allows the application program to run 
and keeps a record of every opcode and address or the opcode 
and address following every breakpoint. 
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521-9174 

521-9173 

521-9165 

.5oo" I 
[MIN.]-J 

521 SERIES T-1 ¥1 LEDs for 
maximum front panel density. Mounting clips 
available for easy panel mounting. High luminous 
intensity, low cost. Vibration / shock resistant. 
Solid state for long life. Wide viewing angles. 

0. 190~ DIA. 
SN AP· IN MOUNT -,-------, 468• ,. ~-0.050" REF 

t4 . MAX. .27 5~ 
MIN. 

558 SERIES MOUNTS IN 0.156" HOLE 

558 and 559 SERIES Avail­
able in red, green or yellow l:.EDs, with and without 
integral current lim iting resistors. Snap-i n mount­
ing requires no additional hardware. Straight 
terminals suited for wire-wrapping and/ or solder­
ing. Low power requirements-15 to 20mA. High 
brightness versions also available. Red, in 1000-
lot quantities each. 
558-0101-001 .. $.33 559-0101-001 .. $.33 

559 SERIES 
MOUNTS IN 0.250" 

0 . 1 88~ MAX. 

SNAP-IN MOUNT 

558 SERIES 
MOUNTS IN 0.156" HOLE 

558 and 559 SERIES Avail­
able with 6" wire leads, these red , ~reen or yellow 
LEDs are designed for quick posi tive insertion in 
0.031" to 0.062" panels. Compact design allows 
high density packaging. High brightness versions 
also available. Red , in 1000-lot quantities each. 
558-0101-003 .. $.71 559-0101-003 .. $.71 

Dialight meets your needs. So talk to the specialists at 
Dialight, first. Send for your free copy of Dia light's cur­
rent catalog today. 

DIALIGHT 
Dlllllllht, A Norlll Amerlcen Plllllpe corn-
203 H8rrllon ,.._, Bnloklyn, N. Y. 11~7 

(2121 417-7llOO 
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describes the operation of the Single Step program. 
To use this routine: 

Using Trace. The flowchart shown in Fig 5 
describes the operation of the Trace routine. To use 
Trae:e: 
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Operate switch Si (ip. Fig 3) to the Single Step 
position for opcode operation or the Off position 
for breakpoint operation. 
Set the interrupt vector to the address you have 
assigned to NMI for opcode operation or to IRQ 
for breakpoint operation (see Fig 1). (Note: 
NMI interrupt-vector addresses are FFF A 
(low byte) and FFFB (high byte). IRQ 
interrupt-vector addresses are FFFE (low 
byte) and high FFFF (high byte).) 
Insert your application-program starting ad­
dress into OOE2 and OOE3 (see Fig 1). 
Set the reset vector to the address you have 
assigned to Initialize and execute the Single 
Step program. (The reset vector is at FFFC 
and FFFD.) 
Examine the address of the next application 
opcode in 0000 and 0001. 
Change the reset vector to the address you 
have assigned to Next (see Fig 1); then execute 
Single Step once for each user opcode. 9ontinue 
to examine 0000 and 0001 for the address of the 
next user opcode. 

The Quiet Printer 
Telpar's 48-Column 
PS-48E ... 8380.00* 
KEY FEATURES INCLUDE: 
• Microprocessor controlled 
• Versatile interface (no added charge) 

Serial: RS·232C, 20 IT!il loop, or TTL 
Parallel: TTL interactive 

• Upper/lower case, 96 ASCII characters 
• Throughput rate - 24 characters per second 
• Signalling rates 

Serial mode: 110 or 300 Baud 
Parallel mode: up to 960 cps 

Operate switch Si to the Single Step position for 
opcode operation or the Off position for 
breakpoint operation. 
Set the interrupt vector to the address you have 
assigned to NMI for opcode operation or to IRQ 
for breakpoint operation (see Fig 2). (Note: 
NMI interrupt-vector addresses are FFF A 
(low byte) and high FFFB (high byte). IRQ 
interrupt-vector addresses are FFFE (low 
byte) and FFFF (high byte).) 
Insert your application-program starting ad­
dress into OOE2 and OOE3. 
Insert trace length into OOE4 :;Lnd trace starting 
address into OOEl; trace length cannot exceed 
7Fis· 
Set the reset vector to the address you have 
assigned to Initialize (see Fig 2) and execute the 
Trace program. 
Examine the trace record at the Trace starting 
address; it's formatted in a repetitive address 
low-byte, address high-byte and opcode format. 

EDN 

• Automatic carriage return and line feed 
• Thermal printing, no ribbon~ or ink * In quantities of 100 ....... $380.00 

Single quantity . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $465.00 

For more information contact Telpar, (214) 233-6631 , 
4132 Billy Mitchell Road, Box 796, Addison, Texas 75001. 
Telex: 73-7561 (TELESERV) DAL. 

For more information, Circle No 65 
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EON Software Note #35 

6502 routine multiplies signed numbers 

Arch D Robison 
Lionville, PA 

While there are many uses for the multiplication of 
signed numbers, most 8-bit µPs do not have a 
multiply instruction. The obvious way to perform a 
µP signed multiplication is to multiply the absolute 
values of the factors and attach the appropriate sign 
to the product. The routine presented here avoids 
stripping and reattachment of the sign and results in 
30% less code and a 10% faster worst-case run time 
for the 6502 µP. 

The basic multiplication loop (TEST through 
SHIFT in the figure) works by shifting bits and 
adding partial products to obtain the final product, 
much like base-10 arithmetic performed by hand. 
Because partial products are always the products of 
one bit in the multiplier and the multiplicand byte, 
they will always be either 0 or the multiplicand 

0200 8S 00 

0202 4A 

020J 8S 02 

020S A9 00 

0207 AO 07 

0209 90 OJ 

0208 18 

020C 6S 01 

020E 6A 

020F 66 02 

0211 88 

0212 DO FS 

02 14 90 06 

0216 ES 01 

0218 6A 

0219 49 80 

0218 2A 

021C 6A 

021D 66 02 

021F A4 01 

0221 10 OJ 

022J J8 

0224 ES 00 

0226 60 

PL IER =$00 Multiplier- J in text 

Multipli cand- K in text 

Low byte of product 

CAl't =$01 

PROL =$02 

MPY STA PLIER 

Enter wi th multiplier in A. 

Store multi plier . 

LSR A Shift out fir;st bit of mul ti pli e r. 

STA PROL Store in low byte of product. 

LDA lt$00 Clear high byte of product 

LDY #$07 Initialize l oop. 

TEST BCC SHIFT Test mul t ipl ier bit. 

CLC lf 1 , add mu l tipli cand 

ADC CAND to partial product . 

SH IFT ROR A Shi.ft product and sh ift in possible 

ROR PROL 

DEY 

Carry from mul tiplicand addition. 

Repea t l oop until all 7 lowe r bits 

BNE TEST of multiplier are tested . 

BCC ADJ UST Test last b i t of multiplier. 

SBC CAND I f 1 , subtract mul tiplicand . 

ROR A Compl ement carry, s ince the 6502 

EOR 11$80 defines borrow a s the complemen t 

ROL A of the carry flag. 

ADJUST ROR A Shift product once more and shift in 

ROR PROL po !;sibl e borrow from sub traction. 

LDY CAND Test sign of multipli cand . 

BPL EXIT If multiplicand is negative , 

SEC then subtract mul tiplier from 

SBC PLIER hi gh byte of product. 

EXIT RTS Return from r outine with high byte of 

product in A and mu l tipl icand in Y. 

Program length! 39 bytes 

Time • 178 clock cycl es for worst case 

1 38 for best case 

1 58 a verage for random factors 

By unrolling the loop of this 6502 signed-multiplication 
routine, you can cut execution time to 122 clock cycles. 
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shifted over the appropriate number of spaces. Here, 
instead of moving the multiplicand to the left , the 
product is shifted to the right. The carry from the 
partial-product addition is shifted into the product. 

To restate the preceding witchcraft: Suppose that 
J x K=R, where J and Kare 8-bit signed numbers 
(2's complement) and R is a 16-bit signed number (2's 
complement). J is broken into two binary numbers: 
JL, the lower seven bits, and JS, the sign bit. By the 
nature of 2's-complement arithmetic, J =JL­
JS x 27. Consider the two possible cases for K: 

1. If K~O, KxJ =(KxJL)- K x (JS x 27) . All that's 
needed here is an unsigned multiplication of K and 
JL. If JS=l , then Kx 27 (K shifted left seven times) 
is subtracted from the product. 

2. If K< O and K is interpreted as an unsigned 
binary number, the apparent value will be K +28• 

Thus, the product of J and the apparent value will be 
(JxK)+J x 28• To get the actual result, J x 28 must be 
subtracted from this product-a process that's 
equivalent to subtracting J from the high-order byte. 

Note that because the range of the factors is -128 
to + 127, the range of the product is -16,256 to 
+ 16,384. Because the range of 16-bit 2's-complement 
numbers is - 32,768 to +32,767, you can safely add 
two products without overflow unless all four factors 
are -128. 

Additionally, note that you can reduce the average 
multiply time to 122 clock cycles if you "unroll" the 
loop and write it out "in line. " Although this process 
increases program length to 82 bytes; it might prove 
worthwhile if time must be saved. EDN 

NEXT TIME 
EDN's September 20th issue will feature a 
Special Report on pots and trimmers, plus 
useful and informative articles on 

• Applications of a new superfast dual Nor­
ton amplifier 

• Indexing computer-stored data by means 
of hash-coding techniques 

• The analysis of motor-heating conditions 
• The basics of serial data communication 
• The proper application of low-frequency 

bypassing in power-supply design 

.. . and much more. Don't miss it! 

EON: Everything Designers Need 
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escon -
Focusing on the latest products and system innovations, 

this year's show demonstrates the continued interest in µP 
versatility, instrument developments and more. 

Wiiiiam Twaddell, Western Editor 

The theme is "Gateway to the Eighties." The place is 
San Francisco. And the technical sessions at Wescon 
this year will focus on electronics as it moves into the 
next decade. 

Conference subjects will range from designing the 
next generation of satellite systems to finding super 
solutions to today's super problems. As in the past, the 
lion's share of papers will cover µP and µC systems. 
But now more than ever, promises of "a µP in every 
pot" gain credibility as designers acquire the necessary 
information for integrating these devices into their 
products. 

Four of the many sessions of particular interest are: 

120 

Picosecond Electronics-If picosecond devices 
are here now, can femtosecond units be far 

behind? 
Bipolar LSI for Microprogrammed Machines­
Nanoseconds are turning into picoseconds as 
competing technologies and architecttires vie for 
designers' attention. 
Semicustom Linear and Digital IC Arrays-The 
latest improvements in density and functional 
architecture are speeding semicustom ICs along 
the LSI highway. 
IEEE-488: Where Will the Bus Stop Next?­
Taking increased advantage of µP control, the 
GPIB is getting smarter and solving its 
problems-but where is the standard ultimately 
heading, and who is taking it there? 

Other W escon discussions will tell you how to design 
bubble memories into systems, explain how µPs can aid 
handicapped learners, describe uses of acoustic imaging 
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Breaking ground 
for tomorrow's designs 

WESCON/79 PROFESSIONAL PROGRAM 

HOTEL ST FRANCIS HYATT ON UNION SQUARE 
GRAND BALLROOM COLON IAL ROOM CALIFORNIA WEST PLAZA SQUARE EAST PLAZA SQUARE WEST CONFERENCE THEATRE 

TUES 1. PRACTICAL TECH· 2. BIPOLAR LSI FOR 3. RECENT ADVANCES IN 4. SUPER SOLUTIONS TO 5. SATELLITE SYSTEMS 6. MICROCOMPUTERS AI D 
SEPT 18 NIQUES FOR MICROPROGRAMMED PACKET SWITCHING SUPER PROBLEMS FOR THE NEXT DECADE THE HANDICAPPED 
10:00 AM INTERFACING MICRO· MACH INES LEARN ER 

TO COMPUTERS TO THE 
12:30 PM REAL WORLD 

TUES 7. PROGRAMMABLE 8. IEEE LIFE MEMBER 9. MEMORIES FOR THE "p 10. TOPICS IN DIGITAL SPECIAL SESSION 
SEPT 18 DEVICES: NEW TOOLS HISTORICAL SESSION AGE IMAGE PROCESSING IEEE REGION VI 
2:00 PM FOR LOGIC DESIGNERS STUDENT PAPER 

TO COMPETITION 
4:30 PM 

WED 11. DEVELOPMENT 12. BATTERIES FOR 13. SEMICUSTOM LINEAR 14. COMPUTER SECURITY 15. PICOSECOND 
SEPT 19 SYSTEMS: MICROPROCESSOR AND DIGITAL IC ELECTRONICS 
10:00 AM UNIVERSAL OR SYSTEMS ARRAYS 

TO DEDICATED? 
12:30 PM 

WED 16. COMBIN ED AN ALOG 17. THE IMPACT OF NEW 18. HIGH·SPEED, LOW· 19. IEEE-488: WHERE WILL 20. TECHNOLOGY TREN DS 
SEPT 19 AND DIGITAL LSI MICROPROCESSORS COST NUMBER THE BUS STOP NEXT? IN MODERN RADAR 
2:00 PM ON DEVELOPMENT CRUNCHERS SYSTEMS 

TO SYSTEMS 
4:30 PM 

THURS 21 . THE SINGLE-CHI P 22. MICROCOMPUTERS 23. INTERNATIONAL 24. PROGRAMMABLE 25. SATELLITE TV AND 26. LARGE·SCALE CAD 
SEPT 20 MICROCOMPUTERS: AND EN ERGY SESSION CALCULATORS THE PRIVATE USER PROGRAMS: PRESENT 
10:00 AM WHICH ON E DO YOU CONSERVATION AND FUTU RE 

TO NEED? 
12:30 PM 

THURS 27. DESIGNING WITH 28. 16·BIT MICRO· 29. PERSON AL COM· 30. ACOUSTIC IMAGING 
SEPT 20 BUBBLE MEMORIES COMPUTER BOARD- PUTERS IN SCIENTIFIC 
2:00 PM LEVEL PRODUCTS: AND ENGINEERI NG 

TO CHARACTERISTICS, APPLICATIONS 
4:30 PM APPLICATIONS, 

CONFIGURATIONS 

and digital image processing and cover such timely 
subjects as computer security, energy conservation and 
large-scale computer-aided-design (CAD) programs. 

have always meant faster or smaller devices-usually 
both. For this reason, designers must think in terms of 
future requirements and carefully evaluate each 
state-of-the-art advance in terms of its limitations as 
well as its improvements over previously developed 
technologies. Focusing on one such advance, session 

Faster than a speeding bullet 
In electronics, improvements in the state of the art 

A semlcustom-IC chip goes through four stages of development: A 200 x chip-layout sheet (a) accepts designers' interconnects (b) to form a 
complete circuit. lnterdesign Inc converts the interconnected layout into a 200 x precision Mylar version (c), which is then used to make masks 
that produce the finished chip (d). 
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15's look at "Picosecond Electronics" will allow 
designers to evaluate the special considerations neces­
sary when dealing with multigigabit logic. Chairman 
Henri Merkelo, director of the Quantum Electronic 
Research Lab at the University of Illinois at Urbana­
Champaign, promises a stimulating session with top 
people in their respective fields participating. 

Three other papers in session 15 will examine 
specific technologies in the high-speed field. "Gallium 
Arsenide FET !Cs," for example, will consider some of 
the fabrication and design choices available to those 
devices' producers. The paper's author, Dr Paul 
Greiling of the Research Lab at Hughes Aircraft Co, 
Malibu, CA, will discuss such decisions as what type of 
starting materials to use, which lithography method 
works best and the advantages and disadvantages of 
various metallizations. Greiling will also examine the 
whys and wherefores of depletion-mode versus 
enhancement-mode logic and their configurations. 

Dr Robert W Keyes of IBM's T J Watson Research 
Lab, Yorktown Heights, NY, will present the opening 
paper, offering a global view of very high-speed 
large-scale integrated circuits. He intends to discuss 
subjects such as the physics of miniaturization, 
technological limitations, suitable materials for LSI and 
high-speed circuits, and substrates that provide 
minimal attenuation of broad-band signals. 

Siiicon Is still In the running 
Silicon-on-sapphire (SOS) remains the high-speed 

hope for a future silicon technology, according to Daryl 
Butcher of Rockwell International, Anaheim, CA. His 
session 15 paper, "Silicon-on-Sapphire High-Speed 
Electronics,'' 'reports propagation delays of less than 
500 psec using devices with 2-µm channel lengths and 
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µC-based devices recapture lost abilities . 
How would you read a book if 
you couldn't turn the pages? 
What if you couldn't see the 
book? How would you even ask 
for a book if you couldn't speak? 

These are crucial questions 
for many individuals, and until 
recently there were very few 
answers to them. Wescon 
session 6 will explore one of the 
most rewarding computer­
application areas, where "Micro­
computers Help the Handi­
capped Learner." 

Dr John B Eulenberg, profes­
sor of computer science and 
African languages at Michigan 
State University's Artificial Lan­
guage Lab, will present a paper 
on a "µP-based Portable Talking 
Computer for the Classroom." 
The device, termed a semanti­
cally accessible language (SAL) 
board, allows its users to print 
out or generate spoken English 
(or any other language whose 
rules have been coded into a 
program). While Eulenberg 
constructed his magnetic-sensor 
SAL board in the form of a lap 
tray attached to a wheelchair, 
the SAL principle applies to 
many input devices­
headsticks, joysticks or touch­
sensitive plates, for example. 

As an aid to people with 

A nonspeaking cerebral-palsied student uses his SAL (semantically accessible 
language) board to converse with a speech pathologist. Michigan State University's 
Artificial Language Lab developed the board. 

cerebral palsy or other neurolog­
ical or neuromuscular conditions 
who cannot speak, write or use a 
standard keyboard (and who are 
often preliterate), the SAL board 
actually incorporates the rules of 
English. As Eulenberg explains, 
"The device doesn't simply talk, 
it has some linguistic structure 
driving it." 

To operate the SAL board, 
users point in some manner to 
symbols on the board, construct­
ing grammatically correct sen-

tences. Touched one way, for 
example, the device says "I love 
you"; touched in the opposite 
manner, it correctly changes the 
sentence to "You love me." 

Improvements in speaking 
machines stem from research­
ers' desire to place the disabled 
learner in a conventional study 
environment. "Nonvocal Com­
munication/Control Aids in the 
Classroom and the Job Site," by 
Gregg Vanderheiden, director of 
the University of Wisconsin's 
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100-MHz to 1-GHz frequency ranges . . The paper also 
describes complex analog and digital devices-such as 
DIA converters-that put SOS firmly in the high-speed 

the advantages of superconducting Josephson tunnel 
junctions in logic and ~emory circuitry. 

Operating at the temperature of liquid helium, such 
Josephson devices work at extremely high speeds and 
consume very little power. Theoreticians expect 
Josephson switching times-which normally equal less 
than 10 psec-to drop into the femtosecond (10"15 sec) 
range in future devices. The units' small size and very 
low heat-generation properties combine to permit 
extremely dense configurations, thereby shortening 
the distances between computing elements. Because 
distance is a critical speed-limiting factor at these high 
switching rates, such closer packing will help provide 
the speed gains required by the next generation of big 
computers. 

ballgame. . 
Commenting on the very high-speed IC (VHSIC) 

project proposed by the Department of Defense, 
Butcher notes that given the way in which this program 
quantifies performance-number of gates times clock 
rate divided by chip area in square centimetres­
Rockwell has already produced devices in the desired 
1011-to-1013 range by utilizing 2-µm channel lengths. 
And the company is currently fabricating devices with 
submicron dimensions. 

Josephson does it at 4°K 
Dr Wilhelm Anacker, also from IBM's Watson 

Research Lab, will round out session 15 with a talk on 
the technology that is most likely to develop some 
surprises in the picosecond-electronics field. Tentative­
ly titled "Ultrafast Computing at 4°K," his talk will cite 

Although researchers have not completely developed 
the hardware for a mainframe-sized Josephson ma­
chine, they have worked out many of the details of 
low-temperature computing. Anacker will show several 
designs and models of Dewar containers-as well as 

Trace Research & Development 
Center for the Severely Commu­
nicatively Handicapped, will 
continue the communication 
discussion with a look at 
additional improvements. 

Communication and control 
aids comprise three sections, 
says Vanderheiden: input forms, 
controllers and output forms. 
The input form must match an 
individual's capabilities to pro­
vide the fastest means of 
inputting information. The opti­
mum controller can initiate a 
series of actions from one 
command and acts as a buffer to 
minimize the speed with which 
users must interface with their 
environment. 

Vanderheiden sees a trend 
toward single-unit controllers, 
tailored to the individual, that 
integrate several output func­
tions. Such controllers cost less 
than several specialized ones, 
lighten wheelchair load and 
permit the use of one control 
movement-the one the user 
does best-to control all actions. 

To accelerate communica­
tions, controllers can output 
words or phrases instead of 
letters; alternate functions be­
tween communications, wheel­
chair movement or job-site 
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process control; and automati­
cally handle specific circum­
stances, such as correcting for 
the slant in a sidewalk or 
performing some job process. 

Output forms present perhaps 
the most difficult problems to 
assistive-device designers. So­
lutions demand a generalized 
and easily programmed output 
aid-a prosthesis-type device 
that adapts to many uses. 

Fortunately, the tendency of 
unhandicapped persons to build 
labor-saving devices continues 
to provide the best source of 
aids, ideas for aids and-most 
importantly-lower prices. At 
Wescon, Vanderheiden will 
show and comment on available 
assistive devices, including a 
recently developed communica­
tion control aid termed Autocom. 

In a third session 6 paper, 
"Toward a Personal Speech­
Output Reading Machine for the 
Blind," Dr Gabriel Groner will 
describe the reading needs of 
the blind and some design 
objectives for machines that 
meet those needs. Groner's 
company, Telesensory Systems 
Inc, Palo Alto, CA, manufactures 
devices for this field-including a 
video-to-tactile scanner termed 
the Opticon-and will produce 

the University of Wisconsin's 
Trace Center's Autocom. 

One recent device improve­
ment Groner can point to as 
Telesensory's program manager 
is a voice-output accessory that 
reduces the amount of training 
previously required for Opticon 
utilization. Users originally em­
ployed tactile information to both 
interpret images and determine 
the location of the device's 
camera; this accessory now 
eliminates the interpretation 
function by converting video 
images directly into spoken 
words. Groner is now developing 
an automatic book-reading 
machine that will reduce user 
workload even further. 

If you are interested in 
assistive devices for the handi­
capped, you can find more 
information in Communication 
Outlook, a quarterly newsletter 
that reports on the application of 
technology to the needs of 
communicatively handicapped 
people. Direct any inquiries to 
Communication Outlook, Artifi­
cial Language Lab, Computer 
Science Dept, Michigan State 
University, East Lansing, Ml 
48824. 
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several types of Josephson chips-and present some of 
the facts gleaned from extensive research efforts. 

In "A High-Performance 16-Bit Microprogrammed 
Controller,'' Bill Harmon, manager of bipolar µP 
systems and applications at AMD, will announce a new 
16-bit µP optimized for controller applications. More 
than just four 2901s on a chip, the part features 
preprogrammed bit-manipulation, bit-handling, merg­
ing and other control-oriented instructions. 

Microprogramming means flexibility 
Stepping back from the future and into the present, 

session 2, "Bipolar LSI for Microprogrammed Ma­
chines," will deal with the latest happenings in 
high-speed computer logic families. Session chairman 
John R Mick of Advanced Micro Devices, Sunnyvale, 
CA, has lined up three papers that cover hardware 
developments and one that describes software tech­
niques for microprogramming. 

Providing designers with information on what he 
feels is the next generation of bit-slice machines, 
Fairchild's Paul Chu will focus on the "Design 
Philosophy and Architecture of an 8-Bit Microprogram­
mable ECL Bit-Slice Family." According to Chu, the 
flexibility of these bit-slice circuits' instruction set, 
data-path width and system architecture, coupled with 
recent advances in bipolar-memory technology, makes 
microprogrammed machines increasingly popular with 
design engineers. 
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The image is the message 
For most people, the high point 
of the acoustic-imaging experi­
ence is in hearing the beep-beep 
of sonar on TV programs about 
submarines. While this first use 
of sound energy for imaging 
purposes was important, acous­
tic technology has come a long 
way-especially in medical 
applications. 

As part of session 30's 
coverage of "Acoustic Imaging," 
Dr Max Maginness, manager of 
advanced development at 
Searle Ultrasound, Santa Clara, 
CA, will talk about the "Medical 
Applications of Acoustic Imag­
ing." He will comment on some 
major technical advances that 
have propelled acoustic medical 
instruments into the marketplace 
in the last 3 or 4 yrs. First 
describing the basic technology, 
Maginness will then focus on 
some particular applications of 
video systems, computers and 
transducers that suit acoustic 
systems. 

Acoustically generated pic­
tures of the human body 
resemble computer-aided­
tomography (CAT) scans, but 
acoustical units achieve their 
results in a simpler and more 
direct fashion by propagating 
ultrasound pulses in three 
directions, explains Maginness. 
Any acoustic discontinuity in the 
tissue then produces echoes of 
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Digital Image-processing techniques developed at the California Institute of 
Technology's Jet Propulsion Laboratory show the detail in a muscle-fiber biopsy after 
a computer has found, numbered and measured each fiber. 

these pulses. 
Because sound travels rela­

tively slowly, acoustic devices 
can easily time echoes to 
determine relevant distances. 
And because a scan's direction 
through the body is known, the 
result translates directly into an 
image. CAT scanners, by 
comparison, gather X-ray-data 
projections, which then require 
complex reconstructions to form 
a picture. CAT units thus cost up 
to 10 times more than acoustic 
equipment. 

Acoustic units provide another 

advantage over CAT scanners. 
Because different types of 
tissu~uch as that in the liver 
or pancreas-cause characteris­
tic changes in sound­
propagation velocity through the 
body, details of the sound's echo 
change with various disease 
conditions. Thus, physicians not 
only receive an image that 
shows the size and geometry of 
an organ, they also obtain some 
subtle details that indicate 
certain disease states. Today, 
clinicians have reached the point 
of refining acoustic science to 
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Chu, a senior applications engineer at the Mt View, 
CA firm, notes that ECL is the highest speed logic 
family commercially available today-with internal 
gate delays for FlOOK logic typically as low as 0. 75 
nsec. While explaining the nature of ECL bit-slice 
architecture, he will also discuss error-correction 
design concepts, the advantages of a 9-bit data path, a 
system-based philosophy for the device family and 
possible applications. 

tions on Macrocell-array design concepts, he will 
promote tnese arrays as a viable vehicle for use in 
custom LSI. 

The third session 2 hardware paper, Bill Blood's 
"Ml0800 MECL LSI Circuits are Designed for 
High-Performance Microprogrammed Processors," will 
also introduce a new line of products. Manager of 
bipolar-LSI system engineering at Motorola Semicon­
ductor Products, Mesa, AZ, Blood plans to present 
system examples that utilize the 10800 family. Then, 
addressing near-term future technology with observa-

Macrocell arrays will also form the basis of a standard 
ECL group dubbed the M10900 family. Blood claims a 
higher density LSI capability and a "quantum jump" in 
performance when these off-the-shelf products are used 
in new designs. He adds that his talk will also outline 
products that apply to microprogrammed processor 
systems. 

Consider software performance, too 
Designers must pay careful attention to firmware 

design to take full advantage of the benefits of 
microprogramming-that's the thesis of session 2's 
remaining talk, "Predictive Techniques in Micropro­
grammed Pipelined Systems," by Max Bar-On. A 
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A microscopic Image of 46 human chromosomes from a white blood cell appears 
with computer-assigned numbers on the left. The photo on the right shows the 
chromosomes after a Jet Propulsion Laboratory computer has located, measured 
and classified them and arranged them in groups. 

relate fine echo detail to actual 
physiology. 

Considering the number of 
acoustic-imaging installations in 
hospitals around the country, 
Maginness feels that the 
technique is becoming an 
accepted medical diagnostic 
tool. And while there is currently 
no way to prove that ultrasound 
is absolutely safe even when 
properly used, physicians do 
consider it safer than X-rays. 
Half of ultrasound's total usage, 
for example, occurs in examining 
pregnancies. 

Wescon session 1 O also 
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includes a paper that relates to 
the medical-imaging theme. In 
"Topics in Digital Image Proc­
essing," Kenneth Castleman 
will discuss the medical success­
es of more conventional image 
sources: light microscopes, 
X-rays and electron micro­
scopes. Castleman, whose 
group at the California Institute 
of Technology's Jet Propulsion 
Laboratory has worked on 
biomedical image processing for 
15 yrs, reports that clinics 
currently find use for several 
digital image-processing tech­
niques and that new methods 

continue to appear. 
In the light-microscope area, a 

white-blood-cell counter is al­
ready in the field, and clinics are 
trying out prototypes of chromo­
some and muscle-biopsy analyz­
e rs. Automated Pap-smear 
analysis remains in the research 
stage but offers good possibil­
ities of eventual success. 

Clinicians have generally 
reserved X-ray processing for 
research purposes, but re­
searchers at the Jet Propulsion 
Laboratory have developed one 
heart-disease program that 
processes blood-vessel X-rays 
(angiograms) by computer to 
study vessel narrowing as 
plaque builds up. Efforts are 
directed at studying the mecha­
nisms that control the disease's 
progression and regression. 

Lastly, Castleman will survey 
some of the latest electron­
m icrosco pe advances. Re­
searchers in this field hope to 
resolve molecular- and crystal­
lattice images to the atomic 
level, using 2-dimensional Fou­
rier transforms to construct 
images that extend far beyond 
the theoretical limits of the 
microscope itself. Researchers 
claim, for example, that some 
existing pictures show the actual 
carbon and oxygen atoms in an 
organic-dye crystal. 
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bipolar-µP development engineer with National Semi­
conductor, Santa Clara, CA, Bar-On will focus on 
microprogramming's control operations, noting that 
these functions are identical for all machines despite 
task differences. He stresses that while designers give 
much attention to developing actual data-processing 
code, design success depends to a large extent on a 
program's control portion. 

Bar-On's discussion will center on predictive 
programming-a method of speeding up operations in 
pipelined architectures. At the microcontrol level, 
efficient pipelining demands that programmers antici­
pate some number of instructions ahead of time what 
the results of a particular ALU operation will be. If 
ALU status determines whether a system must close a 
door or open a window, for example, but the probability 
of having to close the door is much greater, the 
program sends the door-closing command during the 
ALU operations. When the ALU finishes, the program 
checks the prediction. If the prediction proves correct, 
the program continues, having saved some time; 
otherwise the program turns the predictive command 
into a NOP and sends out the correct command. This 
technique works well when dealing with repetitive 
problems such as array processing or moving large data 
blocks. 

Because real-time systems' needs differ from those of 
pipelined arrangements, Bar-On will describe predic­
tive circuits to handle real-time requirements as well as 
other types of problems. A portion of his talk will be 
devoted to the expected impact of pipelined systems 
and predictive coding on future microassemblers. 

Arrays offer an alternative 
Turning from high-speed techniques to high-density 

circuit-design capabilities, session 13 will provide a 
forum on "Semicustom Linear and Digital Arrays" 
and the technologies used to produce them. Chaired by 
Derek Bray, vice president for engineering at Inter­
design, Sunnyvale, CA, this session will explain how 
semicustom methods lead to fast design and turnaround 
times, low cost, low-volume feasibility, design security 
and flexible architecture. 

The semicustom process begins with the fabrication 
of an IC array of uncommitted components up to the 
final metal-mask stage. A circuit designer then chooses 
the chip components necessary to implement a design 
and draws a diagram that interconnects them. Finally, 
the semicustom-IC manufacturer translates this dia­
gram into the metal mask that completes the chip. 

Representing the standard bipolar and linear por­
tions of the market in "Analog Semicustom-IC Design," 
Interdesign integration manager Jim Feit plans to 
review these devices' performance, contents and 
applications. Noting that most designers still aren't 
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familiar with this alternative to standard and full­
custom !Cs, he explains that a semicustom-IC manufac­
turer must establish its credibility with design groups 
before those groups will utilize array chips with any 
regularity. 

If a design requires more than one semicustom IC, 
manufacturers can develop multiple chip sets 
simultaneously-producing a 4-chip interface set, for 
example. Designers can also opt for a family of devices, 
starting with a stripped-down model and progressing to 
full bells-and-whistles versions. Feit points out that the 
numerous components in one array-almost 450 of 
them-permit single-chip designs that include up to six 
op amps or (in one case) two voltage regulators, two op 
amps and three comparators. 

CMOS arrays meet digital needs 
For Wescon attendees interested in low-power 

digital circuits, "Digital CMOS Gate Arrays," by Dr 
Charles A Allen, president of Master Logic Corp, 
Sunnyvale, CA, will spell out the advantages of using 
metal-gate CMOS masterslices. Allen will stress the 
reasons for CMOS' acceptance as a general-purpose 
digital masterslice technology: availability, wide tem­
perature and voltage ranges, low power requirements, 
reliability, ease of breadboarding and simple gate-level 
composition. 

CMOS gate arrays contain 300 to 600 components; at 
least one chip includes 32 dedicated flip-flop cells . to 
increase circuit density and reduce design time. Allen 
expects future devices to incorporate more complex 
arrays of higher speed circuits. To spur growth in these 
directions, he sees an urgent need for sophisticated 
CAD-type computer programs to reduce layout, 
checking and test times. 

LSI density opens new fields 
Session 13 includes another speaker who will 

comment further on future device component counts. In 
a paper entitled "High-Performance 1200-Gate ISL 
Array," Steve Lau, strategic marketing manager for 
Signetics, Sunnyvale, CA, will describe ISL (Integrat­
ed Schottky Logic) and compare this logic technology 
with low-power Schottky and ECL with regard to 
speed, power consumption and density. 

With manufacturers such as IBM stimulating the 
market (the firm utilizes gate arrays in its System 38), 
Lau expects a gate-array boom to develop and further 
expects ISL arrays to assume a leading role in that 
boom. While ISL masterslices utilize the same basic 
concept as other arrays, their 1200-gate densities open 
up a whole new world of LSI possibilities. 

ISL chips-like some ECL products-provide three 
different cell types to ease the implementation of 
different circuit requirements: ISL gates are the 
arrays' basic element, but Schottky drive buffers and 
special TTL-compatible I/O cells are also included. Lau 
concludes that the inherent ease of using these device 
structures, combined with a comprehensive design-aids 
package now in development, should reduce customers' 
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Data I/O's System 19 PROM progranuner talks 
back to save you time and money. 

It's a state of the art programmer that tells 
you when things are right, or if they're wrong, it 
tells you why 

Switch it on and the System 19 checks all 
its components: I/O port, microprocessor, RAM, 
bus, front panel and even its own software. 

During the programming sequence, the 
System 19 conducts an illegal bit check, blank 
check, sum check on the newly programmed 
device and data verification at high, low and 
mid point voltages as required to make sure 
the device meets manufacturer's operating 
specifications 

The System 19 gently warns the operator 
when a simple procedural error is made and 
locks up before the operator can make a 
serious error and waste a device. 

0 

If something goes wrong during opera­
tions, the System 19 flashes one of 27 error 
codes on the readout to lead you to the specific 
problem quickly . 

With a System 19, you can program every 
type of programmable logic device including 
FPLA. And with its unique gang module, you 
can program up to eight MOS devices at once. 

Best of all, Data I/O's System 19 is priced 
within just about everyone's budget 

You haven't shopped around until you've 
looked at Data I/O. Let us show you the dif­
ference. Circle the reader service number or 
contact Data I/O, PO Box 308, Issaquah, WA 
98027. For answers last, call toll lree: 
800-426-9016. 
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Programming systems for tomorrow ... today 
For more information, Circle No 66 
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apprehensiveness about this return to gate-level 
designing. 

Wescon attendees who visit sessions 13 and 2 will 
note a great similarity between the gate-array 
approaches taken by Signetics and Motorola. Bill 
Blood's discourse on MECL Macrocell arrays could fit 
in either session, as could Steve Lau's ISL talk. In fact, 
the companies' schemes for producing MSI-level 
functions (termed macros by both firms) from uncom­
mitted transistor cells are much the same. The major 
difference lies in the type of customer assistance 
currently available: Motorola has set up a computer 
center stocked with CAD programs intended to 
perform almost all the work of translating circuit 
diagrams into custom metal masks-including design­
ing interconnects and checking design performance. 

Which way for the GPIB? 
Four years after its birth, IEEE-488 has established 

itself as a viable instrument-interface standard. And as 
with all standards, this one has had its problems. 
Session 19, chaired by James H Geisman, corporate 
marketing program manager at Tektronix Inc, Beaver­
ton, OR, will expose those problems and suggest 
appropriate solutions. Three papers will also focus on 
what future course the GPIB might take. 

Tektronix engineer Maris Graube, author of "GPIB: 
Present Status and Future Directions," sees problems 
not with what the standard defines, but rather with 
what it fails to define. He plans to examine the 
standard's operational conventions covering data and 
its use by instruments-as well as interface­
implementation difficulties and lack of instrument 
intelligence. 

Both Graube and Bruce Gould, an engineer with 
Wavetek, San Diego, CA, see µPs as a solution to 
several IEEE-488 problems. In his "Changes in GPIB 
Instruments and Their Impact on the User," Gould 
credits dedicated µPs as the source of instrument 
features previously impossible to implement. Software 
control improves performance, makes instruments 
easier to use and provides users with a "virtual 
instrument"--0ne that furnishes extra software-based 
features without .the extra expense of hardware 
implementation. 

Another session 19 paper, "Directions in GPIB 
Controllers,'' by Bob Hallissy of Hewlett-Packard's 
Desktop Computer Div, Ft Collins, CO, reports that 
the IEEE-488 bus will solve many of the problems 
facing .system designers who must connect instruments 
and controllers from different vendors. He expects, 
however, that increasing intelligence in these devices 
will cause new problems. Hallissy will enumerate the 
potential problem areas, then predict the trends and 
directions that GPIB controllers must take to eliminate 
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Lowered Into a llquld-hellum bath, a Josephson memory device's 
metal junctions become superconducting. Each memory cell in this 
2k-bit IBM chip stores a single quantum of magnetic flux-an energy 
level of less than 10-1•J. 

their weaknesses. 
Examining yet another angle of the instrument bus, 

"IEEE-488 Bus Testing: One Manufacturer's View­
point" will analyze current test instruments and 
controllers in terms of their capabilities and functional 
modes. Presented by Stanley Kubota and Curt Krueger 
of Interface Technology, Covina, CA, the discussion 
will center on a chart delineating capability on one axis 
and test-control functions plus monitoring/analysis/ 
troubleshooting functions on the other. Capabilities 
range from simple bus-line toggling to the full 
computing and I/O power of a minicomputer. Functions 
covered on the control side include read, write, trigger, 
poll, compare and status. On the monitoring portion, 
features such as triggering/recording/display of bus 
states, types of readout used and troubleshooting 
capacity serve to classify available products. EDN 

Article Interest Quotient (Circle One) 
High 470 Medium 471 Low 472 

EDN SEPTEMBER 5, 1979 



Reliability in precision technology. 

You11 save time with AIRPAX becBUltf 
you11 find a large variety of DC 
motors available with Just one phone 
call to us. We have brushless kits, 
iron rotor and lronless rotor motors 
in many sizes and performance 
ratings. (In fact, manyofourlronless 
rotor models can save you even more 
time because 100 piece quantities 
are available from stock.) 

You11 save trouble because 
AIRPAX motors are precision com­
ponents designed for long life. The 
brushless type can be electronically 
driven for accurate speed and they 
feature low RFI. The iron rotor type 
is a "workhorse" motor that offers 
good efficiency and rugged construc­
tion. The ironless rotor features low 
cogging, high efficiency, excellent 
acceleration and an optional tach 
that gives you precise speed control. 

Finally, you'll save money. All are 
remarkably low priced in production 
quantities. For example, one of our 
reversible 12VDC ironless rotor 
models, with a 29 millimeter diameter 
is just $16.00 in 500 piece lots! 

For complete information on 
AIRPAX brushless, iron rotor or 
ironless rotor DC motors for com­
puter peripherals and instrumen­
tation, contact AIRPAX/North 
American Philips Controls Corp., 
Cheshire Industrial Park, Cheshire, 
CT 06410. Telephone: (203) 272-0301. 

AIRPAlf 
I NORTH AMERICAN PHLFS CONTROLS CORP. I 
Cheshire Division 

For Immediate need Circle no 67 
For reference only Circle no 68 



Now, TM 500 gives you True RMS 
plus autoranging in a seven 
function DMM ... 
from Tektronix. 
If you need a DMM that 's versatile yet 
easy to use , take a look at the new 
OM 502A. It gives you pushbutton 
measuring convenience plus quick 
answers you can see c learly on a big , 
bright 3V2 digit display. 

The OM 502A gives you unmatched 
versatility. It autoranges in voltage, 
resistance , and dB, so you no longer have to 
reset front panel controls to change ranges. 
And its true rms capability lets you make 
more accurate measurements of distorted 
waveforms . Simply push a button to select any one 
of seven measurement functions - including dB, 
temperature , ac/dc volts, ac/dc current , and 
resistance . 

For measurements not demanding true rms or 
autoranging , choose the new 3V2 digit OM 505. It gives 
you five-function testing capabi lities plus pushbutton 
measurement convenience . 

Since both OM M's are part of the TM 500 family, just 
plug them into any TM 500 mainframe and you're ready 
for on-site, rack , or bench measurements. Designed to 
combine with any other TM 500 instruments, the 
OM 502A and OM 505 can help you build a compact 
test set just right for your particular needs. 

And there 's more to our new DMM's than the right 
answers . They give you Tektronix quality, too. That 
means you get more value for your dollar. 

Want to know more? Contact the 
Tektronix Field Office nearest you . To 
request a OM 502A/DM 505 Data 
Sheet , call our toll free automatic 
answering service : 1-800-547-1512. 
In Oregon, call co llect : 644-9051 . Or 
send us your request on a 
letterhead. Write to: Tektronix , PO. 
Box 500, 76-260, TM 500 C4, 
Beaverton , Oregon 97005. In 
Europe: Tektronix International , Inc ., 
European Marketing Centre , 
Postbox 827, 1180 AV Amstelveen, 
The Netherlands. Telex: 18312. 

TMSOO 
Designed for 
Configurability. 

COMMITTED TO EXCELLENCE 

v 
2 kO +11 -
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Shielded DMM shrugs off big overloads 

Neither strong RF fields up to 450 MHz nor gross 
voltage overloads stop the Model 2815. Basically a 
3112-digit, 0.1 %-accuracy battery-operated DMM 
with liquid-crystal display, it provides 0.010, 100-nA 
and 100- µ V resolution. 

Overload protection on ohms ranges allows 
momentary application of lOOOV de (or ac peak)--or 
continuous application of + lOOOV de, -450V de or 
350V ac-without harm. The 100 range can sink 3A 
momentarily without damage.Current-range protec­
tion utilizes both fusing and diodes. 

Model 2815's measurement ranges include 100 m V 
to lOOOV ac or de, 100 µA to lA ac or de and 100 to 
10 MO (three of these are low voltage for use in diode 
checking). $150, including test leads, built-in tilt 
stand, detailed operating manual and spare fuses. 

B&K~Preclslon, 6460 W Cortland St, Chicago, IL 
60635. Phone (312) 889-9087. Booth Nos 1852, 54. 

Circle No 441 

8080-based µC trainer does double duty 

Like its MMD-1 predecessor, the second-generation 
MMD-2 can serve in dual capacities: both as a trainer 
in microcomputer utilization, and as a program and 
interfacing development aid. 

Based on the 8080 µP, the unit is fully compatible 
with Bugbooks 5 and 6 and other company course 
materials; it also permits the use of user-owned 8080 
software. Functions such as serial I/O, added 
EPROM and RAM, PROM programmer and octal or 
hexadecimal input and displays are now on-board 
(they were add-ons for the MMD-1). Also, the 
MMD-2's fully buffered STD Bus structure permits 
the use of accessories and peripherals from many 
manufacturers. 

An 8-bit input port and three parallel 8-bit output 
ports are provided, as are user-accessible binary 
LED and 7-segment readouts. Separate 16-position 
keyboards handle function and data entry (switch­
able for octal or hexadecimal formats). External 
ASCII terminal control is switch selectable, and five 
user-accessible priority-interrupt levels are availa-

EDN SEPTEMBER 5, 1979 

ble. $850. 
E&L Instruments Inc, 61 First St, Derby, CT 

06418. Phone (203) 735-8774. Booth Nos 1822, 24. 
Circle No 442 
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Minicomputer regulators .also isolate 

Micro/Minis combine ultraregulation and ultraisola­
tion in a portable, plug-in unit that effectively 
safeguards precision electronic equipment against 

nearly all common ac power-line problems except 
total line failure. Costing much less than a typical 
dedicated-line installation, they compete in price 
with ordinary ultraisolation transformers. 

Transverse-mode noise attenuation (commonly 
zero in ultraisolation transformers) exceeds 60 dB, 
while CMR is better than 120 dB. Output voltage 
holds within ±3% for ± 15% line changes, and the 
regulated output stays within NEMA voltage specs 
despite line droop to 65% nominal. The output 
contains less than 3% harmonic di~ortion. 

You can order UL-listed Micro/Minis with ratings 
of 140, 250, 500, 750, 1000 and 2000 VA for 60-Hz 
use, or 500, 1000 or 2000 VA for 50-Hz operation. All 
units feature audible noise below normal office 
levels, come with line cord, dual output receptacles 
and an ON/OFF switch, and operate from -20 to 
+50°C. $170 (140-VA model). 

Sola, 1717 Busse Rd, Elk Grove Village, IL 
60007. Phone (312) 439-2800. Booth No 1105. 

Circle No 445 

Power-line surge protectors work three ways 

- SUl'OllESSOt 
t20 W.C. 1SA 

~Nl'l/QLTAGI I 

• 
e 

Designed to provide positive protection from light­
ning, switching transients and overvoltage, plug-in 
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Models 427 and 428 operate automatically and are 
self-restoring. Each self-contained device plugs into 
a 117V ± 10%/15A single-phase wall socket that 
accepts NEMA 5-15-type 3-prong connectors. 

Three active elements furnish protection: a 
3-electrode gas-tube' arrester, a thermal circuit 
breaker and a metal-oxide varistor (MOV). The gas 
tube quickly shunts short surges to ground; on 
extended surges it trips the self-restoring thermal 
circuit breaker. And in cases of severe ac line­
voltage fluctuation and/or a high incidence of spikes 
and transients, the MOV helps reduce their effects 
and also serves to minimize nuisance tripping of the 
circuit breaker. $34. 75 each. (Model 428 is suggested 
for applications where ac line-voltage fluctuations 
exceed 130V rms.) 

Tl/ Industries Inc, 100 N Strong Ave, Linden­
hurst, NY 11757. Phone (516) 842-5000. Booth No 
918. Circle No 446 

EDN SEPTEMBER 5, 1979 
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Temperature probe reads °C or °F 

When teamed with any analog or digital meter 
having millivolt ranges and at least 50000 imped­
ance, Model 463 lets you read out temperatures from 
-58 to +302°F or -50 to + 150°C. Each degree 
change results in an output change of 1 m V. 

A small solid-state sensor embedded in its tip 
makes this probe unusually well suited for measuring 
the temperature of small components, while electri­
cal insulation permits its use in circuits up to 350V de 
above ground. The sensor's small thermal mass 
allows fast settling time (a measurement of a 50°C 
temperature change settles within 2° in 1.5 se.c). 

Power comes from a 9V transistor battery, from 
which you can expect 750 hrs of service. $97. 

Simpson Electric Co, 853 Dundee Ave, Elgin, IL 
60120. Phone (312) 697 -2260. Booth Nos 1421, 23. 

Circle No 443 

Program 16 PROMs simultaneously 

The IM2020 programmer aims at fault-proof opera­
tion by nontechnical personnel. It provides single­
key operation of all modes, automatically checking 
PROMs and performing self diagnosis before opera­
tions commence. 
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Other features include a 10-digit alphanumeric 
display for operator messages, lighted pushbutton 
operation, a key-lock Mode switch, widely spaced 
sockets for easy PROM insertion and personality 
modules for versatility. 

The programmer immediately flags its user 
regarding any bad or partially programmed PRO Ms, 
wrong insertions or out-of-spec devices, inhibiting 
program cycling until errors are corrected. 

Currently, you can get personality modules for 
2704, 2708, 2516, 2716 and 2532 PROMs. IM2020, 
$2895 with one module; additional modules, $100 
each. 

International Microsystems Inc, 11554 C Ave, 
Auburn, CA 95603. Phone (916) 885-7262. Booth 
Np 1843. · Circle No 444 

JOB SHOPPING? 
Check EDN's Career Opportunities 

EON: Everything Designers Need 
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... for POSITIVE switching in low energy circuits 
Now your 4 to 100 milliampere, 4 to 30 volt circuits 
can have the same high reliability you 've learned 
to love in Cherry snap action switches. Because, 
our " heart of gold " snap action switches have the 
same long life coil spring mechanism, the same 
large overtravel as all of our snap act ion switches. 

They also have gold crosspoint contacts. A con­
figuration with knife-edge contact area so small (9 
millionths of a square inch) . . . with contact force 
so great (about 5,000 psi ) ... and gold alloy so pure 
and film-free .. . you are absolutely assured of posi­
t ive contact every time. For 50 million operations 
and beyond. 

Cherry's big catalog. And you know what a wide 
variety of switch types, sizes and mounts that is. 
Choose any switch design from a basic open or 
general purpose to a panel mount pushbutton , low 
torque, miniature , subminiature or subminiature 
module. Chances are 99 to 1 that the switch you 
have chosen is available with gold crosspoint con­
tacts. Which will make designing low energy cir­
cuits a whole lot easier . . . and a whole lot better. 
(No love letters, please.) 
For free test sample and complete catalog, just 
TWX 910-235-1572 . . . or PHONE 312-689-7700. 

Cherry Gold Crosspoint Contact Switches are 
available in virtually every snap action design • 

Q~~~!lllr ® 

CHERRY ELECTRICAL PRODUCTS CORP. , 3603 Sunset Avenue, Waukegan , IL 60085 

See us at Wescon-September 18-20, 1979-Cherry Booths: 1534-38. 

EDN SEPTEMBER 5, 1979 
For more information, Circle No 70 
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.._.,IDCCawdon. 
Card Edge, Header and Socket types. 20, 
26,30,34,40,50&60positions.Meetaor 
exceeds MIL-STD 1344 requirements. 
Also available with gold contacts. 

For more Information, Clrcle No n 
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RECORDER 

Noteworthy because it employs a programmable light-gate 
array for recording analog signals on light-sensitive paper, the 
Model HR2000 DA Datagraph records waveforms having 
20-µsec or greater rise times for a 12-in.-wide trace. 

By eliminating many of the problems that plague galvanome­
ter and CRT recording oscillographs (such as nonlinearity, 
overshoot, tangential error, beam deflection, mass, inertia and 
torque), the HR2000 achieves high fidelity and accuracy. 
Sine-wave response extends from de to 5 kHz. $7500 for s~in . 

recording; $10,500 for 12-in. configuration. 
Bell & Howell, CEC Div, 360 Sierra Madre VIiia, Pasadena, 

CA 91109. Phone (213) 796-9381. Booth No 35. Circle No 345 

\ DIGITAL PHOTO TACH 

Features such as battery powering, a recall memory, crystal­
controlled accuracy and a 15-in. retractile probe cord suit Model 
1891 for direct, touchless photoreflective measurements to 
30,000 rpm. 

To use the probe, you hold it V• to 30 in. from a rotating object, 
pointing the light beam until a built-in "target eye" indicates 
that contact has been made: You then read rpm directly on the 
instrument's %-in. LED display. Accuracy specs at 0.03%. The 
reading updates each second, but the unit's memory holds the 
last reading indefinitely. $325, including carrying case, 9V 
long-life batteries and a supply of reflective tape. 

Power Instruments Inc, 7352 N Lawndale, Skokie, IL 60076. 
Phone (312) 676-2300. Booth No 501. Circle No 348 
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SNAP-IN LEVER SWITCHES 

Color appeal makes 572 Series switches distinctive; you can 
order them with white, black, red, orange, yellow, green, blue, 
brown or grey molded-nylon actuators and bezels. 

Options include spst and dpdt action, as well as nine 
combinations of switching functions. The series includes units 
with contact ratings of 0.4 VA max at 20V ac or de for low-level 
usage and 5A at 120V ac or 28V de (resistive load) or 2A at 250V 
ac for high-level service, as well as a type that handles both high­
and low-level switching. 

Terminals can be solder- or pc-connection type, with or 
without epoxy seal. Switches without bezels snap into panels 
0.062 to 0.125 in. thick, while the bezel types fit 0.047- to 
O. llO-in. panel thickness. Cutouts require 0.5 x 0.6 in. of panel 
space. From $1.42 (1000). Delivery, 4 to 6 wks ARO. 

Dlallght, 203 Harrison Pl, Brooklyn, NY 11237. Phone (212) 
497-7600. Booth Nos 1113, 15, 17. Circle No 346 

BUS EXTENDER 

Gn'.;;;;_, GPIB-100 BUS EXTENDER 
\.!) I LOCAL I • • • POWH $YSTUt ACTN'f. 90UltCa 

COfll f "°'-LEA CONU!OlLP: HANDIHMI 

• • • 

The GPIB-100 has RS-422-compatible line drivers and receivers 
that allow you to connect instruments separated by up to 300m, 
instead of the 4m allowed by the IEEE-488 bus. It also expands 
the maximum number of system components from 15 to 28 units. 

In this system, GPIB extension does not compromise bus 
integrity or performance-data-transfer rate drops only by an 
amdunt equal to the 2-way propagation time of the cable. A 
complete extender system includes two GPIB-100 units and the 
necessary interconnecting cable. GPIB-100, $995; cable, $10 per 
meter. 

Nations/ Instruments, Box 9922, Austin, TX 78766. Phone 
(512) 837-9546. Booth No 1159. Circle No 347 
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10-NSEC LOGIC PROBE 

' 

Although it's inexpensive, Model PRB-1 detects pulses with 
durations as short as 10 nsec and provides frequency response to 
50 MHz. Pulse stretching to 50 nsec (plus and minus) is 
automatic. 

The probe offers full compatibility with all RTL, DTL, HTL, 
TTL, MOS, CMOS and µ.P logic families . It features 120-k!l 
input impedance, power-lead-reversed protection and overvolt­
age protection to 70V de. 

Supply voltages from 4 to 15V are accepted by constant­
brightness LEDs-an optional PA-1 adapter increases this 
1range to 25V. The probe comes with a coiled 6-ft power cord, a 
complete troubleshooting instruction booklet, tip protector and a 
reusable case. $36.95. 

OK Machine and Tool Corp, 3455 Connor St, Bronx, NY 
10475. Phone (212) 994-6600. Booth No 517. Circle No 349 

BUBBLE TEST SYSTEM 

The Model 5585 magnetic-bubble-memory test system handles 
up to 65M-bit devices and accommodates serial, major/minor­
loop, block-replicate and odd/even memory architectures. 

Suitable for both engineering and production testing, it 
incorporates a custom high-speed bubble-memory computer, 
which generates ·the necessary complex test patterns. Other 
features include 6-MHz instruction/execution rate, uninterrupt­
ed 1-MHz data rate and standard Xincom III data-bus 
architecture. Base price for the Model 5585, $89,000. Delivery, 

EDN SEPTEMBER 5, 1979 

90 to 120 days ARO. 
Fairchild Camera and Instrument Corp, Xlncom Systems 

Div, 20450 Plummer St, Chatsworth, CA 91311. Phone (415) 
962-3615. Booth No 226. Circle No 350 

31h-DIGIT CMOS ADC 

Packaged in a 24-pin DIP, the monolithic Model 4146 employs 
charge-balancing conversion to achieve high inherent linearity 
and temperature stability, as well as monotonic operation over 
its operating-temperature range. In it, an amplifier integrates 
the sum of the unknown analog current and the pulses of a 
reference current. The number of pulses needed to maintain the 
amplifier summing junction near zero is then counted; at 
conversion's end the total count is latched into the digital 
outputs as a 31h-digit binary word. 

Specifications for the device show ±lh-LSB maximum 
nonlinearity and differential linearity, 20-mW power consump­
tion, compatibility with CMOS/LPTTL/LSTTL and 31h-digit 
parallel latched output provision. From $12.25. 

Teledyne Philbrick, Allled Dr at Rte 128, Dedham, MA 
02026. Phone (617) 329-1600. Booth No 1403. Circle No 351 

SINGLE-BOARD COMPUTER 

One 5V supply powers the Wintek Control Module. Furnished 
on a 41h x 61h-in. G-10 pc board with industry-standard 22144-pin 
gold-plated edge connector, this 6800-based micro module 
provides a 1-MHz clock; a baud-rate generator for all rates to 
9600; 128 bytes of RAM; a socket for 2758, 2716 or 2732 EPROM; 
and a choice of one serial or two parallel I/O ports. 

You can expand the module with up to 64k RAM, ROM or I/O 
using the company's compatible modules. Basic board, $125; 
$189 with 0.5k RAM, serial I/O and 32 lines of parallel I/O. 

Wlntek Corp, 902 N 9th St, Lafayette, IN 47904. Phone (317) 
742-6802. Booth No 1627. Circle No 352 
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Control 
Bus 

Introducing an 8-bit AID converter that 
gets you a lot more accuracy on any bus 

for a lot less money 
and time. 

J It's called the 
"Naked-8'.' So pegged 

because it performs with 
no costume at all. It is so com­
pletely compatible with 
microprocessors (i.e., signals, 
protocol and timing) that no 
external support chips are 
needed. 

Combine this virtue with a 100 µsec con­
version time, an accuracy as good as + 114 
LSB, a power need of 5V at 1 mA, and a cost 
as low as $2.95. There's no easier or better 
way to get to the bus. 

The "Naked-8" opens up a whole new 
world of AID design applications. Drop us 
the coupon below and get the complete story 
on the ADC0801 family. 

And start taking the fast route. 
r---------------..., I National Semiconductor 

2900 Semiconductor Drive M/S 16250 I 
I I Santa Clara, CA 95051 

I 
I 
I 
I 
I 
I 
I 

Sure, I'd like to be exposed to the "Naked-8'.' Please I 
send me the facts on ADC0801, ADC0802, ADC0803, I · 
andADC0804. I 
Name ______ _ Tttle _____ I 
Company _____ Phone _____ I 
Address I 
City ____ State ____ Zip ___ I 

L.- - - - - - - - - - - ~N~9.!. _J 

~National Semiconductor 
EDN SEPTEMBER 5, 1979 141 
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HARDWARE/SOFTWARE STATION 

The AMDS-AST provides you with all necessary tools for 8080, 
8085, 6800, 6802 or Z80 µP-based product design and testing. A 
CPU, universal logic analyzer, CRT and keyboard are all 
integrated into this compact station, which has a built-in 
high-speed network interface for sharing disc and printer 
sources. 

A real-time in-circuit emulator for the selected processor is 
included, and the station comes equipped for full use of a 
complete set of network software. Up to eight AMDS-AST 
stations can be configured in a network in which each user can 
develop products based on different processors. $12,500. 

GenRad/Futuredata, 11205 S La Cienega Blvd, Los Ange­
les, CA 90045. Phone (213) 641-7700. Booth Nos 1635, 37; 
1736, 38. Circle No 353 

COLOR MONITOR 

A modified 15-in.-diagonal Sony color TV that provides three 
switch-selectable modes-RGB, composite video and standard 
color TV-this low-cost monitor combines both versatility and a 
quality image. 

In the RGB mode, the set accepts separate 0 to 1 V de inputs 
for its red, blue and green guns; this mode provides the highest 
possible resolution. The composite-video mode lets you input a 
standard composite-video signal and get a full-color picture on 
the screen. The third mode operates like a standard color TV, 
except for the addition of a composite-video output for driving 
remote monitors. $1195. 

Matrox Electronic Systems Ltd, 5800 Andover Ave, Montre­
al, Que H4T 1H4 Canada. Phone (514) 735-1182. Booth No 
1132. Circle No 354 
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HYBRID 12-BIT DAC 

Second-sourcing the Burr-Brown DAC87 but incorporating 
three chips instead of 25, the AD DAC87 fits into any circuit 
using the B-B DAC87 and its internal gain resistors. It also 
works with the B-B trim circuit. Specs include maximum 
nonlinearity of ±0.012%, ±25-ppml"C drift and power-supply 
sensitivity of ±0.003% FS/% V8 max. 

This device incorporates a fully differential , nonsaturating 
precision current-switching cell structure; reliability is claimed 
to be five times better than that of its competition. DAC87-
CBI-V/883, $109 (100). 

Analog Devices Inc, Sox 280, Norwood, MA 02062. Phone 
(617) 329-4700. Booth Nos 1133-35. Circle No 355 

LIQUID-CRYSTAL DISPLAY 

.J . . .· "' ' . ' . ' ' "' . " 
Measuring 2x 1.2 in. overall, the 41h-digit Model FE0206 comes 
in transmissive, reflective or transflective modes and with -10 
to +55°C or -5 to +80°C materials; you can specify either 
DIP-pin or pinless connections. 

In addition to the 0.4-in. digits, the display contains four 
decimal points, a LO-BATT annunciator, plus and minus signs 
and two colons. Red, blue or green readouts are available on 
special order. $10.96 (100). 

AND, 770 Airport Blvd, Burlingame, CA 94010. Phone (415) 
347-9916. Booth No 1428. Circle No 356 
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NOW ... 
obsolet 
decou 

• capac1t 

with 

New, high capacitance Q/PAc* power distribution ele­
ments are the exciting , revolutionary way to eliminate 
decoupling capacitors from printed circuit boards. 
Rugged Q/PAC elements are easy to install and in­
crease system reliability through reduced part count. 

Q/ PAC elements are available in capacitance values up 
to 0.05µf per inch in lengths up to 16 inches. Configura­
tions allow for either vertical mounting or horizontal 
installation under DIP packages. 

*Patent Applied For 

Q/ PAC elements eliminate the need for on board 
power traces and extra board layers. They maximize 
packaging density and minimize signal interconnection 
problems. 

Q/ PAC elements feature a low dissipation factor, low 
inductance and low impedance. 

Pack more on static and dynamic MOS memory boards, 
more on critical random logic boards. 

Contact the Q/PAC Product Specialist at (602) 963-4584. 

EDN SEPTEMBER 5, 1979 

Rogers Corporation 
Chandler, Arizona 85224 
EUROPE Mektron NV. Gent Belgium JAPAN N1pp<Jn Meklron Tokyo 

For more information, Circle No 73 143 
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MICROWAVE COUNTER 

Model 548 furnishes frequency coverage from 10 Hz to 26.5 GHz, 
but this range can be extended to 40 GHz by installing Option 6 
and adding a Model 591 remote sensor. 

Coupling heterodyne conversion with µ.P technology, this 
counter provides sensitivity to -30 dBm, input protection to 
+37 dBm (5W), easy keyboard control and keyboard-selectable 
testing and diagnostics. Frequency-offset and frequency-limit 
capability come standard. 

Options include power measurement, GPIB bus (IEEE-488), 
remote-programming/BCD output and DAC output. $5700. 
Delivery, 10 to 12 wks ARO. 

EIP Microwave, 3230 Scott Blvd, Santa Clara, CA 95051. 
Phone (408) 244-7975. Booth No 1560. Circle No 357 

MODULAR KEYBOARD SYSTEM 

c 

Users can readily create prototypes of nonstandard keyboard 
arrangements using System 87 modules. Any desired configura­
tion is possible because \.2-in. button centers are maintained 
when modules are stacked side by side. 

The system includes single rows of one through six switches 
and 3x 4 and 4X4 keyboard pads. Circuitry in the single-row 
switches is single pole/common bus, easily arranged into row and 
column switching when stacked. The 3X4 and 4x4 pads come 
with either matrix coding or single-pole/common-bus circuitry. 

Modules mount readily on a pc board for prototype or 
short-run production, and a snap-on cap permits easy self 
legending (hot-stamped or molded-in legends are furnished for 
high-volume runs). A snap-dome switch contact with 3,000,000-
cycle life comes standard. Keys stand only 0.35 in. above the pc 
board. $0.35 to $0. 70 per button (1000). 

Grayhlll Inc, 561 Hlllgrove Ave, La Grange, IL 60525. Phone 
(312) 354-1040. Booth Nos 1704-1712. Clrcle No 358 
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DISTORTION ANALYZER 

Over the 1-Hz to 110-kHz range, Model 6800 makes automatic 
distortion measurements in less than 10 sec. Distortion 
resolution reaches 0.001%, permitting measurements down to 
0.003%. 

Auto level-set capability handles any input between 1 and 
130V rms; frequency-range selectors automatically null funda­
mental frequency over a 10:1 range, and the 3\.2-digit display 
autoranges, taking much of the work out of making a 
measurement. 

Additionally, a self-contained, 5V-rms 1-kHz sine-wave source 
with less than 0.003% distortion serves for excitation, a 
switchable 1-kHz high-pass filter cuts low-frequency noise, and a 
distortion output permits further analysis. $1500. 

Krohn-Hite Corp, Avon Industrial Park, Bodwell St, Avon, 
MA 02322. Phone (617) 580-1660. Booth No 1349. 

Circle No 359 

POTENTIOMETRIC RECORDERS 

Accepting both Z-fold and roll paper, flatbed units in the 2100 
Series come in both lab and dedicated versions. 

Lab versions provide 13 switchable calibrated spans (1 m V to 
lOV FS) and 10 pushbutton-selected chart speeds (1 in./hr to 20 
in./min, or 2 cm/hr to 40 cm/min); operating power comes from 
110. to 120V or 220 to 240V±10%, 50 to 400 Hz. Dedicated 
versions have a 1 V span and chart speed of 6 in./min. 

For all units, specs show 0.5 sec for full-scale excursion, 
accuracy of ±0.2% FS and linearity of ±0.1% FS. Power 
consumption does not exceed 40W for a single-pen version or 
60W for a 2-pen unit. $595 (OEM) to $1295 (2-channel lab). 

