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I' FIRST AT VALLEY FORGE!. .. 
NOW ACROSS THE COUNTRY!. .. 1 THE MOS TECHNOLOGY TROOPS STAND READY TO SERVE! 

SPEED 

ITTSI OO I 2XIOO IOKHz~2MHz NU YES 
ITTSI002 2X32 DC~HtJ z NO YES 
ITTSIOl 6 3X66 1 0Kllz~2 MHz NO YES 
ITTSll OO 2XSO IOKHz-2fDiz NO YES 
ITTS20 13 2XI OO IOKllz-3fD I£ YES YES 
ITTS2 I 00 I XSI 2 IOK/l z-Sfn lz YES Yl'S 
MCS2 102 2XIOO DC-2fDlz YES YES 
ITTS2 I 03 2X32 DC-Htiiz YES YES 
MCS2 104 4X2S OC-2MHz YES YES 
ITTS2 10S 2X64 DC-2MHz YES YES 
ITTS2 I 07 2Xl28 DC-l fn lz YES YES 
ITTS21 08 2X l 28 DC-..2MH z YES YES 
ITTS31 00 I XI024 IOKilz-2 MH z YES YES 

READ ONLY MEMORIES 
l<SI 004 22 40 (7XSX64) 700ns, Char. 350ns, Col. NO YES 0 
l<S1004A 22 40(7XSX64) 700ns, Char. 350ns, Col. NO YES 0 
l<S2000 22 40(SX7X64) SOOns YES YES 0 
l<S200 1 2240(7XSX64 ) 800ns YES YES 0 
l<S2002 256XI 0 800ns YES YES 0 
l<S200 3 320X8 800ns YES YES 0 
l<S2004 Sl 2XS 800ns YES YES 0 
MCS200S 640X4 800ns YES YES 0 
l<S2006 1280X2 800ns YES YES 0 
l<S2007 256X9 800ns YES YES 0 
l<S200 8 2560XI 800ns YES YES 0 
l<S2009 2048 XI 800ns YES YES 0 
MCS2010 102 4X2 800ns YES YES 0 
l<S2011 Sl2 X4 800ns YES YES 0 
l<S2012 256X8 800ns YES YES 0 
l<S2014 768X3 800ns YES YES 0 
l<S201 S 384X6 800n s YES YES 0 
l<S2017 4032 ( 7X9 X64 ) 400ns YES YES 2 
l<S2018 3840 (10Xl 2X32) 400n s YES YES 2 
MCS2020 2240( 7XI OX32) 400ns YES YES 

Decade oc-s ooKH z NO YES 

STANDARD PRODUCT LISTING 

NOW QUARTERED IN DEPTH AT: 
NEWARK ELECT RONICS 
East 
BOSTON AREA 
661 Mam Street. Malden, Massachusetts 02148 
(617) 321·3930 
NEW YORK CITY·NEW JERSEY AREA 
303 Monroe Avenue, Kenilworth, New Jersey 07033 
(201) 272-8410 
LONG ISLAND AREA 
BO Express Street, Pla inview. New York 11803 
(516) 822·5000 
ROCHESTER 
30 Allens Creek Road, Rochester , New York 14618 
(716) 473-6600 
BALTIMORE·WASHINGTON AREA 
P.O. Box 618. Bowie, Maryland 20715 
(800) 621 ·2604 

NEWARK ELECTRONICS 
Centra l 
CHICAGO 
500 North Pulaski Road , Chicago, Illinois 60624 
(312) 638-4411 / TWX 910·221 ·0268 
TELEX, 25-32 18 

DETROIT 
20700 Hubbell Avenue, Oak Park, M1ch1gan 48237 
(313) 548-0250 

GRAND RA PIDS 
2114 South Div1s1on . Grand Rapids , Michigan 49507 
(616) 452-1411 /TWX, 810-273-6904 

MINNEAPOLIS 
336 Hoover Street, Minneapolis , Minnesota 55413 
(612) 331-6350 

CINCINNATI 
112 East l iberty Street, Cmcmnat1, Oh io 45210 
(513) 421 ·5282/TWX, 810·461 -2662 

CLEVELAND 
4506 Chester Avenue. Cleveland. Ohio 44103 
(2 16) 431 ·4340 

COLUM BUS 
1153 Northridge Road , Columbus, Ohio 43224 
(614) 267-9474 

DAYTON 
3427 Linden Avenue, Dayton, OhlO 45410 
(513) 253-9197 
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Standard H.V. 
S tanda rd H. V. 
Standar d H .V . 
Standa rd 11.V. 
Low Vol t age 
Low Voltage 
Low Voltage 
Low Voltage 
Low Voltage 
Low Volt age 
Low Vo ltage 
Low Vo ltage 
Low Vo lta ge 

St andard H. V. ( 28V) 
St andard H.V. (24V) 
Low Vo l tage 
Low Vo ltage 
Low Vo ltage 
Low Vo ltage 
Low Vo ltage 
Low Vol tage 
Low Vo l taae 
Low Vo l taae 
Low Vo ltaae 
Low Vo ltaae 
Low Vo ltage 
Low Vol taae 
Low Voltaae 
Low Vol taae 
Low Vol taae 
Low Vo l taae 
Low Voltaae 
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MOS TECHNOLOGY, INC. 
VAllEY FORCE INDUSTRIAL PARK, VALLEY FORCE, PENNA. 19481 

215·666·7950 • TWX: 510-660·4033 
A P1 J Aft, re or Allee Bradruv c 

INTER MARK ELECTRONICS 
West 
SANTA ANA 
17192 Gillete Street, Santa Ana. Cal ifornia 92705 
(714) 540·1322 /(2 13) 860-8589 
TWX, 910·595-1583 
SAN CARLOS 
100 Industrial Road. San Carlos , Cal ifornia 94070 
(415) 592-1641 / TWX, 910·376·4899 
SAN DIEGO 
7933 Clairemont Mesa Blvd .. San Diego. Cal. 92111 
(714) 279·5200 / TWX, 910·3 35-1238 
VAN NUYS 
7110 Gerald Avenue, Van Nuys, Californ ia 91406 
(213) 782-0362/TWX, 910·495-2005 
SEATTLE 
621 South Michigan Street, Seattle. Wash . 98108 
(206) 767·3160 / TWX, 910-444-2054 
DENVER 
2600 West Second Street, Denver. Colorado 80219 
(303) 936·8284/TWX, 910·931·0501 
TEMPE 
13 18 East Princess Road, Tempe, Arizona 85257 
(602) 968-3489 

OR CONTACT MOS REGIONAL HEADQUARTERS DIRECT: 
EASTERN REGIONAL SALES DI RECTOR - Mr. Willi am Wh itehead , MOS TECHNOLOGY, INCORPORATED, 88 Sunnyside Blvd ., Suite 307, Pla inview, New York 11803 • Phone: (516) 822·4240 

CENTRAL REGIONAL SALES DIRECTOR - Mr. Alan Matta !, MOS TECHNOLOGY, INCORPORATED, 10400 W. Higgins Rd ., Suite 631 , Rosemont , I llinois 60018 • Phone : (312) 298·2035 
WESTERN REGIONAL SALES DIRECTOR - Mr. Jack Turk, MOS TECHNOLOGY, INCORPORATED, 2172 Dupont Drive, Patio Bid& ., Suite 221 , Newport Beach, California 92660 • Phone: (71 4) 833·1600 
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the decoderA ·ver 
so you don't have to. 
Not only the decoder I driver but the memory too! 
Now available for immediate delivery is the 
HP 5082-7300 series solid state display. 

It's completely TTL compatible. All you do is 
address it directly with four-line BCD input. The 
on-board IC allows for either the storage of input 
data or real-time display. You save design time, 
space and money, and get a completely reliable 
integrated display system. 

A bright .290 inch high, shaped character gives 

excellent readability over a wide viewing angle 
in a compact .600 inch by .400 inch package. 

So why wait? For immediate delivery on the 
HP 5082-7 300 call your local HP sales office, or 
Hewlett-Packard, Palo Alto, Calif. 94304. 
In Europe: 1217 Meyrin-Geneva, Switzerland. 

HEWLETT . PACKARD 

COMPONENTS 01202A 
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It doesn't happen often. But in the case of 
microwave transistors, you don't have to 
trade off performance to get rhe lowest 
price. That's because we've combined 
advances in silicon semiconductor tech­
nology with efficient mass-production. 
The result to date has been: 

The workhorse: HP 21. 
This small signal transistor is the 
backbone of any RF/ microwave amplifier 
design. It has a 12 dB gain at 2 GHz 
( useable to 5 GHz), a noise figure of 
4.2 dB ar 2 GHz and a price of only $19 
each in small quantities. So you won't 
be making tradeoffs in your design. 

Really low noise. 
The HP 22, a significant new high 
frequency device, has a maximum 

5 ) 7 8 9 10 I ' I 
Frequency (GHz) 

guaranteed noise figure of 4.5 dB at 
4 GHz with 6.5 dB gain when biased for 
optimum NF (10 V, 5 mA). With 3 
dB more gain across the band than the 
HP 21, the HP 22 is useable to 8 GHz 

in its stripline packages. All for just $75 
each. No other transistor can make 
that statement. 

More power out. 
Thar's the function of rhe new HP 11. 
Ir fills the power gap between the HP 21 
and high power devices. As a preamp 

22 ~~~~~~~~~~~~~~ 
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Frequency (G Hz) 

output or linear driver, it offers low 
distortion from 2 to 4 GHz. Yet it costs 
the same as the small signal HP 21. 

The low price of success. 
You've seen the kind of performance our 
transistors offer. Now let's get down to 
the cost facror. 

Quantity HP 21 HP 22 HP 11 

1-99 $19 $75 $19 

100+ 15 65 15 

(Domestic USA prices for srripline packages. ) 

Can you afford nor to use them? 

Firm delivery 
and great reliability. 

We can deliver most orders from stock. 

And you can count on device reliability. 
Our proven manufacturing process not 
only provides excellent parameter 
stability from batch to batch but insures 

· healthy devices. Like 10 million hours 
MTBF for the HP 21. 

An HP field engineer is nearby to answer 
your questions and handle your orders 
promptly. Why not give him a call for 
complete information about our 
transistors. Or write Hewlett-Packard, 
Palo Alto, California 
94304. 
Europe: 1217 
Meyrin­
Geneva, 
Switzer­
land. 

04117 

HPtransistors: a small price to pay 
for performance. 

HEWLETT J'PJ PACKARD 

COMPONENTS 
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Electronics 
The International Magazine of Electronics Technology 

29 Electronics Review 

INTEGRATED ELECTRONICS First CCD vidicon built , 29 
COMMERCIAL ELECTRONICS: Frame grabbers big market? 30 
MILITARY ELECTRONICS: Pentagon looking to European arms, 31 
COMPANIES: Educational VTR a lucrative sideline, 31 
GOVERNMENT: Computer to sense mine gases, 32 
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DESIGNER'S CASEBOOK: Series-tied op amps null offset voltage , 92 
Linear signal limiting with feedback amplifier, 93 
Simple logic circuits compare binary numbers, 94 
COMPONENTS: New applications open for the isolation ampl ifier , 96 
CIRCUIT DESIGN : One-shot timing : don 't take it for granted, 101 
COMMUNICATIONS: Digitizing rt signals requires optimum sampling, 106 
ENGINEER 'S NOTEBOOK: Finding loop gain without opening loop, 113 
Coaxial buses help suppress power supply transients, 113 
A quick solution to conductive heat transfer problems, 114 

119 New Products 

IN THE SPOTLIGHT: Side-brazed LSI packages make room at the top , 
" 119; Software cuts sensitivity-analysis cost , 123 

COMPONENTS: A-d converter is ratiometric , 125 
-. INSTRUMENTS: Amplifier is monolithic , 128 
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MICROWAVE: One-port counter covers 18 GHz, 133 
SEMICONDUCTORS: MOS RAM offers 1 DO-nanosecond access , 136 
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Highlights 

Automated banking systems gain a foothold, 65 
Teller stations built around minicomputers 
perform 80% of all banking functions with­
out human help . Staffer Marilyn Offenheiser 
reviews their present status and the pros­
pects for a $1 million-a-year market. 

Japanese to test 2-GHz radio-relay system, 81 
All-digital 13-hop trial link will use phase­
shift keying with four-phase modulation to 
speed data at 4 ,000 Mb / s. Author Yasuaki 
Ninomiya discusses criteria considered by 
Nippon Telegraph & Telephone Corp. in de­
signing the system , and he outlines con­
cepts still to be tested . 

Engineer's Notebook, 113 
A new regular department debuts with use­
ful tips on an easy way to measure loop 
gain , suppressing power supply transients, 
using do-it-yourself coaxial tubes , and a 
nomogram for solving heat transfer prob­
lems. 

Program checks out de sensitivity, 123 
Software packages, till now discussed only 
in the " Technical Articles" section , wil,I now 
be covered in " New Products." This inno­
vation underlines the growing importance of 
programed aids for the circuit designer. 

And in the next issue ... 
Functional trimming of hybrid circuits . . . a 
solid-state direct replacement for vacuum 
tubes . . . a microelectronic watch with 
liquid crystal display. 

The cover: 
Intermediate-frequency amplifier is shown in 
front of Japanese quasimillimeter-wave 
radio relay tower. 
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curing the more th an 42 years th a t 
Electronics has bee n published, 

th e re have bee n a g rea t ma ny 
chan ges in its fo rmat. Some we re 
revolutionary, some evolutiona ry­
bu t all were designed to he! p the 
magazine keep pace with our read­
e rs' chan ging ex pecta tions a nd 
changing in forma tion needs. 

We've j ust completed another re­
des ign, one tha t has- among other 
things- added two new sections to 
th e mixture of news, analysis, tech­
nica l a rti cles, and new products in­
fo rm ation tha t we bring you every 
two weeks. This redesign is an evo­
lu ti6nary one; th erefore, many of 
the changes may not be apparent a t 
first glance. But we're sure you 
won' t want to miss the two new sec­
tions- Engineer's Notebook and En­
gineer's Newslett er. You will find 
them on pages 11 3 and 11 7, respec­
ti vely. 

These departments add a wh ole 
new dimension to Electronics. The 
materi al in both de partments will 
deal with various everyday p ro b­
lems that continua lly fr ustra te engi­
neers. T he emph asis is on the engi­
neering tradeoffs invo lved in solving 
des ign pro blems, as we ll as insights 
and tips on applications, novel de­
signs, and enginee ring shortcuts. 

T he best examples of what you' ll 
be finding in the new sections are 
the head lin es of the stori es in the 
fi rs t Engin eer's No tebook: 
• A quick soluti on to conducti ve 
hea t trea tment p roblems. 
• Coaxiai bu ses help suppress 
power supply tra nsients. 
• F inding open-loop gain without 
opening th e loop. 

And we'd like th is to be a two­
way street. If you have any ideas 
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Publisher's letter 

tha t you thin k would be of interest 
to your fellow readers, send th em to 
us, addressed to Dick G un dlach . 

Th e rest of th e cha nges include a 
Highlights secti on add ed to our 
Contents page (see page 3). We 've 
done th a t to speed you on your way 
to the mos t important and tim ely 
stori es in the magazin e. 

Th en we 've add ed so me new 
types of headlines in the Electronics 
R eview section (see page 29) . We 
des igned these to make it eas ier fo r 
you to fi nd the sto ri es that interest 
you most. 

From now on , you 'll find our 
Pro bing the News section immedi­
a tely fo llowing Electronics R eview. 
We made this change so tha t all 
news stori es wi ll be near the front of 
the magazine for your convenience. 
Now, you' ll be able to find all of 
Electronics' up- to-the-minute stories 
of technology and business tha t a re 
covered in the newsle tters a nd E lec­
t ronics R eview right beside the in­
depth ana lyses of ind ustry trends 
th at are th e specia lty of Probing the 
N ews. 

Also, don' t look for the old, yel­
low newsletter pages. From now on, 
th e Electronics, Washi ngton , and 
Intern a tiona l Newsletters wil l be 
p rinted on a crisp whi te stock that 's 
easier to read. 

All th ese changes add up to a bet­
ter way to meet your ch angin g ex­
pectations and infor mation needs. I 
wou ld welcome your comments and 
suggestions. 
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ramp waveforms that you can manipulate with swee and triggers 

from 0.00003Hz to 3MHz. For even more versatility1 the new Model 5300 
adds an exponential ramp for logarithmic sweeping at only $695. For fast 

action. call the Wavemakers at (617) 491-3211 , TWX 710-320-6583, Krohn-Hite 
Corporation, 580 Massachusetts Ave., Cambridge, Mass. 02139. 



Eight rays 
of hope for the 

incurably 
trigger-happy. 

You know how it is with conven­
tional dual-chann el scopes. You re­
posit ion a trace and you have to 
re-adjust the tr igger. A man can get 
trigger-happy. 
Well ,Dumont's 1050/1060 scope series 
puts an end to all that. All eight 
models have trigger systems that 
bypass the positioning c ircuits. Re­
sult: No loss of trigger (in either 
channel , in any position) , no trace 
flicker in dual trace , and no re ­
adjusting the trigger level after trace 
positioning . 
Ask us about our 1050/ 1060 Series. 
About the easy operat ion , about the 
tremendous sensitivity, about the ex­
ce llent wide-band operat ion . 
At prices that begin at $1845, they 
should shed a little glow in the bud­
get department too. 
Write or call for details. 

DUMONT OSCILLOSCOPE 
LABORATORIES, INC. 
40 Fairfield Pl. ,W.Caldwell , N.J.07006 
(201) 575-8666 TWX (710) 734-4308 

OU MONT 
OSCILLOSCOPE L.ABOAATORIES INC 
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Readers comment 

Decoding tree 
To the Editor: Louis E. Frenze l Jr.'s 
decoding trees described in "Posi­
tive and nega tive ga tes trim package 
count" [Electronics, Oct. 25, 197 1, 
p. 78] can be rea rranged by using 
7408 quad AN D gates throughout, 
but using 7408 or 7400 at the output 
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side to give N or N decodes, as re­
q uired . T he package count is identi­
ca l, but the circuit is quicker to 
check over. 

Bern ard Jones 
Crossfield Electro nics Ltd . 

London, England 

FET current source 

To the Editor: Two errors somehow 
escaped the scrutiny of your proof 
readers in my Designer's casebook 
a rti cle, "FET current source gives 
stable, precise ramp," [Electronics, 
Nov. 8, 197 1, p. 8 1] . F irst, in the 
tex t, th e las t sentence in the next-to­
las t paragraph should read, " Once 
FF1 is reset, its Qoutput goes high, 
C1 discharges fas t th ro ugh 0 1 , ter­
mina ting the ra mp." Please note 
tha t the bar was left off the Q in the 
tex t as pu blished. 

The second error occurred in the 
schematic. The Q output of flip-fl op 
is shown connected to th e inve rting 
( - ) input of th e 741 o p a mp , 

whereas it should be connected to 
the non-inverting ( + ) input. T he 
drain of the FET goes to the inve rt­
ing input. In other words, reverse 
the plus and minus symbols on th e 
741 inputs. Thomas D . Price J r. 

Saunderstown, R . I. 

Revised version 

To the Editor: In M ax Artusy's ar­
ticle, "Tuna ble active filter has con­
trollable high Q" [Electronics, Jan. 
31 , p .57], I fa il to agree with the 
el[ uation for resonant frequency­
fo = Y2 7T(R1R2C1C2) 112 - and results 
based on the values shown in the 
schem atic. 

Where have I made an error? H as 
the author erred? 

Leona rd E. H erzmarsh 
Biomedical Instrument Systems 

Prairie Vill age, K an. 
• Other readers who raised this point 
include Alexander Bell, of Xan In­
strumatics, Beaufort, N. C.; Joseph S. 
Laughter, of the University of Ten­
nessee's di vision of biomedical instru­
mentation; Harry G. Newman, of 
Sangamo Electric Co., Springfield, 
Ill.; and William S. Wagner, of the 
University of Cincinnati's department 
of electrical engineering. 

The author replies: there are sev­
eral points that require clarification 
concerning the circuit, which is per­
haps better described as a tunable ac­
tive bandpass jilter. The floa ting 
j unction of R i and C1 should have 
been grounded (see corrected schema­
tic below). R esonant fi'equency is fo 
= 11[27T( R1R2C1 C2)1121 where R1 = 
Rz and C1 = C 2. To prevent oscilla­
tion, the fo llowing condition must be 
met: 1 + ~ I (R s + R 3) must be less 
than 3. The op amp is, of course, 
made by Fairchild and many others. 
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~: ANOTHER MYTH DESTROYED. 

: ,. Myth: National doesn't make FET op amps. And, even if they 
did, they probably wouldn't be as good as bipolar 
devices. And, besides, everybody knows that FET op 
amps have lousy offset voltage and drift specs. 

~ Fact: 

.. 

And, FETop amps are too expensive. And, anyway, why 
not just go to a module house in the first place ... 

National does make FET op amps. A "family" of five 
devices, to be exact. Including the super precise 
new LH0052 (with an offset voltage of O.lmV, an offset 
voltage drift of just 5 µV/°C, and bias current of less 
than lpA); the LH0022 (high performance good general 
purpose FETop amp); the LH0042 (lowest cost FETop 
amp on the market with even better performance than 
cheap module designs); the LH0033 (at 1500V/µ S, the 
fastest voltage follower available anywhere); the LH0032 
(a 500V/µS device); and coming soon: The precise­
and-speedy new LH0062 (slew rate, 80V/µS; bandwidth, 
15MHz; settling rate, 800nS). Significantly, each of 
the above was designed and manufactured completely 
in-house using a special chip construction technique 
combining the best of J-FET and bi polar technologies. All 
of which goes to show that FET op amps are, indeed, 
alive and well at National Semiconductor Corporation, 
2900 Semiconductor Drive, Santa Clara, California 
95051. Phone (408) 732-5000. TWX: (910) 339-9240. 
Cable: NATSEMICON. 

NATIONAL • 
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RANGE 
CHANGE 

Extralytic® Aluminum 'lytic Capacitors give you 
gtended temperature r.gnge without 
sacrifice in life or leakage current. 

Type 601 D Tubular Case 

-SSC to +10SC 
Superior performance over entire temperature 
range, unlike conventional 'lytics that do not 
operate satisfactorily at low temperatures. 
High volumetric efficiency, long shelf life, low 
leakage current. Withstand high ripple current. 
Write for Engineering Bulletin 3456A or; 

CIRCLE 240 ON READER SERVICE CARD. 

Type 6020 Cylindrical Case 

-ssc to +ssc 
Power supply filter capacitors specifically 
designed for maximum efficiency. Offer the 
power supply design engineer the lowest ESR 
and the highest ripple current capability per 
case size ava ilable today for long, trouble-free 
life. Write for Enginee ring Bulletin 3457 or; 

CIRCLE 241 ON READER SERVICE CARD. 

MORE FROM SPRAGUE ... THE BROAD-LINE 
PRODUCER OF ELECTRONIC PARTS 

HALL EFFECT SWITCH ICs. Actuated 
magnetically, not mechanically or op· 
tically. Hall generator trigger circuit and 
signal amplification circuit on single sili · 
con chip. Reliable (no moving parts) . 
Easy interfacing with DTL/TTL/ MOS 
logic. High speed. Low cost. Write for 
Engineering Bulletin 27,402A or; 

CIRCLE 242 ON READER SERVICE CARD. 

U.L. LISTED FILTERS. Series JX5000 
for EDP equipment and general·purpose 
use. Rated 125/250 VAC, 0-60 Hz, 1 
thru 50 amps. 60 db @ 150 kHz, 80 db 
from .5 MHz thru 1 GHz. Special de­
signs and rectangular multi ·circuit units 
also available. Write for Engineering 
Bulletin 8210 or; 

CIRCLE 243 ON READER SERVICE CARD. 

TYPE 430P METFILM® 'E' CAPACITORS. BLUE JACKET® RESISTORS. Vitreous-
High-Voltage metallized polyester-film enamel power wirewound . Unique all -
capacitors designed for voltage multi · welded end -cap construction eliminates 
plier circu its used in electrostatic cop- moisture paths along leads, anchors 
iers, TV power supplies, etc. Working leads securely to res istor body. Expan-
volta ges from 4,000 to sion coefficients of vit· 
15,000 V. Capacitance ... ----------..... 

1 

reous enamel, ceramic 
is stable with time, I body, and end caps 
temperature , voltage. are c losely matched . 
Write for Engineering Write for Engineering 
Bulletin 2445.l or; Bu lletin 7410E or; 

CIRCLE 244 ON CIRCLE 2450N 
READER SERVICE CARD. READER SERVICE CARD. 

TECHNICAL LITERATURE SERVICE, SPRAGUE ELECTRIC CO .. 35 MARSHALL ST .. NORTH ADAMS, MASS. 01247 
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40 years ago 
From the pages of Electronics, March 1932 

Harmfulness of city smoke. less be­
ca use of smo ke pa rticl es brea th ed 
into th e lungs th an beca use smo ke 
decreases th e tran sparency o f th e a ir 
a nd shuts o ut pa rt o f the hea lth-g iv­
ing rays of sunlig ht. was emph as ized 
by a n ex hibit o n cl ea n a ir and clea n 
stree ts a rranged recently by the 
co mmittee on public hea lth re la­
tio ns o f the ew Yo rk Aca demy o f 
M e di c in e. On e new in s trum e nt 
shown was a po rta ble mete r a nd 
reco rd e r fo r ult rav io let rays. Two 
such me te rs. one in side the smo ky 
a rea of a city a nd a no the r so me­
where o utside th e smo ke zone. p ro­
vid e a continuo us reco rd o f the per­
centage d ecrease o f th e so la r rays by 
smoke. 

Springfield, Mass., ma kes use of a 
new applica ti o n of ca rri e r curre nts 
o r high-frequ ency impulses o n th e 
powe r wires. to control 800 loca l 
stree t li g hts. The regul a r power se r­
vice is 60 cyc les, whil e th e control 
impulses fo r the street li ghts a re 480 
cycles. a nd those fo r turning on and 
off th e wa ter hea ters a re 720 cycles. 
Use of ca rri e r curre nts. of course . 
e limin a tes the necess ity of a se pa­
ra te ci rcuit fo r th e cont ro l mec ha­
ni sm. he nce ma king poss ible a p ro­
nounced sav ing. The do ubl e-cont ro l 
me th od . employin g currents of two 
fr equenc ies. is a lready so p racti ca l 
tha t it is suita ble fo r genera l utility 
purposes. 

Groszkowski , writin g in L' Ond e 
Electriqu e. Pa ris. d escribes use of 
the new La nge-Schottky photoce ll . 
Cu~O-Cu . spec ia lly se nsitive to th e 
ult ra red ra di a ti ons. A qu a rtz lens 
fo rm s th e image of pa rt o f th e 
a nod e of the tu be under test o n the 
se nsiti ve sur face of th e ce ll. thus 
e limin a ting the e ffect o f th e glass 
bulb. o f day li ght . a nd o f th e ca thod e 
luminos ity. 

Dr. Karl T. Compton, pres ide nt o f 
the Massac husetts Institute of Tech­
no logy. has anno unced tha t con­
structio n will sho rtly begin o n a 
15.000 .000-volt X-ray tube, to be 
o pera ted by a Ya n de G raa ff e lec­
tros ta ti c ge nera to r. The tube will be 
of th e d oubl e-acceleratio n type . 
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This new "See-Through" mask w ill 
more than double your present 
production yields of 
usable semiconductor devices. 

Your yields 
will increase. 

Dry processing elimi­
nates residue, swelling and 
contamination which ac­
count for most rejects in fin­
ished chips. Also, GAF® 
Microline® "See-Through" 
Plates eliminate rejects due 
to misalignment. 

Your production costs 
will decrease. 

Photomasks are made 
right "on-site" on low-cost 
equipment thereby saving 
you time and outside costs. 
Also, these masks last about 
10 times longer than conven­
tional emulsion photomasks. 

The resolution charac­
teristics of new GAF ® 

Microline® Plate are without 
match . Micron line-widths 
are easily obtained . 

(Manufacturers in 
commercial production have 
resolved 2000 lines/ mm 
using the United States Air 
Force resolution target in 
the photorepeater.) 

New wafer 
photofabrication system. 

The processing of sili­
con wafers using GAF® 
Microline® positive-working 
photoresists and GAF® 
Microline® plates resu lts in 
a simplified, positive high 
yield system for producing 
usable semiconductor 
devices. 

If high reject rates are 
the problem in your com-

pany, just fill out the coupon . 
We'll gladly send you full 
technica l data on these new 
products and/ or phone for 
an appointment to demon­
strate just how great the sav­
ings can be in your own 
plant. 

Available Plate Sizes: 
2"x2"x0.060" 
2112"x2112"x0 .060" 
3"x3"x0.060" 
31/2"x3112"x0.060" 
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t-lelpsave 
inner space. 
New Burndy High-Density Connector 

We've been busy winning another space 
race. Our new 145-position, 

high-density connector 
takes less space, 

but still offers 
several distinct 

advantages. The 
nylon hood with 

a unique molded 
hinge permits it to be 

opened without removal from the connector. 
This simplifies wiring inspection and 

correction and protects the wires. 



An orig inal , five-position , 
strain-relief-cable clamp of molded nylon 

allows you to choose from straight 
through to a 90° takeoff 

by simply turning the 
cable to the desired 
position and locking 

the clamp. 
Contact spacing 

is .100" center­
to-center 
(shown at 

right actual 
size) in a square 

grid arrangement 
which permits adapt­

ing the connector for 
automatic or semi­

automatic solderless wrap. 

The contacts are standard 
#220 rear-release type qualified to 

MIL-C-38999 and accommodate 
wire sizes 22-28 . 
These contacts 

can also be used 
with the minia­

ture round Com­
pact Bantam™ 

connectors. 
available in 9 

configurations. Another Burndy 
first-3 discriminating keys in a 

rectangular connector which 
prevents inappropriate mating of 
like connectors on the panel. By 
inserting the keys in the molded 
keyways, 18 different discri mina­
tions can be made. Use this new 

high-density connector for mother 
board or 1/0. It's ideal for computer 

mainframe and peripheral applications . 
So make things better for yourself­

specify the new HD145 connector. 
And get more out of inner space. 

B U RNDV 
Norwalk, Connecticut 06856 
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Our TIL Family Tree has a vigorous 
new Schottky branch: 
SSI devices now. Proprietary MSI 
(and more SSI) devices soon. 

Our TTL Family Tree con­
tinues to grow. Now a new 
Schottky branch: SSI in vol­
ume now. MSI coming up. To 
give you new ways to solve 
your very-high-speed digital 
systems design problems. 
Schottky TTL Devices are 
pin-for-pin replacements 
for slower, functionally 

equivalent elements in existing TTL systems. An 
example of the speed improvement achieved is 
shown in the table below. These Schottky functions 
can be used to selectively replace devices in critical 
speed limiting paths within the system. 

TTL SWITCHING TIME COMPARISON 
EXAMPLE : HEX INVERTER 

T PLH (turn-off delay) TPHL (turn-on delay) 

9N04/ 7404 
9H04/ 74H04 
9S04/ 74S04 
9S04A/ 7 4804A 

Typ. Max. Typ. Max. 
12.0 22.0 8.0 15.0 
6.5 10.0 9.0 13.0 
3.o 
2.5 

4.5 
4.0 

3.0 
2.5 

5.0 
3.5 

Note : All speeds listed in nanoseconds. 

Important areas where speed limiting occurs 
are : decoder and multiplexer expansion; memory 
addressing and selection; general arithmetic and 
control functions; prescalers and counters; and 
elimination of skew problems in clock distribution. 
System speed improvements of 20 to 50% can be 
expected in these situations without any major 
redesign. Power requirements, logic levels and 
noise margins remain compatible with the slower, 
lower cost standard TTL devices which can be 
retained when speed is not important. 
For your Schottky needs we now have 13 TTL/ SSI 
functions, making us the only major supplier to 
second source these devices. And we can deliver 
them immediately. Our 9S and 93S series are com­
pletely interchangeable with the 54/ 74S series. 

Just as important, these are but the first of the 
new Fairchild Schottky TTL family. Soon other 
SSI elements. Soon also, our first 93S series of 
proprietary MSI functions. 

FAIRCHILD TTL/SSI DEVICES AND AVAILABILITY 

Device Description Available 
9800/ 54800,74SOO Quad 2-Input NAND 

Gate Now 
9S03/ 54803,74803 Quad 2-Input NAND 

(0.C.) Gate Now 
9S04/ 54S04,74804 Hex Inverter Now 
9805/ 54805, .7 4S05 Hex Inverter (0.C.) Now 
9S20/ 54S20,74820 Dual 4-Input NAND 

Gate Now 
9822/ 54S22,74822 Dual 4-Input NAND 

(0.C.) Gate Now 
9S40/ 54S40,74S40 Dual 4-Input NAND 

Buffer Now 
9874/ 54S74,74874 Dual D Flip-F lop Now 
9804A Fast Hex Inverter Now 
9S05A Fast Hex Inverter 

(O.C.) Now 
9S64/ 54S64,74864 AND-OR-Invert Now 
9S65/ 54S65,74865 AND-OR-Invert (0.C.) Now 
98140/ 54S140,74S140 Dual 4-Input NAND 

Line Driver Now 
98109 Dual J-K Flip-Flop 2nd Qtr. 
98112/ 54S112,748112 Dual J -K Flip-Flop 2nd Qtr. 
9S113/ 548113,748113 Dual J -K Flip-Flop 2nd Qtr. 
98114/ 54S114,74S114 Dual J-K Flip-Flop 2nd Qtr. 

FAIRCHILD TTL/MSI FUNCTIONS AND AVAILABILITY 

Device 
93S41 
93S05 
93S39 
93S10 
93816 
93812 
93842 
93800 

Description 
4 Bit ALU/ Function Generator 
Variable Modulo Counter 
Multiple Port Register 
Synchronous Decade Counter 
Synchronous Hexadecimal Counter 
Eight Input Multiplexer 
Carry Look Ahead Unit 
4 Bit Universal Shift Register 

Available 
2nd Qtr. 
2nd Qtr. 
3rd Qtr. 
3rd Qtr. 
3rd Qtr. 
3rd Qtr. 
3rd Qtr. 
3rd Qtr. 