MFE Corp, Keewaydln Dr, Salem, NH 03079. Phone (603) 
893-1921. Booth Nos 1847-49. Circle No 360 
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PC-BOARD TRANSFORMER 

Extending only 1.065 in. above a board and equipped with pins 
designed for llh-in. card spacing, the FlatStack PFT12-35 suits 
logic/op-amp, µ.P and industrial-control applications. It's rated 
at 12 VA, has a 115/230V, 50- or 60-Hz primary and delivers 
output voltages that permit regulated de outputs of 5V at 300 
mA and ± 15V at 85 mA. 

Hum-bucking semitoroidal construction permits balanced 
windings and reduces· the external field , while a split bobbin 
improves isolation. All connections terminate in pc pins, 
permitting primary-voltage changeover through the pc board. 
$11.60. 

Mlcrotran, Sox 236, Valley Stream, NY 11582. Phone (516) 
561-6050. Booth No 1333. Circle No 361 

ISOLATION TRANSFORMERS 

Various models of Stabiline IT isolation transformers protect 
µ.Ps, medical equipment, computers, industrial controls, com­
munications equipment, processors and other sensitive loads 
from electrical noise on power lines. Ranging in power rating 
from 0.5 to 5 kVA, they offer 1000-Mfi insulation resistance, 
2500V-rms dielectric (primary to secondary), 0.005-pF maxi­
mum interwinding capacitance and 126 dB of common-mode 
attenuation. 

You can wire each unit for 120 or 240V-ac input or output 
(input is 50 or 60 Hz, single phase). Operating ambient can be up 
to 40°C, and the unit's temperature rise equals 90°C. Regulation 
specs at 4%. $208 to $437. 

Superior Electric Co, Bristol, CT 06010. Phone (203) 
582-9561. Booths No 618-622. Circle No 362 
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PROGRAMMABLE FILTER 

Suitable for implementing extremely precise measurements of 
narrow-band noise or modulation index--0r for determining 
individual-channel signal level in crowded communication 
spectra-Model 751A Brickwall filter provides a 115-dB/octave 
roll-off on both sides of the passband. 

Basically, it's a seventh-order elliptic (Cauer) filter with 
0.3-dB p-p passband ripple and 85-dB stopband attenuation 
above 1.7x cutoff frequency (low pass) and below 0.6 x cutoff 
frequency (high pass). 

You can independently program the filter's LF and HF 
cutoffs, setting both center frequency and bandwidth anywhere 
in the 1-Hz to 100-kHz band. Options include remote digital 
programming of high and low cutoff frequencies, as well as 
prefilter and postfilter gains, using a built-in BCD parallel-input 
buffered interface (IEEE-488 is also available). $3300. 

Rockland Systems Corp, Rockleigh Industrial Park, Rock­
leigh, NJ 07647. Phone (201) 767-7900. Booth No 1259, 60. 

Circle No 363 

POWER CONDITIONERS 

Single-phase Line 2 conditioners come with 5-, 7.5- and 10-kVA 
power ratings and operate from 208, 220 or 240V (tap 
selectable), 47 to 63 Hz. Each unit delivers 117, 220 or 234V 
output, regulated within ± 7%. 

Aimed at applications in which they protect minicomputers 
from power-line noise and voltage fluctuations, these units 
operate at 94% efficiency, have less than 0.001-pF coupling 
capacitance, provide more than 140 dB of common-mode 
rejection and add less than 0.1 % of harmonic distortion. They 
respond in less than 1 cycle and are spec'd for 0 to 40°C operating 
temperatures. 

Load power factor , current wave shape and turn-on surges 
have virtually no effect on Line 2 units' operation, and their low 
output impedance is particularly valuable. $1700 to $2690. 

Topaz Electronics, 3855 Ruffin Rd, San Diego, CA 92123. 
Phone (714) 279-0111. Booth Nos 1832-34. Circle No 365 
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A lot of complex thinking goes into 
the Teletype* mcxiel 40 printer. 
And, incredibly, it all fits on this 9" by 
19" circuit card. 

More brains; less brawn. 
That's the advantage of an 

electronic printer like our 300 LPM 
mcxiel 40 series. The LSI (Large Scale 
Integration) circuitry tucked 
underneath the printer can perform 
functions with greater reliability than 
mechanical hardware. 

And it can perform them in a 
fraction of the time with a fraction of 
the parts. Plus, fewer moving parts 
means less maintenance and 
increased printer life. 

All y:ou have to do is IlliJg it in. 
Just attach the AC power and a 

serial signal source and your mcxiel 
40 is ready to go to work. There are 
32 switch-selectable options and 
self-diagnostics available at no ad­
ditional cost. Housed in an attractive 

cabinet, if you need one. And our 
technical assistance is never extra. 

So for not much money, the brains 
behind our operation can become the 
brains behind yours1 

'W' ·--.... ~® 
Teletype Corporation 

5555 Touhy Avenue, Dept. 3185, Skokie, IL 60076. 
Telephone (312) 982-2000. 

For more information, Circle No 74 

*Teletype is a trademark . 
and service mark of the Teletype Corporatioo. 



People who spend less fOr RLC testers get fess. 
Unfortunately, so do people who spend niore. 

The fact is, the model 1657 Digibridge1;M for just $1250*, is 
the most accurate instrument you can buy for anywhere near its price. 

First, it provides the exceptional resolution of a 5-digit LED 
display for component value, and a 4-digit dis­
play for component quality. Even the more 

Both the RLC display and the DQ display expensive inStrUmentS Off er Only 4-digit and 
~~~~1~~i=.) haveanextradigitforbeuer 3-digit resolution. (The cheaper models don't 



even give you the second display.) 
Also, the 1657 Digibridge features self-calibration, which no 

other instrument within a thousand dollars can offer. It contains a 
microprocessor that automatically adjusts the reading each time you 
use the tester. So your measurement is always accurate, to within +0.2 % 

- compared to +0.25 % on lower and higher 
priced instruments. 

And you can apply the Digibridge 
accuracy to most commonly tested compo­
nents. Because you can perform C/D, L/Q, 
and R measurements at two test frequencies 
(lKHz and 100or120Hz), in series or parallel 

GenRad'sbuilt-inKelvintestfixturecan mode. Over a broader measurement range 
beusedwithaxialleads, orwithradialleads than most compen·n·ve testers. just by removing the clips. 

The 1657 Digibridge is designed for convenience too, with push­
button controls and automatic ranging provided by the microprocessor. 
Lighted arrows on the front panel tell you which range button to push, 
so no guesswork is required. And the built-in test fixture - standard 
on the Digibridge - makes it simple to insert both radial and axial 
lead components. 

The model 1657 Digibridge, part of a family of precision RLC 
testers from GenRad. To find 
out just how much accuracy 
your money can buy, call 
toll-free 800-225-7335 
(in Mass. 617-779-2825). 

Or write GenRad, 
Concord, MA 01742. 

*U.S. Price 

For more information, Circle No 75 

The 1657 Digibridge delivers a test time ~"'~=:-:.::::•---:::!it ~ ::::-::::::::::::9 
ofbetterthanthreemeasurementsper _ _ ... t>ff -~;-;:::::- --~~ 
second, unqualified. ,.- <;:::/ ~ 

Gen Rad 
Put our leadership to the test. 
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MUL TIOUTPUT SWITCHERS 

Units in the SWS250 Series provide various output combinations 
of 5, 12 and 15V, such as 5/12/12V, 5/5/12/12V, 5/15/15V or 
5/5/15/15V. All versions offer soft start, OVP, low-input 
shutdown, low EMl/RFI (suppressed at the source by line 
filters), paralleling capability and 30-msec holdup after line 
dropout. They also feature remote-sense and remote-shutdown 
capabilities. 

Each switcher weighs 4.5 lb, measures 3x4.9 X 15 in. and is 
designed to meet UL 478. From $310. 

Standard Power Inc, 1400 S VIiiage Way, Santa Ana, CA 
92705. Phone (714) 558-8512. Booth No 1527. Circle No 364 

FLATBED OEM RECORDER 

Joining the many lab-type recorders produced by its manufac­
turer, Type 3021 uses an automatic null-balancing de servo 
mechanism and provides one or two channels of ink writing using 
felt-tip pen cartridges. 

Basic accuracy specs at ±0.25% of the 250-mm effective 
recording span. The recorder accepts 270mm x 15m Z-fold paper 
or 270mmx 20m roll chart, operating at speeds of 2, 6, 20 or 60 
cm/min or cm/hr. Voltage ranges span 10 m V to 50V FS in 1-2-5 
sequence. Power required (must be specified) can be 100, 120, 
200, 220 or 240V, 50 or 60 Hz. Less than $1000 for single-pen 
version. 

Yokogawa Corp of America, 5 Westchester Plaza, Elms­
ford, NY 10523. Phone (914) 592-6767. Booth Nos 1749, 51. 

Circle No 366 
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LED MOUNTING CLIPS 

B~cause of their construction, which features molded Fresnel 
rings and striated lines on the viewing surface, Series 1933 
square-lens clips for T-lo/• LED lamps provide even illumina­
tion. Their cellulose-acetate-butyrate bodies are available in 
amber, clear, green, red or yellow. 

Mounting is a snap, either singly into 114-in.-square punched 
holes on %-in. centers, or ganged in a l/•-in.-wide slotted hole. 
$0.20 (500). 

Industrial Electronic Engineers Inc, 7740 Lemona Ave, Van 
Nuys, CA 91405. Phone (213) 787-0311. Booth Nos 1203, 05, 
07. Circle No 368 

SCOPE CALIBRATOR 

Providing calibrated amplitude signals, precision timing and 
fast-rise pulses for determining response bandwidth, the TE303 
allows thorough checking of scope performance. 

The unit's 1-kHz trapezoidal waveform lets you check 
trigger-level performance, while its 1-kHz square-wave output 
(2-nsec rise time) lets you set up undershoot and overshoot 
characteristics of both the internal and external amplifiers and 
the attenuators. Waveform amplitudes adjust from 0.1 mV/div 
to 50V/div in 1-2-5 sequence; switching adjusts for graticule 
heights of 6, 8 and 10 divisions. 

For time-base calibration, crystal control holds the frequency 
within 0.01 %. Timing marks are positive-going 1 V pulses, 
adjustable from 100 nsec to 0.5 sec in 1-2-5 sequence. $935. 

Zl-Tech Div Alkenwood Corp, Box 26, Palo Alto, CA 94302. 
Phone (415) 326-2151. Booth No 1161. Circle No 367 
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"Our hole-to-hole registration 
is critical. Photocircuits boards 
help set the standard:' 
Dick Johnson, Production Manager, T eltone. 

"Teltone is riding the crest of growth and 
change in the telecommunications industry. 

"Our central office, PBX, key telephone and 
service analysis equipment is important but not 
unique to our customers. So we've got to be 
extremely competitive. 

"Today we're building a new plant to be 
even more competitive. Which is where 
automatic insertion and Photocircuits come in. 

''About three years ago we decided that our 
board quality had to be better. Especially as we 
moved toward incorporating automatic 
insertion. 

"We looked over the field and decided to 
give Photocircuits a try. 

"We'd been having a fair amount of trouble 
with PTH boards in automatic insertion 
because hole-to-hole registration is critical. 

"Then we began running Photocircuits 
boards. Their boards per1ormed greater than 
Teltone expectations and Photocircuits helped 
establish our standard. 

''And Photocircuits has helped us in other 
ways. Board warpage is an industry problem 
that has a lot to do with laminates. When some 
of their boards would not insert into our 
equipment housings, Photocircuits assisted us 

in investigating the problem. 
They offered design ideas on board layout 

to minimize the problem. And as the biggest 
independent board maker, they're in an 
excellent position to consult and negotiate with 
manufacturers. 

Teltone is located across the country from 
Photocircuits (Kirkland, Washington), and we're 
getting response as if they were local. 

"What I notice is the constant flow of 
questions about drawings. They are tougher 
on artwork than we are. Nothing is left to 
chance. 

"But most important, they know that the 
board is a major unit of our products. A key to 
our being cost effective. And their attitude is 
much like our own. 

"They know they'll succeed with their 
customers if they keep leading in quality, 
service and competitive prices." 

If you want to succeed like Teltone, 
perhaps you need a supplier like Photocircuits. 
To find out, just contact your Photocircuits 
representative. Or call or write Photocircuits, 
PCK Sales, 31 Sea Cliff Avenue, Glen Cove, 
New York 11542. (516) 448-1301 . A Division of 
Kollmorgen Corporation. 

Photocircuits 
Printed circuitry for mass-produced electronics. 

EDN SEPTEMBER 5, 1979 
For more information, Circle No 77 
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SOW SWITCHERS 

ES-E Series power supplies challenge their linear competitors 
with very low price tags; for example, the 5V/10A model costs 
only $89 in unit quantities. Yet their manufacturer hasn't 
sacrificed reliability to achieve this economy: MTBF exceeds 
50,000 hrs, and all models carry a 2-yr warranty. 

Two factors contribute to the units' low price and high 
performance: a sophisticated computer-aided design technique 
that guarantees circuit integrity by using worst-case-analysis 
criteria, and a proprietary single-chip controller. The latter 
contains a pulse-width modulator, a soft-start circuit, current­
limit protection, a stable frequency oscillator, a deadband 
network, regulated voltage references, precision comparators 
and control logic. It reduces the supplies' parts count by over 
20%, compared with older discrete-component designs. 

Externally, ES-E supplies measure only 2 x 5x 4 in., per­
mitting mounting in tight spaces. Electrical specifications 
include greater than 70% efficiency, 50-mV p-p maximum noise 
and ripple, ::t0.1%+1-m V load and line regulation and 16-msec 
hold-up time (32 msec optional). Special control circuits 
eliminate turn-on and turn-off spikes. 

Power/Mate Corp, 514 S River St, Hackensack, NJ 07601. 
Phone (201) 343-6294. Booth Nos 164a, 50. Circle No 335 

FERRITE CORES 

Ceramag 24B cores reduce losses by 30% at 16 kHz and 25% at 
60 kHz, compared with designs using other materials. And these 
reduced losses are achieved with no changes in permeability or 
saturation level. Minimum losses occur between 85 and 95°C. 

The cores come in standard IEC configurations. For example, 
E-type units can be specified in 28 sjzes ranging from 17 to 103 
mm, while EC types with round center legs are available in 35-, 
41-, 52- and 70-mm widths. Custom designs can also be supplied. 

Price depends on size and style; a typical 35-mm E core (Model 
50-0660) and I bar (Model 57-1811) combination costs $0.38 
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(1000). 
Stackpole Carbon Co, Electronic Components Div, St 

Mary's, PA 15857. Phone (814) 781-1234. Booth Nos 1413, 15. 
Circle No 336 

MERCURY-WETTED REED RELAY 

Noteworthy because it's small, fast and sensitive, this device can 
be ordered as a reed-switch capsule or a complete relay. In 
either case, life expectancy runs to billions of cycles. 

In capsule form (Model WR-1125), the device measures 0.5 in. 
long and 0.1 in. in diameter. Operating frequency specs at 200 
Hz max, while typical functioning times run 1.8 msec for 
operating and 0. 9 msec for release. Sensitivity ranges from 25 to 
60 ampere-turns. 

As you'd expect, the capsule must be mounted within ::t30° of 
vertical for proper operation. All devices are tested at 15 Hz and 
50% overdrive. Power rating (reO equals 30W. $1.73 (500). 

Gordos Corp, 250 Glenwood Ave, Bloomfield, NJ 07003. 
Phone (201) 743-6800. Booth No 827. Circle No 376 

WIRE-WRAPPING BOARD 

Model EEC0-80-10 allows designers to build custom subsystems 
for equipment that uses the Intel SBC-604/614 modular card 
cage. This universal 2-level wire-wrapping board accepts up to 
132 16-pin IC sockets or an equivalent mix of devices with 0.2- to 
0.9-in. centers. 

Constructed from 0.062-in. NEMA-FR4 flame-retardant glass 
epoxy, the board features connectors and preinstalled 110 pins 
that are gold plated per MIL-G-45204. Its design minimizes 
noise problems by incorporating a continuous 2-oz copper-matrix 
ground plane; mounting holes for numerous power-supply 
decoupling capacitors are also provided. 

A Lexan cover supplied with the $100 board protects pins 
from damage. Sockets and wire-wrapping/documentation ser­
vices are available. 

EECO Inc, 1601 E Chestnut Ave, Santa Ana, CA 92701. 
Phone (714) 835-6000. Booth Nos 1611-1617. Circle No 338 

EDN SEPTEMBER 5, 1979 



C> 0 

DIAL PYLE: 
312-342-6300 

::::I pyle-national 

I '-I A Di~~o:~~~!pany 
Better connectors. By design. 



motor-makers 

do great things with Y.Our specs 
for induction drive motors •• 

-.2~ 

l 
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.. and they price them 
very, very competitively 

When you need an induction drive motor you want it 
designed exactly as Y.OU need it. Without hassles, 
without design headaches. That's the way Howard's 
motor-makers operate. They respond to Y.OUr needs 
with fast action. 

Tough and demanding customers such as IBM, 
Burroughs, Shugart, Documation (as well as scores 
of others) have found that Howard's engineering 
flexibility and adaptability makes it easy to get just 
exactly the induction drive motors they need. 

We're small enough to react positively to Y.OUr 
development time-tables - big enough and experienced 
enough (over 11,300,000 motors in the past 10 years) 
to deliver quality motors at a ver_y comRetitive Rrice. 

Check with Howard's motor-makers for any or all of 
your induction drive or motor parts sets needs. You'll 
discover that Howard 's custom engineering approach 
makes your projects go smoother, faster - without 
paying premium prices. 

WRITE TODAY for TWO NEW 
INDUCTION MOTOR CATALOGS 
that provide torque curves, 
ratings, dimensional drawings 
on the complete line of 26, 33, 
42, 48 and 56 Frame induction 
drive motors and motor 
parts sets. 

26 Frame Induction Motor 

33 Frame Induction Motor 

.. -
42 Frame Induction Motor 

48 Frame Induction Motor 

56 Frame Induction Motor 

HOWARD INDUSTRIES • One North Dixie Highway • Milford, Illinois 60953 • Phone: (815) 889-4105 

For more Information, Circle No 79 
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POWER RESISTORS 

Capable of handling 3W continuous power at 125°C in free air, 
members of the precision power plate resistor (PPPR) family 
can dissipate 6W if mounted on an aluminum heat sink or lOW on 
a water-cooled copper heat sink. Resistance values from 10 to 
5000!1, with tolerances down to 0.005%, are available in a 
package measuring 1x 1 x 0.025 in. Larger models, which include 
values down to 0.5!1 at 0.25% tolerance, have a higher 
continuous-power capability. 

Stability over time and temperature is noteworthy. Higher 
resistance units spec load-life stability of 0.03% max ~R under 
full rated power at 125°C for 2000 hrs; nominal thermal drift 
equals 2 ppm/°C over 0 to 40°C. (The low-value units exhibit still 
higher stabilities.) $30 to $50 (100), depending on resistance 
value. Delivery, stock to 12 wks ARO. 

Vishay Resistive Systems Group; 63 Lincoln Hwy, Malvern, 
PA 19355. Phone (215) 644-1300. Booth No 73. Circle No 337 

COMPUTING/CONTROLLING PRINTER 

Features not previously available in most printers and 
plotters--such as crystal-controlled real-time storage to 100 hrs, 
time-interval printing from 1 sec to 100 hrs, data identification 
with a programmable 6-digit heading and math scaling 
functions--set Model 2030A apart. It provides 6-digit constants 
for scaling, programmable annotation that overrides 
measurement-instrument units with four alphanumeric symbols, 
alarm activation when data exceeds 6-digit limit setpoints and 
seven printing modes. 

Portable, stackable and rackable, Model 2030A is housed in 
the new PTI (portable test instruments) package. It can scan 
several instruments and translate numeric data into a visible 
trace pattern--0r apply limits and activate alarms. You can 
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operate the instrument from an external 12V supply if 
necessary. $995. Delivery, 60 days ARO. 

John Fluke Mfg Co Inc, Box 43210, Mountlake Terrace, WA 
98043. Phone (206) 774-2211. Booth Nos 1141-47, 1242-48. 

Circle No 378 

MICROWAVE FREQUENCY COUNTERS 

Claimed the smallest and lightest bench/portable microwave 
counters currently available, Models 6246A and 6245A measure 
just 4. 75 x 8.38x 13.5 in. and weigh only 12 lbs. The 6246A 
accommodates signals from 20 Hz to 26 GHz; the 6245A, from 20 
Hz to 18 GHz. 

Both instruments handle input signal levels from - 25 to +27 
dBm. A proprietary measuring technique, combined with high 
adjacent-signal rejection and high-speed tracking capabilities, 
yields excellent AM and FM performance. 

Other features include an overload-warning indicator, 10-digit 
LED display and optional IEEE-488 interface. Power consump­
tion equals 35W. $4250 and $3750, for the 6246A and 6245A, 
respectively. Delivery, 60 days ARO. 

Systron-Donner Corp, 935 Detroit Ave, Concord, CA 94518. 
Phone (415) 676-5000. Booth Nos 1653-1657. Circle No 339 

Model 904 measures magnetic flux in the range between 30G and 
30 kG, achieving 3% FS accuracy. LED lamps adjacent to its 
analog meter indicate field polarity, and an analog output voltage 
corresponding to the flux density of either de or ac fields is 
available at the rear panel. 

Probes for the meter operate on the Hall-effect principle and 
come in a wide variety of axial, transverse-field and tangential 
models. Simple self-contained internal calibration avoids the 
need for a reference magnet. $365; probes approximately $175 
each. 

RFL Industries Inc, Boonton, NJ 07005. Phone (201) 
334-3100. Booth Nos 1343, 45. Circle No 372 
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What makes GE 
thin edgewise 
instrument readings 
so accurate? 

A high strength Alnico 8 magnet puts 
extra torque into every mechanism. Thi s 
makes GE thin edgewise instruments less 
susceptible to reading errors caused by 
friction or static. They will continue to 
meet or exceed all applicable ANSI C39.1 
specifications for years. 

Available in both vertical and horizontal 
models, these compact instruments save 
valuable panel space in all three sizes -
1Y2, 2Y2, and 3Y2 inches. All are attractively 
housed in virtually unbreakable LEXAN® 
resin cases . General Electric thin edgewise 
instruments are interchangeable with most 
competitive models and are easily 
modified for special applications. 

Alnico 8 
power. 

For full information on General Electric's 
complete line of ac and de thin edgewise 
ammeters (from microamps up) and volt­
meters (from millivolts up), write to Section 
592-94, General Electric Co., Schenectady, 
NY 12345, or call your nearest GE sales 
office or distributor. 

Theres more 
to any GE instrument 
than meets the eye. 

GENERAL. ELECTRIC 
For more information, Circle No 80 
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NOW YOU GET AUGAT QUALITY, LOWER 
PRICES AND A CHOICE OF CONTACTS. 

Which 200 Series socket best 
fits your application? 

Beryllium Copper. The origi­
nal 200 Series socket. It proved 
you don't have to sacrifice high 
performance for low cost. The 
2xx-AG39D features beryllium 

copper side-wipe contacts for 
maximum mechanical and gas­
tight electrical performance. 
MIL-S-83734 approved. 

Copper Alloy. The lowest-cost 
200 Series socket you can buy. It 
features copper alloy tin-plated 
contacts to provide excellent 
performance for maximum 
economy. Yet the 2xx-AG29D 
has all the design innova-
tions that made the 200 Series 
an overnight success. 

Gold Inlay. Now true gold 
contacts are available 
in a low-cost socket. 

Augat Series 2xx-AG49D sock­
ets establish a new gold stand­
ard for dependability and 
economy. 

And no matter which contact 
material you choose, you still 
get Augat's low-profile con­
struction with end and side 
stackability to save valuable 
boa~d space. Insulators with 
molded standoffs to provide 
clearance for proper cleaning. 
Closed bottoms to eliminate sol­
der wicking. And all 200 Series 
sockets-beryllium copper, 
copper alloy, or gold inlay-are 
available in all popular sizes 
from 8 to40 pins. All are pack­
aged in tubes, at no extra 
cost, compatible with 
automatic insertion 
equipment. 

So if you're 
looking for 
low-cost 
sockets, 

look 
to your 

Augat repre­
sentative or distrib­

utor. He can help you 
make the right choice. 

For the name of the nearest 
Augat representative or distrib­

utor, write Augat, Inc. , 33 Perry 
Avenue, P.O. Box 779, Attleboro, 
Mass. 02703. Tel. (617) 222-2202. 
In Europe-Augat SA-France: 
[Z.I. Sofilic) B.P. 440 Cedex/ 94263 
Fresnes, France. Tel: 668.30.90. 
Telex: 201.227 AUGSAF. 

TEST DATA 
Insertion Force 230 grams when measured with a .015" x .023" rectangular lead. 

Withdrawal Force 88 grams when measured with a .088" x .015" rectangular lead. 

Initial Contact Resistance Low-signal level contact resistance at 20 mv open circui t measured at 
Per MIL-STD-1344, Method 3002 6.79 milliohms, before corrosive a tmosphere. 

Socket Durability 50 Cycles 5.4 milliohms measured before durabil ity and 6.15 milliohms 
with .014" x .021" Gouge otter 50 cycles. 

Corrosive Atmosphere per No evidence of porous plating or exposure of base metal. 
MIL-S-83734 Poro. 4.7-16 Contact resistance averaged 6.64 milliohms indicating gQiljgbJ performance. 

Low-signal level 100 mo at 20 mv. 

Your contacts ore on the next page, too. Look for Augot's Send for detailed Augot test report# 178 
complete distribution listing 

For more information, Circle No 81 

AU,AT® 
Augat interconnection products, 
lsotronics microcircuit packaging, 
and Alco subminiature switches. 
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LIGHTED PB SWITCHES 

Series Pl lighted pushbutton switches handle power switching, 
low-energy switching or a combination of the two. Their 
elements feature a long-life, coil-spring snap-action mechanism 
and optional LED lighting. 

Available in single- and double-pole designs, the units contain 
one or two of the company's subminiature switches. Of these, 
E62 Series devices are rated for 10. lA, 125 or 250V ac (IA hp, 
125V ac), while E63 Series units handle 100 mA, 125V ac for 
low-energy circuit applications. You can order dpdt versions 
with any desired mix of E62 and E63 switches. 

The Pl switches also come in unlighted versions with black 
opaque or red translucent pushbuttons. Other button colors are 
available on special order. Terminal choices include 0.093-in. or 
0.110-in. quick-connect, flat short-solder or flat pc-type pins. 
Single-pole, lighted, with E62 switch, $5.75; dpdt, $6.90. 

Cherry Electrical Products Corp, 3600 Sunset Ave, Wauke­
gan, IL 60085. Phone (312) 689-7700. Booth Nos 1534, 36, 38. 

Circle No 377 

SIGNAL GENERATORS 

E Series modular microwave generators, solid-state except for 
their klystron oscillator, permit coverage from 3.7 to 12.4 GHz. 
Each of the four models provides widely adjustable FM and 
square-wave modulation of its accurately calibrated cw output. 
A horizontal-sweep output for the internal FM permits a 
convenient scope display of swept-band response plots; an 
optional internal isolator furnishes reverse-power protection 
during radar testing. 
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Features include digital readout of frequency to 0.5% 
accuracy, 130-dB calibrated output-level range and phase-lock 
capability. Model 1107E (3. 7 to 8.4 GHz) and Model HOSE (6.95 
to 11 GHz), $5150; Model 1108E-C (6.95 to 12.2 GHz), $5400; 
Model 1108E-CE (6.95 to 12.4 GHz), $5700. 

Polarad Electronics Inc, 5 Delaware Dr, Lake Success, NY 
11040. Phone (516) 328-1100. Booth No 1543. Circle No 371 

SWITCHERS 

Ten models that deliver outputs ranging from 2V at 200A to 28V 
at 28A constitute the 9N Series of Super Switchers. Efficiency 
reaches 80%, and inputs (47 to 63 Hz) can be either 115/230V or 
208V (single-phase) or 208V (3-phase). Input tolerance specs at 
+ 10, -20%, with no derating required at 50 Hz. 

Standard regulation runs 4 m V for + 10/-20% line change and 
0.2% for 100% load change; ripple and noise typically equal 40 
mV p-p or 7 mV rms. $450 to $695. Delivery, 14 wks ARO. 

Powertec Inc, 20550 Nordhoff St, Chatsworth, CA 91311. 
Phone (213) 882-0004. Booth Nos 1228, 30, 32. Circle No 374 

FAN-MOUNTING CARD CAGES 

Fan-Cage units combine a standard 19-in. card cage with a fan 
container that increases the cage size by less than one RETMA 
unit. Fans are placed directly beneath the pc boards and/or 
power pack, creating an efficient, even air flow through the 
cage. 

Provision for up to three 100-cfm fans (with mounting holes on 
41,ii-in. centers) Jets you cool even extremely hot boards. $44 
(without fans). 

Unltrack Div Calabro Plastlca Inc, 8738 W Chester Pike, 
Upper Darby, PA 19082. Phone (215) 789-3820. Booth Nos 
625-27; 524-26. Circle No 373 
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FLEX FLAT-CONDUCTOR CABLE 

Constructed with two to 35 0.003x0.062-in. conductors on 
0.1-in. centerlines-but also available with nonstandard conduc­
tor widths and spacings-this cable sports a self-extinguishing 
dielectric rated at 300V de and 5000-MO insulation resistance. 
Carrying capacity of the standard conductors equals 3A within 
the temperature range of -55 to + 105°C. 

Because of a proprietary manufacturing method, you can even 
order cables containing mixed conductor widths (0.032 to 3.962 
in.) and spacings (0.032 to 3.898 in.). Maximum cable width must 
not exceed 4 in. From $0.005 to $0.03 per circuit foot. 

AMP Inc, Harrisburg, PA 17105. Phone (717) 564-0100. 
Booth No 628. Circle No 369 

IC REWORK STATIONS 
Removing !Cs the same way they are installed, Heat-a-dip 
rework stations incorporate two tiny solder pots that touch only 
the IC leads. 

Using the furnished insertion and extraction tools, you can 
remove and replace an IC in seconds. Model 5002 Midi, a 50W 
unit, handles all !Cs up to and including 0.4-in.-wide 24-pin 
versions, while Model 5003 Maxi covers all !Cs with up to 40 pins 
and readily adapts to special heads for components such as 
connectors and relays. Model 5002, $295; Model 5003, $395--­
both complete with 14- to 16-pin head, extraction tool , insertion 
tool and head cleaner. 

Micro Electronic Systems Inc, 159 Main St, Danbury, CT 
06810. Phone (203) 797-1441. Booth No 612. Circle No 370 

DUAL CENTRIFUGAL BLOWER 
Model 2NB800 delivers up to 2000 cfm of air while running 
quietly at low speed. High motor efficiency helps hold down 
motor temperature and increase motor life. 

You can order motors for any ac voltage and for single or 
3-phase operation (single-phase motors are UL and CSA listed). 
Motor choice also embraces 2- to 6-pole units: 2- and 4-pole 
motors handle high back pressures, while the 6-pole unit operates 
at 1000 rpm. $150. Delivery, 8 to 10 wks ARO. 

McLean Engineering Laboratories, 70 Washington Rd, 
Princeton Junction, NJ 08850. Phone (609) 799-0100. Booth 
No 1549. Circle No 375 

EDN SEPTEMBER 5, 1979 

YOU 
HAVE THE 

CONTACTS. 

Whether you're looking for Beryllium 
Copper, Copper Alloy or Gold Inlay con­
tacts, your Augat Distributor has the 200 
Series sockets you need- in stock-at the 
right price. 

ACK Semiconductors 
Arrow Electronics 
AS.I. 
Car-Lac Electronics 
Cramer Electronics 
Deecolnc. 
Empire Electronics 
Fort Wayne 
Electronics 

Genesis 
Gopher Electronics 
Graham Electronics 
Hamilton/ Avnet 

Electronics 
Ideal Electronics 
Kierulff Electronics 
Kirkman Electronics 
Lectronix 
Milgray Electronics 
Newark Electronics 
Pattison Supply 
Pioneer Electronics 

Radar Electronics 
Radio Supply 
Richey Electronics 
Standard Supply 
Sterling Electronics 
Summit 
Thompson Electronics 
Walters Radio Supply 
Wedemeyer 

Electronics 
Wyle Dist. Group 

(El mar /Liberty) 
Canada: 
Cam Gard 
Cardinal 
Future 
Hamilton/ Avnet 
RAE 
Say nor 
LA Varah 
Wackid 

AUGAJ' 
See 200 Series Advertisement on 

preceding page. 
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SPECIAL REPORT 

EMI shielding 
arid protective components 
The electronic world is noisier today than ever before; fortunately, 

manufacturers offer a wide variety of aids to help 
you control electromagnetic interference. 

Jim McDermott, Special Features Editor 

Electromagnetic compatibility-the ability of electronic 
devices to function without being interfered with and 
without interfering with other devices--has assumed 
prime importance as the number of EMI noise-pollution 
sources grows. These sources include not only comput­
ers, switching power supplies and industrial, scientific 
and medical equipment, but also such incidental­
radiation devices as electric motors, hand drills, home 
appliances, light dimmers and electric-tool speed 
controls. Fortunately, as the electronic environment 
has grown noisier, the arsenal of weapons in the war on 
noise has expanded. 

Fundamentally, you can attack EMI in two ways: 
prevent it from reaching susceptible circuits, or keep it 
contained within shielded enclosures where it can do no 
harm. In either case, the task requires eliminating the 
means whereby EMI travels from a source to a point of 

Conductive-elastomer seals protect shielding integrity into the 
gigahertz region. These molded, extruded and die-cut seals from 
Chomerics provide environmental protection as well. 
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disturbance-radiation, conduction or a combination of 
both. For this job, you can use 

Shielding to exclude or contain the radiated EMI 
Filters-both low-frequency units for power and 
higher frequency devices for signals-to trap the 
EMI before it gets into or out of the equipment or 
circuitry 
Transient absorbers to protect the circuitry 
against high-voltage line, power-supply or other 
internal disturbances, or against static discharges. 

Shielding 
Shielding is the first line of defense in the battle 

against EMI. The metal variety is best: With the 
proper type, you can obtain virtually perfect protection 
(higher than 120-dB attenuation; see box entitled "How 
shielding works"). But today, sheet-metal enclosures 
have been replaced in many cases by molded-plastic 
cabinets and housings; such boxes weigh less, cost less 

See-through shlelds reject EM/ while providing good visibility. Metal 
mesh, laminated between glass sheets or cast in plastic like the 
Tecknit windows in the center, is the most transparent type. 
Conductively coated windows, like those in the upper center, are 
effective shields but not as easy to see through. 
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Metal shields are best, but 
coatings prove adequate 

applied by vacuum metallizing, spray plating, arc 
spraying and spray painting processes. 

to tool up for and produce, and provide the packaging 
designer with a great deal of freedom. Of course, plastic 
by itself is transparent to the entire EMI spectrum­
from audio signals up through the hundred-gigahertz 
range. To cope with this deficiency, manufacturers 
have developed a variety of methods to produce 
good-to-excellent shields for plastic enclosures. They 
use aluminum foil, as well as conductive coatings 

Lining cabinets or enclosures with aluminum foil is a 
labor-intensive process and is generally difficult to 
implement, particularly in enclosures with many curves 
and contours. Thus, this protective measure proves 
most useful in shielding small, planar areas. Vacuum 
metallizing, on the other hand, accommodates complex 
enclosures by evaporating a highly conductive metal 
film (usually aluminum 20 to 50 µin. thick) directly onto 
the plastic or paint substrate; its drawbacks include 
poor environmental resistance and relatively high cost. 
Spay plating deposits a reducing agent and a metal 
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Increasing emphasis on electromagnetic compatibility generates problems 
Computers, peripherals and 
other digital devices are both 
sources and receivers of 
broad-band EMI. They are 
sources because they contain 
clock and other square-wave 
signals with high-frequency 
content; as computing speed 
rises, the spectrum of the EMI 
generated broadens, so digital 
circuits have great potential for 
interfering with other electronic 
equipment. But IC logic can also 
be affected by EMI, and this 
susceptibility will grow as the 
trend toward lower powered, 
lower voltage and more sensitive 
VLSI circuits grows. Complicat­
ing the picture still further are 
additional disturbances such as 
high-voltage power-line tran­
sients or static discharges from 
personnel to computer equip­
ment, which can blow out ICs or 
wipe out memories. 

If your digital system design is 
susceptible to EMI, you can use 
the variety of design tricks and 
components described in this 
article to make it EMI proof. Or 
you can consider redesigning 
critical signal paths to accommo­
date fiber optics. Because the 
latter approach represents a 
major change in design meth­
ods, we have deliberately 
avoided considering its details 
here. Instead, we refer you to 
EDN's Designer's Guide to Fiber 
Optics (January 5, January 20, 
February 20, March 5, 1978). 

In addition to the foregoing 
considerations, a key factor in 

the war on EMI is the growing 
complexity of regulations gov­
erning its control: The EMI limits 
imposed by the US, West 
Germany and Canada will have 
an increasing impact on the 
incorporation of EMI control 
methods in commercial electron­
ic equipment. 

Current West German specs, 
which are widely followed in 
Europe, are tougher than those 
in the US; they are promulgated 
by the Verband Deutscher 
Electrotechniker (VOE), the 
Association of German Electrical 
Engineers. Until recently, EDP 
equipment in Germany was 
subject to VDE0875, which 
regulates the emissions from 
appliances, machines and instal­
lations with power inputs from de 
to 1 O kHz. This spec applies to 
unintentional generators of 
interference resulting as a 
byproduct of equipment opera­
tion. But now the VOE says that 
EMI from digital equipment 
results from intentionally gener­
ated signals-from clock and 
logic circuitry and particularly 
from switching power supplies. 
The latter generate a broad 
spectrum of energy in the 10- to 
100-kHz range. So the VOE 
plans to place digital equipment 
under tlie more restrictive 
regulations of VDE0871-a 
move that will produce a whole 
new design ballgame. 

In this country, the FCC's 
philosophy is to put an 
increasing emphasis on mandat-

ed electromagnetic compatibility. 
To this end, the c;ommission is 
proposing an amendment to Part 
15 of its Rules and Regulations 
to define those points governing 
restricted-radiation devices, 
among other things. The FCC 
zeroes in on digital equipment in 
one item of the proposal that 
"includes computers, digital 
weight scales, data-processing 
equipment, tape recorders, 
electronic watches, switching 
power supplies and any (other) 
device incorporating digital 
techniques. " 

Under the amendment, the 
conducted and radiated emis­
sions of these devices would be 
held to what many industry 
experts feel are excessively 
strict levels; switching-power­
supply manufacturers, for exam­
ple, claim that conforming to the 
new limits would call for costly 
redesign. The Computer and 
Business Equipment Manufac­
turers' Association (CBEMA) 
also feels the proposed stan­
dards are too restrictive; its 
counterrecommendations to the 
FCC are contained in "CBEMA/ 
ESC5, Limits and Methods of 
Measurements of Electromag­
netic Emanations from Electron­
ic Data-Processing and Office 
Equipment" - recommended 
reading, as is the FCC's "Notice 
of Proposed Rule Making" in 
Docket 20780, which details the 
amendment to Part 15. 
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How shielding works 
Shields protect against EMI 
disturbances carried by electro­
magnetic waves; such waves 
have two components : a 
magnetic-field vector and an 
electric-field vector. These two 
fields are orthogonal, and an 
electromagnetic wave propa­
gates at right angles to the plane 
containing them. The relative 
magnitudes of the magnetic (H) 
field and the electric (E) field 
depend upon how distant the 
wave is from its source and on 
the nature of that source. The 
ratio of E to H is termed the wave 
impedance (Zw). 

If the source contains a large 
current flow compared with its 
voltage (a condition that might 
arise in a loop or transformer or 
in power lines), it's termed a 
current source, magnetic source 
or low-impedance source. In this 
case, Zw is small. On the other 
hand, if the source operates at a 
high voltage and only small 
currents flow, the source 
impedance is high and the 
resulting wave is considered an 
electric field. At very large 
distances, Zw= 1 and the wave is 
a plane wave. Its impedance is 
3770-that of free space. 

If an electromagnetic wave 
encounters a discontinuity-a 
shield-it reflects if its imped­
ance and that of the shield differ 
greatly; in that case, only a small 
amount of energy is transmitted 
across the boundary. Metals 
have an intrinsic impedance 
approaching zero because their 
conductivity approaches infinity; 
under these conditions, an 
electric wave with an impedance 
of a few hundred ohms is 
reflected. On the other hand, 
when obstructing a low­
impedance magnetic wave, a 
metal will not reflect energy, but 
rather let it pass through-that's 
why it's so difficult to shield 
against magnetic waves. 

No shielding is perfect, but it 
can be made so effective that 
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under normal circumstances its 
attenuation is too great to 
measure. In general, shielding 
with an attenuation between O 
and 1 O dB is considered poor; 1 O 
to 30 dB is fair; 30 to 60 dB is 
average; 60 to 90 dB is good; 90 
to 120 dB is excellent; greater 
than 120 dB is superior. 

Shielding effectiveness is the 
sum of reflected energy losses 
(R), absorbed energy losses (A) 
and a correction factor (B) that 
can be ignored when absorption 
losses are greater than 1 O dB. 
The absorption term is directly 
proportional to shield thickness; 
consequently, the greater the 
thickness, the better the shield­
ing. Where magnetic shielding is 
required, particularly below 
about 15 kHz, losses arise 
almost totally from absorption. 
On the other hand, if protection 
from an electric field or plane 
wave is required, reflection loss 
predominates. Reflection losses 
for iron and copper shields 
appear in the figure. 

From these relations, you can 
derive some tips on shielding 
design. First, magnetic fields are 
more difficult to shield than 

electric or plane-wave fields. 
And the lower frequencies of a 
magnetic field are more difficult 
to isolate than the higher ones. 
Second, a shielded enclosure 
usually provides adequate isola­
tion at all frequencies if it is 
designed to absorb the lowest 
magnetic-field frequency speci­
fied. (If only electric fields are 
present, use the lowest plane­
wave frequency.) 

For further reading, you can 
find a wealth of information in the 
EMllRFI Gasket Design Manual 
from Chomerics and the EMllRFI 
Shielding Handbook and Cata­
log from Metex, both of which 
are available from the compa­
nies on request. Another 
valuable reference is the 
Interference Technology Mas­
ter, an annual design guide from 
R&B Enterprises (Box 328, 
Plymouth Meeting, PA 19462, 
phone (215) 828-6236). It 
contains comprehensive analy­
ses of EMI problems and 
solutions, as well as pertinent 
commercial and military specs. 
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Plug EMI leaks with 
conductive-elastomer gaskets 

salt-usually silver-onto the plastic, producing a 
high-conductivity pure-metal coating. But this coating 
is thin and fragile, and without an additional protective 
coating, sulfides can attack the silver. 

Zinc makes a good shield 
Because of the foregoing methods' disadvantages, 

shields produced by arc spraying or sprayed-on 
conductive coatings prove the most popular methods of 
shielding plastic cabinets. Arc spaying involves 
melting a metal, such as zinc, in an electric arc, then 
atomizing the molten metal and blowing it into the 
surface of the plastic. (This process requires a special 
wire-arc gun such as those produced by Tafa or Metco.) 
Although other metals such as aluminum, copper and 
silver can be used, zinc provides a good-to-excellent 
shield with a 50- to 70-dB attenuation over 1 MHz to 1 
GHz. The zinc coating is about 5 mils thick and has a 
surface resistivity of 20 milliohms per square, according 
to Tafa. A limitation of this process, however, is that it 
is slower than ordinary spraying and less adaptable for 
use in high-volume production. 

In systems where a shielding effectiveness of30 to 60 
dB over a 10-kHz to 1-GHz band is adequate, 
spayed-on conductive coatings prove effective. The 
applied material is usually an organic paint filled with 
conductive particles like silver, copper-nickel or 
graphite. Attenuation of 80 dB is possible with the best 
of these coatings. 

The coatings adhere to a wide variety of substrates 
with little or no surface preparation because of their 
organic binders, which also provide a buffer during 
thermal cycling. You apply them with conventional 
spray equipment; shielding effectiveness varies with 
the type of coating and the thickness to which it's 
applied. 

Gary S Ross, materials engineer in the R&D Dept of 
Electro-Kinetic Systems, cautions that you should test 
such a conductive coating for shielding effectiveness, 
durability and ease of application. Adhesion to the 
substrate is especially critical; check it both before and 
after environmental cycling. Additionally, testing in 
high humidity at 140°F for 72 hrs can tell you if the 
coating will survive trouble from an unexpected 
source-shipping. (In summer, the temperature inside 
a truck trailer can easily reach 140°F at 90% relative 
humidity or higher. Some coatings can lose their 
attenuation effectiveness under these conditions.) 

Silver: good but expensive 
Of the various sprayed-on conductive coatings, silver 

exhibits the best conductivity and offers excellent 
shielding performance. But it's also the most expen­
sive, costing more than 10 times as much as competing 
base-metal or graphite coatings. However, if cost is no 
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TABLE 1 - TYPICAL BROAD·BAND SHIELDING EFFECTIVENESS OF CONDUCTIVE COATINGS 

COATING 
COATING THICKNESS SHEET RESISTANCE ATIENUATION 
MATERIAL (MILS) Q/SOUARE (@ 1 MIL) (dB) 

ALUMINUM PAN EL 
(FOR REFER ENCE) 62.5 ~o 65. 100 

SILVER PAINT 1.0 0.01 65. 70 

SILVER/GRAPHITE 
(2 COAT) 0.211.0 0.011100 54. 77 

COPPER (FORMULA A) 2.0 8.0 20. 54 
(FORMULA 8) 2.0 0.1 65 

COPPER/GRAPHITE 
(2 COAT) 212 8.01100 27. 62 

GRAPHITE (FORMULA C) 1.0 100 11 . 60 
(FORMULA Di 2.0 20 30 . 60 

NICKEL 2.0 1.0 65 

object and performance is, you can formulate silver 
coatings to adhere to almost any substrate and to 
maintain conductivity and shielding in the most adverse 
environments. 

Copper-filled coatings are cost-effective, but with 
them you must exercise caution, because in some 
binders copper has a tendency to oxidize as it ages, 
particularly in harsh environments. To overcome this 
problem, Electro-Kinetic Systems has developed a 
copper dispersion in a thermosetting epoxy copolymer 
that binds the metal particles in a tight, environmental­
ly resistant matrix; such coatings have withstood 
thermal stress and prolonged humidity at 140°F. With 
2- to 3-mil film thickness, typical coating sheet 
resistivity is less than 0.5 ohms per square-a value 
that produces attenuation of about 40 dB at most 
frequencies of interest. 

You can also use coatings based on nickel in a wide 
range of applications; this metal resists oxidation and 
consequently mixes with a wider variety of paints than 
other base metals. Most air-dry nickel systems produce 
greater than 40-dB attenuation in a 2-mil thickness. 

Graphite systems, which have a substantially higher 
sheet resistivity than metals (20 to lOk ohms per 
square, depending on the paint formulation, versus 
copper's less than 0.5 ohms per square), prove more 
effective for electrostatic-charge dissipation than for 

l 1 ' 
ll 

EMI leaks through mating surfaces of doors and panels are 
sealed by compressible conductive-metal-mesh strips and gaskets, 
like this variety from Tecknit. 
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TABLE 2 - COMPARATIVE COSTS OF SHIELDING FOR PLASTIC CABINETS AND HOUSINGS 

APPLICATION COSTS ($ PER FT.'l_ 
METHOD MATERIALS APPLICATION TOTAL 

SI LVER 
COATINGS 4.00 . 10.00 0.20 . 1.00 4.20 · 11.00 

VACUUM 
METALLIZING 0.25 . 0.75 1.00 . 4.00 1.25 . 4.75 

SPRAY PLATING 0.40 . 0.75 1.00. 2.00 1.40 . 2.75 

ARC SPRAYING 0.40 . 0.80 0.50 . 4.00 0.90 . 4.80 

BASE-METAL 
COATINGS 0.25. 0.60 0.20 . 1.00 0.45 . 1.60 

GRAPHITE 
COATINGS 0. 10. 0.50 0.20 . 0.50 0.30 . 1.00 

shielding. But graphite can be blended with or coated 
over metal systems to provide relatively high degrees 
of shielding effectiveness at low material cost. For 
example, Acheson Colloid has produced a 2-coat system 
(graphite on silver) that furnishes a higher attenuation 
than silver alone (Table 1). 

Seal up those EMI leaks 
The shielding values specified by conductive-coating 

manufacturers and other sources invariably assume 
that the enclosure or cabinet is a perfect, intact shield. 
But in real life, cabinets have openings for controls, 
access panels, connectors, cooling vents, windows and 
other features. And EMI leaks into and out of these 
openings as if they were sieves. To maintain the highest 
shielding effectiveness, therefore, you must EMI-proof 
not only these openings, but also the mating surfaces of 
doors and panels, plus any slits and cracks. Fortunate­
ly; manufacturers such as Metex, Tecknit and Chomer­
ics have developed a variety of shielding components 
for this purpose. 

For sealing flat mating surfaces against EMI leaks, 
your options take the form of compressible, conductive 
gaskets. Some are made of flat or round knitted-wire 
mesh; others, of knitted-wire mesh mounted on an 
elastomer core; still others, of oriented or random wires 
bound in silicone elastomers; and finally, yet others are 

Magnetic shielding protects against disturbing effects of low­
frequency or de fields. Preformed shields such as these from 
Magnetic Shield are widely available; you can also fabricate your 
own with sheet stock or magnetic foil. 
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composed of metal-filled elastomers alone. 
Just how well such a gasket seals against EMI 

depends to a large extent upon its shape and thickness, 
the type of metal in it and the compression forces on it. 
Compression can range from about 5 lb/in. 2 for pliant 
gaskets to four or five times this value for stiff ones. 
Some gaskets also provide an environmental seal. 

The type of wire incorporated in a gasket can affect 
your application. For example, Monel is highly 
resistant to corrosion, resilient and an effective EMI 
seal. You can use it in contact with aluminum panels, 
but in salt-spray or high-humidity environments, watch 
out: Electrolytic action can corrode the aluminum. 
Alternatively, tin-plated, copper-clad steel wire is more 
benign in contact with aluminum but is itself more 
susceptible to corrosion than Monel. And while 
aluminum mesh is compatible with aluminum mating 
surfaces, it is also mechanically weak. 

Embedded-wire gaskets form good EMI seals; for 
ease of application, some of them come with an adhesive 
backing. These gaskets-provided in strips, sheets and 
die-cut shapes-consist of Monel, aluminum or nickel 
wires embedded in a silicone elastomer. For best 
performance, the wires are oriented perpendicular to 
the mating surface, although gaskets with randomly 
oriented wires are also available. To protect against 
strong magnetic fields, you can obtain embedded-wire 
gaskets with solid-copper wires plated with a tin alloy 
at the bare ends; these varieties also protect against 
atomic-blast-generated electromagnetic pulse (EMP). 

Gaskets seal out dust, moisture and EMI 
While wire-type gaskets are the "old reliables," the 

newer conductive-elastomer gaskets, in which silver­
coated glass microspheres, silver-plated copper parti­
cles or pure-silver particles are suspended in a silicone 
or fluorosilicone binder, are highly conductive and 
provide EMI protection into the gigahertz region as 
well as forming a hermetic seal. Like other elastomers, 
these gaskets (available in sheets 0.015 to 0.025 in. 
thick) come in a wide variety of molded and extruded 
shapes as well as in die-cut forms. 

One limitation of these gaskets is that their shielding 
effectiveness is reduced by extended vibration: The 
greatest degradation occurs with the silver-coated 
glass microspheres; there's substantially less for 
silver-plated-copper ·and pure-silver particles. To 
overcome this problem, Metex has developed a 
composite shielding material, termed Armored Xecon, 
made of silver-plated particles in a silicone-elastomer 
matrix uniformly dispersed on a backbone of knitted 
wire. This material maintains its shielding effectiveness 
in vibrating loads as high as 200g. 

EMI can even creep through cracks in welded seams. 
To make such slits, seams or joints EMI proof, you can 
use a variety of silver-filled caulking materials. For use 
with mating sliding surfaces, silver-filled silicone 
greases are recommended to minimize contact resis­
tance. (Ford Motor Co uses conductive grease on 
spark-distributor rotors to reduce radiated EMI.) 
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Shield against magnetism 
with a variety of sheet stock 

Cover those cooling vents 
Turning to the actual openings in your equipment, 

note that metal screens made of multiple layers of 
woven-wire mesh, placed over cooling openings, can 
raise attenuation in many applications. These screens 
look like and in some cases act like air filters and usually 
have EMI gaskets in their aluminum frames. They 
don't produce the highest possible shielding of an 
aperture, though, and the mesh impedes air flow to 
some extent. 

If your design calls for the absolute minimum 
impedance to air flow plus maximum EMI shielding, 
use honeycomb ventilators. Their broad-band shielding 
results from making the dimensions of the hexagonal 
honeycomb cells act like waveguides operating beyond 
their cutoff frequencies. Typically aluminum, these 
filters often combine two layers, with the honeycomb 
structural foils orthogonal to each other to minimize 
directional effects. Should your requirements call for 
the rejection of high magnetic fields as well as electric 
ones, steel honeycomb panels will do the job-at a 
higher cost. 

Windows exclude EMI 
In cases where meters, controls or other system 

elements must be observed through a shielded 
enclosure, two types of windows are generally avail­
able: knitted-wire mesh and conductive transparent 
coating on glass or plastics. 

You can laminate the mesh between two layers of 
glass or acrylic plastic, or-to resist shock and 
vibration-fuse or cast it into a solid panel of acrylic 
plastic. The wires of these mesh windows are small 
enough (2 to 4 mils) and the mesh openings numerous 
enough (10 to 30 per inch) to provide good see-through 
visibility (95%). The windows are available in standard 
sizes, complete with RFI gasketing. 

Windows that use vacuum-deposited electrically 
conductive films to reduce EMI appear a little more 
opaque than the mesh types. The films can be deposited 
on glass, acrylics, polycarbonates and fluorinated 
plastics, but because vacuum metallizing is not a 
high-volume process, the windows are usually made to 
custom specs. Tecknit can produce units measuring up 
to 24x30 in.; the firm's standard coatings have a 
surface resistivity of 14 ohms per square, and their 
light transmission is 75% with plate glass. Coatings on 
both sides of the window increase the shielding value 
somewhat. 

Shielding against magnetism 
Although conductive coatings can shield plastic 

cabinets satisfactorily against the E fields of impinging 
radiation from a few hundred kilohertz to the gigahertz 
region, they are not effective against strong magnetic 
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A thin coating of zinc provides a good EM/ shield for the inside of 
computer and peripheral-equipment plastic cabinets. Coatings a few 
mils thick are applied with arc guns like this one from Metco. 

fields in the frequency range of de to tens of kilohertz. 
As a result, the ac line-frequency field from power 
transformers and the de fields from motors and 
solenoids can wreak havoc with such parameters as 
CRT-beam deflection and spot shape. 

You can avoid these undesirable effects by applying 
ferromagnetic shielding to the devices, such as 
transformers, that generate strong fields-thereby 
containing those fields. But because this step in itself 
seldom effects a complete cure, you'll usually also have 
to apply shields to the sensitive devices, such as the 
CRT you wish to protect. 

Magnetic shielding is available as sheet stock from 
several suppliers in standard thicknesses of 14, 20, 25, 
31, 50 and 62 mils. You can also order it in plain or 
adhesive-backed foils ranging from 2 to 10 mils thick. 
And there is additionally a large variety of preformed 
shields that suit many common applications, such as 
transformers and CRTs. 

The shielding itself comes in three grades: high 
saturability, high permeability and medium permeabil­
ity. For example, MuShield's high-saturation material 
has a permeability range of 200 to 50,000; its saturation 
point lies between 18 and 20 kG. The company's 
medium-permeability material, usually used as an 
intermediate buffer shield, has a permeability ranging 
from 12,500 to 150,000 and saturates at about 15.5 kG. 
The high-permeability material has a minimum perme­
ability of 80,000 at 40G, rising to a maximum of350,000, 
with a saturation point at about 7.5 kG after annealing. 

A note of caution: All of the manufacturer's specs for 
these materials give the maximum values for permeabil­
ity, measured in de fields. For ac fields, however, 
these values decrease; at 60 Hz they may be less than 
one-third their de value. Take the resulting degradation 
in shielding effectiveness into account. Also, remember 
that creating magnetic shielding is largely an empirical 
process. Rather than getting involved in the math of 
this process, consult an application engineer. 

Spiral wrapping looks good but has flaws 
For a hands-on approach to magnetic shielding, 
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Fig 1-Hlgh permeability, low-saturation materials, like 
Magnetic Shield's Co-Netic A-A, provide the best shielding in 
low magnetic fields. Higher coercive-strength materials, 
such as Netic, withstand more intense fields but provide less 
protection. 

obtain some sheet stock or foil, either plain or with 
adhesive backing, like that supplied by Advance 
Magnetics. Both sheet stock and foil can be cut and 
formed with minimum effort. When you use these 
materials to surround a device that's generating an 
interference field or must be protected against one, the 
shield acts like a magnetic shunt at low frequencies. At 
higher frequencies, eddy currents generated in the 
shielding oppose the interference field and thereby 
provide protection. 

A rule of thumb to follow in applying magnetic­
shielding materials is to start with a layer that provides 
a shielding of about lG per mil of thickness; this figure 
in turn produces about a 40-dB attenuation. A typical 
material of this type is Magnetic Shield's Co-Netic A-A, , 
whch has a saturation level of about 7500G (Fig 1). The 
firm's Netic material, on the other hand, withstands a 
22G field before it saturates and provides a shield of 
about 4G per mil. But with it, you'll only achieve about 
10 to 15 dB of attenuation per layer. 

Form your shields from a blank of flat sheet stock and 
join the edges or ends of an enclosure by seam welding, 
or by lapping the edges and spot welding them. For 
prototypes, you can tape the lapped edges, but provide 
plenty of overlap to minimize any air-gap effect. 
Remember that flat sheet or foil placed between an 
interference field and a component to be shielded 
proves effective only when the shield ends extend far 
enough away from the component. Otherwise, the 
diverted interfering flux is reradiated from the edges of 
the flat shield, with an accompanying decrease in 
attenuation. 

When you wrap foil around a device, separate each 
layer with tape or insulation. Also, stagger lap joints 
when constructing multilayer shields. But never 
spiral-wrap shielding material, because this configura­
tion produces a magnetic pole on the inside edge of the 
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Suppressing EMI in microwave equipment is easier with Lossyline 
cable from Capcon. Attenuation rises rapidly in the microwave region 
because of absorption by lossy material in the cable; the material is 
also available as tubing that you can slip over other wires or cables. 

Ceramic-and-ferrite filter elements are part of AMP's Quiet Une 
family of feedthrough filters and rack-and-panel connectors. 
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You can select the frequency bands to be attenuated by 
changing connector filter pins. Representative characteris­
tics available are shown in these curves from Bendix. 
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Filters must guard both 
power lines and signal lines 

foil that reradiates the interference field. 
Can the ferromagnetic alloys used for magnetic 

shielding do double duty as EMI shields? Sometimes. 
They are not as conductive as copper, but they can form 
a good electric (as well as magnetic) shield at 
frequencies up to 40 or 50 kHz. At higher frequencies, 
though, the RF skin effect dominates, and electric-field 
shielding drops off; restoring it requires high surface 
conductivity, which you can achieve by plating the 
magnetic shield with a layer of copper sufficiently thick 
to satisfy the skin-effect requirements at the maximum 
frequency of interest. 

Filters 
While shielding techniques can make equipment 

EMI proof against external radiated interference, 
protecting it against conducted EMI is another matter. 
Such conducted interference enters through the 
power-line connector as well as through signal and 
control lines. And EMI generated inside a device-in, 
say, a switching power supply~an exit through those 
same conductors. 

Blocking such conducted EMI calls for low-pass 
filters. For the power line, you can use any of a wide 
variety of filters produced for this purpose by such 
manufacturers as Corcom, Hopkins Engineering, 
Sanders Associates and Sprague Electric. For the 
signal lines, you can incorporate miniature 
feedthrough-type low-pass filters into shield walls, or 
you can use connectors such as rack-and-panel, 
pc-board or flexible-circuit types that have miniature 
low-pass filters integrated into their pins. 

In digital equipment, most susceptibility problems 
are caused by common-mode interference that appears 
as a noise voltage between all incoming power lines and 
ground. This EMI can be conducted from another 
source some distance away on the line, or it can be 
induced into the line. Differential-mode interference, 
on the other hand, generally arises from a source close 
to the susceptible equipment. Noisy equipment, such as 
switching regulators and switching-type power sup­
plies, generates both common- and differential-mode 
EMI over a broad frequency band. The filters employed 
to bring conducted EMI into compliance with MIL­
STD-461 and the foreign VDE0875 must attenuate both 
types of EMI. 

Choosing a satisfactory line filter is a cut-and-try 
procedure for several reasons. First, published 
insertion-loss data is useless because manufacturers 
obtain it in a 5011-to-5011 test circuit, yet neither the 
power line nor your equipment is likely to present a 
5011 resistive impedance. Second, the impedances of 
the power line and your equipment are typically not 
accurately known over the important frequency range 
of 150 kHz to 30 MHz. As a result, you can't calculate 

172 

Tame the hash from digital sources with filter connectors like this 
ITT Cannon 0825, developed for use with flexible wiring. 

Special power-line-filter requirements call for custom designs. This 
potted and sealed avionics 3-phase line filter uses three E-core 
inductors. Produced by Sanders Associates, it has a filter capacitor 
mounted on the side of the case; transient detection and protection 
come from components on the circuit board. 

J! () (j) 
c9 ~ J;) 

(d) (e) (I) 

Shield beads of lossy ferrite are a /ow-cost means of 
attenuating EM/ in close quarters. One or more beads 
slipped onto a wire prove effective at frequencies as low as 1 
MHz. Multihole beads (b, c and d) provide higher attenuation 
when you thread wire through them; 6-hole beads are widely 
used in 1112 (e)- and 2112 (f)-turn configurations. 
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Power-line filters come in various shapes and filtering capability. 
Filters from Corcom (a) and Siemens (b) exceed US standards for 
electromagnetic compatibility and also meet the tougher European 
regulations. 

CERAMIC CAPACITOR 
(GROUND ELECTRODE) 

Fig 2-Constructlon of miniature EMI filters is the same for 
both feedthrough units and those inserted as filter pins into 
military and commercial connectors. Typical construction is 
represented here by that of a Bendix pi-type filter pin. 

Fiiter contacts are small enough for use in high-density connectors, 
such as the Bendix 128-contact device at left. Single- and 
double-length filter pins used for this purpose appear in the 
foreground. 

EDN SEPTEMBER 5, 1979 

the transfer characteristics of the power-line filter. 
Fortunately, some empirical methods help here. 

According to Corcom, you can consider a power-line 
filter to be a mismatched network at high frequencies. 
In fact, the greater the filter's mismatch to the 
terminating impedance of the equipment, the more 
effective the filter is in attenuating the EMI frequen­
cies. Considered another way, in equipment containing 
switching power supplies and shunt regulators, the 
power-line impedance and the equipment impedance 
itself will both be low. In equipment containing linear 
power supplies, however, the picture changes at high 
frequencies. There, the power-line impedance is low 
but the equipment impedance is high. 

From this data you can draw some conclusions. First, 
because the power line is a low impedance, the filter, as 
a mismatching network, must present to it a high 
impedance-a series inductance. Ditto for the equip­
ment when its impedance is low. But if the equipment 
presents a high impedance, the line filter must look like 
a low impedance-a shunt capacitor. Based on these 
relationships, Corcom recommends using a 2-element 
L-type filter when the equipment presents a high 
impedance and a 3-element T-type filter when equip­
ment impedance is low. 

Once you've selected a filter, put it in your equipment 
and measure its susceptibility to conducted EMI in both 
common and differential modes. You must evaluate the 
filter in the equipment in this manner, because even 
though two filters may have, for example, the same 
1-kHz values of inductance and capacitance, they might 
not perform identically. That is, two filters with the 
same insertion-loss characteristics as specified by 
MIL-STD-220 might have entirely different character­
istics when connected to your devices. The converse is 
also true: If you have two qualified sources, don't ask 
them to meet the same MIL-STD spec requirements 
just because they both pass your in-line tests. 

Protect your signal lines 
EMI filters for signal lines are today almost always 

"high-frequency"-type low-pass filters , in which the 
capacitive and reactive elements are integrated into a 
small, sleeve-like assembly-an arrangement that 
contrasts with the rather bulky power-line filters, 
which use discrete capacitors and inductors. Each 
miniature low-pass filter is fabricated as a single 
capacitor element, a single or multiple pi-element filter 
or a distributed lossy filter. Units come in several 
mechanical styles, such as bolts or eyelets or as the 
pin-and-sleeve combination used in filter-pin connec­
tors. They're available in a wide range of attenuation 
characteristics, ranging from a few decibels at 50 or 100 
kHz to 70 or 80 dB at 1 GHz and above. These filters are 
fabricated as feedthrough elements by AMP and Erie; 
in turn, they form part of the MIL-STD (and other) 
connector lines offered by AMP, Amphenol, Bendix, 
ITT Cannon and Erie. 

The basic miniature-filter elements are tubular 
ceramic devices that hold the equivalent of a bulky 
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Ferrite beads help attenuate 
wire-lead EMI 

discrete filter. They consist of an outer ceramic­
dielectric sleeve, which provides an exceptionally high 
capacitance per unit volume, and an inner lossy ferrite 
sleeve (Fig 2). Contact to a central conductor, or a 
central connector pin that carries the signal, occurs to 
the inside of the ceramic capacitor; the outside of the 
filter connects to a shield or a connector ground plane. 
The lossy ferrite provides the equivalent impedance of 
a lossy distributed coaxial line. 

The capacitance of these small devices is quite high. 
For example, a filter for a #26 connector-pin contact 
achieves about 7000 pF, while the smaller Size 22 
contact reaches 6000 pF in Bendix connectors. 

Transients from 8 to 1 BOOV can be suppressed · with metal-oxide 
variable resistors (MOVs) like General Electric's, shown here before 
and after encapsulation. The white areas on the MOV discs are the 
contacts. Larger sizes pass more breakdown current when 
maintaining the voltage across them and the protected circuit at safe 
levels. 

Voltage spikes and surges that can destroy semiconductors and 
microprocessors are clamped to safe levels by special avalanche 
breakdown diodes such as these TransZorbs from General 
Semiconductor Industries. 
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Connectors using filter pins differ in certain mechani­
cal aspects, depending on the manufacturer. For 
example, to provide mechanical strain relief to the 
brittle ceramic capacitor element, Bendix houses it in 
an epoxy encapsulant. Amphenol, on the other hand, 
approaches this problem by making contacts to the 
ceramic with conductive elastomers rather than by the 
usual soldering process. 

Because of the characteristics of the filter pins' 
ceramic-titanite materials, maximum capacitance is 
achieved at about 50°C and with zero voltage across the 
capacitive element; capacitance decreases with reduced 
temperature and increased voltage. However, manu­
facturers usually spec this quantity at 25°C and normal 
working voltage. 

Suppliers of EMI shielding 
and protective components 
For more information on EMI shielding and 
protective components, contact the following firms 
directly or circle the appropriate numbers on the . 
Information Retrieval Service card. Suppliers are 
keyed to their products as follows : (1) Conductive 
coatings and adhesives, (2) wire gaskets and seals, 
(3) conductive-elastomer gaskets and seals, (4) 
magnetic shielding, (5) power-line filters, (6) signal 
filters, (7) filter connectors, (8) ferrite beads, (9) 
transient-voltage absorbers, (10) cable shielding, 
(11) conductive lubricants, (*) see text. 

Ablestlck Laboratories (1) 
833 W 182nd St 
Gardena, CA 90248 
(213) 321-6252 
Circle No 385 

Acheson Colloids Co (1 , 11) 
Box 288 
Port Huron, Ml 48060 
(313) 948-5581 
Circle No 386 

Acme Chemicals 
& Insulation Co (1) 
166 Chapel St 
New Haven, CT 06513 
(203) 562-2171 
Circle No 387 

Ad-vance Magnetics Inc (4) 
625 Monroe St 
Rochester, IN 46975 
(219) 223-3158 
Clrcle No 388 

AMP Capltron Div (6, 7) 
Elizabethtown, PA 17022 
(717) 367-1105 
Circle No 389 

Amphenol Canada Div (7) 
44 Metropolitan Rd 
Scarborough, Ontario 
Canada M1 R 2T9 
(416) 291 -4401 
Circle No 390 

Amuneal Manufacturing Corp (4) 
4737 Darrah St 
Philadelphia, PA 19124 
(215) 535-3000 
Circle No 391 

Bendix Corp (7) 
Electrical Components Div 
Sidney, NY 13838 
(607) 563-5383 
Circle No 392 
Capcon Inc (*) 
147 W 25th St 
New York, NY 10001 
(212) 243-6275 
Circle No 393 

Chomerics Inc (1 , 2, 3, 11) 
77 Dragon Ct 
Woburn, MA 01801 
(617) 935-4850 
Clrcle No 394 

Computer & Business 
Equipment Mfrs Association( *) 
Suite 1200 
1828 L St NW 
Washington, DC 20036 
(202) 466-2288 

Conducto-Lube Co (11 ) 
8603 SW 17th St 
Portland , OR 97219 
(503) 244-2230 
Circle No 396 

Corcom Inc (5) 
2635 N Kildare Ave 
Chicago, IL 60639 
(312) 384-7400 
Circle No 397 

Cornell Dubilier 
Electronics (5) 
150 Ave L 
Newark, NJ 07101 
(201 ) 589-7500 
Circle No 398 
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Although filter-pin elements have been around for 
several years, there have been some new developments 
in this area, according to L A Krantz, filter-project 
engineer at Bendix. Filter-pin capacitors have been 
improved to tolerate 600V spikes, as called for by 
MIL-STD-707. And starting from an RF current­
carrying capacity of 0.25A a year ago, Bendix has 
reached 3A. Also, filter design has been improved to 
accept microsecond-rise-time pulses of 1500V to meet 
FCC telecommunications requirements. 

Ferrite beads trap EMI 
The lossy ferrite materials used in the fabrication of 

the miniature EMI filters and filter-pin connectors are 
also produced separately in the form of "shield beads" 

Eagle Magnetic Co Inc (4) General Semiconductor 
Box 24283 Industries (9) 
Indianapolis, IN 46224 Box 3078 
(317) 297-1030 Tempe, AZ. 85281 
Circle No 399 (602) 968-3101 

Circle No 409 
Electro-Kinetic 
Systems Inc (11 ) Genlsco Technology Corp (5, 6) 
1000 Herald Sq Genistron Div 
Aston, PA 19014 18435 Susana Rd 
(215) 358-3440 Compton, CA 90221 
Circle No 400 (213) 537-4750 

Circle No 410 
Emerson & Cuming (1, 3, 11 ) 
869 Washington St Hopkins Engineering Co (5, 6) 
Canton, MA 02021 12900 Foothill Blvd 
(617) 828-3300 San Fernando, CA 91342 
Circle No 401 (213) 361-8691 

Circle No 411 
Erle Technological 
Products Inc (5, 6, 7) Instrument Specialties Co Inc (2) 
644 W 12th St 244 Bergen Blvd 
Erie, PA 16512 Little Falls, NJ 07424 
(613) 392-2581 (201) 256-3500 
Circle No 402 Circle No 412 

Fair-Rite Products Corp (8) ITT Cannon Electric (7) 
Box J 2801 Air Lane 
Wallkill , NY 12589 Phoenix, AZ. 85034 
(913) 895-2055 (602) 273-0755 
Circle No 403 Circle No 413 

Federal Communications Magnetic Metals (4) 
Commission( ') Hames Ave at 21st St 
Public Information Office Camden, NJ 08101 
Washington, DC 02554 (609) 964-7842 
(202) 655-4000 Circle No 414 

Ferroxcube (8) Magnetics (4) 
5083 Kings Hwy Box 391 
Saugerties, NY 12477 Butler, PA 16001 
(914) 246-2811 (412) 282-8282 
Circle No 405 Circle No 415 

Filtron Mfg Co Inc (5) Magnetic Shield Div, 
148 Sweet Hollow Rd Perfection Mica Co (4) 
Old Bethpage, NY 11804 752 N Thomas Dr 
(516) 752-1144 Bensenville, IL 60106 
Circle No 406 (312) 766-7800 

Circle No 416 
G&H Technology Inc (5, 6) 
1649 17th St MCG Electronics Inc (9) 
Santa Monica, CA 91344 160 Brook Ave 
(213) 450-0561 Deer Park, NY 11729 
Circle No 407 (516) 586-5129 

Circle No 417 
General Electric Co (9) 
Semiconductor Div Meleo Inc (1) 
West Genesee St 1101 Prospect Ave 
Auburn, NY 13201 Westbury, NY 11590 
(315) 253-7321 (516) 334-1300 
Circle No 408 Circle No 418 
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with one to six holes. The single-hole units provide a 
simple, effective component for attenuating EMI on a 
wire lead without any loss at de or low frequencies. 
They typically cost $0.03 in lOk quantities and even less 
in larger amounts. 

These beads, offered by Fair-Rite Corp, Ferroxcube 
and Stackpole Carbon, slide onto the lead of a 
component or a conductor carrying EMI. They find 
high usage on power-supply leads and connections to 
ground and between circuit stages. The beads are 
equivalent to a series RL impedance; above about 1 
MHz, their resistive (lossy) component rises rapidly to 
dissipate the undesired high-frequency EMI. 

Where single-hole beads don't provide enough 
impedance, you can use the 2-, 4- or 6-hole units; use of 

Metex Electronic Shielding Stackpole Carbon Co (8) 
Group (1, 2, 3, 4, 11) Electronic Components 
970 New Durham Rd & Carbon Div 
Edison, NJ 08817 201 Stackpole St 
(201) 287-0800 St Mary's, PA 15857 
Circle No 419 (814) 781-1234 

Circle No 429 
Micro-Circuits Co Inc (11) 
Box 518 Tafa Metallisation Inc (1) 
New Buffalo, Ml 49117 1 Dow Rd 
(616) 469-2727 Concord, NH 03301 
Circle No 420 (603) 224-9585 

Circle No 430 
Mu-Shield Co (4) 
121 Madison St Tecknlt Shielding 
Malden, MA 02148 Products Div (1, 2, 3, 4, 11) 
(617) 321-4410 320 N Nopal St 
Circle No 421 Santa Barbara, CA 93103 

(805) 963-5811 
Panasonic (9) Circle No 431 
1 Panasonic Way 
Secaucus, NJ 07094 TU Industries (9) 
(201) 348-7000 100 N Strong Ave 
Circle No 422 Lindenhurst, NY 11757 

(516) 842-5000 
RFI Corp (5) Circle No 432 
100 Pine Aire Dr 
Bay Shore, NY 11706 TRW/Capacitors (9) 
(516) 231-6400 301West0 St 
Circle No 423 Ogallala, NB 69153 

(308) 284-3611 
Sanders Associates (5, 6) Circle No 433 
EMC Dept 
95 Canal St Unltrode Corp (9) 
Nashua, NH 03061 580 Pleasant St 
(603) 885-4321 Watertown, MA 02172 
Circle No 424 (617) 926-0404 

Circle No 434 
Semlcon Inc (9) 
10 North Ave Zlppertublng Co (10) 
Burlington, MA 01803 13000 S Broadway 
(617) 272-9015 Los Angeles, CA 90061 
Circle No 425 (213) 321-3901 

Circle No 435 
Siemens Corp (5, 9) 
1 86 Wood Ave South 
lselin, NJ 08830 
(201) 494-1000 
Circle No 426 

Spectrum Control Inc 
(2, 3, 5, 6) 
8061 Avonia Rd 
Fairview, PA 16415 
(814) 474-1571 
Circle No 427 

Sprague Electric Co (5, 6) 
97 Marshall St 
North Adams, MA 01247 
(413) 664-4411 
Circle No 428 
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Use MOVs or zener clamps 
for transient suppression 

the latter with l 1/2 or 21/2 turns of wire has become an 
industry standard. To increase the absorption power of 
these beads even further, slip one or more of them on a 
wire, then connect a capacitor in series with that wire 
and tie the load in parallel with the capacitor. The 
beads' damping value is then multiplied by the value of 
the capacitor's reactance. 

Lossy lines prove effective 
There's also a new approach to EMI suppression for 

microwave equipment such as radar, countermeasure 
devices and telecommunications units: the LossyLine 
element from Capcon. Essentially a coaxial line in 
which the dielectric space between the center conduc­
tor and outer shield is filled with a dispersion of ferrite 
and other lossy particles in a flexible silicone-elastomer 
binder, it eliminates mismatch, reflections and high 
VSWR inherent in conventional suppression filters. 

In the Capcon element, attenuation arises from 
absorption rather than reflection. A 2-ft length 
provides a 3-dB attenuation at 10 MHz, rising to over 
100 dB at 200 MHz to 100 GHz. For greater 
low-frequency attenuation, you replace the straight 
center conductor by a conducting helix encased in the 
lossy medium; then, a 2-ft length has an insertion loss of 
3 dB at about 1 MHz, rising to greater than 100 dB 
around 50 MHz. 

The LossyLine can be equipped with a variety of 
standard coaxial connectors; you can also trim it with 
scissors to your exact attenuation requirements. It 
handles currents from 0.5 to 50A and voltages as high 
as 100 kV; a line designed to operate at lA at up to 
500V de or 125V accosts $1.60 per ft (100 ft). The lossy 
material is also available in the form of tubing that you 
can slip over wires and cables. Priced at $1.30 per ft 
(100), the tubing provides substantially better perfor­
mance than ferrite beads, particularly above 50 MHz. 
Packaged versions of the LossyLine filters achieve 
20-dB attenuation at 20 kHz, rising to over 120 dB at 
120 kHz. 

Transient suppressors 
Damaging high-voltage transients can enter your 

equipment through the power line and power-supply 
transformer. Excessive transient-noise pulses can be 
generated in microcomputer-based systems by the 
operation of power switches and relays, and by other 
capacitive- and inductive-load switching. Then, too, 
switching transistors generate their own brand of 
transient mischief, and electrostatic discharges can 
penetrate circuitry with kilovolt spikes. Such spikes 
and glitches can destroy semiconductors and wipe out 
microprocessors and other digital circuitry. 

Line transients caused by lightning strikes demand 
special protective devices, such as spark gaps or 
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gas-discharge tubes that crowbar the line. But for 
general~purpose transient protection, two types of 
components are often used at the semiconductor-device 
and system level: metal-oxide varistors (MOV s) and 
avalanche-diode voltage clamps. Both types of suppres­
sors present a high resistance across the ac or de line 
they protect; for MOV s this standby resistance is in the 
order of kilohms, while for the diodes it ranges from 
kilohms to megohms. When the voltage across these 
devices rises to a critical breakdown value during a 
transient, they conduct strongly, clamping the voltage 
at or close to the breakdown level. 

MOVs, available from GE, Panasonic and Siemens, 
are voltage-dependent resistors manufactured by 
sintering a mixture of zinc and other metal oxides into a 
ceramic disc. Contacts attach to each side, and the 
breakdown voltage depends on the oxide mixture. 
Diode clamps, on the other hand, are silicon pn-junction 
devices in which avalanche-breakdown voltage is 
controlled by junction characteristics. They are in 
essence a refined type of zener (EDN, August 20, pgs 
105-109). 

For semiconductor-device and circuit protection, 
MOV s are available with breakdown characteristics as 
low as 18V de (Panasonic). They can, however, be 
fabricated to hold off voltages as high as 1800V. And 
they are bidirectional devices, so they handle both ac 
and de. Breakdown ratings increase in increments of 5 
or 6V from 18 to about 50V de; above that value, 
increments are greater. 

The short-circuit current-carrying capacity of an 
MOV is a function of the energy it can dissipate without 
an excessive temperature rise; peak currents vary from 
1 to 20A or more, depending on the size of the device 
rather than its voltage rating. Note, however, that 
repeated breakdowns at maximum currents lower the 
peak current that can be handled. 

Diode protectors such as General Semiconductor's 
TransZorbs clamp as little as 6V-a feature useful in 
5V digital circuits. TRW, Semicon and Unitrode also 
produce lines of clamping diodes to protect micro­
processor systems against transients. Breakdown 
voltages range from about 6 to 25V de; peak pulse 
breakdown currents range from about 50 to more than 
200A. For ac applications, TransZorbs and other diode 
protectors come in a back-to-back· configuration. 

The response speed of both MOV s and clamping 
diodes is slowed by lead inductance. In a real-world 
application, MOV s clamp in about 10 to 20 nsec; diodes 
take less than 2 to 5 nsec. The tradeoff is one of 
performance vs speed: MOV s take longer to initiate 
clamping action and don't clamp as sharply, but they 
typically sell for about one-fourth to one-fifth the price 
of a diode. EDN 

Article Interest Quotient (Circle One) 
High 473 Medium 474 Low 475 
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The 
====> ~· T1an111ent 
Cllin~ic™ 
Telecommunication 
"Dear Dr Jpork: 
m~ equipment 
interfoce_r with 
telecommunication line_r 
Although the_re line_r hove 
_rurge orre_rtocr, we _rtill 
encounter _r~_rtem foilure_r 
during thunder_rtorm octivit~ .. :· 

"Dear Customer: 
Induced lightning can be characterized by 
impulses having a 10 x 1000 µ.sec waveform with 
a typical rise time of 500 VI µ.sec. Pulses of 5000 
V with peak currents of 50 Amps are not 
uncommon during electrical storms. Lightning 
arrestors, such as spark gaps and gas discharge 
tubes, have specific response characteristics 
which permit enough energy to 'leak' into an 
electronic system to cause failure. For reliable 
secondary protection , we recommend our new 
low cost JEDEC registered 1500 W series 
TransZorb® transient voltage suppressors. 
They're 100% tested to the 10 x 1000 waveform. 
The 1 N6267 series covers a 6 V to 200 V range 
and is available from stock." 

GENERAL 
SEMICONDUCTOR 
INDUSTRIES, INC. 
2001 West Tenth Place • P.O. Box 3078 • Tempe, 
Arizona 85281 • 602-968-3101 ·TWX 910-950-1942 

For more information, Circle No 83 
TransZarb ® is a regi stered trademark of General Semiconductor Indu st rie s, Inc. 
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µP development systems 
offer the tools users need 

The newest development systems support multiple users and perform 
real-time emulation; separate emulation-memory buses prevent contention. 

John Marshall and Sam Lee, Hewlett-Packard Co 

The advent of clustered development systems furnishes 
designers of µP-based products with the tools they 
need to reduce the increasing costs of software 
development. In a system providing fast access and 
parallel data transfer via an interface bus, such as the 
configuration shown in Fig 1, each station operates 
independently, without delays. 

Multiplexing the expensive peripherals in this type of 
system permits each programmer to take advantage of 
the hard disc's fast response time; the shared data base 
proves efficient, too, because all stations can access one 
copy of system programs and program modules-no 
more searching for a program's most recent version. 
The system's multiuser capability also allows users to 
buy only as many stations as they need for a current 
project while leaving open the possibility of easy future 
expansion. The incremental cost of adding a software­
development station in this manner compares favorably 
with that of additional floppy-disc-based single-user 
development systems (Fig 2). 

The newest development systems furnish a second 
major advantage. An architecture that provides 
full-speed testing of code execution in a manner 
virtually independent of a development system's 
execution speed gives such systems a flexibility which 
guarantees that their usefulness will outlive the 
present generation of µPs. As a result, a user can 
calculate the development system's useful life on the 
basis of equipment usage rather than technological 
obsolescence. As does the multiuser capability, this 
feature permits buying only the hardware needed now; 
accommodating a new processor then only requires 
buying the appropriate emulator and software (assem­
bler and other programs) for that device. 

The result? On a system supporting multiple 
programmers, each station can accommodate both 
hardware and software development work for a 
different processor. The user equips the station with 
the appropriate emulator; it gets its software from the 
shared disc. 

Emulation tests In real time 
A complete development system should be able to 

test whether or not the code modules produced on it 
will work with the target ·µP. One way of performing 
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such a test is to simulate the target processor's 
execution: The development system acts as if it were 
the system under test, reading the code and executing 
the instruction just like the µP eventually will. If this 
simulation can occur in real time, the process is termed 
emulation. 

A more thorough test of the code uses a plug-in 
device that is pin compatible with the target processor 
and responds exactly as that processor does; this device 
executes instructions at the target µP's highest rated 
speed. The advantage of such a hardware/software 
device--a processor emulator--0ver emulation per­
formed strictly in software (ie, real-time simulation) is 
that it not only tests code in real time, but it also tests 
that code's execution in coordination with the prototype 
hardware, exercising the hardware and ensuring that 
it's bug free in its real-time operation mode. 

In the same manner, a user can emulate the target 
system's memory by mapping development-system 
memory into the executing processor's address 
space--overlaying the target memory. This procedure 
permits placing a program in RAM and testing it by 
making the target processor (or emulator) think it's 
addressing its own on-board ROM space. 

Until now, performing both processor and memory 
emulation on systems built around architectures such 
as the ones depicted in Fig 3 required the sharing of a 
memory bus by the host processor and emulator 
processor. The result? One of the processors generates 

STATION 
1 

STATION 
2 

7906 
20M·BYTE 

DISC 

STATION 
3 • • 

2136 
PRINTER 

STATION 
6 

Fig 1--Up to six development stations can share a 
common data base in this clustered development system. 
Programmers and hardware designers can thus work in 
parallel; all of them have immediate access to the latest 
versions of software. This version of the clustered­
development-system concept is implemented in Hewlett­
Packard's HP64000 (see pg 99 in this issue); Futuredata 
offers a system with similar overall configuration, but its 
detailed architecture varies. 
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Testing code in real time 
eliminates subtle bugs 

integrating the software and hardware into a product 
are the ones that benefit most from the use of a 
state-of-the-art development system. 

Until recently, most development systems were 

Wait states whenever both of them attempt to access 
memory simultaneously. If the emulator processor is 
forced to wait, its code execution can hardly be defined 
as occurring in real time-yet many emulators operate 
this way, providing only the illusion of real-time 
testing. Thus, bugs that affect only real-time operation 
can pass the emulation test, possibly remaining 
undiscovered until the product reaches the field. 

COST PER 
PROGRAMMER 

$35k 

30k 

25k 

15k 

$10k 

$5k 

SINGLE-USER 
SYSTEM 

~--...:.(1 2) 

MULTIUSER 
SYSTEM 

2 3 4 5 6 
NO OF PROGRAMMERS 

To effectively deal with this problem, a development 
system should provide a separate memory bus for the 
emulator memory (Fig 4). With this provision, the host 
processor uses its own memory for most of its work; if it 
should require access to the emulation memory-to 
examine a location's contents, for example-it can gain 
such access over the host-emulator communication bus 
without interrupting the execution of the system under 
test. (The second interface depicted in Fig 4, labeled 
"control signals," provides run control.) 

Fig 2-Multluser systems allocate high-performance peri­
pherals among several users; their initial costs are higher 
than those of single-user systems, but the incremental costs 
of adding programmers can be smaller than for single-user 
systems. The graph illustrates the per-programmer costs of 
adding sohware-development stations to the HP64000 
versus typical single-user-system costs. 

Defining a development system 
The competitive nature of the µP-product market­

place determines the importance of development 
systems: The companies able to turn products around 
quickly and inexpensively are the winners, and the 
ability to do that calls for capable development 
systems-systems that, as described, aid both hard­
ware and software development. 

HOST 
PROCESSOR 

SHARED 
MEMORY 

,------- ------, 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

L------------...J 

EMULATOR 
CABLE 

The development cycle for a µP-based product 
typically follows the flow chart shown in Fig 5. The 
hardware loop on the right-hand side is familiar and 
relatively easy to implement, it's the left-hand side that 
presents problems. Here, the steps that involve 

Fig 3-Most development systems allocate memory 
between the host processor and target processor or 
emulator, causing bus-contention problems. 

Designing program modules 
Modular design is (or should be) lines long. Shorter modules are 
a hardware-design cliche. And usually a waste of time, while 
the same reasons that make longer ones are seldom general 
modularity essential in hardware and can be difficult to integrate. 
design should prompt software 2. Try to make modules 
designers to do their work in reasonably general. Differenti-
modular form. ate between common features 

Software tools should thus like ASCII or asynchronous-
allow production of relocatable transmission formats, which will 
modules that a programmer can be the same for many applica-
link together to form a complete tions, and key identifications, 
program. The following guide- which are likely to be unique to a 
lines to aid in those efforts come particular application. Major 
from 6800 Assembly Language changes such as different 
Programming, by Lance Leven- character codes should be 
thal (copyright © 1978, McGraw- handled by separate modules. 
Hill Inc. Used with permission of 3. Take extra time in 
Osborne/McGraw-Hill Inc). developing modules such as 

1. Use modules 20 to 50 delays and display handlers, 
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which will prove useful in other 
projects or in many different 
places in the program under 
development. 

4. Try to keep modules as 
distinct and logically separate 
as possible. 

5. Do not try to modularize 
simple tasks in cases where 
rewriting the entire task might 
prove easier than assembling or 
modifying the module. 

Note the importance of 
implementing each design deci­
sion in only one module. A 
change in any of these decisions 
will then only require changes to 
that module alone. 
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either restricted entirely to the software side of Fig 5 
or constrained in hardware-emulation speed by their 
architecture. And if a user did buy a system that 
provided all of the development tools required for a 
given µP , a newer µP would likely require faster 
system execution-making the expensive system 
obsolete. As a result, users have either stayed with 
older chips, given up on the idea of performing 
emulation in real time or bought a new development 
system for each new µP type. 

The newest development systems deal effectively 
with these problems. For example, the traditional 
methods of placing code in a product involve putting the 

HOST 
MEMORY 

HOST-MEMORY 
BUS 

HOST-EMULATOR 
COMMUNICAT.ION BUS 

EMULATOR 
MEMORY BUS MEMORY 

BUS 

EMULATOR 
MEMORY 

INTERFACE 

SYSTEM 
UNDER 
TEST 

INTERFACE t------ICONTROL 
SIGNALS 

Fig 4-A separate bus to provide emulator/target-processor 
access to emulation memory makes emulation speed in the 
HP64000 virtually independent of host-processor speed. 

ALGORITHM 
DESIGN 

WRITE CODE 

RUN PROGRAM , 
TRACE, DEBUG 

NO 

FUNCTIONAL 
DESCRIPTION 

DEBUG 
SUBASSEMBLIES 

SYSTEM 
INTEGRATION 

PRODUCTION 
TEST 

FIELD SUPPORT 

CIRCUIT DESIGN 

WIRE-WRAPPING 

CIRCUITfTIMING 
TEST 

NO 

Fig 5-The development cycle's critical point arises upon 
integration of the software into the prototype hardwar~ 
process that typically requires several stages of testing and 
several iterations. 
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code into PROM, plugging in that PROM and running 
the system. When a bug rears its head, the program­
mer develops a solution, edits the source code, 
assembles (or compiles) the source, relinks the program 
modules, burn:s a new PROM and tries again. This 
method quickly proves not only labor intensive, but 
expensive: The cost of programmer time and wasted 
PROMs can raise a product's cost significantly. 

With a development system like the HP64000, 
however, users can write their programs into emulator 
(RAM) memory that overlays the ROM space in the 
target system, using the development system's 
memory-emulation capability. Once they're assured 
that the code works (in real titne, of course), an integral 
PROM programmer eases placement of the code in 
PROM. With the PROM installed in the target system 
(with the processor emulator still in place), a final test 
of the code occurs. Replacing the emulator with the 
target processor then produces a working product. 

Shopping for development systems 
It's evident that complete mastery of the costly 

Making the useful simple 
A programmer survey at Hewlett-Packard's Colo­
rado Springs, CO facility has revealed that software 
designers spend 49% of their time editing and 
debugging programs. This figure points up the 
impact that providing adequate editing and debug­
ging tools can have on a development system's 
cost-effectiveness. 

Taking advantage of the performance of high­
speed hard disc, a system like the HP64000 can 
keep part of its user manual on disc, providing 
sophisticated prompts that explain the current 
functions of redefinable "soft keys." Such keys 
permit the entry of complex commands (and 
command sequences) with one keystroke, virtually 
eliminating syntax errors. Furthermore, well-written 
prompts can eliminate user confusion, shortening 
the learning curve. 

Using the soft-key strategy consistently through­
out the editor, debugging tools and operating­
system interface allows users to proceed from one 
task to the next without changing their mental set to 
adapt to a new set of tools and syntax. The format 
stays the same-the syntax is readily evident and 
explained. 

SOFTWARE 
DEVELOPMENT 

EDITOR/FILE 
MANAGER 
ASSEMBLER 
COMPILER 
LINKING LOADER 

SYSTEM 
EMULATION 

PROCESSOR 
MEMORY 

ANALYSIS 

TRACE 
COUNT 
GLOBAL 

Fig 6-The complete solution to development problems 
features tools that smooth every stage of the process. 
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Hitachi•s new 
magnet biased 
choke coils 
and transformen 
can save space, 
weight and 

• energy 1n your 
next DC power 

50 W (approx) 
Hi former 

supply. 

shown actua l size 

for switched mode power supplies 

Find out how. Call us now at(517) 427-5151, 
or circle the reader service number 

for a copy of our Hicoil /Hiformer brochure. 

A!:t~!~Q'd! ~Edmore, Michigan 48829 
Telex: 226309 

For more information, Circle No 85 

Memory emulation saves both 
PROMs and programming time 

development cycle requires evaluating the cycle's 
inherent problems and providing tools that increase 
designers' productivity. These tools must be powerful, 
but they must also be easy to use. Fig 6 summarizes the 
necessary features; each of these tools is implemented 
differently by various manufacturers. 

A complete shopping list of development-system 
needs includes: 

A high-performance operating system with a 
flexible file manager 
A user-oriented editor 
The compilers, assemblers and/or interpreters 
that reflect the user's staffs programming skills 
Adequate RAM for the expected development 
tasks 
Adequate mass storage (disc) for maintaining 
accessible copies of tested program modules and 
software tools 
An integral PROM programmer 
Debugging tools. 

This list reflects the true nature of the development 
task and provides sufficient flexibility to allow modifica­
tion and expansion of the job at hand. With it, plus a 
consideration of the issues raised here, a rational choice 
of a development system is possible. EDN 
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FASCO GIVES DESIGNERS FREEDOM 
1'0 CUSTOMIZE FHP MOTORS FOR 
MAXIMUM PERFORMANCE •.• AT LOW COSTI 

FASCO specializes in building FHP motors that actually become 
an integral part of your product .. . eliminating parts. facilitating 
assembly, reducing costs and providing maximum operating 
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Circuit saves power 
in ac induction motors 

This electronic control loop conserves energy by reducing the voltage 
applied to a lightly loaded motor. It cuts no-load power by a 
factor of 2 or 3 while increasing power factor from 0.2 to 0.8. 

Slowdown due to the voltage reduction averages less than 2°/o. 

Frank J Nola, NASA 

Relatively simple and inexpensive circuitry can im­
prove the power factor and reduce the power 
dissipation of a partially loaded induction motor. When 
operating below full load, this type of motor can exhibit 
power factors as low as 0.1 or 0.2. As a result, 
relatively large currents flow, while very little workis 
performed; hence, power losses occur at all points in the 
distribution system (including the motor windings) 
even though no mechanical power is delivered. An 
electronic control system, however, can raise power 
factor from 0.2 to 0.8 and provide significant energy 
savings (Fig 1). 

The controller, shown in block-diagram form in Fig 2, 
reduces power losses by sensing the phase lag between 
voltage and current. It feeds this information to 
circuitry that forces a motor to run at a constant, 
predetermined optimum power factor, regardless of 
load or line-voltage variations (within the motor's 
limits). Specifically, when the load is reduced, the 
controller's solid-state switch (triac) reduces the 
applied voltage, minimizing wasted power. As the load 
increases, it in turn increases the voltage to the proper 
operating level. The controller works with most motors 
without modification. 

Triac ON time varies with load 
The reactive volt-amps (VA) rating of an induction 

motor remains high when the mc;itor is unloaded or 

This article contains excerpts from NASA Tech Brief 
MFS-23280 and its Technical Support Package, 
Power Factor Controller. For more information, write 
to the Director, Technology Utilization Office, 
Marshall Space Flight Center, AL 35812, or phone 
(205) 453-2224. The patent for the invention 
( #4,052,648) is owned by the US government, but 
licenses for commercial development are available 
at no charge ; contact the Patent Counsel, Marshall 
Space Flight Center, AL 35812, or phone (205) 
453-0020. 
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partially loaded. Single-phase motors show unloaded 
currents about 90% of rated load current; unloaded 
3-phase motors (5 hp or less) use about 50% to 60% of 
rated current. These currents cause heat losses in both 
the motor and the utilities' distribution systems. In 
fact, power companies often charge users of many 
motors a premium for poor power factors arising with 
cyclic loads. 

Power input to a motor equals Vlcos0. Because the 
current remains high in an unloaded motor, the phase 
angle (0) between voltage and current shifts with the 
load. Typically, the current can lag the voltage by 80° in 
an unloaded motor or 30° when the motor i~ loaded. 
Phase angle, then, is the parameter that must be 

100 LINE VOLTAGE"'123V 

a: 75 MOTOR POWER WITH NO w 
~ 
0 

CONTROL SYSTEM 
a.. 
-' 
-' 
::> 
u. 
u. 
0 50 
I-z 
w 
(..) 
a: 
w 
a.. 

25 

25 50 75 100 

PERCENT OF FULL·LOAD TORQUE 

Fig 1-Most induction motors are designed to operate with 
a high flux density to give good performance at full load. 
Therefore, the losses associated with this high flux density 
result in poor efficiency when the motor operates at reduced 
loads. By automatically reducing the voltage in such cases, 
the power-factor controller described in this article reduces 
losses considerably, as this data-averaged from tests made 
on a 113-hp split-phase motor and 11.i- and 1/4-hp capacitive­
start units-shows. Applied to a 15-hp motor, the circuit has 
paid for itself in 3 months. 
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Triac ON time keeps 
phase angle constant 

measured and controlled to achieve efficient power 
consumption. 

In the controller, the line voltage and its inverse are 
squared by squaring amplifiers IC1A and ICrn, as 
indicated by E and E, respectively, in the timing 
diagram (Fig 3). Each current pulse sensed by R1 is 
squared by similar amplifiers (IC1c and ICrn), as 
indicated by I and I' in Fig 2. AN Ding E with I and E 
With I' and then ORing the two results produces a pulse 
train that has a pulse width proportional to e. When 
acted on by a low-pass filter (IC2A), the de or average 
value of this voltage becomes proportional to the phase 
angle. This voltage is summed with a command voltage 
from potentiometer P1 that indicates the desired phase 
angle. The difference of the two voltages-the system 
error voltage-is then compared with a ramp synchro­
nized with the line voltage's zero crossings. Finally, a 
voltage comparator (IC2B) detects the intersection of 
the sloped portion of the ramp and error voltage, 
forming the triac's turn-on pulse. 

As the load on the motor decreases, a corresponding 
slight change in the phase angle causes the error to 
drop and intersect the ramp at a lower point. This 
action moves the firing pulse to the right, along the sine 
wave, causing the triac to turn ON for a shorter time 
and lowering the applied voltage. Conversely, an 
increase in load causes the firing angle to move to the 
left, applying more voltage to the motor. Thus, a phase 
angle is commanded, and the high gain of the feedback 
loop varies the applied voltage, forcing the motor to 
operate at the desired phase angle regardless of load. 
Because the current is never higher than the minimum 

ERROR 
VOLTAGE 

RAMP 

7 C/ 

~~ 

~~ 

l DD D 

Fig 3-Voltage is applied to the motor by the triac for a 
portion of each positive and negative half cycle of the line 
voltages. When the device switches ON, the windings' 
inductance prohibits a rapid current rise. The current 
reaches a peak, then follows the voltage down as it 
approaches zero, but with a finite lag. Of course, the triac 
inherently remains ON until the current goes to zero. 
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Fig 2-Response time of the power-factor controller is limited by the filter time constant required to smooth the phase-angle 
feedback voltage. 
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amount required for a given load, motor losses remain 
low. 

A low-power power saver 
The controller for a single-phase motor (Fig 4) puts 

the preceding discussion into perspective. Its operating 
characteristics follow those just described, but with one 
exception: IC2c performs a turn-on delay function. 
Because the power supplies in the upper left-hand 

4.7k 1N4004 

200k + 15V 

220 R4 
120k 

NOTES 
1. IC,, IC~= LM324 
2. TR 1 =MAC 36-6 (2N61 61), IS320 
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~ : ~CL2e ~~~~lJ~s y, W 
UNLESS OTHERWISE 
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5. ALL CAPACITORS 30V DC 
UNLESS OTHERWISE 
NOTED 

6. POWER TRIAC 
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SINK 

1N914 
D2 

- 15V 62k 

P, 
25k ~I----' 

7. CAUTION: NORMAL 
HOUSEHOLD VOLTAGES ARE 
PRESENT IN THE CIRCUITS 
SHOWN. CAUTION SHOULD 
BE EXERCISED WHILE 
THE CIRCUIT IS 
ACTIVE TO PREVENT 
POSSIBLE ELECTRICAL 
SHOCK. CIRCUIT IS 
CO MMON TO ONE 
SIDE OF LINE 
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Fig 4-Besides cutting no-load power by · up to 60%, this 
controller increases single-phase-motor life ,by allowing such a 
motor to run cooler. At present, 22 companies have received 
no-cost licenses for commercial development of this patented 
NASA invention. In this implementation of the general controller 
scheme described in this article, IC2C performs a turn-on delay 
function. 
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corner of the schematic have been designed for 
minimum power loss, IC2c must delay the controller's 
turn-on for about 4 sec, alfowing the power-supply 
voltages to reach the point where they can turn the 
triacs ON. Note, though, that a shorter delay might be 
acceptable. 

To minimize the controller's overall power consump­
tion, all op amps are low-power-type LM324s. These op 
amps in turn dictate the use of a 200V triac with a 3-mA 

51k 

3.9k 

FUSE 
(OPTIONAL) 

----, 
0.25 µF I 
200V AC 

6 

? EMERGENCY 
27 BYPASS 
Vi W SWITCH 

---.----_J (O PTIONAL) 

-15V 

180k 

START-UP 
CIRCUIT 

187 



·A New 
Connector 

Simple. Easy, zero-force mating 
with a clamping screw for a gas-tight joint 

Positive polarization assured by a 
stainless steel pin Flexibility built in . 

In airborne electronics, space, 
weight and reliability requirements 
often overtax the most reliable 
connector That's why Hughes 
developed a new way to do the 
job - the Gold Dot™ Interconnection System. For 

Flex 
Connector problems are avoided. 

No heavy, bu lky bodies or she lls. No awkward 
coupling methods. No high mating forces/ low 

contact forces. No corrosion and degradation of 
Pictured is a Gold Dot system 

that interconnects 20 traces, the 
equivalent of a 20-position mated 
pair of conventional connectors. 

Effective. Highest density ­
to 10 mil centers in some appli ­
cations. Thousands of mating 
cyc les without degradation, 
forces to 40,000 psi Even distri­
bution of force and constant 
pressure are assured. 

Circuitry 

r-------- - ---- -----, 
I I 
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HU G HE S AIR C RAFT CO MPANY 

CONNECTING DEVICES DIV . 

For more information, Circle No 88 

the connection with the Gold Dot 
Interconnection System 

More information? Phone Dick 
Pommer, 714-549 -5826 or Jeff 

Carmain, 549-5828. Or write 
Hughes Aircraft Company, 

Connecting Devices Division, 
17150 Von Karman Avenue, 
Irvine, California 92714. 

Hughes Gold Dot Interconnection System 
Patent \Jo 4.125. 310 with other patents pending 



Controller lets motors run 
cooler, quieter, longer 

gate. (The L400E3 device shown is available from 
Teccor Inc, Box 669, 1101 Pamela Dr, Euless, TX, 
76039; phone (817) 267-2601.) 

The components connected by dotted lines near the 
motor and triac are optional. The controller doesn't 
apply extra stresses to a motor, but if your motor 
doesn't incorporate an internal fuse , you might consider 
adding one to the controller itself. Also, although the 
electronics should prove highly reliable, a bypass 
switch would enable equipment to operate in the event 
of component failure. 

What about 3-phase motors? 
As noted, single-phase motors require no modifica­

tions to use this controller. However, the straightfor­
ward application of the power-saving technique to 
wye-connected 3-phase motors requires connecting the 
wye internal to the motor or to the neutral of the 
3-phase line, then placing a triac with its firing circuitry 
in series with each phase. The phase angle 0 is sensed in 
only one phase; the error signal controls all three 
phases. If this approach seems unworkable, the. 
controller concept is still valid-at least two patent 
licensees have succeeded in applying it to a wye­
connected motor without a connection to the wye. 

The controller circuit has also been applied to a 
delta-connected motor. Again, the direct approach 
places a triac in series with each winding inside the 
delta, but opening the delta might not be absolutely 
necessary. Two-voltage delta motors require no 
modification, of course, because all necessary leads are 
external to the motor. EDN 

Author's biography 
Frank Nola, an aerospace 
engineer at NASA's George C 
Marshall Space Flight Center, 
AL, designs electronic control 
systems for spacecraft and 
their associated experiments. 
He received his BSEE from 
the Univ of Miami and has 
done graduate work at the 
Univ of Wisconsin and the 
Univ of Alabama. For recrea­
tion, Mr Nola enjoys fishing . 

Article Interest Quotient (Circle One) 
High 479 Medium 480 Low 481 

EDN SEPTEMBER 5, 1979 

Set your COURSE 
f0rlhe80's 

Your success depends on effectively applying the 
latest electronic and computer technology. You can't 
afford to fall behind, or navigate by trial and error. 

Our intensive short courses have already helped 
thousands of working engineers and managers. 
These courses provide a comprehensive, structured 
presentation of the latest technology in your area of 
interest, and give you the opportunity to interact with 
instructors experienced in "real-world" applications. 

The training you receive will be practical. It will arm 
you with the working knowledge you need to cost­
effectively apply the latest technology within your 
organization. Phone or write today for your free course 
catalog, and select your course for the 80's. 

AUTUMN SHORT COURSE SCHEDULE 

Troubles hooting 
Microprocessor-Based Systems 

BOSTON OCT 29·NOV 2 
PHILADELPHIA NOV 12·1 6 
LOS ANGELES DEC 10-14 
WASH., D.C. JAN 28-FEB 1 

PASCAL: Programming 
In the Structured Language 

WASH., D.C. OCT 16·19 
NEW YORK NOV 6·9 
BOSTON NOV 13· 16 
LOS ANGELES DEC 4-7 

Digital Signal Processing 

LOS ANGELES OCT 15· 19 
SAN DIEGO NOV 5.9 
HOUSTON JAN 21 ·25 
WASH., D.C. JAN 28-FEB 1 

F_lber Optic 
Communication Systems 

WASH., D.C. OCT 16·19 
LOS ANGELES NOV 13·16 

Other autumn courses: 
• Microprocessors & Microcomputers 
• Structured Programming 
• Distributed Processing 
• Computer Graphics 
• Digital Image Processing 
• Synthetic Aperture Radar Systems 

FOR A FREE DETAILED COURSE CATALOG, PHONE: 

• 
(213) 450-2060 Los Angeles 

(703) 548· 1333 Washington. DC 

OR WRITE: 

--~~--INT~TED 

~~~~9 
.__ ____ Santa Monica, CA 90405 

For more information, Circle No 89 

189 



@ 

tlOREPULL 
In a smaller packaae1 

k 4*hese curYes. 
2i ·r.r -,--r- - - . y T .,-T·j 
( I ... I ~ i 

<o•Of \ . y 2 4 VDC @ z~·c ' 
~ 9·L ~-1 L / r 1nvoc @ 25•c . ~1 
z 8 \ j,L 24V OC @ll O ' C. 

6 ,r
1 

\': l ,/ 1 !9 zv.oc @11 o· c. 

~6 t / fr I 
_, 5 I fj 1 

; 4 -l / 
Q. 3l±I- {_ - I I 

< r I 1~' I I -t ......_ 

O 1J1r /) -;:;J"1:.--, i4° ' 16 /R 
5T RC'Kt I·~ INC I I S 

T-4 CY." long) lnt .. rm ittent duty T-8 (1 Y," (ong) Continuous Duty T-12 (1o/s" long) Intermittent Duty 

Ounce-for ounce, inch-for-inch Guardian 
Tubular Solenoids pack more power ... be­
cause our tubular designs assure total mag­
netic field enclosure and result in efficient, 
powerful operation . More efficient than other 
DC solenoids. They give you more power in 
less space , plus u1L and csA recognition . 

Easy to design-in. Easy to install. By design. 
Guardian Tubulars work in 
any position. Close tolerance 
between plunger and bobbin 
means no possibility of 
double seating . So they work 
in your product just the way 
you want them to work. 

Mount them directly into 
panel by inserting threaded 
bushing thru installation hole 
and tightening nut on lock 
washer. Or, mount with stand­
ard bracket. 

Either way, Guardian Tubu­
lars install without damage to 
the solenoid . Look how the 

notched tube-steel shell mates with notched 
end plate. Result? A stronger assembly that 
takes more torque when installing . .. with no 
chance of damage. The leads emerge thru a 
notch in the steel shell , so they will not, can 
not be sheared by rotation during installation . 

Once you put a Guardian Tubular in ·your 
product ... forget it. Typical mechanical life is 
20 million . That's probably longer than your 
product's life expectancy ... due primarily to 
the unique Valox"" 420 molded bobbin . 

Variations and specials? Guardian's got 'em. 
Any DC voltage from 6 to 240. Push type or 
pull type op,eration . Return springs, silencers. 
termination variations, special mountings . 
you name it and we 'll deliver it with the high 
quality craftsmanship and low prices that have 
made Guardian Number 1 in Solenoids-and 
that keeps us here on top. 

Let the Guardian Angel reveal 
all the pull charts and curves 
in full size. Send for your free 
copy of our 72 page catalog . 

Thi s mark. indi cates 

recogmt1on unde1 the 

component pro gram 

o f Unde rwrit e r s 

Labora1 o r1es Inc GUARDIAN® 
See us at Wescon Booths 1521-25 

GUARDIAN ELECTRIC MANUFACTURING CO. 1550 West Carroll Avenue-Chicago, Illinois 60607 • 312/243-1100 

For more information, Circle No 90 



New Application Technology 

Dual variable op-amp IC 
simplifies complex analog designs 

With linearizing diodes, low noise and tight device matching, this 
operational-transconductance-amplifier pair provides cost-effective 

solutions to analog processing problems from de to 9 MHz. 

Hal Wittlinger and Debra Nissman, 
RCA Solid State Div 

differential input voltage (ein) and its transconductance 
(gm): 

Iout=eingm. 
The CA3280 IC consists of two variable op amps, each 
of which outputs a current (l out) proportional to its 

A device with such characteristics is designated an 
operational transconductance amplifier (OTA). 

The CA3280 is more than just two CA3080s 
An operational transconduc­
tance amplifier (OT A) has all the 
characteristics of the more 
common operational voltage 
amplifier except that its output 
impedance ideally approaches 
infinity rather than zero. Thus, an 
OTA's forward gain is character­
ized by transconductance rather 
than voltage gain. Additionally, 
RCA's CA3280 dual OTA 
provides a means to externally 

CONDITIONS· 25°C VSUPPlY = ± 15V 

CHARACTERISTIC 1.a.ec 

INPUT OFFSET VOLTAGE 100 "A 

INPUT OFFSET VOLTAGE 
CHANGE 1 " A TO 1 mA 

TEMP= -55TO+125 "C 100 "A 

NOISE VOLTAGE 
@1 kHz 500 "A 

PEAK OUTPUT CURRENT 500 " A 

SUPPLY CU RRENT/AMP 500 "A 

COMMON·MODE 
REJECTION RA TIO 100 "A 

FORWARD LARGE-SIGNAL 
TRANSCONDUCTANCE 50 "A 

OPEN·LOOP TOTAL 
HARMONIC DISTORTION 
@ 1 kHz, RLOAO = 15kQ 
V OUT = 20V p .p 

1.5 mA 

BANDWIDTH 
ALOAD= 1000 1 mA 

SLEW RATE (OPEN LOOP) 1 mA 

OUTPUT RESISTANCE 100 "A 

bias each of its amplifiers. The 
IC's transconductance parame­
ters can be controlled and varied 
by adjustment of the amplifier 
bias current (IAec). 

This design allows operational 
modes not easily obtained with 
other devices. For example, the 
OT A's isolation of input and 
output from each other and ftom 
the power supplies permits 
4-terminal operation of the 

MIN TYP MAX 

0.25 mv 0.5 mV 

0.5 mV 1 mV 

3 "V/ "C 5 µV/ °C 

8 "Vl.,(Hz 

±350 µA ±410 i-iA ± 650 "A 

2 mA 2.4 mA 

94 dB 100 dB 

0.8 mmho 1.2 mmho 

0.4 % 

9 MHz 

125 V/µsec 

63 MQ 

These specifications are for the high-performance version of the CA3280, desig­
nated the CA3280AG. 
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amplifier at frequencies down to 
de. Such operation was previ­
ously only available with 
transformers-and only with ac. 

Improved specs 
When operated into a suitable 

load resistor and with feedback, 
the CA3280 suits a wide variety 
of traditional op-amp applica­
tions, including those for its 
predecessor OT A, the CA3080. 

But the CA3280 surpasses the 
CA3080 in several performance 
areas , including input error 
terms, output current drive, noise 
and distortion (table). Additional 
advantages come from the 
device's linearizing diodes and 
from its construction: The chip is 
designed with cross-coupling of 
critical circuitry. This interdigita­
tion reduces amplifier depen­
dence on thermal and process 
variations , and it assures 
excellent matching of the two 
amplifiers on chip. The 16-pin 
plastic-packaged device re­
ceives gold-m~tallized silicon­
nitride passivation to produce 
tenfold improvements in MTBF. 
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The CA3280's linearization diodes 
extend its voltage-input range 

Each of the CA3280's OT As incorporates an 
amplifier-bias-current (IAsc) terminal. Because most 
electrical characteristics of a CA3280 circuit are 
externally controllable through adjustment of IAsc , the 
IC's OTAs suit many applications. Additionally, 
important amplifier characteristics-such as transcon­
ductance, bandwidth, power dissipation, bias current, 
output current and input and output resistance-vary 
linearly with respect to IAsc. 

Each amplifier includes on-chip linearization diodes 
and diode-bias circuitry, which, when activated, permit 
a much wider input-signal range, reduce distortion and 
allow higher output current. The diode-bias-terminal 
current (I 0 ) provides additional gain control. 

You can use the CA3280 in voltage-controlled filters 
and amplifiers-use of such circuits in electronic music, 
voice and sound synthesis and fast-acquisition phase­
locked loops is increasing. Descriptions of tunable OT A 
filters have appeared elsewhere; these filter techniques 
utilize the linearly variable dynamic-impedance feature 
of the OTA. 

Many OT A applications besides those for voltage­
controlled filters employ gain control via IABC· For 
example, you can use half of a CA3280 to construct an 
amplitude mndulator with a carrier frequency of 3 MHz 
and a mod11lating signal of 10 kHz (Fig la). The circuit 
shown is governed by gm=(16 mmhos/mA) x IABC· 

High CMRR rP.duces circuit complexity 
One of the more difficult problems in instrumentation 

is the conversion of a transducer's differential output 
signal to a single-ended signal suitable for further 
processing. Fig 2a shows some of the techniques 
commonly used in this differential-to-single-ended 
conversion. With these systems, resistor ratios must be 
matched within 0.01 % to obtain 80 dB of CMRR-

(a) 

CARRIER 
INPUT 
50 mV P-P 

+ 15V 

-: 100k~ - 15V 
MODULATION 
INPUT 
"'30V P-P 15k 
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+15V 

-15V 

excluding amplifier effects. 
Use of a CA3280 produces a simpler, high­

performance system. The inherent CMRR (94 dB min) 
of this OT A, coupled with its high input impedance (0. 5 
MD.) guarantees high common-mode rejection for low 
source impedance (Fig 2b). Note that this circuit's 
output, because it is a current, may be referenced to a 
level other than the amplifier's ground. A current 
output also enjoys greater noise immunity in high-EMI 
environments. 

As shown, the configuration in Fig 2b has a limited 
differential input-voltage range of only ±25 m V before 
signal compression occurs. You can compensate for this 
behavior-characteristic of all bipolar differential 
amplifiers-by using another of the CA3280's 
features-the linearizing diodes. 

Linearizing diodes extend input ranges 
When you drive the IC's input from a current source 

and activate the on-chip linearizing diodes (Fig 3a), the 
CA3280 input transfer characteristic goes from the 
s-curve in Fig 3b to the linear transfer curve shown in 
Fig 3c. Aside from the obvious improvement in 
linearity, the diodes also provide temperature compen­
sation. The normal temperature coefficient of a bipolar 
differential amp is about -0.33%/°C; the diodes reduce 
this value by at least an order of magnitude. Use of the 
diodes also provides a second means of gain control in 
addition to hsc. 

A simple way of considering this additional control is 
to assume that the diodes' dynamic impedance (Ro) 
shunts the input signal. The diode curr~nt In modulates · 
Ro; in the CA3280, the scaling factor for this 
modulation is about 35D./mA. Because there are two 
input diodes, the dynamic impedance is actually 
70D./mA. With two lOk input resistors, as in Fig 3a, the 
actual signal input ein equals (16D./20k) x E IN. For a load 
resistance of 15k, the amplifier gain is gmRL = 16 
mmhos x 15k=240. Thus, a simplified basic transfer 
relationship can be derived for the amplifier gain: 
A=K1RLx (KJ (R1+R2)), where K1= 16 mmhos/mA 

(b) 

Fig 1-An amplitude modulator (a) produces the upper 
waveform shown in (b). The top trace shows the modulated 
output of a 3-MHz carrier (20 mVldiv); the lower one, a 
10-kHz modulating signal (10Vldiv). 
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and K2=70!1/mA. If both current-programming resis­
tors connect to the same supply, the gain remains 
independent of the supply voltage. Decreasing the 
supply voltages or diode currents diminishes only the 
CA3280's large-signal-handling capabilities. 

Make an inexpensive multiplier 
On~ application that uses the linearization diodes to 

great advantage is depicted in Fig 4: Half of a CA3280 
makes a temperature-compensated 4-quadrant multi-

I/) .... 
:;) 
IL 

! 
.... c 
i== z 
II.I 
a: 
II.I ... 
!!: 

-: 

(a) 

- 15V 
(b) 

I/) .... 
:;) 
IL .... 

R1 = R3 :;) 

0 

~ = ~ 
c 
II.I 
c 

Rs R, z 
II.I ..:. .... 
Cl z 
iii 

SINGLE-ENDED 
OUTPUT 

10k 

"!'" 

Fig 2-The common schemes used for high-CMR differen­
tial amplification (a) are considerably simplified with a 
CA3280 (b). 
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plier. This type of multiplier, although not as accurate 
as many of the precision hybrid and monolithic units, 
does provide a low-cost circuit suitable for signal 
processing and wave shaping. 

Operation of the multiplier depends on cancellation of 
the positive forward-current signal through Rr by an 
opposite-current signal from the CA3280. System 
transconductance is determined by Ri, R2, RAsc and Rn; 
Rr should equal the reciprocal of this number. Thus, 
only one value of programming current IAsc can 

CONTROL 
(a) VOLTAGE 

(c) HOR = 1 V/DIV 10 = 200 µA 
VERT= 200 µA/DIV IABC = 650 µA 

Fig 3-Activating the linearization diodes (a) changes the 
CA3280's transfer characteristic from an s-curve (b) to a 
linear one (c). 
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Each half of a CA3280 can make a 
low-cost 4-quadrant multiplier 

produce a canceling current when Vy=O. If either or 
both of the inputs are 0, no output current will result. 
Depending on the value of Vy, either the amplifier 
output current or the feedforward signal current 
dominates. 

To obtain a differential-input 4-quadrant multiplier, 
you can use both OTAs in the CA3280 (Fig 5). This 
circuit is the functional equivalent of the one in Fig 4 

-15V 

Vy 

Fig '4-A single amplifier in the CA3280 makes an 
inexpensive 4-quadrant multiplier with a current output. 

10k 

10k 

except that an amplifier replaces Rr. Only one 
linearization network is used because both inputs are 
connected in parallel. 

By increasing the input-resistor values, you can 
apply higher V x input voltages. The Vy signal must be 
symmetrical about ground and limited to the supply 
voltages. 

Setup of either multiplier circuit is best accomplished 
with ac inputs. Once you have obtained the basic 
operation, you can use de procedures to calibrate and 
set the scale factors. 

Emitter outputs permit unique uses 
One feature of the CA3280 has a bit more specialized 

application: The coupled emitters of each amplifier's 
differential input pair are available for user connec­
tion. One application for such emitter-coupled dual 
differential amplifiers is the triangle-to-sine converter 
diagrammed in Fig 6. Two lOOk resistors connected 
between the differential amplifiers' emitters and V + 

reduce the current flow through the differential amp; 
this circuit permits the amplifier to fully cut off during 
peak input-signal excursions. With trimming, the 
circuit's harmonic distortion is about 0.37%; selective­
feedback techniques can reduce this figure to 0.05%. As 
Fig 6b shows, most of the distortion stems from the 
discontinuity of the original triangle peaks. 

Many comparators on one chip 
The CA3280's programmability permits tailoring 

device speed/power characteristics for comparator 
applications. Fig 7a shows the device operating in a 
high-speed mode with delay times less than 80 nsec. 
The output signal is diode clamped at ECL or TTL 

DIFFE~~NTIAL l 
INPUT 

o-~..AAr-~~~~~--~~-1-~--J 

-15V 

Fig 5-Uslng both halves of a CA3280 in a 4-quadrant multiplier permits differential operation. 
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(a) 

(bl 

TRIANGLE 
INPUT 
170 mV p-p 

0.1 µF 

Fig &-Coupling the emitters of the OT A's differential input 
transistors permits construction of a triangle-to-sine convert­
er with 0.37% THO (a). You can see the residual distortion 
components in the top trace of (b), along with the sine output 
(2Vldiv) and the input triangle wave (1 kHz). 

(b) 

INPUTS { 

OUTPUT 
TO CMOS 

Fig 7-Programmablllty permits the CA3280 to serve as a 
high-speed comparator (a) or a slower, 20-µW one (b). 
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+ 15V 

100k SINE OUTPUT 

3.9k 

levels. Programming current is 3 mA, while the total 
supply current is 9 mA. 

Fig 7b diagrams a micropower comparator. With a 
5V supply, propagation delay is 120 µsec, while total 
power consumption is only 20 µW. EDN 
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SIEMENS 

In an industry of specialists, 
Siemens specializes in the 
availability of the broadest line. 
If you think you know Siemens, think again. 

Some customers have been 
known to think we only handle 
diodes, capacitors and SVP s; 
others, high technology imports. 
Both incomplete thoughts. The 
fact of the matter is, Siemens 
has a component for just about 
every application there is, includ­
ing some especially hi-rel com­
ponents for deep space probes 
that only Siemens could provide. 
Whatever kind and quality of 
component you need. Siemens 
has it and can deliver it. 

Whether the components 
are made in Arizona or France, 
Brazil, Germany or wherever 
. . . they can be fed through our 
stocking stations in lselin, New 
Jersey or Scottsdale, Arizona 
and/or at 95 distributors' locations 
right behind your order. East or 
West, the components are the 
same. The best. Siemens. 

Broad or broadest product 
line; highest quality; fast, reliable 
deliveries, savvy sales force and 
reps. All this is Siemens. So 
whether you are designing a new 
product. upgrading your quality 
level or selecting a second source 
... a talk with Siemens may make 
a profitable difference. 

For more Information, Circle No 91 

Siemens- developed proprietary die tester . 
Tests and sorts according to specifications. 

Siemens distribution system is monitored 
monthly and modified as required . 

Automated component inven­
tory and retrieval system. 
lselin stocking station . 

Siemens Components 
Capacitors (40 ,000 types) 
Ferrites 
Flashtubes 
Integrated Circuits 
Metal Oxide Varistors 
Rectifier Diodes 
RFI Devices 
SOT-23 Devices 
Surge Voltage Protectors 
Thyristor Modules 
Tuning Diodes and Transistors 
Traveling Wave Tubes 
Zener Diodes 

Siemens ... 
cost-effective solutions. 

Siemens Corporation 
Department 0400 
186 Wood Avenue South . 
lselin , NewJersey08830 
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R.ohm has an irresistible 
array of resistor networks 
Our assortment of Cermet 
Thickfilm Resistor Arrays is 
nearly infinite. The selection 
starts with nine of the indus­
try's most popular config­
urations. From there you 
choose the number of 
resistors, the value (1000 
to 1 MO) and the tolerance 
(±5% or ±10%) needed for 
your design . Sounds like a 
custom solution and it is except 
this variety is available off-the-
sh e If in A-Ohm's reliable, space 
saving SIP package. Low temperature 

coefficients satisfy all but the most 
stringent requirements and if you 

need tighter resistance 
tolerance, such as ±2%, 

just let us know. 

Stop waiting for the resis­
tor networks you need. 
Contact A-Ohm or your 

nearest R-Ohm distributor. 
Ask for a sample of A-Ohm's 

irresistible arrays. 

'"''''''' QUALITY· RELIABILITY 

A CONSTANT FORCE IN A CHANGING WORLD 

R-Ohm Corporation I 16931 Milliken Ave., P.O. Box 19515, Irvine, CA 92713 I (714) 546-7750 (312) 843-0404 

For more information, Circle No 92 
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Designer's Guide to: 
IC voltage regulators - Port 2 

Certain performance peculiarities are commo(1 to all single-chip, 
3-terminal linear power regulators. A familiarity with the intern.al 

circuitry and construction of these /Cs speeds the design 
process and improves the success of your application. 

Robert C Dobkin, National Semiconductor Corp 

Part 1 of this 2-part series (EDN, August 20, pgs 93-98) 
focused on regulator control !Cs. This installment shifts 
attention to the power IC regulators that are quietly 
revolutionizing linear-power-supply design. Easy to 
use, these state-of-the-art devices feature on-chip 
protection circuitry that makes them almost blowout 
proof. Models currently available include both positive 
and negative versions with output-current capabilities 
exceeding 5A. 

Figs 1 and 2 show the basic configurations for 
positive and negative fixed 3-terminal regulators , 
respectively. (The LM340 or 7800 Series typify the 
former; the LM320 or 7900 Series, the latter.) In both 
types, an error amplifier compares an on-chip reference 
with a fraction of the output and drives npn pass 
transistors; resistors R4 and R5 set the output voltage. 

The reference employed can be either a zener diode 
or a band-gap type. Although many details of the 
construction and performance of these competing 
circuits were discussed in Part 1, the nature of power 

V1NU----------------, 

Fig 1-Posltlve-output fixed 3-terminal regulators use this 
basic circuit configuration. Resistors R •and Rs set the output 
voltage. 
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regulators dictates delving somewhat more deeply into 
thermal-design aspects. Specifically, with the larger 
number of components in a band-gap reference, IC 
designers must take extreme care with the chip layout 
to prevent temperature gradients-induced across the 
chip by variations in power dissipation.:_from severely 
degrading regulation. 

New spec provides needed information 
Thermal regu lation, only now appearing on some 

regulator data sheets, is a parameter th~t measures the 
IC's sensitivity to variations in power dissipation. 
When the power in the pass transistor changes--either 
as the result of a change in load or in input voltage-the 
temperature gradients generated across the chip also 
flqctuate. If those portions of the reference that 
generate its positive and negative temperature coeffi­
cients do not experience exactly the same temperature 
variations, an output-voltage tran ient results. Typical­
ly, such a transient occurs 5 to 15 msec after the 
variation in power dissipation because it takes that long 
for temperature gradients to develoR across the die. 

..---+-OOUTPUT 

V1Nu-tt---e---e---<--------~ 

Fig 2-Negatlve-output fixed 3-terminal regulators, like 
their positive cousins, use npn pass transistors. The voltage 
reference can be either a zener diode or band-gap type; the 
latter provides lower noise and better stability over time and 
temperature. 
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A regulator's thermal limiting 
should be tested 

Note that thermal regulation differs from, and is 
independent of, a power regulator's temperature 
coefficient; the latter specification measures the change 
in reference voltage with temperature when all parts of 
the reference circuitry reach thermal ,equilibrium. 

Generally, a poorly designed or manufactured power 
regulator will exhibit a thermal regulation of about a 
0.1 % output change per watt change in power 
dissipation; a good device, 0.002%/W. Consider Figs 3, 
4 and 5, for example, which document actual variations 
in thermal regulation for three LM317-type 3-terminal 
regulators. Obviously, the performance characteristics 
shown differ vastly, and use of the inferior devices 
could adversely affect critical applications. Thus, 
responsible manufacturers will probably make 
thermal-regulation specifications mandatory on future 
IC-power-regulator data sheets. 

When fixed regulators just won't do ... 
Designers now have alternatives to 3-terminal fixed 

regulators: the LM317 adjustable positive regulator 
and the LM337 adjustable negative version. Both 
power devices are configured as floating regulators 
with no ground terminal and require two external 
resistors to set the output voltage (Fig 6). But in 
addition to adjustability, these regulators also feature 
improved protection circuitry: The current-limit point 
remains constant with temperature and doesn't de­
crease to zero at high input-to-output voltage differen­
tials. Moreover, the thermal-limiting circuitry in both 
!Cs remains functional even when the adjustment 
terminal is disconnected. 

Referring to the basic configuration shown in Fig 6, 
observe that the op amp forces the output to 1.2V 
above the potential at the adjustment terminal. This 
action maintains a constant 1.2V across Ra (nominally 
240!1) and therefore a c.onstant 5 mA through it. The 5 
mA then flows through R4 to ground, boosting the 
voltage at the adjustment terminal and at the output. 
Only 50 µA flows from the adjustment terminal due to 
the 1.2V band-gap reference-a small value that can 
usually be ignored when compared with 5 mA. 

With no ground terminal per se, all of the adjustable 
voltage regulator's quiescent current flows into its 
output. Thus, to ensure regulation with no external 
load, the current in the adjustment resistors should be 
higher than the maximum quiescent supply current. 

Design hints that apply to all regulator types 
Whether fixed or adjustable, the input voltage to 

3-terminal regulators must be maintained at least 3V 
higher than the output. However, input/output differ­
entials greater than 7V (for fixed types) or 15V (for 
adjustable units) activate the safe-area protection, 
decreasing the current limit and reducing the maximum 
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Fig 3-The thermal response of a typical National Semiconductor 
LM317 to a 10W power change indicates the performance attainable 
with proper chip layout and manufacturing techniques. Unfortunately, 
not all manufacturers' data sheets provide information on this 
specification. 

output current below the nominal rated value. It's an 
inexpensive solution, then, to specify heat sinks that 
can just handle the regulators' maximum operating 
dissipations at maximum operating ambients; no safety 
margins are needed because thermal-shutdown circuits 
will protect the devices under overload conditions. 

Proper bypass capacitors are critically important to 
prevent oscillations in IC-power-regulator applications. 
At the input, values of 0.2 µF or greater are 
recommended. Although device-to-device tolerance to 
input bypassing varies widely, a conservative design 
generally includes a 1-µF solid-tantalum or 25-µF 
electrolytic capacitor connected physically close to the 
regulator. 

As noted in Part 1 of this series, an IC regulator, like 
any feedback amplifier, exhibits a range of output 
capacitive loading where stability is degraded: Al­
though the circuit might not oscillate, it can · exhibit 
poor transient response or ringing. Good design 
practice therefore dictates using large output capaci­
tors (1 µF or larger}--again mounted within a few 
inches of the IC-to swamp out these effects and 
ensure stability. This recommendation holds even 
though positive regulators are designed to be stable 
without any external output capacitor (negative 
regulators must have one). 

Protection circuitry-know your limits 
Although 3-terminal power regulators are protected 

against short circuits, designers should ensure that the 
current the IC draws when in limit-mode operation 
doesn't overload the input rectifiers or transformer. 
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Fig 4-Voids under the die have severely degraded the thermal 
regulation of this reject LM317. 