Other MSI functions in development include high speed decoders 
and parity checkers. 

Whatever your Hig h Speed needs we have the 
answer. Schottky TTL for retrofitting existing 
systems, or our temperature compensated Easy 
ECL 9500 family for new high-speed systems. 

Your Friendly Fairchild dis.tributor has both our 
Schottky TTL and Easy ECL devices in stock, 
deliverable immediately. Or for more information, 
we have data sheets and application notes on both. 

FAIRCHILD SEMICONDUCTOR, A Division of Fairchild Camera & Instrument Corp., 464 Ellis St., Mountain View, Ca. 94040. ( 415) 962-5011. TWX : 910-379-6435 
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People 

Dresselhaus scores 
an MIT first 

MIT has just appointed the only ten­
ured woman professor in its school 
of engineering, Mildred S. Dres­
selhaus, an associate head of the EE 

department. The first woman to be 
named to a major academic post in 
the engineering school, in her new 
position Dresselhaus is responsible 
for electrical science and engineer­
ing, which includes about half of the 
1,100 students and 110 faculty 
members in the department. The 
other half are in the computer sci­
ence and engineering section. 

In her new role, Dresselhaus has a 
hand in shaping curriculum policies. 
" A department is always building 
up things," she says, "but with a 
constant budget some things are let 
slide; they get out of date. I have to 
see that everything goes together, to 
see to the natural changes." 

One change she hopes to make in 
her new post is to increase the atten­
tion paid to junior faculty members. 
Dresselhaus feels they shouldn' t be 
overb urd ened with courses and 
committees, and should be given 
"every chance to shine as research­
ers." It is also important to inform 
them of their chances for promotion 
and tenure, especially since tenure is 
no longer automatic. "Junior faculty 
should be alerted to their chances so 
they don 't fizzle away." 

Physicist. Dresselhaus was a solid 
state physicist at MIT's Lincoln Lab 
until 1967, when she was appointed 
to the Abby Rockefeller Mauze pro-

fessorship , established to bring dis­
tinguished women scholars to MIT. 
She believes it is important for 
w.omen students in the sciences to 
have a role model , and so has been 
active in several women's programs 
at MIT. She has conducted a seminar 
on women in science and engineer­
ing, and more recently helped orga­
nize a forum to explore women's 
roles at MIT. · 

While national figures show a de­
cline in the number of engineering 
students [Electronics, Feb. 28 , p. 42], 
Dresselhaus says "there is no ero­
sion in enrollment in my section". 
The computer science section is also 
attracting an increasing number of 
students. MIT may be running 
counter to the trend, she thinks, " be­
cause distribution of students is so 
largely in math, science, and engi­
neering areas." 

She has noted certain trends in 
student interest. "Computers are 
very high on the list," she says, "and 
job opportunities, at least for the 
near future, seem very good . This is 
one area where we have to turn 
down students because the size of 
the department is limited ." On the 
electrical sciences side, she says, 
"We are going into bioelectric engi­
neering on a much larger scale, and 
student interest is high in controls." 

Staudte and Statek: 
parlaying a layoff 

The heads of most successful small 
companies seem to be entrepreneurs 
who chafed under the restraints im-

Town and gown. Mildred Dresselhaus 

is MIT's associate EE department head . 

J.. 

.. 

< 
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Jurgen Staudte gained by layoff . ~ 
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ADS23. This one has the lowest bi.as current 
of all high perfonnance l.C. operational amplifiers. 

Even ours. Especially theirs. 
The AD523 is our new 

series of J-FET input 
operational amplifiers. 
It's the first linear l.C. 
to guarantee 0.25 pico­
amp of bias current 
under operating condi­
tions. At either input 
terminal. And in a low 
leakage case. 

And you know what 
that means. 

This amplifier is more 
charge-sensitive and an 

order of magnitude 
more current-sensitive 
than other linear l.C.'s. 
And with 15 µ.V /°C of 
offset voltage drift, 
90 dB of CMR, and a 
slew rate of 5 VI µ,sec. 

We did a number of 
important things to give 
you this performance. 

Li ke combining 
matched small geom­
etry FET chips with a 

Circle 15 on reader service card 

specially designed 
monolithic thin-film 
chip. And mounting 
them in T0-99 can with 
high resistivity glass 
insulation and a guard 
pin connected to it. 
So you can minim ize 
surface leakage cur­
rents, power supply 
induced input noise, 
and capacit ive pickup. 

You can evaluate a 
package of five AD523's 
at the hundred piece 

price if you order right 
now. 

You can see all the 
things we make to solve 
more of your problems 
better than anyone else 
bysendingforour 1972 
Product Guide. 

Analog Devices, Inc., 
Norwood, Mass. 02062. 
Tel. (617) 329-4700. 

r.ANALOG 
~DEVICES 
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People 

posed on them by large organiza­
tions. But not Juergen H. Staudte 
(pronounced Jurgen Stout), 34, 
president of Statek Corp. , in Or­
ange, Calif. " I was happy at Auto­
netics, and in the Air Force before 
that. I didn't mind working for a big 
organization. You might even say," 
the German-born Staudte adds with 
a smile, "I enjoy being regimented ." 

But Autonetics laid him off, and 
he turned the misfortune into an op­
portunity to found a company to de­
velop an idea he had been consid­
ering since college-subminiature 
quartz frequency-determining crys­
tals processed by the photolitho­
graphic batch techniques that have 
made transistors and 1cs pratical. 

Staudte was born in East Ger­
many, and had almost completed 
chemical engineering school when 
his father was arrested for "war­
mongering" and sentenced to five 
years. Staudte and the rest of the 
family then escaped to Hamburg 
(his fa ther made it out later) , where 
he went to work as a junior chemical 
engineer in the oil industry. How­
ever, the inflexible West German 
educational system didn't recognize 
his East German studies, so he came 
to the U.S . in October 1956. 

No wild blue. He had been in the 
country only a month when he re­
ceived a draft call, so he "volun­
teered" for the Air Force. Plans to 
become a pilot fizzled because he 
wasn ' t a citizen, so he got out. After 
working at Hallicrafters, in Illinois, 
he rea lized that he had to get a de­
gree, and worked at Elgin National 
Watch Co. in the calibration labora­
tory while he attended Aurora Col­
lege. He received his bachelor's in 
physics after three years, then 
j.oined a midwest firm as an engi­
neer in crystal manufacturing. 

" But it was a little limiting," he 
says, "so I went to Michigan State to 
study acoustics under a graduate as­
sistantship." He got an MS in phys­
ics. While at Michigan State, an ad 
for I-mil-thick quartz blanks in a 
Swedish magazine gave him the 
idea for making crystals. 

Then he got a job at Autonetics, 
got caught in the layoff flood , took 
the chance to apply his ideas, and 
started Statek . 
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Digivue® oisp1ay1Memoryunits. 

Take a look at tomorrow. 
You can have it today. 

Take a look at Digivue display / memory units from 
Owens-Illinois. With the kind of visual impact 
needed in the new age of communication. And 
then consider this combination of features never 
before available in any other single display panel: 

Inherent Memory -Flicker-free display without re­
fresh requirements . Your computer is, in effect, 
free to perform other operations after addressing 
Digivue display / memory units. 

Selective Write/Erase - Digivu!=l display/ memory 
units are digital display devices, with no digital-to­
analog conversion necessary. You directly ad­
dress Digivue display/ memory units at individual 
display points on the panel matrix for selective 
write or erase at micro-second speeds. 

Drift-Free Images - The intersections of thin, nar­
row electrodes imbedded in the panel positively 
define all elements of the images. 

Rear-Projection -Because Digivue display / mem­
ory units are transparent they are ideally suited for 
rear-projection. You have drift-free registration be­
tween computer-generated displays and optically­
projected images. 

Design Adaptability-Digivue display/ memory 
units are flat, not curved. As a result , information 
at the edges is just as sharp and accurate as in 
the center. And a Digivue display/ memory unit is 
uncommonly slim-regardless of display area­
allowing for a variety of installation possibilities 
. . . in desks , walls, drawers, consoles. 

Hard-Copy Potential - The resolution of a Digivue 
display / memory panel allows for integration with 
standard office duplicating processes to produce 
page at a time hard-copy printouts of excellent 
quality. 

Digivue display / memory units are available from 
Owens-Illinois in sizes ranging from 80 by 256 dis­
play lines at a resolution of 33 electrode lines per 

OwENs-I LLIN 0 1s 
Toledo, Ohio 43601 <D 
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inch to a 512 by 512 display lines pane l with a 
resolution of 60 lines per inch and a display capa­
bility of up to 4000 characters. One of them just 
has to be right for your system. 

Think what these Digivue display / memory units 
can do for time-sharing appl ications, manage­
ment information systems, computer-aided in­
struction . . and dozens more including airline 
reservations displays, aircraft cockpit disp lays, 
financial data terminals . .. in fact any display 
terminal for direct readout from digital compute rs 
or data systems. 

WHO IS OWENS-ILLINOIS? 0-1 is a multi -product, 
multi-national manufacturing and marketing or­
ganization with 140 major facilities and sales in 
excess of $1.5 billion a year. You may think of us 
as a packaging products company, but we also 
manufacture and market a diversified product line 
that includes everything from laboratory glassware 
to inertial guidance test systems for deep-space 
vehicles. 

AND WHY ARE WE MAKING DISPLAY UN ITS? As 
a natural extension of our already broad-based 
capabilities-in television bulbs, microelectronic 
products , ground glasses, new generation ma­
terials for technical, commercial and industrial 
use, and elements necessary for laser technology. 
We're committed to change, to the future, and to 
Digivue display / memory units. 

If you and your organization are also committed 
to the future and to opening new and more effec­
tive communications systems, we'd like to hear 
from you . We 'll send you technical data on Digivue 
display / memory units and a copy of our new full­
co lor brochure. 

Call or write : Jon Klotz, Marketing Manager, 
Electro/ Optical Display Business Operations B, 
Owens-Illinois, Inc., P. 0 Box 1035 
Toledo, Ohio43601 • (419) 242-6543 . 
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Flat-Pack RF/Pulse 
low Cost 
low loss 

Transformers 
TP-102 
$6.00 Five new ANZAC flat-pack 

transformers are ready 
to help you improve 

performance and packaging 
of your solid-state circuits. 

Shown twice actual si ze 

MODEL BANDWIDTH (MHz) IMPEDANCE (Ohms) INSERTION LOSS (db max) 

TP-100 
TP-101 
TP-102 
TP-103 
TP-104 

5 - 1000 50 unbal I 12.5 unbal 
5 - 1000 50 unbal / 50 unbal 
5 - 500 50 unbal / 200 unbal 
5 - 1500 50 unbal / 200 bal 

.05 - 100 50 unbal I 600 bal 
(DC isolated) 

2 

!l(}CJHM 
UNBALANCED 

PINS 1,3.4.6 ARE GROUNDED TO CASE 

TP-100 

500HM 
UNBALANCED 

50 OtlM 
UNBALANCED 

2 o---~J...,1.J.._,.-..,.---0 4 

r-----..J...)J...,....--j--0 6 

500HM 
BALANCED 

flNS 1,3.4,6 ARE 
GROUNDED TO CASE 

0.4 
0.4 
0.5 
0.4 
0.5 

r"-A.A.A.r---v 5 

200 OHM 
"--"-"-.~-. UNBALANCED 

PINS I, 3 ,5ARE ---.A.A.A/-, 
GROUNDED TO CASE ~ 

500HM 
UNBALANCED 

PINS 1,3,5 ARE GROUNDED TO CASE 

anzac 
ELECTRONICS 

Division of A d a m s-Ru sse ll 

TP-101 

TP-103 

TP-102 

PINS la3ARE 
GROUNDED TO CASE 

TP-104 

.----o 6 

2000HM 
BALANCED 

5 

4 

39 Green Street • Waltham, Mass. 02154 
(617) 899-1900 TWX (710) 324-6484 
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Meetings 

International Electronic Compo­
nents Exhibition: FN IE, Pa re d es Ex­
posi ti o ns, Porte de Ve rsa ill es . Pa ri s. 
April 6-1 I. 

International Conf. on Magnetics 
(INTERMAG): IFE. K yo to Int er­
na tiona l Conference Ha ll. Kyoto. 
Japa n, April 19-2 1. 

International Symposium on Circuit 
Theory: IEEE, She ra ton-U ni ve rsity 
Hote l, U ni ve rsa l C ity. Ca li f., Apri l 
19-2 1. 

Southwestern IEEE Conf. & Exhibi­
tion (SWIEEECO): IEEE. Ba ker Hote l 
& Da ll as M em. A ud .. Da ll as. Texas. 
April 19-2 1. 

Conf. on Computer Aided Design: 
IEEE, IEE, U ni ve rs ity of So uth ­
a mpto n. Southa mpton . E ngla nd. 
A pril 25-28. 

National Telemetering Conf.: IEEE. 
Housto n Sh a m rock Hilton Hote l. 
Houston. T exas. M ay 1-5. 

Electrochemical Society Spring 
Meeting: Electroche m. Soc., Sh a m­
roc k Hilto n . Houston. T exas. M ay 
5-1 2. 

International Electronics Conf.: 
IF.EE. A IP, OSA. A PA. Qu een Eli za­
be th Hote l, Montrea l, Ca nad a . M ay 
7-1 I. 

International Semiconductor Power 
Converter Conf.: IEEE. Lo rd Ba ll i- · 

r 

more Hotel, Ba ltimore, Md .. May 7- ·~ 
10. 

Spring Joint Computer Conf.: IEEE. 
Conve ntio n Cente r, A tl a nti c C ity. 
N.J .. M ay 15- 18. 

Aerospace Electronics Conf.: IEEE. 
Shera to n Day to n Hote l, Dayto n. 
O hi o, May 15-1 7. 

Electronic Components Conference: 
Electro nic Industries Ass n. . IEEE. 
Sta tl e r-Hilto n Hotel, W as hin gto n. 
D.C., M ay 15- 17. 

International Microwave Sym­
posium: IEEE. Arling ton Park Tow­
e rs Hote l, C hicago, May 22-25. 
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If youtt rather be sailing 
Let SAE solve your packaging problems . 

Surely there's something you'd rather do than hassle 
with component selection, packaging and assembly. So 
t let us handle all that. You take a few moments to day­
dream about that 100' schooner. 

Only SAE offers you three choices in packaging systems: 
Plug-in, Planer, and Dipstik"". 

We make all the hardware for plug-in systems, including 
PC cards, card guides, card files , enclosures, connec­
tors, sockets, mounting, and bussing . 

Go planer, and we'll provide logic panels, mounting hard­
ware, sockets, all peripheral items. 

Or consider unique Dipstik. It gives twice the IC density 
as PC methods, and eliminates lots of hardware. 

Whichever method you choose, we can supply the com­
ponents you need to do the assembly yourself. Or, we 'll 
pick the parts, do the assembly , and let you do the wiring. 
Or we'll provide everything : components, assembly, and 
Wire-wrap®. So, just call us in . . . and you can go sailing! 

Free bumper sticker for your desk. Display your 
" druthers"! If sailing isn't your thing , tell us what is. 
Maybe we have a bumper sticker for that, too. We 'll also 
send a new brochure on how we can free you from 
packaging problems and drudgery. Write us: 

let rather be 
~~sailing 

Stanfad Applied Engineering Inc. 
340 Martin Avenue, Santa Clara , California 95050 Telephon e (408) 243-9200 - (714) 540-9256 - TWX 910-338-0132 
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Twice: 

. How will you choose 
: your next portable scope 
.... on faith, or on fact? 
. "' 

Forget everything you ever knew 
about portable scopes; today's por-

• tables are something else entirely. In 
the last year, both major scope man­
ufacturers have brought out com-

• pletely new lines. So, choosing a new 
portable on "blind faith" in your old 
make is about as sensible as marry-

• ing a girl you've never met, just be­
cause he.r second cousin was Miss 

• America in 1967. 
The only rational way to choose a 

new portable today is to make a 
.4 head-on comparison between our 

,. scopes and our competitor's. And 
this means more than just a quick 

,._ look at price tags and specs. It means 
• a thorough investigation of total 

acquisition cost. Be sure you check 
these specific points: 

Initial purchase price . Are you 
getting the best price available? 

"' HP's Portables are priced as much 
as $200 below the competition, 
with special purchase agreements 

"' available. 
Ease of Use . Are the controls 

simple and logical? Or are they a 
'' jungle of tightly packed knobs. Ten 

minutes a day, spent in needless 
tinkering, can add up to hundreds of 

Electron ics/March 27, 1972 

dollars a year in wasted man-hours. 
Fieldworthiness . Some scopes have 

such high power requirements that 
battery operation is impossible. HP 
feels that a portable scope should 
have "go-anywhere" capabilities, so 
our Portables all use low-power­
requirement designs which permit 
battery operation. Low power re­
quirements also mean lower heat, 
which prolongs component life. As 
a result, only HP's Portables elimi­
nate the need for fans, o r dust­
admitting vent ho les. 

Calibration and Service. Have you 
considered how much your scope 
will cost you after you 've pur­
chased it? For example, HP Por­
tables are quickly calibrated -
requiring approximately half the 
time required to calibrate our com­
petitor's portable scope. This could 
save you hundreds of dollars over 
the life of your scope. And are you 
going to have to deal with one manu­
facturer for scope service, and an­
other for your voltmeters , signal 
sources, etc.? Or can you save time 
and money by limiting your deal­
ings to one company? And don't for­
get training aids ; HP offers live 

demonstrations, video tapes and 
literature to simplify conversion 
problems. 