Semiconductor manufacturers usually set the on-chip 
current limit so that the device can still provide rated 
output current at maximum operating temperatures, 
given worst-case production variations. Thus, older 
types ofregulators (LM309, LM340, LM7800, etc) have 
a current limit of up to three times their rated output 
because the turn-on voltage of a transistor's emitter­
base junction sets the limit point. (The temperature 
coefficient of this junction, combined with the tempera­
ture coefficient of the internal resistors, furnishes a 
-0.5%/°C limit-point TC. Also, because power regula­
tors must operate and provide rated current at 150°C, 
the 25°C current limit is 120% higher than typical; 
production variations add another ±20% to the initial 
tolerance. The net result? A typical lA part can exhibit 
a current limit of 3A at 25°C.) 

One way to design around this problem (aside from 
using fuses) has already been described: Specify a heat 
sink just adequate for normal operation. Then, under 
overload conditions, the regulator and its heat sink 
warm up to the ~hermal shutdown temperature, the 
device shuts d~Wn, ·and l~ading on the input is reduced. 

Newer power-regulator ICs feature improved 
current-limiting circuitry. Devices such as the LMll 7 
adjustable regulator, the LM138 5A regulator and the 
LM137 negative regulator hold the current-limit point 
within ± 10% over the full -55 to + 150°C operating 
range. A unit rated for l.5A output typically exhibits a 
2.2A current limit, greatly easing the problem of input 
overloads. Fig 7 shows the current-limit characteristics 
of several power-regulator types. 

Be aware, however, that many older-model 3-
terminal IC regulators can oscillate when operating in 

. the current-limit mode. The oscillation doesn't hurt the 
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Fig 5--The different layout of a competitor's 317-type regulator 
produced this thermal response to a 10W pulse. Electrical regulation 
causes the fast-response portion of the trace; it typically produces a 
transient within 50 µ,sec of a line or load change. 

regulator, but it might cause a system problem. If so, 
no single solution will eliminate it because a large 
variability exists among regulator types and even 
among similar types from different manufacturers. 
Generally, either~ solid-tantalum input capacitor or a 
solid-tantalum unit in series with 5 to 1011 effects a 
cure; if one method doesn't work, try the other. 

Do start-up problems turn your circuit off? 
Current-limit circuitry can also cause start-up 

problems. At high input/output differentials, the 
safe-area protection decreases the current limit: In 
most regulators the decrease is linear, with the output 
current dropping to zero at input/output differentials of 
about 30V. Usually such protection creates no difficulty 
because the regulator's output increases as the input 
voltage increases when the device is powered up. 

But consider, for example, a fixed 3-terminal 
regulator running with 30V input and 15V output. If its 
output is momentarily shorted, the input/output 
differential increases to 30V, and the available output 
current becomes zero. Then, when the short is 
removed, the output of the regulator stays at zero. Of 
course, if the input voltage is turned off and then on 
again, the regulator returns to normal operation. (This 
scenario doesn't apply to adjustable IC regulators; they 
feature a special safe-area protection circuit that 
maintains a finite output current even at a 40V 
differential.) 

The start-up problem just described is particularly 
load dependent. Loads connected to a separate 
negative supply or to constant-current devices cause 
the worst difficulties, but pilot lights constitute 
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Does the spec sh~t 
show thermal regutation? 

another, usually overlooked, problem load: Incandes­
cent bulbs draw eight times as much current when cold 
as when operating. Thus, they can severely add to a 
regulator's load and could prevent turn-on. 

Solutions? Use an adjustable-type device, or bypass 
the regulator with a resistor from input to output to 
supply start-up load current. Such resistor bypassing 
won't degrade regulation if, under the worst-case 
conditions of maximum input voltage and minimum load 
current, the regulator still delivers output current 
rather than absorbs cu:rrent from the resistor. 

A particularly serious start-up problem occurs when 
a negative supply loads a fixed positive regulator. 
First, the problem of safe-area protection, previously 
described, arises. Second, the regula:tor cannot supply 
much output current when its output pin is driven more 
negative than its ground pin. Even with the low input 
voltages, some positive regulators will not start when 
loaded by 50 mA to a p.egative supply. But clamping the 
output to the ground with a germ~mium or Schottky 
diode usually solves this problem. Negative fixed 
regulators, on the other hand, use different internal 
circuitry, so they can readily handle loads connected to 
a positive supply. 

Thermal protection is effective, if it works 
Without thermal-overload protection, a 3-terminal 

regulator's other protection circuitry can only with­
stand short-term overloads. With it, the device won't 
be destroyed by indefinite short · circuits, overloads at 

VIN~..----+------------. 

50µA i la 
SUPPLY 
CURRENT 

SAFE AREA 
PROTECTION 

1.2V CURRENT 
THERMAL LIMIT 
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~ADJUSTMENT 

Fig 6-External resistors set the output level of the LM317 
(positive) and LM337 (negative) adjustable regulators. Both 
devices feature thermal-limit circuitry that remains functional 
with the adjustment terminal disconnected. 

high temperatures or inadequate heat sinking. But 
thermal limiting does pose one problem: testip.g. 

You can easily measure a regulator's short-circuit 
and safe-area protection electrically. Howevet, for 
thermal limiting to operate properly, not only must the . · 
I C's electrical circuitry function, but the chip must also . 
be well attached to its package and exhibit no hot spots. 
Therefore, virtually the only way to ensure that 
thermal protection works is to power the regulator with 
maximum input voltage, short the output and let the 
device cook. Then, if the IC remains functional after 5 
min (or more), the thermal limit has operated properly. 

Of course, this type of testing is time consuming and 
expensive for the manufacturer, so it isn't always 
performed. Some regulators, such as the LM117, 
LM137, LM120 and LM123, receive an electrical 
burn-in in thermal shutdown as part of their normal 
manufacturing process. The procedure does double 
duty: It ensures that the thermal limiting works, while 
also reducing infant mortality. 

Thus, if your power supply is likely to experience 
overloads that cause the · IC regulator to thermally 
limit, you should either test the device's operation in 
this mode yourself, ask the manufacturer to do it or-to 
be safe--do both. 

Diodes protect against capacitor discharge 
Despite all their protection circuitry, 3-terminal 

regulators can still be destroyed. Input overvoltage, for 
example, will fry the chip, breaking down the transistor 
junctions. Fortunately, high-voltage transients are 
usually filtered by the capacitors in most power 
supplies. But it's important to recognize that filter 
ca~citors are not a cure-all; true, they can eliminate 
many transients, but they can also cause some. 

3.5 

3 

2.5 
g 
..... 
z 2 w 
a: 
a: 
:::> 
<..? 

1.5 ..... 
:::> ... ..... 
:::> 
0 

0.5 

0 
0 10 20 30 40 

INPUT/OUTPUT DIFFERENTIAL (V) 

Fig 7--Current-Umlt characteristics of IC power regulators 
vary with temperature. The change is most pronounced in 
older IC designs that use a transistor's emitter-base turn-on 
voltage to set the limit point. 
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INPUT o------tV1N ~2 le« Your 

GND c, 

Fig 8-Discharge paths of external capacitors can destroy 
an IC regulator under abnormal conditions unless designers 
exercise care and specify protection diodes. 

a, 

VrN' >---~~ JJ""---4,__---f LM317 ._O;....;U;....T-'-P"""-UT--4..._ __ uyour 

02 INPUT.__...,..__, 
ADJ 

R, 

68 

Fig 9-Adding a pnp boost transistor can increase the 
output of an adjustable 3-terminal regulator to above 1 OA. 

a, 
2N3906 D, 

1N914 300 pf 

OUTPUT SV 

+ 2.2 ~F 
SOLID 
TANTALUM 

Fig 10-A 1V drop between the high-current regulator and 
its load causes 10 mA to flow in R4 . This current, flowing 
through R3 . increases the voltage at the adjustment pin by 
1 V, keeping the load voltage at its proper level. Diode D , 
prevents a possible latch-up situation, while R5 protects 
against an open output line . The output capacitor is needed 
for stability. 
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Fig 8 shows the discharge path for different 
capacitors used with a positive regulator. Input 
capacitor C1 won't cause a problem under any 
conditions. However, capacitance on the ground pin (or 
adjustment pin, in the case of adjustable regulators) is a 
different story. If the output is shorted, C2 discharges 
through the ground pin, destroying the IC unless a 
reverse-biased diode (D2) diverts the current. Another 
situation: If the input is shorted, Ca can discharge 
through the output pin, again damaging the regulator; 
diode D1 prevents such damage. And with both D1 
and D2 in the circuit, C2 safely discharges through both 
diodes when the input is shorted. 

In general, protective diodes should be used in all 
3-terminal positive-regulator circuits. At higher output 
voltages, they become particularly important because 
the energy stored in the capacitors becomes significant. 
(Negative regulators and the LM117 have an internal 
diode in parallel with D1 from output to input; this 
provision eliminates the need for an external diode if 
the output capacitor is less than 25 µF.) 

Another potentially damaging transient condition is 
caused by improper current flow into the regulator. 
Applying inputs of the incorrect polarity or driving 
current into the output (such as might occur when the 5 
and 15V supplies are shorted together) can force high 
currents through small-area junctions in the IC, 
destroying them. Unfortunately, improper polarities 
can be applied accidentally in many normal operating 
situations, and the transient condition that can result is 
often gone before it is recognized. 

Recommended design practices? Polarized connec­
tors, covers on critical wiring and similar protective 
measures. These approaches aren't cure-alls, though; 
there aren't any for this problem. 

A third transient condition can prove fatal to a 
3-terminal regulator: a momentary loss of the connec­
tion to the I C's ground pin. The loss of contact charges 
the output capacitor to the unregulated input-voltage 
level minus a 1 to 2V drop across the regulator. When 
the ground is reconnected, output capacitor Ca 
discharges through the regulator's output to the ground 
pin, destroying the chip. In most cases, this problem 
occurs when someone plugs a regulator IC (or circuit 
board) into a powered system in such a way that the 
input pin makes connection before the ground pin. 

The best cure for this problem? A properly designed 
connector configuration. For example, use two ground 
pins to ensure that the ground connection is made 
before any others. Electrical protection, however, is 
cumbersome: One scheme makes D2 a power zener with 
a breakdown voltage 1 to 2V above the regulator 
voltage, then includes a 10 to 500 resistor in the ground 
lead to limit the current. 

Need more power? Proceed with caution 
Boosting the output current of IC regulators isn't 

necessarily the simple, trouble-free task it might first 
appear. Fig 9 shows how designers commonly achieve 
output currents of lOA and more: They add a pnp boost 
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SWITCHING ACTION 
SPOT, DPDT,4PDT 
or Dual SPOT. 

ACTUATOR HEIGHT 
Flush: Single or Dual. 
. 11 O": Single or Dual. 

TERMINALS 
Wired, PC, Right Angle Wirewrap, 
Right Angle PC, Extended PC. 

CONTACTS CASE SIZE 
Choice of One, two or 
Gold or Silver. four pole . 

Switches shown are typical of our new TT Slide Switch Series & 
are actual size. Mating pushbuttons and toggles also available. 

Our engineering and production groups can provide customized 
switch designs promptly and economically. Choose from a wide 
variety of standard TT Series actuator styles, ter_minal confi~ur­
ations and switching functions to meet your spec1f1c appl1cat1on. 

TT Series made in U.S.A. Patented worldwide. 
See us at Wescon ' 79; Booth No. 208-12. RLCIJSWITCH ® 

ALCO ELECTRONIC PRODUCTS, INC. a subsidiary of Augat® 
1551 Osgood St., No. Andover, MA. 01845 USA 

Tel : (617) 685-4371 lWX : 71 0 342-0552 

For more information, Circle No 93 

For more information, Circle No 94 

Filter capacitors 
also create transients 

transistor around the 3-terminal power regulator. As 
current is drawn, the voltage drop across Ri turns Qi 
ON, supplying current to the output. Qi's gain 
necessitates additional frequency compensation, which 
the 100-µF output capacitor supplies. Note that Q2, the 
current-limiting transistor, must also be a power device 
because it absorbs the regulator's output current in 
limit operation. 

Now the warnings: Mounting the IC regulator on the 
same heat sink as Qi can provide some measure of 
thermal-overload protection, but it isn't always effec­
tive. Another, more insidious, problem is caused by the 
power pnp's slow transient response: When a heavy 
load (or a short) is removed, stored base charge can 
keep the pnp turned ON, thus forcing the regulator's 
output positive and creating a large transient that can 
damage many types of loads. Moreover, if a fixed 
regulator is used, the current driven into the output can 
destroy it. (In Fig 9's circuit, R4 limits the current 
driven into the adjustable regulator.) 

Long leads and high loads: a critical combination 
With higher current IC regulators, such as the 5A 

Model LM338, line drops cannot be ignored: With 5A 
output currents, even 0.010 in the wiring to the load 
can limit regulation to 1 % at 5V output. To achieve a 
factor-of-two improvement in regulation, you can 
return the ground side of the adjustment resistors to 
the load. In systems with many connectors, however, 
this technique might not suffice, and the method of 
remote sensing shown in Fig 10 is recommended. 

In Fig lO's circuit, the op amp senses line drops and 
compensates for them; any voltage across the line 
resistance is forced to appear across R4 by current flow 
in Qi. Because the currents in Qi's emitter and collector 
are almost equal, the current flowing in R4 is essentially 
the same as that flowing in R3• This current in turn 
increases the voltage at the power regulator's adjust­
ment terminal to keep the output voltage constant. 
Furthermore, by adjusting :R4, you can even make 
regulation positive to compensate for additional (un­
sensed) line drops. Exercise caution, however, because 
more than 100 m V of positive regulation could cause 
oscillation problems. 

Although Fig lO's circuit might seem complicated 
compared with a 4-terminal-type regulator, the costs of 
the two approaches are about equal. ln fact, the 
nonstandard package of the 4-terminal device and its 
nonstandard heat-sink configuration can actually in­
crease a system's total cost more than the addition of a 
$0.50 op amp. EDN 

Article Interest Quotient (Circle One) 
High 485 Medium 486 Low 487 
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Replace three power supplies 
with the one that tracks 

A !most anyone can build three power 
supplies in one box, but B&K-PRECISION 
has built one power supply capable of 
outperforming three separate supplies. 
An exclusive automatic tracking circuit 
is the reason . 

The B&K-PRECISION 1650 multiple­
output power supply was designed for use 
with both linear and digital circuitry. For 
digital requirements, the unit offers a 5 volt 
DC, 5 amp output; and two separate A & B 
0-25 volt DC outputs at 0 .5 amps for analog 
circuits . The exclusive automatic tracking 
circuit allows the B output to precisely track 
voltage changes of the A supply, while 
maintaining complete electrical output isola­
tion . As a result, any combination of outputs 

may be connected in series or parallel, or be 
totally isolated . 

The heart ofB&K-PRECISION 's automatic 
tracking circuit is a tiny LED opto-isolator. 
A pul se-width modulated light beam is 
transmitted through this device, providing a 
control signal which directs proportional 
control of the B supply when the A supply 

I 
PULSES FROM 
PULSE WIDTH 
MODULATOR 

\ 
~--.. 

COMPLETE PULSES 
ISOLATION REPRODUCED 

output is varied. For example, if the B contr 
is set at 100%, the same voltage level will 
appear at both the A and B outputs . If the B 
control is instead set to a 50% position and th 
A output is set for JO volts, the B output will 
deliver 5 volts. 

Auto-tracking makes the 1650 the ideal 
power source for breadboard and prototype 
digital circuits . It can provide two 
simultaneously varying test voltages, or 
positive and negative voltages for operationa 
amplifiers. The 1650 is a money-saving 
alternative to separate power supplies with 
features that can't be met by separate supplies 
For immediate delivery, a ten-day free trial 01 

in-plant demonstration, contact your local 
B&K-PRECISION distributor. 

For more information, Circle No 96 

~DYNASCAN 
~CORPORATION B&K-PRECISIO 

Model 1650 $27S 
Other power supplies 

from $110 

6460 W. Cortland Street• Chicago, IL 60635 • 312/889-9087 
In Canada : Atlas Electronics Ontario International Sales : Empire Exporters. Inc. 270 Newtown Road . Plainview. L.I. , N.Y. 11803 



Interlaced video displays 
utilize low-cost CRT controllers 

Offering an alternative to traditional raster-scan methods, 
interlaced raster-scan displays employ slower, alternating-sweep 

refresh rates that require less expensive control circuitry. 

Brian Cayton, Standard Microsystems Corp 

As the demand for greater CRT display densities 
continues to increase-and the screen-refresh frequen­
cies necessary to drive such systems thus rise­
interlaced display formats grow more attractive. 
Interlacing techniques allow you to create inexpensive 

FIELD 1 

_.. L .._ 
I 

------.--r----- ~ 
-+- -} ..... 

-~=::.::..=.::-+-::::...:a;..i:r =- ... ..i 

FIELD 2 

displays that formerly would have required costly 
custom controllers. 

Most of today's video-display systems utilize a simple 
noninterlaced raster-scan technique. In this type of 
display (Fig 1), the electron beam scans across and 
down the CRT, painting zig-zag raster lines on the 
screen. The system displays data-in dot-matrix 

Fig 1-Traditional noninterlaced raster-scan formats 
cover the entire screen area with one sweep sequence. 

COMBINED FRAME 

Fig 2--lnterlaced scan formats sweep alternating areas on two passes, producing two interleaved fields that combine to cover the 
entire CRT screen. 
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Noninterlaced-display densities 
hit high-frequency constraints 

character form-by modulating the intensity of the 
beam. The raster covers the entire portion of the screen 
on which data can appear, breaking it up into a discrete 
number of lines that equals the horizontal sweep rate 
divided by the vertical sweep rate. In most standard 
monitors, this number equates to 15, 720 Hz divided by 
60 Hz-262 lines. 

Some of these lines are lost, however, because of the 
finite time required for the electron beam to retrace 
from the bottom of the screen to the top. To allow for 
this vertical retrace time-as well as for upper and 
lower margins-video systems typically blank 21 or 22 
lines, leaving 240 raster lines for actual data. How 
many characters this number of raster lines represents 
depends on the character block utilized. 

Currently the most popular character format , the 
7 x 9 dot matrix provides reasonable character resolu­
tion without using an excessive number of dots. In 
order to furnish horizontal spacing between characters, 
systems normally add one or two dots, increasing the 
character-block width to eight or nine dots. To allow for 
vertical spacing and lower-case descenders (such as the 
tail on a lower-case y), designers can allocate 12 vertical 
dots (scan lines). This vertical parameter permits 
displays of 240+ 12.=20 rows of data. 

The number of characters you can display in one of 

these rows depends on the video frequency employed. 
For example, if the horizontal frequency is 15, 720 Hz, a 
display of 100 8-dot-wide characters requires a video 
frequency of 15,720 x 8x100=12.576 MHz. In actual 
use, the system would blank 20% of these characters for 
retrace and side margins, so an 80-character display 
results. 

What if you desire more rows of data? The most 
obvious way to increase the number of data rows is to 
increase the horizontal frequency. This increase, 
however, can necessitate the use of nonstandard 
deflection components as well as special circuitry to 
increase video frequency-all resulting in increased cost. 

Interlaced approac~ utilizes two scan fields 
Alternatively, you can utilize interlaced deflection to 

double the number of scan lines provided with no 
component changes (Fig 2). An interlaced-raster 
system employs two sweep fields, with the vertical 
sync positioned so that when the beam reaches the 
middle of the first field's last line, it retraces not back to 
the top left corner, but rather to the middle of the top 
line. Similarly, when the beam reaches the end of the 
second field, it retraces to the top left corner. Thus, the 
second field is painted between the lines of the first; the 
two fields combine to make up the displayed frame. 

This interlacing technique allows you to display up to 
40 rows of data using the components of the earlier 
example. As an added benefit, because the horizontal 
frequency is not increased, the video rate remains the 
same as for a 20-row display-thus holding down the 

SCAN NO FIELD 1 SCAN NO FIELD 2 COMBINED FRAME 

263 • • • • • • • • • • • • • • 
2 • • 

264 • • 
3 • • 

265 • • • • • • • • 
4 • • 

266 • • 
5 • • 

267 • • • • • • • • • • • • • • 
6 

268 

7 

269 • • • • • • • • • • • • • • 
8 • • 

270 • 
9 • • 

271 • • • • • • • • 
10 • • 

272 • • 
11 • • 

273 • • • • • • • • • • • • • • 
Fig 3-lnterlacecl dlaplaya that generate an even number of scan lines per row can-in characters such as a capital E~ncounter 
differing amounts of data In their two scan fields. 
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cost of the video circuitry. 
Interlaced formats can produce some pitfalls, but 

they aren't difficult to avoid. The most well-known of 
these potential problems is the flicker resulting from 
refreshing each line 30 times per second rather than 60. 

• • • • • • • 
(a) • 

• 
• 
• • • • 
• 
• 
• 
• • • • • • • 

• • • • • • • 
(b) • 

• 
• 

• • • • 
• 

• 
• 

• • • • • • • 

Fig 4-Scannlng disproportionate amounts of data in 
fields 1 and 2 can-if uncorrected-cause an interlaced 
display to distort characters. A normal capital E (a), for 
example, might appear with improperly spaced dots (b). 

SCAN NO FIELD 1 SCAN NO 

263 

2 • 
264 

3 • 
265 

4 

266 

5 • 
267 

6 
268 

7 • • • • • • . 
269 

8 • 
270 

9 • • • • 
271 

10 • 
272 

11 • • . • • • • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

You can easily prevent this flicker, however, by 
choosing a CRT with a long-persistence phosphor such 
as P39. 

Somewhat more subtle problems can arise as a result 
of differences in the information in the first and second 
fields. Fig 3, for example, illustrates how an interlaced 
display that generates an even number of scan lines per 
row paints the letter E on its two top rows. Field 2 
contains virtually all of the data; field 1, virtually none. 
As a result, if the system displays a large number of 
letter Es (or similar characters), the beam current of 
the CRT will increase during field 2, lowering the 
monitor's high voltage. This lower voltage will in turn 
cause an increase in the CRT's deflection sensitivity 
during field 2 and, correspondingly, produce wider lines 
and increased dot spacing (Fig 4) . 

You can prevent' this problem by programming an 
odd number of scan lines per data row (Fig 5)-a 
scheme that averages the display load over two rows . 
Each field thus receives a balanced beam current . 

One last pitfall to watch out for: Some CRT monitors 
are designed strictly for noninterlaced operation and 
thus cannot perform correctly in the interlaced mode. If 
you have doubts about a specific monitor, contact its 
manufacturer . 

To compare interlaced and noninterlaced modes from 
a design standpoint, consider an actual CRT control 
circuit (Fig 6). The display format provides 80 
characters per row in 25 rows of displayed data. For 
maximum legibility, this circuit displays a 128-

FIELD 2 COMBINED FRAME 

• • • • • • • • • • • • • 

• 
• • • • • • • 

• 
• 
• 

• • • • • • • • • • • • • 

• • • • • • • 
• 
• 
• 
• • • • 
• 
• 
• 
• • • • • • • 

Fig 5--Generatlng an odd number of 111:an llnes per row prevents the ki·vJ of distortion shown in Fig 4. 
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Interlaced CRT display formats 
refresh at half the usual rate 

character 7x 11 dot matrix, producing 7x9-dot charac­
ters with descenders. To provide spacing between 
characters horizontally and vertically, the format 
allows for a block nine dots wide and 13 dots high. 

The circuit design shown in Fig 6 is actually the same 
· for both interlaced and noninterlaced designs. A 32 x 8 

PROM (IC1) controis the format; NAND gates IC1A and 
ICIB provide the video clock, which IC4 then divides to 
produce the word clock. The CRT controller (IC3) 

provides sync pulses, blanking timing and refresh" 
memory addressing. Furnishing direct attributes 

graphics characters. It outputs serialized video data, 
which is buffered by ICn to drive a monitor. 

Component vaiues depend on scanning speed 
But while the basic circuit is the same for both 

interlaced and noninterlaced systems, the speed at 
which the components must operate-and thus the 
quality of components required........differs greatly. 

,
1

. control, the CRT 8002 display controller converts 
..;ASCII data from RAM into either alphanumeric or 

The riumber of raster lines required in this applica­
tion,_ for example, equals the number of rows times the 
number of scan lines per row' plus the number of lines 
required for retrace (usually 20 or 21). In this case, 
n=(25>< 13)+21=346. To achieve this number of raster 
lines in noninterlaced display, the horizontal scan 
frequency must equal 346x60=20,760 Hz. You can 
obtain a unit with this scan frequency, but it is 
nonstandard and costs a premium price. 

Another parameter, the character rate (Fee), equals 
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Fig ~This basic CRT control circuit suits both interlaced and noninterlaced formats-<Jn/y the speed at which the circuit must 
operate (and thus the component types required) differs. 
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THE IMPORTANCE OF BEING FIRST 
In tooay's fast-breaking terminal 
marketplace, getting there first with 
your product can decide its profit 
future. That's why it's important to 
design your terminal around a field­
proven CRT module from an ex­
perienced manufacturer such as 
Motorola. Since we make more 
than 65 standard CRT module 
variations, in screen sizes from 5-
inch to 23-inch, the chances are 
good that we already make one 
that fits your application. 

VARIITT IN 12-INCH 
The popular 12-inch CRT is 
available in any of several ways: 
chassis or kit, economy or high 
performance, separate sync, com­
posite or direct drive inputs, ~, 

, <".' , ,,;' .•, 

of standard EIA 
phosphors, choice 
of scan frequencies, 
with or without 

anti-reflective faceplate. 

15-INCH PERFORMANCE 
The MD4000 series displays 
over 3,000 upper anu lower case 
characters, including the 132-
character-across wide-page printer 
format. Every line is sharp, even in 
the comers. StepScan™, 22 MHz 
bandwidth and dynamic focus are 
standard. 

The M4408 displays I . 
a fuU page of i 
upper and lower 
case text (6,000+ 
characters). Raster 
scan technique 
with TIL logic interface gives you 
low unit price and then saves again 

· in· your logic design costs. 
" 

DEMONSTRATED 
,.. · MJBF 

· ~we go beyond calyulating MTBF. 
' · ' ·es ot each Motorola model 

''extensively tested, for thou-
;Jli,/ .,::. 
· gf hours under extreme 

J'", , 

conditions, to give you a demon­
strated MTBF figure you can 
believe in. On our production lines, 
samples of every model are con­
tinuously monitored to duplicate 
customer life tests. Our customers 
report displays that are still going 
strong after logging over 40,000 
hours. 

CALL TODAY 
Call today to find out how Motorola 
can help you be first • Santa 
Clara, CA (408) 988-3422 • 
Tustin, CA (714) 838-5621 • 
West Chicago, IL (312) 231-4400 
• Richardson, TX (214) 231 -9901 
• Windham, NH (603) 898-5921 
• Shrewsbury, NJ (201) 544-
9541 • Baltimore, MD (301) 821 -
0062 • Overseas and Canada cali 
West Chicago, IL (312) 231-4400 
• TWX: 910-230-3117 

MOTOROLA INC. 

Display Systems 
1155 Harvester Rd. 
West Chicago, IL 60185 

For more information, Circle No 97 



CARBO 
Fil 
RESISTORS 

Shigma, Inc. manufactures and markets a 

complete line of Shigmaohm deposited carbon 

FREE! film resistors for the electronics 
industry. They are perfor­

mance proven in the field and 

available now in bulk pack, 
taped and reel , and card 

pack. Delivery is fast. 
The price is right. Call 

toll-free for our Shigmaohm 
specifications brochure. 

800/ 323-0315 

S~IGMA:INc1•11 inois) 
80 Martin Lane 312/640-8640 
Elk Grove Village, IL 60007 Telex: 287-431 

For more information, Circle No 98 

PDP® 8 USERS 
here's plug compatible products 

MEMORY 
• Bk x 12 Quad Board . . 525.00 
• 16kx 12QuadBoard ...... 1,025.00 
• Solid Sta te RFOB Replacement 

INTERFACES 
• Line Printer . 
• Serial Line . .....•. • . 
• Card Reader .... . . .. . .. . 
• Paper Tape .. 

HARDWARE 
• Connectors 
• Cables 
• Extender Boards 

475.00 
375.00 
695.00 
600.00 

....,,, x x x 'ffarnrna . a 
l1 Oll:UIIJI D DU : 
JIJJ.DlrJIDlt : . 
JllWWIDU. i... 

~ $'tl! . if'!" . • 

•• ._.,.,i.l9'.llC1l •••1--- aidicr • . • ...... • 1.: 1• 

TO BE ANNOUNCED SOON 
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• TAB Emu lation Usi n g 3 M ® 
Cartridge Drives 

• 4 Line Serial Controller (4 KLBJ 's 
on Quad. Board) 

PDP 11 and LSI 11 products available. 

comPLITEA EHTEnS~Ofl 
51'5TEms. ~flC. 

17511 El Camino Real · Houston, Texas 77058 (713) 488·8830 

For more information, Circle No 99 

Interlaced and traditional formats 
utilize similar circuitry 

the horizontal scan frequency multiplied by the number 
of character times per line. The latter quantity is itself 
typically 20 to 25% greater than the number of 
characters (to allow for retrace and margins) , so Fee 
equals (20,760)(80 x l.25)=2.076 MHz. Finally, the 
video rate (the frequency at which characters are 
painted on the screen) equals F cc times the number of 
dots per character=(2.076 MHz)(9)=18.684 MHz. 
Thus, the circuit shown in Fig 6 would require a CRT 
8002A 20-MHz character generator. · 

Note, however, that the 346 scan lines specified for 
this application fit easily into the 525 lines available 
from an interlaced scan design using a standard 
15, 750-Hz horizontal oscillator. For this approach, F cc 
equals (15, 750Hz)(80 x 1.25)= 1.575 MHz; the video rate 
is then 14.175 MHz. This alternative reduces the 
character-generator cost, because you can now utilize 
the less expensive 15-MHz CRT 8002B. 

For a denser display--40 rows, for example--the 
comparison between interlaced and noninterlaced 
displays is even more dramatic. In noninterlaced mode, 
the horizontal scan frequency equals 
((40 x 13)+21)(60)=32,460 Hz. To produce this frequen­
cy, you need customized monitor components as well as 
bipolar video components and character-generator 
ROM-at greatly increased cost-to handle the 
29.214-MHz video rate required (for a 9x 13 character 
block). Alternatively, an interlaced-scan system can 
produce this 40-row format utilizing the same compo­
nents employed in the 25-row example. EDN 

Author's biography 
Brian Cayton, applications 
manager at Standard Micro­
systems Corp, Hauppauge, 
NY, provides customer techni­
cal support and presents sem­
inars on MOS LSI. Holder of 
an MS degree in management 
as well as a BSEE, he has 
worked as an application engi­
neer, regional sales manager 
and marketing manager. In his 
spare time, Brian plays tennis 
avidly. 
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Interconnection 
City 

_ .. News 
I 

4.~ .. from 
~ ... . sthode Electronics. Inc. 

NEW COST EFFECTIVE INTERCHANGEABLE 

JJP BOARDS FROM METHODE! 
Methode's A+ Additive Process printed circuit boards provide 
cost effectiveness and high reliability for a myriad of com­
mercial applications. 

Why pay more for subtractive process boards when Meth ode's 
A+ gives you superior quality ... high thermal shock . .. 
reliable plated thru holes ... fine line (.007") and spacing? 
Savings up to 15 % are typical using existing subtractive 
artwork and drawings. 

SUBTRACTIVE 

COPPER Ii SOLDER PLATE 

ClI=ll::J 
STRIP II ETCH 

Cit:n:J 
MASK 

7 -10 MIL RESOLUTION 

Conventional subtractive circuitry requires four different 
layers of metal: the original copper clad. . .electro less 
sensitizer. . . copper panel or pattern plate layer ... and 
the solder plate etching resist.Methode's Additive Process has 
one homogenous layer of copper metal coverage on lines and 
through holes with a one-to-one thickness ratio ... No dog­
boning, even with aspect ratios greater than three-to-one ... 
plating is wholly contained within the artwork pattern in 
photo resist. Hence A+ offers finer lines, closer definitions, 
better mask coverage and higher yields. 

SUPERIOR BOND STRENGTH AND DUCTILITY 

Methode's A+ process provides a copper-to-laminate bond 
generally better than clad boards. A "mechanical lock" 
for improved bond strength is achieved chemically during 
the electroless plating process. With new Copper Chemistry, 
the A+ process offers high ductility copper that resists 
cracking under thermal shock or excessive flexure. 

~thode Electronics, Inc. 
~ PRINTED CIRCUIT DIVISION 

7444 W. Wilson Ave. 
Chicago, Ill. 60656 
(312) 867-9600 TWX: 910-221-2468 

EDN SEPTEMBER 5, 1979 
For more informatio'!, Circle No 101 
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PM3212 25MHz Dual Trace Scope PM3226 15MHz Dual Trace Scope 

PM3214 25MHz Delayed Time Base Scope 
with Alternate Time Base Display 

PM3540 10MHz Logic StateAna/yz« 
with 25MHz Dual Trace Scope 

So make sure you 've got the most innovative 
scope company on your side-Philips. We've been 
arountl since 1891 . Our first scope was built in 1936. 
And with its introduction began our concept of 
human-engineering-utilizing logical design and 
control placement to speed both learning and using. 

Over the years we've made a lot of scopes­
and more electronic gear in more fields than you 
could imagine. 

But What hMwe done for you lately? We 
Just in Hz logic; analyzer. There isn't 
a faster • Md when there is, we 'II 
cleaiQn iland behind it ! Right 
heAt iA wl)y PhiliPt should 
be: 
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2 KHz-1500 MHz 
Povver Splitter /Combiners 

OFF-THE-SHELF FOR IMMEDIATE DELIVERY ... FR0~3195 
Satisfy just abo.ut any two-way power-splitter/combiner 

need with Mini-Circuits ZFSC-2 series ••. covering 
2 ~Hz-1500MHz, with a choice of BNC, TNC, SMA or 
Type N connectors. Also, three convenient mounting 
options are available; threaded Inserts, through holes, 
and flange mounting. Units are available from 
stock for Immediate delivery and prices start at 
only $31.95. Mini-Circuits extensive experience In high 
volume manufacturing, coupled with exacting quality 
control and thorough testing makes this price/perfor­
mance breakthrough possible. 

Examine your power splitter/combiner specifications 
and select a highly reliable, low-cost ZFSC-2 model 
to meet your systems requirements. 

2625 East 14th Street Brooklyn , New York 11235 (212) 769-0200 
Domestic and International Telex 125460 International Telex 620156 

_,_ .(4·24) 

Maximum 
Freq. Minimum Insertion 

Range Isolation Loss Price 
Model (MHz) (Mid· band) (Mid· band) (Quantity) 

ZFSC-2·1 ........ 5-500 ......... 20dB ........ 0.6dB ..••.. $31.95 (4-24) 

ZFSC-2-~ W .... 1-750 ....... 20 dB ........ 0.8 dB .... ... $35.95 ( 4-211) 

ZFSC-2·2 ....... 10-1000 .... 20 dB ........ 1.0 dB ........ $39.95 (4·24) 

ZFSC-2-4 ....... 0.2-1000 ... 20 dB .... ..... 1.0dB ....... $44.95 (4·24) 

ZFSC-2·5 ........ 10-1500 ... 20dB ... ...... 1.0dB ...... .$49.95(4-24) 

ZFSC-2-6 .... .. . 002-60 ..... 20dB ...... ... 0.6dB ....... $36.95 (4·24) 
BNC con nect.ors standard. TNC, SMA & Type N also available. 
SMA and T)'~ N $5.00 additio n.ill . 

Wprla .:> 1a1 ge~t ma nulrlC/ure1 of Oouoie Ba lanc ed Mixer s 

r;;:J ~0~0~e!1~~"!~!?Uits 
International Represantatl~es: D AFRICA: Afi tra (PTY) Ltd .. P 0 . Box 9813, Johannesburg 2000. South Afnca D AUSTRALIA: General Elect ronic Service, 99 Ale>1:ander St., New 
South Wales. Austraha 2065. 0 EASTERN CANADA: B D Hummel. 2224 Maynard Ave . Utica. NY 13502 D ENGLAND: Dale Electronics Ltd , Dale House, Wharf Road. Frimley Green, 
Camberley Surrey, Uniteo Kingdom. D FRANCE: S C.l.E.-D IM.E S. 31 Rue George-Sand. 91120 Pala1seau . France. D GERMANY, AUSTRIA, SWITZERLAND, DENMARK: Indust ria l 
Electronics GM BH. 6000 Frankfurt Main, Kluberstrasse 14, West Germany D INDIA: Gaekwar Enterprises, Kamal Mahal . 17 M.L Oahanukar Marg, Bombay 400 026. India. 
O ISRAEL: Vectron1cs Ltd .. 69 Gordon St .. Tel -Aviv. Isra el D JAPAN: Densho Kaisha , Ltd ., Eguchi Bu1 lo1ng 8- 1 1-Chome . Hamamatsucho Minato-Ku , To kyo, Japan. 
O NETHERLANDS, LUXEMBOURG, BELGIUM: B V. Tecl"nische Handelsondernemmg , CO IMEX, P.O. Box 19. 8050 AA Hattem. Holland. 0 NORWAY: Datamat ick As. Postboks 111, 
BAY N, Oslo 6. Ostensjoveien 62. Norway. 0 SINGAPORE & MALAYSIA: Electronics Trading Co. (PTE) Lid . Suites G13. C22 & C23 (1st Floor) . President Hotel Shopping Complex, 
181 Kitchener Road, Smgapore-8. Republic of Singapore 0 SWEDEN: lntegrerad Elektron1k AB, Box 43 S-182 51, D1 ursholm . Sweden ~ 

U.S. Distributors : 0 NORTHERN CALIFORNIA: Pen Stock . 105 Fremont Ave .. Los Altos. CA 94022. Te l: (41 5) 948-6533. 0 SOUTHERN CALIFORNIA, ARIZONA: Crown Electronics, ·'; 
11 440 Collins St .. N. Hollywood , CA 91601 . Te l. (213) 877-3550 0 METROPOLITAN NEW YORK, NORTHERN NEW JERSEY, WESTCHESTER COUNTY: Microwave 01sl nbuto rs, .. 
61 Mall Dnve. Cammack, NY 11 725. Tel. (516) 543-4771. • DOD 1'. 

For more information, Circle No 103 
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I Design Ideas 

Active probe uses one op amp 

Vishay Netzer 
Haifa, Israel 

Active probes prove an important oscilloscope 
accessory, allowing you to acquire signals from 
high-impedance sources with minimum loading. 
Their major disadvantage is their cost. 

As an alternative to the high cost of such 
commercial probes, you can construct a simple 
device (figure) that uses an LH0033G ultrafast 
voltage follower to obtain a 50-MHz bandwidth. 

The probe's basic configuration presents an input 
capacitance of 8 pF shunted by an arbitrary 

r----------------------------, 
0.1 µF 

p 
9.1M 

I 
I 
I 
I 

input-bias resistor (here 9.1 mO), but you can 
enhance performance by adding a compensated x 10 
voltage attenuator, which lowers the input capaci­
tance to approximately 1 pF and extends the unit's 
input-voltage range. 

The probe's active portion drives a 500 coax, 
terminated at the oscilloscope; the scope itself 
furnishes the ± 15V required for the · probe's 
operation. 

Enclosing the probe in an E-Z Hook Type X-P 
housing proves a simple task, because the housing 
provides a place for the printed circuit. ll;DN 

To Vote For This Design, Circle No 450 

+15V} 
FROM 

'----------------0_15V OSCILLOSCOPE 

;{-----------------------,\ 
TO 
OSCILLOSCOPE ~-----------------------\ 

1M I 
I 
I 
I 
I 
I 

- I 
L-----~----------------------J 

E-Z HOOK TYPE X-P 

Obtaining signals from a high-impedance source with minimum loading proves a simple task for this active probe. 

Asynchronous serial buffer uses UART 
Brian Cayton 
Standard Microsystems, Hauppauge, NY 

When using amplifiers as repeaters in a serial data 
link, signal-distortion noise and jitter are amplified 
along with the desired signal. The circuit shown in 
the figure uses the receiver start-bit detection and 
receiver center-sampling features of a low-cost 
UART to reconstruct the incoming asynchronous 
data stream. 

The UART uses a clock 16 times the actual baud 

EDN SEPTEMBER 5, 1979 

rate to sample incoming data in the middle of a data 
bit. The internally generated sample strobe takes 
about 1 µsec, ensuring a distortion margin as well as 
noise immunity. 

You invert the receiver data-available flag (RDA) 
to provide the transmitter data strobe (TDS); this 
signal loads the parallel data from the receiver into 
the transmitter and initiates transmission. The 
receiver clock gates RDA to provide the receiver 
data-available reset, preparing the UART for the 
next word. The clock pulse's negative edge enables 
the RDA, guaranteeing ;m adequate TDS pulse 
width from de to 40k baud. 
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Design Ideas 

Using receiver start-bit detection and center sampling, this 
circuit can reconstruct an incoming data stream. 

ABCD BAUD RATE 
0 0 0 0 50 
1 0 0 0 75 
0 1 0 0 110 
1 1 0 0 134.5 
0 0 1 0 150 
1 0 1 0 300 
0 1 1 0 600 
1 1 1 0 1200 
0 0 0 1 1800 
1 0 0 1 2000 
0 1 0 1 2400 
1 1 0 1 3600 
0 0 1 1 4800 
1 0 1 1 7200 
0 1 1 1 9600 
1 1 11 19,200 

The programming of inputs A through D furnishes data.rates of 
50 to 19.2k baud. 

For maximum accuracy, a baud-rate generator 
provides the crystal-controlled 16 x clock. Program 
inputs A through D according to the table to obtain 
eight data bits, two stop bits and odd parity at the 
various data rates. EDN 

To Vote For This Design, Circle No 451 

Control µ,C-oscillator accuracy 

James J Farrell 
Motorola Semiconductor, Austin, TX 

Many µP applications backed up by batteries call for 
a real-time clock, or at least a highly accurate one. 
This timekeeping function has become even more 
critical today because of the frequency of brownouts 
and blackouts-the 60-Hz line current generated by 
the power company is very accurate, but not very 
reliable. 

A µP system using a real-time clock on a part- or 
full-time basis must operate within the specified 
accuracy of its system requirements, an accuracy 
that lies somewhere between that of a cesium atomic 
clock and a sand hourglass. But assume an accuracy 
requirement of 99.997685o/o-a number that's not 
entirely arbitrary, because it represents an error of 1 
min/month, which many manufacturers use as a 
quasi standard. Stated another way, this figure 
represents an error no greater than ±23.15 ppm. 

A µP with an on-board oscillator, such as the 

218 

Motorola MC6808, can solve the real-time-clock 
design problem with minimum parts count and high 
reliability. (The on-board oscillators on the higher 
performance MC6801, MC6803 and MC6809 are 
virtually identical in frequency performance to that 

Y, 

38~~~~~~--i~oL1--~~~~~~~--1~39 

38 

R, 

t-- 39 

Co -c
~ 

l~t------~ 

CRYSTAL PARAMETERS 

AT -CUT PARALLEL·RESONANCE CRYSTAL 

Ca =7 pf MAX 
FREQ' =4.0 MHz 
R1 = 50Q MAX 

'3.58 MHz AT-CUT CRYSTAL SHOULD HAVE 
SIMILAR CHARACTERISTICS 

Fig 1-Crystal specification proves crucial in determining the 
range of a system clock's accuracy adjustment. 
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How to put µP with the mad, mad 
world of product development. 

Futuredata launches 
support for 10 more 
processors. 

We can help you stay ahead in the 
race for new microprocessor-based 
product designs. Our universal 2300 
series Advanced Development Systems 
already support five chips . . . now 
we're adding support for ten more. 

Assemblers are available now for all 15 
processors. H igh level language com­
pilers, relocating macroassemblers, 
disassembling debuggers, in-circuit 
emulators and logic analyzers are 
ready now for the 8085, 8080, 6800, 
6802 and Z-80. T h is full level of 
software/ hardware support will be 

added in the 
coming year for ten 
more processors, giving you the 
widest choice of processors ever: 
8086, Z-8000,6809,3870,3872,3874, 
8048,6502, 1802,6801,8080,8085, 
6800, 6802 and Z-80. 

There is no finish line in th is race. To 
stay ahead you need a flexible, expand­
able development system and a sup­
plier with staying power: 2300 series 
advanced hardware/ software develop­
ment systems, stations and networks 
fro m GenRad/ Futuredata. Sales 
office: 6151 West Century Boulevard, 
Sui te 1124, Los Angeles, CA 90045. 
(213) 641-7200. TWX: 910-328-7202. 

Wescon Booth Nos. 1635-1637, 1736-1738. 

For more information, Circle No 104 
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Design Ideas 

38 39 

Fig 2-lnternal oscillator operation in the MC6808 µP relies on 
a special inverter between pins 38 and 39. 

38 
C2 

XTAL 
C2 =27 pF 

MC6808 
C3=~ipF 

C3 50 pF 
39 

EXT AL 

Fig 3-The temperature coefficients of the fixed and variable 
capacitors also contribute to frequency error. 

on the MC6808.) The oscillator operates at a 
frequency four times greater than the internal ¢2 
clock it develops-a provision that permits the use of 
a smaller, less expensive crystal. The MC6808 
divides the oscillator frequency by four, buffers it 
and sends it to the outside world on the E (Enable) 
output. 

Several factors determine overall system-clock 
accuracy; most are general oscillator-design consid­
erations, and a few are unique to the MC6808's 
oscillator: 

· The crystal's tolerance constitutes a major 

factor in determining the range of the accuracy 
adjustment; in itself, it does not determine the 
accuracy or stability of the oscillation frequen­
cy. It's important that the crystal be specified 
properly; Fig 1 details the specification of a 4.0-
or 3.58-MHz crystal. The recommended crystal 
tolerance (error) is ±50 ppm (indicating a 
reasonably inexpensive crystal). 
The oscillator, not the crystal, is the major 
source of frequency inaccuracy-a factor true 
for virtually all high-accuracy crystal-oscillator 
circuits. Fig 2 describes the internal operation 
of the MC6808 oscillator. The inverter between 
pins 38 and 39 is not the usual one; instead, it 
has special characteristics enabling it to operate 
properly with the specified crystal. The crystal 
operates in parallel resonance. 
The only other significant cause of frequency 
error lies in the temperature coefficients of the 
fixed and variable capacitors (Fig 3). A ±5%, 
27-pF mica capacitor is suggested for C2; a 
glass-piston adjustable unit (screw type), for 
Ca. 

Consider these frequency-error factors as nonin­
teractive (mutually exclusive). To achieve a total 
real-time error of 1 min or less per month, you'll have 
to constrain the ambient temperature and/or power­
supply (battery) voltage, but usually within a 
reasonable operating range. EDN 

To Vote For This Design, Circle No 452 

Gated oscillator maintains frequency 

Wayne H Sanford Jr 
Naval Air Development Center, Warminster, PA 

Standard gated oscillators, such as the one shown in 
Fig 1, typically exhibit a first cycle 10 to 20% longer 
than subsequent cycles. This period difference 
results from a difference in the average charge on 
capacitor C when the oscillator is off, compared to 
when it is on. 

You can correct this problem by using the circuit 
shown in Fig 2. When this circuit is off, the Ra, R4 
side of C is held to the average oscillator-output 
potential by the voltage divider; when the circuit is 
running, the 4016 switch connects that point to the 
oscillator's output. This configuration maintains a 
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c 

GATE INPUT 

Fig 1-The first cycle of a gated CMOS oscillator is typically 10 
to 20% longer than its subsequent cycles. 
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And Its Circle of "Special" Friends. 
Spectrol now offers a low-cost line of carbon-film 

trimmers that are fully-enclosed and available in two sizes -
the 5/8-inch Model 77 and the 3/8-inch Model 76. They come in nine 

standard configurations, as shown in the photo, and they are also available in 
a great variety of special configurations with various spindles, panel 

mounts, and other optional features. Resistance range is from 
100 ohms to 10 megohms. Send for a data sheet. 

Call for a quote or a free sampie. 

SpectrOI 
SPECTROL ELECTRONICS GROUP 

UNITED STATES Spectrol Electronics Corporation P.O. Box 1220, City of Industry, Calif. 91745, U.S.A. • (213) 964-6565 •TWX (910) 584 -1314 

UNITED KINGDOM Spectrol Reliance Ltd. Drakes Way, Swindon , Wiltshire, England •Swindon 21351 •TELEX: 44692 

ITALY SP Elettronica SpA Via Carlo Piscane 7, 20016 Pero (Milan) Italy• 35 30 241 •TELEX : 36091 

GERMANY Spectrol Electronics GmbH Oberauerstrasse 15, 8000 Munich 70 West Germany• (089) 7145096 •TELEX: 05-213014 

For more information, Circle No 105 



Design Ideas 

constant charge on C-the first cycle's period thus 
equals that of all other cycles. 

The R2C time constant determines the oscillator's 

+5V 

'!. 4016 

+5V 

4 2 CONSTANT-
3 FREQUENCY 

GATED 
OSCILLATOR 

'!. 4011 'I• 4011 OUT 

1N914 ":' 

R2 GATE INPUT 

Fig 2-Maintaining a constant charge on C stabilizes the output 
cycles. 

Readers have voted: 

Gary Griesmyer winner of the May 20, 1978 US 
Savings Bond Award. His winning design is 
"Clocked CMOS one-shot has no RC time con­
stant." Mr Griesmyer is with Naval Surface 
Weapons Center, Dahlgren, VA. 

Sigurd L Lillevik winner 
of the September 20, 1978 
US Savings Bond Award. 
His winning design is 
"Battery backup keeps 
CMOS RAMs alive." Mr 
Lillevik is with Utah State 
University, Logan, UT. 

George J Stahl winner of 
the October 5, 1978 US 
Savings Bond Award. His 
winning design is "TTL 
clock provides wide fre­
quency range." Mr Stahl is 
with the David W Taylor 
Naval Ship Research and 
Development Center, An­
napolis, MD. 
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GATE----- L 

R1C 

Fig 3-The time constant of R, and C determines each cycle 's 
up time; the down time is a function of R, and C. 

up time (Fig 3), while the R,C time constant 
determines the shorter down time. Keep R, greater 
than lOk. EDN 

To Vote For This Design, Circle No 453 

Sol L Black winner of the June 5, 1978 US Savings 
Bond Award. His winning design is "Use a 
3-terminal regulator as an emitter follower." Mr 
Black is with Western Electric, Columbus, OH. 

Nello Sevastopoulos and Jim Moyer winners of 
the September 5, 1978 US Savings Bond Award. 
Their winning design is "Microp<?wer reference 
stays stable." Mr Sevastopoulos and Mr Moyer are 
with National Semiconductor Corp, Santa Clara, 
CA. 

Henno Normet winner of the August 5, 1978 US 
Savings Bond Award. His winning design is 
"Detector protects 3-phase-powered equipment." 
Mr Normet is with Diversified Electronics, Evans­
ville, IN. 

Dan Dantuono winner of the April 20, 1978 US 
Savings Bond Award. His winning design is "Ramp 
generator features variable start/stop points." Mr 
Dantuono is with Fairchild Republic Co, Farming­
dale, NY. 

Paul M Brown winner of the April 5, 1978 US 
Savings Bond Award. His winning design is 
"Current limiters work with 3-terminal regulators." 
Mr Brown is with National Semiconductor Corp, 
Santa Clara, CA. 
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NEW DIGITAL MULTIMETERS THAT WORK 
THE WAY YOU DO. 

Featuring new continuity function. 
You do your job as well as it can be done. Now there's 

a line of digital multimeters from Beckman that does 
the same. A new generation of 3Yi -digit multimeters a step 
above all other digital and analog multimeters. We've 
combined the best of both to give you useful and easy-lo­
use features found in no other multimeter. 

Features like a unique contihuity test function. With 
Beckman's new Insta-Ohms ™quick continuity indicator, 
you no longer need an analog YOM for fast, convenient 
continuity checks. 

There's also 10-amp current rariges, in-circuit mea­
surement capability in all six-ohm ranges, a dedicated diode 
test function, and up to two years normal operation from a 
common 9V battery. 

The Model 3020 with all these features , 7 functions, 
29 ranges, and 0.1% Ydc accuracy, is only $170. 

These features are also available in the Model 3010 
with a 0.25% Ydc accuracy for just $130. 

Then the Model RMS 3030 features true RMS ac 
current and voltage measurement capability, and 0.1% Vdc 
accuracy, for only $190. 

Whichever model you choose, you get long-term 
accuracy and reliability, assured through the use of band­
gap reference elements, thin-film resistor networks, 
custom-designed CMOS LSI chips and more. 

So get the Beckman digital multimeter that does 
its job as well as you do yours. For information 
on the complete line and accessories, write or 
call your local distributor or the Advanced 
Electro-Products Division, Beckman Instruments, Inc., 
2500 Harbor Boulevard, Fullerton, CA 92634, 
(714) 871-4848, ext. 3651. 

BECKMAN 
EDN SEPTEMBER 5, 1979 

For more information, Circle No 106 
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"Let's face it. Anybody can 
give me a good price on a 
DIP socket. But where 
do I get all the best 
features without paying 
a premium?" 

Righi here. AMP 
All the high-performance features 

you need have been designed 
into the DI PLOMATE Sockets with 

one idea in mind: Reliability. 
We've incorporated an anti-overstress 

housing design to preserve contact 
spring integrity. Dual side-wiping 

contacts for double dependability. 
A unique closed bottom that prevents 

solder wicking and flux contamination. 
And a large target entry area 

for easy IC insertion-either by 
hand, or automation. 

In short, this socket meets stringent 
specifications for mainframe computers 

and has exceeded the performance 
requirements of MIL-S-83734. 

DI PLOMATE Sockets are 
only 175" high, supplied in 

8- to 40-positions, in glass-filled 
polyester with a temperature range of 

-55°C to 105° C. They are now available 
with either gold- or tin-plated contacts. 
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Most of these sockets are 
available for immediate delivery from 

local AMP stocking points. Simply 
call the AMP DIPLOMATE Socket 

Information Desk at (717) 564-0100, 
Ext. 8400. Or write AMP Incorporated, 

Harrisburg, PA 17105. 

AMP has a better way. 
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Some facts worth knowing 
about AMP DIPLOMATE Low 
Profile DIP Sockets. 
Principal features: 
A. Dual Wiping Contacts, with their 

redundant design, are much more 
reliable than single wiping 
contacts. In addition, the IC lead 
wipes only against the contact . It 
does not scrape plastic particles from the wall of the 
housing into the contact area where they can cause 
intermittancy problems. 

B. Anti-overstress Stop Wall inside each contact cavity 
prevents damage to the contact beams by bent or 
twisted IC leads or from oversize pins or probes. 

C. Large Target Entry Area of .050" x .050" makes hand 
loading of ICs both quick and easy. Virtually any 
automatic machine can handle it without stubbing 

because of the less critical X-Y 
tolerancing needed. 

D. Closed Bottom Design prevents flux 
and solder contamination of the 
contact area caused by the wicking 
action found in open designs during 
flow soldering. The c losed bottom 
holds solder tails rigid and straight to 
eliminate stubbing in the holes of a pc 

board during insertion . 

Where to telephone: For quick delivery on most of these 
sockets, cal I AMP DI PLOMATE Socket Information Desk 
(717) 564-0100, Ext. 8400. 

Where to write: AMP Incorporated, Harrisburg, PA 17105. 

AM P and OIPLOMATE are trademarks of AMP Incorporated 

AIVIP 
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The'lrapThat Launched 
A Thousand Chips 

Don 't wind up in the accuracy trap, complicating a project 
with space-consuming analog offset correction circuitry, 
trim pots, temperature-compensating components, and 
time-consuming software correction routines. If you 're 
shooting for overall accuracy in your data conversion 
application, speak to a pro at Micro Networks. We 've played 
the course and know the traps. We' ll save you time and 
money, and you won't hold up the show. We offer a full 
line of state-of-the-art A/D, D/ A dual-in-line converters 
for applications demanding highest accuracies, high 
speeds, compact sizes and broad temperature ranges. 

Take, for instance, our MN341212 Bit, four quadrant, 
multiplying D/A converter. Unlike most of its competitors, 
the MN3412 is complete with its own fast-sett I ing output 
amplifier. It is the most accurate 12 Bit DIA converter 
available, ten times as accurate as its nearest competitor. 
The MN3412 delivers ± 1 /2 LSB linearity (worst case) and 
holds ± 1 LSB absolute accuracy from - 55°C to + 125°C. 

We are the industry 's recognized leader in high reliability 
DIP data conversion products. In the last seven years, 
Micro Networks has introduced over 25 industry firsts, 
and we now offer over 200 standard devices with 
resolutions to 16 Bits and conversion speeds to 200 nSec. 
They include single package data acquisition systems, 
programmable-gain amplifiers, single and multi-channel 
sample/hold amplifiers, and instrumentation amplifiers. 
If it looks as though you're going to have to chip your way 
out of a project trap, contact Micro Networks Corporation, 
324 Clark Street, Worcester, Mass. 01606. Telephone: 
(617) 852-5400; TWX: 710-340-0067. 

Wake Up To Micro Networks ... Our Products Solve Your 
Toughest Problems. 

J¥.\if ML£!~F ~!!rfo~!~! 
For more information, Circle No 108 



Feature Products 

Cartridge disc and software 
up development-system performance 
.~ntended to offset the growing 
costs of software dev1lopment, 
the Intellec Series II Model 240 
provides 7.3M bytes of hard disc 
to handle larger files and 
achieve faster response times 
than floppy-based predecessors. 

The system's software sup­
ports the latest release of 
8086-family software (PL/M 
compiler and ASM-86 assem­
bler) and the CREDIT screen­
oriented editor. The latter 
allows you to type code, view it 
on the screen, correct errors and 
move the code to disc. Optional 
software permits scanning the 
disc's files for previously 
entered lines. 

Series 3000 bipolar technology 
implements the system's disc 
controller. This 2-board inter­
face supports two drives: The 
channel board receives, decodes 
and responds to channel 
commands, while the interface 

Providing Increased performance and program capacity compared with its 
predecessors, the lntellec Series II Model 240 development system comes with a 
cartridge disc that decreases system response time. 

board validates data (during 
read cycle) with a cyclic­
redundancy check. 

The balance of the develop­
ment system's hardware in­
cludes its own CPU, 64k of 
RAM, a CRT with detachable 
keyboard, and interface circuit­
ry that allows you to add a 
paper-tape punch/reader, print-

er or PROM programmer. A 
slave µP (8080A) handles all I/O 
functions and has its own 8k of 
ROM firmware and 8k of RAM 
for screen refresh. $21,990, 
including installation and on-site 
checkout. 

Intel Corp, 3065 Bowers Ave, 
Santa Clara, CA 95051. Phone 
(408) 987-8080. Circle No 459 

Space-saving, low-cost pro~otype boards 
use insulation-displacement contacts 
This point-to-point wiring sys­
tem uses insulation- dis­
placement techniques rather 
than wire-wrapping posts to 
greatly increase the packaging 
density of prototype pc boards. 
In fact, Quick/Connect WQC 
Series boards, sockets and 
terminals achieve a 40% space 
savings compared with 2-level 
wire-wrapping hardware; they 
permit a board profile of only 
0.250 in. Thus, prototype boards 
can be accommodated in the 

EDN SEPTEMBER 5, 1979 

same enclosure racks as finished 
units. 

Making wiring connections is 
a simple process: Just push a 
30-gauge solid-conductor hook­
up wire into a slot in a terminal 
or socket. The insertion doesn't 
break the conductor and allows 
you to proceed to the next point 
in a daisy-chain wiring scheme 
with the minimum number of 
connections. Moreover, no wire 
stripping is needed; cutting is 
required only at end points, and 

Wiring Is point to point on the 
Quick/Connect socket board; each 
connection has input and output 
potential. Because the slot on each 
socket or terminal accepts two wires, 
this low-profile (0.250-in.) assembly is 
equivalent to a 4-level wire-wrapping 
board. 

227 



228 

Feature Products 

the resulting connections are 
easy to repair or modify. Each 
terminal or socket accepts two 
wires, equivalent to four 
wire-wrapping connection&. 

The board's gold-plated 
beryllium-copper 110 terminals 
come without internal contact 
springs and are designed for a 
compliant fit with 0.035-in.­
diameter plated-through holes. 
They require no special solder­
ing step to maintain electrical 
contact to the pc board. 

A proven 4-fingered contact 
design is used in the system's 
sockets; contacts fit a 0.065-in.­
diameter hole. Corner chamfers 
on the slot profile provide 
built-in strain relief, while a 
wire stop prevents component 
leads from disturbing the 
interconnect wiring and posi­
tions the wires properly in the 

Slot shape in Quick/Connect sockets 
and terminals is specially designed to 
act as a strain relief to prevent hookup 
wire from breaking during the intercon­
nection process. 

tine. Heat treating minimizes 
wear and deformation of the 
slot. 

Sockets and terminals are 
available on strips for mass 
insertion, with tooling available 
for customer installation. How­
ever, the manufacturer can also 
preinstall the components in a 
customer-supplied pc board or 
provide universal-style packag­
ing panels. The latter accept 
DIPs on 0.300-, 0.400- and 

0.600-in. centers and come in 
sizes containing one to six 
groups (each group measures 
2.675 in. wide.) The companion 
CH-1 Series packaging system 
holds two 6-group boards. 

Model WQC-UNI-1 socket 
board ($65.40) contains one 
group and measures 6.875x 
2.675 in. QC-5068-175G socket, 
$0.09 (1000); QC-175-G terminal, 
$0.06 (1000). Support includes 
the Model QCT-1 hand wiring 
tool ($8.45) and the Model 
QCT-10 die set ($130), which 
presses up to 10 sockets or 
terminals into a board at one 
time. Volume customer board­
assembly equipment is currently 
being developed. 

Robinson-Nugent Inc, 800 E 
Eighth St, New Albany, IN 
47150. Phone (812) 945-0211. 

Circle No 460 

SNAPPER 

STANDARD AND CUSTOM 
INTERCONNECTS SOLDER PLUG 

TERMINAL PIN 

• Fixed . . ...... . Terminal pins and 
solder plug 

• Removable .. . . . ... Snapper series 

• Supplied on continuous strip or cut 
to length at no extra charge. 

• Snapper series connectors are 
available in the following standard 
angles: 30° , 45° , 90°. 

• Material ..... Copper based alloys 

• Finish .. . ... . . Pre-tinned for good 
solderabillty. 

Free samples and catalog 
sent upon request. 

•for your future needs, don't forget 
to ask about SIP Connector. 

recisiori 
oriceptcS, Irie. 

15958 Ocean Avenue 
Bohemia, New York 11716 

(516) 567-0995 
TWX 510-228-2611 

For more information, Circle No 112 

LONG TAIL SNAPPER 
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Expanding the parameters 
of press-fit technology 

New press-fit J.C. socket offers lower cost, 
higher density and cooler operation. 
Low Cost 
Using a conventional precision 
screw machine contact, press-fit into 
the circuit board , this new socket is a 
major improvement over time­
proven packaging methods . This 
innovative conversion to press-fit 
techniques greatly increases cost 
effe~tiveness by reducing need for 
external wiring and the elimination 

ri 
complex and expensive multilayered 
boards. 
Cooler Operation 

Since the socket stands up off the 
board, air flow aids in heat dissipa­
tion giving you much cooler operat­
ing temperatures. This is especially 

of soldering. 
Characteristics of the new socket al­
low us to selectively plate a portion of 
the tails with significant savings in 
gold plating. 
High Density-Greater Design Freedom 
The new socket stands rather high on the 
board (.190")-but with good reason. 
The .062 pad now allows a trace to be run 
between contact holes for greater circuit 
density. This should allow a drop from a 
3-wrap tail to a 2-wrap - or no tail at all. 
The 2-wrap offers about the same spacing 
as a conventional low profile socket with 
3-wrap tail. Used in an Elfab Multi-Pac® 
system, you can get up to six planes of 
circuitry on a modular daughter board or 
backpanel. You eliminate the need for 

significant with higher pin count 
I C's. 
Oriented Contact - both clip and 
contact tail. 
Clip is so oriented that the four con­
tact tines are in perfect alignment 
with the IC lead. Each tail is oriented 

square and parallel with the · others to 
accept a mating connector when desired . 
An Elfab exclusive! 
For additional information contact: 

~·~ELFAB ,, 
The Leader in Press-fit Technology 

P. 0 . Box 34555 •Dallas , Texas 75234 • 214-233-3033 

For more information, Circle No 113 
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• Extensive product line of discs 
and monolithics 

• Large-scale volume capability 

• Over 200 U.S. distributors 

• Multinational manufacturing sites 

• Worldwide availability 

At Centralab you'll find a range of types, values, 
voltages, lead configurations, encapsulation and 
packaging that offers solutions to your ceramic 
capacitor needs. Our ceramic discs; monolithic chip, 
axial and radial leaded capacitors give you a wide 
selection, all from a single source. 

And at Centralab, service is spec;ial too. We back 
our broaq line with high volume manufacturing 
plants in five countries and a distribution system 
that's second to none. There are 75 worldwide Sales 
Representative offices and over 200 Industrial 
Distributors waiting to serve yoµ. Our catalog will 
show you the unparalleleq selection of ceramic 
capacitors and service available from Centralab. For 
a copy, call your Centralab Sales Representative or 
write us. 

~ ..... .. _. 

~ 
CENTRALAB 

ELECTRONICS DIVISION 
GLOBE-UNION INC. 
71 58 Merchant Avenue 
El Paso, Texas 7991 5 

... 

CERAMIC CAPACITORS• POTENTIOMETERS· SWITCHES• THICK FILM CIRCUITS 
For more information, Circle No 114 



... call your Centralab 
Sales Representative 

ALABAMA 
Huntsville 
Cartwright & Bean, Inc. 
(205) 533-3509 
ARIZONA 
Phoenix 
Clemick-Neenan & 
Assoc. 
(602) 279-7649 
CALIFORNIA 
Palo Alto 
Brooks Technical 
Group 
(415) 328-3232 
Sherman Oaks 
Clemick-Neenan & 
Assoc. 
(213) 990-3150 
Tustin 
Clemick-Neenan & 
Assoc . 
(714) 54 7-0966 
COLORADO 
Denver 
Electro-Rep. Inc. 
(303) 744-2821 
CONNECTICUT 
Meridian 
Centralab 
(203) 235-0770 
FLORIDA 
Ft. Lauderdale 
Cartwright & Bean, Inc. 
(305) 735-4900 
Orlando 
Cartwrigh t & Bean, Inc. 
(305) 422-4531 
GEORGIA 
Atlanta 
Cartwright & Bean, Inc. 
(404) 255-5262 
HAWAII 
Honolulu 
Dougherty Enterprises 
(808) 847-4144 
ILLINOIS 
Des Plaines 
Centralab 
(312) 827-4487 
INDIANA 
Indianapolis 
Les M. DeVoe Co. 
(317) 842-3245 
IOWA 
Cedar Rapids 
Jerry Vrb1k Co. 
(319) 366-8733 
KANSAS 
Shawnee Miss ion 
Lowell-Kangas & 
Assoc . 
(913) 631 -3515 
LOUISIANA 
Metairie 
Cartwright & Bean, Inc. 
(504) 835-6220 
MARYLAND 
Columbia 
Bresson Assoc. Inc. 
(215) 664-6460 
MASSACHUSEns 
Needham 
Centralab 
(617) 444-4 781 
MICHIGAN 
Lathrup Village 
Centralab 
(313) 559-9095 
St. Joseph 
Centralab 
( 616) 983-0233 
MINNESOTA 
Minneapol is 
Centralab 
(612) 831-5212 
MISSISSIPPI 
Jackson 
Cartwright & Bean, Inc. 
(601) 981 -1368 

MISSOURI 
St. Lou is 
Lowell-Kangas 
(314) 821 -4050 
NEW JERSEY 
Paramus 
Centralab 
(201) 262-6716 
NEW YORK 
Albany 
Reagan/Compar Albany 
(518) 489-7408 
En dwell 
Reagan/Compar Albany 
(607) 723-8743 
Fa irport 
Reagan/ Compar Albany 
(716) 271 -2230 
New Hartford 
Reagan / Compar Albany 
(315) 732-3775 
NORTH CAROLINA 
Charlotte 
Cartwright & Bean, Inc. 
(704) 377-5673 
Rale igh 
Cartwright & Bean, Inc. 
(919) 781 -6560 
OHIO 
Cleveland 
Centralab 
(216) 526-1205 
Columbus 
Centra lab 
(614) 888-2150 
OREGON 
Portland 
Centralab 
(503) 620-1611 
PENNSYLVANIA 
Narberth 
Bresson Assoc. Inc. 
(215) 664-6460 
TENNESSEE 
Knoxville 
Cartwright & Bean, Inc. 
(615) 693-7450 
Memphis 
Cartwright & Bean, Inc. 
(901 I 276-4442 
TEXAS 
Austin 
Centra lab 
(512) 454-9529 
El Paso 
Centra lab 
(915) 779-3961 
Farmers Branch 
Centralab 
(214) 243-8791 
VIRGINIA 
Lynchburg 
Bresson Assoc . Inc. 
(215) 664-6460 
WASHINGTON 
Bellevue 
Centralab 
(206) 454-7754 
WISCONSIN 
Milwaukee 
Centralab 
(414) 228-2122 
PUERTO RICO 
Hato-Rey 
M. Anderson Co ., Inc. 
(809) 751 -2026 
CANADA 
BRITISH COLUMBIA 
North Vancouver 
Arwin Tech Sales Ltd . 
(604) 980-4346 
ONTARIO 
Ajax 
McHugh Electronics 
(416) 683-1540 
QUEBEC 
Ste. Dorothee Laval 
Harnett Enterprises 
(514) 689-4184 

New Products 

ICs & SEMI­
CONDUCTORS 

---
12-BIT DAC. Pin compatible with 
562-type converters, the DAC862 
2-quadrant multiplying DAC offers 
V•-LSB nonlinearity, :t: 5-ppm/°C maxi­
mum gain drift and :t:4-ppm/°C bipolar 
offset drift. Monotonic over its operating­
temperature range, the 24-pin DIP has a 
3.5-µ.sec settling time. Used as a 
multiplier, it has a minimum accuracy of 
:t:0.05%. The 2-chip hybrid device 
requires - 15V and either + 5 or + 15V 
supplies , along with an external 
reference voltage. $24 (100) . Burr­
Brown, Box 11400, Tucson, AZ. 85734. 
Phone (602) 746-1111 . Circle No 240 

FAST TRANSISTORS. MJ8500 Series 
npn fast-switching power transistors can 
operate directly off a 220V line. Designed 
for high-voltage, high-speed power 
switching in inductive circuits, they offer a 
range of V CEOi•u•> ratings up to 800V and 
maximum le ratings as high as 1 OA. The 
specified reverse-biased-switching 
safe-operating areas extend switching 
ratings to 1400V. All devices come in 
T0-3-shaped packages. From $2.15 
(100) (lc=2.5A, VcE0=700V, t,= 2 µ.sec at 
1 A). Motorola Semiconductor Prod­
ucts Inc, Box 20912, Phoenix, AZ. 
85036. Phone (602) 244-6900. 

Clrcle No 241 

K1 152A ~ CMO~NMOS . r . 
COMPATIBLE ·. 

LOCO II 

K1100A 

TTL 
COMPATIBLE 
CRYSTAL 
CLOCK 
OSCILLATORS 

K1091A 

are the 

K1150A 
CMOS 
8041 /8741 
DRIVER 

industry standard! 
HERE'S WHY: 
1t/ the widest line of thick film 

crystal clock oscillators 
available anywhere. 

lif frequency stability to match 
your application . 

.J frequencies as low as 25 kHz , 
as high as 70 MHz. 

lif logic outputs for TTL, CMOS, 
ECL, NMOS, dual comple­
mentary TTL. 

ti volume production capability , 
fast prototype delivery. 

'ti DIP packaging saves board 
space, assembly time. 

1§( in-house control , from quartz 
growing through thick-film 
processing . 

Send today for more information 
on the clock oscillator to fit your 
application. 

@ MOTOROLA INC. 

COMPONENT PRODUCTS 
2553 N. Edgington 
Franklin Park , IL 60131 

For more information, Circle No 116 
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Bowmar's new analog APM· 1 oo 
1 1 11 · UiVes YOU Whal other New Products 

oanel meters don't 
There is no other panel meter like our new 
APfv1 -100. The LED bargraph display can be lit 
from zero to full 3" scale with 2.5 msec response 
a nd 1 % resolution. High input impedance - well 
in excess of needle APM's. High reliability. 
Completely solid state; immune to vibration. 
sticking, and over-travel. No high voltages. no 
blurred numbers. Overrange and underra nge 
indicators. Full scale and zero adjust. Center 
zero, d ifferential input, autopolarity and 
brightness control options. New. Unique. Smart, 
trim design. Great way to design your panels for 
up-to-the-minute styling. Space saving. too. 
Send for complete information on our new 
APM-100. It gives you what the others don't ! 

Rugged, easy-to-mount. 
14 standard ranges: 8 scales. 
Custom sca les ava ilable. 

232 

Bowmar/ ALI Inc. 
531 Main Street. Acton. MA 01720 
617 / 263-8365 / TWX (710) 347-1 441 

For more information, Circle No 117 

Rustrak 
miniature OEM trend recorderS 

"Any way you like them" ... 
AC, DC, temperature, event, any trend function. 

Features 
• Pressure writing 
• Galvo or servo 

models 
• Reroll or tearoff 

chart • 
• Interchangeable 

gear trains 
•Custom 

nameplate 
• Manual chart 

advance 
•Slide open 

access window 

• Quick chart 
review 

• Table or panel 
mounting 

• Single or multi ­
channel units 

•Longterm 
unattended 
operation 

• Lowest power 
consumption 

• Rugged die cast 
case 

Options/ accessories 
• Custom colors • Integral 
• DC operation controller 
• Custom chart • Carrying handles 

papers • Dual unit 
• Time sharing enclosures 
• Extended view • "Print on com-
• Rack mounting mand" feature 

panels 
• Weatherproof 

enclosures 
• Event markers 

Send for comprehensive 32 page catalog. 

ltcn® _gu 
Measurement & Control Systems Dlwblon 

Gulton lndustnes Inc., East Greenwich, Rhode Island 07818 40 1-884·6800 • TWX 7 10·387-1500 

See us at Wescon, Booth 1355-1357. 

For more information, Circle No 118 

4k VMOS RAM. Featuring the industry­
standard 55-nsec access time , the 
S2147-3 VMOS RAM is organized as 
4kx 1 bits; a slower version (S2147-5) 
has a 70-nsec access time. Both models 
are fully TTL compatible Cjnd use a + 5V 
supply. Fully static, they need no clocks 
or refresh cycles. The 18-pin chips 
include an automatic power-down 
capability. $26 (1000) . Delivery, 75 days 
ARO. American Microsystems Inc, 
3800 Homestead Rd , Santa Clara, CA 
95051 . Phone (408) 246-0330. 

Circle No 242 

CRT SHIFT REGISTER. Claimed to be 
the only 8-byte-wide shift reg ister, the 
MM5034 finds use with a DP8350 CRT 
controller. Together , they simplify 
applications in CRT-terminal designs 
which make heavy use of memory to 
update screen information. The 22-pin 
device has TTL-compatible inputs and 
outputs, runs on + 5V and contains 
Tri-state output buffers. A 20-lead 
version , the MM5035, omits the Tri-state 
feature. MM5035, $8.16; MM5034, $8.40 
(100) . National Semiconductor, 2900 
Semiconductor Dr, Santa Clara, CA 
95051 . Phone (408) 737-5000. 

Circle No 243 

4k RAM. The EA2114L 1kx 4-bit static 
RAM offers five access-time options 
ranging from 150 to 450 nsec. TTL 
compatible and operable on a + 5V 
supply, th is 18-pin unit features wide 
design margins including ± 10% supply 
tolerance and 80°CfW package thermal 
resistance. 450-nsec EA2114L, $7.65 

ED N SEPTE MBE R 5, 1979 



SORENSEN Modular 
Switching 

Power Supplies 

Sorensen is the source for three different types of 
modular switching power supplies. 96 different models. 
8 package sizes. 5 year warranty. 

5 year warranty 
( A R•ythmon Company ) 



Three different types of switching power supply 

SSD Series 

Ill lllA IVB VIA 

Now Sorensen offers you three 
different types of modular switching 
power supply. Will one meet your 
requirements? 
The Sorensen SSD series, STM series 
and SLC series offer 202 different 
input I output voltage configura­
tions from 96 different models in 
only 9 different packages. A broad 
selection; but simple to specify. 
Simple to specify, because Soren­
sen has over 35 years experience in 
building power supplies. Series 
pass (linear), phase control, pre­
regulated; as well as high frequency 
switching. Experience in millions of 
different applications. Experience 
we put into every product. 
Reliability: Every Sorensen switch­
ing power supply is conservatively 
designed. Components run well 
below their specified ratings. All 

models below 1000 watts are con­
vection cooled offering improved 
efficiency and reduced heat dissi­
pation problems. 
Versatility: Multiple input capabil­
ity is standard on every Sorensen 
switcher. The SSD series offers 
115/220 Voe input selectable from 
the terminal board. The STM series, 
with 40 models, offers all output 
voltages from 3V to 56Vdc. Output 
voltage adjustment ranges on the 
STM offer a designer the flexibility to 
match a wide variety of load char­
acteristics. 
Performance Vs. Cost: If you're 
looking for tight specifications and 
outstanding performance. The SSD 
series will meet your requirements. If 

SLC 

x 

you can live with a little less perform­
ance at a lot less dollars, take a 
look at the SLC series. 
Five year Warranty: Every Soren­
sen switcher is covered by a com­
prehensive five year warranty. War­
ranty service is available from the 
main factory or any factory fran­
chised service center throughout 
the world. Alternatively customers 
may re-calibrate, trouble-shoot or 
repair products as described in the 
instruction manual without voiding 
the warranty. Warranty replace­
ment parts are available to cus­
tomers at no charge. 
The unused portion of the warranty 
is fully transferable from the original 
purchaser if the supply is a compo­
nent in the original purchaser's 
product or system. 

After five years, spare parts and 
service are available at a reason­
able charge from all field service 
representatives and the 
main factory. 



eries STM Series 

2 3 4 Ill 

General Specifications 

SSD 
Nominal output Voltage (Vdc) 5to48 

Max. Output power (Watts) 1.125 

Efficiency (depending on Model) 65to80% 

Input Voltage Vac 110/ 220 

Vdc 255-345 

Hold-up Time (full load minimum) 40ms 

Parallel Operation x 
OveNoltage Protection x 
Overload-Protection / Current Limiting x 
Remote Sensing x 
Remote Programming x 
Soft Start x 
Logic Shutdown x 

Detailed specifications are on the following pages. 

lllA IVA 

STM 
3.5 to48 

780 

60to80% 

110 

127-173 

15ms 

x 
x 
x 
x 
x 
x 

Modular 
Switching 

Power Supplies 

VI 

SLC 
5to24 

150 

63to81% 

110 

120-165 

30ms 

x 
x 
x 
x 



SSDSeries 

STM Series 

SLC Series 

Features 
O 36 Models, 5V to 48Vdc with 
power levels up to 1, 125 watts 
O 115/220Vac or 255-345Vdc input 

O Wide range output voltage 
adjustment 
O Built-in adjustable overvoltage 
protection on all models 
O Adjustable current limiting (20% 
to 150% full load current) 
O Low ripple and noise through the 
use of double stage filtering 
0 Hold-up time minimum 80ms half 
load, 40ms full load 

0 U.L. listed 
0 5 year warranty 

Features 
0 40 Models. 3.5V to 48Vdc with 
power levels up to 780 watts 
0 105-132Vacor127-173Vdc input 
0 Wide range output voltage 
adjustment 
0 Built-in adjustable overvoltage 
protection on all models 
0 Adjustable current limiting (50% 
to 150% full load current) 
0 Low ripple and noise 
0 5 year warranty 

Features 
O 20 Models, 5V to 24Vdc with 
power levels up to 150 watts 
O 92-127Vdc or 120-165Vdc 
0 Wide range adjustable output 
0 High Efficiency (up to 81%) 
0 Built-in overvoltage protection 
adjustable to within 25% of voltage 
setting 
0 Overload protection / automatic 
current limiting starting at 115% full 
load 

Specifications 
Input 
Voltage: 98-132Vac single phase 
187-250V ac single phase 
255-345V de 
SSD 5-225 (1,000 Watt unit) : 
105-125Vac single phase 
210-250Vac single phase 
275-325Vdc 
Frequency: 47-440 Hz operation 
without derating 
360-440 Hz (Double rms ripple spec) 
Output 
Regulation: 
Line: 0.01% +1mV 
Load: 0.01% +1mV 

Specifications 
Input 
Voltage: 
105-132V ac single phase or 
127-173V de 
Frequency: 
50-440 Hz operation without 
derating. 
Output 
Regulation: 
Line: 0.025% + 1mV 
Load:0.025% + 1mV 
Ripple: 
Typical, 5mV rms, 30mV pk-pk. 
Maximum, 10mV rms, 50mV pk-pk. 

0 Remote sensing and shutdown 
0 5 year warranty 

Specifications 
Input 
Voltage: 92-127V ac single phase 
or 120-165V de 
Frequency: 47-440 Hz operation 
without derati ng 
Brown Out Protection: 115Vac, 
+ 10%, - 20% 
Output 
Regulation: 
Case1 



{ 
Ripple: 
Typical : 5mV rms, 20mV pk-pk 
Maximum : 8mV rms, 50mV pk-pk 
SSD 5-225 (1 ,000 watt unit) 
Typical : ?mV rms , 80mV pk-pk 
Maximum : 10mV rms, 100mV pk-pk 
Temperature Coefficient: 
0.01 % maximum per °C 
Stability: 0.05% maximum for 24 
hours after warm-up of 30 minutes 
Transient Response Time: Out­
put voltage returns to within 1 % in 
less than 1.5ms following a step 
load change of 25% to 75% or 
75%to25%. 
Overshoot: Less than 1 % on turn­
on, turn-off or power failure. 

Temperature coefficient: 
0.01 % maximum per °C 
Stability: 
0.05% for 24 hours after warm-up of 
30minutes. 
Transient response time: 
Output voltage returns to within 
± 1% in less than 1ms following a 
step-load change for either 50% to 
100% or 100% to 50% of full load. 
Overshoot: 
No overshoot on turn-on, turn-off or 
power failure. 
Hold-up time: 
Full regulated voltage holds up for 
15ms after removal of power at full 
load and nominal input and output 
voltages. (30ms for half load). 

Line: 0.3% maximum 
Load: 0.2% maximum 
Case 2, 3 and 4 
Line: 0.1% maximum 
Load : 0.1% maximum 
Ripple: 5V models 
Maximum, 50m V pk-pk 
9V-24V models 
Maximum, 100mV pk-pk 
Temperature Coefficient: 0.02% 
maximum per °C 
Stability: 0.1% maximum for 8 hours 
after 30-minute warm-up. 

Operating Data 
Efficiency: 65 to 80% depending 
on model. 
Remote Sensing: Terminals are 
p rovided on front panel. As long 
as terminal voltage remains within 
specified range, there are no basic 
limitations on load lead drop. 
Remote Programming: 
Resistance remote programming 
1000/ Volt 
Voltage remote programming 
Volt / Volt 
Remote shutdown: Output volt­
age can be shut down by placing 
100 ohms or less in shutdown circuit. 
TIL compatible. 
Serles Operation: Up to 100Vdc 
maximum output. 

Operating data 
Efficiency: 
60 to 80% depending on model. 
Remote sensing: 
As long as terminal voltage does 
not exceed maximum output rating 
there are no basic limitations on 
load lead drop. 
Remote programming: 
Resistance remote programming; 
1000!1/ V 
Voltage remote programming; 
Volt / Volt 
Series operation: 
200V de maximum output. 
Parallel operation: 
May be directly paralleled without 
derating. 

Transient Response Time: Output 
voltage returns to within ± 0.5% in 
less than 1.5ms maximum at 150V ac 
following a step load change from 
50% to 100% of full load. 
Overshoot: No overshoot at turn­
on , turn-off or power failure. 
Hold-up Time: Full regulated volt­
age holds up for 30ms after removal 
of power at full load and nominal 
input and output voltages. 
Operating Data 
Series/Parallel Operation: Up to 
4 units maximum. 

Modular 
Switching 

Power Supplies 

Parallel Operation: May be 
directly paralleled without derating. 

Soft-start: In-rush current is limited 
by soft-start c ircuit. 
Isolation (Breakdown test) : 
2.1kV de input to chassis 
2.1kV de input to output 
500V de output to chassis 
Ambient Operating Temperature: 
Oto ?O"C 
Storage Temperature: - 55 to 
+ 85°C 
Cooling: Convection cooled 
(except SSD 5-225-fan cooled). 
Finish: Textured blue thermal paint. 

Soft start: 
In-rush current is limited by soft-start 
circuit. 
Isolation (breakdown test): 
1.3kV de input to chassis. 
300 V de output to chassis. 
Ambient operating tempera­
ture: 
Oto +70"C. 
Storage temperature: 
- 40 to +85°C. 
Cooling: 
Conveclion cooled. 
Finish: 
Textured blue thermal paint 

Isolation: 1.5kVac or 500V de 
input to output terminals or case; 
resistance 30 megohms minimum. 
Ambient Operating Tempera­
ture: -10 to + 70°C 
Storage Temperature: - 25 to 
+ 85°C 
Cooling: Convection Cooled 
Finish: Textured blue thermal paint 



Model Specifications 
Output Voltaie Current Input Regulation Rip pie Case Price 
Adjustment ( de) @ 40" C Voltage Line Load mVrms mVpk-pk 

Min. Max. Voe (lyp ) (lyp) 

3.5 Volt 
STM 3.5-24 3.0 4.5 24 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 Ill 
STM 3.5-36 3.0 4.5 36 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 lllA 
STM 3.5-60 3.0 4.5 60 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 IVA 
STM 3.5-100 3.0 4.5 100 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 VI 

5 Volt 
SLC 5-5 4.5 5.5 5 115Vac • 120-165Vdc 0.3% 0.2% 50 (max) 1 $155.00 
SLC5-10 4.5 5.5 10 115Vac • 120-165Vdc 0.1% 0.1·% 50 (ma x) 2 205.00 
SLC5-20 4.5 5.5 20 115Vac • 1 20- 165Vdc 0.1% 0.1% 50 (max) 3 250.00 
STM5-24 4.5 6.0 24 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 Ill 350.00 
SSD5-30 4.7 6.5 30 115/220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 Ill 345.00 
SLC 5-30 4.5 5.5 30 115Vac • 120-165Vdc 0. 1% 0.1% 50 (max) 4 300.00 
STM 5-36 4.5 6.0 36 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 lllA 460.00 
SSD5-45 4.7 6.5 45 115/220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 lllA 470.00 
STM5-60 4.5 6.0 60 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 IVA 625.00 
SSD 5-75 4.7 6.5 75 115/ 220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 IVB 650.00 
STM 5-100 4.5 6.0 100 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 VI 800.00 
SSD 5-120 4.7 6.5 120 115/220Vac • 255-345Vdc 0.01% + 1mV 0.01%+1mV 5 20 VIA 790.00 
SSD 5-1 50 4.75 5.25 150 115/220Vac • 255-345Vdc 0.01%+1 mV 0.01% + 1mV 5 20 VIA 950.00 
SSD 5-225 4.75 5.25 22_5 115/ 220Vac • 255-345Vdc 0.01% + 1mV 0.01%+1mV 7 80 x 1450.00 

9 Volt 
STM9-12 6.0 10.0 12 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 Il l $ 
SSD 9-20 6.5 9.5 20 115/220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 Ill 345.00 
STM9-20 6.0 10.0 20 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 lllA 
SSD9-30 6.5 9.5 30 115/220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 lllA 470.00 
TM9-30 6.0 10.0 30 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 IVA 

SSlJ 9-50 6.5 9.5 50 115/ 220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 IVB 650.00 
STM9-50 6.0 10.0 50 115Vac • 127- 173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 VI 
SSD9-80 6.5 9.5 80 115/220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 VIA 790.00 

12 Volt 
SLC12-2 10.8 13.2 2 115Vac • 120-1 65Vdc 0.3% 0.2% 100(max) 1 $155.00 
SLC12-4 10.8 13.2 4 115Vac • 120-165Vdc 0.1 % 0.1% 100(max) 2 205.00 
SLC 12-8 10.8 13.2 8 115Vac • 120-1 65Vdc 0. 1% 0.1% 100 (max) 3 250.00 
STM 12-12 9.5 13.5 12 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 Ill 350.00 
SLC12-12 10.8 13.2 12 115Vac • 1 20-165Vdc 0. 1% 0.1% 100[max) 4 300.00 
SSD12-15 9.5 13.0 15 115/220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 Ill 345.00 
STM1 2-20 9.5 13.5 20 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 lllA 460.00 
SSD 12-22 9.5 13.0 22 115/220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 lllA 470.00 
STM 12-30 9.5 13.5 30 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 IVA 625.00 
SSD 12-38 9.5 13.0 38 115/ 220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 IVB 650.00 
STM12-50 9.5 13.5 50 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 VI 800.00 
SSD 12-60 9.5 13.0 60 115/220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 VIA 790.00 

15 Volt 
SLC15-1 13.5 16.5 1 115Vac • 120-165Vdc 0.3% 0.2% 100[max) 1 $155.00 
SLC 15-3 13.5 16.5 3 11 5Vac • 120- 165Vdc 0. 1% 0.1% 100(max) 2 205.00 
SLC 15-6 13.5 16.5 6 115Vac • 120-165Vdc 0. 1% 0.1% 100(max) 3 250.00 
STM15-10 13.0 17.0 10 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 Ill 350.00 
SLC15-10 13.5 16.5 10 115Vac • 120-165Vdc 0. 1% 0.1% 100(max) 4 300.00 
SSD15-12 13.0 17.0 12 115/ 220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 Ill 345.00 
STM 15-15 13.0 17.0 15 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 lllA 460.00 
SSD15-18 13.0 17.0 18 115/220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 lllA 470.00 
STM 15-24 13.0 17.0 24 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 IVA 625.00 
SSD 15-32 13.0 17.0 32 115/220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 IVB 650.00 
STM 15-32 13.0 17.0 32 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 VI 800.00 
SSD 15-45 13.0 17.0 45 115/220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 VIA 790.00 



Modular 
Switching 

Power Supplies 

Model Specifications 
Output Volta~,8 Current Input Regulatlon Ripp le Case Price 
Adjustment( de) @40"C Voltage Line Load mVrms mVpk-pk 

Min. Max. Voe (typ) (typ) 

18 Volt 
STM 18-10 16.0 20.0 10 115Vac • 127- 173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 Ill $ 
SSD 18-10.5 16.0 21 .0 10.5 115/220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 Ill 345.00 
STM 18-15 16.0 20.0 15 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 lllA 
SSD 18-16 16.0 21 .0 16 115/220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 lllA 470.00 
STM 18-24 16.0 20.0 24 115Vac•127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 IVA 
STM 18-32 16.0 20.0 32 115Vac•127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 VI 

20Volt 
SLC20-1 18.0 22.0 1 115Vac • 120-165Vdc 0.3% 0.2% 100(max) 1 $155.00 
SLC 20-2 18.0 22.0 2 · 115Vac•120-165Vdc 0.1% 0.1% 100(max) 2 205.00 
SLC 20-5 18.0 22.0 5 115Vac • 120-165Vdc 0.1% 0.1% 100(max) 3 250.00 
SLC 20-7 18.0 22.0 7 115Vac • 120-165Vdc 0.1% 0.1% 100(max) 4 300.00 

24 Volt 
SLC24-1 21.6 26.4 1 115Vac • 120-165Vdc 0.3% 0.2% 100(max) 1 $155.00 

SLC24-2 21 .6 26.4 2 115Vac • 120-165Vdc 0. 1% 0.1% 100 (max) 2 205.00 
SLC24-4 21 .6 26.4 4 115Vac•120-165Vdc 0.1% 0.1% 100(max) 3 250.00 

SLC24-6 21 .6 26.5 6 115Vac • 120-165Vdc 0. 1% 0.1% 100(max) 4 300.00 

SSD24-8.5 20.0 26.0 8.5 115/ 220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 Ill 345.00 

STM 24-8.5 19.0 25.0 8.5 115Vac • 127- 173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 Ill 350.00 

SSD 24-13 20.0 26.0 13 115/ 220Vac • 255-345Vdc 0.01%+1mV 0.01% + 1mV 5 20 lllA 470.00 

STM 24-13 19.0 25.0 13 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 lllA 460.00 

STM 24-21 19.0 25.0 21 115Vac•127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 IVA 625.00 

SSD 24-22 20.0 26.0 22 115/220Vac • 255-345Vdc 0.01% + 1mV 001% + 1mV 5 20 IVB 650.00 

STM 24-28 19.0 25.0 28 115Vac•127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 VI 800.00 

SSD 24-32 20.0 26.0 32 115/220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 VIA 790.00 

28 Volt 
SSD 28-7 25.0 33.0 7 115/220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 Ill $345.00 

STM 28-7 24.0 30.0 7 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 Ill 350.00 

SSD 28- 11 25.0 33.0 11 115/ 220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 lllA 470.00 

STM 28-11 24.0 30.0 11 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 lllA 460.00 

SSD 28-18 25.0 33.0 18 115/220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 IVB 650.00 

STM 28-18 24.0 30.0 18 115Vac • 127-173Vdc 0.025%,+ 1mV 0.025% + 1mV 5 30 IVA 625.00 

STM28-24 24.0 30.0 24 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 VI 800.00 

SSD28-25 25.0 32.0 25 115/220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 VIA 790.00 

36 Volt 
STM 36-4 29.0 43.0 4.0 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 Ill $ 

SSD 36-5 32.0 43.0 5.0 115i 22ovac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 Ill 345.00 

STM 36-6 29.0 43.0 6.0 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 lllA 

SSD 36-8 32.0 43.0 8.0 115/220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 lllA 470.00 

STM 36-10 29.0 43.0 10 115Vac •127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 IVA 

SSD 36-12 32.0 43.0 12 115/220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 IVB 650.00 

STM 36-14 29.0 43.0 14 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 VI 

SSD 36-19 32.0 43.0 19 115/ 220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 VIA 790.00 

48Volt $345.00 
SSD48-4 42.0 56.0 4.0 115/220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 Ill 

STM48-4 42.0 56.0 4.0 115Vac•127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 Ill 350.00 

SSD48-6 42.0 56.0 6.0 115/220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 lllA 470.00 

STM48-6 42.0 56.0 6.0 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 lllA 460.00 

SSD 48-10 42.0 56.0 10 11 5/220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 IVB 650.00 

STM48-10 42.0 56.0 10 115Vac • 127-173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 IVA 625.00 

STM 48-14 42.0 56.0 14 115Vac • 127- 173Vdc 0.025% + 1mV 0.025% + 1mV 5 30 VI 800.00 

SSD48- 15 42.0 56.0 15 115/ 220Vac • 255-345Vdc 0.01% + 1mV 0.01% + 1mV 5 20 VIA 790.00 

'Non Stocked Model Consult Factory for Price and Delivery. 

Dimensions· (H x wx L) 1113.31x5.13 x 9.5 in (84x130x 241 mm). lllA 3.31x5.13 x14 in (84x130x 355 mm). IVA4.94x 7.5x10.5 in 
(125x190x 267 mm) IVB 4.94 x 7.5x11.5 in [125x 190 x 292 mm). VI 4 .94x 7.5x14 in (125x190x 355 mm) VIA4.94x 7 .5x161~ 
(
125

x
1
90x406 mm): X4.94x11 .25x16.5 in (125x 286 x419 mm).15.13 x1.32 x 8 .~ in (130x 33 x 219mm). 2 5.13 x1.97 x 8.63 in 

(130 x 50 x 219 mm). 3 5.13 x 3.44 x 8.63 in (130 x 87 x 219 mm). 4 5.13 x 5.25 x 8.63 ir1(130x133 x 219 mm). 
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SORENSEN 676 Island Pond Road 
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POWER SUPPLIES Tel : 603 668-4500 TWX : 710-220-1339 

Field Service 
Representatives 
Western Area 
Certified Test Equipment Soles, Inc 
601 Easy Street 
Garland, Texas 75042 
Tel : (214) 494-3446 
Chris-Tee 
PO. Box 1010 
Minnetonka, Minnesota 55343 
Tel : (612) 934-1334 
General Electric Instrumentation 
Service 
3840 W. Clarendon Street 
Phoenix, Arizona 85017 
Tel : (602) 278-8515 
General Electric Instrumentation 
Service 
4690 South Pork Avenue 
Tucson, Arizona 85714 
Tel : (602) 294-3139 
J. D. & Associates 
1012 Morse Avenue, Suite 6 
Sunnyvale, California 94086 
Tel : (408) 734-5529 
Missouri Research Lobs, Inc. 
630 Hoines AvenLle N. W. 
Albuquerque, New Mexico 87102 
Tel (505) 243-6772 
Stous Engineering 
Unit 26, 1900 Tyler Avenue 
South El Monte, California 917 33 
Tel : (213) 442-3634 
X-Tek 
14824 Northeast 31st Circle 
Redmond, Woshinglon 98052 
Tel : (206) 885-6969 
Eastern Area 
Am power Electronic Instrument 
Co., Inc. 
26 Just Rood 
Fairfield, New Jersey 07006 
Tel : (201) 227 -7720 
Applied Metrology Inc. 
10067 N. 2nd Street 
Laurel, Maryland 20810 
Tel : (301) 953-1010 
Band C Instruments Inc. 
2100 Redstone Rood 
Huntsville, Alabama 35803 
Tel : (205) 883-6530 
Comtel Instrument Company 
5827 Mayfield Rood 
Cleveland, Ohio 45429 
Tel : (216)442-8080 
Comtel Standards laboratory 
21186 Bridge Street 
PO. Box 5034 
Southfield, Michigan 48037 
Tel : (313) 358-2500 
Volley Instrument Company 
491 Clover Mill Rood 
Exton, Pennsylvonio 19341 
Tel : (215) 363-2650 
New England Area 
Sorensen Company 
676 lslond Pond Road 
Manchester, N.H. 03103 
Tel : (603) 668-4500 



Something 
Missing? 

If the Sorensen Modular Switch­
ing Power Supplies insert has 
already been removed from this 
issue, or if you would like an 
additional copy, we'll be happy 
to send you one. 
This insert contains information 
on Sorensen's comprehensive 
line of modular switching 
power supplies, including com­
plete specifications, technical 
data, features and ordering 
information. 

Would you like our full-line cata­
log or simply to be placed on 
our mailing list? 
Please circle the appropriate 
number on reader response 
card. 

D Send me the Modular Switch­
ing Power Supplies insert that has 
already been removed from this 
magazine. (Circle no. 126) 

D Send me the Sorensen full -line 
catalog. (Circle no. 127) 

D Add me to your mailing list. 
(Circle no. 128) 

676 Island Pond Road 
Manchester 
New Hampshire 03103 
Tel : 603 668-4500 
TWX : 710-220-1339 
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I New Products J 

(100) . Electronic Arrays Inc, 550 E 
Middlefield Rd , Mt View, CA 94043. 
Phone (415) 964-4321 . Circle No 244 

BUS TRANSCEIVERS. For bus­
interface applications, 8T126 through 
8T129 devices feature 3-state outputs on 
both send and receive buffers and pnp 
transistors on all inputs. The 8T126 and 
8T128 have a 3.5V minimum VoH level on 
the receiver to accommodate MOS­
interface applications. With these units, 
the send and receive buffers have 
separate enable inputs. The 8T127 and 
8T128 feature full 24-mA drive in both 
send and receive buffers. They have a 
common chip enable and a send/receive 
input. From $1.42 (100) . Signetics, 811 
E Arques Ave, Box 9052, Sunnyvale, CA 
94086. Phone (408) 739-7700. 

Circle No 245 

GaAs FET. A dual-gate device for 
applications from 2 to 12 GHz, Model 
LND832 offers 10-dBm power output at 
10 GHz with a 4V drain bias. It can 
operate at drain biases as high as 10V. 
Made from vapor-phase, multilayer 
epitaxial GaAs, this unit uses recessed 
gates and n+ contact layers to provide 
high breakdown voltages and high 
burnout resistances. Available as a 
23 x 17x 5-mil chip, the device can be 
supplied on carriers. $150. Raytheon 
Co, Special Microwave Devices Opera­
tion , 130 2nd Ave, Waltham, MA 02154. 
Phone (617) 899-8400, ext 4749. 

Circle No 246 

12A RECTIFIERS. By housing a plastic 
button rectifier on a metal stud, the 
1 N1199C through 1N1206 Series of 12A 
rectifiers offer the capabilities of all-metal 
units, but at a reduced price. They 
withstand current surges up to 400A at 
175°C junction temperatures. The 
package meets the EIA D0-4 (D0-
203AA) outline. The 50 to 600V series 
features two copper heat sinks soldered 
to each side of the die. From $0.60 (100) . 
Motorola Semiconductor Products 
Inc, Box 20912, Phoenix, AZ. 85036. 
Phone (602) 244-4624. Circle No 24 7 

Low cost tool 
for design and 

trouble-shooting 

Pocket Size 
Slide-Switch 
Resistance 
Substitution 
Unit 

still only s 58 
• Over 11 million ohm values 
• 1 % accuracy resistors 
• Unique in convenient size 
• Rugged construction 

Small enough to take anywhere in your pocket, 
this aluminum-housed unit delivers a very 
broad range of resistance steps. Excellent 
IOI' both development and repair work. 

Half-watt 1 % tolerance resistors give an 
accurate range from 1 to 11 , 111 , 11 O ohms, 
in one-ohm steps. Has three binding posts, 
one to ground case. · 

Available now from stock. Order Catalog 
No. 7092-236. 5% discount IOI' cash with Ofder. 

Ask your dealer, or contact: B 1;>1IJa1;>1;>~ amam@.om. 
Manufacturers of Scientific Instruments 
P.O. Box 27324 •Richmond, VA. 23261 

804/ 264-7590 
For more information, Circle No 119 

EPROM PROGRAMMER 
Model EP-2A-79 

SOFTWA RE AVA ILABLE FOR F-8, 8080, 6800, 
8085, Z-80, 6502, KIM-1, 1602, 2650. 
EPROM type is selected by a personali ty module 
which plugs into the front of the programmer . 
Power req uirements a re 115 VAC, 50/ 60 HZ at 15 
watts. It is supplied with a 36 inch ri bbon cable 
fo r connecting to mi crocomputer. Requires 11/2 
t/ O ports. Priced at S155 w it h one set of 
software . Personality mod ules are shown below. 

Port No. Proar•ms Price 
PM-0 TMS 2708 $15.00 
PM -1 2704, 2708 15.00 
PM -2 2732 30.00 
PM -3 TMS 2716 15.00 
PM-4 TMS 2532 30.00 
PM -5 TMS 2516, 2716, 2758 15.00 

Optlm~I Technology, Inc. 
Blue Wood 127, Earlysville, VA 22936 

Phone (804) 973-5482 

For more information, Circle No 120 
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New Products 

HIGH-CURRENT TRIACS. MAC223/ 
223A devices come in plastic T0-220 
packages and feature 25A (rms) and 
250A (surge) current capacities. De­
signed primarily for full-wave ac-control 
applications, some units can handle 
loads greater than 10 kW. MAC223 
devices are 3-quadrant triggering ; 
MAC223A units, 4-quadrant triggering. A 
200V unit from this 100 to 800V series 
controls 2.5 kW; an 800V device controls 

OUR CRYSTALS A&E 
GRACEFULLY. .. 

AND PREDICTABLY. 
Superior frequency control from the 

XTAL XPERTS • For example, at 65°C, many Reeves-Hoffman 
quartz crystal units change only 5 parts per hundred million per day. 
Many others hold the line at an even better figure. Or we can provide 
them merely to Mil spec. That's graceful aging. 

Frequency stability for the long haul is one of the main reasons for 
crystal control . . . and one of the reasons for Reeves-Hoffman's leadership 
in crystal technology for over 35 years. The same meticulous care that we 
give our hi-rel crystals also goes into our commercial products-and only 
Reeves-Hoffman assures you in-house control of every manufacturing 
step. That's why we can offer coldweld sealing as a standard at no extra 
cost. 

Call or write today for information on our complete line, including 
monolithic and discrete filter networks. 

REEVES-HOFFMAN 
DIVISION, DYNAMICS CORPORATION OF AMERICA 

400 W. North St .. Carlisle. PA 17013 U.S.A. Phone (717) 243-5929 • TWX 510-650-3510 
© R-H For more information, Circle No 121 7205 
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more than 10 kW (MAC223-10). From 
$1.63 (100). Motorola Semiconductor 
Products, Box 20912, Phoenix, AZ. 
85036. Phone (602) 244-6437. 

Circle No 248 

SMALL-SIGNAL TRANSISTORS. This 
extremely high-current-gain transistor 
series is offered in standard T0-92 
plastic packages. Both npn and pnp 
types are monolithic, double-diffused , 
silicon epitaxial planar Darlington 
devices. Standard T0-18.and T0-5 lead 
forming is available . All devices can 
dissipate 625 mW and handle input 
currents up to 500 mA. The series 
includes MPS-A12/14, MPS-5305/8 
2N6426/27, and 2N5305/8 npn devices 
and MPS-A62/64 pnp units. $11 Oto $120 
(1000) . Delivery, 8 to 12 wks ARO. 
A-Ohm Corp, 16931 Milliken Ave, Irving, 
CA 92714. Phone (714) 546-7750 or 
(312) 843-0404. Circle No 249 

LOG/ANTILOG AMPS. Model 4380, a 
monolithic logarithmic amplifier, handles 
six decades of input current or three 
decades of voltage input. Fully 
temperature compensated , it nominally 
provides 1 V of output change for each 
decade of input change . Scale factor, 
reference current and offset voltage are 
externally adjustable. Typical errors are 
0.2% FS (l1N= 1 nA to 1 mA). The unit 
requires :!: 15V supplies. An anti log amp 
(4381) is also available. Each device 
costs $37.50. Teledyne Philbrick, Allied 
Dr at Rte 128, Dedham, MA 02026. 
Phone (617) 329-1600. Circle No 250 
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TH€FIV€ 
B€STWAYS TO ISOLATE 

APROBL€M. 

We've developed the industry's broadest line of 
6 and 8-pin optoisolators because you can't solve all 
electrical noise problems with one product. · 

For instance, we took care of data rate prob­
lems with our 1 Mbit 6N series, which also offers 
400% CTR at a .5mA input current. 

Or if you need to switch SCRs or TRIACs, our 
SCR is rated at 300V (peak), and features up to 
5000 VDC isolation. 

Our SPX 7000 series provides 1,5, or 10mA 
controlled gain at percentages ranging from 
10-50% (1mA), 30-200% (5mA) and 
10-250% (10mA). 

And forTIL interface, our SPX 74A1 offers 
guaranteed logic level compatibility and 4000V RMS 
isolation over the full 0°C to 70°C operating range. 

Finally, we supply industry standard 4N optoiso­
lators including transistors and darlingtons off 
the shelf. 

The choice is yours for replacing pulse trans­
formers, twisted wires and coaxial cables in com­
puter peripherals, data terminals, home appliances 
and telephone systems. And for providing 
protective isolation between microprocessor and 
120-240V power lines. 

NO CHARGE 
Please send me free samples of all your optoisolators so I can 
design the noisy electrical charge out of my next application. 

Name _______ Street ______ _ 

Company ______________ _ 

________ State Zi11-----

_______ Annual Usag..___ __ _ 

0 Current Design 

The point is, no two electrical noise problems 
are exactly alike. That's why we off~r more ways to 
isolate them than anybody else. 

For more information on our optoisolators and 
other optoelectronic products, call us at 
214/234-4271 . Or write to 830 East Arapaho Road, 
Richardson, Texas 75081 . 

EON 

SPIJCIPODiCS 
A division of Honeywell 

© 1979 Spectronics 

For more information, Circle No 122 
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New Products 

FAST RECTIFIERS. HSR-7CD devices 
are available as bare chips, chips on 
molybdenum pedestals or packaged in 
T0-3 cases. The series has peak 
repetitive reverse-voltage ratings from 
20V to 150V and rms reverse-voltage 
ratings from 15V to 11 OV. Reverse 
recovery time of 40 nsec and full-current 
operation to 130°C suit them for replacing 
Schottky diodes. Average full-cycle 
forward-voltage drop equals 0.45V; 
maximum instantaneous drop is 0.9V. 
Maximum de reverse leakage is 500 µA, 
while peak repetitive surge current is 
300A. From $6.75 (chips), $7.05 (chips 
on pedestals) and $8.05 (T0-3) (100). 
Solld State Devices Inc, 14830 Valley 
View Ave, La Mirada, CA 90638. Phone 
(213) 921-9660. Clrcle No 251 

PHOTODIODE/OP AMP. In a standard 
14-pin DIP, the HUV-20008 packs a 
hybrid op amp and a UV-enhanced, 
large-area (24 mm2) photodiode. The 
diode has a typical sensitivity at 254 
nm of 3x 107V/W and covers the 
spectral range of 200 to 1150 nm. The 
package, requiring only power and an 

external trimming pot for nulling 
offset voltages, minimizes noise pick­
up and has an NEP at 20 Hz of 
2.6 x 10-13w:y!HZ. $95. EG&G Electro­
Optlcs, 35 Congress St, Salem, MA 
01970. Phone (617) 745-3200. 

Circle No 252 

32-BIT COUNTER. Capable of counting 
at up to 10 MHz, Model LS7060 32-bit 
binary up counter presents its informa­
tion in 8-bit groups, least significant byte 
first, to the eight 3-state outputs at clock 
rates up to 1 MHz. Successive bytes of 
data are enabled at the outputs on each 
positive transition of a SCAN pulse. A 
cascading feature permits the attach­
ment of any number of LS7060s to the 
same bus. Information can still be read 
out in successive bytes in this mode. In 
an 18-pin DIP, the NMOS chip costs 
$5.05 (1000) . LSI Computer Systems 
Inc, 1235 Walt Whitman Rd, Melville, NY 
11717. Phone (516) 271-0400. 

Circle No 253 

SWITCHERS. Available in T0-3 and 
plastic T0-220AB packages, Switch­
power power transistors possess 
excellent high-current, fast-switching 
characteristics. T0-3-housed units have 
VcEo1sus1 ratings of 300 to 400V in 15, 7.5 
and 5A current ranges . Typical inductive 
fall times are less than 300 nsec for these 
units (D64VS Series) . The D44TD and 
D44TE Series come in T0-220AB 
packages and are le rated at 2 and 4A, 
respectively. From $7.90 (1000, D64VS 
Series) . General Electric Co, W 
Genesee St, Box 44, Auburn , NY 13021. 
Phone (315) 253-7321, Ext 520. 

Circle No 254 

The end 
• 1snear. 

See page 96-97 
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Call your Amphenol® 
Connector Distributor 

ARIZONA 
Cetec Moltronics 
Phoenix 
(602) 272-7951 
Wyle Distribution Group 
Phoenix 
(602) 249-2232 