Look into all these points, and we 
think you'll find that you'll save a lot 
of time, effort, and money - and 
avoid a lot of frustration - by choos­
ing HP's Portables. But don't take 
our word for it; make the compari­
sons yourself. 

For a revealing package of infor­
mation on HP's new Portables, send 
for a free copy of our "No-Nonsense 
Guide to Oscilloscope Selection." 
Or contact your local HP field engi­
neer for a demonstration. Check be­
fore you choose. Hewlett-Packard, 
Palo Alto, California 94304 . In 
Europe : 121 7 Meyrin-Geneva, 
Switzer land. 

Scopes Are Changing; 
Think Twice. 

002'2 

HEWLETT~ PACKARD 

OSCILLOSCOPES 
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You can assemble our SMA connectors 

in less time than it takes to shave. 
Five minutes. That's all it takes to assemble our 
SMA connectors for subminiature coax cables. A 
significant savings in production time. 

You get your Amphenol SMA connectors factory 
preassembled , thus keeping loose parts at a mini­
mum. And by using an inexpensive tool kit to pre­
pare the cable, putting them all together is a snap. 
Parts loss is virtually eliminated. 

Amphenol set the trend by making its SMA con­
nectors of high-strength, heat-treated beryllium 
copper material , which is three times stronger than 
stainless steel. These superior connectors are, of 
course, completely intermatable and interchange-

24 Circ le 24 on reader service card 

able with existing stainless steel designs. Amphenol 
was the first source qualified for MIL-C-39012 SMA 
connectors. 

Available in a wide variety of flexible and semi­
rigid cable connectors; receptacles for strip-line, 
MIC packages, and numerous other microwave 
components. And if you need SMA specials or com­
plete cable assemblies, come to the world's largest 
manufacturer of coaxial connectors. 

See your authorized Amphenol distributor or 
write Amphenol RF Division, Bunker Ramo Corpo­
ration , 33 East Franklin Street, Danbury, Connecti­
cut 06810. 

~B~~M__,K~R AMPHENOL 
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Universal IC 

timer, by Signetics 

to sell for 75 cents 

Laser standard set 

at 1 mw I cm 2 level 

List grows for 

2-way television 

experiments 
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Electronics newsletter ___ _ 
March 27, 1972 

Signetics Corp. is reversing common semiconductor pricing practices in 
a marketing gamble that could have a big payoff. The Sunnyvale, 
Calif., semiconductor house has developed a universal IC timer and 
priced it at 75 cents in lots of 100. Instead of hoping that appliance 
makers will design the new circuit into their washers, dryers, and the 
like so that prices can come down as volume goes up, Signetics is mak­
ing the price so low to start with that designers will almost be forced to 
use the part. 

The circuit is capable of time delays from 1 microsecond to 1 hour 
with a stability of 50 parts per million per degree centigrade. It contains 
a comparator, a flip-ft.op, and a buffered output stage ; timing is control­
led by an external resistor and capacitor. Also, the circuit can work in 
or out of TTL levels, can supply up to 200 milliamperes of output 
drive, can be configured as a highly stable one-shot timer, or an ultra­
stable oscillator in which the duty cycle can be adjusted independent 
of frequency. 

The latest draft standard by the American National Standards Institute 
for the safe use of lasers specifies a maximum permissible exposure of 
continuous radiation on the eye of 1 milliwatt per square centimeter­
still not what laser manufacturers were hoping for. 

This " safe" level, which increases in steps as exposure time on the 7-
millimeter-diameter eye decreases, is well above the 40 micro­
watts / cm2-level regarded by manufacturers as so disastrously low when 
it was proposed last autumn but below the 5 to 10 mW /cm2 they regard 
as safe. 

"There are still many objections but it will in all probability go 
through," comments C. Harry Knowles, who vociferously opposed the 
40 µw level. He is a member of the ANSI laser committee and presi­
dent of laser producer Metrologic Instruments Inc. of Bellmawr, N.J. 

· Weighing in favor of approval is the desire to provide a national con­
sensus on safety that would prevent states from coming up with different 
standards of their own. 

More cable television operators and hardware manufacturers are get­
ting together in bidirectional cable TV experiments to find out if inter­
active programing using the bands below 50 megahertz is feasible. A 
neck-and-neck race to be first with 25 home subscriber terminals linked 
to minicomputers is on between Hughes-supported Theta-Com, Los 
Angeles, and RCA's new cable acquisition, EIE Inc. of North Holly­
wood, Calif. EIE is set to try 25 connections- 24 homes and one gaso­
line station- in Orlando, Fla., together with operator ATC Corp. of 
Denver, Colo. Theta-Com's partner for a similar hookup in El Se­
gundo, Calif., is TelePrompTer, New York, the largest CA TV operator 
in the U.S. 

Meanwhile, Tocom Inc. of Irving, Tex., is clearing the red tape to set 
up a two-way experiment in a section of Irving that eventually will cover 
some 2,400 homes, apartments, and businesses. All the trials will con­
centrate on digital return of information from subscribers via computer 
interrogation of home terminals . 
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Memorex enters 