CALIFORNIA 
Bell Industries 
Sunnyvale 
(408) 734-8570 
Kierulff Electronics 
Los Angeles 
(213) 725-0325 
San Diego 
(714) 278-211 2 
Wyle Distribution Group 
Santa Ciara 
(408) 727-2500 
Wyle Distribution Group 
El Segundo 
(213) 322-8100 
San Di ego 
(714) 565-9171 
Cetec Moltronics 
San Diego 
(714) 278-5020 
South Gate 
(213 ) 773-6521 

~~~!"~,;~:ctronics 
(408) 985-7411 

COLORADO 
Newark Electronics 
Denver 
(303) 757-3351 
Wyle Distribution Group 
Commerce City 
(303) 287-9611 

CONNECTICUT 
Connector Co. 
New Haveo 
(203) 624-0127 
Wiishire Electronics 
Hamden 
(203) 281-1166 

FLORIDA 
Arrow Electronics 
Palm Bay 
(305) 725-1480 
Kierulff Electronics 
St. Petersburg 
(813) 576-1966 
Schweber Electronics 
Ho llywood 
(305) 927-051 1 

GEORGIA 
Arrow Electronics 
Doraville 
(404) 455-4054 

ILLINOIS 
Bell Industries 
Chicago 
(312) 982-9210 
Klaus Radio, Inc. 
Peoria 
(309) 691-4840 
Newark Electronics 
Chicago 
(312) 638-4411 
Ohm Electronics, Inc. 
Palatine 
(312 ) 359-5500 
Schweber Electronics 
Elk Grove 
(312) 593-2740 

IN DIANA 
Genesis Electronics 
South Bend 
(219) 287-2911 
Graham Electronics 
Indianapolis 
(317) 634-8202 

KANSAS 
Wichita Aircraft 
Wichita 
(316) 838-1421 

MARYLAND 
Arrow Electronics 
Baltimore 
(301 ) 24 7-5200 
Cramer Electronics 
Gaithersburg 
(301) 946-0110 
Pioneer Electronics 
Gaithersburg 
(301 ) 948-0710 

MASSACHUSETTS 
Cramer Electronics 
Newton 
(617 ) 969-7700 
Industrial Components Corp. 
North Wilbraham 
(413) 596-3854 
Kierultt Electronics 
Billerica 
(617 ) 935-5134 
Schweber Electronics 
Bedford 
(61 7) 890-8484 
Wilshire Electronics 
Burlington 
(617) 272-8200 

MICHIGAN 
RS Electronics 
Livonia 
(3 13 ) 525-1155 
VV&demeyer Electronic Co. 
Ann Arbor 
(313) 665-8611 

MINNESOTA 
Arrow Electronics 
Edina 
(612) 830-1800 
Newark Electronics 
Minneapolis 
(612) 331-6350 

MISSOURI 
Olive Electronics, Inc. 
St . Louis 
(314) 426-4500 
Welters Radio Supply 
Kansas City 
(816) 531-7015 

NEW JERSEY 
Radio Electric Service Cc 
Pennsauken 
(215) 925-6900 
Schweber Electronics 
Fairfield 
(201 ) 227-7880 
Wilshire Electronics 
Clifton 
(201 ) 340-1900 

NEW YORK 
Arrow Electronics 
Farmingdale 
(516 ) 694-6800 
Genesee Radio Parts Co. 
Buffalo 
(716) 873-9661 
Harvey Electronics 
Binghamton 
(607) 748-821 1 
Progress Electronics 
Plainview 
(516) 433-1700 
Schweber Electronics 
Westbu ry 
(516) 334-7474 
Simeona Electronics 
Rochester 
(716) 328-3230 
Summit Distributors 
Buffalo 
(716) 884-3450 

NORTH CAROLINA 
Cramer Electronics 
Winston-Salem 
(919) 725-8711 

OHIO 
Pioneer Electronics 
Cleveland 
(216) 587-3600 
Dayton 
(513 ) 236-9900 
Schuster Electric Co. 
Cincinnati 
(513) 984-1600 
Schweber Electronics 
Beachwood 
(216) 464-2970 

OKLAHOMA 
Electro Enterprises 
Oklahoma City 
(405) 478-1752 

PENNSYLVANIA 
Almo Electronics 
Philadelphia 
(215) 698-4000 
CAM/RPC Indus. Electron 
Pittsburgh 
(41 2) 782-3770 
Pyttronic Industries 
Montgomeryville 
(215 ) 643-2850 

TENNESSEE 
Electra Distributing Co. 
Nashvi lle 
(615) 329-3971 

TEXAS 
Allied Electronics 
Fl. Worth 
(817) 336-5401 
Hamilton/ Avnet 
Dallas 
(214 ) 661-8661 
Starting Electronics 
Dallas 
(214) 357-9131 
Houston 
(713) 627-9800 
Texas Instrument Supply C 
Dallas 
(214) 238-6821 

UTAH 
Diplomat/ Alta 
Salt Lake City 
(801) 486-4134 
Standard Supply Co. 
Salt Lake City 
(801 ) 486-3371 

WASHINGTON 
Bell Industries 
Bellevue 
(206) 747-1515 
Wyle Distribution Group 
Seattle 
(206) 453-8300 

WISCONSIN 
Electronic Expeditors 
Milwaukee 
(414) 228-8100 

CANADA: 
Distributors In major cities 
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BUNKER 
RAMO 

p enole 44 Series connector. 
It costs only a little to withstand a lot. 
Like water, oil, ozone, fuel ... 
There's no entry for liquids in this environmentally sealed , low-cost connector. 
What's more, the unique one-piece insulator is molded of an extremely durable 
resilient material. It resists harmful liquids (including lubricants, fuels, and salt 
spray), while it withstands ozone, abrasion and shock. 
So the 44 Series is just what you need for rough-and-tumble jobs-truck or 
marine disconnects, auto system connectors, RV interconnects. 
Even a fumblefingers can 't mismate a 44 Series connector. It's simply push to 
mate, pull to unmate. 
Our crimp Poke-Home"' contacts are supported by a complete line of semi-auto­
matic crimping and contact insertion equipment providing for low installation cost. 

Inexpensive hand crimp and contact insertion/removal tools enable 
easy field servicing thus keeping maintenance costs minimal. These are 

added values beyond the low cost of the 44 Series connectors. 
Your choice of 1 through 6 contact arrangements. Panel mounting, too. 

For complete information, technical data, dimensions and prices, contact your 
nearest Amphenol North America sales office or distributor. 

AMPHENOL NORTH AMERICA 
A Division of Bunker Ramo Corporation 

Amphenol North America Division Headquarters: Oak Brook. Illinois 60521 

Sales Offices: Atlanta (404) 394-6298 •Boston (617) 475-7055 •Chicago (312) 986-2330 • Dallas (21 4) 235-8318 •Dayton (513) 294-0461 
Denver (303) 752-4114 •Detroit (313) 722-1431 •Greensboro (919) 292-9273 •Houston (713) 444-4096 • Indianapolis (31 7) 842-3245 
Kansas City (816) 737-3937 •Knoxville (615) 690-6765 •Los Angeles (213) 649-5015 • Minneapolis (612) 835-4595 • New York (516) 364-2270 
Orlando (305) 847-5504 • Philadelphia (215) 653-8750 •Phoenix (602) 265-3227 •St. Louis (314) 569-2277 •San Diego (714) 272-5451 
San Francisco (408) 732-8990 •Seattle (206) 455-2525 •Syracuse (315) 455-5786 •Washington, DC (70 3) 524-8700 
Canada: Montreal (514) 482-5520 •Toronto (416) 291 -4401 •Vancouver (604) 278-7636 •International: Oak Brook, Ill inois TELEX 206-054 

For more information, Circle No 124 



New Products 

COMPUTERS 
& PERIPHERALS 

TALKING TRANSLATOR. Utilizing 
speech synthesis and equipped with 
solid-state electronic modules for 
English, French, German and Spanish, 
this language translator forms phrases 
by linking together its spoken vocabulary 
words. Each module contains about 

246 

Lookw1iats 
on display at 

nnTnl® 
Ut'ICL 

LCDswith 
interface technology 

More Technology Optel - pioneer and leader in LCD technology - can give 
you all the support you need to bring your ideas to light. We can provide you 
with electronic interface information for driving your Optel numerics: parallel 
or serial BCD, bit serial or from a microprocessor data bus. For our alpha­
numerics we offer electronic hardware to generate the complete 64-character 
ASCII set or any digital code. 
More Displays Optel offers you low-power, long-life LCDs with the annunciator 
and character size you need. Plus special-purpose displays such as bar 
graphs and alphanumerics. 
Send now for free Optel LCD technical literature package. 

REFAC Manufactures PINLITE®, WILD ROVER® and OPTEL® Products 

For more information, Circle No 129 

1000 words, half of which are spoken 
and displayed and half only displayed. 

The unit provides five basic functions: 
generation of 25 preprogrammed 
common phrases, linking of prepro­
grammed partial phrases, translate 
mode, memory-learn mode (user-chosen 
pronunciation and translation drill) and 
learn mode (programmed drill) . Vocabu­
lary categories include 65 basic phrases, 
basic adjectives, foods, mail, travel and 
time. 

Typical preprogrammed phrases, 
which include "I am lost," "Can you show 
me?," "Speak a little more slowly" and " I 
am hungry," plus partial phrases such as 
"Do you have ___ ?," expand the 
device's versatility. Phrases are ac­
cessed by keying-in numerical codes that 
correspond to listings in an accompany­
ing pocket-sized phrase-code book. 
Translator, approximately $250; mod­
ules, approximately $50 each (suggested 
retail). Texas Instruments Inc, Con­
sumer Relations, Box 53, Lubbock, TX 
79408. Phone (806) 747-3737. 

Circle No 288 

INDUSTRIAL µCs. For use in networked 
computer control systems, the RacPac 
family fits in all types of 19-in. racks. Its 
primary member is the PCS 3935A 
($2995), which contains an integral 5-in. 
CRT, a panel-mounted keyboard with an 
external keyboard connector, a panel 
lock-switch that controls power and 
keyboard-switch enable and disable, a 
hardware reset/restart switch and an 
attention switch. You can also.specify the 
Z80-based PCS 1780A CPU board, the 
PCS 1712A board for CRT and keyboard 
support and the PCS 1745A, a 
battery-backed-up real-time clock and 
ROM extender. Analog and digital 1/0 
subsystems and software round out the 
family. Process Computer Systems 
Inc, 750 N Maple Rd, Saline, Ml 48176. 
Phone (313) 429-4971 . Circle No 289 

8-IN. HARD-DISC DRIVE. Model 101 
stores 11.7M bytes on two fixed discs. It 
exhibits a 20-msec track-to-track access 
time and 70-msec average access time; 
average latency equals 10.1 msec. 
Weighing 20 lbs, the drive measures 
8.55 x 4.38 x 14 in. ; power requirements 
are :!:5 and 24V de. $1560 (100). 
Shipments will begin in the first quarter of 
1980. Memorex Corp, San Tomas at 
Central Expressway, Santa Clara, CA 
95052. Phone (408) 987-2200. 

Circle No 290 
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For more information, Circle No 130 

the PRO in PROTOTYPE BELTING ... 
Timing Belts - Unique Bl NCO belts can be made 
with out molds in any length in .0816, .080 and 
.200 pitch. 
Flat Belts - Stretch or semi -st retch. A va ilable in 
a variety of textures and surfaces from stock. 
Materials: Si licone, Hypalon, Urethane, Neoprene, 
Mylar , Kapton . 

One source does it all. We also have companion pulleys. 

CORPORATE HEADQUARTERS 
20 Boright Avenue 
Kenilworth , New Jersey 07033 
(201) 272-8591 I Telex : 138045 

OTHER PLANTS IN : 
Atlanta, Ga.• Canton, Oh. 
Boulder, Co. • Tustin, Ca. 

For more information, Circle No 131 
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Banding is the marking method of choice for advanced 
military aircraft. It provides easy reading of small wires in com­
plex assemblies and offers more than 100,000 discrete markings 
on all kinds of wire from 12 to 32 A WG . GSI color banding ex­
ceeds military specs for resistance to chemicals and abrasion . 
For samples or a quotation, call or write GSI today . 

(i. s I GEYER SYSTEMS INC. 
1917 Greenspring Drive , Timonium, Maryland 
ZIP 21093 • Phone (301) 252-1768 

For more information, Circle No 132 
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New Products 

VIDEO PRINTER reproduces (by means 
of a 24-wire matrix printhead) any 
monotone graphic or alphanumeric CRT 
display in any language and character 
font without the need for a hardware or 
software interface to the CRT. Its video 
controller connects directly to the video 
signal of any raster-scan CRT display 
and samples information on the screen, 
thus dispensing with the need for 
conventional interfacing and standard 

You liked our ~~as'' 
You'll love our 

Circulars! 
SOURIAU's Series 851 circular 
connectors are available in sol­
der, crimp, or PC mount termin­
ations. Their light weight con­
struction and compact size have 
contributed to their success in 
both civil and military applica­
tions where reliable electrical 
connections and trouble-free 
operations are a must. 

Operating temperatures are 
-55°C to + 125°C; qualification 
to MIL-C-26482G, Series I is 
pending. They are interchange­
able and intermateable with 
Cannon's KPT, KPTM and KPSE 
Series. SOURIAU's circular 
connectors are competitively 
priced and available factory di­
rect or through local distribution. 

Ji SOURIAU , INC. r• 7765 KESTER AVENUE 
'IJT VAN NUYS. CA 91405 

TEL : (2 13) 787-5341 TWX 910-495-2028 
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codes . The EX-850 comes as a complete 
stand-alone package including case, 
power supply, video-printer controller, 
low-paper detector, bell and paper-roll 
holder. $1250 (single qty) ; $937 (100). 
Delivery, 45 days ARO. Axiom Corp, 
5932 San Fernando Rd , Glendale, CA 
91202. Phone (213) 245-9244. 

Circle No 291 

DIGITIZER. The Micro Datatizer proc -
esses and converts graphic data into a 
display or printout of X-Y values, length, 
volume and other calculated physical or 
chart values. It can also send processed 
or raw graphic data to host systems for 
recording, computer data-base process­
ing or interactive display. You get a 
digitizing tablet, an interchangeable 
crosshair or pen cursor and a controller 
housing the microprocessor subsystem; 
tablets come in eight standard sizes from 
6x 6 to 42 x 60 in . with resolutions of 
0.001 or 0.01 in. Approximately $8000 for 
a unit with a 30 x 36-in. tablet. GTCO 
Corp, 1055 First St, Rockville, MD 
20850. Phone (301) 279-9550. 

Circle No 292 

PROM PROGRAMMERS. These Z80-
controlled universal PROM programmers 
serve production (Model MPP 80-P) 
service (-S) and engineering (-E) 
applications; they accommodate all 
UV-erasable PROMs and major families 
of bipolar devices. Common features 
include 32k-bit internal RAM (64k 
optional) , hex keyboard , graphic display 
and compact . packaging. All versions 
offer a gang module for programming up 
to eight PROMs simultaneously. $1495, 
$1995 and $2495, respectively, for 
production , service and engineering 
units; personality modules. $325 each. 
Kontron Electronic, 700 S Claremont 
St, San Mateo, CA 94402. Phone (415) 
348-7291 . 

Circle No 293 

DEVELOPMENT PACKAGE. You car1 
convert Apple II computers into 
software-development systems for 
6502 µPs with this hardware/software 
package. Designed to run on a system 
equipped with 48k of RAM and 
mini-floppy diskette, the package 
includes an EPROM programmer , 
ROM-based monitor and debugger, 
diskette-based editor and assembler 
and a diskette utilities package. $995. 
Micro Power Designs Inc, Box 393, 
Alie!, TX 77411 . Phone (713) 499-5402. 

Circle No 294 
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The best power supplies get that way by 
passing the toughest final exams. 
Numbers can be deceiving. Most 
power supply manufacturers use 
them to indicate how a particu­
lar model can "typically" be 
expected to perform. The power 
supply they sell you may or may 
not be typical. 

At Sola, our numbers repre­
sent minimal performance stan­
dards . To guarantee that our 
power supplies perform at least 
as well as we say they will , we 
test them thoroughly before they 
leave the factory. That's why you 
find a signed and dated test 
report on each one. 

And that's why Sola power 
supplies get the highest marks 
for reliability. 

Your Sola distributor carries 
our complete line of power sup-

EDN SEPTEMBER 5, 1979 

plies in all popular ratings , 
including OEM-type single, 
dual , and triple output models­
plus solid state and micropro­
cessor units. All feature U.L. 
approval. The availability of 
modular and panel-mounted 
units provides a choice of 
FERRO or IC-stabilized supplies 
for added design flexibility. 

Write Sola today, 1717 Busse 
Road , Elk Grove Village , IL 
60007 (312) 439-2800, for a com­
plete brochure. 

SOLA 

For more frrformation , Circle No 133 249 
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INSTRUMENTATION signal conditioning and contain a 

SINGLE PLATE 
Ceramic 

Capacitors 

Temperature 
Compensating 

Stable and 
General Purpose 

ERIE Red Cap "Weecon®" 
Ceramic Capacitors long have 
been the standard of the industry, 
offering the broadest selection of 
ceramic formulations available. 

Additionally, the Red Cap 
Weecon line is available in a 
wide variety of package sizes. 
This all adds up to the most 
comprehensive capability in 
miniature ceramic capacitors in 
the industry. 

So specify ERIE Red Cap 
single plate Ceramic Capacitors. 
For even higher capacitance 
values, ERIE Red Cap 
Monoblocs® are preferred by . 
design engineers. 

• Capacitance range 
1 pF. thru .039 µF 

• 25, 50, 100, 200, 500 Volts 
• Wide range of TC materials 

and tolerances 
• Delivery to meet your 

needs 

Write for catalog 8100. 

E 
ERIE TECHNOLOGICAL PRODUCTS, INC. 
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State College, Pa. 16802 
. 814-237-1431 

For more information, Circle No 216 

& POWER SOURCES 100-kHz low-pass filter. The 7260A 

-

. ·~~ 
"""-,,~~ 

7-FUNCTION DMM PLUG-IN. Part of its 
manufacturer's TM-500 family, the 
4V2-digit DM 501 A, to be introduced at 
Wescon, contains both front-panel and 
rear-connector input provisions. 

The instrument's full-scale-range 
values span 200 mV to 1 OOOV de with 
10-µ.V resolution, 200 mV to 500V 
true-rms ac (20 Hz to 20 kHz), - 40 to 
+ 40 dBV or dBm (add the reading-up to 
+19.9 dB-to range setting), 20 µ.A to 2A 
ac or de, 20on to 20 Mn (HIGH/LOW 
excitation), and -62 to +240°C. Basic 
reading accuracy equals 0.06% at full 
scale on de volts. 

· For temperature measurements, the 
entire probe plus cable can be immersed 
in liquids up to 140°C; low thermal mass 
permits fast readings. DM 501A with 
temperature probe, $555; without 
temperature-measurement capability, 
$430. Tektronix Inc, Box 500, 
Beaverton, OR 97077. Phone (800) 
547-1512. Circle No 295 

COUNTER FAMILY. Several common 
features of these latest Fluke offerings 
deserve mention. In particular, they offer 
quiet hybrid high-impedance thick-film 
front ends (made in-house), complete 
internal stainless-steel RFI shields, 
ovenized oscillators (optional) that can 
be used with battery power, and 
compatibility with the IEEE bus when 
interfaced via a translator. 

Model 7250A, a low-cost universal 
80-MHz counter/timer, provides auto­
ranging and input noise filtering ; it 
handles frequency, period, period 
average, time interval, totalizing, ratio 
and counts per minute. You can order 
such options as battery powering, TCXO 
or oven crystal, and IEEE-488 interface. 
$675. 

Models 7260A and 7261A, both 
universal 125 MHz counter/timers, carry 

provides a 100-nsec clock, while the 
7261A's is 10 nsec. $850 for 7260; $995 
for 7261 . 

Finally, Model 7220A delivers 1300-
MHz performance (Channel A-5 Hz to 
125 MHz, high-impedance direct count; 
Channel 8-50 to 1300 MHz, son 
prescaled). It provides burst capability, 
manually selectable 100-Hz to 0.1-Hz 
resolution and a 9-digit display. Less 
than $800. Delivery, 60 days ARO. John 
Fluke Mfg Co Inc, Box 43210, 
Mountlake Terrace, WA 98043. Phone 
(206) 774-2322. Circle No 296 

ai x 
• 
w 

....... -----=,~ 

ELECTRO-OPTIC MODEM. The CEO­
M-06M is designed for serial transmis­
sion in a simplex or duplex mode from de 
to 6M bps. Offering TTL compatibility, the 
link operates over distances up to 1.5 km 
with a BER of 1059. Standard units are 
supplied with connectorized fiber-optic 
cable to optimize system performance. 
The modem operates over a 0 to 40°C 
range and measures 8.9 x 20.3x 25.4 cm 
(19-in. rack-mounting model available) . 
Canstar Communications, 1240 Elles­
mere Rd, Scarborough, Ontario MIP 
2X4, Canada. Phone (416) 293-9722. 

Circle No 297 

MICROWAVE LEAK DETECTOR. 
Passive, self contained and simple to 
use, Model 748 indicates radiation levels 
above the prescribed US safety standard 
of 5 mW/cm2 at a distance of 2 inches. 
Radiation received by an integral 
microwave dipole energizes the LED 
indicator, eliminating the need for battery 
powering or moving parts. The device 
measures 7112 in. long. $15.95. Metrlfast, 
51 S Denton Ave, New Hyde Park, NY 
11040. Phone (516) 328-3333. 

Circle No 298 
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520value 
2 FREE software 

Pakettes with 
purchase of 

a Tl-58C 

value 
4 FREE software 

Pakettes with 
purchase of 

a Tl-59 

Free software from Tuxas Instruments. 
A special offer if you act now! From 
August 15 to October 31, 1979 ... that's 
your special opportunity to purchase 
one of the world's most advanced pro­
grammable calculators . . . and get up 
to $40* worth of free software Specialty 
Pakettes in your choice of 16 different 
application areas. 

Tl's Specialty Pakettes are a new 
way to expand the usefulness of your TI 
Programmable 58C or 59. The conven­
ient notebook format includes complete 
step-by-step program listings, applica­
tion notes, and sample problems. Just 
enter the program you need and you can 
put it to work right away. t 

Four FREE SPECIALTY PAK­
ETIES with the purchase of a TI 
Programmable 59. A $40* value. 
1\vo FREE SPECIALTY PAKETIES 
with the purchase of a TI Program­
mable 58C. A $20* value. 

Both the TI Programmable 58C and 
59 feature Tl's exclusive Solid State 
Software TM plug-in library modules. 
Each 5,000-stepmodulecontains a wide 
selection of prerecorded programs. Op­
tional library modules are available in a 
variety of fields, including engineering, 
science, statistics, and business. 

1. ___________ _ 

2. ___________ _ 

Send to: Texas Instruments, PO Box 53, 
Lubbock, TX 79408. 

4. ___________ _ 

Name 

Address 

City State Zip 
Calculator Serial Number (from back of calculator) : 

Texas Instruments technology- bringing affordable electronics to your fingertips. 

TEXAS INSTRUMENTS 
© 1979 Texas lnslrumenls lncorporaled INCORPORATED 

For more information, Circle No 134 
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The inside story of Cambion 
cage jack .superiority. 

252 

The inside story is·a simple one. 
Three beryllium copper spring sur­

faces in Cambion's unique "cage" in­
sure superior contact redundancy. The 

cage is captivated to insure proper insertion/ 
extraction forces and long life (up to 50,000 
cycles of use). 

Use cage jacks to mount components and 
for function switching. They facilitate plug­
ability of fuses, crystals, relays, AID converters, 
oscillators, trimmers, what-have-you. No sol­
dering, unsoldering. When you want to change 
components, snap' em out of cages, and snap 
in replacements. Quick. Saves costly service, 
downtime. As switches, when mated with 
Cambion jumpers, they have extraordinary 
life, are easy to handle, and position is always 
evident. 

The simple story has a very happy ending. 
Cambion cage jacks and mating jumpers and 
plugs come in a wide range of sizes from .014 
to .080" for almost any component lead size. 
They are priced right. You can get fast delivery. 
Order Cambion cage jacks from 54 Cambion 
distributor locations across the country, or 
directly. 

That's the story. You can have a FREE techni­
cal brochure for all the details, with engineering 
specs you'll appreciate. Send for it. Cambridge 
Thermionic Corporation, 445 Concord Avenue, 
Cambridge, MA 02238. 

Ca.a10•® 
The Right Connection. 

For more information, Circle No 135 
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New Products 

TONE MILLIOHMMETER. Providing 
both a meter readout and an 
audible-tone output that varies linearly 
from 30 Hz to 4 kHz between full-scale 
deflection and zero-ohms indication, the 
Model 3PX200 Toneohm lets its user 
pinpoint hidden shorts to within 5 mm of 
their actual location. Typically, the 
injection-signal level is 5 mV at 1 kHz ; the 
use of Kelvin probes minimizes lead loss. 
Five meter ranges cover 30 mn to 30 
FS. $595. Three Phoenix Test Inc, 
21639 N 14th Ave, Phoenix, AZ. 85027. 
Phone (602) 242-6300. Circle No 299 

TEMPERATURE TEST KIT. Although 
only pocket sized, the Temprobe kit 
contains 20 temperature-indicating cray­
ons that cover 125 to 800°F (52 to 
427°C). Each crayon melts at a specific 
temperature, guaranteed within ± 1 %. A 
special metal holder/marker makes 
application easy. $10. Templl, Hamilton 
Blvd, South Plainfield, NJ 07080. Phone 
(201) 757-8300. Circle No 300 

SYNTHESIZER. Low noise, AM/FM/PM 
capability and an IEEE-488-bus option 
highlight the 300-kHz to 650-MHz Model 
460. Phase noise specs at - 134 dBc/Hz 
at 12.5 kHz from the carrier, and the 
noise floor holds at -145 dBc/Hz. A µP 
controls levels and programs all 
modulation-related functions plus an 
auto-test capability. $13,850. Delivery, 
90 days ARO . Alltech, Div of 
Cutler-Hammer, 2070 Fifth Ave, Ronkon­
koma, NY 11779. Phone (516) 588-3600. 

Clrcle No 301 

ED N SEPTEMBER 5, 1979 

AUDIO ANALYZER. Model 7000 
combines in one package wow, flutter 

and speed (drift) analyzers; an audio 
oscillator; an auto-nulling total­
harmonic-distortion analyzer; an ac 
voltmeter; a dB meter and an output 
meter. It also features differential inputs 
and 2-channel capability. Optional 1 OOW 
stereo an loads provide further 
versatility. $1295. BPI Audio Test 
Instruments, 7853 Balboa Ave, San 
Diego, CA 92111 . Phone (714) 
279-3344. Circle No 302 

THE 
The Bud "Designers Group" of award 
winning, contemporary styled cabinet 

racks -- a formidable front line in any 

FAD NT 
league, anywhere. 

And the Concorde, 
Classic 11, Series 60 and 

LINE 
Series 2000 are backed 

up by six other rack styles, giving 
you a total of ten styles and 

_. ninety sizes to choose from. 

For additional information on all models and sizes, 
write: Bud Industries, Inc., 4605 E. 355th Street, 

Willoughby, OH 44094, or Bud West, Inc., 
3838 N. 36th Avenue, Phoenix, AZ 85019. 

a1 
• Rrst ... of all. 

From left to right: 
Classic II, Series 2000, 

Series 60, Concorde. 

For more information, Circle No 136 
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The trouble with most small 
computers is, they're expensive, 
inflexible or both. No more. 

Now Vector Graphic intro­
duces the low-cost highly reliable 
Vector Graphic MZD, the 
name that will stick with value 
conscious engineers. 

Whether it's development of 
target firmware controllers, or 
software development in experi­
mental surroundings, the MZD 
system is at home in the test lab 
or industrial environment. 

The MZD system includes: 
super fast 4MHz Z-80; expan­
sion capability with 18-slot 
(terminated and shielded) S-100 
motherboard; 48K dynamic 
RAM; two quad-density mini­
floppy disk drives (stores over 
630K bytes - on line); 12K 
PROM/RAM with extended 
monitor and PROM program-

ming capability; Bitstreamer I/0 
with one serial and two parallel 
I/0 ports. 

Dozens of optional plug-in 
boards to interface with exter­
nal signals are available such 
as a 12 bit D-A/ A-D precision 
analog board, a fast scan Video 
Digitizer and a high resolution 
graphic display. 

Standard software includes: 
CP /M operating system; a 
superb screen oriented editor; 
Dynamic Debugger; a high 
level Macro Assembler and Basic 
Interpreter. Optional software 
includes FORTRAN, APL, 
COBOL, PASCAL and a vast 
library of special purpose 
programs. 

And the MZD system comes 
complete with memory mapped 
CRT "mindless terminal" with 
full keyboard. 

Anyway you look at it, the 
Vector Graphic MZD system 
provides low cost, flexibility, high 
performance and reliability. 

See it at over 200 U.S. dealers 
today. Call (213) 991-5740 for 
your nearest authorized dealer. 

Yes, I'm interested. 
Send details including price. 

Name ----------
Company ________ _ 

Phone _________ _ 

Address ________ _ 

City/State/Zip ______ _ 

Rep inquiries invited 

See a demonstration at the St. Francis hotel 
during WESCON. 

\tca:o=t c~~i»l-iC inc. 
31364 Via Colinas, Westlake Village, CA 91361 

For more information, Circle No 137 
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New Products 

FOUR-OUTPUT SWITCHERS. De­
signed for airborne µ.Ps but suited to any 
severe environment, this plug-in unit 
provides outputs of + 5V/15A, + 12V/2A, 
-5V/1 A and - 12V/1 A (with optional 15V 
outputs replacing 12V). Input can be 115 
or 230V± 10%, 47 to 440 Hz or 28V de. 
All outputs maintain a total regulation 
band of 3%, and all models furnish 
protection against overcurrent, short­
circuit, overvoltage and reverse-voltage 
conditions. $675 (100). CEA, Div of 
Berkleonics Inc, 1 Aerovista Park, San 
Luis Obispo, CA 93401 . Phone (805) 
544-5454. Circle No 303 

°Cl"F THERMOMETER. A bright LED 
display reads out temperatures from 
- 200 to + 750°C (- 328 to 1382°F). 
providing 0.1° resolution from - 199 to 
+ 199°C and 1° resolution outside that 
span. Accuracy equals 0.3%. Model TI 
4000DS operates from either its built-in 
rechargeable battery or a 11 OV. 60-Hz 
line. An aluminum case protects against 
external magnetic fields, and the unit 
switches off when battery voltage drops 
below operating level. $755, plus $160 
for probe. Ever Ready Thermometer Co 
Inc, 401 Park Ave South, New York, NY 
10016. Phone (212) 684-2155. 

Circle No 304 

LC-DISPLAY DMM. Because it uses a 
3V2-digit liquid-crystal display and 
single-chip LSI for the ND conversion, 
the six-function Model 30LC can be 
powered for up to 2400 hrs by four 
alkaline D cells. Features include 
autozero and polarity, a low-battery 
indication on the display and overrange 
blanking. $159. Data Tech, Div of Penril 
Corp, 2700 S Fairview St, Santa Ana, CA 
92704. Phone (714) 546-7160. 

Clrcle No 305 
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Kulka wrote the ... 

The most comprehensive guide to Terminal Boards, 
Blocks and Strips is a Kulka catalog. 

It shows engineering drawings, product pictures, 
material tables, top terminations, surface hardware, 

bottom terminations, application data, etc. 
Send for your free copy today. 

INDUSTRIAL DISTRIBUTORS LOCATED THROUGHOUT THE U.S. AND CANADA 
Kulka Electric Corp., 520 S. Fulton Ave., Mt. Vernon, NY 10551 TEL: 914 664 4024 

See us at Wescon Booth # 1334 

For more information, Circle No 138 
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New Products 

-5.2V/150A; second-channel output, 
-2V/30A or - 5.2V/30A; third-channel 

ECL SWITCHERS. Models PM2677 A 
and PM2678A furnish up to three outputs 
specifically designed to meet ECL needs. 
Typical main output is -2V/200A or 

output, 5 to 28V/5 or 7 A. Maximum 
power runs 750W for the 2677A, 850W 
for the 2678A. Input ranges span 92 to 
138V or 184 to 250V rms but operation 
holds to 80 or 160V. Full rating applies to 
+50°C. $793 for the 2677A, $866 for the 
2678A. Pioneer Magnetics Inc, 1745 
Berkeley St, Santa Monica, CA 90404. 
Phone (213) 829-6751. Circle No 306 
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Before you specify a 
DC to DC converter, 
get one of our standard models, free. 
Why pay extra and wait for development of custom units when one of 
our 90 standard DC to DC converters can do your job for less? 
Designed to operate over a wide input voltage range, these 5 and 
6 watt, 10 and 12 watt units have low ripple and noise (1mV RMS), 
high efficiency (65% typical) even with output loads as low as 
10% of rated output. They all feature si x-sided shielding and pi-type 
input filter for excellent low-noise performance . 

You can choose from 40 single and 20 dual output DC to DC 
converters for DC inputs of 5, 12, 24, 28, and 48 volts and 5, 
12, 15, ± 12, and ± 15 Volts. All are competitively priced . 

To get your free sample , simply write us on your letterhead stating 
the value and quantity you intend to order, and your application. 
(Qualified buyers or specifiers only, please). We 'll rush you a sample 
and literature covering our entire line right away. 
Stocking Distributors: 
B.J. Wolfe Enterprises North Ho llywood, CA (213) 877-5518 
Nine Associates Fairfax, VA (703 ) 273-1803 

More power to you! 

rm Power Products 
Division of Computer Products, Inc. 
1400 N.W. 70 ST./FORT LAUDERDALE, FLA. 33309 • (30 5) 974-5500 / TWX51 0-956-9895 

~ 
1979 

For more Information, Circle No 139 

µP-ENHANCED DMM. The 41h-digit 
Model 8050A furnishes both offset and 
dBm capabilities usually found only in 
higher priced units. Features include 5 
ranges each for ac and de voltage and 
current, 10 dBm ranges, six resistance 
ranges and two conductance ranges. Ac 
ranges are true rms, with frequency 
coverage from 45 Hz to 10 kHz. $329. 
John Fluke Mfg Co Inc, Box 43210, 
Mountlake Terrace, WA 98043. Phone 
(206) 774-2322. Circle No 307 

LOGIC-STATE ANALYZER. Multi­
phased, qualified clocks enable Model 
1610B to quickly and easily perform 
analyses of multiplexed buses. The 
clocking capability furnishes three 
data-capture modes: 32 bits, 16/16 bits 
and 16/8/8 bits. The instrument can also 
be set to display the contents of its 
memory even when all trigger conditions 
are not satisfied or a system clock fails. 
$12,500. Hewlett-Packard Co, 1507 
Page Mill Rd, Palo Alto, CA 94304. 
Phone (415) 856-4234. Circle No 308 

DIGIT AL THERMOMETER. Power for 
the portable Thermometer 5800 can be 
from either its internal rechargeable 
battery pack or 115/230V ac (by means 
of a furnished battery charger). The 
instrument accepts two Series 700 
thermistor probes, reading out the 
temperature from either of four 
pushbutton ranges of - 30 to + 50° or 0 to 
100°C, and - 22 to + 122° or 32 to 199°F. 
Resolution equals 0.1°. $295; probes, 
$15 to $35. Omega Engineering Inc, 
Box 4047, Stamford, CT 06907. Phone 
(203) 359-1660. Circle No 309 
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Symbols of the World's Most 
Precious Elements 

Pt, Au, Ag, Gs 

The last symbol in our list stands for 
GUARANTEED SPECIFICATION. To us at 
TELEDYNE PHILBRICK, it 's every bit as 
precious as platinum, gold, or silver. That's 
because our customers know that when we 
guarantee a performance parameter, the guar­
antee is as good as gold. 

SEE US AT WESCON BOOTH # 1403 

~"'TELEDYNE PHILBRICK DATA CONVERTERS, V/F/V CONVERTERS, LINEARS, NONLINEARS, POWER SUPPLIES 

Allied Drive at Route 128, Dedham, Massachusetts 02026 
Tel : (617) 329-1600 TWX : (710) 348-6726 Telex : 924439 

For more information, Circle No 140 

~rnIBLJ©@Wrn 10,000A+ 

semiconductors serve high power, high frequency markets 

•PULSE MODULATORS 
• UNINTERRUPTIBLE POWER SUPPLIES 
• INDUCTION HEATING 

• TRACTION CHOPPERS 
• DC - DC CONVERTERS 
•AC DRIVES 

with fast switching, distributed gate thyristors 

R270 
800V 
10 JIS 
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1200V 
l5ps 
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1200V 
20µs 

all with the lowest Om 
reverse recovery charge. 
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0 WESTCODE semiconductors • P.o. eox 159, R1cHF0Ro, vr. 05476. (514) 26a-102s 

For more information, Circle No 141 
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Fairchild is into a very hot market. Smoke 
detectors. So now you can build yours better 

w ith our new low-cost FPT700 NPN Silicon 

I . Photo Transistor and FPE700 Gallium A rsenide 
Infrared Emitter. 

) They're spectrally matched, 
come in a small Tl plastic · 

'\ package, and are the lowest-cost 
transistor / emitter pair around 
About 16-17cents 1n volume 

Or try our FPT720 Sil icon Photo 

for all three new products now. They're 
1 ' the perfect photo devices for other l riJ important applications, too. From remote 

. · control toys to security systems. 
"1 For more information on our new low-

"'\ cost photo products, write or cal l our 
i Opto Division at Fairchild Camera and 

Instrument Corporation, P.O. Box 880A, 

Mountain View, llllllll•••••­
CA 94042. F=AIRCHIL.CJ 

·~ Tel:{415) 
-t:. 962-3oss. Call us on it. 

l'1 • ~~1~i~ (415) 962-3088 
For more information, Circle No 142 

One of these efficient low-cost IERC 
heat sinks will let you substantially • 
increase the power of your semi- " 
conductor devices while holding ~ , ,_, 4' 
junction temperature below the rated 
maximum. Send for complete specs, 
thermal dissipation curves, and ~ ..... ~ 
other helpful information today. -----::0 ~ 

i IERCl~I Heat Sinks 
International Electronic Research Corporation I A subsidiary of Dynamics Corporation of America 

135 West Magnolia Blvd., Burbank, CA 91502 • (213) 849-2481 

For more information, Circle No 143 

I New Products I 

SOLDERABILITY TESTER. The difficult 
job of testing solderability and obtaining 
objective, quantitative results has been 
taken on by a µP-controlled system from 
Multicore Solders. The basic device (with 
its various interchangeable attachments) 
tests the solderability of plated-through 
holes (PTHs), metal-clad laminates, pc 
boards and electronic component 
terminations-using the meniscus, edge 
dip, globule or PTH test methods. $5500 
base price; $10,975 complete. Multicore 
Solders, S Service Rd, Westbury, NY 
11590. Phone (516) 334-7450. 

Circle No 310 

SPECTRUM RECORDER. Model 4406A 
provides automatic on-line digital 
recording and/or plotting of real-time 
frequency spectra for noise/vibration 
data logging, 3-D time-history recording 
and QC record keeping . The system can 
record up to 1500 400-line spectra (or a 
larger number of 11.i or 1/ 1 octave 
spectra) on each digital tape cartridge. 
All records include the setup and 
calibration status of the spectrum 
analyzer, so data recalled and/or plotted 
at a later time retain their meaning. 
Recall for automatic comparison or 
plotting can skip to selected tag numbers 
on the tape, rather than access only a 
preset sequence of file numbers. 
$25,450. Nicolet Scientific Corp, 245 
Livingston St, Northvale, NJ 07647. 
Phone (201) 767-7100. Circle No 311 

100V/2A PULSE GENERATOR. Serving 
needs intermediate between those 
handled by conventional pulse genera­
tors and those that require high power, 
Model PG-130 delivers output pulse 
voltage to ± 1 OOV or pulse current to 
±2A. In addition to internal, external , 
single-shot and gated PRF operation, the 
gene.rater provides a pulse of fixed delay 
or two pulses with variable delay 
between them. Repetition rate is from 
one-shot to 20 MHz; pulse width can be 
from 20 nsec to 500 msec. Velonex, 560 
Robert Ave, Santa Clara, CA 95050. 
Phone (408) 244-7370. Circle No 312 
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When 
Y-QUWant 
theworldS 
most accurate 
multimeters ... 
you want 
Data Precision 
multi meters. 

For a demonstration or a copy of our 
comprehensive Digital Instrumentation 
catalog contact Data Precision Corporation, 
Electronics Avenue, Danvers, MA 01923, 
USA 
Phone (617) 246-1600 Telex (0650) 921819 

4. i:,ATA PRECISION 
.. . years ahead 

For demonstration, Circle no 144 
For additional lntonnatlon, Circle no 145 
Visit us at Wescon, Booths 1041-1045. 



for best results ... 
first convert to IMC 

IMC 4" DC MOTOR 
New DC Motor rated for one 
horsepower at 10,500 RPM , 
continuous duty and two horse­
power for intermittent duty is 
available for application in 
aerospace, ordnance and con­
trol equipment . Available in 
series , shunt or compound 
wound versions-characterized 
for long brush life. Literature on 
request! For further information 
please call Gene Egan , V.P. 
Sales-516 / 334-7070 or write : 

1011;;13 
IMC MAGNETICS CORP. 

EASTERN DIVISION 
570 MAIN STREET, WESTBURY, NEW YORK 11590 

For more information, Circle No 146 

in minutes ... with scissors ... low cost 
No waiting . Solves many shielding problems. Use a single formula (ask us) to 
determine thickness and number of layers. Combine this with practical trial 
and error. After cutting , hand trim AD-MU foil to the correct outline and fit 
it around the component to be sh ielded. 

If you need relatively few shields, or are 
experimenting, that's it. You 've el iminated 
designing, tooling and manufacturing costs 
for prefabricated shields. 

Especially good also for hard-to-get-at 
places and to make assemblies more 
compact by placing magnetically 
reacting components closer 
together without perform-
ance degradation. 

Ask For NEW 48-PAGE 

rl 
Time-Saving Reference 
Data/Catalog on 

Techniques &· 

. '

• , " Magnetic Shielding 

260 

Problem 
Solving 

For more information, Circle No 148 

New Products 

DATA GENERATOR. Latest in a line of 
digital data pattern generators, Model 
725 features a built-in CRT and key pads 
that enable the operator to enter patterns 
in any of a number of formats. Data can 
be entered and displayed in binary, octal 
and hexidecimal table formats, or as a 
serial or parallel timing diagram. $5500. 
Moxon Inc, 2222 Michelson Dr, Irvine, 
CA 92715. Phone (714) 833-2000. 

Circle No 313 

DUAL-PEN RECORDER. Each of Model 
VP-66723C's two pens writes full scale 
on 120-mm fan-fold paper. The portable 
unit operates on ac/dc or internal battery, 
has 8 ranges (10 mV to 100V FS) and 12 
chart speeds (0.5 cm/hr to 16 cm/min) 
and responds to full scale in 0.5 sec. 
Other features such as a built-in battery 
charger, pushbutton event markers, and 
an integral 50-mV calibration source add 
to versatility. $1350. Soltec Corp, 11684 
Pendleton St, Sun Valley, CA 91352. 
Phone (213) 767-0044. Circle No 314 

DUAL HIGH-POWER SWITCHER. By 
furnishing two 400W outputs at 2, 3, 5, 
12, 15, 18, 21 , 24, 28 or 48V de and a 
third channel at 2, 3, 5, 12 or 15V de (its 
output subtracts from the 400W rating of 
the second channel) , Model PM2809 
suits many applications. Total power 
must not exceed 800W. Specs show 
input of 184 to 260V (47 to 63 Hz), 
regulation through line dips to 166V, 
30-msec holdup, full output to 50°C, 
remote sensing, no overshoot and 
protection against overvoltage, overtem­
perature and reverse voltage. $1075. 
Del ivery , 16 wks ARO . Pioneer 
Magnetics, 17 45 Berkeley St, Santa 
Monica , CA 90404 . Phone (213) 
829-6751 . Circle No 315 

EDN SEPTEMBER 5, 1979 



AD7S2S. THE 
WORLD'S FIRST 
SINGLE CHIP 
DIGITAL Par. 
Anyone who uses expensive and 
cumbersome 10-turn pots or 
thumbwheel-switch voltage 
dividers will welcome the accu­
racy, reliability and ease of use of 
the AD7525. It's a new solution to 
an old problem. That is the set­
ting of AC or DC signal levels digi­
tally and usually remotely. The 
AD7525 replaces the noise, inac­
curacies and expense with a reli­
able, economical monolithic 
CMOS 3% digit BCD digitally­
controlled potentiometer. The 
world's first single chip digital pot 
and the only high resolution 
CMOS multiplying DAC available 

with BCD coding. 
The AD7525 is perfect for 

controlling DC voltage levels or 
AC signal amplitude directly from 
the front panel. With step­
resolution of 0.05%. A full-scale 
output range of 0.000to1 .999V1N· 
A maximum linearity error of ± 1/2 
LSB (AD7525LN, CD and UDl over 
the temperature range guaran­
tees monotonicity. 

3112 DIGIT BCD 
RESOLUTION 
PLUS IC 
RELIABILITY. 
Combining the highest resolu­
tion of 13 input bits or 3% digits 
BCD with monolithic reliability 
results in a .digital pot that ends 
the mechanical unreliability and 
erratic performance of "dialing 
up" AC or DC voltage levels. · 

ANEWIDW 
PRICE. 
• ·= ,-, ,- ,-, ':'' ·=·. =· ,_, 

Only $8.50 in 1000's (AD7525KN). 
It means you can build an entire 
attenuator circuit for about $22. 
That includes the AD7525KN, an 
op amp, the trim-pot (which 
allows gain accuracy to be pre­
cisely setl, resistors and the 
thumbwheel-switch assembly. 
That's a lot less money for a lot 
more performance and reliability 
than the "old" way. 

But prove it to yourself. 
Check out one of the six available 
performance grades of the 
AD7525, the world's first single 
chip digital pot. Call Doug Grant 
or Don Travers, (617l 935-5565. Or 
write Analog Devices, P.O. Box 280, 
Norwood, MA 02062. 

1111111111 ANALOG 
WDEVICES 

~OUT IN FRONT. 
Analog Devices. Inc. , Box 280. Norwood, MA 02062; East coast : 16171329-4700; Midwest: 13121894-3300; West Coast. 12131595-1783, 

Texas: 12141231-5094; Belgium . 031137 4B 03. Denmark 1021845800; England: 0119410 46 6; France: 686-7760; Germany: 089153 03 19; 
Japan: 03126 36 82 6. Netherlands· 0761879 251; Switzerland: 022 319704 , and representatives around the world 

For more information, Circle No 147 
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PROGRAMMABLE FILTER. Named 
Brickwall because of its 115 dB/octave 
rolloff on both sides of the passband, 
Model 751A lets you set both center 
frequency and bandwidth anywhere in 

Model HB&-3/0VP 

the 1-Hz to 100-kHz spectrum. As an 
option, remote digital programming of 
cutoff frequencies, prefiltering and 
postfiltering can be provided through a 
buffered parallel-input BCD interface 
(IEEE interface optional) . This 7th-order 
Gauer Elliptic active filter has only 0.3-dB 
passband ripple. $3300. Rockland 
Systems Corp, Rockleigh Industrial 
Park, Rockleigh, NJ 07647. Phone (201) 
767-7900. Circle No 316 

Get all the details on our 84 
standard open frames 

in our new 1978 catalog. 

IN-STOCK NATIONWIDE ... FOR IMMEDIATE DELIVERY 
EASTERN REGIONAL SALES OFFICE: Schenectady, N.Y. (518) 399-9200 ALA.: Huntsville , Rakes Engr. & 
Marketing Corp. (205) 883-9260 ARIZ.: Phoenix, PLS Assoc. (602) 279-1531 CAL: Pasadena, A-F Sis. Engr. (213) 
681-5631; San Diego, A-F Sis. Engr. (714) 226-8424; San Josa, Flichards Assoc. (408) 246-5860 CO'-": Denver, 
PLS Assoc. (303) 773-1218 CT.: Litchfield, Dlgdal Sis. Assoc. (203) 567-9776 FLA.: Orlando, OEM Marketing Corp. 
(305) 299-1000 GA.: Duluth, Rakes Engr. & Marketing Corp. (404) 476-1730 ILL: C hicago, Coombs Assoc. (312) 
298-4830 IND.: Indianapolis, Coombs Assoc. (317) 897-5424 MD.: Wheaton, Brimberg Sis. Assoc. (301) 946-
2670; Baltimore, Brimberg Sis. Assoc. (301) 792-8661 MASS.: Waltham, Digital Sis . Assoc. (617) 899-4300 
MICH. : Southfield, L.H. Dickelman Co. (313) 353-8210 MINN.: Minneapolis, Engr. Prod. Assoc. (612) 925-1883 
N.J.: .Whippany, Livera-Polk Assoc. (201) 317-3220; Marmara, Holdsworth (609) 398-4340 N.M.: Albuquerque, 
PLS Assoc. (505) 255-2330 N.Y.: Roslyn Hts .• Livera-Polk Assoc. (516) 484-1276; Syracuse, C.W. Beach (315) 
446-9587 N.C.: Charlotte, Over & Over Inc. (704) 527-3070 OHIO: Cleveland, t-.larlow Assoc. (216) 991-6500; 
Dayton, Marlow Assoc. (513) 434-5673 OKLA.: Tulsa, Advance Technical Sis. (918) 743-8517 ORE.: Portland, Jas. 
J .. Backer (503)297-3776; Salem. Jas. J . Backer (503) 362-0717 PENN.: Pittsburgh, Marlow Assoc. (412) 831-6113 ; 
Newtown Sq., Holdsworth & Co. (215) 356-8550 TEX.: Dallas, Advance Technical Sis. (214) 361-8584; Solid State 
Bectr. (214) 352-2601; Houston, Advance Technical Sis. (713) 469-6668; Solid State Electr. (713) 772-8483 UTAH: 
Salt Lake City, PLS Assoc. (801) 466-8729 WASH.: Seattle, Jas. J . Backer (206) 285-1300 ; Radar Elec. Co. (206) 
282-2511 WIS.: Milwaukee, Coombs Assoc. (414) 671-1945 EUROPE: Hanex. L.A., CA (213) 556-3807 CANADA: 
Duncan Instr .• Weston. Ontario (416) 742-4448; W innipeg, Man~oba, Cani Gard Supply Ltd. (204) 786-8481 

D.C. POWER SUPPLIES 

Power One Drive• Camarillo , CA 93010 •Phone: B05/4B4-2806 •TWX: 910-336-1297 

SEE OUR COMPLETE PRODUCT LISTING IN EEM & GOLDBOOK 

For more information, Circle No 149 

FIBER-OPTIC TEST METER. You can 
use Model FPM-1 to measure source 
optical power, fiber-optic-cable output 
power and both detector responsivity and 
dark currents under biased conditions. 
Average-optical-power measurements 
cover 20 nW to 2 mW (between 500 and 
1000 nm) ; current measurements span 2 
nA to 200 µA. Accuracy runs ±5% for 
power, ±0.5% for current-read on a 
3V2-digit LCD . Power-measurement 
sensing heads are available for many 
standard connectors. $499, with one 
head and the adapter for detector 
measurements. Delivery, 6 wks ARO. 
Radiation Devices Co Inc, Box 8450, 
Baltimore, MD 21234. Phone (301) 
628-2240. Circle No 317 

PHOTOMETER/RADIOMETER. With a 
spectral range from 220 to 1800 nm and 
light-detection capability from below 1 
pW to above 2W, Model 88XL furnishes 
direct linear readout of radiant power in 
nW, µW and mW. It also makes direct 
linear photo-optic measurements, using 
interchangeable sensor heads that 
contain the NBS optical-calibration 
factor. Readout is on a 31h-digit LCD; a 
34-pin edge connector brings out analog 
and digital signals for recording. $665; 
silicon-sensor head, $175. Photodyne 
Inc, 5356 Sterling Center Dr, Westlake 
Vi II age, CA 91361 . Phone (213) 
889-8770. Circle No 318 

UPSs. Four new uninterruptible power 
supplies furnish both logic and battery­
charging output. Each unit provides 
smooth crossover upon line dropout, 
delivers full output to 71 °C without 
derating and features tight regulation of 
both outputs. Models UPS12-5S3000 
and UPS24-5S3000 ($169.95) each 
furnish 5V/3A for logic, plus 13.5V/2A 
and 27V/1 A (respectively) for battery 
charging ; similarly Models UPS12-
5S6000 and UPS24-5S6000 ($179.95) 
deliver 6A for logic, plus 13.5V/0.8A and 
27V/0.4A (respectively) for charging. 
Delivery, 6 to 8 wks ARO. Semiconduc­
tor Circuits Inc, 218 River St, Haverhill, 
MA 01830. Phone (617) 373-9104. 

Circle No 319 
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TM 
Software Source Books 

• PIP Peripheral Interchange 
• Program transfers data 

• ~!f~;~~dP~Ii!ri:ie~e~~~e~xtensions 
• Relocatable anywhere in 

• ~~~~~aed Instruction set 
t~~A~~ei0~~~9;~~~e instructions 

• Variable precision from lj to 

• ~ire~f~;~d Programming forms 
• Produces Relocatable and 

linkable code 
• COMMON and DUMMY sections 

• Device-independent I/O 
• Random and Sequential Files 
• Fits in less than 8K 

! g~~~l!"~u~~~v~~~~l~~I~g 
furnishes all DOS services 

• Easily interfaced to new 
devices and peripherals 

• Dynamic file allocation 

! ~t;!~1 ~~;~ilng 
• Full scientific package 
• Data structures with 

mixed data types 

XA6809 Magro rt~M:a~,cross Assembler 

• Runs on any M6800 
• Full Macro facilities 
• COMMON section for the 

production of ROMable code 
Conditional Assembly 

• Generates linkable and 
relocatable code 

• Sorted Symbol table listing 
• Hash- coded Symbol table 

for speed 

Hemenway Associates Inc. 101 Tremont St . Boston MA 02108 

Name Title Company 

Street City State Zip 

) Check enclosed in the amount of $ ••••• •. •• . •• • ••••••••••••••• 

(. ) Bill VISA ( ) Bill Mas terCharge 

Card No •.••••••.••••••• ,., •• ,, ••• , •• Exp. Date ••• , ••••• , .•.• • 

Please send the following books: 

Add $0. 75 per book to cover postage and handling 

For more information, Circle No 151 
EDN SEPTEMBER 5, 1979 

ELECTRONIC 
CONTROLLERS 

G0781.100 
(Counter-Controller) 
Manual , remote and 
automatic reset. 5 digit 
LED display and preset. 
Counts up to 5,000 cps. 
Adding or subtracting 
models. 

G0781.400 
(Counter-Controller) 
For high speed controlling 
requiring frequent reset. 
Long life expectancy and 
compact size. LED count 
and output indicators. 
Manual , remote and 
automatic reset. Counts 
up to 5,000 cps. 

All Hecon Controllers and Counters are available for 
immediate delivery. 

31 Park Road , Tinton Fall s, N.J. 07724 (201) 542-9200. 

For more information, Circle No 150 
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New Products 

COMPUTER-SYSTEM 
SUBASSEMBLIES 

12-bit ADC with either a software­
prog ram ma ble-gai n (DAS1151) or 
resistor-programmable (DAS 1150) in­
strument amp, these units provide 
guaranteed 12-bit performance at up to 
25-kHz throughput with unity gain and 
± 1-LSB maximum overall error. 
DAS1150, $199 ; DAS1151 , $249. 
Analog Devices Inc, Box 280, Norwood, 
MA 02062. Phone (617) 329-4700. 

. . . . . . . ~ . . . . . . . . . . . .. 
1::1 ,"': 

. -~~~11-5~- --· ···---- .. . 

DATA-ACQUISITION SYSTEMS. Com­
bining a 12-bit sample/hold circuit and a Circle No 320 

264 

t 
LOAE> 
LAWS 
FANS 
SOLENOIDS 
MOTORS 

l 

Elec-Trol has introduced a new solid-state micro relay, Model SA-2, 
that comes in an 8-lead dual in-line epoxy package and measures 
only .335" L by .250"W. This new relay features inverse parallel 
SCR output, high built-in transient immunity, optical isolation, zero 
volt switching, and very low leakage current. 

The input is DTL/ TTL compatible and is composed of two 
light emitting diodes that can be connected externally in either 
series or parallel. The output is composed of two back-to-back 
SCR's driven by high technology JC circuits optically coupled to the 
input LED's. The unit is designed to handle 0.5 amperes steady­
state current and is guaranteed to 2500 VAC minimum breakdown 
voltage between output and input. 

This tiny new relay is especially useful wherever high-density 
assembly is desired. It can be used directly as a micro relay in low 
current applications, or it can be used as a driver to drive power 
back-to-back SCR's or triacs. Potential driver applications include 
fans, computer peripheral equipment, microwave ovens, and motor 
controls. 

For more information, use the reader service card. For sample 
or off-the-shelf delivery, contact your Elec-Trol distributor. 

Elec-Trol, Inc., 26477 N. Golden Valley Road, Saugus, Calif. 
91350. Phone: (213) 788-7292, (805) 252-8330.TELEX 18-1151. 

ELEC·TROL 
For more information, Circle No 153 

• \\\ ... •· -
~ 

-~ .,,.,,.,,,,-. .. 
1/0 TERMINAL. The SE100 measures, 
digitizes, isolates and transmits 
industrial-process data to computers, 
terminals and modems, as well as 
completing control loops to isolated 
DACs and switch closures. Featuring 
remote self calibration, automatic 
cable-break protection and complete 
optical isolation, it handles a variety of 
sensor and data interfaces. From $1490. 
San Diego Instrument Laboratory, 
7969 Engineer Rd, San Diego, CA 
92111 . Phone (714) 292-0646. 

Circle No 321 

STATISTICAL MULTIPLEXER. Com­
patible with any Unibus-based computer 
system, the 205/11 takes multiple data 
streams from the host computer and 
concentrates them onto one bit-serial 
trunk link. One of these boards supports 
up to 128 terminals, thus replacing a 
host-end multiplexer and up to 16 DEC 
DZ-11 asynchronous-terminal interface 
boards. From $4000. Digital Communi­
cations Associates Inc, 135 Technolo­
gy Park, Atlanta, GA 30092. Phone (404) 
448-1400. Circle No 322 

OMA CONTROLLER. For use with Data 
General Eclipse computers, the Data 
Channel controller allows you to operate 
and program all popular high-speed line 
printers exactly as you would a DG 
printer. This 1-board unit includes 
provisions for a horizontal-tab memory 
feature , printer VFU and optional 
3000-ft-line drivers . $1995. MOB 
Systems Inc, 1995 N Batavia St, 
Orange , CA 92665. Phone (714) 
998-6900. Circle No 323 
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New Products 

VIDEO DIGITIZER. Under program 
control , the FG-01 quantizes a video 
source to form a 256 x 256-eleme.nt 
image of either 4, 6 or 8 bits per pixel. 
This board then loads the image data into 
the manufacturer's RGB-256 video­
refresh board. Once digitized, the live 
image can be frozen on command, 
allowing full computer access. Less than 
$800. Matrox Electronlc Systems Ltd, 
5800 Andover Ave, Montreal, QUE H4T 
1H4, Canada. Phone (514) 735-1182. 

Clrcle No 324 

1/0 BOARD. Featuring three serial-1/0 
ports, the Bitstreamer II interfaces with 
most terminals, printers, readers and 
punches . Universal synchronous/ 

266 

asynchronous receiver-transmitters im­
plement two parallel input and output 
ports, as well as the serial ports. By 
jumper option, the board can generate 
interrupt requests. $235. Vector Graph­
ic Inc, 31364 Via Colinas, Westlake 
Village , CA 91361. Phone (213) 
991-2303. Clrcle No .325 

STATIC-RAM BOARDS. The MR 80 
family of Multibus-compatible boards 
comes in both CMOS and NMOS series. 
CMOS units provide Bk, 16k or 32k 9-bit 
bytes of memory and include parity­
generation/checking circuits, power­
monitoring prov1s1ons, battery-status 
indicator and battery charger. NMOS 
units contain either 16k or 32k bytes with 
parity checking/generation optional. 
From $825 for NMOS; from $1200 for 

I 

CMOS. Comark Corp, 257 Crescent St, 
Waltham, MA 02154. Phone (617) 
894-7000. Circle No 326 

DACs. The ZDA 1800 provides 18-bit 
resolution and a 0.2-ppm/"C nonlinearity 
temperature coefficient, while the 
ZDA1600 furnishes 16-bit resolution and 
0.4-ppm/"C stability. Interchangeable 
with Analog Devices' DAC1138, the 
ZDA1800 settles voltage and current 
values in 2.5 and 10 µSec, respectively. 
The ZDA 1600 replaces the DAC1136. 
ZDA1600, $275; ZDA1800, $775. Zeltex 
Inc, 940 Detroit Ave, Concord, CA 
94518. Phone (415) 686-6660. 

Circle No 327 

I ntertace a silent Gultbn fixea head thermal . . 
dot printer to your microprocessor . .. 
and get unmatchffd reliability. 
Gulton printers and mechanisms give you the quietness and 
reliability of thick film technOlogy. With only one moving part you are 
freed from the problems of ink supplies, ribbon mechanisms, 
hammers and other moving parts. Graphics, numeric and 
alphanumeric printers are available. MTBF is 10 million 
character lines. 
ASCII format printout 

I AM GUL TO t·l::; t·lEl·l 
MODEL AP-20 THERMAL 
PRINTER .. . . CAPABLE 
OF PRINTING UP TO 
21) COLUMt·l::; OF UPPEF.: 
CASE A::;c I I CODE 
@ABCDEFGHI JKLM~JPQRS 
TU l..J l·l :,<YZ[" ... ] .. _ I "#$\:!., ' 

11 I I .gu1ton ® 
Meaaurement & Control Syatems Division 

Gulton Industries Inc., East Greenwich, Rhode Island 02818 
(401) 884-6800 • lWX 710-387-1500 

See us at Wescon Booth 1355-57 
For more information, Circle No 156 EDN SEPTEMBER 5, 1979 



WHEN NOISE IS ELIMINATED 
PEOPLE PERFORM BETTER 
DAVID CLARK COMPANY DESIGNS 
AND MANUFACTURES PRODUCTS 
WHICH PROTECT YOUR HEARING 
AND MAKE IT POSSIBLE FOR YOU 
TO COMMUNICATE RELIABLY IN A 
HIGH NOISE ENVIRONMENT. 

1. HEADSETS, Noise Attenuating. 
2. INTERCOM SYSTEMS for fixed and 

portable applications. 
3. COMMUNICATION SYSTEMS which do 

not need an auxiliary power supply; the 
microphone and earphones are activated . 
by the voice - "Sound Powered". 

Typical Product Applications: 

• GENERAL AND COMMERCIAL 
AVIATION 

• PETROLEUM AND GAS INDUSTRY 
• ENGINE MANUFACTURING 
• AERIAL WORK PLATFORMS 
• PAPER AND CORRUGATED BOX 

PRODUCTION 
• NAVAL AND MERCHANT VESSELS 
• SHIPBUILDING 
• MONITORING EQUIPMENT 
• FIRE AND RESCUE APPARATUS 

WE CONCENTRATE ON SERVING THE 
NEEDS OF ORIGINAL EQUIPMENT 
MANUFACTURERS AND THE UNITED 
STATES GOVERNMENT. 

0BWD0 CLARK CO., INC. 
E DN SEPTEMBER 5, 1979 

360 Franklin Street/ Worcester, Massachusetts 01604 
Tel. (617) 756-6216 Telex 920482 

For more information, Circle No 157 
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Presenting 
The Real Estate 
Experts in Relays. 

Challenge: squeeze maximum 
relay performance into premium 
PCB real estate. Continued 
sophistication demands greater 
relay miniaturization, plus con­
sistent high quality and reliability. 
T eltone board shown squeezes 
in 1 MPC and 11 DR (DIP) units. 

Our Allied Control Relays 
have led the way in meeting the 
challenge.* We offer a broad line 
of new and proven relays in 
five families: 

Cradle Relays 
ioneer in relay 
sizing. Wide 

y in sensitivity, 
mounting and contact con­
figurations. DC, AC, multipole 
and latching. 

Low Profile Relays 
MPC, MPCS, MPCL (1, 

2 or 4 poles). New DIP and SIP 
series. Pacesetting high density 
packaging. Sealed versions 
withstand fluxing, wave soldering, 
in-line cleaning. 

Midget Industrial Relays 
New Midget power 
relay series GH 
and GY (1 , 2, 3 

r 4 poles). Open 
frame BOT I BOY, PO 

Series. Hermetically sealed 
BOHR, POHR Series. Heavy 
duty, AC, DC, up to 15 amp con­
tact rating. 

P'llHlll Solid State Relays 
E22, E-3, new E-6 
series relays. Extremely 
low electrical noise, 
long life characteristics. 
voltage switching. Good 

for hostile atmospheres and 
otherwise severe applications. 
(4 through 40 amps) 

Military Relays 
-t 00u~0• OPL, Y2 size high per­
~i.J.110 °0

11•
9

• formance crystal can 
.... relays to MIL-R-39016 / 
6-1 09 L or M. Full size crystal 
can relays to MIL-R-5757 / 13 
and round can multipole relays 
to MIL-R-5757, 5 and 10 amp 
as applicable. 

Specify Allied Control Relays for your premium real estate. 
See catalog data in EEM or call your Gould / Allied Control Relay representative or distributor. 

Gould Inc., Distribution and Controls Division, 100 Relay Road, Plantsville, CT 06479, 203-621 -6771 . 

Key System Intercom board compliments of tl:EL"'CQNe· 

*Write for test data: Low Profi le TR 202 Crad le TR 1 04 

For more information, Circle No 158 
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New Products 

MICRO-CONTROLLER CARD. This 
board allows designers to rapidly 
incorporate an 8085 µP into control 
systems as an economic replacement for 
logic designs. In its simplest form, the 
4 x 5-in. unit need only contain the CPU 
and one EPROM, but it can provide up to 
76 1/0 lines (with EIAA Standard serial 
interface), 8 x 4k of program memory and 
8x 4.6k of RAM. $195 (100) . FH&M 
Enterprises Inc, 1850 Gravers Rd, 
Norristown, PA 19401. Phone (215) 
277-8487. Circle No 328 

APL CONTROLLER OPTION. Upgrad­
ing the 30-cps LA36 DECwriter 
teleprinter to 165 cps, this APL option 
adds on to its manufacturer's DS120 
terminal controller. The option stores the 
APL character set in ROM and allows 
you to print either APL or standard ASCII 
characters. The unit can generate printed 
characters while simulta!leously under­
lining them, increasing throughput. APL 
package, $125; DS120, $750. Data­
aouth Computer Corp, 627-F Minuet 
Lane, Charlotte, NC 28210. Phone (704) 
523-8500. Circle No 329 

MODEM INTERFACE. Adapting its 
manufacturer's communication MUXs to 
Bell 103- and 202-type modems, the 
DM/16 provides dataset control for 16 
channels on one hex-sized board. This 
unit features on-board switches for 
address and vector selection and four 
40-pin Berg connectors that permit links 
to an EIA distribution panel. The board 
meets EIA/CCITT electrical specifica­
tions. $1400. Able Computer, 1751 
Langley Ave, Irvine, CA. Phone (714) 
979-7030. Circle No 330 

EDN SEPTEMBER 5, 1979 

12-BIT AID CONVERTER. Compatible 
with the S· 1 oo bus, this board adds 16 

single-ended or 8 differential channels to 
Z80 and 8080 µP systems. The board 
operates in four modes: status test, CPU 
suspension, 8080 priority interrupt and 
three Z80 interrupt conditions. Options 
include an instrumentation amplifier, a 
programmable-gain amplifier and a 
high-accuracy converter. $575. Califor­
nia Data Corp, 3475 Old Conejo Rd , 
Suite C-10, Newbury Park, CA 91320. 
Phone (805) 498-3651 . Circle No 331 

What's your enclosure need? ant environmental prot ction 
instruments, controllers or print circuit board racks? offma 
standing enclosures to protect your most delicate circui 
from oil , dust, dirt and water environments. Single or double 
door models. Access from front only, or front and back. Ad~~~~~,.-
such accessories as swing-out and side-mounted panels, 
half-length and full length panels or relay rack angles. And 
you have literally hundreds of standard stock combination1~~~~~~ 
from which to choose. Optional folding shelf to suppo.rlAeSl 
equipment available. Special enclosure sizes, modifications 
and finishes on request. 
SPECIAL TECHNICAL BROCHURES-free to q~jllifmrt.i.....::-z:1 
design engineers and spec writers. Write for your cop . 

For more information, Circle No 159 
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The program to reduce soft"1"are costs. 
Microprocessor Pascal System. 
Ne"1". From Texas Instruments. 

Learnability. Transportability. 
Maintainability. 

The features of Pascal, plus the bene­
fits of Tl's learning curve experience, 
are offered in the new Microprocessor 
Pascal system. 

A system designed for microprocessor 
applications. 

A system developed for the 16-bit 
9900 Family, including the TM990 
microcomputer modules, and 990 
minicomputers. 

A system to effectively lower your 
software costs today. And keep them 
low tomorrow. 

At TI, Pascal is the first and only 
corporate-wide approved high-level 
programming language. For a lot of 
good reasons. 

Pascal lets you solve your application 
without getting involved in the intrica­
cies of machine architecture. And, 
Pascal's block structure results in fewer 

programmihg errors, because the code 
is easier to write, read and modify. 

Tl's Microprocessor Pascal system 
consists of six parts and provides the 
most Pascal capability ever offered: 
•Source Editor - specifically designed 

to create/edit Pascal programs and 
check program syntax. 

• Compiler-compiles conventional Pas­
cal programs as well as Tl's Pascal con­
current extensions into interpretive 
code, which can then be executed di­
rectly, or converted into 9900 native 
machine code. 

•Host Debugger - over fifteen options 
for tracing variables and modifying 
data. 

• Configurator-enables the target sys­
tem to retain only the parts of the run­
time support necessary for program 
execution. 

•Native-Code Generator - converts 

Pascal interpretive code into 9900 na­
tive machine code. 

•Run-Time Support-both interpretive 
and native-code execution provide a 
speed/memory trade-off. 
Tl's continuing commitment to inno­

vative, cost-effective 16-bit micropro­
cessor software means an increased 
applications capability and decreased 
development time for you. 

Find out how you can reduce your 
present and future software costs. Put 
the new TI Microprocessor Pascal sys­
tem to work for you, today. 

For more information, call your 
nearest TI field sales office or authorized 
distributor, or write to Texas Instru­
ments, P.O. Box 1443, M/S 6404, Hous­
ton, Texas 77001. 

TEXAS INSTRUMENTS ~0 

MOVING AHEAD 'UI 
IN MICROCOMPUTERS 

TEXAS INSTRUMENTS 
© 1979 Texas Instruments Incorporated INCORPORATED 85582 

For more information, Circle No 160 
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New Products 

DISC CONTROLLER. Model 3211 
interfaces any PDP-11 series computer 
to as many as four SMD-type drives in 
any capacity mix. This controller handles 
data rates from 806k to 1.2M bytes/sec. 
Mountable on a quad-system backplane, 
the unit provides direct access to all 
read/write block transfers by utilizing the 
Unibus' nonprocessor request facility . 
$6100. Ball Computer Products, 860 E 
Arques Ave, Sunnyvale, CA 94086. 
Phone (408) 733-6700. Circle No 332 

MEMORY INTERFACE. The EM-115 
interfaces 86-pin Multibus connectors to 
two SO-conductor ribbon cables, which in 

turn interface to this manufacturer's 
dual-port memory subsystem. The board 
also provides optional termination 
resistors for the bus and up to 16k of 
expansion memory. $650, fully populat­
ed ; $195, unpopulated. Datacube SMK 
Inc, Box 405, Reading , MA 01867. 
Phone (617) 944-4600. Circle No 333 

64k MEMORY BOARDS. Both of these 
Multibus-compatible boards feature 
250-nsec access times, page-switching 
options, on-board refresh and sequential 
refresh . The RMEM-64/8+ 16BS Mega 
Memory byte-swap board suits both S­
and 16-bit bus masters and offers 
1 M-byte or 1hM-word addressability. The 
RMEM-64/8+ 16 Mega Memory board 
provides up to 1 M byte in Byte mode or 

GET A GOOD GRIP ON YOUR HEAT 
DISSIPATION PROBLEMS WITH THE ... 

NEW ... Space Saving 
Cooler for 
T0-3 case 
Applications 
Aavid has a great new answer for I -~ 
those heat dissipation problems on 
T0-3 case semiconductors. It's our 
Series 59178 (patent pending) that 
are designed specifically to grip 
around the case for maximum heat 
dissipation. Installation is quick and 
easy, and best of all they require vir­
tually no additional board space. 

Write or call today for a free evalua­
tion sample along with our newest 
catalog describing the most exten­
sive line of heat sinks in the industry. 

I
AI A Iv l 11 o~ tc~~~~.~~~,\~EERING. INC. 

• _ New Hampshire 03246 
i§ .wm Tel. 603/524-4443 

1 M word in Word mode. $1600 for the 
8+ 16BS; $1700 for the 8+ 16. Relation­
al Memory Systems Inc, 1180 Miraloma 
Way, Sunnyvale, CA 94086. Phone (408) 
732-5520. Circle No 334 

REAL-TIME CLOCK. Compatible with 
Apple II computers, the APT-1 produces 
6-digit time information for CRT displays 
and printouts or for tasks such as timing 
events, controlling peripherals and data 
logging. The clock package includes an 
external wall transformer that keeps the 
clock running when the computer is off. 
The board contains an ac/crystal 
timebase and can provide 12- or 24-hour 
readings in either BCD or ASCII formats. 
$80. Westside Electronics, Box 636, 
Chatswo.rth, CA 91311 . Circle No 461 

competitive pr cs. 
• Built-in differential and com-

mon mode RFI suppression. 
• Input surge and OV protection. 
• UL 4 78 recognized. 
• Split primary. 
• Open and closed frame units. 

Write for more informati on on Del­
t ron 's high performa nce sw itchers. 

I ii;11ral£1nc. 
~ 

Wissah1c kon Avenue •North Wales . PA 194 54 
Tel 2151699-926 1 Twx · 51 01661-8061 AC 3 t 

For more information , Circle No 161 
ED N SEPTEMBER 5, 1979 

For more information, Circle No 162 
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035213 
035214 
035215 

035216 
035217 
035218 

C.11101 
Numllllr 

035219 

035220 

035221 
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lnternational's OE 
Series of Crystal 
Oscillator Elements 
provide a complete 
crystal controlled 
signal source. The 
OE units cover the 
range 2000 KHz to 
160 MHz. The standard OE unit is de­
signed to mount direct on a printed 
circuit board. Also available is printed 
circuit board plug-in type. 
The various OE units are divided into 
groups by frequency and by tempera­
ture stability. Models OE-20 and OE-30 
are temperature compensated units. 
The listed "Overall Accuracy" includes 
room temperature or 25°C tolerance 
and may be considered a maximum 
value rather than nominal. 

01clll1tor 2000 KHz 67 Miiz 140 MHz 
El1mtnt to .. to OVtrall 

l'fpe 615 Mttl 139 MHz 160 MHz Accuracy 

OE-1 $14 .24 
OE-1 $16 .35 ::!:. 01% 
OE-1 S20 .57 - 30° to + 60°C 

OE-5 $17 .67 = .002% 
OE-5 $20 .83 - 10° to +60°C 
OE-5 $27 .43 

Oaclll1tor 
Elemtnl 'llOO KHz to 20000 KHz OYll'lll 

l'fpe Atcut"lcy 

OE-10 $20 .83 = .0005% 
- 10° to +60°C 

OE-20 $30 .59 = .0005% 
- 30° to +60"C 

OE-30 $63 .30 =. 0002% 
- 30° to + 60"C 

All OE units are de­
signed for 9.5 to 15 
volts de operation . 
The OE - 20 and 
OE-30 require a 
regulated source to 
rnaintain the listed 
tolerance with 

input supply less than 12 vdc. 

Prices listed Include oscillator and 
crystal. For the plug-Im type add the 
suffix "P" after the OE number; eg 
OE-1 P. 
OE-1 , 5 and 10 can be supplied to oper­
ate at 5 vdc with reduced rf output. 
Specify 5 vdc. when ordering. 
Output - 10 dbm min. All oscillators 
over 66 MHz do not have frequency ad­
just trimmers. 

25'C 
Tolerance 

=. 005% 

= .0005% 
2 - 66MHz 

=. 001 % 
67 to 139 MHz 

=. 0025% 
140 to 160 MHz 

25'C 
1bler1nce 

Zero 
trimmer 

Ze ro 
trimmer 

Zero 
trimmer 

IDGlJUiJI 
INTERNATIONAL 
CRYSTAL 
MFG. CO., INC. 
10 North Lee 
Oklahoma City, OK 73102 
405/ 236-37 41 

For more information, Circle No 163 

For more information, Circle No 182 

CASSETTE INTERFACE. Accepting 
110- or 300-baud inputs from TTL, 
CMOS, RS-232, TTY (switch closure) or 
frequency-shift-keyed (by1e standard) 
sources, this interface board handles 
outputs to TTL, CMOS, RS-232, TTY 
(current loop) or audio-recorder (by1e 
standard) devices. The 2V4 x 41h-in . card 
also furnishes timing marks for 
communications sources. $142. Elec­
tronlc Product Associates Inc, 1157 
Vega St, San Diego, CA 92110. Phone 
(714) 276-8911 . Circle No 462 

CARD-CAGE PACKAGE. The PC 80 
package includes a 9-slot Multibus card 
cage and power supply contained in a 
19-in. rack-mount chassis. The power 
supply delivers + 5V at 30A,-5V at 1A, 
+ 12V at 4A and - 12V at 1.7A; the unit 
also provides four switched ac outlets, 
provision for battery backup, a switched 
contact closure for remote de, power-fail 
sequencing and a line time clock. $1195. 
Comark Corp, 257 Crescent St, 
Waltham, MA 02154. Phone (617) 
894-7000. Circle No 463 

CONVERSION PACKAGE. This conver­
sion provision allows you to use its 
manufacturer's disc software on South­
west Technical Products and Smoke 
Signal Broadcasting minidisc systems. It 
includes a controller/interface card , two 
disc operating systems in EPROM 
(MINIDOS and MINIDOS-PLUSX). 
Super BASIC, a cable connector (for 
SWTP's disc cable) and full instructions 
and user manuals. $250. Percom Data 
Co, 211 N Kirby, Garland, TX 75042. 
Phone (214) 272-3421. Circle No 464 
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We Know 
We Stock 

We Assemble 
We Pre Wire 

We Custom 

Connectors 
Connectors 

VISIT US AT OUR 

HOSPITALITY SUITE 
DURING THE 

WESCON SHOW 

SEPT. 18TH & 19TH Connectors 
Connectorsll!lmll 
BUILD & ENGINEER FLAT CABLE 
& CONNECTOR ASSEMBLIES 

1!2M DISTRIBUTORS & ASSEMBLERS FOR ~ 

~comPAN\" Scotchflex .Q ~ ~mfi ELCO molex rn WINCHESTER V BURNDY ~\!} \..._.,/ 
Litton ELECTRONICS 1 '1 pyle-national 

FOR TECHNICAL INFORMATION 800--325-8044 or 800-325-3348 
OR APPLICATION CAll: 

AND ASK FOR 

Mike McElhone Nancy Bua• Ellen Hartman 

vorn~:-£•'""o;_BlY SYS~;;;•;;_ 

~ DISTRIBUTION DIVISION 
or Write to: LECTRONIX, INC.• P.O. Box 188 •Little Hills Industrial Park• St Charles, Miaouri 63301 

For more infor!1Jation, Circle No 167 

MAGNETIC SHIELDING 
Material For CRT's, 
Transformers, Power Supplies, 
PMT's, Relays & other components: 

e. CO-NETIC AA ALLOY -
High Permeability 
.00211 to .100" thick 

EXCLUSIVE:. Perfection Annealed -
No further anneal required if severe 
forming is avoided. 

• NETIC S3-6 ALLOY - High Saturation Induction . 
. 004 11 to .095" thick 
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Send for NEW 

Material, Application 
and Fabrication 

Guide MG-5 

For more information, Circle No 168 

j New Products j 

COMPONENTS 
& PACKAGING 

KEYBOARDS. Because of their cross· 
bar contact design, Sabrecoil keyboards 
incorporate only three parts for each 
switch position. The 1-piece frame that 
houses all switch parts provides ease of 
mounting and deflection resistance for 
the entire assembly. 

Offered in either a 16-key (4 x 4) 
configuration or a 60-position alphanu­
meric array, the units can be provided 
with or without keytops or a custom pc 
board. They come in stepped or sloped 
configurations ; the doubleshot molded 
keytops have wide faces and clean 
legends. 

Contact noise is minimal ; life 
expectancy exceeds 106 cycles per 
position. Plunger travel equals 3.4 mm, 
with an overtravel of approximately 1 .5 
mm beyond contact make-point. Operat­
ing force specs at 60g. $10.80 (5000) for 
a 54-key unit with keytops and spacebar 
but without pc board. Mechanical 
Enterprises Inc, 8000 Forbes Pl , 
Springfield , VA 22151 . Phone (703) 
321-8282. Circle No 255 · 

DIVIDER. Housed in a 1.6x 0:5x 0.375-
in . package, Model 0301 M strip-line 
power divider covers a range of 1 to 18 
GHz. Over the entire range , minimum 
guaranteed specs include: 1.5 to 1.7 
input VSWR, 1.3 to 1.6 output VSWR, 
0.4- to 0.9-dB loss, 12- to 20-dB isolation, 
0.2- to 0.4-dB balance and 1 to 4° phase. 
$95 . Engelmann Microwave Co, 
Skyline Dr, Montville, NJ 07045. Phone 
(201) 334-5700. Circle No 256 
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Traffic Control for GPIB 
Intel's new Talker/Listener and Controller give you 
the green light for simplified IEEE-488 systems. 

Microprocessors are revolution­
izing the instrumentation market­
place. Thanks to GPIB, systems 
manufacturers have the first 
standard interface that allows intel­
ligent instruments to communicate 
with each other. Now the leading 
supplier of microprocessors delivers 
two peripheral chips-a Talker/ 
Listener and a Controller-that 
make it even easier to get on 
the IEEE-488 bus. 

Instead of building your own 
interface logic, use Intel's 8291 
Talker/Listener or 8292 Con­
troller. They'll save you time, space 
and money. Used together they 
let you implement all 
the IEEE-488 Stan­
dard bus functions 
without additional 
hardware or software. 
There's no more effi­
cient traffic control 
for microprocessor­
based systems. 

Implement the full 
interface standards 

Our 16-register Talker/ 
Listener operates within 
a 1-8 MHz clock range, so 
you can use it with a wide 
variety of microprocessors. 
It performs all the interface 
functions described by the 
IEEE-488 Standard: program­
mable data transfer rate, hand­
shake protocol, talker/listener 
addressing procedures, device 
clearing and triggering and both 
serial and parallel polling schemes. 

EDN SEPTEMBER 5, 1979 

But the 8291 gives you even 
more control. 

For flexibility beyond the call 
of duty, Intel's Talker/Listener has 
three addressing modes. Accord­
ing to your application, you can 
address 8291 as either a major 
or minor talker/listener with either 
primary or secondary addressing. 

Selectable interrupts and EOS 
8291 lets you initialize interrupt 

conditions, too. Any of 12 inter­
rupt status bits can be enabled, 
giving the Talker/Listener 
full status 

communication 
with the microprocessor. 

Finally, the 8291 is the only 
LSI device to offer EOS (end of 
sequence) message recognition. 
Working with a GPIB controller 
device, this EOS capability 

Circle no .. 169 tor information 

means added control in handling 
multi-byte transfers. 

First GPIB controller-on-a-chip 
Now the GPIB control func­

tion is in LSI form, too. Our 8292 
Controller communicates with the 
Talker/Listeners in your system 
to complete implementation of 
the IEEE-488 Standard, including 
transfer control protocol. It also 
executes service routines as 
indicated by interrupts and allows 
for seizure of control and/or 
initialization of the bus without 
destruction of ongoing data 
transmission. 

Intel gives you the go ahead 
You can depend on Intel for the 

latest advances in microcomputer 
technology. Everything you need 
for tomorrow's instrumentation 
systems is here today, from 
microcomputers to the broadest 
range of memory and periph­
eral components available. 
Now you can build with 
Intel's new IEEE-488 Talker/ 
Listener and Controller 
chips. For detailed 
information, contact your 
local Intel sales office or 
write: Intel Corporation, 
3065 Bowers Avenue , 
Santa Clara, CA 95051. 

~~~oB:~~~f~~~f:t~i~t~~~~: !;~;!eJr.;~~~~ii~~ ·ll~:~~e~tates 
Almac/Stroum, Component Specialities, Cramer. Hamilton/ 
Avnet , Harvey, Industrial Components, Pioneer, Sheridan, 
Wyle/Elmar. Wyle/Liberty, LA Varah and Zentronics. 
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WHO IN HIS RIGHT MIND 
WOULD PUT A LEAD-ACID BATTERY 

IN ATV? 

Lead-acid batteries leak. 
And gas. And corrode. And , 
traditionally, have all sorts of 
bad habits. 

So, who'd ever design one 
into a portable television, or 
any other critical application, 
where it could do its worst? 

Designers who know about 
Gates Energy, that's who. 
Because we've developed 
the sealed lead-acid cell 
to the point where it's 
almost faultlessly safe 
and reliable. 

Our cells operate in II 
any position w ithout 
leaking. They're safe 
and predictable in 
temperatures ranging 
from - 65° C to+ 65° C. 

Performance, 
frankly, is outstanding . 

• • 

Iii 

Expect hundreds of dis­
charge cycles. Dependable, 
simple charging for both 
float and cyclic applications. 
No memory problems. 

It all adds up to overall 
product reliability. 

Just what every de­
signer in his right mind 
has in mind when he 
tackles a new product's 
design. 

Learn more about Gates 
Energy cells and batteries. 

Send for our comprehensive 
information packet full of 

design data , spec sheets and 
application notes. Circle our 

Reader Service number, or 
write us directly. 

Gates Energy Products, Inc., 1050 South 
Broadway, Denver, CO 80217. 
Phone (303) 744-4806. E'DN-9 

MI'ESENERGY Need design assistance. 
Have engineer call. Circle no 170 
Send llferature. Circle no 171 





SWING THE ODDS IN YOUR FAVOR WITH HEINEMANN'S "SYSTEM 

Our full house-
the winning hand in circuit and 

equipment protection. 
Come to Heinemann for the widest range of 
ratings, styles, and options. 
One reason Heinemann is No. 1 for OEM circuit 
breakers is our wide range of protectors for 
everything from home audio systems to 
computer mainframes and industrial 
heating and air conditioning. 

And Heinemann breakers can do 
more than protect against over­
currents. With built-in optional 
circuits, our breakers perform a 
host of other protective and con­
trol functions. 

You can get Heinemann break­
ers on short notice -through our 
factory Jet Line program or 
through your nearest stock­
ing location. 

And in addition to 
our complete line and 
fast delivery, only 
Heinemann's techni­
cal engineering hot­
line has over 45 
years of experience 
in circuit and 
equipment pro­
tection backing it. 

Bet on the 
Heinemann 
"system": a full 
line of products, 
technical assist­
ance, and respon-

~ . . , 

Our popular 'fype J UL-recognized protectors have an 
interrupting capacity of lOOOA, a 250Vac (65Vdc) max 
voltage, and current ratings from 0.020 to 30A. They come 
with an assortment of attractive handles (making them 

ideal for front panels), and are available in up to four 
poles. 