computer field 

Sears to sell 

$100 NR calculator 

Sperry to market 

liquid crystal 

displays in fall 

Autonetics readies 

small version of 

D 216 computer 

26 

Electronics newsletter 
~~~~~~~~ 

Memorex Corp., the Santa Clara, Calif., maker of magnetic tape, disks, 
and computer peripheral products, has brought out its first mainframes. 
The two compatible machines, MRX 40 and MRX 50, are manufac­
tured by Midwest Systems Inc., the company's wholly owned subsidi­
ary in Minneapolis [Electronics, June 25 , 1971, p. 25]. 

The machines are aimed at a market defined by the company as "be­
low the IBM system 360 model 30." Architecturally, they are virtual 
multiprocessing systems. In each, eight processors, a memory, and an 
arithmetic and logic unit (ALU) share a common bus. Four of the pro­
cessors actually process data, and the rest, being dedicated to input­
output functions , are termed virtual processors. To the user they look 
like one black box- he need not distinguish between them in his pro­
graming. They share the ALU and the memory. The combination, the 
company says, produces a task switching time of essentially zero. 

The memory is a high-speed semiconductor array. The MRX 40 can 
hold up to 64 kilobytes of MOS main memory ( 1.6-microseconds total 
cycle time). The MRX 50's main memory capacity is 128 kilobytes, and 
main memory cycle time is only 800 nanoseconds. Monthly system 
rental ranges from $2,500 to $8 ,500; shipments begin in September. 

North American Rockwell will begin delivering in June electronic cal­
culators that are expected to sell to the consumer for about $100. 
Among the customers is Sears Roebuck. The calculators, which will 
have unique features and case designs for individual customers, will 
use liquid crystal displays and MOS ICs manufactured by NRMEC­
North American Rockwell Microelectronics Co. 

NR has contracts for more than 150,000 machines with Sears, Lloyds 
of California, Logic Data of Chicago, and others to be announced. And 
Donn L. Williams, president of NR's Electronics group, says that 
worldwide sales are expected to total at least a million units a year. 

Sperry Information Displays in Scottsdale, Ariz., best known for its 
inexpensive seven-segment gaseous displays, will start pilot production 
of liquid crystal this September-a year ahead of schedule. The displays 
use packaging technology similar to the firm's present planar displays, 
and prototypes are operating from - 26 to + 77° C with no degradation 
after 5,000 hours of de operation. 

Now that its D216 military computer using large-scale MOS plus 
plated-wired memory is nearing qualification and first deliveries in 
June, North American Rockwell's Autonetics division in Anaheim, 
Calif., is working on a miniature, lower-cost version called the DM216. 
It will be preceded in December by the DI216, a twin of the D216 ex­
cept for a new CPU that features higher throughput and microprogram 
control. Then, late in '73 , the DM216, using beam-lead versions of the 
chips plus a new 2-mil plated wire memory, will be ready. 

The 16-bit, 8,192-word machine will have 2-microseconds add time, 
weigh only 4.5 pounds (as against 15 lb for the D version) , require 30 
rather than 48 watts, and have a volume-including the power supply­
of 0.07 instead of 0.26 cubic feet. Autonetics projects its price as about 
half the D216's $30,000 in quantities of 100. 
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Introducing the OEM Yardsticks 

I 
I 

I 

f 

Yardsticks named do not yardsticks make. And 
while their minicomputers may be good , they're 

not good enough to be OEM yardsticks. 

They're not even close. Large gaps stand 
between their definition of an OEM yardstick 

and that of GRl 's Functional Process 
Minicomputers* , the computers with the original 

Universal Bus System. Gaps consisting of the 
dramatic simplicity, ease and effic iency with 

which you integrate a GRI computer into your 
systems environment. 

GRl 's yardsticks: the cost of writing real-time 
software, of designing hardware interfaces, 

of debugging both the hardware and the 
software-the cost and effort it takes to get the 

total system actually up and running. Yardsticks ! 

*Patented 
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GRI computers' unique combination of 
functional programming languages and software, 
sets them apart as standards of efficiency for the 
real-time applications of today's minicomputers. 

It all comes down to accommodating your 
system to THEIR computer or using a GRI com­
puter designed to accommodate YOUR system. 

Yardsticks? Decide for yourself. Write for the 
GRI story and see if we're not talking your 
language about yardsticks. 

Write to: GRI Computer Corporation 
320 Needham Street, Newton, Mass. 02164 

Phone: {617) 969-0800. Cable : GRICOMP 

Go ahead and crack a nut. • 

GRI Computer 
CORPORATION 
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Ion Implant Sparks Tidy Front-End Business 
BJ NAY SNYDERMAN producers which have installed ion implant.en. Ion implantation has 1 

NEW YORK - Ion implantation is gaining Fairchild, Mostek and Hewlett-Packard bavl technique for doping se1 
favor in semiconductor factories and is gener- units on order. - generally thin-films 
ating a tidy little business for a handful of A solid endorsement of the ion bombarding formly over each wafef 
equipment suppliers virtually unlLDown a few art will soon be given by IBM which bas placed ty from wafe_r to wafoJ 
years ago. orders for three machines - two for East process, JR this tecbnolo 

Considered a laboratory maverick until re- Fishkill and one for Manassas, Va . - reported ized, accelerated to~ 
cently, ion implanters have evolved into sophis- to be a prelude to a push in MOS circuits. barded onto the surface 
ticated front-end production equipment which Made by the Ortec division of EG&G. the units they penetrate and thtn 
may one day compete with diffusion in micr<> will be delivered in APril. Device engineers • 
circuit processing, notably in MOS. Equipment manufactorers estimate the total permits them to dope 

National Semiconductor, Jntersil and Ameri- cost of the three systems IBM will buy from fine adjustments o 

can Micro-systems are amon the major IC Ort.ec at $2r,G,000 to 000. ws. 1/24/72 

lon-bnp\anl Production 
Accelerating at Mostek 

Hewlett-Pack d I 
Electronic Pock~t Ctlroduces 

sai PALO ALTO. Calif. - a culator 
NS) Moste'k Corl> ·• 

DALLAS. lF . \;nted more tban 
bere . bas 1on-1iny MOS/LS1 circuits 
100.000 wafers 0 tbS aceordilli 
durini tbe past 1~. =:resident of tbe 
to Bob Paltner • vi rocessini 

.ents d It has introduced Hewlett-Packard Co 
such calculator called the ~ new electronic pock . 
?ean William R H -~. et ti 

Co- the nJne · ewlett p 
1 

I .. -<>unce battery • residen(, compared P~ 

~- nrm·s Worcester . Mass .. p 
operation. f s were implanted 

A\\ ot t~e wa eracbine purcbased 
.in- with a single ~ rs inc .. Austin. 
ack frotn " Accelera ocbine is on order 
1es. '{'ex . Anotber ~a 

ng fa.st , extremely a ·Powered calculator to m ... 
: -;"th a solld-state r:~;rate electronic slide rulea D. 
Jn . n computers " ..... ory similar to th • three . ~ue HP-35 . ose used 

h•-a. inchea Wide, six in h is approximately c 
·'"°&" and Will c es long a d J 

le Hewlett aeU for $396 u ~ one inch ~· . • cording to Mr. 

,at- tbe same hrtn· · tier fr()lt\ . t wi\\ otter both big . 
'1'bC new ru urrents. and wi\\ 

lon-1~jor Business Publication, 1/5/72 

•• ·- .... lam 
•vioves A atlon 

Today ion implantation is big news 

~.!~at w8 started I 
oflon1mplantation Tod .Y. eyer heard peripherals· d" =~.:_um b<lghi Id.!~:~:.!"~~-;; ::,V!~~!c:~,r~i1f e ::;:!:~~~~fn~\~~! 

MOSTEK w . implanted MO~. ~ms. Looking ahead, 
implantation int~; ~~1~!~s~to ~se ion exciting areas '!~d~~il1!frsuch new and 

f~e~~!~~~~ :~~Pning in 1:~8. a;i~~= ~~t~~~s keeping, a
1

n~ ~~:~~~~f~~ 
innov r rocess and product If . indus~r'~-n;iJhat have initiated an in you!o~ are considering using MOS 
!mplantation. T~dmovemel"!t t<?wards circuits ~~ucts, check what implanted 
1 mplanted MOS a%i yo~t w.111 fmd our -(lower po!r f~~ Y~, both technically 

~i~~~~E:~t;;f~i,~~:~,~~.~; ;~;.·~~~e=s 
terminals; ind~~~rfa1c~~d1t v_enflcation implanteJP:o~ch.or ~ne of its standard imers, computer needs. c1rcu1ts to meet your 

Ion · head 
llnpJa 

ues to ntation tee 
a t th advance Th. hnology 
Devi e recent I~te i s was bo contin-

ces M rn t· rne 
wher eeting . a ionaJ El ou 

e, of th in W h. ect on th e tweJ as lngto ron 
ca . e subjec . ve PaPe n, D. C 

1 
t1ons oth t, nine d rs Presen•--J. 

Y kn er tha escr1"-, """' own 0 n the '-"'O appJ · nes. most co i -
mmon-

EDN/EEE, 12/ 15/ 71 

mOSTEK 
CORPORATIOn 

1400 Upfleld Drive 
Carrollton, Texas 75006 
(214) 242-1494 

Regional Sales Offices: West 112 Midwest/ Soulheast 51 5 S w A 22 La C1enaga Boulevard Inglewood ~te~n~lonal : MOS TEK GmbH , 7 v~~~~aJ:~~so; M1ch1qan 49203 (51 7 j ~;~'.o~g~04 (213) 649-2600 Easf 60 Turner S1ree1 Wal Iha M 
ooth Pty . Ltd . 39 Church Slreel Hawth aldt;;'rgstrasse 79 West Germany 0711 73 m ass 02154 (617) 899-9107 
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Significant developments in technology and business 

' • 

First CCD vidicon, 
for Picturephone, 
built by Bell 

• • 

Developmental array contains 

1 28 by 1 06 elements, but 

denser versions are coming 

for commercial application 

500-element linear arrays and are 
working on charge-coupled struc­
tures that minimize element spacing 
for the high-density arrays required 
in vidicons. 

.... Bell Laboratories has built the first 
solid-state vidicon using charge­

.. ., coupled technology. It promises bet­
ter performance and reliability, at a 
lower cost, than conventional cam­

" era tubes. Unlike recently an­
nounced solid-state imagers, such as 
RCA's [Electronics, Feb. 28, p. 72], ,. 

Bell Labs executives are enthu­
siastic about CCDs for vidicons, hav­
ing all but abandoned the alternate, 
bucket brigade approach as an im­
mediate imaging technique. Eugene 
I. Gordon, director of Bell's opto­
electronic department, general di­
rector of the work, says: 

"The CCD camera is the next gen­
eration of vidicons. We frankly are 
surprised at the speed at which the 
CCD effort has progressed. Two 
years ago no one had heard of a 
ccn; nine months ago we had the 
bare bones of 8-by-8-element im­
agers; now we have something ap­
proaching a camera target. And al­
though the device is still in a 
developmental stage, the speed of 
CCD implementation is so far ahead 
of the development rate of the sili­
con-diode tube in a comparable pe­
riod of time in its history, that prob­
lems of CCD vidicon fabrication pale 

• the Bell device approaches the reso-
1 u tion required by many video 
transmission applications. In fact, it 
was the need for a cheap, reliable, ... 
and small camera for Picturephone 

~ · that spurred Bell's work. 
The Bell camera can be used for 

~ Picturephone by scaling of the ele­
ment array by a factor of 2 in both 
directions- from 128 by 106 ele­
ments to, say, a 2 IO-by-210 array. 
That prospect is not distant, since 

( researchers there already have built 

.. 

. ... 

,A 

CCD vs silicon 
Qne major advantage charge-coupled-device vidicons have over silicon­
diode versions is ease of manufacture . For one thing , a CCD vidicon re­
quires no diffusions in the silicon to form image elements; the diode vidicon 
requires several hundred thousand diffusions. CCD vidicons are scanned 
with conventional MOS shift-register circuits-small , low-power, inexpen­
sive, and available . The diode vidicon is a vacuum tube requiring a high­
voltage, high-power magnetic-field electron-beam scan , which often burns 
in and degrades performance. Nor are CCDs subject to lag-or smearing. 

Most important , CCD cameras , since they are built with standard semi­
conductor technology and require conventional low-cost scanning circuits , 
will be cheap and small compared to today's vidicons. Since this year 's 
camera tube market is expected to reach $50 million , it's no wonder that 
commercial camera makers (GE, RCA, Fairchild , Tl) are racing to build cco 
vidicon versions . D 
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compared to those encountered with 
silicon-diode targets." 

The Bell device has its 128-by-106 
array arranged on a 192-by-240-mil 
chip, large by IC standards. But 
since diffusions are required only at 
the outputs and fabrication involves 
metalization only, chip size is not 
the critical factor in yield. 

However, as pointed out by H.A. 
Watson, head of device develop­
ment, Bell 's CCD chip requires 
highly sophisticated metalization 

Whole picture. Bell Labs' Carlo Sequin , a 
key developer of CCD vidicon, adjusts dis­
play on Picturephone in lab demonstration. 
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techniques- many parallel elec­
trodes, each 9 micrometers wide, 
with 2-µm gaps. Since 10-/.tm fabri­
cation rules are standard in the re 
business, Bell's 2-/.tm gaps may in­
deed become a difficult standard to 
achieve in production, especially 
when larger arrays are built. To 
avoid the metalization strictures, 
Bell is looking at other structures, 
using double metalizations, over­
lapping electrodes, buried channels, 
and the like. D 

Commercial electronics 

Frame grabbers: 
a big market? 

When the Telebeam Corp. demon­
strates its new system for bringing 
pay television and other services 
into hotel rooms next month, it will 
also be spotlighting a piece of elec­
tronic gear that in years to come 
could have sales in the millions of 
units. The device, dubbed a frame 
snatcher, or grabber, is designed to 
display still pictures on a TV set. Its 
sales potential is judged not by its 
use in Telebeam-type systems alone, 
but in its usefulness in two-way edu­
cational television and information 
retrieval and display systems. 

Telebeam's frame grabber, devel­
oped by a Plainview, N. Y., com­
pany, Systems Resources Corp., 
stores a frame of information in a 

Time frame. Airline schedule is stored in 
frame grabber from Systems Resources. 
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single track around a rotating disk 
of ordinary video tape. The device is 
critical to the operation of the Tele­
beam system because it will even­
tually be the relatively low-cost 
means by which a company will 
provide a whole range of free infor­
mation services in addition to the 
movies, plays, and sporting events 
usually associated with pay TV. 

These hotel-room services will in­
clude information about the hotel 'it­
self, about restaurants in the neigh­
borhood and their menus, and 
about such things as plays, concerts, 
and other events takin g place 
throughout the city. 

Telebeam is also considering ty­
ing into airline and theater ticket re­
servation systems. By presenting air­
line schedules and prices at the 
request of the guest, the system 
would enable him to book space 
and order tickets from his room. 

Operation. The frame grabber 
plucks the desired frame of informa­
tion from those stored in a mini­
computer system located in the ho­
tel and deposits it in a rotating disk 
on a turntable beside each TV set. 
The disk continually refreshes the 
television picture, while the central 
computer is free to handle other 
requests . 

Several companies have been de­
veloping frame grabbing devices 
(see panel). Price is paramount : Sys­
tems Resources' unit is now in the 
$600-to-$700 range, but once it is 
tooled for large-scale production, 
this figure could readily drop to 
$150, says Eugene Leonard, the 
president. Leonard's device relies on 
a circular disk of magnetic material 
cut from ordinary video tape. This is 
fastened at its center on a machined 
aluminum turntable having a 1/.i­
inch-wide circular groove cut about 
an inch from its circumference. 
Early units relied on an 8-inch­
diameter disk, but now Leonard is 
moving to a IO-inch-diameter disk 
for " better resolution." 

Drilled into the bottom of the 
groove and through the outer edge 
of the turntable are tiny holes, 
spaced at about 90°. As the turn­
table spins, air suction from its spin­
ning outer edge creates a vacuum 
that sucks the magnetic tape down 

Grab bag 
While the Telebeam pay-TV sys­
tem relies on a frame grabber 
made by Standard Resources 
Corp. of Plainview, N .Y., other 
companies are also in this poten­
tially lucrative market. Systems 
Resources and Sony Corp. store 
frames magnetically, while sys­
tems made by Hughes Aircraft 
Co . and Princeton Electronic 
Products rely on silicon tubes. 

The hope now is that big or­
ders .could get the price down to 
about $50 , according to William 
F. Mason, technical director of 
Mitre Corp. 's Systems Develop­
ment division in Mclean, Va. 
Mitre is setting up a prototype 
two-way cable TV education sys­
tem ; Mclean bases his $50 on a 
system serving 10 ,000. 

Mason plans to use electronic 
storage tubes-Mitre now feels 
that the VTR cassette and reel­
to-reel approaches are too ex­
pensive. However, Mason says 
that prototype tubes of 1 or 1 .5 
in. cost $500 each . D 

• 
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.. 
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into the groove. The effect is enough 
to produce a circular trough in the 
spinning magnetic disk. One frame • of information is produced with 
each revolution. The speed of the - ~ 
driving motor is controlled by the 
TV synchronizer. 

A magnetic read/write head , 
positioned over the groove, actually 
rides on an air cushion over the 
groove in the tape. "The tape bends 
out of the way of the head and into -., 
the groove," Leonard explains . .. 
Thus, the head experiences next to 
no wear. ~ ' 

Infinite. Each 7-in.-diameter track 
can store elements with 70 nano­
seconds of resolution, and a display 
can have infinite starting point reso­
lution. This translates to 70 charac- .,. 
ters on 30 lines in a standard 525-
line system using an 8-in. disk at 

.. ' 

1,800 revolutions per minute, ac­
cording to Leonard. With the 10-in.­
diameter disk spinning at 3,600 ' t 

rpm, he hopes to get 120 characters 
on 60 lines by using two tracks and 
a 1,100-line TV monitor. 

Either unit will weigh under 15 
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pounds and stand about 8 inches 
high. In addition to discrete power 
supply and motor drive, the elec­
tronic components will take up a 
minimum of space because they are 
packaged on one LSI and three hy­
brid circuits. The LSI chip contains 
circuitry for decoding the address of 
the room guest, conditioning the sig­
nal for recording, decoding th e 
read-back signal, and deriving the 
motor-drive signal. The hybrids 
consist of a read / write preamplifier, 
a composite video output module, 
and a video input and sync stripping 
function. D 

Military electronics 

Pentagon looking 
to European arms 

The Pentagon's global view of de­
fense is being expanded to include a 
worldwide view of weapons pro­
curement in a drive to achieve tech­
nical compatibility and lower costs. 

As Assistant Defense Secreta ry 
Eberhardt Rechtin put it to a small 
group of Electronics Industries As-
sociation members in Washington 
recently: "Here's a tough one. U.S. 
systems are going to have to be 
compatible with-or at least adapt-
ive to- systems of other free-world 
countries. We cannot write the in­
terface specifications. Those systems 
which are not adaptable," Rechtin 
declared, "are going to have a hard 
time ofit." 

Inevitable. "Foreign systems are 
going to appear in U .S. inven­
tories," Rechtin says. "The best bet 
is that we will make these foreign 
systems under license to them. 

"But there is really not much 
choice as to whether or not some of 

,.... them are going to appear in our in­
. ,... ventory. Costs for U.S. systems are 

going to have to be brought down if 
we are going to afford adequate 
quantities to compete with the free 
world in the selection of systems fo r 
our mutual defense. After all , if the 
British, French, or Germans can of-

, .\ 

·+ 

fer us a product to do almost the 
same job at a tenth of the cost, 
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Companies find educational VTR 
a growing and lucrative sideline 
Electronics firms have been flir ti ng 
with the education field for years­
by conducting seminars and selling 
handbooks , reference books , and 
design aids-but generally as an ad­
junct to regular sales efforts. Now, 
however, several of the best-known 
names in electronics have com­
mitted themselves to the business. 

The latest is Texas Instruments, 
which has set up an independent 
profit entity, called the Learning 
Center, devoted to the manufacture 
and marketing of video tape courses 
and technical books . It 's a big mar­
ket , considering the number of vo­
cational schools, colleges, junior 
colleges , and graduate programs. 
But , says Donald C. Scharringhau­
sen , Components group market 
communications manager , " We 
don 't have enough history of educa­
tion VTR [video tape recording] to 
know how big it really is ." 

More to come. The learning cen­
ter 's initial three offerings are a 12-
hour, 12-set VTR on basic solid 
state , selling for $2 ,580 ; a more 
specialized 11-hour set on metal ox­
ide semiconductors selling for 
$3 ,575 ; and a $2.95 textbook on 
general electronics. Tl plans to add 
a semiconductor memory course by 
midsummer, and courses on linear 
and digital circuits are planned . 

Because of the cost of the tapes, 
they're obviously aimed at corpo­
rate and college users. In fact , Wil­
liam N. Carr , a professor at South­
ern Methodist University and one of 
the authors of the MOS course , is 
using the Tl tapes in a graduate 
class studying MOS 1cs. 

In the business longer has been 
Hewlett-Packard Co., Palo Alto , 
Calif ., which got into it by producing 

training tapes for instrument ca libra­
tion and maintenance. Jim Taylor 
says that H-P soon found out there 
was a need for tapes explaining ba­
sic concepts. 

There are three types of tapes : tu­
torial, which come with questions 
and answers in a complete training 
package ; operation of equipment 
which includes applications data; 
and maintenance "we tear down a 
scope, " says Taylor, " and show 
where R-23 is and what happens if 
you adjust it. " 

Full library. H-P has a library of 
some 77 video programs on 1 00 
reels. One of the best , Taylor says, 
is a nine-hour 15-tape series on 
transistors. This series, complete 
with textbook and assignments , 
sells for $1 ,350. Typical customers 
include the Navy and junior col-
1 eges; Stanford University will 
present the course over a closed­
ci rcuit TV net. 

As far as H-P is concerned , Tay­
lor says , " the business grew like 
Topsy . After we introduced some of 
the calibration and maintenance 
tapes, we found that others that 
contained basic information (such 
as the transis t or one) were 
needed." Next on the H-P produc­
tion schedule is a series on trouble­
shooting of transistor circui ts; this 
will be out in about a year . 

Taylor points out that the H-P 
tapes are not made merely by aim­
ing a camera at a man standing up 
in front of a room, reading a script. 
" We have trained professional pro­
ducers , writers , directors , and 
equipment. This includes 11 stu­
dios. All we lack to be a commercial 
TV station is an FCC license and a 
transmitter." D 

Tl 's Scharringhausen: A big market , " but we don 't know how big ii really is." 
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there's not much choice as to what 
most of the free world will do," 
Rechtin warned. "And so, we might 
as well." 

Trend. The first significant U.S. 
move toward broadening its pro­
curement perspective to include for­
eign systems developed by allies was 
made by David Packard when he 
was deputy defense secretary. Pack­
ard pushed the Army to buy and 
test models of the French Ratac 
field artillery radar, as well as low­
altitude field air-defense rnilliles, in­
cluding the French Crotale [Elec­
tronics, Dec. 21, 1970, P.39], British 
Aircraft Corp.'s Rapier and the 
West German Nord combine's Ro­
land [Electronics, March 29, 1971 , 
p .31 ]. Crotale has completed preli m­
inary tests successfully, with Rapier 
tests tentatively set for spring, and 
Roland for this fall. "Selection of 
one of these systems would elimi­
nate the need for a U.S. develop­
ment," says John S. Foster, director 
of defense research and engineering. 
Foster, when outlining his fiscal 
1973 research and development pro­
gram to Congress, identified 10 
other foreign systems under U.S. 
scrutiny. 

Those with heavy electronics con­
tent include: th e French Exocet 

ship-to-s hip missile under Navy 
tests, joint service tests of the Brit­
ish-French WG-13 helicopter for 
possible application in the Navy's 
Lamps program, a joint U.S.-British 
sonar for surface ships, and the joint 
U.S.-French sonar development 
program called RAP for Reliable 
Acoustic Path. 

Both Feister and Rechtin say that 
about one-third of Europe's annual 
outlay of roughly $3 billion for 
nonstrategic R&D can be duplicated 
(see table) and that savings can be 
achieved through increased joint ef­
forts or assignment of a given weap­
ons area to the country or countries 
that have demonstrated expertise. 
This approach, it is said, could pro­
vide one way of getting around 
growing constraints on R&D budgets. 

Jobs. Rechtin visualizes U.S. li­
censing of production of foreign sys­
tems as a way around congressional 
criticisms of defense industry unem­
ployment-what he calls " the belly­
to-the-bench problem"-while hold­
ing down overall DOD budget in­
creases. Congressional approval of 
systems "depends on how much it 
costs, also," he explained. 

Rechtin's view is that "we may 
not have much choice if trends keep 
going the way they are. The effec-

ALLIES' ANNUAL MILITARY R&O OUTLAYS 
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U.K. •••••• •••••••• 
France ••••••••••••••• 
Germany ••••• ••• ••• 
Holland ••••• 
Italy •••• • • • • •• 
Canada • •••• 
Japan •••••• ••••••• 
Australia • • • • • • • 

Total equ ivalent budget 

* In mill ions at standard rates of exchange. Source: Pentagon estimates. 

RDT & E 
budget * 

$614 

980 

470 

12 

37 

130 

300 

71 

$2,614 

Over there. About $1 billion of Allies ' military R&D annually duplicates U.S. efforts. 
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tive U .S. productivity is half that of 
most of Europe. I don't see how we 
stay in business." D 

Government 

Computer to sense 
. . 

gas 1n mines 

Present sensing of poisonous or ex­
plosive fumes in coal mines isn't 
precise, fast, or comprehensive 
enough to suit the U.S. Bureau of 
Mines. To remedy the problem, the 
bureau will begin operating an ex­
perimental computerized sensing 
system in June that will probably 
yield enough data from which it 
could require similar sys tems 
throughout the coal industry, say 
sources close to the program. The 
bureau's effort is likely to generate a 
good market, adds A.C. Mcinnes, 
supervisor of instruments and com­
munications for the Mine Safety 
Appliance Co., Pittsburgh , Pa., 
which is developing and installing 
the experimental system in the bu­
reau's Bruceton, Pa., test mine un-
der a $606,000 contract. 

Warning. The experimental off­
the-shelf system will use a General 
Electric PAC-30-2 computer with 
32,768 words of core storage. The 
topside computer will analyze sen-
sor inputs from IO areas deep in the 
mine and display new readings on a 
operator control console every min-
ute. If any element of the system 
malfunctions, or if the concentration 
of methane in a shaft approaches 
explosive limits, the computer will 
automatically warn the operator 
and the mine by flashing lights and 
buzzers . 

Besides methane, the sensors will 
measure carbon monoxide, hydro-

. ~ 

... 

... ' 

gen, air temperature, rate of tem­
perature change, air velocity, noise "' . 
and smoke. The carbon monoxide 
and hydrogen sensors, for example, 
pull the sampled air through chem­
ically-treated cells. An excessive 
concentration of either gas triggers a 
chemical reaction, the heat of which 
energizes a thyr istor. Currently, -.. 
most such measurements are taken 
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In Answer To Your Gripes About 
Every Other Portable Recorder 

,., The no jazz CPR 4010. A 7 speed, W' or 111 tape, 10W' reel portable recorder/reproduce r. 

' .. 

, .. 

I .. 

Old Cliches Revisited 
What's so great about it? Mainly, it's the easiest machine around to use, maintain and service . (We know you've 
heard that before , but .bear with us for a minute.) 

Operation 
We've got a single knob for transport speed and electronics 
equalization. Automatic. Other transport functions are push­
button controlled including our proprietary AUTOLOAD 
automatic , mistake proof tape loader that works precisely. 
Every time. All the electronics are in one housing. Even 
monitor meters, voice logger, 7 speed servo card , and all 
14 record and reproduce modules. It's easy to add options 
because it's pre-wired . All you do is plug in. 

r 
l 

.. ' 
dauitaoe• 
CPA-4010 

• 

f!J 
E 
F 

Maintenance and Servicing 
Time for the annual P.M.? It's no big deal. The back panel's 
hinged. Just flip it down . All motors , power suppl ies , electronics, 
etcetera , are right there. (It even runs in this position.) Nothing 
special needed . How's that for simplicity? 

.. Performance .. 

. ... 

... 
. "' 
, . 

Briefly, from the top: 7 speed transport, 15/16 to 60 ips; 7 speed direct, all automatically switched , 300 kHz at 
60 ips; 7 speed FM record ; 40/20 kHz, automatically switched. Any 2 --
speeds of FM reproduce ; low tape flutter and TBE; isolation from reel 
perturbation via dual capstans and tension sensors. Low mass, 
closed loop IRIG servo system . The same electronics design 
as our top-of-the-line VR-3700B . 

Bell & Howell & the CPR 4010 
Get all the specs. Just ask Bell & Howell , CEC/lnstruments 
Division , 360 Sierra Madre Villa, Pasadena, California 91109. 

.. ' CEC/lnSTRUmEnTS DIVISIOn 

BELL a:. HOWELL 
©Copyright 1971 Be ll & Howell 
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manually, says Thomas N . Na­
siatka, staff engineer for the bureau. 
Voice communications between the 
control room and each station, as 
well as between stations, will be 
handled by the experimenta l sys­
tem . The computer also will check 
continuously to make sure that the 
d ata and voice lines are working. 
Each sensor will have a gage so that 
underground workers can check air 
conditions at their stations. 

Going to work. "The purpose of 
the experiment," says Nasiatka, " is 
to demonstrate tha t technology ex­
ists to do thi s kind of job." The bu­
reau 's mine doesn't produce coal, 
but "we can simulate various kinds 
of environments to test out the 
equipment," he says. "We're pretty 
sure the system is go ing to work," 
Nasialka adds, and it will help "de­
velop better sensors to make the sys-

Communications 

tern we will be testing more eco­
nomical." 

Computer sensing systems wou ld 
be valuable because " it's he! pful to 
the operator to pick up these condi­
tions in advance," Nasiatka says. 
And continuous operation is an ad­
vantage also . In addition, a future 
system might automatically condi­
tion the air, as well as monitor it. 
The bureau's work, spurred by the 
1969 Coal Mine Health and Safety 
Act, is part of an over-all research 
program [Electronics, Sept. 13, 1971 , 
p. 103]. 

A commercial system would n' t 
need to be as elaborate , says 
Mclnnes. " You could use an inex­
pensive computer- maybe a mini ­
and telemetry systems,' ' he esti ­
mates. " You wouldn' t need the CRT 
display, hard copy, or redundant 
power capability either." D 

Suppliers are winners, no matter 
which way FCC goes on domsat 

Communications equipment makers 
will be the ultimate winners in the 
domestic satellite system com peti­
tion, no matter which proposals now 
pending before the Federal Com­
munications Commission are ap­
proved. That's the reaction of man-

. ufacturers and the Electronic 
Industri es Association to an FCC 
staff recommendation that narrows 
the field for the commission. A final 
decision is expected this year. 

Potential. "Whoever wins-we 
still make the equipment," observes 
EIA vice president John Sodolski. He 
adds that domestic satellite systems 
offer imm easurable potential for 
producers of ground stations ; so do 
the microwave links and other hard­
ware to interconnect users . 

In addition to the business poten­
tial for sate llites and ground inter­
connection hardware , Sodolski 
points out that the domestic satellite 
m a rket should markedly expand the 
cable television and special-service 
common carrier industry. 

Though the Common Carrier Bu-
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reau , headed by Bernard Strass­
burg, hinged its recommendation o n 
technological considera tions, the 
seven commissioners must still as­
sess the politics of the matter when 
the fu ll FCC begins oral argume nts 
on the report on May I. 

Four main groups of applicants 
were chosen because the FCC staff 
says it wanted to team those with 
existing customers and proved tech­
nology , and combine those with 
" novel" technology and no custom­
ers. Group 1 is composed of West-

Mid-May decision? 

A final domestic satellite decision by 
mid-May is the new goal of FCC 
chairman Dean Burch, commission 
sources report. Burch wants to 
wrap up the program " two weeks 
after completion " of three days of 
hearings on the staff report sched­
uled to begin May 1. Though indus­
try skeptics question whether Burch 

em Union Telegraph Co., Hughes 
Aircraft Co. with General Tele­
phone & Electronics, RCA Corp., 
and tiny Western Tele-Communi­
cations Inc., a ll a rrayed around 
Hughes or simila r satellites. Group 
2 consists of Communications Satel­
lite Corp, and AT&T. In the two 
"novel" groups are MCI-Lockheed 
with their proposed 48-transponder 
spacecraft, and Fairchild Industries 
with its craft based on Applied 
Technology Satellite F. 

Two paths. The staff offered an 
o ption of whether lo join or go it 
alone to Western Tele-Communi­
cations, RCA, a nd Comsat-AT&T. In­
dustry observers conjecture that 
W estern can't go independent and 
might not be included in the first 
group , either. RCA, which reportedly 
hasn't solidified its proposed system, 
was given some restrictions if it went 
along, which might induce it to stay 
in Group I . Comsat-AT&T is seen as 
a profitable and efficient team, but 
there is som e speculation that AT&T, 
which has wanted its own system, 
might pull out after an operational 
system got sa tura ted, leaving Com­
sa t hig h a nd dry. 

The staff's plan "makes it all 
pretty even," says one industry in­
sider. M embers of the first group 
can get together to sha re risks a nd 
costs while the "novel" companies 
have been told " to go do whatever 
you want to," he says. Grouping 
Comsat with AT&T and restricting 
AT&T to only long lines and WATS 
service recognizes a "political and 
practical situa tion," the spokesman 
says. 

Concerned. One interested party­
the White House Office of Tele­
comm unicatio ns Policy, which says 

can get his six fellow commissioners 
to move that quickly , sources say 
Burch is determined to get the dom­
sat question on the agenda for the 
week of May 15 . Speculation is that 
Burch also may face some foot­
dragging , though , by the White 
House Office of Telecommu­
nications Policy. D 
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There's more to 
ESP rectifiers than you might think. 

Customers have already perceived at least two additional 
features that provide more reasons to go ESP - low leakage, 
especially at high temperatures and operation over the full 
military range of - 65°C to +175°C. 

Now Unitrode has added three more reasons. The voltage 
range has been increased to 150V. The three UES series are 

now available as 1 N5802 through 1 N5816. And you can get 
them in high efficiency assemblies as center tap rectifiers, 

::.._ bridges, and higher current modules. 

Of course, you already know about the 15nsec typical 
recovery time in any circuit - forward voltage drop as low as 

O.BV at 20A - continuous ratings of 2.5A to 20A - very low 
diode losses and low cost - and off-the-
shelf delivery from local Unitrode 

distributors. These features alone added 
up to the best in Efficiency, Speed and Power. 

And now there are five additional 
features that make very good sense. 

Maybe there 's even a sixth one. 

Unitrode Corporation , 580 Pleasant Street, 
Watertown, Mass. 02172 (617) 926-0404 

lliD UNITRODE 

Call your local franchised Kierulff or Schweber distributor 
for your ESP Rectifier "free sample card '.' 

1 

\ 
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it wants an "open skies" approach­
apparently is concerned about the 
staff's recommendation and is likely 
to have further words about a ny 
domsat decision. 

Three posers. When the May 
a rguments begin, the staff has urged 
the commission to seek opinions on 
three questions : should domsat be 
open to everyone or restricted, as 
the staff suggests? Should AT&T be 
limited just to phone service? 
Should Comsat have to choose be­
tween AT&T or a separate system? 

Cable television backers seem to 
have gotten strong support from the 
recommendation s. P articularly 
pleasing was the staff's urging tha t 
cable users be allowed to use low­
cost receive-only earth stations. 
"They did us a good turn there," 
says a National Cable Television 
Association spokesman. "We have 
leverage in our favor" against costs 
of long-lines or microwave connec­
tions, such as those by AT&T. D 

Instrumentation 

6-port coupler 

simplifies job 

A six-port coupler developed at the 
National Bureau of Standards in 
Boulder, Colo., promises to enable 
engineers to use three inexpensive 
off-the-shelf hybrid junctions to 
measure transmission-line voltage, 
current, power, complex impedance, 
and phase angle. Present methods 
are complex and require expensive 
components. 

The device, developed by Cletus 
A. Hoer, consists basically of a pair 
of directional couplers, in addition 
to the junctions. It has four side 
arms and two main-line ports . By 
measuring only the magnitudes of 
the voltages at each of the side 
arms, one can calculate a ll the other 
desired data. 

Actually, only three of the magni­
tudes are needed to determine the 
system completely, but the fourth 
enhances the accuracy of the phase­
angle calculations and provides an 
estimate of the accuracy of a ll of the 

36 

.j 

REFERENCE 
PLANE • 

SOURCE 
v 

Poor man's lab. Three hybrid junctions and a pair of directional couplers make this preci ­

sion measurement setup. Adjustable impedance at the heavy cross allows nullification of • 
some system errors by setting Vv = 0 when a short is placed at the reference plane. 

measurements. In the diagram, v 
and i are the voltage and current at 
the reference plane, while a and b 
are the amplitudes of the forward 
and reflected voltage waves, respec­
tively. The side-arm outputs are 
voltages proportional to the sub­
scripted quantities . 

Good sweeper. Instead of measur­
ing voltage, one could use power de­
tectors on the side arms and still cal­
culate a ll of the qua ntities of 
interest. As Hoer will explain when 
he describes the coupler at the Con­
ference on Precision Electromagne­
tic Measurements this June in Boul­
der, the device is made entirely of 
broadband components, hence it is 
well suited to making measurements 
on a swept-frequency basis. 

An important feature of the new 
device is that it does not require 
high-quality junctions and couplers 
to yield accurate results. So long as 
the components a re stable, their im­
perfections can be nulled or in­
cluded in the calibration of the out­
put detectors. O 

Logic 

Raytheon offers 

power ECL 

Large-mainframe computer build­
ers, taking their cue from the rest of 
the industry, now seem willing to 
consider standard logic families. 
Texas Instruments' 540017400 series 

TTL has become the standard m 
electronics circles, and it appears 
that M otorola's MECL 10,000 series 
will become the standard ECL fam-
ily in computer circles. 

Fairchild Semiconductor has .. • 
brought o ut a line [Electronics, 
M arch 13 , p. 41], and the latest com-
pany to announce MECL 10,000-type +-

parts is R aytheon Semiconductor. 
The Mountain View, Calif., firm 

is actively soliciting development 
contracts for what it calls TPECL • 
(temperature and power supply .. 
compensated ECL), which the com-
p a ny will make in either MECL • 
10,000 pinouts or Fairchild 9500 
pinouts. 

Fast. Speed is one of the most im- _,.. 
portant specs in an ECL ci rcuit, and 
Walter Seelbach, manager fo r ad- • 
vanced development a t Raytheon, _. 
says that because TPECL is made 
with R ay theon 's V-ATE process ~, 

[Electronics, June 7, 1971 , p. 35] it is 
faster than the others. For the R ay­
theon equivalent of the 10109 and ... 
95102 dual OR-NOR gate, the spec is 
1.5 nanoseconds typical propagation 
delay versus 2 ns for the Fairchild 
and Motorola parts. 

The big advantage, however, is .. 
that the user doesn't have to worry 
about power-supply fluctuations- a _. 
built-in voltage regulator keeps the 
high and low logic levels within a ,_ 
few millivolts of the nominal value , 
even over wide fluctuations. For 
TPECL, with a Yee of 5 volts a t 25°C 
a nd all outputs loaded with 50 ohms 

~ 

to - 2 v , high-level output is 915 m v 
±45 mv. This is guaranteed not to 
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Harris' Family 01 DP Amos. 
They're a dillerent breed. 

BYdesiun. 
Harris op amps have always been a little bit different ever since we introduced the industry's 
fi rst internally compensated op amp back in 1966. 

Today, we still make our op amps a li tt.le different. For example, our PN P's, or better put, our~ -
are vertical instead of lateral to give you P 

superior AC performance without sacrificing , , • 68 , , • 68 , , • , ., , • , ., , • , ., , , 

DC characteristics. "0 

Then take our designs. We employ a r-+--
!:;;:; -single gain stage to provide better behaved 

frequency response. Our bias networks are a bit ~ '° 
more complex for uniform performance over a g '° ~ 
wide range of supply voltages and temperature ~ .. 
ranges, and our output stages have better :; 20 

output current capabilities. In testing we're & 
different too-more thorough. In fact, we were 
guaranteeing slew rates and rise times long 
before other manufacturers did. Consider just 