Our AMl breakers, also UL-recognized, can be 
specified from 0.020-60A, 250Vac/65Vdc max, 

and are available in up to four poles. 
CF breakers, UL-listed or recognized, can be 
specified from 0.010-lOOA and have a 7500A 
interrupting capacity. If you need higher cur­
rent ratings, select our CJ breakers ( 100-
225A, UL-listed) with 10,000A interrupting 

, capacity. 
· Our newest items, the Re-Cirk-It® protector 

and the GH3 circuit breaker, fall at extreme 
ends of our line. The GH3 protects to lOOA at 

480V with a 14,000A interrupting capacity. 
It's extremely compact, fully magnetic, 
and you'll be surprised at its low price. 
Re-Cirk-It resettable protectors, avail­
able from 0.25-lOA, are the inexpen­
sive, ingenious replacement for old­
fashioned cylindrical fuses and fuse­
holders. 

For more detailed information, send 
for a copy of the Protector Selection 
Guide. 

HELP! Our direct, toll-free 
line puts you instantly in touch 
with' a Heinemann technical­
assistance engineer. Keep our 
number handy: 800-257-9590 

For more information, Circle No 173 

We keep you out of trout»,e. 
'.lent.on, New Jersey 0865() 71MA 



... and you can 
get breakers 
fast from these 
Heinemann 
authorized 
distributors. 

California, Burlingame 94010 
Campbe ll & George Co. 
(41 5) 697-2965 

California, Los Angeles area 
POCOSales 
(213) 99~291 2 

California, Sunnyvale 94086 
Cazco Sales Inc. 
(408) 745-7225 

Colorado, Denver 80216 
CSID. Inc. 
(303) 893-9594 

Florida, Orlando area 
Dixie Sales Corp. 
(305) 365-5211 

Illinois, Chicago 60646 
Nedco Electronics Inc. 
(312) 286-5565 

Illinois, Northbrook 60062 
Classic Components Supply 
(312) 272-9650 

Indiana, Indianapolis 46204 
Graham Electronics 
(317) 634-8202 

Kansas, Salina 67 401 
American Electric 
(913) 823-2248 

Kansas, Salina 67 401 
Kriz-Davis Company 
(913) 827-7747 

Maryland, Baltimore area 
Automation Industrial Control 
(301 ) 465-3616 

Massachusetts, Allston 02134 
Apparatus Service Company 
(617) 787-1300 

Massachusetts, Needham 
Heights 02194 

Cavalier Components Inc. 
(617)44~311 2 

Michigan, Detroit area 
Michigan Lectrols Corp. 
(313) 353-1350 

Minnesota, Minneapolis 55440 
Northland Electric Supply Co. 
(612) 341-6100 

New Jersey, West Trenton 08628 
Automation Controls & 

Equipment 
(609) 882-6330 

North Jersey/ New York City area 
Power Electro Supply Co. 
(212) 964-4641 

New York, Binghamton 13902 
Harvey Electronics Inc . 
(607) 748-8211 

North Carolina , Charlotte 28204 
Joyce Sales Company 
(704 ) 377-1555 

Ohio, Cincinnati 45329 
Cartessa Corporation 
(513) 522-3100 

Ohio, Cleveland (Solon) 44139 
REPCO Elei;.tronics 
(216) 248-8900 

Pennsylvania, Philadelphia area 
Riverside Components Supply 
(215) 493-4642 

Pennsylvania , West Chester 19380 
West Chester Electric & 

Electronics 
(215) 696-7500 

Texas, Dallas 75243 
Hall-Mark Electronics Corp. 
(214) 234-7300 

Wisconsin, Milwaukee area 
Lake-View Electron ics 
(4 14) 377-8250 

HEiNEMANN 
has it. NOW. 
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New Products 

DC/DC LVDTs. These linear variable­
differential transducers measure a 
variety of physical functions that can be 
translated into linear displacements. 
They maintain all the desirable 
characteristics of ac/ac units while 
offering the simplicity of de/de operation. 
The devices consist of two integral parts : 
an ac-in/ac-out L VDT and a carrier­
signal-conditioning module. You can 
specify displacement capability rangihg 
from ± 0.05 to ± 2 in. The units operate 
from simple power sources-including 
dry cells. $278.30 to $532.40. Transduc­
er Systems Inc, 710 Davisville Rd , 
Wiilow Grove, PA 19090. Phone (215) 
657-0800. Circle No 257 

DIODE SOCKETS. Series 6091 units 
provide for Kelvin contact and accept 
most axial-lead components for burn-in 
and test. Double-ended designs accom­
modate componerit lengths up to 1.815 
in.; single-ended units handle any 
component size. Low-insertion-force 
contacts are available in beryllium 
copper or beryllium nickel , and standard 
plating is 30 µin. gold over 100 µ.in . of 
nickel. The one-piece-bbdy construction 
gives dependable performance under 
conditions of excessive vibration and 
pressure. Wells Electronics Inc, 1701 S 
Main St, South Bend, IN 46623. Phone 
(219) 287-5941 . Circle No 258 

RELAYS. Model 268 plug-ins come in 
spdt and dpdt configurations. Their silver 
or cadmium-oxide stationary contacts 
and fine-silver movable contacts are 
rated for 15A or 112 hp at 120V ac and 
15A or 1 hp at 240V de. Coil-voltag~ 
ratings range from 6 to 240V ac and 6 to 
11 OV de, and coil resistance equals 16 
kn max. Quick-connect/solder-type 
terminals are standard; pc or barrier 
types, optional. Operating ranges are 
- 45 to + 60°C and - 45 to + 75°C for ac 
and de types, respectively. Deltrol 
Controls, 2745 S 19th St, Milwaukee, WI 
53215. Phone (414) 671-6800. 

Circle No 259 

Custom 
Hybrids 

··--> _...,. 
~«-+ .. 

Aerospace 
Milit Medi~ 

Crystalonics can deliver prototype 
quantities of custom hybrid circuits 
in less than 12 weeks from the time 
you present your debugged design. 
Our people have been designing 
and building devices and circuits 
delusively for high reliability 
applications for twenty years. Our 
engineers have sharpened their 
l>kills in teamwork with designers 
of aerospace, military and medical 
projects, such as Fl5, Hawk, 
Viking Mars, Intelsat and 
implantable pacemakers. We can 
ease you quickly and confidently 
through the transition from 
schematic to finished hybrid 
package. Utilize the hybrid's 
advantages of space, weight, 
reliability and cost by calling on 
our experienctJ: (617) 491-1670. 

~ I 

..,~ TELEDYNE 
CRYSTALONICS 
147 Sherman Street 
Cambridge , MA 02140 
Tel: (617) 491-1670 
TWX 710-320-1196 

For more information, Circle No 174 
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New Products 

LEDs. Series 550 logic-state/fault 
indicators have a maximum current 
rating of 30 mA and come in red , green 
and yellow . Their high luminous 
intensities-4 med typ at 1 O mA-also 
suit them for backpanel illumination. 
These LEDs feature a wide viewing 
angle, polarity identification, lifetimes 
measured in years and a black case that 
enhances contrast ratio. Designed for 
high-density packaging, they are vibra-

With all 
these ticket printer features, 

Hecon leaves you only 
one option. 

280 

The single option on our 
new Hecon Model AO 530 
Ticket Printer is the number 
of print modules required for 
your application. All the other 
features are built in as stan­
dard equipment. 

Please write or call for 
additional information on the 
new Hecon Model AO 530 
Ticket Printer. 

Check these features: 
v- Automatic Paper Advance 
v- Prints Tickets or Fanfold 
v- Self Test Button 
v- Time & Date Generator 
v- Automatic Serial Numbering 
v- 6 Totalizing Memories 
v- Pulse Counting Capability 
v- 28 Logic Control Functions 

H IHECON.I 
31 Park Road, Tinton Falls , N.J. 07724 (201) 542-9200 

For more information, Circle No 175 

tion and shock res istant. $0.58 (1000) . 
Dialight, 203 Harrison Pl , Brooklyn, NY 
11237. Phone (212) 497-7600. 

Circle No 260 

TCXOs. C0-255 Series units offer 
stability to ± 2 x 10- 1 over the o to 50°C 
range or ± 1 x 10- s over - 55 to + 85°C. 
Frequencies range to 400 MHz with 
long-term stability better than 1 x 1 o-s; 
day or 2x 10- 6/yr. The oscillators work 
with supply voltages in the 12 to 28V 
range and provide an output of 7 dBm 
into 500 ( 13 dBm optional) . Lower 
frequency models are available with 
CMOS or TIL compatible outputs . From 
$225 (10) . Delivery, 10 to 16 wks ARO. 
Vectron Laboratories Inc, 166 Glover 
Ave, Norwalk, CT 06850. Phone (203) 
853-4433. Circle No 261 

LEDs. MSL Series formed-leaded T-¥4 
red and yellow lamps have typical 
luminous intensities ranging from 4 to 12 
med (at 25-mA forward current) and 
viewing angles of 18 to 30°. They can be 
supplied either as illuminators or 
indicators: llluminators come with a 
transparent tinted lens, while indicators 
have a diffused tinted lens for maximum 
contrast and off-axis visibility in 
high-ambient-light applications. $0.53 to 
$0.69. Opcoa, 330 Talmadge Rd , 
Edison , NJ 08817 . Phone (201) 
287-0355. Circle No 262 

COUNTER. A 5-digit (0.5-in. LED) 
universal counter, Model RC-5 performs 
any of five internally selectable functions : 
event counting , frequency, time interval , 
period and frequency ratio. Hold and 
reset lines are accessed via terminal­
block connections , and time-base 
settings of 0.01 , 0.1, 1 and 1 O sec can be 
internally jumper selected. The RC-5 has 
a de to 1-MHz frequency range and 
accepts input voltages of 3 to 15V peak. 
$144. Non-Linear Systems Inc, Box N, 
Del Mar, CA 92014. Phone (714) 
755-1134. Circle No 263 
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Pinpoint Noise and Vibration 
4 Hours Sooner 

with Nicolet's Dual-Channel FFT Analyzer 

On-site location and evaluation of 
each source of noise or vibration is 
made quickly and easily with the 
660A. Its world-wide use includes 
Navy Surface Effect Ships, John 
Deere tractors (shown in special 
anechoic chamber) , and Alfa 
Romeo's .. . wherever noise source 
evaluation and structural integrity 
are vital. 

660A shown with Dual-Disk 
Mass Storage Add-on 

NICOLET 
SCIENTIFIC 

® CORPORATION 
(formerly Federa l Scientific Corp.) 

The problem solving company 

The Nicolet 660A Dual-Channel FIT Analyzer 
has been specifically designed to get good 
data faster and more reliably in the field as 
well as the lab with the minimum of electronic 
instrument experience and no computer 
programming knowledge. 

Yz hr. saved in setup ... 
The Nicolet 660A is a single, portable unit ... 
you just plug-in and start analyzing instantly 
. .. no interconnections . .. no program load 
(and reload) ... stored control setups instantly 
recalled to duplicate past tests exactly. 

3Yz hrs. saved in learning 
to use ... 
The 660A's simple self-explanatory controls 
not only allow a new user to get good data 

Name 

"' ·-· 

.. 

almost im­
mediately, but 
the occasional 
user does not 
have to spend 
hours with the 
manual each 

"'' ..... '"' time he runs a 
IUTl •I lttf 

test. 

Hours saved in solving 
problems ... 
Wide lOOkHz frequency coverage coupled 
with high 400- line resolution (both baseband 
and "zoom" ) mean virtually any signal can be 
analyzed, often with sufficient resolution the 
first time to avoid re-analysis with "zoom" 

. only one run of data is needed to provide 
all cross-spectrum functions and displays -
transfer function , coherence, power and RMS, 
spectra , COP, correlation, impulse response, 
Nyquist, etc. - on continuous or transient 
data ... greater realizable dynamic range in 
"zoom" by means of out-of-band filtering. 

Days saved by 
understanding results ... 
Meaningful data eliminates test reruns ... 
plots and disk-stored data completely 
annotated, including operator-entered 
identifying text (opt.) .. . data with low 
coherence blanked ... automatic transducer 
equalization ... engineering-unit calibration. 

Time-saving systems ... 
Standard IEEE488 and RS232 interfaces for 
post-processing computers/calculators ... 
digital disk storage unit ... digital plotting ... 
modal analysis. 

Dept/Div. ------ --------

0 Application­
oriented 660A 
2-ch. FFT Data 
Sheet. ----,I 

245 Livingston St. , Northvale, NJ 07647 
Tel. (201) 767-7100. TWX: 710 991 9619 
U.K. Tel. (0926) 44111 

Organ~ation -------------

Address ---------------
D Addmeto .,,,......,.._. 
the mailing list I 
to receive the 

Germany (0611) 812075. 
Canada 416-625-8302. 
France (1) 955-50-70 
Japan 06-3052150. 
(and factory trained representatives 
in major countries throughout 
the free world) 

quarterly I 
newsletter. I 

Zip Tel.: ( D 
I I want a demo on my data In I 

Or call Miss Swain, 201/767-7100, Ext. 520. my facility. _J 
L----------~------------

City _________ State ___ _ 

Sign up at our WESCON Booth # 1153 to get our "Nicolet-er" newsletter free. 
For Demo Circle # 176. For Lit. Circle # 177. Engineering & Sales Positions Open. 

~ ~ -~~~~~~~~~~~~~~~--~~~~~~~~~~ 



New Products 

NOISE DIODE. Covering a 10-GHz 
range, the NDC-1.01 noise-diode chip 
features a noise output in excess of 32 
dB with a maximum variation of 2 
dB/GHz. It operates over - 55 to + 85°C 
and has voltage and current specs of 
28V and 10 mA, respectively. Measuring 
o.02 x o.02 x o.005 in., the chip provides 
a gold contact for the anode and gold 
backing for the cathode. $27. Delivery, 4 
wks ARO. Micronetics Inc, 36 Oak St, 
Norwood, NJ 07648. Phone (201) 
767-1320. Circle No 264 

BRIDGES. Despite their size (0.42 x o. 62 
x 0.18 in .), Series SDA 247 and 248 
full-wave, single-phase bridge assem­
blies have peak inverse-voltage ratings 
ranging to 4 kV. The low-voltage 248 
units have an output-current capability of 
2A (50 to 1000V PIV) ; 247 units handle 

0.5A current (1500 to 4000V PIV) . Peak 
recurrent and one-cycle surge-current 
ratings are 1 O and 50A for 248 units and 
2.5 and 10A for 247 devices. SDA 248, 
$12 to $45 (100) ; SDA 247, $3.25 to $6. 
Solid State Devices Inc, 14830 Valley 
View Ave, La Mirada, CA 90638. Phone 
(213) 921-9660. Circle No 265 

IC SOCKETS. Series 391 O devices are 
designed especially for high-density 
burn-in applications. They feature an 
easy-entry lead-in ramp and a thin-wall 
construction that allows considerable 
savings in board space. The units' large 
double-beam contacts are gold plated 
and self-aligning. Contact specs include 

current rating of 1 A, 5000-insertion 
lifetime and resistance of 15 m!l max at 
1 A. Stanford Applied Engineering Inc, 
340 Martin Ave, Santa Clara, CA 95050. 
Phone (408) 243-9200. Circle No 266 

CONNECTORS. This family of right­
angle-plug to flat-ribbon-cable connec­
tors is designed for mass termination of 
multiconductor cables. Wire-wrappable 
and solder-style plugs are offered. The 
right-angle plugs have a dual-fingered 
readout for mating with up to 72-position 
connector receptacles. The dual-readout 
receptacles feature bifurcated gold­
plated beryllium contacts. Insulation­
piercing contacts are on 0.5-in. centers. 
$14.20 for a mated pair. Mupac Corp, 
646 Summer St, Brockton, MA 02402. 
Phone (617) 588-6110. Circle No 267 

In fact , it has many great end­
ings - as many as you want . 
Because individually insulated 
wires in Woven Electronics 
cable e liminate the need for 
special connectors or dies. If 
you want your cable pre-cut 
with ends stripped tinned , you 
got it . Want complete assemblies 
with connectors? Great' Call 
now - we 're ready to start 
terminating . 

Woven Electronics. P. 0 . Box 
189, Mauld in, S. C. 29662. 
Phone 803/ 963-5131 

........ ::::WOUED ElEETRODIES® 
,,,,,,. A Division of Southern Weaving Company 

For more information, Circle No 178 
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KALMUS is one of the 
largest independent pro­
ducers of SINGLE-SIDED 
PCB's in the country. Our ex­
tensive manufacturing capabil­
ity and broad experience in 
printed circuitry is your best assurance of buying the best 
SINGLE-SIDED PCB's available. 

Long run or short run, you'll find our quality consistently high, 
our prices competitive and our deliveries on-time . 

For more information, send for our free facilities brochure. 

KALMUS & ASSOCIATES, Inc. 
2424 S. 25th Ave. • Broadview, Illinois 60153 • Phone: 312-343-7004 

For more information, Circle No 179 
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rotn f:jhiH~. 
h8i a single time base; 

delayed tirne base. Both 
a maximum sweep speed of 10 ns/div. 

a trigger hold-off facility that eliminates 
dOuble triggering on digital signals. making 
it unnecessary to use the time base in the 
uncalibrated mode. 

Both the PM3214 and PM3218 
feature trigger selection from either channel, 
line, external sources or composite 
triggering for asynchronous signals. Their 
alternate time base displays allow them to 
replace much more expensive instruments 
for measurement needs. Press delayed time 
base and main time base simultaneously 
and both time base sweeps are displayed 
for one or both channels. 

Now, morethan ever, Philipswantsto 
make your next scope. You see, Philips plans 
to double sales by 1981. Much of this growth 
will come from our new U.S. manu 
facilities. We're going to gJva 
multiple choice so you11)iUyo 

For more information call 
except in Hawaii, Alaska. and New.Jen• 
Jersey call collect (201) 529-8800, or 
Philips Test & Measuring Instruments, Inc., 
McKee Drive, Mahwah, New Jersey, 07430. 

PHILIPS 



UNITRODE'S POWERTRANSISTORS FOR 
SWITCHING POWER SUPPLIES. 

FAST. 
NPN SILICON POWER TRANSISTORS 

V eeo (sus) le 

Package Device Range (cont.) 
Style Family Volts Amps hFE (Min/ Max)@ le Amps 

T0-3 

~ 
2N5838 , 39, 40 250 to 300 3 10/ 50 2 

2N6542 , 3 300to 400 5 7/ 35 3 

2N6510, 11,12, 13 , 14 200 to 350 7 10/ 50 4 

2N6306, 7, 8 250 to 350 8 15/ 75 3 

2N6544, 5 300to 400 8 7/ 35 5 

2N6249, 50, 51 200 to 350 10 8/ 50 10 

2N6354 120 10 10/ 100 10 

2N6546, 7 300to400 15 6/ 30 10 

2N6496 110 15 12/ 100 8 

2N5038, 9 75 to 90 20 20/100 10 

T0-220 ; UMT3584, 5 250 to 300 2 8/ 80 1 

UMT13004, 5 300to400 4 8/ 80 2 

UMT13006, 7 300to400 8 6/ 30 5 

UMT13008, 9 300to400 12 6/ 30 8 

AND FASTER. 
T0-3~ UMT1006, 7 350to400 5 7/ 35 3 

UMT1008, 9 350to400 8 7/ 35 5 

UMT1011, 12 350 to400 15 6/ 30 10 

UNIT 

Fall Time Pricing 
Max Range 
µS 100 Lots 

1.5 $1.85 to 2.00 

0.8 1.80 to 2.20 

1.5 1.34 to 4.56 

0.4 2.65 to 4.30 

1.0 3.20 to 3.85 

1.0 5.40 to 6.65 

0.2 3.78 

0.7 5.15 to 6.30 

0.3 4.20 

0.5 3.54 to 4.20 

3.0 $ .80 to .88 

0.9 1.35to1.70 

0.7 1.95 to 2.60 

0.7 3.30 to 3.95 

0.4 $2.50 to 3.15 

0.4 4.13 to 5.23 

0.4 7.15 to 8.80 
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Unitrode gives you the choice you need in industrial NPN silicon power 
transistors. Even if what you need is beyond the ordinary. 

Of course, for standard requirements, our power transistor line includes 
industry-standard performance. Available from 2 to 20 amps, and up to 400 volts 
sustaining. Competitively priced in T0-3 and T0-220 packages. 

But some applications demand more, so we afso go one step further. 
With a family of power transistors that deliver half the 
fall time of switched mode types. Plus 
three times better Es;b- a reverse 
bias second breakdown so 
good it virtually eliminqtes 
the possibility of cata­
strophic failure. 

Unitrode. 
The complete 
source for switch­
ing power supply 
components. Ultra-fas 
recovery U ES rectifie 
Schottky rectifiers. 
Switching regulator 
power circuits. Power 
Darlingtons. Transient 
voltage suQpressors. 
ChipStrate® SCRs. 

And of course, 
power transistors. 

For complete 
data, just circle the 
reader service number. 
Or call or write: 
Unitrode Corporation, 
580 Pleasant Street, 
Watertown, MA 02172. 
Tel. 617-926-0404. 
@ ChipStrate is a registered trademark of Unitrode Corporation . 

[lli1 
- UNITROOE 

EDN SEPTEMBER 5, 1979 
For more information, Circle No 47 
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Small, 
portable 
printer. 
The DC-1 2068 prints 12 characters/ 
line nominal , but is capab le of 16 
co lumns. It is sized for portab le, 
hand-held applications with 1.7" H 
x 3.2" W x 3.7" D and 5.3 ounces. It 
prints 5 lines/sec. on 1.4" paper and 
is about $50 in 100 quantity. 

Call or write HYCOM , 16841 Armstrong 
Ave., Irvi ne, CA 92714- (714) 557-5252 

286 

HYCOm 
For more information, Circle No 164 

Fresh! 

The openings you 'll 
see in our Career 
Opportunities section 
were alive and 
waiting just 5 days 
before we mailed to 
you! A fresh look at 
who's expanding, 
growing, looking for 
electronic design 
engineers and 
managers. You 
couldn 't pick a better 
spot to look. 
Exclusively yours. 
EDN. 

New Products 

DPM. Utilizing 0.3-in.-high LED readouts, 
the 41/2-digit Model PM-450 comes with 
full-scale-range options of 1.999, 19.999, 
199.99 and 1 OOOV de. It weighs less than 
4 oz and provides such features as 
0.1-mV resolution , 0.02% accuracy, 
autopolarity and overload protection, 
autozeroing, 80-dB CMR, input-voltage 
protection and programmable decimal 
points. The meter operates on 5V de; a 
115V-ac supply is optional. $114. 
Non-Linear Systems Inc, Box N, Del 
Mar, CA 92014. Phone (714) 755-1134. 

Circle No 268 

ATTENUATORS. Offered in both 50!1 
(Model 8123) and 75!1 (8133) versions, 
these rotary attenuators span a Oto 1-dB 
range in 0.1-dB steps. Employing 
thick-film resistive networks, the devices 
feature an accuracy of ± 0.02 dB over a 
frequency range of de to 500 MHz. Model 
8123 comes with SMA or BNC jack 
connectors ; 8133 devices are furnished 
with F, BNC or SMC connectors. Other 
connectors are available for both units on 
special order. Model 8123, $145; 8133, 
$195. Telonic Berkeley, 2825 Laguna 
Canyon Rd , Laguna Beach, CA 92652. 
Phone (714) 494-9401 . Circle No 269 

SWITCHES. This line of Rockette 
switches features mechanically dis­
played color-coded strips or legends that 
appear through windows in the rocker 
button to provide positive indication of 
switch position. You can specify single­
and double-pole circuits , rated from 6 to 
20A at 125V ac. Units come in two rocker 
styles (serrated and smooth) , three 
colors (red, white , black) , a variety of 
mounting styles (subpanel , flush and 
snap-in) and with one or two windows. 
$0.50 to $5.51 , depending on qty. 
Delivery, 14 to 16 wks ARO. Cutler­
Hammer Inc, 4201 N 27th St, 
Milwaukee, WI 53216. Phone (414) 
442-7800. Circle No 270 

Sales Offices 

H Victor Drumm 
Executive Vice President 
and Publisher 

Boston, MA 02116 
(617) 536-7780 

NEW YORK CITY 10017 
Bill Segallis, Regional Manager 
205 E 42nd St (212) 949-4423 

BOSTON 01880 
Richard Parker, Regional Manager 
Hall Short, Regional Manager 
1 Lakeside Office Park 
Wakefield, MA 01880 
(617) 246-2293 

PHILADELPHIA 19087 
Steve Farkas, Regional Manager 
999 Old Eagle School Rd 
Wayne, PA 19087 
(215) 293-1212 

CHICAGO 60521 
Clayton Ryder, Regional Manager 
Charles Durham, Jr 

Regional Manager 
15 Spinning Wheel Rd 
Hinsdale, IL 60521 
(312) 654-2390 

CLEVELAND 44115 
Ctiarles Durham, Jr 

Regional Manager 
1621 Euclid Ave 
(216) 696-1800 

DENVER 80206 
John Huff, Regional Manager 
270 St Paul St (303) 388-4511 

SAN FRANCISCO 95008 
Hugh R Roome, Vice President, 

Northwest Regional Manager 
Pruneyard Towers 
1901 S Bascom St, Suite 1100 
Campbell, CA 95008 
(408) 377-6777 

LOS ANGELES 90036 
Ed Schrader, Regional Manager 
Charles J Stillman, Jr 

Regional Manager 
5670 Wilshire Blvd 
(213) 933-9525 

TOKYO 106 JAPAN 
Tomoyuki lnatsuki 
TRADE MEDIA JAPAN INC 
R212, Azabu Heights 
1-5-10 Roppongi, Minato-ku 
Tel: (03) 585-0581 
Telex: J28208 MEDIAHS 

CARRER OPPORTUNITIES 
Eastern US 
Nancy Muenchinger 
221 Columbus Ave, Boston 
MA 02116 (617) 536-7780 
Western US 
Diane Smith 
5670 Wilshire Blvd 
Los Angeles, CA 90036 
(213) 933-9525 
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FLEXIBILITY 

One instrument. 
Multiple measurements. 

Tektronix Plug-In oscilloscopes com­
bine a number of diverse measurement 
functions in the same instrument. And in 
combinations you require. One instru­
ment takes the place of many. You get 
maximum measuring power with a 
minimum of instruments. 

How? By choosing from the continu­
ally evolving 5000 and 7000 families of 
Plug-Ins. Already there are 14 main­
frames and 21 plug-ins in the 5000-
Series; 19 mainframes and 35 plug-ins in 
the 7000-Series. (With them, you can 
also use compatible logic and spectrum 
analyzers plus other special purpose 
plug-ins.) Choose from a family provid­
ing up to 8 input display channels. 
Analog and digital delayed sweeps. 
Sampling displays. Digital interconnec­
tions. And differential inputs.just to 
name a few. 

No matter what your test and meas­
urement situation, we offer a Plug-In 
oscilloscope that fits. From circuit design 
to plasma physics research. From bal­
ancing rotating machinery to measuring 
the accuracy ofD to A converters. With 
every scope representing the same 
superior research and engineering you 
expect from Tektronix. 

What about your own particular situa­
tion? Are your measurement capabilities 
confined by monolithics? Contact the 
Tektronix Field Office near you and get 
your hands on the kind of flexibility that 
only a Plug-In scope can deliver. 

lektron~ 
COMMITTED 1U EXCEU£NCE 

For literature, call (800) 547-1512 toll free . 



Put on the versatile coating 
that lets our product give 
an all· performance: 

Elastoplastic silicone resin. 
Flexibility, tough­

ness, versatility-you'll 
discover that Dow 
Coming elastoplastic 1 
silicone resin has it all­
everything it takes to 
protect Qroduct depend­
ability. Check these 
advantages, with your 
product in mind: 

Super when it's 
sizzling ... or frigid. 

on the Qualified 
Pltoduct Ustfor 

Your product has 
to take the heat? 
Elastoplastic resin 
coating withstands 
heat up to 390 F/ \ 
200 C, remains stable 
over a wide tempera­
ture range. Put on the 
same coating when it's 
cold! At -85 F/ -65 C 

· ~ec 1-46058: 
Insulating compoun 
electrical for coatin 

printed circuit 
I board assembly. 

it does the job! 
All that stretch ... 

and no stress. 0 
Elastoplastic silicone has 

a lot to give. Even harsh envi­
ronmental conditions won't 
faze it! The tough, yet 
smooth clear coating resists 
dirt pickup, so your produc 
stays clean; resists effects 
of weather and ultraviole 
light, too. 

It may be the heat, 
or the humidity, but­

neither will affect the job. 
From microwave to power 
frequencies, 

DOW CORNING 

For more information, Circle No 183 

dielectric properties are excellent, and 
consistent, even in applications 

where high humidity is a factor. 
Possible leakage is reduced, 
because moisture permeability 
is extremely low. 

Brush, flow coat or dip 
on ... as you like it. 

Apply coating easily, as 
thick or thin as you need it. Its 

noncorrosive cure can match your 
process, at room temperature or 
under heat acceleration. The 
mating's repairable, so compo­
nents are easy to fix or replace, 

and recoat. 
Many places to use Dow 

Coming elastoplastic resin 
coating? You bet. 

< Want to know more? 
Get a sample! 

----------------, 
Please tell me more about Dow Corning 
elastoplastic silicone resin. and about how 
it can help me. 

0 Send complete product literature. 
0 Ask a sales representative to call me about 

getting a sample. 

Name ________ _ 

T itle _ _ ______ _ _ 

Company _____ ___ _ 

Address ________ _ 

City _____ State_Zip __ 

Telephone _______ _ 

Mail to: Dow Corning Corporation 
Dept. E·7539 
Midland , Michigan 48640 

L~~~~~~~~~~~~~---J 



When it comes to durability, 
General Electric long-life hermet­
ically sealed relays will last for 
more than 100 million low-level 
signal switching operations. 
That's 10 times longer than the life 
of our standard commercial 
electro-mechanical relays. 

This unprecedented depend­
ability is the sum of specially en­
gineered material systems and 
controls used throughout the as­
sembly process. Result: GE long­
life hermetically sealed relays are 
more durable and perform better 
because there are none of the old 
familiar problems such as mate­
rial erosion, high contact resist-

ance and sticky contacts to cause 
early failure . In other words, relays 
may look the same but what's in­
side makes a big difference. 

So for low-level applications 
that call for relays that won 't quit 
on you, ask for GE long-life her­
metically sealed relays. They're 
available in 1, 2, or 4 pole double­
throw versions. Ten-to-one, you 'll 
find they'll more than live up to 
your expectations. 

Find out for yourself how 
tough they are. We'd like to send 
you one FREE to test in your own 
applications. Simply fill out the 
coupon and mail it to: General 
Electric Company, Relays, 792-
52, Waynesboro, Virginia 22980. 
Or call (703) 949-1448. 

For more information, Circle No 184 

General Electric Company 
Relays, 792-52 
Waynesboro, Virginia 22980 

Yes! Please send me one FREE 
General Electric long-life hermetically 
sealed relay to test for myself: 

NAME 

COMPANY 

ADDRESS 

Cl1Y STATE ZIP 

GENERAL. ELECTRIC 



The Thinking Cap. 

Now you can check, sort and measure 
capacitance in less time, with more accuracy. 

Forget what you know about cap meters. 
CSC's new Model 3001 Digital Capac itance 
Meter offers advantages worth think ing about. 

It's more accurate. More rugged . With more 
features, more accessories. All in the first cap 
meter specifically designed for professional lab, 
test and production benches. All for just $190.* 

As usual, we started where everyone else 
left off. Behind our 3Y2-digit LED display, you'll find 
a un ique Dual Threshold circuit that boasts 0.1 % 
accuracy** (that's 0.1 % of the reading- not of ful I 
scale). Nine over lapping ranges, up to .1999 Farad, 
with down to 1 pF resolution. Auto over- and under-

range ind ications. And the 3001 isn't fooled by 
dielectric absorption. 

Our back panel is more intelligent, too. W ith 
an easy interface for remote d isplay, sorting and 
control accessories. And a clever way of el iminat­
ing battery problems-an AC cord. 

We've put a lot of thought into our accesso­
ries, of course. With a production test fixture, a Tri ­
Mode Comparator and a variety of test cables. 
Plus one of the best manuals in the business. 

We can't tell you the whole story here. Call or 
write for details. Or better yet, order your Thinking 
Cap today. 

Smarter tools for testing and design. 
CONTINENTAL SPECIALTIES CORPORATK>N . 

10Fu11onTerr . New Haven. c106so9 12031524.3103 rwx110-46s-1221 C:5C: Call toll-free for details 
OTHER OFFICES San Francisco 14151 421-8872. TWX 910·372·7992 1 800 243 607 7 
Europe CSC UK LTD Phone Saffron-Walden 0799·21682 TLX 817477 • • • 

Canada Len Finkler Lid . On1a110 8:30AM-5PM Eastern Time 
• Suggested U.S. resale. Available at selected local distr ibutors. Prices, specifications sub1ect to change without notice.© Copyright 1979 Continental Specialties Corporation 

.. 0.5% in two highest ranges. 
See us at Wescon 79 at Booths number 1004-1006 

For more information, Circle No 185 



See us at Wescon Show Booth #1330-1332. 
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T0-5 RELAY UPDATE 

Solve your energy · 
crisis with 
T0-5relays 

Subminiaturization and pc board compatibility -
two obvious advantages of Teledyne T0-5 relays. 
But there 's another outstanding advantage: low 
coil power consumption. This feature is best 
illustrated in the above graph which shows our 
T0-5 relay power savings compared to other 
miniature relays. The Teledyne 412 Series 
dissipates about 30% less power than the .150" 
grid relay, and 50% less than the 1/2 crystal can. 
Our sensitive 432 Series is 65% less than the 
. 150" grid. And 75% less than the 1/2 crystal can. 

_.,~ TELEDYNE RELAYS 

Low Coll Power Consumplion 

5 ..., 
i ~-,,...-~~~~·------

210 

Power Dissipation at Nominal Coll Voltage 

This means you can· save over 6 watts in a typical 
system using, let's say, ten T0-5 relays. In the end, 
you gain significant advantages in terms of thermal 
and power supply considerations that can help 
prevent an "energy crisis" in your system. 

Our complete line of T0-5 relays includes military 
and commercial/industrial types, with virtually all 
military versions qualified to established reliability 
MIL specs. For complete data, contact Teledyne 
Relays - the people who pioneered the T0-5 relay . 

• Hybrid "T" Serles 
SPOT & OPOT types with internal transistor 
driver and suppression diode. Military 
and commercial/industrial versions. 

• " D" and "DD" Serles 
With internal suppression and steering 
diodes. Military and commercial/industrial 
versions. 

• Maglatch Series 
SPOT, OPOT, and 4PST magnetic latching 
types . Military and commercial/industrial 
versions. 

• Centlgrld® Series 
World's smallest relay- only .22511 (5.72mm) 
high x .37011 (9 .40mm) square 

• HI-Rel Serles 
Screened versions for space flight 
applir.ations (NASA qualified) 

• High Environment Serles 
Hi-temperature, Hi-shock, and 
Hi-vibration types 

12525 Daphne Avenue, Hawthorne, California 90250 • (213) 777-0077 
U.K. Sales Office: Heathrow House, Bath Rd. MX, TW5 9QQ • 01-897-2501 

European Hqtrs.: Abraham Lincoln Strasse 38-42 • 62 Wiesbaden , W. Germany• 6121-700811 
For more information, Circle No 187 
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New Products 

ZIF SOCKETS. These 24-pin IC sockets 
employ actuating bars on each side to 
open and close their contacts. Edge-wipe 
contact design provides high contact 
retention, and tapered entry ramps 
condition and guide IC leads into the 
sockets' semiclosed contact-entry area. 
After conditioning , contact resistance is 
14 mn, and withdrawal force equals 30g. 
The units' CA770 contacts are offered 
unplated (11979-24-02) or gold plated 
(11979-24-01 ). Scanbe Div Zero Corp, 
3445 Fletcher Ave, El Monte, CA 91731 . 
Phone (213) 579-2300. Circle No 271 

MIXERS. With a LO power level of + 23 
dBm, SAY and ZFY double-balanced 
mixers have a 1-dB conversion­
compression point at + 20-dBm RF input; 
2-tone 3rd-order IM is 70 dB below the 
desired IF. The models cover a 100 kHz 
to 2.4 GHz bandwidth. Other features 
include 45-dB isolation and 5.5- to 7.3-dB 
typical conversion loss. SAY devices are 
intended for pc-board mounting : ZFY 
units come with coaxial connectors. 
$54.95 to $84.95. Mini-Circuits Labora­
tory, 2625 E 14th St, Brooklyn, NY 
11235. Phone (212) 769-0200. 

Circle No 272 

DISPLAY. With a digit height of 1.75 in., 
the Model 4450 Taskdata 8-character 
alphanumeric display is readable from up 
to 90 ft away. The display's 32-character 
memory is divided into 4 sectors of 8 
characters; upon command, the panel 
can display an individual sector or 2, 3 or 
4 in sequence. The pc board contains all 
support electronics and requires a single 
5V supply. Housing and power supply 
are available. $182 (100). Logic 
Electric, Box 5154, Kingwood, TX 
77339. Phone (713) 446-1021. 

Circle No 273 
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RELAYS. Leak-free, N,-gas-filled and 
plastic-sealed, HBE relays can be 
submerged in any solvent for automatic 
cleaning. Available in 1 C and 2C 
configurations, they have low operating­
power requirements (230 to 370 mW), 
contact ratings of 0.5A at 125V ac and 2A 
at 30V de, and control-voltage ratings of 
3 to 48V de. The devices measure 
0.787 x 0.61 x 0.433 in. and have a 
terminal footprint that matches 16-pin IC 
sockets. $1.49 (1000) . Delivery, stock to 
90 days ARO. Aromat Corp, 250 
Sheffield St, Mountainside, NJ 07092. 
Phone (201) 232-4260. Circle No 27 4 

CARD RACK. De;;igned for mounting in 
standard 19-in. cabinets, the 13WR125 
can hold a backpanel equipped with 13 
122-pin card-edge connectors. Heavy 
irridited aluminum bars serve to mount 
user-supplied backpanels from a variety 
of manufacturers. The rack's . card 
guides, spaced on 1.2-in. centers, are 
formed into plated-steel top and bottom 
plates to accept Yii-in.-thick, 7.375 x 7-in. 
pluggable wrap-pin IC panels. $59.95. 
Unitrack, 8738 West Chester Pike, 
Upper Darby, PA 19082. Phone (215) 
789-3820. Circle No 275 

f 
SHIELDED CABLE. Offered in 100-ft 
rolls with 9 to 64 conductors , Series 177 
jacketed cable is designed primarily for 
use with D, ribbon and male connectors. 
UL listed, it features a 28-AWG stranded 
PVC-insulated wire with a flexible 
aluminum-foil shielding surrounded by a 
black PVC outer jacket. An integral drain 
wire can be terminated directly in the 
connector or pigtailed out to provide a 
shielded ground termination . $0.35 to 
$0.65/ft. T&B/Ansley Corp, 3208 
Humboldt St, Los Angeles, CA 90031 . 
Phone (213) 223-2331 . Circle No 276 

SIEMENS 

Economy 
DIP 
Tantalum 
Capacitors 

I 

Siemens new ST841 and ST842 
Sub-miniature Epoxy Coated 
Solid Tantalum Capacitors are 
the economical answer to 
Tantalum Capacitor applications. 

Features: 
• Capacity Ranges from 0.1 µF 

thru 680µF 
• Tolerances of 5, 10, or 20% 
• Eight categories from 3 to 

50Volt 
• Lead Styles of straight or 

"Lock-in" crimp 
• Lead Spacings of 0.1 or 0.2 

inch are available 
• Manufactured in U.S. 

Siemens Corporation 
Components Group 
186 Wood Avenue South 
lselin, New Jersey 08830 

For more information, Circle No 188 
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Meet the latest addition to our 
growing line of Darllngtons. 
Our new 20 amp powerhouse. 

To help meet your growing power 
needs, we've been working hard on 
new designs for the high current end 
of our Darlington line. 

Our new 20 amp family adds six 
N-P-N and six P-N-P types. So you 
now havefa total of 76 devices to 
choose from. 

Applications for the new 20 amp 
Darlingtons include: computer peri­
pherals, printouts, hammer drivers, 
motor controls, series and shunt 
regulators in power supplies. 

Or just about any other use where 
high gain and outstanding reliability 
are critical. 

The RCA 20 amp Darlingtons are 
in production and available for 
immediate delivery. 

For more information, contact your 
RCA Solid State distributor. + 

Or contact RCA Solid State head­
quarters in Somerville, New Jersey. 
Brussels, Belgium. Tokyo, Japan. 



New Products 

PROTOTYPE SYSTEM. The CWA-105P 
kit includes card-cage metal work, a pc 
backplane, a 5V regulator, five dual 
SO-position card-edge connectors, 1 O 
plastic card guides, pullup resistors and 
assorted hardware. You can gang two of 
the 9.5-in. card cages to fit standard 
19-in. racks; each card cage features 
packing densities of 11 cards on 0.6-in. 
centers or five cards on 1.2-in . centers . A 
wire-wrappable-type backplane is also 
available, and the system has provisions 
for terminating all bused signals. $155. 
Prototek Inc, Box 46512, Cincinnati , OH 
45246. Phone (513) 874-5094. 

Circle No 277 

CONNECTORS. These male connectors 
feature a box shape with a single 
polarization slot that assures compatibili­
!Y with female socket-transition connec­
tors and provides protection for mating 
pins. They come with or without 
mounting ears and with 1 O to 60 mating 
pins. Both versions feature a 1-piece 
design and insulation-displacement 
contacts. An optional strain relief is 
available for the units without mounting 
ears. $0.093 per contact (OEM qty) . 
T&B/Ansley Corp, 3208 Humboldt St, 
Los Angeles , CA 90031 . Phone (213) 
223-2331 . Circle No 278 

COUNTER. Not much bigger than a pack 
of cigarettes, Model 094 binary counter 
counts to 4095 events and displays the 
total on LEDs. The unit offers fast (1 
µsec) and slow (100 msec) response 
times and can be set to trigger on either 
the rising or falling edge of the signal. 
Model 094 operates on an external 5- to 
15V-dc power source and can be linked 
directly to a second unit to ex1end the 
counting range . $41.95. Cincinnati 
Electrosystems Inc, 469 Ward's Corner 
Rd, Loveland, OH 45140. Phone (513) 
831-4347. Circle No 279 

DISPLAY. Model PM 512-60 flat-panel 
plasma alphanumeric/graphics display 
has a 512 x 512-line (60 lines/in.) 
dot-matrix display area. The panel's 
more than 260,000 display points can be 
randomly addressed and selectively 
erased. The panel has inherent memory, 
a constant 9-mil spot size, 30:1 contrast 
ratio and 160° viewing angle. Lifetime is 
spec'd at 20,000 hrs. $1250 (100). 
Interstate Electronics Corp, Box 3117, 
Anaheim, CA 92803. Phone (714) 
772-2811 . Circle No 280 

FLAT-CABLE CONNECTORS. These 
socket connectors (Series IDS) and 
pc-board headers (Series IDH) are 
designed to reduce assembly time. IDS 
units come with lid and body 
preassembled; an optional strain-relief 
bar ensures reliable cable connection. 
IDH devices accommodate straight or 
right-angle mounting with either solder or 
wrap-pin terminations. An ejector/latch 
feature keeps the headers in place when 
latched and serves as a handy socket 
ejector when opened . Robinson­
Nugent Inc, 800 E Eighth St, New 
Albany , IN 47150 . Phone (812) 
945-0211. Circle No 281 

Interconnections 
driving 

you haywire? 
See page 79 
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SIEMENS 

New 
Zener 
Wall Chart 
A "must" for all up-to· 
date files ... yours for the 
asking from Siemens. 

To see at a glance the full line of 
Siemens Zener Diodes 
manufactured in Scottsdale, 
Arizona .... you should have this 
new chart. It's a real time-saver. 
Siemens is the world's leading 
supplier of Hi-Rel Zener Diodes. 
Almost without exception, every 
major U.S. military and space 
program used Siemens Zeners for 
the reliability they provide in 
critical environments. 
In addition to the Hi-Rel Zeners, 
Siemens supplies a full line of 
commercial zeners, rectifiers 
and transient suppression zeners. 
To have our Zener wall chart sent 
to you without charge, just circle 
the reader service number below 
or write to: 

Siemens Corporation 
Components Group 
186 Wood Avenue South 
lselin, New Jersey 08830 

For more information, Circle No 189 
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Every Gordos Reed Switch is 100% 
tested for contact resistance, sensitivity 
and all other key parameters. 
Every Gordos Reed Relay, built around 
our Reed Switches, is 100% tested for 
operating voltage, release voltage, coil 
resistance, and contact resistance. 
That's 200% testing to be sure you get 
a Gordos product backed by the high 
Gordos standards which are respected 
throughout the industry: 
Available in 1A, 18, 1C, 2A; 5-12 or 24v. 
Sensitive 5 volt versions available. 
Stocked locally. 
Contact us today for details on our 
complete line. 

RELAY CONTACT RATINGS 
Form A A B 

Standard Power 
Operate lime .5 .5 .35 (mSeq_ 
Release time .05 .05 .5 (mSec) 
Contact rating 10 50 10 (watts) 
Maximum initial contact .200 1.0 .200 resistance _iohmaj_ 
Maximum switching 200 200 200 (VDCl 
Maximum switching .5 1.0 .5 (AMPS) 

Typical values at 25"C. For detaHs ask for Bulletin RR410. 

c 

1.5 (N/C) 

1.0 (N/0) 

3 

.200 

28 

.250 

GORDOS CORPORATION 250 GLENWOOD AVE., BLOOMFIELD, N.J. 07003, U.S.A. • AREA (201 ) 743-6800 •TWX: 71~994-4787 
GORDOS ARKANSAS 1000 N. SECOND ST., ROGERS, ARK. 72756, U.S.A. • AREA: (501 ) 838-5000 •TWX: 91~7»7998 

• Solid State Relays • 110 Devices • Solid~ Systems 

For more information, Circle No 193 
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New Products 

RELAYS. HR Series mercury relays 
feature a minimum of 20-billion 
operations. They handle low-level to 
50-VA currents; alternately switching 
between low and high loads does not 
affect performance or life. Two grid 
patterns are available: 1x 1 in. in 1 
through 6 Form A and 1x 1.5 in. in 1 
through 5 Form A. Standoff voltage is 
spec'd at 1 OOOV ac. Operate time is 3 
msec max and release time (with 
suppression) is 2 msec max. $3.80 to 
$16 (1000). C P Clare & Co, 3101 W 
Pratt Ave, Chicago, IL 60645. Phone 
(312) 262-7700. Circle No 282 

PHASE DETECTORS. Series 4749XH 
balanced detectors serve phase-bridge 
or phase-modulated system-receiver 
applications. Designed to compare two 
millimeter-wave signals, they come in 
five waveguide bands spanning 18 to 
11 o GHz. Each device consists of a 
matched pair of Schottky-barrier diodes 
in reduced-height waveguide cavities, 
plus a folded hybrid tee. The detectors 
provide good isolation between RF ports, 
low de offset and good noise-cancellation 
characteristics. $3000. Delivery, 90 days 
ARO. Hughes Electron Dynamics Div, 
3100 W Lomita Blvd, Torrance, CA 
90509. Phone (213) 670-1515. 

Circle No 283 

PUSHBUTTON SWITCHES. This line of 
momentary snap-action switches feature 
gold-on-nickel contacts and nonteasable 
operation. Both spdt and dpdt styles are 
offered. Contacts are rated for 1A 
resistive at 125V ac or 28V de, 0.4 VA at 

EDN SEPTEMBER 5, 1979 

28V ac/dc. Standard cap colors are red , 
white or black. Terminals are epoxy­
sealed solder lug or pc-mount type. 
$0.97 to $5.18. Cutler-Hammer, 4201 N 
27th St, Milwaukee, WI 53216. Phone 
(414) 442-7800. Circle No 284 

SWITCHES. Indexer bidirectional push­
button front-mount switches measure 
only 7.95 mm wide. They are designed to 
switch logic-level circuits of not more 
than 50 mA at 28V de or ac and have a 
life expectancy of 106 detent operations. 
The 10-position switches come in matte 
black and accommodate all popular 
codes, including decimal, BCD plus 
complement and complement only. They 
are also available with an extended 
board to accommodate termination pins , 
stopping and diode suppression circuitry. 
$3.48 (1000) for BCD code switch. 
Inter-Market Inc, 1946 Lehigh Ave, 
Glenview, IL 60025. Phone (312) 
729-5330. Circle No 285 

OSCILLATOR. A low-profile , multifre­
quency crystal-controlled CMOS oscilla­
tor, Model L22R simultaneously pro­
duces all binary divisions, from 2° to 2'2, 

of a fundamental frequency ranging from 
8 MHz to 500 Hz. Frequency tolerance 
specs at ± 0.001 % from 20 to 40°C and 
± 0.005% from - 40 to + 85°C. The 
oscillator works on 5 to 15V de with 
current drain of 1 to 5 mA; it is housed in 
a 24-pin DIP. Approximately $115. 
Delivery, 5 wks ARO. Connor-Winfield 
Corp, Box L, West Chicago, IL 60185. 
Phone (312) 231 -5270. Circle No 286 

PATCH CORD. Model 4648 Maxi­
Grabber-to-male-BNC cord comes in 
lengths of 18, 24, 36, 48 and 60 in . The 
BNC has a nontarnish finish and PVC 
insulation that withstands a maximum 
temperature of 50°C. The Maxi-Grabber 
is black and red with gold-plated 
beryllium-copper contacts and glass­
filled nylon insulation; it withstands 
temperatures to 102°C. $7.84. ITT 
Pomona Electronics, 1500 E Ninth St, 
Pomona, CA 91776. Phone (714) 
623-3463. Circle No 287 

SIEMENS 

Don't settle 
for any 
Ferrites 
without 
consulting 
this catalog 

If you are responsible for 
selecting, specifying or 
ordering ferrites , this catalog 
is an indispensible tool. It 
provides concise, detailed 
specifications on material 
characteristics, cores, 
bobbins and hardware. 

Siemens is the world leader 
in ferrites. The Siemens line 
is unsurpassed in breadth and 
quality. And our prices are 
competitive. 

For your copy of the new 
Siemens Ferrite Short Form 
Catalog, circle the reader 
service number below or write: 

Siemens Corporation 
Components Group 
186 Wood Avenue South 
lselin, N.J. 08830 
(201) 494-1000 

For more information, Circle No 190 
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Do You Want 
To Cut Your Digital 
Trouble Shooting Time 
By Up To 80% or 90%? 
Kurz Kasch Has The Answer 
~ For more details call or write: 

298 

Kurz· Kasch, Inc. __ ---...... 
Electronics Division 
Box 1246 • 2271 Arbor Blvd. 
Dayton, Ohio 45439 
Telephone (513) 299-0990 

For more information, Circle No 194 

.EDN SEPTEMBER 5, 1979 



Low-leakage, tantalum-like 
performance at 40°/o off 
the cost. With extremely 

fast delivery. 

l 
We go to extremes for you. 
Quality performance at way below the 

cost of tantalum capacitors? 
Not only does Nichicon deliver it, but 

we go a step further. 
Now Nichicon has developed an 

exclusive advanced etching technology 
for its Low Leakage LL Miniature 
Aluminum Electrolytic Series to give 
you more capacitance and lower 
leakage. In other words, tantalum-like 
performance for critical applications -
with up to 40% savings. 

So why continue to live with long lead 
times and pay the extra money for 
tantalum or film capacitors? 

Especially when we can give you 
prompt delivery of axial and radial lead 

• __ I_! mcmcon 
goes to extremes for you. 

space-saving designs in a capacitance 
range of 0.1 µ, F to 100 µ, E 

Especially when you can now get 
performance like a maximum leakage 
of . 002CV or 0. 4 µ,A (whichever is 
greater) over the recommended 
operating temperature range of - 40° C 
through+ 85°C. 

And why wait for tantalum capacitors 
when we give you that kind of 
performance in both axial and radial 
lead styles. 

Instead, call your local Nichicon 
representative or distributor. Or write 
us for data sheet NAC-LL038. 

And start saving an extremely sizable 
amount of money. 

Nichicon (America) Corporation • 927 East State Parkway • Schaumburg, IL 60195 • (312) 843-7500 
Division of Nichicon Capacitor Ltd., Kyoto, Japan 

Miniature and can-type aJuminum electrolytics. Ceramic. Reduced titanite. Polyester and metallized polyester film capacitors. 

E DN SEPTEMBER 5, 1979 
For more information, Circle No 195 
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Your body can develop 
a static charge 

of up to 20 kv-high 
enough to cause 

system errors and 
even destroy 
logic circuits. 

The Oak Anti-Static Keylock Switch 
provides complete equipment security. 
For all ratings to 3 amps@120 VAC. 
Long life, UL and CSA recognized. Only 
21/16" long, fits standard lock panel cutout. 
Wide range of key options available. 

In Europe: OAK Holland BV 
Sales Department: P.O. Box 201 
3640 AE Mijdrecht-Holland 
TEL: 31-02979-2111 TELEX: 18183 

llAI~ l11el11stries 111~. 
SWITCH DIVISION/ cRYSTAL LAKE, ILLINOIS soo14 
TELEP H ONE : 81 5 • 459 • 5000 • TWX : 9 1 0 • 634 • 3353 • T E L E X : 72 • 2447 

300 

For further information, Circle no 196 
For salesman to call, Circle no 221 
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l>on't buy an 
Al~hanumeric Printer 
until you read his offer 
' I'm Daryl Barnaby, Sales Manager of United Systems. ~ 
Ve believe that performance speaks louder than words. 
;o rather than give you a lot of talk, we'll give you a 
1rinter for a 30 day FREE TRIAL ... 

I like your offer ... please send me 
A 6410 Printer for a 30 day FREE TRIAL* 

Optional 
Ch k 0 . D 21 Character D 32 Character 

ec ne. $395.00 $434.00 

Name 

Company Name Purchase Order # 

Company Address 

City State Zip 
For inventory control purposes. please enclose your evaluation purchase order. If 
you are not satisfied, return the printer within 30 days and you will not Ile invoiced. 

*Subject to credit approval 

"Information only", Circle no 197 

.. . If it 
doesn't do 
everything 

you require, 
simply send it 
back-without 

obligation. 
But we think 

that after you've 
used it, you will 

agree that its price, 
size and capability 
can't be matched. 
We bet you won't ' 
want to give it up. 

Your DigiTec 410 Printer will provide: 
• 21 Characters/ line standard or optional 32 Characters/ line 

• Selectable Input RS-232C or 20 mA Current Loop 
• Silent, Fade-free Electrosensitive Printing • 64 Characters ASCII Format 

• Selectable Data Rates of 11 O or 300 Baud • Bold Face Characters for Special Emphasis 
· ·Built-in Microprocessor • Data Buffer 

Whether you 're an end-user and need 1 or 2 printers, or an OEM with requirements 
for hundreds, here's a "no-risk" opportunity to evaluate the many advantages 

of OigiTec printers. 

$295.00 in OEM Quantities/ $395.00-1-9 

Digirec 
unlTED 
SVSTEms 
CORPORATIOn 
918 Woodley Road . Dayton, Ohio 45403 
(5 13) 254~251 , TWX (810) 459-1728 

We offer 4 families of printers with 18 models to choose from with a variety of 
interfaces, printing methods & packaging configurations. For a free brochure to 

help you select the right printer for you , circle the number below. 

"Demonstration only", Circle no 207 



Literature 

Could your business 
use a computer system? 
"A Guide to Evaluating Small Business 
Systems" uses questions and text to 
consider factors relevant to the selection 
of a small-business computer system. 
The 8-pg Publication No 012-722 
describes how to evaluate vendors, 
software, hardware, the system as a 
whole and the financial aspects of your 
purchase. Data General Corp, Commu­
nications Services, 15 Turnpike Rd, MS 
82310, Westboro, MA 01581 . 

Clrcle No 454 

Attaining high accuracy 
In F 0 analog data links 
Application Technique AT-802 illustrates 
a means of converting a typical digital or 
analog optical link into a high-precision 
analog data link by using V/FN 
conversion techniques. The 4-pg paper 
explains how you can obtain accuracy 
better than ±0.1% (even at de), as well 
as a minimum signal bandwidth of 500 
kHz. Dynamic Measurements Corp, 6 
Lowell Ave, Winchester, MA 01890. 

In-depth data 
on LC filters 

Circle No 440 

Catalog 16F presents a wide range· of 
bandpass, band-reject, linear-phase, 
high-pass and low-pass LC filters 
designed for frequencies from 20 Hz to 
400 MHz. The 24-pg brochure also 
contains a filter-facts section, a glossary 
and specification forms. Allen Avionics 
Inc, 224 E Second St, Mineola, NY 
11501 . Circle No 465 

Broad range of 
µwave coaxial connectors 
Data on an extensive line of miniature, 
subminiature and microminiature coaxial 
connectors fills this 208-pg catalog. Full 
specs, photos, diagrams, application 
data, selection charts and ordering 
information help you choose the proper 
connector. Omni Spectra, Microwave 
Connector Div , 140 Fourth Ave, 
Waltham, MA 02254. Circle No 466 

Pressure-transducer­
appllcatlon considerations 
The first six issues of "Pressure 
Transducer Application Notes" use 
diagrams, charts and text to discuss such 
factors as transducer effects, error 
computation , null adjustment and 
temperature sensitivity, voltage vs 
current excitation, pressure-sensitivity 
self compensation, voltage adjustment, 
external scaling circuitry, and pressure­
switch configuration. Micro Switch, 11 
W Spring St, Freeport, IL 61032. 

Clrcle No 467 

JHE LIGHTNING BRIGADE 

302 

For complete details 
and free literature 
describing our full line of 
Powerline Protectors, 
please write: e 

l1i~NDUSTRIES. INC 
TELECOMMUNICATIONS DIVIS ION 

/00 NORTH S niO\IG AVFNUE. 

~-~ 

A brigade of Tll Lightning Arresters is at your service to protect all 
types of Electronic and Electric equipment from damage by lightning 
or electrical surge. Protect your motors, transformers and switch­
gear as well as control circuits, computers, and communications 
facilities. They all need Tll protection . So, Tll has designed more 
than 75 different packages to match each protection application 
requirement. In the battle against equipment damage, put Tll on 
your front lines. 

Worldwide Patents: 

LINDENHURST. NY 1175;:- U S A . 
mEPHONEfS/6) 842-5000mEX 144631 More than 15 years and 5,000,000 Gas Tubes in service. 

1,121,300; 1,120,361 ; 1,455,343; 
3,281 ,625; 763,560; 3,333, 153; 
3,340,431; 788,066; 792,356; 
3,535, 779; 3,522,570; 3, 791 ,711 . 

For more information, Circle No 198 
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The unlimited 
limit switch. 
Create your own 
MIL-Spec designs with this 
FREE Cutler-Hammer slide chart. 
All quality components are 
MIL-S-8805 approved in the 
environ mentally-sealed 
switch that you design. 

Use this free Cutler­
Hammer slide chart to match 
up header types, circuit 
arrangements, actuator style, 
termination and other fea­
tures. Pinpoint the H11 limit 

switch that's ideally suited to 
your needs! You'll find 500 
standard variations to choose 
from. 

Foryourfree designer's 
slide chart, or if you need more 
information now, call (813) 
758-7726 to contact a Cutler­
Hammer sales professional. 
He knows your business. 

For more information, Circle No 199 



All on a 5.2" x 8.9" (13.2 cm x 
22.8 cm) board. 

Price is just one way we' re 
committed to the micro market. 
The fact is, we give you more 
ways to solve your design prob­
lems than anybody. 

A family of16-bit microcom­
puters in boards, boxes and sys­
tems. The most powerful, 
advanced and proven software on 
the market. Plus hundreds of 

hardware tools- memory and 
interface boards, complete 

development systems, 
· . penpherals and ter-

minals. And we 
back it all with 
overll,000 

support 
people world­

wide. 
It's the total 

approach to micros, only 
from Digital. 

For more information, con­
tact Digital Equipment Corporation, 
MR2-2/M70, One Iron Way, 

For the second time this Marlborough, MA 01752. Or call 
year, we've cut the price on ~ toll-free 800-225-9220. (In MA, 
our 64Kb RAM part 64 mem- . 9 HA, AL, and Canada, call 
ory. Just $582 in lOO's -617-481-7400, ext. 5144.) Or 
when purchased \· ,_tr,. contact your local 
with similar quanti- ..,.. V"" Hamilton/ Avnet dis-
ties ofLSI-11/2 --· ~ . tributor. In Europe: 12 
CPUs. . av. des Morgines, 

So with every 1213 Petit-Laney/ 
16-bit LSI-11/2 Geneva. 
microcomputer, you In Canada: 
can get the memory LA. Digital Equipment 
that was made for it. _ ... -..&~ft V-S ~- of Canada, Ltd. 
With Digital's qual- iuu:..11' .. v\..\- I k th . . t 
ity and reliability l)"'.S.l'V t too e mm1compu er 
built right in-we t:."-"' company to make 
actually burn-in and .,.,.~.1 ___ _..,..~ £1~0li' micros this easy.. 
schmoo every board tJ1 
we ship. 

Our RAM part 64 memory 
gives you on-board refresh, select­
able I/O page boundary, and a typi­
cal access time of just 210ns. 

For more information, Circle No 69 
~nmnomo 



NEW PAIDUIT®SEMl-AUTOMATIC 
CABLE TIE INSTALLATION TOOL 

Fast Harness Fabrication 
System Lowers Installed Cost 

• Lightweight, fast, easy to use: 
Just insert tie in tool and squeeze trigger. The PSA1 M pneumatic tool automatically 
wraps cable tie around bundle , tensions and cuts tie flush in less than a second. 

• Maximum bundle diameter 1.30" 
PSA1M tool for bundle diameters up to 0.82" ; PSA1 .5M for 1.30". 

• Part of complete wiring harness system by Panduit Corp. 

ASK FOR FREE DEMONSTRATION 
AND COST ANALYSIS W "'-nun CORP J 

ELECTRICAL PRODUCTS GROUP 
Visit Panduit at Wescon, Booth 1715-1717 

Tinley Park, IL 60477 • Phone: (312) 532 -1800 • In Canada: Panduit (Canada) Limited 

For more lnlomt•llon, Circle No 201 
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Wh\{ Wait for 
SOLID STATE? 
MagnecJ:JaFt® 

HAS 26 DIFFERENT RELAYS 
IN STOCK FOR IMMEDIATE DELIVERY. 

® 

MAGNECRAFT'S SOLID STATE 
RELAYS FEATURE: 
·®-<a 
•Output current ratings from 2.5 

to 40 amps ... IN STOCK 
• Output voltage ratings to 

480VAC ... IN STOCK 
• A.C. & D.C. input ... IN STOCK 
• Zero voltage switching ... IN STOCK 
• Opto isolation between input 

and output ... IN STOCK 
• P.C. terminals, screw terminals and 

quick connect types ... IN STOCK 
• Matching heat sinks ... IN STOCK 

CALL OR SEND 
FOR YOUR 

FREE CATALOG 

Designers guide for ap­
plying and specifying 
our Solid State Relays. 

This catalog outlines 
the surge current and 
thermal characteristics 
that must be considered 
in order to derive the 
best performance vs 
costs for many types of 
circuit conditions and 
loads. 

MAKE A LOCAL CALL .... 
206-883-3550 303 -841 -3435 316-788-0621 602-894-2345 

609-933-2600 
612-933-2594 
617 -969-8100 
803 -233 -463 7 

213-641 -4255 305-831 -8233 31 7-259-4431 
214-631 -9450 312-963-6400 414-784-3390 
216-238 -0300 313 -398-5556 415-592-8333 
301 -465-5944 315 -472-5273 516-364-0310 

Visit our booth 
1816-1818 at 
the Wescon 
"79" Show 
Sept. 18-20 

5575 NORTH LYNCH AVE., CHGO., I LL. 60630 
312/282-5500 

For more information, Circle No 202 
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OUR 614715 A 
The Cool One is the industry standard HM614 7LP. This 
high-speed static CMOS RAM offers total function 
compatibility with the standard 2147, 4K x 1, 18 pin 
RAM, but with one very important advantage . .. it 
operates on one-fifth the power. Just 75m W active and 
10µ, W standby to be exact. It runs cooler to let your 
system run cooler. 

supply. Cycle times equal access times - 55ns/70ns 
maximum. Plus automatic power down and completely 
static operation. 

You get direct TTL compatibility in all areas. Includ­
ing input, output and operation on a single + 5V power 

The Cool One, the HM6147, is ready for immediate 
delivery in either plastic or ceramic package. If low­
power consumption is one of your system needs . .. in­
vest in a sure thing. Call us and start cutting your 
cooling and power supply costs today. 

For further information call, (312) 593-7660 

Hitachi. The sure thing. 
Electronic Devices Sales and Service Division 

707 W. Algonquin Road, Arlington Heights, IL 60005 (312) 593-7660 • TLX: 20-6825 

Representatives: 
AL, Tech. Mk1g. Assoc., (205) 883-7893 
CA, Irvine, Bestronics, (714) 979-9910 

Culver City, Bestronics, (213) 870-9191 
San Diego, Littlefield & Smith, 
(714) 455-0055 
Sunnyvale, Quadrep, (408) 733-7300 

CO, Parker Webster Co., (303) 751-2600 
FL, Orlando, TMA, (305) 857-3760 

Pompano, TMA, (305) 942-0774 
IA, PMA Corp., (319) 362-9177 
IL, Sumer, (312) 991-8500 

IN, ES&E, (317) 849-4260 
KS, PMA Corp .. (913) 381-0004 

PMA Corp., (316) 684-4141 
MA, TSI , (617) 862-1306 
MD, Rob't ., Elect. Sales, (301) 766-6374 
Ml, 0-M Sales, (313) 973-9450 
MN, Nor1hport E:ng., (612) 854-5556 
MO, PMA Corp., (314) 569-1220 
NJ, ABC Elect., (201) 568-2354 
NY, S.F. Foster, (315) 637-5427 

S.F. Foster, (716) 265-2072 
ABC Elect., (516) 747-6610 
ABC Elect., (914) 769-8808 

OH, Bear Mk1g., (216) 659-3131 
PA, Campbell Assoc., (215) 322-6630 
TX, Delta Comp., (214) 358-4288 

Delta Comp., (713) 783-6848 
UT, Parker Webster Co., (801) 487-5911 
WI, Sumer, (414) 259-9060 
Canada: Ontario, RFQ, Ltd., (416) 626-1445 
Quebec, RFQ, Ltd.p(514) 694-5724 

@!:!I!~~.!:!! 
Stocking Distributors: Bell • Future • Jaco • Marshall • RM Electronics • Time 

For more information, Circle No 212 



Why buy a Promise 
when PCS can Deliver 
the 1861A Slave 
Computer 

MASTER 
PROCESSOR 

GLOBAL 
MEMORY 

FLEXIBUS II 

GLOBAL 
1/0 

SLAVE 
PROCESSOR 

LOCAL 1/0 

LOCAL MEMORY 

LOCAL 1/0 
LOCA--.-• 

LOCAL 1/0 

along with a bevy of communications 
adaptors that interface to practically any 
communication system you choose. 