two examples: 
Harris wide band general purpose op amps offer: 

0 

·20 

'"' 

IIL [ 
~ ~ 1 HA ·2520 [ 

HA.2400 

t.:::.:; ~ N HA·2600 
HA·2500 

~ Pf:! ~~510 

741,107 l'-i ~ t-----. MOST OTHERS 

1 
t---. ~ 

' 

• Close loop bandwidth up to 100 times greater at the same gain or 100 times greater gain 
capability for the same bandwidth than the common 741 types. 

.l't, 

• Much lower closed loop phase shift, lower gain error, and lower distortion at all frequencies. 

• Superior response at higher gains . 

• Hundreds of times better DC performance (for example, the HA-2600/ 2620 has a 5nA bias 
current, 300MO input resistance, and 100K minimum open loop gain). 

1K 

O.> 

FULL POWER BANDWITH (20V. P-P O\ltput) 

FREQUENCY· Hz 
>OK '"'" 

741. 107, 

>M 

f HA~20 HA2® I "l~ 
f 11 ~ .} . 11 • I 

MOST OTHERS 

" 100 

SLEW RATE · VOLTS PER MICROSECOND 

Harris high slew rate series offer: 
•The only monolithic high slew rate amplifiers 
that are true operational amplifiers. They can be 
operated inverting , non-inverting , or balanced with 
fast settli ng times. In fact, they provide improved 
performance in virtually any standard hookup. 
•The fastest settling time of any monolithic op 
amp. (For example, the HA-2520 settles in 
250 ns to 0. 1 %. ) 
• Higher output voltage swing at high frequencies . 
(If you have ever tried to put a 1 OV peak 1 MHz sine 
wave through a 741 type, you know what we mean.) 

In summary, Harris makes a difference ... our family of proprietary devices and popular 
alternate source devices can offer you the best price/ 
performance op amp package for your system. 

Full mil itary temperature range (- 55°C to + 125°C): 
HA-2101 A HA-2600 HA-2620 HA-2500 HA-2520 HA-2909 
HA-2101 HA-2602 HA-2622 HA-2502 HA-2522 HA-2700 
HA-2107 HA-2510 HA-2400 
HA-2107-3 HA-2512 

Commerical/ lndustrial (0°C to + 70°C): 
HA-2301 A HA-2207 HA-2505 HA-2525 HA-2704 HA-2404 
HA-2201A HA-2605 HA-2515 HA-2911 HA-2705 HA-2405 
HA-2307 

All in standard 741 pin-compatible 
configuration. (Except HA-2400/ 2404/ 2405 
4-channel op amp.) For details see your Harris 
distributor, representative, or contact us direct. 

HJ 
HARRIS 

SEMICONDUCTOR 
A DIVISION OF HARRIS - INTER TYPE CORPORATION 

P.O. Box 883, Melbourne, Florida 32901 
(305) 727-5430 

DISTRI BUTORS: Schweber Electronics: Westbury, New York (516) 334-74 74 ; Rockville. Maryland (301 ) 881-2970; Hollywood, Florida (305) 927-0511 I Harvey/ A & D Electronics: 
Lexington, Massachusetts (617) 861-9200 I Semiconductor Specialists, Inc.: Chicago (312 ) 279-1000; Detroit (313) 255-0300; Minneapolis (612 ) 884-8132 ; Kansas City (816) 452-3900; 
St. Louis (314) 428-6100; Dallas (214) 358-5211 ; lndianapolis (317) 243-8271 ; Pittsburgh (412) 781-8120; Dayton (513) 278-9455 / R.V. Weatherford Co.: Albuquerque (505) 265-5671 ; 
Anaheim (714 ) 547-0891; Austin (512 ) Enterprise 1443; Dallas (214) 231-6051 ; Oenver (303) 427-3736; Glendale (213) 849-3451 ; Houston (713) Enterprise 1443; Palo Alto (415) 321-5373; 
Phoenix (602 ) 272-7144; Pomona (714) 623-1261 ; San Diego (714 ) 278-7400; Seattle (206) 762-4200. HARRIS SALES OFFICES: Wellesley, Massachusetts (617) 237-5430; 
Wayne. Pennsylvania (215) 687-6680; Palos Heights, Illinois (312) 597-751 O; Melbourne. Florida (305 ) 727-5430; Palo Alto, California (415) 321-2280; Melville, New York (516) 249-4500; 
Syracuse, New York (315)463-3373; Washington. D.C. (202 ) 337-4914 ; Dallas, Texas (214) 231-9031 ; Scottsdale. Arizona (602) 948-3556; Long Beach, California (213) 428-7687. 
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vary more than 1.3 mv per volt of 
power supply deviation, and not 
more than IO µv per degree centi­
grade of temperature deviation. For 
Fairchild's 95102, the deviation is 9 
mv per volt of power supply devia­
tion and 60 µv / °C of temperature 
change. 

Besides the difference in specs, 
the two new ECL circuits are being 
marketed differently. Fairchild will 
come out with standard circuits, 
while Raytheon will work with cus­
tomers in developing a line of prod­
ucts . The primary reason for this is 
money- Raytheon, smaller than 
Fairchild, can not spend in-house 
dollars to develop circuits. But Seel­
bach points out that the Raytheon 
circuits, whether they have Fairchild 
9500 or MECL 10,000 pinouts, will 
be "standards" in that they will be 
compatible with the other devices in 
the family. 

It's also interesting to note that 
many of the new Fairchild 95100 
parts are pin-compatible with 
10,000 parts, and so it appears that 
for the mainframe business, the 
standard family will be MECL 
10,000, even when it is called 95100. 

Seelbach says samples will be 
available next month in the form of 
a dual OR-NOR gate with either Fair­
child 9500 or MECL 10,000 pinouts ; 
the price for the Raytheon parts will 
be about $5. D 

Displays 

Planar processing 
yields big figures 

Workers rn fast-moving tech­
nologies have a way of abandoning 
relatively fresh developments before 
all their potential has been realized. 
A new type of display developed by 
Antex Corp., Palo Alto, Calif. , is a 
good example of that. Antex was 
formed a year ago by Ken T. Chow, 
founder of Electro Nuclear Labs, 
and has been developing light­
emitting-diode displays for calcu­
lators. The company is now supply­
ing them for several Japanese calcu­
lator makers. 
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(ACTIVATED CESIUM 
PLANAR EMITTER) 

Number game. Panarray display, made by 
planar process, features half-inch to 2-inch 
figures and needs low voltages. 

Chow, aware that most of the talk 
about large displays these days is 
centered around liquid crystals, felt 
that there was much to be gained by 
expanding existing technology. The 
goal was to come up with a low-cost 
display for half-inch to 2-inch char­
acters. The result is Panarray. 

Low voltage. The biggest advan­
tage over other planar panel arrays 
is that Panarray is a low-voltage dis­
play (Burroughs' Panaplex requires 
upwards of 200 volts) and thus it 
can be driven directly by MOS cir­
cuits. While Panarray is only in the 
developmental stages now, William 
S. Routh, engineering vice presi­
dent, says that samples should be 
available in about six months. 

Panarray combines an excited 
phosphor digit, similar to what can 
be found in RCA's Numitron and 
several Japanese display digits, with 
planar processing techniques. In a 
three-layer sandwich, a seven­
segment pattern of phosphor mate­
rial is deposited on the back of a 
glass plate, and electrodes are at­
tached to each segment. This is 
backed up by a conducting glass 
plate which acts as a control grid. 
Next comes a cathode, which is a 
plate coated with a cesium oxide, 
producing what Routh calls an ac­
tive emitter. 

Using digit multiplexing, the 
middle layer, or grid, controls which 
digit in an array is on. Total drive 
current of a display in on the order 
of "tens of microamps at 20 volts," 
according to Routh, and the display 
is available in most colors. D 

Solid state 

Correlators offer 
cheap solutions 

A pair of digital LSI correlators de­
veloped at TRW Systems, Redondo 
Beach, Calif., promise an econom­
ical solution to important problems 
in bit synchronization, bit detection, 
error correction, and pulse compres­
sion. Furthermore, they achieve 
high yields on chips as large as, or 
larger than, any others made to 
date- and one of them uses a fabri­
cation technique that some people 
think is largely obsolete in today's 
world. 

Digital correlation requires a bi­
nary word to be delayed by a time 
increment, multiplied bit for bit by 
another underlaid word, and the 
products then added . Both new TRW 
circuits use exclusive-OR gates to do 
the multiplying. Ordinarily, exclu­
sive-OR gates are used for binary 
addition, but here analog summing 
does that chore. 

Respective bits of the two words 
to be correlated, as inputs to the ex­
clusive-ORS, are interpreted as ± 1 
rather than I and O; in this context 
the exclusive-OR output, inverted, 
correctly represents the product of 
the inputs. 

Epi method. One of the two cor­
relators is made with conventional 
epitaxial techniques, but inter­
connections on the chip require two 
levels of metalization. The chip also 
has a cermet film to form stable re­
sistors and to inhibit a chemical re­
action between aluminum and sili­
con , which tends to reduce the yield. 

The other correlator is made by a 
triple-diffusion process, using arse­
nic instead of phosphorus as a col­
lector dopant, a technique some 
consider obsolete. Arsenic diffuses 
more slowly, and therefore the dif­
fusion is harder to control than 
when phosphorus is used ; also, de­
vices made with diffused arsenic 
have a relatively low unity-gain 
crossover frequency. These factors 
hastened the general acceptance of 
the epitaxial deposition process for 
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While you're 
reading about our 
new X-band solid-state 
communications amplifiers, 

• your competitor may 
~ ~u be ordering 
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~' ... them. 
Quick reactions have never hurt anybody. 
Especially in the microwave amplifier field, 

w here there's a crying need for advanced designs. 
Because until now, all that's been available has 

been tubes. 
And tubes, you know, can burn·out. And they're 

expensive. 
So now, Hughes announces its new solid-state 

ava lanche diode amplifiers. 
System-proven in the F-14, F- 15, and Phoenix 

. programs. 

-""~~!!-::::~~ Superior qua lity. Low voltage power supply. 
_.. Less system down time for your customer. 

And very, very inexpensive. 

Right now, we're delivering our solid-state ADAs 

for l W systems in C, X, and Ku bands. And for 
mill imeter-wave systems through V-band. 

A ll you have to do is stop reading and write us 
at: Electron Dynamics Division, 3100 W. Lomita Blvd., 

Torrance, C A 90509. 
Or better still, in case you r competition has 

ordered some, call: (213) 534-2121. 
r------ - - - ---- - ----, 
I I 

i HUGHES i 
I I 

L------------------~ 
HU G HE S A I R C RAFT C O MPAN Y 

IE LEC T ,.ON DYNAMICS DIV I SION 
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Low 
Prices 

ANY voltage from 2.0 
to 18.0 

Quantity Price each 
1-99 $1.07 
100-499 .97 
500-999 .91 
1000-4999 .86 
5000 up .82 
Write for complete rating data and 
other tolerance prices. 

Buy The Kit! 

A 
$54.57 
value 

for 
only 

Kit contains a 51-piece assortment 
of SCHAUER 1 % 1-watt zeners 
covering the voltage range of 2. 7 
to 16.0. Three diodes of each volt­
age in reusable poly bags. Stored 
in a handy file box. Contact your 
distributor or order direct. 

Semiconductor Division 

SCHAUER 
Manufacturing Corp. 

4514 Alpine Ave. Cincinnati, Ohio 45242 
Telephone: 513/791-3030 
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METAL 2 OX IDE METAL 1 

SUBSTRATE p 

n 

EPITAXIAL 
LAYER 

RESISTOR 

SUBSTRATE (p) 

CROSS SECTION 

COMMON COLLECTOR 
(pnp) 

Together. Pair of LSI digital correlators from TRW. Top device is made by convent ional epita­

xial fabrication; bottom one by triple-diffusion method using arsenic as a col lector dopant. 

IC manufacture. And where diffu­
sion is still in use, arsenic is the do­
pant for the buried layer, not the 
collector. But using arsenic for the 
collector in the correlator results in 
a simpler process that requires only 
one level of metalization. 

Yields with the epitaxial method 
are similar to those obtained with 
conventional integrated circuits, 
such as p-channel MOS devices. This 
is remarkably good because the epi­
taxia l chip measures a whopping 
214 by 236 mils. The epitaxial cor­
relator is good for data rates of 25 to 
200 megahertz and up. 

On the other hand, although the 
triple-diffusion method is basically 
inferior in some ways-its maximum 
data rate, for example, is only 30 
MHz- it reaches yields much higher 
than those of the epitaxial method, 
and the maximum data rate is good 
over the entire military environmen­
tal specifications of temperature , 
humidity, and so on. The triple-dif­
fused correlator is on a 220-by-230-
mil chip-about the same area as the 
epitaxial one but a different shape. 

Getting good yields on such 
enormous chips is remarkable in its 
own right. If chips of a more pedes­
trian size-say, 100 to 125 mils 

square-were used, the yield at the 
chip level would probably be sev­
eral times higher ; but then , of 
course, interconnection problems 
would arise, limiting the yield and 
the reliability at the system level. D 

Avionics 

NASA test 

advances VTOL 

Vertical takeoff and landing (VTOL) 
aircraft look ideal for short-haul 
commuter traffic in built-up urban 
areas, but two technological prob­
lem areas have been dimming that 
promise- noise and uneconomical 
operation. The aircraft must operate 
under all weather conditions on 
flight paths that will lessen their per­
ceived noise, keep them safe, and 
minimize their hover time so that 
they won't burn up too much fuel. 
Until now, VTOL advocates have 
had to rely too much on the pilot. 

But researchers at ASA's Lang­
ley, Va., Research Center claim a 
major milestone in VTOL avionics 
development with the first fully 
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Call RCA if you 
want to tall< about 

•• 851 
COS/MOS 
Now, for high-reliability types in COS/MOS ICs - for full 
MI L-STD-883 - cal I RCA.* And let's talk about advanced 
MI L-M-38510 techniques. In RCA's rapidly evolving 38510 
program, high-reliability type product becomes not just the 
result of screening, it will be built in, through procedures 
being developed to the specification: 
•Scanning electron microscope (SEM) 
• Radiographic inspection 
•Product traceability for permanent product control 
• Rigorous operator training to maintain high quality-control 

standards 

The COS/MOS CD4000A series is available in high-reli­
ability types now being produced under MI L-STD-883, with 
SEM inspection specified in NASA-Goddard Space Flight 
Center specification G FSC-311-P12A, on special order. 

And, since RCA's COS/MOS production is a single, in­
tegrated process, process advances that are developed for 
high-reliability product are automatically reflected in the 
commercial type you specify. 

If you want the leader's standard of quality plus volume 
capability and systems cost effectiveness, go COS/MOS. See 
your RCA Representative or your RCA Distributor. Or write, 
RCA Solid State, Section 70C-27, Box 3200, Somerville, N.J. 
08876. International: RCA, Sunbury-on-Thames, U.K., or 
P.O. Box 112, Hong Kong. In Canada : RCA Limited, Ste. 
Anne-de-Bellevue 810, Quebec. 
*For information on high-reliability COS/MOS and our MIL ­
M-38510 progress, call RCA 's high-reliability marketing 
specialist, Garry Miller (201) 722-3200 Ext. 2805. 

Ren Solid 
State 

products that make products pay off 
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RCA's scanning electron microscope at 1000 X 
magnification shows excellent conformity of 
conductors over wafer contours, assuring conti­
nuity and reliability of metal interconnects. 
This is a dramatic example of process refine­
ments achieved under the RCA high-reliability 
program which are automatically applied to 
commercial products. 

6000 X magnification shows excellent metal 
coverage over an oxide step, eliminating inter­
mittent opens, thereby enhancing reliability. 
The scanning electron microscope has become 
a major tool in RCA's diagnostic and high-
rel iab il ity procedures. 
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automatic landings by a manned 
CH-46 tandem-rotor helicopter. Us­
ing a NASA-developed experimental 
landing system, the helicopter flew 
automatically two to three miles to 
the intended spot at speeds of 60 
miles per hour at an altitude of 800 
feet. At 1,500 feet from touchdown, 
the helicopter automatically decele­
rated until it was hovering 50 feet 
over the touchdown point and then 
landed. The pilot monitoring the 
operation had to intercede once 
each flight to flick on the descent 
mode, reports John F. Garren, pro­
gram manager. 

Signal smooth. The Langley-de­
veloped guidance equipment in­
cluded a Bell Aerospace GSN-5 
ground-based tracking radar, linked 
by fm multiplex to onboard equip­
ment: an Electronic Associates 
analog computer, and a special iner­
tial signal-smoothing device with a 
fixed-gain common filter. The last 
device, by coordinating radar sig­
nals with the aircraft's instruments, 
provides control signals to a four­
axis servo-control system. 

NASA considers the tests signifi­
cant, Garren explains, because it 
freed the pilot from actual flying so 
he could judge the flight better. 
Commercial VTOL craft will need 
guidance and avionics systems that 
select each landing profile for opti­
mum noise, safety, and fuel require­
ments- a task no pilot can perform 
now, he says. "Conventional aircraft 
find a landing speed and hold it un­
til touchdown," he explains, "but 
with VTOL you keep the speed as 
high as possible for as long as pos­
sible because low-speed flight bums 
up fuel at a high rate." 

The tests indicate that, besides 
special avionics, VTOL-based transit 
will need ground-based radar 
equipment at each landing pad. 
"You need good range information 
and good ground-speed informa­
tion," which is best provided by 
such equipment, Garren says. D 

For the record 

Site. The world's largest planned ra­
dio telescope finally has a home­
Datil, N.M. And electronic subsys­
tem makers are getting ready to 

compete for chunks of an antici­
pated $20 million in contracts. The 
telescope, which will operate at mi­
crowave frequencies of 2,695 and 
8,085 megahertz, is an array of 27 

COLORADO 

NEW MEXICO 

• SANTA FE 

DATIL • • . 

• 
ALAMOGORDO 

• 
SILVER CITY 

ROSWELL 

• 

dish antennas arranged in a Y with 
each arm about 13 miles long. Each 
dish will be 82 meters in diameter. 
The project, called VLA for very 
large array, will be managed by the 
National Radio Astronomy Labora­
tory. Completion is scheduled in 5 
years ; total cost is estimated at $76 
million. The fiscal 1973 budget con­
tains $3 million [Electronics, Jan. 31 , 
p. 75], and Congress has still to ap­
prove the program. 

' 

t 

The message. Only one new ele­
ment, although an important one, 
turned up in President Richard 
Nixon's unexpectedly brief special 
message to Congress on expanding 'f 
civilian research and development 
through new technological opportu­
nities [Electronics , Sept. 27, 1971 , 
p. 33, and Jan. 31 , p. 76]. The new 
proposal calls for creating a larger 
role for state and local participation 
in the effort under a three-part pro­
gram. 

Nixon said he wants science ad­
viser Edward David to develop 
broader ties with state and local 
groups through discussions aimed at 
developing: (1) systematic means 
for communication of local groups' 
R&D priorities to appropriate Fed-
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The laser label reader converts the vary ing reflec1 ions from the box label to binary 
coded pulses. A He-Ne laser is the idea l illuminat ion sou rce because it needs no 
complex focusi ng op1ics. Furthermore. the precise beam is collima1ed a ll along its 
length. making the sys tem large!) independent of the box position. 
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The Ortec P-554 
Ion Implantation Processor: 

·It's safer and simpler to operate than the 
other machines on the market. 

• Its price is competitive. 

• It can be delivered in 90 days or less. 

Sounds great. 
But who's Ortec? 

The question is justified. For all you 
know, we could be a garage opera­
tion. 

Truth is, we were once just that­
about twelve years ago. Now we' re 
one of the leading producers of ion 
sources , semiconductor detectors, 
and electronic instrumentation for nu­
clear physics research. We're into 
life-sciences instrumentation, too, and 
x-ray analysis systems. 

We're no strangers to vacuum and 
accelerator technology, for sure. Both 
are in our normal line of work. And as 
for semiconductor technology-well , 
we're the world 's largest manufac­
turer of precision silicon and german­
ium radiation detectors. 

In other words, although you may 
not have heard of us, we've been toil­
ing in your back yard for quite some 
time. 

And our Ion Implantation Processor 
shows it. The P-554 is a very practical 
production machine. Take, for ex­
ample, its extraordinary simplicity: the 
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operator has only to load the tray with 
wafers and push a button to start the 
implant cycle. After that, the process 
is completely automatic . 

Safety precautions-for both oper­
ator and the wafer load-are elab­
orate. With our system of interlocks, 
it's nearly impossible for an operator 
to foul up the works. Or expose him­
self to high-voltage or radiation 
hazard. 

But perhaps the best proof of per­
formance is for us to implant a few 
of your wafers. Which we 'll be glad to 
do. Or, if you prefer, we'll send you a 
copy of our P-554 brochure. Either 
way, you have only to call or write our 
systems specialist, George Thoeming. 
The phone number: (615) 482-4411 . 
The address: Ortec Incorporated , 110 
Midland Road , Oak Ridge, Tenn . 
37830. In Europe : Ortec Ltd ., Dallow 
Road, Luton, Bedfordshire, England. 