In addition, it supports user supplied soft­
ware for HDLC, SDLC, BYSYNC, 2780/ 
3780/3271 /3275 emulation and for net­
works. On-board EPROM can be used to 
direct processor operation. Programs can 
be executed from local on-board memory 
or from global memory. The choice of an 
internal/ external clock is jumper select­
able for each port. Call it a slave com­
puter, or a multiprocessor or intelligent 
1/0 but always call your PCS representa­
tive or the PCS HOTLINE (313) 429-4971, 
and lets discuss just how our 1861 A can 
solve your problem. 

308 
For more information, Circle No 203 

Yes, there is a powerful differ­
ence between slave computing 
and multiprocessing. Multipro­
cessing, in the present context, 

indicates an ability to per­
form time-shared tasks on 

a single processor. 

We offer another complete 
computer system that simply 

plugs into our Flexibus® II back­
plane and supplies your system 
with an additional CPU, up to 
Bk of each of RAM and EPROM, 
4 synchronous I asynchronous, 
full-duplex ports, memory 
mapped access to global mem­
ory, software controlled inter­
rupt and TTL compatible logic, 

UGH 
Process Computer Systems, Inc. 
750 North Maple Road 
Saline, Michigan 48176 
(313) 429-4971 TWX: 810-223-8153 

EDN SEPTEMBER 5, 1979 
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solar 

In the future our sun will supply us with inexpensive power .. ". 
but in the here and now we must miniaturize to save _energy. 
That's why we at Sensitron developed the slimline bridge. 

We have designed a full line of miniaturized slimline bridge rectifiers . . 
These devices are small in size and light in weight to save you space 
while still being capable of delivering high currents. Our sl imline 
bridge rectifiers are available in single phase, three phase, both fast 
recovery and general purpose versions·. The internal rectifiers are glass 
bodied metallurgically bonded discrete devices that meet or exceed . 
all military and aerospace reliability criteria. In fact , we can supply all 
of these bridges with JAN , JANTX, JANTXV rectifiers internally. 

,,~ 

~l\ Our single phase slimline bridges are avail-
able with lo at 55°C case of 6 amps, 10 
amps and 15 amps with PIV's up to 
1000 volts. Our three phase slimline 
bridges are available in lo ranges 
at 55°C case of 7.5 amps, 15 
amps and 30 amps with PIV 
ratings available up to 1000 
volts. 

Write or call for complete 
specifications. 

For more information, Circle No 204 

Sensitron Semiconductor 
A DIVISION OF RSM ELECTRON POWER, INC. 
221 West Industry Court • Deer Park, N.Y. 11729 
Telephone (516) 586-7600 • Telex 96-7737 

c I .., 

i 
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RUN YOUR SYSTEM TEST BEFORE 
THE BOARD GOES IN THE SYSTEM. 

To thoroughly test LSI boards, you 
have to test them at speed. 

That used to mean testing them in the 
final product. But not any more. 

Teradyne's Ll35 LSI Board Test System 
is designed to emulate full operation during 
board testing. Consider the advantages. 

HIGHER YIELD. 
HIGHER QUALITY. 

Errors encountered testing a single 
board are far more easily located and cor­
rected. Localizing problems during final 
product testing can take hours. 

During board test, the Ll35's automatic 
diagnosis capability finds faults at speed. 
Faults that would take hours to locate man­
ually following a full system test. 

What's more, thoroughly qualifying all 
LSI bo<1rds individually greatly enhances 
final product quality. System test yields 
climb, as do profits. 

EMULATING SYSTEM ENVIRONMENT. 
First, you have to duplicate system 

speed, and the Ll35 does. Its 5-MHz test 
rate is equal to most of today's micro­
processors. 

Precise edge control is essential, as well. 
The Ll35 offers up to five edge delays pro­
grammable in one nanosecond increments. 

In other words, the Ll35 has what it 
takes to board test LSI as if it were a sys­
tem test. So you can locate and correct 
problems with the kind of speed that really 
boosts yields. 

It all adds up to productivity which, with 
Teradyne's Ll35, is the bottom line. 

For more information on these and other 
Ll35 features, contact your local Teradyne 
Sales Office. Or call Teradyne Boston, 
(617) 482-2700. 

PRODUCTIVITY IS THE BOTTOM LINE. 

310 
For more information, Circle No 72 
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You know Hamlin reed switches. 
lfow get to know 
Hamlm reed relays. 
Hamlin has long been Number One in reed 
switches. Now make Hamlin your Number One 
choice for printed circuit board and dual-in-line 
packaged reed relays. 
Hamlin reed relays are hermetically sealed 
in epoxy with a choice of Form A, B or C 
contacts. Diode or electrostatic shielding 
is optional. These are available as dry 
reed and mercury-wetted, no-bounce 
operation. One mercury model permits operation 
in any position - a Haml in first! 
All offer long life at moderately low cost, fast 
switching and good isolation between input (coil) 
and output (contacts). 
Use Hamlin reed relays with the same confidence 
you have in Hamlin reed switches for all military, 
industrial and commercial applications in the world 
of computers, telecommunications and industrial 
controls. 
For more information on these exciting new 
products and the complete Hamlin line of relays 
up to 40 amps, write or call: Hamlin, Inc., 
Lake & Grove Streets, Lake Mills, 
WI 53551 , 414-648-2361 . 

1111..a--.1-
I NCORPORATED 

For more information, Circle No 205 

For more information, Circle No 53 

Promote yourself 
You know you're good, but does anyone else? 

To advance in your career and be better 
rewarded for your accomplishments, you must 
first capture the attention of management. 
Writing technical articles for EDN, the leading 
electronics trade journal, quickly gives you 
higher visibility. 

As an EDN author, you gain personally 
because our 220,000 direct and pass-along 
readers will recognize and learn from your 
expertise. 

And your company will benefit from this 
exposure as well-an advantage recognized and 
rewarded by most managements. 

Walt Patstone, Editor 
EON 

221 Columbus Ave, Boston, MA 02116 
Phone(617)536-7780 

1429 

311 
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TESTING 
AND CONSUL TING SERVICES 

• ELECTROSTATIC DISCHARGE 
• MIL-STD-461 AND OTHERS 

•FDA EMC STANDARD 
• VDE/CISPR/FCC 

HOW DO YOU COPE WITH IT? 
..... ......................... · .. ·.·.·.·.·.·.·.·.·.·.··:··· · 

Write or call for our brochure and 
free advice on how to cope with 
EMC standards. 

1050 COLWELL LANE, 

CONSHOHOCKEN PA 19428 

AREA CODE (215) 825·6585 

For more information, Circle No 209 

Then ION wama you, providing you also haw 
an EE degree and It lent two years' circuft.. 
design experienQI. We seek individuals wi,o 
want to be 8-ton-bued technieal tdftcp fof 
thil top electrenics publication. 

To qUl'Hfled lndJvkJuals EON offers an 
attractive u'-Y. industry-wide reoognition. 

·-high job satisfaction and the ability to keep 
abreast of: 

•advanced technology 
• exeiting new products 

• state-of-the-art circuit and system 
_design techniques. 

If you thrive on meeting challenges 
head-on ... 

If you are an effective technical 
communicator ... 

Send your resume and salary requirements in 
· strict confidence to: 

Roy ,.....,., EdltorW Director 
EDN 

221 Columbus Ave. 
loston. MA 02111 

All equel opportunity~ 

EDN SEPTEMBER 5, 1979 



Literature 

When to use 
solld-state relays 
A fully Illustrated catalog describes a 
complete line of solid-state relays, 
including ac-load and de-load versions, 
chassis-mount and pc-board types, 
high-voltage transient-proof devices and 
the Liberator line , designed for 
high-volume OEM production. Catalog 
679-1 provides applications information 
via a relay-selection guide; it details the 
relay types best suited for incandescent 
lamps, heaters, transformers, solenoid 
valves and contactors. Opto 22, 5842 
Research Dr, Huntington Beach, CA 
92649. Clrcle No 468 

Conductive coatings 
for plastic enclosures 
Covering the problems of improperly 
shielded plastic enclosures, this 8-pg 
brochure details the advantages of 
various organic conductive coatings in 
reducing EMl/RFI interference. It 
provides methods of coating plastics , 
coating requirements and aging data. 
Reliability information and a cost­
effectiveness comparison of material, 
labor and cost/sq fl for various coating 
methods round out the paper. Tecknit, 
129 Dermody St, Cranford, NJ 07016. 

Circle No 469 

Operational-amplifier 
products guide 
The opening section of this 12-pg 
op-amp reference describes the advan­
tages of the manufacturer's dielectric­
isolation process for fabricating high­
performance analog ICs. A comprehen­
sive selection guide covers high-slew­
rate, wide-bandwidth , FET-input, low­
power, dual high-performance, quad and 
special-purpose op-amp families. Harris 
Semiconductor, Dept 53-035, Box 883, 
Melbourne, FL 32901. Circle No 491 

Full Information 
on flat-cable system 
According to this short-form catalog , 
components of the company's insulation 
displacement connector (IDC) flat-cable 
system are designed for high-speed 
assembly with low-cost tools. It contains 
material specs, dimensional drawings 
and complete ordering information on 
IDC socket connectors, headers, cable 
plugs and transition connectors . 
Robinson-Nugent Inc, 800 E Eighth St, 
New Albany, IN 47150. Circle No492 

General-purpose and 
power relay catalog 
Photos, specs and diagrams combine to 
describe more than 518 relay types for 
military, commercial , industrial and 
electronic uses. Along with application, 
packaging and mounting information, this 
55-pg booklet includes details on 
UL-recognized, CSA-approved, multiple­
and auxiliary-contact , hermetically 
sealed, enclosed plug-in, stud-mounted, 
switching and latching 1:1nits, as well as 
indicators and test buttons. Magnecraft 
Electric Co, 5575 N Lynch Ave, 
Chicago, IL 60630. Clrcle No 493 

AllSwell 
that ends well. 

See Page 96-97 

EDN SEPTEMBER 5, 1979 

T6 8 has 
wider and 

!l.11eper slot. 
ni1fiff three 
soldered leads 
up to 0.032 " 
in diameter. 

See you at Wescon. Booth 1216-18 

For more information, Circle No 211 
313 
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AGREE 
Circle 82 

Benchtop Serles 

Clrcle 123 

FOR QUALITY 
ASSURANCE& 
PRODUCT 
RELIABILITY 
TESTING 

•THERMALSHOCK 
• LIFE & THERMAL 

CYCLING 
•BURN-IN 
Test parameters range 
from straight temperature 
to temperature in combi· 
nation with humidity, 
altitude, vibration 
or pressure. 

Tenneyzphere 

Circle 115 

Thermal Shock 
Circle· 125 

EC-1 1090 Springfield Road. Union. New Jersey 07083 (201) 686-7870 • (2121962-0332 

See us at Wescon, Booth 100 

Products provide standard 
system-interface patches 
Catalog T12 focuses on the company's 
broad line of patch panels, patch cords, 
cable assemblies, jacks, looping plugs , 
power dividers, RF connectors and 
electro-optical components. The first five 
pages of this 40-pg publication discuss 
how to determine the best methods of 
cabling , interconnecting and routing of 
signals to achieve minimum loss, 
degradation and noise pickup . 
Trompeter Electronics Inc, 8936 
Comanche Ave , Chatsworth , CA 91311. 

Circle No 4 94 

Required reading for anyone buying 
an oscillographic chart recorder 
We'll send you an actual chart recording 
Without seeing a Guiton oscillographic 
recorder, you can't appreciate its 
versatility, trace quality, good looks, 
superb construction and simplicity of 
operation. But you can have at your 
desk the result of 20 years of 
development: an actual chart recording. 

Ultimately this is what you're paying 
for ... and it had better be good. So, with 
our compliments, see for yourself. 
· With a Gulton chart recorder, you can 
record volts, amps, temperature1 strain, 
ac to de, log to de and more. Just select 
the plug-in signal conditioners you 
require. Additionally, you get multiple 
chart speeds, event markers, optional 
rack mounting, nearly indestructible 
thermal styli , superb shock resistance 
and genuine portability in each Gulton 
recorder. 

Two, four, six and eight channel 
recorders with plug-ins are available, as 
are one and two channel, multiple 
sensitivity recorders. 

H Gu/ton's oscll/ographlc recorders 
aren't on your approved vendors' I/st, you 
may be spending more than you should. 

314 

111 I .. guitcn 
Measure..,.nt 6 Control Systems Division 

Gulton Industries Inc., East Greenwich, Rhode Island 02818 
401 -884·8800 •TWX 710·387-1500 

See us at Wescon, Booth 1355-57 

For demonstration Circle no 218 
For more Information Circle no 217 
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In 
Semiconductor 
Lasers, 
Look To 
General 
Optronics ... 

For Counsel, 
Service and Delivery 

That Will Make Your 
Design Idea A'Realityl 

General Optronics sets the standard of design and performance for an entire industry 
.. . with 100,000-hour lasers for unmatched reliability ... mass production capability and 
total application assistance. 

Typical Applications for General Optronics Lasers, Optical Components, Modules and 
Sub Systems Include: 

• Fiber Optic Communication Systems • Scanners • Non Impact Printers and Facsimilies 
• Optical Memories • Video Discs • Distance Measurement Instruments • Security Systems 
• Level Monitoring and much, much more. Let us help you with your applications. 

qeneral 
optronic1 llliii 

3005 Hadley Rd., S. Plainfield, N.J. 07080 
Tel. 201-753-6700 • TWX 710-997-9556 
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"It's a better relay" 

acts to 20 ampir. 
This relay of clas­

sical, proven design 
is built in the U.S.A. 
by Af11erican Zettler. 

Call or write ·to 
get a sample relay, 
technical data, and 
a quotation. 

rs1AMERICAN 
~ZETT~·ER, INC. 

16881 Hale Avenue, Irvine, Californ ia 92714 
Telephone (714) 540-4190 ·Telex 6718472 

For more information, Circle No 214 

HIGH 
RELIABILITY, 

EXCELLENT 
LINEAR RESPONSE, 

AND DELIVERY 
FROM STOCK. 

High-speed silicon planar diffused photod iodes 
from Applied Solar Energy Corporation offer the engi­
neer 10 nS rise times, 9 decades of linearity, NEPs to 

8x10- 1
• W/Hzl/2, and a choice of six active areas. They are 

ideal for use with fiber optic,s or as instrument detectors. 
For complete information contact Optoelectronics Group, 

Applied Solar Ener,gy Corporation, (formerly OC!.-1 Photoelectronics 
Division), 15251 East Don Julian Road , City of Industry, CA 91746 . 

Telephone (213) 968-6581. TWX (910) 584-4890. 

Applied Solar EnergyCorp. 
For more information, Circle No 215 

Literature 

Guide provides assistance 
with shielding problems 
The "Data Guide" serves as an initial aid 
and reference in the selection of this 
company's products for EMl-shielding, 
grounding and static-discharge applica­
tions. One page contains a shielding­
materials selection guide in wall-chart 
form, which matches products with a 
broad range of materials and lists 
applicable data sheets. The publication 
also includes charts showing the 
shielding properties of various metals 
and how to avoid four common 
gasket-design errors. Tecknlt, EMI 
Shielding Products Div, 320 N Nepal St, 
Santa Barbara, CA 93103. 

Circle No 495 

Electronic packaging 
products and services 
Catalog 108 includes dimensional 
information, detailed specs, wiring­
service options and part-number matri­
ces concerning the manufacturer's 
dual-in-line socket boards and hardware 

· and wire-wrap cards. The software and 
wiring section details the data prepara­
tion required for automated wiring using 
the company's most popular wiring­
service plans. EECO, 1441 E Chestnut 
Ave , Santa Ana, CA 92701 . 

Circle No 496 

New products highlight 
test instrument booklet 
Catalog BK-180 features more than 40 
high-quality test instruments for engi­
neering , production-line and other 
industrial applications. Each product 
description includes a photo, detailed 
specs and useful application information. 
New products in the 44-pg catalog 
include eight new scopes, a 5-MHz pulse 
generator, a variable-output isolation 
transformer and a 3112-digit DMM with 
LCD readout and 0.1 % accuracy. 
B&K-Precision, Dynascan Corp, 6460 
W Cortland St, Chicago, IL 60635. 

Circle No 497 
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6800 DEVELOPMENT PAC I 

CONTROL MODULE - single board 
computer 
16K RAM MODULE - 16K 8-bit bytes 
RS232 INTERFACE - switchable rates 
CASSETTE INTERFACE - 300/ 2400 
baud 
FANTHOM-11 - monitor/ debug ROM 
EDITOR/ASSEMBLER - on cassette 
CARD RACK, BACK PLANE, POWER 
SUPPLY 
$895 

1£1 \\'IN'l'EI~ I Corp. 

Phone: 317-742-6802 
902 N. 9th St., Lafayette, IN 47904 

For more information, Circle No 222 

Literature 

Magnetic pickups 
and digital transducers 
A 28-pg catalog illustrates approximately 
45 active and passive magnetic pickups 
designed for severe industrial environ­
ments, as well as digital-output 
transducers, shaft encoders, connectors 
and cable assemblies, split and solid 
gears, pickup mounting brackets, 
tachometer transducers and NEMA ring 
assemblies. In addition to specs, the 
booklet includes output-voltage charts 
and sensitivity curves. Alrpax, 6801 W 
Sunrise Blvd, Ft Lauderdale, FL 33313. 

Clrcle No 498 

MEM-6418+16 (byte swap) and RMEM-64/8EJ)16 
emory Boards feature 250 nanosecond access 
me, page switching option, on-board re fresh and 
equential refresh . 

• RMEM-6418+1 6 are used with 8 and 16 bit bus 
masters. RMEM-6418+ 16 allows 1 megabyte or 
Y2 megaword addressability. ($1,600.00) 

• RMEM-64/8EJ)16 allows access in an 8-bit mode 
when strapped for an 8-bit processor; is also 
used in a 16-bit mode with 16-blt bus masters , 
and allows up to 1 megabyte of memory in 
byte mode, and 1 megaword of memory in 
word mode. ($1 , 700.00) 

•rder from RELMS, Relational Memory Systems. 
1C., 1180 Miraloma Way, Sunnyvale, CA 94086, 
108) 732-5520 TWX 910 379 0014. 

For more information, Circle No 225 

THERMAL PRINTER INTERFACE 
NOW the Technology Associates UTl-80 allows immediate 
implementation of the Texas Instruments thermal printer 
assemblies achieving the advantages of silent operation, 
sol id state reliability with a minimum of power consump­
tion. 

The microcomputer based 4¥4" X SV2" board features a 
number of DIP swi tch selectable options. These inc lude 
parallel or serial input: 100,300 or 1200 Baud, invert print, 
and self contained diagnostic. No additional external 
components are needed . A special cab le and power supply 
are available as options. 

6620 TRAILWAY CIRCLE 
P.O. BOX 276 
PARKER, COLORADO 
80134 
(303) 841-3435 

For more information, Circle No 223 

Do it yourself 
wJth electronic kits 
A 96-pg catalog describes kits for 
building amateur-radio equipment, color 
TVs, high-fidelity components, aircraft 
electronics , digital clocks, test instru­
ments and personal computers. New 
products include programming languag­
es and applications software for HS 
computer, a dual high-frequency wattme­
ter and more continuing-education 
programs covering automotive electrical 
systems and test-instrument use. Heath 
Co, Benton Harbor, Ml 49022. 

Circle No 237 

NEW LOW LEVEL INSTRUMENTATION 
AMPLIFIER SUBSYSTEMS specially de­
signed high performance units can inter­
face directly with POi's 6000 & 7000 sub­
systems. Performance characteristics: high 
gains to 500; accuracy: 0.01 % ; linearity: 
0.005%; very low gain; offset temp. coeff. 
& 2 pole Butterworth filter option. Std. 19" 
rack mount chassis with max. of 32 chan­
nels per chassis or 4 channels per card. 
Phoenix Data, Inc., 3384 W. Osborn, 
Phoenix, AZ 85017. PH 602/278-8528 TWX 
910-951-1364 

For more information, Circle No 226 

NEW SWITCHING POWER SUPPLY CATA­
LOG Full line of switching, linear, and 
custom power supplies featuring the hot­
test new product on the market, Todd's 
SM Series MultiSwitcher. The catalog also 
describes how VARI-DRIVE.,.,', the big dif­
ference in switchers, solves basic switcher 
problems and improves switcher reliability. 
All Todd switchers have RFI filtering to 
meet VOE and MIL specs, are UL ap­
proved, and are backed by an exclusive 
5 year triple guarantee. Todd Products 
Corp., 50 Emjay Blvd., Brentwood, NY 
11717, 516-231-3366 

For more information, Circle No 224 

Method for solving 
coil-design problems 
"Graphical Multilayer Coil Design Guide" 
offers a short cut to determining coil 
resistance for the entire range of 
available wire sizes. It shows how to 
eliminate the hit-or-miss approach of 
winding many trial coils until you achieve 
the desired coil parameters. The 
formulae, graphs and charts presented 
compare wire gauge to coil resistance, 
coil turns, power dissipation and ampere 
turns. Magnecraft Electric Co, 5575 N 
Lynch Ave, Chicago, IL 60630. 

Circle No 238 

MINIATURE FILTERS for Highpass, Low­
pass, Bandpass and Band Reject signal 
conditioning applications are described in 
the New Catalog. Flat passbands and 
sharp cut-offs are featured . Any frequency 
from 3Hertz to 300 Megahertz may be 
specified. These Filters are used in bio­
medical , radar, analysis, modem, anti­
aliasing, telemetry, sonar, seismic, control 
and many otner electronic systems to 
eliminate noise and harmonics without 
signal distortion. Many types are available 
from stock. T T Electronics, Inc., 2212 
Barry Ave., Los Angeles, CA 90064, (213) 
478-8224. 

For more information, Circle No 227 



SBC 80 Compatible 32K PROM board. The 
PROM-32 accepts sixteen 2716 E-PROMs. 
All iC's are socketed. The base addresses 
of the memory fall on 16K boundaries and 
are settable to 0000, 4000, 8000, and COOO 
Hex. Any 2K memofY block may be dese­
lected. This feature allows other boards to 
use the deselected address blocks. Best 
of all is our 3 yr warranty! $250 (Qty. 1-9). 
Stock. Electronic Solutions, Inc. , 7969 En­
gineer Rd., San Diego, CA 92111 . (714) 
292-0242. 

For more information, Circle No 228 

Literature 

Reducing LSI devices' test­
program development time 
Entitle~ "Algorithmic Pattern Generation 
Techniques," a 12-pg booklet explains a 
method of algorithmically generating a 
truth table of LSI-device pin activity that 
can easily be checked and debugged by 
the test programmer. Fairchild Systems 
Technology, 1725 Technology Dr, San 
Jose, CA 95110. Circle No 239 

Truly portable 
cesium time standard 

Now you can i nc rease the universal ity of your 
lntellec development system with four , new re­
locatable macro-assemblers from RELMS. 
RELMS RELOCATABLE MACRO-ASSEMBLERS are 
completely compat ible with Fa irchild, Motorola, 
Mostek and Zl/og definition features, and produce 
an ISIS II Compatible Output. 
Each assembler comes wi rn a comprehensible op­
erator·s manual , software faci lity . l icense, and a 
one year warranty and update . 

F 8/ 3870/ 3872 RMA $500.00 
6500 / 650 1 /6502 RMA $500.00 
6800 / 6801 / 6802 RMA $500.00 
Z80 RMA $500.00 

Order yours now, from RELMS, Relational Me mory 
Systems, Inc., 1180 Mira loma Way, Sunnyvale, CA 
94086, (408) 732-5520 TWX 910 379 0014. 
lntellec® is a registered trademark of Intel Corpo­
ration. 

For more information, Circle No 231 

@ 

International Fibre Optics Product Cata­
logue Over 500 pages of manufacturer and 
product specs, data sheets, supplier list­
ings, and other information devoted ex­
clusively to Fiber Optics. Catalogue pro­
vides complete update services for new 
products. Includes fibers, cables, light 
sources, detectors, connectors, data links, 
complete systems, measurement equip­
ment, services , studies, components, 
couplers, optical modulators and more. 
1.C.E., Fiber Optics Div., P.O. Box 249, 
Southborough, Mass. 01772, (617) 485-7641 

For more information, Circle No 229 

include: a 6-pg cesium-standard perfor­
mance comparison ; a 4-pg brochure 
describing the FTS 401 O portable cesium 
clock; and a 4-pg leaflet detailing the 
specs and appl ications of the FTS 4000, 
which the company claims is the only 
modular cesium standard available in the 
US. Frequency and Time Systems Inc, 
182 Conant St, Danvers, MA 01923. 

Circle No 165 

Properties of materials 
at microwave frequencies 

For more information, Circle No 232 

SAMPLE LED LIGHTS 
Get free samples of new Super-Brite L 
indicator l ights from Industrial Devic 
Inc., Edgewater, N. J. 07020. Red, gre 
yellow, 100,000-hr. life. Low ac or 
power-drain , high reliability, shock­
sistant. Fit %6" holes. Hemispheric or fl 
top. ideal for solid-state and battery. C 
the-shelf for 6, 12, 24 volts. 

For more information, Circle No 230 

and dissipation factor (or loss tangent) of 
more than 140 common and uncommon 
materials by means of position on a grid 
chart. More than 140 substances are 
depicted. The 161h x 11-in. chart lists 
some of this manufacturer's dielectric 
materials and also includes a section on 
definitions. Formulas relating permittivity, 
dielectric constant, index of refraction, 
loss factor, dissipation factor, power 
factor, attenuation and wave impedance 
complete the reference. Emerson & 
Cuming Inc, Canton, MA 02021 . 

Circle No 457 

WRITE OR CALL FOR SAMPLE 

The center spot on a Tempilabel' Temperature Monitor turns blac 
when the sur1ace to which it is affixed reaches the specified terr 
perature for that label. Reliable Tempilabel' monitors are availab~ 
with single spots or with multip le spots with pre-determined incre 
ments of ra tings for monitoring safe operating temperatures 
Tempilabels 0 are self-adhesive and may be removed and attache1 
to reports for permanent records . Temperature ranges: 100 ' 1 
(33 ' C) to 600 ' F (316 ' C). 1% accuracy guaranteed. Monitor~ 
with 1, 4, 6 or 8 ratings on each with various increments. Priced a~ 
low as 10¢ each. Write or call for free sample . Circle number belov 
for catalog & prices. (.\_ 

0 Temp fl 
Division. Big Three Industries, Inc. 

So. Plainfield , NJ 07080. (2 01 ) 757-8300 . Telex 138662. 

For more information, Circle No 233 



Speed readers. 

Speed. Versatility. 
Simplicity. What more could you ask 

from a mag card reader? C. Itoh thinks yoq 
should ask a lot more. Because we deliver a lot more. To begin with, every model 
of our MCR, MCR-250, MCE-202 and SRD series readers is fast and easy to use 
- most models read accurately at any speed from 3. 9 all the way up to 59 IPS. 
Secondly, C. Itoh offers readers for virtually any application: read, write, read 
after write, read/write, single and multi-channel, and encoding are all available 
for ABA, MINTS and IATA standards. They're the perfect units for banking, 
POS, credit authorization, parking systems, inventory control, auto telephone 
dialing systems and literally scores of other applications. Whether slide type or 

Ma d insert, every one is designed to be rugged, re-" 
liable and durable - most models have a life CaJ1 of over 300,000 card passes, even under high-

• tions. And a compact, lightweight design 

N. -:c_--_ means that C. Itoh' s mag card transports fit ew rrom in just about anywhere. Fast, versatile, 

C n simple, reliable, durable, compact - that 
should be enough for any mag card reader. But C. Itoh •Ito •gives you one more very special benefit. A low price. 

Write or call for detailed specifications. 

C. Itoh Electronics is part of the 
C. Itoh & Co., Ltd. world-wide trading organization. 

~ C. ltoh Electronics, Inc. 
5301 Beethoven Street, Los Angeles, CA 90066 
Call: (213) 390-7778 •Telex: WU 65-2451 
East Coast 
280 Park Avenue, New York, NY 10017 
Call: (212) 682-0420 • Telex: WU 12-5059 

For more information, Circle No 234 



' . A UNIQUE CHOICE OF 
DATA ACQUISITION SYSTEMS 
FOR THE LSl-11/2AND11/23. 

320 

NOW FROM ADAC. 
When it comes to data acquisition 
systems, there is nothing quite like the 
ADAC System 1000 and the new 
System 2000. 

Both systems can operate as low cost 
peripheral expanders to any UNIBUS 
computer. When incorporating a DEC 
LSl-11/ 2or11 / 23 microcomputer the 
systems operate as stand alone control 
systems or as remote intelligent 
terminals. 

The compact System 2000 is built to 
hold 13 half quad cards. If you need 
greater capacity, slave units can be uti­
lized or you can go to the larger System 
1000 which accommodates any com­
bination of 11 quad size cards or 22 half 
quad size cards. Both systems can be 
bench top or rack mounted and have a 
universal power supply that can support 
up to 256 kilobytes of memory. 

The real heart of both System 1000 
and System 2000 is their incredible 
number of analog, digital, serial 1/ 0 , 
clock, bus and CPU/ memory 
cards. Functional analog cards 
communicate directly with ther­
mocouples, load cells, strain 
gauges, isolation amplifiers , 

transmitters and strip chart recorders to 
name a few. Discrete cards communicate 
with switch contacts, relays, thumb 
wheel switches, pumps, motors and 
other devices. All cards can be pur­
chased as separate items. 

A single System 1000 can be supplied 
with up to 700 high level analog input 
channels, or 128 analog low level input 
channels, or 700 digital 1/ 0 functions . 
A typical System 2000 contains a CPU, 
64 kilobytes of memory, floppy disc con­
troller, 16 channel AID, 4 channel D/A, 
32 TTL 1/ 0 lines, two serial 1/ 0 ports 
plus room for another six cards of 
your choice. 

Another nice thing about both sys­
tems is their prices. They start at $995 
for the System 2000 and $1550 for the 
System 1000. So you can choose the 
combination of price and capability that's 
just right for your application. Contact 
ADAC for full details. 

CORPORATI ON 

70 Tower Office Park · Woburn , MA 01801 
617-935-6668 

For more information, Circle No 235 
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Brite moments in American history. 
October 21, 1879. Thomas Edison demonstrates the 
first incandescent electric light. Only 14 months after he 
made a public prediction that he was going to invent an 
electric light, Thomas Edison demonstrated his carbon­
filament, vacuum-bulb lamp and startled the world. 

Even though this was just one of the 1,093 patents held 
by the self declared "freelance commercial inventor," it 
soon became his most famous. Within three years of the 
first demonstration, under the supervision of Thomas 
Edison's "invention factory," the first central electric power 
station was completed in downtown New York City 
initiating electric illumination around the world. 

Photograph Counesy of the National Archives 

The All-American Brite-Lite: 
They're a far cry from incandescents. Our 
Brite-Lite LED lamps are proven many times 
brighter than other LED's giving you the same 
level of brightness as incandescents. At the 
same time, they're proven to last at 
least 10 times longer, while using 
only half the power. Brite-Lites 
give you solid-state reliability, not 
filament frailty. 

Another thing on our side is we 
are a company that only manufac­
tures in America . This way, you 
never have to wait for overseas 
shipments to arrive, which just 

may be the second reason, after reliabil ity, why 
Brite-Lites are the number one choice over 
any other LED lamps available. 

Whether you 're looking for red , green or amber, 
transparent or translucent, 1.6 or 
48 volts , 10 or 35 milliamps, midget 
flanged snap-ins or space-saving 
PC lites - or any combination of 
the above- you 've come to the right 
place. For the All-American Brite-Lite. 

Data Display Products 
303 N. Oak St., Inglewood, CA 90302 
(213) 677-6166 •TWX 910-328-7205 

Proven better and brighter than the rest 

DATA 
DISPLAY 

PRODUCTS 

For more information, Circle No 236 



--
Technology plus Marketing 
equals Information Tran sf er 
The equation tells it all about Wescon , the West's largest high -technology 
electronics exhibition and convention. Three days of person -to -person contact 
and hands-on demonstrations of new products and systems, together with 
examination of the leading-edge technology that will influence electronics in 
the decade of the 1 980 's. 

Want to walk into Wescon/79 in San Francisco, sweep by the registration 
lines, and proceed directly to the exhibit floor or Professional Session? It 's 
easy. Just fill out the registration form below and mail it to us before August 31 , 
together with your check for $3 . We 'll do the rest - before Wescon opens 
September 18, you 'll receive an embossed admission badge, by mail , entitl ing 
you to speedy entrance into Wescon . 

One more thing: the pre-registration price is only $3. That's a $2 savings 
over what admission will cost you at the door. 

Cl ip and mail the registration form today, to: 
Wescon/79 , 999 North Sepulveda Boulevard , El Segundo, California 90245. 

Clip and Mail c;J Today 

----------------------------• CD CIRCLE ONE LETTER IN EACH BLOCK I 
I U.lescon/7Ao> zo ... Corporate/techrucal management I 

rr• {/!SI PERSONS UNDER 18 YEARS oes1gntspec1lymg engineer 

I OF AGE NOT ADMITTED ~ C Engmeenng/manutacturmg techn1cJan I 
~ D Engmeermg services I § E Sales / Marketing I 

Please PRINT as you want shown on badge. ~ F Purchas1ng / Procuremen1 I Name 

I FIRST OR INITIALS 

Pos111on 

I Company/ Organization 

LAST 

I ' I I I I I I I I I 

G Educator /Sil.Iden! I 
I H Active components 

I Passive components 

t; J I 
~ K Tools & production eQu1pment 
w >----<----~---1 I 

~I A=-A!AC"CCCO=I DE0"-'-1 _-~I ~N~=Mae"-=-IR~l_- ~I ~~~I ~ l-l-+-C_om~pu_ters ____ ----1 
t) M Compu1er peripherals 

1 i5 N Control systems & componenls 

Hardware 
Telephone 10P110NAL1 

I I I 1 I I I I I I I I ~ 0 Electro -op11cal components I 
~1---j-~--'-------1 
z P Enclosures 

I Address : Bus or Home - I 
~ 0 lnstrumenis. 1nd1ca1mg 

I I I I I I I I I I I I I I I I I I I I I I I I I I I :0 1-"--+--'"-'"_um_en•_s. _con_,,o_I ----1 I ~ S Mechanical components I 
I 

City, Stale. Zip Code ~ T Moc•owa,. componenos & sySlems 

'--'--'-~~~~~~~--L~~---'--'-~~--L~~~--"--' 
U Powe1 sou1ces I I ED 

2 
STATE ZIP CODE Y Wire. cable & connectors I 

-------------~--------------Wescon /79 
September 1 8-20, 1979 

Civic Auditorium / Brooks Hall 
San Francisco 

Sponsored by San Francisco Bay Area and Los Angeles Councils of IEEE. and the Northern and Southern California Chapters of ERA 



.CAREER 
OPPORTUNITIES 
To place an advertisement In this 
section contapt: 

BOSTON 
Nancy Muenchinger 
(617) 536-7780 
Telecopier: (617) 536-7780 Ext. 282 

LOS ANGELES 
Diane Smith 
(213) 933-9525 

[~C l ROGERS &KING PERSONNEL, INC. 

SOFTWARE/HARDWARE ENGINEERS 
Rogers and King Personnel is a major re­
cruiter of Engineers in Pennsylvania and 
New Jersey. 
Opportunities that exist are in the areas of 
Electromagnetics Control Systems, Tele-
communications, Computer Engineering, 
Digital Circuit Design, Hardware / Software 
Integration and Systems Programming. 
Send resume plus salary history, objectives 
and locati on restricti ons to J. Rogers at our 
New Jersey office : 2500 Route One, Law­
renceville , New Jersey 08648 

ENGINEERS-Mini-Computers, Microproces­
sors , Analog & Digital , RF, Communications 
or Microwaves. Wash., D.C. area. Sal. to 
$34,000. Replies kept confidential. E.O.E. 
Fee Pd . Agcy. Contact : D. Jones, TECH­
PROF EMPL. Estab. 1967. 3610 Milford Mill 
Road Baltimore, Maryland 21207 

E DN SEPTEMBER 5, 1979 

ATTENTION! 
ELECTRONIC/MECHANICAL 

ENGINEERS 
Now is the time for a career move to exciting and challeng­
ing engineering positions with the U.S. Navy's Metrology 
Engineering Center in Southern California. We offer higher 
Federal salaries in California for engineers: 

GS-9: $19,637-$24,416 
GS-11: 21,189- 26,967 
GS-12: 23,087 - 30,017 

The Center is seeking qualified engineers interested in con­
ception, design, development, evaluation and application of: 

• Calibration systems and standards 
• Advanced measurement techniques 
• Microprocessor based instruments and controllers 
• Automated calibration and test equipment 
• New concepts in metrology engineering 

Navy metrology provides exciting and challenging careers in 
a wide range of engineering and technical positions. Engineers work 
in multi-disciplinary teams to seek solutions to the Navy's growing 
test and measurement challenges. 

The Meirology Engineering Center is located at the Naval Plant 
Representative Office, in the heart of the Pomona Valley within min­
utes of the mountains, seashore and greater Los Angeles, San Ber­
nardino, Riverside and Orange County residential, cultural and rec­
reational activities. 

If you qualify for any of our professional openings, we can offer 
you a career civil service position with full benefits, including growth 
potential , annual salary increases, 13-26 paid vacation days, 13 paid 
sick days, 9 paid holidays, group health and life insurance, retire­
ment, and payment of relocation expenses. In addition, we offer an 
informal work atmosphere. state-of-the-art training and tuition reim­
bursement, and ample travel opportunities, and we offer flexitime, 
allowing you to choose your own work hours. 

For Technical Information: 
Call collect (714) 629-9317 
(Irene Crall) 
For Application Procedures and Other Information: 
Call collect (714) 629-5111 ext. 3822 
(Carolyn Powers) 

Send resume to : 

Naval Plant Representative Office 
(Code ADP) 
P.O. Box 2505, Pomona, CA 91766 

An Equal Opportunity Employer U.S. Citizenship Required 
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If you currently 
earn between 
$20,000-$45,000 
we've got a better 
job for you ... NOW! 
Several new contract awards have created numerous. immediate. 
long term career opportunities for degreed. technical professionals. 
We are only interested in top caliber. creative ind iv iduals with 
proven records of success in engineering . management & 
consulting . Locations are nationwide 

Opportunities include technical / management consulting . project 
management. R&D. test and systems evaluation . Major contrac t 
areas include Communicat ions. Satellites. Weapons. Intel ligence . 
Computer. Energy and Aerospace systems. All positions requi re 
US CITIZENSHIP. MINIMUM OF A BS degree (MS/ Ph.D 
preferred ). and a minimum of one year experience in one or more 
of the specific areas listed below. 

• Minicomputers • Radar Systems 
•Microprocessors •Communication Systems 
•Software development • EW/ SIGINT/ ELINT 
• Signal processing • Microwave Systems 
• Digital systems • Electromagnetics 
•Command & Control •Fire Control Systems 

If you want to join one of the fastest growing firms in the 
country. call Robert Beach . Vice President . collect at 
(30 1) 76 2- 11 00 or. 1f you 
prefer. send your detailed W 
resume. in confidence. We II '.AL LACH 
make you an offer you can·t 
refuse. associates, inc. 
WALLACH 
connection 

Your career 

Equal Opportunity Employer Agcy. 

1010 Rockv il le Pike 
Box 6016 
Rockv ille, Maryland 20852 
(301) 762-1100 

THE BEST & THE BRIGHTEST 
ENGINEERS SCIENTISTS 

$18-35K 
The best and the brightest choose P'nB to market them to 
the best and the brightest companies in the United 
States, - Because I'm an engineer who talks your 
language. 

I know wnat you want- I wa s there myself for 25 years as 
a design specialist . systems engineer. project manager. 
operations researcher . program manager I am an 
engineer out of M.IT many years ago It was lots of fun 
and worth every minute of it . So let me find you what you 
real ly want. For starters .. 
Just send your resume or write me about yourself. I'll be 
in touch with you aboui unadvertised positions for 
degreed engineers, computer scientists, physicists in the 
Electronics, Computer and Aerospace Industries. 

YOU are our cli en t. but the 
companies pay all fees and expenses 

Please include pr esent salary 

Monarch L. Cutler, Chief Executive 

P 'n B CONSULTANTS 
Box 494-15, Wayne, Pa. 19087 
(215) 687-4056 

ELECTRICAL ENGINEERS 
Pattern Analysis and Recognition (PAR) Corporation is an advanced research 
organization of over 120 professionals developing computer-based techniques 
to solve information processing problems for government and industry. Im­
mediate openings exist for all degree levels of electrical eng ineers. Our areas 
of interest include digital signal processing , image processing , voice processing , 
radar, electronic countermeasures, display graph ics, and minicomputer/ micro­
processor applications. Opportunities exist in Rome, New York, Los Angeles, 
California and Colorado Springs, Colorado. If you would l ike to investigate 
these opportunities further, please forward your resume to : 

Mr. Robert J. Dietrich, Director of Personnel 
PAR Corporation 
228 Liberty Plaza 
Rome, NY 13440 

An equal opportunity/affi rm ative action employer 

LAKE TAHOE AREA 
Bently Nevad a Corporat ion is a worl d leader in ro tating 
m achinery pro tection systems . Loca ted 1 5 miles east of Lake 
Tahoe, w e enjoy c lean ai r, low t axes and exceptiona lly va ried 
rec rea t ion . If you wou ld like to grow wi t h an unusuall y stab le ye t 
expand ing company, come ta lk to us abo ut your opportu nities. 

•Application Engineers 
•Instrumentation Design Engineers 
•Computer Systems Engineers 
•Manufacturing /Process Control Engineers 
•Micro-Computer Engineers /Programmers 
• N /C Interface & Control Design Engineers 
•N/C Maintenance Engineers /Technicians 
•Technical Writers w /Computer Background 
•Electro-Mechanic al Designers 
•PWA Design w /Computer-Aided -Design 

Experience (REDAC) 
•Plant Engineers 
•N /C Technician 
•Facilities Manager 
•Materials Engineer 
•Computer Systems Marketing Manager 

Send y our resume inc luding t he position title as wel l as sa lary re­
qu irem ents to : Bently Nevada Corporation , P.O . Box 15 7 , 
Minden , Nevada 8 942 3 . A tten ti on: J im Thorn ton , Technical 
and Pro fessional Employment Coordinator , or ca ll 170 2 1 
7 8 2 -36 11 col lect . 

. -. ~ . . . . - . . -
BENTLY(\ 
NEVADA\) 
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Systems and 
Semiconductors 
One Needs The Other ... 

And At National, We Develop Both! 

Being the number one producer of 
linear IC's and a leader in A/ D 
converters, op-amps, and regulators 
used in systems, computers and 
peripherals ... was not good enough for 
the creative people at Nationa l. We have 
expanded our product lines to be used 
in all major areas of electronics , offering 
total technology development in a 
growing professional environment . 

SEMICONDUCTOR 
DIVISION 
Engineering 
Professionals 

• MOS/ LSI Product Engineers 

• NMOS Supervising Engineer/ 
Diffusion 

• Linear Product Engineers 

• Linear Wafer Fab Manager 

• MPU Staff Process Engineer 

• Supervising Design Engineer/ MOS 
LSt 

• Yield Improvement Manager/ CMOS 

• Sr. Product Reliabil ity Engineer 

Engineering professionals in the above 
areas should call Paul Kimura 
COLLECT at (408) 737-5267 . Resumes 
may be sent in confidence to his 
attention . 
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COMPUTER PRODUCTS 
DIVISION 
Computer Systems Engineers 
and Programmers 
• Quality Assurance Supervisors & 

Engineers 

• Computer Hardware Design 
Engineers 

• Diagnostic Systems Design 
Special is ts 

• Hardware Technical Writers 

• Operating Systems Designers 

• Language & Compiler Specialist 

• Microprogramming Specialists 

• Systems Utility Specialist 

Computer Systems professionals may 
call Jim Rook COLLECT at (408) 737-
5255, or send resumes in confidence to 
his attention at MS 2725. 

POINT OF SALE 
DIVISION 
POS Systems Engineers and 
Programmers 
• Circuit Design Engineers 

• Logic Design Engineers 

• Operating System Programmer 

• Power Management Programmer 

• Support Programmer 

• Test Programmer 

• Micro Programmer 

The above engineers and programmers 
may also call Jim Rook COLLECT at 
(408) 737-5255, or send resumes to his 
attention at MSD 2725. 

SEMICONDUCTOR 
DIVISION 
• Support Services Opportunities 

• Software Systems Programmer 
Specialists 

• Systems Analysts 

• Applications Programmers 

• Internal Auditors 

• General & Cost Accountants 

• Systems Development Manager 

For consideration for these positions , 
call Paul Kimura COLLECT at (408) 
737-5267 and send your resume to his 
attention at MSD 2725. 

Appropriate education and experience 
are required for all openings. 

We Make The Technology 
- Join Us! 
National Semiconductor, 2900 
Semiconductor Drive , Santa Clara, 
California 95051 . We are an equal 
opportunity employer m/ f/ h. 
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.. Hardware/Firmware, Software, 
Product and Application Engineers 

At Allen-Bradley Systems Division, we apply "state-of-the-art" computer and 
microprocessor technology to industrial systems. This Division has grown 
four-fold since 1975 and is still growing st rong! As an important part of an 
international corporation. employing over 13.000 people, we emphasize stability 
and a sophisticated professional environment. which promotes your growth 
and ours . 

Opportunities exist for engineering professionals in the following areas. 

HARDWARE/FIRMWARE DESIGN ENGINEEFIS 
We have a variety of challenging assignments for engineers able to 
take responsibility to design and develop programmable controllers 
and numerical control systems employing digital and analog design 
techniques . Your background should include a B .S.E.E., scientific or 
advanced degree with 2 + years of related experience. Involvement 
with computer and microprocessor design is highly desirable. 

SOFTWARE ENGINEERS 
Since receiving your engineering or scientific degree CE.E., Comp. 
Eng., Comp. Science, Math, or Physics), you have two or more years 
experience establishing a strong engineering orientation and an assembly 
language background, preferably with minicomputers. You are ready 
to assume project responsibility for sohware specifications, including 
design, test and documentation. Projects can include numerical control, 
communications and machine dependent sohware. 

PRODUCT /MARKETING ENGINEERS 
Draw upon your experience to identify market possibilities for new 
products. Duties include participation in research, exploration, identi­
fication and recommendations for product opportunities based on 
anticipated industry-wide requirements. Background should include 
B.S .E.E. with 2 or more years experience and understanding of micro­
processor technology and applications. 

APPLICATIONS ENGINEERS 
Use your engineering skills to define customer control system require­
ments, determine design strategy and prepare proposals. Also implement 
control systems, participate in customer/sales training programs 
and be involved in new product planning and development. You presently 
have an engineering degree or equivalent experience in industrial control 
systems. Exposure to microprocessors and/or programming helpful. 

If your experience and career goals match these profess ionally rewarding 
positions . you owe it to yourself to contact us. The tota l compensation plan 
is good, including generous benefits and the career growth possibilities are 
exceptionall Act NOWI Send your resume and salary history/ requirements to : 

• 
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Duane C. Smith , Salaried Employment Manager 

ALLEN-BRADLEY CO. 
Systems Division Dept EM 

747 Alpha Drive• Highland Heights , Ohio 44143 

Quality in the best tradition. 
An Equal Opportunity Employer M / F 

SALES/ 
MARKETING 

PRODUCT MARKETING 
SPECIALIST 

Chandler /Phoenix, AZ 
Staff pos it ion responsible for planning the 
growth of high capacitance powered distri­
'bution products , including a new line of 
ceramic capacitors, and meeting established 
marketing goals. Provides information on 
market size and trends , deve lops marketi ng 
analyses and plans , and foll ows through 
with strategies and personnel cu stomer con­
tacts. SSE'E or equ ivalent , plus 2 years 
experience in semi~conductor or capacitor 
sales, marketing, or engineering required. 
MBA and / or knowledge of qual ificat ion test 
procedures preferred. Send resume and 
salary requirements to : R.E . Florentine, Em­
ployment Specialist , Rog ers Corporation , 
P.O. Box 700, Chandler, AZ 85224. 

SALES 
ENGINEERS 

Boston, Mass. 
Minneapolis, Minn. 

Portland, Ore. 
Responsible for the sales of engineered 
materials and components for the elec­
tronics, transportation , and electrical or­
iginal equipment manufacturing markets. 
Seeks new product opportunities and appli ­
cations with new and existing customers. 
Works with R&O , Marketing , Engineering, 
and Producti on . BSEE, BSME, or equivalent 
plus 3-5 years related sales experience 
working with electrical / electronic design 
engineers required . Send resume, salary re­
qu i rements and geographic preference to: 
J .A. 'Richie , Corporate Employment Admini­
strator, Rogers Corporation , Rogers , Conn. 
05263. 

An Equal Opportunity Employer M/ F 

SIU SEARCH NORTHWEST, INC. 
A Professional Recruiting Agency 

620 S.W. 5th-Suite 825 
PORTLAND, OREGON 97204 

(503) 222-6461 

PACIFIC NORTHWEST OPPORTUNITIES 
Chief Engineer ................... .. .. ....... ......... ....... 40K 
Marketing Mngr. .. .................................... 3SK+ 
Prod. Manager ............... .............. ...... ....... 30K+ 
Electronic Sales .... ....... ..................... 20 to 30K 
Design Engineer• .......... .................... 20 to 35K 

(multiple openings) 
Machanlcal Engineers .................... .. 20 to 30K 

FORWARD YOUR RESUME 
FOR CONFIDENTIAL CONSIDERATION 

OR PHONE : 

KEITH NYMAN (503) 222-6461 
OUR SEARCH FEES ARE EXCLUSIVELY 

EMPLOYER PAID 

SUNBELT OPPORTUNITIES 
(Computer, Inst. Control and 
communication Electronics) im­
mediately available. MEDIUM­
SIZED COMPANIES. Positions : 
ENGINEERING, MANUFACTUR­
ING and GENERAL MANAGE­
MENT. Salary range: $25-65K. 
DUNHILL EXECUTIVE SEARCH, 
2421 Production Drive, Suite 208, 
Indianapolis, Indiana 46241. Attn: 
Oon Pergal. Licensed Employ­
ment Agency. 
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( COMPUTER AND INSTRUMENTATION 

ENGINEERS 

Eastern New England has one of the hi ghest concen­
trations of computer, peripheral and instrumentati on 
firms in the US. With ten local engineering schoo ls and 
eight MBA programs, most with evening courses, 
career enhancement opportunities are outstanding. Call 
us to discuss what positions are available. 

PRODUCT PLANNING MGRS. TO LOW $30's 

These positions require an engineering degree and 
several years hardware I software experi ence. Good busi­
ness judgment is important; an MBA is a plus. Will pro­
vide and interface between enginee rin g and marketin g 
and prepare produ ct pl ans. 

SENIOR ENGINEERING MFG. $SOK+ 

Three newly crea ted positions with major corpora­
tions. If you have an exceptional track record in peri­
pheral, data communications, telecommunications or 
LSI development, we would like to di scuss these with 
you . 

For more information ca ll Steve Ford at (617) 731-3730 
day or evening. 

Carpenter 
Consultants, Inc. 

824 BOYLSTON STREET 

CHESTNUT HILL, MASS. 02167 

We write 
the book. 

For mini and microcomputer professionals: 
MINI-MICRO SYSTEMS. The only monthly magazine devoted 
entirely to the fast-paced mini-microcomputer world. Read by 
82,000 of the most sophisticated people working in the minicompu­
ter industry . 
Find out how you can focus your recruitment advertising dollar to 
the exact people you're looking for - with no wasted readership. 
Call us today at (617) 536-7780. 

How much time could you save 
if your advertisement was 

reaching over 92,000 people 
twice each month? 

Take Action Today! 

Call Nancy Muenchinger at 

617-536-7780 

or Diane Smith at 

213-933-9525 

GET RESULTS 
with 

EDN 
Career Opportunities 

Advertising 

Call 
617-536-7780 



MAKE YOUR MOVE 
ARIZONA 

Motorola's Government Electronics Division. Scottsdale and Tempe , Ari zona· is seeking design and development en_gineers 
for our communications. radar , and tactical elec tronics operations. GED is over 4000 people strong , se tting records in sales 
and bookings, and has opportun ities in a wide range o f disciplines. 

RF SYSTEMS AND HARDWARE 
* Frequency Synthesizers · Ci rcuit design experience at 

1 GHz and below in c ludin g VCO's. filters, mixers, and 
phase locked loops. 

* Space Data Systems · RF experience including OP 
amps, stabl e osci llators. and low noise detection of 
signals. 

* Wideband Receiver Systems 
* Microwave Synt hesizers · experience with UHF band, 

wide tuning range s. low phase noise. 
* FM Telemetry/Pulse Ampl ifiers · knowledge o f fast 

pulse and spread spectrum techniques . 
* Microwave Circuit Design . 5 to 10 years experi ence in 

so lid state circuits built in a va ri ety of transmission 
lines operating at frequenc ies from 1-20 GHz. 

* SIX Band Transponders· design and test 

DIGITAL SYSTEMS AND HARDWARE 
* Sate llit e Communications Systems · AID converte rs, 

microprocessors, con trol ci rcu itry . 
* Digital Circuits · radar applications. micro-processor 

design . some tempest design . 
* Design and test of MOS LS I and TTL devices . 

ANTENNA DEVELOPMENT 
* Project engineers experienced in tracking antennas , 

active phased antennas with knowledge of strip line 
and millimeter wave techniques . 

* Analog/Servo Mechani sms · antennas. servo amps , 
and analys is . 

LOGIC DESIGN 
* Broadband high speed (1·1000 MHz) logic design and 

hardware implementation . 
* Senior Logic Designer/Task Leader · TTL, CMOS, and 

EGL, MPU hardware and so ftware . 
* Wideband Sampled Data Systems · high data rates 

(100 Mbps). 

EWSYSTEMS 
* Subsystem development to inc lude antenna, acquisi · 

tion , set-on receivers, processors, and repeater loops. 
ECM conf iguration . 

FUZE SYSTEMS 
* Radar Fuze Design· High G env ironment. 
* Microwave Experience· inicrostrip RF head design in 

high G environment. 
* PCM and FM teleme try 

MECHANICAL ENGINEERS 
* High density packaging· RF and microwave 
* Airborne and Ground TTL packaging 
* Space-borne equipment 

HP 21 MX 
* Design and programming of distributed systems. 

Assembly Language and Fortran 

TRANSFORMER, INDUCTOR, POWER 
SUPPLY DESIGN 

EMl/TEMPEST DESIGN 

RELIABILITY ENGINEERING/ 
PROJECT COORDINATORS 

ENVIRONMENTAL TEST· 
ELECTRICAL AND MECHANICAL 

MANUFACTURING 
* Manufac•u ring Engineers · Labor cont rol sys tems , 

elec tro-mec hanica l assembly , assembly pro(;ess dev· 
elopmen t, work factor t raining and measurement. 

* Industrial Engineers . tool engineering , mechanization , 
floor layouts, work flow s. 

* Project Managers . projec t planning and control. 
budget , and scheduling . 

Accep t our chal lenge. It is you r opportunit y to join a very success ful electronics team in an environment conducive to your 

profes sional growth . If you are in te rested in joining our team, please apply in person or forward re sume to : 

EDN SEPTEMBER 5, 1979 

Rich Moran, Dept. 475 

MOTOROLA 
Government Electronics Division 

8201 E. McDowell Road , Scottsdale, Arizona 85257 

An Equal Opportunity Em ployer 
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Instead of sounding like the Chamber of Commerce , 
we'll be factual about how you can grow out here. As an 
engineer at Hughes. 

l. We'll put some challenge into your life. We're 
into some of the most sophisticated radar projects on 
earth (or in space) . Like building the weapon systems 
for the F-14, and the radar system for the F-15 and 
F/A-18 fighter aircraft. And radar for the U.S. Roland. 
And the "eyes, ears and voice" for NASA's Space Shut­
tle. You've got to be good to work on them. And work­
ing on them can make you better. 

2. We'll help you go to school. Like to go for an 
advanced degree ? Fine. Some of the finest colleges and 
tech schools in the U .S. are just minutes from Hughes. 
And we'll help you go by providing full financi al 
assistance-100% of the cost on pertinent courses. 

3 . We'll help you have some great weekends. 
You'll find many of your associates at Hughes live adven­
turously on weekends and vacations. Deep-sea fishing. 
Ghost town exploring. Hang gliding. Rock hounding 
on the Mojave. Scuba diving. Activities like these help 
you grow as a person . Under the same sun that makes 
our trees grow taller, our oranges grow bigger. 

So if you're ready to grow - profess ionally and 
personally - we're ready to help . Because we've got 
some unu sual openings now. We need Sys tems 
Analysts, Software Engineers, Hardware Engineers , 
Production Engineers, Quality Assurance Engineers, 
and those interested in the latest state of the art ad­
vances in computer analysis, test and integration , and 
programming of our new microprocessors, analog con­
verters, transform processors, and display imagery de­
vices. Write: Professional Employment , Hughes Radar 
Systems Group , Dept. DN, 2060 Imperial Highway, El 
Segundo , CA 90245 . 

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

! HUGHES! 
.I I 

L- ----------- - -----J HUG H ES A IR C R A FT CO MPANY 

U.S. Cit izenship Required. Equal Opportunity M/ F/ HC Employer. 
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Looking Ahead: Trends and Forecasts 

Opportunities seen in 
China trade for US 
Although analysts disagree on 
the size of China's potentially 
vast electronics market (EDN, 
August 5, pg 194), some of them 
see realistic opportunities for 
sales of high-quality peri­
pherals, communications and 
test equipment, process controls 
and consumer products by US 
firms. 

The Chinese will buy floppy 
and hard discs , tape units and 
nonimpact or matrix impact 
printers (preferable to chain/ 
train or drum types because of 
the Chinese alphabet's complex­
ity), according to Ken Bosom­
worth, president of Internation­
al Resource Development Inc, 
Norwalk, CT. (Japanese compe­
tition will be fierce in these 
markets, however). Bosom­
worth also sees possible sales of 
intelligent and specialized termi­
nals, including those with so­
Jhisticated graphics capabilities. 

Satellites, fiber-optic trans­
nission systems and pulse­
:ode-modulation technology will 
)e important in the communica­
.ions market. China, however, 
vill supply its vast consumer 
narket by buying complete 
iroduction facilities (for such 
>roducts as color TVs and 
·ideotape recorders), limiting 
.ny long-term export potential 
n this area. 

China could account for 1 to 
% of the sales of a firm with 
uperior products, says Jerry 
,evine, president of Mentor 
nternational, San Francisco. 
:ut Levine, who recently 
isited China, advises compa­
ies to realistically assess the 
robability of sales before 
xpending time or money in 
rhat could be a disappointing 
enture. Products considered 
>r export should meet the 

following criteria: exportable 
under US Export Administra­
tion regulations, categorized as 
nonconsumable equipment rath­
er than components (prime 
examples: production, test, 
telecommunications, and data­
processing equipment; test and 
measuring instruments; process 
controls) and superior in quality 
and/or performance to Japanese 
or European products. 

The creation of the China 
International Trust Investment 
Co to coordinate the use of 
foreign investment and technol­
ogy and the recent enactment of 
a joint-venture law for foreign 
investments could spur sales by 
US firms. (Compensation re­
quired by the new law "in cases 
of losses caused by deception 
through the intentional provi­
sion of outdated equipment or 
technology" underscores China's 
concern about not being sold 
outdated equipment.) A further 
positive development: Despite a 
slowing of its modernization 
program and a retrenchment in 
some areas of the economy, 
China has reserved $3. 03 billion 
in its $72.3 billion 1979 state 
budget for acquiring technology 
and capital equipment, out of a 
projected $16 billion in total 
imports. 

US OEM printer market 
near $930.SM by 1981 
High-volume OEM printer sales 
in the US will increase from 
$505.5 million last year to $930.5 
million in 1981, forecasts 
International Data Corp, Wal­
tham, MA. 

While impact printers should 
nearly double their installed 
base during these 3 yrs (from 
149,200 to 270,500), nonimpact 
units will experience the 
greatest growth, doubling their 
installed base this year alone 

% GROWTH 
PRINTER TYPE 1979 1980 1981 

IMPACT 
CHARACTER 21 17 16 
SERIAL (MATRIX) 15 14 10 
LINE 35 26 22 
TOTAL 27% 21% 18% 
NONIMPACT 
ELECTROSTATIC 22 14 8 
THERMAL 100 78 48 
INKJET 425 337 138 
OTHER 65 30 21 
TOTAL 97% 77% 62% 

SOURCE: INTERNATIONAL 
DATA CORPORATION 

and reaching 150,500 installed 
units by 1981. 

Having plunged 20 to 50% 
over the past decade, printer 
prices will continue to drop for 
all units except inkjets, whose 
prices will rise as higher resolu­
tion models are introduced. 

$14 billion in IC sales 
predicted for 1988 
Explosive integrated-circuit de­
mand will drive US semiconduc­
tor sales from $3 billion last year 
to $14 billion by 1988, according 
to Arthur D Little Inc, 
Cambridge, MA. 

Fueled by significant growth 
in traditional applications such 
as computers, peripherals, 
communications and consumer 
products, as well as by new 
applications in areas such as 
automotive equipment and 
appliances, the industry will 
grow 15 to 20% annually, with 
the worldwide market reaching 
1 trillion units per year by 1990. 

Increased capacity and auto­
mation should alleviate shortag­
es and reduce long leadtimes 
over the next decade. And fears 
of political instability and rising 
labor costs in some offshore 
areas will drive manufacturers 
toward complete domestic 
production by the mid-1980s. 

Material for this page developed 
from Electronic Business maga­
zine and other sources by Jesse 
Victor, Senior Copy Editor, and 
Joan Morrow, Editorial Assistant. 
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C£xperieqced C£ngiqeers ... 
... Jiow about Wewlett .CPackgtll in qdaJio? 

Hewlett-Packard's Disc Memory and Boise Divisions are located in 
Boise, the state capital of Idaho. Boise is the largest city in Idaho and has 
a growing area population of approximately 175,000. Due to its strategic 
location, Boise's Treasure Valley has the distinction of being a regional 
center for transportation, commerce, finance and industry for the 
Northwest. For this reason, Boise is attracting an ever-increasing 
number of businesses, visitors and residents. Boise's temperate, 
seasonal climate offers a variety of weathers from mild winter snowfalls 
to sunny summer days which promote year-round sports, shopping, 
sight-seeing and dining. Boiseans have the benefit of a philharmonic or­
chestra, community theaters, art exhibitions and local performing 
groups such as the Basque "Oinkari" dancers. Boise has retained a 
reasonable cost-of-living and an affordable housing market. 

Idaho is a vast natural year­
round recreational area. Alpine 
and cross-country skiing are con­
veniently located throughout the state. Bogus 
Basin, only 15 miles from downtown Boise, has two 
major mountains providing more than 30 groomed 
runs, excellent powder conditions and good night 
skiing with 11 lighted runs. With a multitude of 
lakes and rivers, Idaho is a prime attraction for 
rafters, water skiers and fishing enthusiasts. 
Idaho's mountainous regions are irresistable to the 
avid backpacker and hunter. 

Hewlett-Packard in Boise consists of two divi­
sions which occupy several recently constructed 
buildings on a 180-acre site overlooking the Boise 
River valley. By 1980 two additional buildings will 
be completed, including major fabrication and 
technology centers. Our continued growth has 
resulted in several openings for experienced 
engineers who are proven contributors. 

If you are an engineer who wants a creative, 
challenging career, with rapid well­
planned growth built around long­
term programs, then one of the 
following openings should be just 
the opportunity you've been look­
ing for: 

Analog Design Engineers 
Digital Design Engineers 
Production Engineers 
Marketing Engineers 

Product and System Software Engineers 
Reliability Engineers 

You've probably already heard of HP's reputation as one of the most 
desirable companies to work for. Why not check us out for yourself? 

We offer a wide variety of fringe benefits including relocation 
allowance, 10 paid holidays, profit sharing, stock purchase, medical/den­
tal insurance, and more. 

Interested candidates should send resumes in confidence to: 

HEWLETT?& PACKARD 

Hewlett-Packard Company 
DISC MEMORY DIVISION & BOISE DIVISION 

P.O. Box 39 
Boise, ID 83707 

Attention : Personnel JT 

an equal opportunity employer m/f 



Simply set 
and reset­
right on the button! 
Just push the PLUS or MINUS buttons for the precise setting you want It's 
that simple. The newly designed Model 3680 Series of Digital Pushbutton 
Potentiometers let you set and reset with absolute. pccuracy. 

Fast data entry and information readout on large easy-to-read 
digital displays. 
A modular potentiometer "system," the Model 3680 

Series consists d from one to five decades. Resolution 
is related to the number d decades used. Laser tailored, 

'btnt·in cermet elements provide a wide choice of standard 
mslstance values from 10 ohms to 1 Megohm. 

....... l'lllmlterolhc8dM 8181 .... dmnlnlR11h&1acm (Ollllls) 

1 10-tOOK 
2 100-lMeg 
3 lK·lMeg 
4 tOK-tMeg 
5 lOOK-tMeg 