Phone : LUton 27557. Ortec GmbH, 8 
MOnchen 13, Frankfurter Ring 81 , 
West Germany. Phone : (0811) 359-
1001 . In Japan : Toyo Trading Co., 
Tokyo. Phone: 279-0771 . 

t 
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era) agencies so they can be in­
corporated into Federal planning; 
(2) ways of assuring state and local 
access to Federal R&D centers' tech­
nical resources in such areas as 
transportation, the environment, 
and energy programs, and (3) aggre­
gation of state and local markets for 
specific products so industries can 
give government purchasers benefit 
of innovation and economies of ..-.. 
scale. 

That final point, say industry offi­
cials, could accelerate and expand 
sales of such items as communi­
cations equipment for law enforce­
ment to state and local markets. 

Univac spectrum. Computer facil­
ities for the Federal Communi­
cations Commission's spectrum 
management task force operating in 
Chicago will be provided by Sperry 
R and Corp .'s Univac division , 
Washington, D .C., under a 40-
month contract for $870,000. The 
computer will assemble information 
on land mobile radio service in the 
Chicago area to determine the most 
efficient use of those frequencies. 
Losers in the competition were IBM, 
Control Data, and Honeywell. 

China flap. RCA Global Communi­
cations, Inc.'s $2.9 million commu­
nications satellite earth station 
which it sold in January in Shanghai 
to the People's Republic of China 
and which went on the air in Febru­
ary [Electronics, Feb. 28, p. 44) got 
its permanent export license from 
the U.S. Department of Commerce. 
And that action has generated a 
disapproving uproar among mem­
bers of Cocom, the committee that 
coordinates allied controls on the 
sale of high-technology equipment 
to Communist powers. 

However , Washington could 
hardly take back the ground station 
now. RCA says it is in operation, 
with Intelsat 4 over the Pacific car-

. rying telephone, leased-channel , 
telegraph, and facsimile communi­
cations between the U.S . and China. 
Upset nations such as Japan and 
Britain contend that Cocom rules 
have barred them from sale of com-
parable high-technology equipment 
to the mainland Chinese. D 
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You need people who understand and respect expen­
sive electronic equipment, right? Well, you 're looking 
at one of them, Derrick Govia, Service Manager for 
one of Trinidad & Tobago 's leading electronic com­
panies. 
He's got good fingers and a good head and he be­
lieves that "Trinidad & Tobago has great potential for 
foreign investment in any field." 
If that's the kind of talk you like, you 'll hear plenty of it 
in our 10-year old nation , from young, highly trained 
people like Derrick Govia, from older successful busi­
nessmen who might serve as your partners, help intro­
duce you to new sales areas like the new CARIFTA 
market that spans the Caribbean . 
Think about it. Then contact us, or fill in and send this 
coupon . 
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~ Trinidad & Tobago 
I Industrial Development Corp. 

400 Madison Avenue . New York . N. Y. 10017 
(212) Plaza 5-9360 II Clyde S Namsoo . North American Director 

Please send me factual information on Trinidad & 
Tobago as an investment location . 

Name & Title - --- ------------
Company ________________ _ 

Address _____________ Zip __ _ 

City & State __________ Tel. No. __ _ 

Product Line----------------
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SUE: 
TBE FIRST GIRL MINICOMPUTER. 

46 

It's a woman's right to change her mind. 

SUE is as different from other minicomputers 
as women are from men. And for the same reason. 
It's the way she's built. 

SUE is the System User Engineered mini­
computer. 

From the beginning, the first principle in her 
make up was flexibility. In that she's unmatched. 

Look at her main frame. The wide bandwidth 
Infibus you see there has plugs for up to 24 
cards. Memory cards. Logic cards. Arithmetic 
cards. Input/Output cards. Special interface cards . 
Even multiprocessors on a common Infibus. So 
there are literally hundreds of SUEs. What she can 
do depends on the number and combina-
tion of cards chosen for a 
particular application. 

In short, 

whatever kind of minicomputer you want her 
to be, she is. And that's all you pay for. Exactly the 
minicomputer you need. 

As your needs change, you can change SUE. 
Simply by changing cards. You can expand her 
memory to 32K. You can mix core and semi­
conductor memories, and memories of different 
speeds, in the same system. She'll give you a 
thruput of 80 million bits a second. 

If you've got a system that's looking for a mini­
computer, have we got a beauty for you. 

Call SUE for her vital statistics. (213) 
722-6810 or write: 6201 E. 

Randolph St., Los Angeles, 
California 90040 

Lockheed Electronics 
Data Products Division. 

A Subsidiary of Lockheed Aircraft Corporation. 

Visit SUE on the COMPUTER CARAVAN in a city near you. 
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EIA turns around 

on export trade 

legislation . . . 

. seeing 

threat in 

Burke-Hartke bill 

Airlines may use 

X-ray units for 

tighter security . 

... as may 

Customs in 

war on dope 

Addenda 
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Washington newsletter __ _ 
March 27, 1972 

Pressured by what it calls a changed "climate of opinion," the Elec­
tronic Industries Association says it now favors extension of the Export 
Administration Act of 1969. It is urging the Government to remove 
those export controls found to be "unnecessary burdens on the U.S. ex­
port industry." 

This position differs from its recommendation of eight months ago 
that Congress "take no action" on extending act. Nevertheless, EIA's 
governors for second time deferred development of an international 
trade position paper (Electronics , Nov. 22, 1971 , p. 45) . 

The change in EIA's attitude stems from the introduction of the For­
eign Trade and Investment Act of 1972 by Rep. James Burke (D., 
Mass.) and Sen. Vance Hartke (D ., Ind.), which EIA and other groups 
contend is strongly protectionist and certain to produce international 
trade wars. At the same time, EIA's governors have formed a com­
mittee to monitor the nine-part bill to thwart possible efforts of orga­
nized labor to get sections passed as riders to other laws. 

The AFL-CIO's reported withdrawal of the bill from its "must pass" 
list indicates to industry leaders that labor has given up on getting it 
through Congress as a package. The legislation would amend tariff and 
trade laws to "promote full employment and restore a diversified pro­
duction base," would exact penalties on companies with foreign plants, 
and would eliminate foreign tax credits. 

Besides making the airlines buy about 400 more magnetometers, the 
Government's speedup of anti-skyjacking precautions is expected to re­
sult in the purchase of short-pulsed, low-dose-X-ray equipment for bag­
gage inspection. Moreover, some FAA staff members are saying pri­
vately that X-ray machines to screen passengers will eventually replace 
the magnetometers. For baggage inspection, one expert's guess is that 
one or two X-ray snoopers, costing $27-$45 thousand each, might be in­
stalled at about 100 likely airports to be used in case of a threat. 

As part of a phased experimental program to help crack down on dope 
smuggling, the U.S. Customs Bureau is expected shortly to announce 
purchase of two second-generation X-ray devices from American Sci­
ence and Engineering Inc., Cambridge, Mass., for evaluation in New 
York City. The two units, at a total cost of $120,000, will test the useful­
ness of X-rays in spotting contraband in high-volume mail. 

A two-week trade mission to explore communications and industrial 
electronics sales to the Soviet Union, Poland and Czechoslovakia is set 
for September by the Government and the Electronic Industries Asso­
ciation, which expects to sign 12 corporations for the trip. The seven 
signed up so far include GE, GTE-Sylvania, Magnavox and RCA. ... 
The Army's $17 1 million request to continue FY 1973 advanced devel­
opment on SAM-D, successor to the improved Hawk, is seen vulner­
able in Congress in view of speculation it will not go to production. 
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Washington commentary 

Defense procurement policy and practice: the case of the F-14 

By October the Navy must exercise its option to 
buy 48 more F-14 fleet defense fighters from 
Grumman Aircraft. And insiders on both sides 
of the project agree that, when it does so, the 
price will be higher. Renegotiation of the 
Grumman contract is starting, despite public 
pronouncements by high defense officials about 
holding Grumman's feet to the fire. 

Defense Secretary Melvin Laird, for ex­
ample, told Congress not long ago that "while 
the contractor has indicated that he is unwilling 
to accept this option, we retain the position that 
we have a valid and legal contract with Grum­
man." Yet Laird nimbly sidestepped the issue 
of specific prices when he added, "I want to re­
assure the Congress that the option will be 
exercised only if I am convinced that the. F-14 
will provide the capability the Navy needs and 
at a realistic cost." What is realistic? Laird 
didn't say. 

The money in the till 

The current fiscal year budget of the Penta­
gon comptroller has the Navy down for 48 
planes at nearly $1 ,031 million, including initial 
spares, RDT&E, and a small amount for related 
military construction. That works out to a bit 
more than $21.4 million a plane without Gov­
ernment-furnished weapons. On the same 
basis, the Navy wants to commit itself to 48 
more planes in fiscal 1973 for $ 734.8 million, or 
an outlay of roughly $ 15.3 million a plane. 

If that price is renegotiated upward-and in­
dustry sources, including some subcontractors, 
believe it will be- it will make a joke of former 
Deputy Defense Secretary David Packard's ef­
fort to give credibility to the concept of "fixed 
price" contracts. A new F-14 contract will also 
give a very hollow sound to the ringing state­
ments of such dedicated persons as assistant 
secretary of defense Eberhardt Rechtin, who 
recently told electronics manufacturers that 
contractors' price must contain "numbers 
which really mean something and which De­
fense must enforce." 

T he Grumman side 

The other side of the coin, the Grumman 
side in the case of the F-14, is that some unrea­
listic economic estimates were inserted in the 
proposals of F-14 bidders by the Pentagon . For 
example, bidders were required to premise 
their costs on an estimated inflation rate of less 
than 4% when it has proven to be more like 
three times that figure. Moreover, individual 
contractors' overhead escalated sharply as eco-
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nomic recession set in and contracts were cut 
back. Thus were first estimates of overhead 
charges found to be low. Now Grumman is try­
ing to convince the Pentagon that the company 
should not be held responsible for a price built 
around faulty Federal economics. 

But Congress is unlikely to buy those argu­
ments in this election year. Viewing the prob­
lem in the simplest terms, the public is going to 
be left with the impression that the F-14 is but 
one more mucked-up military program to be 
recited with the litany of Lockheed's C-5A Su­
pertransport, General Dynamics' F-111 swing­
wing fighter, and their predecessors. 

A way out? 

Is there a way out? Solutions are being 
sought by the commission on Government pro­
curement, which has been at work more than a 
year. Ironically, however, that body's effort has 
slipped to the point that its report, expected at 
the end of last year, will not come out now until 
the end of 1972, after the election. 

Apart from the prospect of canceling the 
F-14 program and substituting the Air Force's 
F-1 5 now under development by McDonnell 
Douglas, an unlikely prospect at this point, it 
seems there is Little that can be done to hold 
down the cost of the Grumman plane. But 
_there may be an answer for future contractors if 
the Defense Department will eliminate the re­
quirement that bidders accept its economic 
forecasts and permit them to substitute their 
own estimates predicated on Federal statistics 
plus any other private intelligence they may 

· want to factor in. Then at least they would be 
responsible for their own pricing policies and 
be better held accountable. 

The Pentagon's comptroller, Robert Moot, 
says his office has found that there are tech­
niques available which can determine " the fi­
nal actual cost of a system within 10% to 20%," 
compared to the spread of up to 200% or more 
that has resulted from some major buys in the 
past. If so, these techniques need to be made 
available to industries such as aerospace and 
defense electronics whose teclmological exper­
tise far exceeds their capability in Federal pro­
curement economics. 

That contractors need such information 
quickly is demonstrated not only by the imme­
diate problem of Grumman but also by the 
broader observation of assistant secretary 
Rechtin when he commented that, in defense 
procurement generally, the United States " has 
run out of price." -Ray Connolly 
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e.g. FOUR-FUNCTION 12-DIGIT 
... DISPLAY CALCULATOR 

CHIP CT5001 

~· 

. . 

.. , 

... 

prices on 
request. 

Coming : In April, CT5003/4, 
2-chip multi-function printing 
calculator set with memory -
programmable for 8-16 digits; 
in May, CT5005 12-digit dis­
play calculator chip with mem­
ory ; in June, CT5006 printing 
circuit to match the CT5005. 

And what can we do for you? 
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Custom MOS is our offering. 

Custom MOS starts with custom design. 

We have a team of system and circuit designers 
who have worked together on major products 
for major names like Canon, Olympia, Omron, 
Olivetti, Lagomarsino, IBM, SCM, and Eiko. 

Custom MOS requires computer-aided design 
and artwork generation. 

We're equipped to do it all in-house on our 
Calma/Calcomp computer/plotter system. 
No waiting. 

Custom MOS is done best when the guys 
who do the system development, design and 
artwork also oversee production. 

We've got the newest production, test, and 
packaging equipment available. It's all in place. 
Operating. Delivering. And growing. 

If custom MOS is what you need 
for computers, terminals, industrial controls, 
instrumentation, timing circuits, or whathaveyou 
-and if speed is of the essence-give us a call. 

We do MOS. Fast. 

CAL-TEX SEMICONDUCTOR, INC. 
3090 Alfred Street, Santa Clara, California 95050 

(408) 247-7660 
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The 3M drive band. 
A new concept in tape 
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Based on an entirely different, elegantly simple drive technique, 
the new Scotci?Brand Data Cartridge combines reel-to-reel 

h dl 
• performance with cassette convenience and price. an tng. The Data Cartridge functions as its own trans­

port and needs to be driven at only a single point. 
There are no pressure pads, no pinch rollers, no capstans- tape 
handling is fast, accurate and 
precise with no external tape 
guidance. 

With our new technique, 
tape is handled- not just 
driven - in the Data Cartridge. 
The drive band travels around 
three tension rollers and is 
wrapped partially around the 
tape on both hubs, making 

4 

3 

2 

1 

RELATIVE PERFORMANCE 

io · 
COMPATIBLE 

SCOTCH TAPE DECK H 
BRAND 
DATA 
CARTRIDGE t--
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"rolling" contact with the tape. Tape wear is 
extremely low since the tape oxide touches noth­
ing else except the head. Compliance in the 
band provides controlled tape tension at all 
times. No machine operation can cinch, spill, 
stretch or break the tape. 

A single external motor powers the drive 
band through contact with extended hubs 
on one of the tension rollers. Tape motion is 
easily controlled by starting, stopping or DRIVE BAND""-

reversing this motor. 
Since no external guidance is requued, tape/ head alignment is 

simplified and a variety of head and data configurations may be 
used with consistently high data reliability. 

The end result is low cost digital data storage like nothing 
you've ever seen before. The Data Cartridge starts and stops 
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within 25 ms at any operating speed, shuttles at 
up to 180 ips, stores up to 8 times as much data 
as the 0.150" cassette and has an expected life­
time in excess of 5000 passes. 

Add to this a cost comparable to cassettes 
and only one quarter that of .Yi" compatible 
tape decks, and you have a breakthrough in 
digital tape handling for any application. 

Need more data? Simple. 
Contact Data Products, 3M Company, 

300 S. Lewis Road, Camarillo, California 93010, 
Tel. (805 ) 482 -1911. TWX 910-336-1676. 

Data Products 30] 
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There's not much sense in using cheap 
wirewound or carbon trimmers anymore. 
Not when the new Helipot Series 91 Cermet 
Trimmers are available off-the-shelf for a 
few cents more. 

These single-turn , 3/s ",covered trimmers 
come in 10 different mounting styles and 
19 standard resistance values from 10 

contamination. Which means, in addition to 
cermet stability and better resolution, you 
get long-term dependable performance. 

The breakthrough price is just 35¢ each 
in the 50,000 piece quantity, and they're 
equally well-priced in other quantities. 

Send now for complete data on the 
Series 91 Trimmers ... the finest of their 

ohms to 2 megohms. Covered 
construction helps protect 
against moisture, corrosive at­
mospheres, dust, oil and other 

Beckman® 
class. We 've made them for 
your projects where the budget 
may be tight, but you don't want 

INSTRUMENTS, INC. 
HELIPOT 01v1s10N to compromise performance. 

Fullerton, California 

HELPING SCIENCE AND INDUSTRY IMPROVE THE QUALITY OF LIFE 

INTERNATIONAL SUBSlDIARIES AMSTERDAM. CAPE TOWN. GENEVA GLENROTHES SCOTLAND MEXICO CITY MUNICH PARIS STOCKHOLM. TOKYO VIENNA 
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) Flowering of MOS, displays brighten 

cloudy view at Paris Components Show 

• April in Paris is usually a lot 
gloomier than the song suggests, so 
it may well be suitably cloudy from 

"" April 6 through 11 during the Paris 
Components Show, Europe's largest 
international electronic products ex­
hibition. 

(j.. 
The show at the giant Porte de 

Versailles exposition hall will have 
just over 1,000 exhibitors from 25 

._ countries- down about 100 from last 
year because of what show man­
agers call "economic constraints." 
For the first time, however, there 
will be large block exhibits spon­
sored by the United States, Japan, 
and Spain, showing products made 
by smaller companies from those 
nations. The new American exhibit 
represents 48 companies- most of 
them seeking sales representatives 

•- for their products in Europe. 

• 
Despite a continuation of the gen-

erally sluggish markets that charac­
terized European electronics in 
1971 , there are enough bright spots 
to generate optimism among com­
ponent makers that 1972 will end up 
better than last year. French manu­
facturers underscore this optimism 
with plans to introduce important 
new products, including integrated 
circuits for watch markets and other 
applications, liquid crystal displays, 
diversified instruments, and elec­
tronic components for automotive 

l ~ l use. 
British instrument makers are fo­

cusing special attention at the bur­
geoning market in vhf/uhf mobile 

. radio systems and in communi­
cations generally. German com­
panies, although not optimistic 
about the near-term prospects of the 
semiconductor and component mar­
ket, view 1972 as the year for metal­
oxide semiconductor devices to take 
off in terms of applications and pro­
duction. The Germans also point 
out that the semiconductor price de­
cline has been arrested, and that de-
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mand for TV components continues 
strong. 

French exhibits. Among French 
exhibits-which represent about 
40% of the total-one highlight will 
be the introduction of Thomson­
CSF's liquid-crystal display that 
changes color as voltage is raised 
and lowered. The firm will demon­
strate it in a system with brilliant, 
solid, uniform colors that can be 
used on an X-Y grill to create im­
ages of alphanumerics. The formula 
for the crystals includes a proprie­
tary additive, Thomson says, and 
this formula enables a relatively 
large surface to react uniformly to a 
given voltage. Also, the parallel 
alignment of the crystal's molecules 
is achieved by electrically controlled 
birefringence , a method which 
Thomson says has significant ad­
vantages over the more generally 
used dynamic scattering mode. 

Sescosem, France's only native 
broad-line semiconductor supplier, 
will feature a 100-product line of 
temperature-compensated zener 
diodes, infrared emitters and cou­
plers, an automotive IC that com­
bines amplifier and oscillator func­
tions, a complementary-MOS circuit 
for electronic watches, low- and me­
dium-power thyristors, and power 
transistors. 

British exhibits will spotlight new 
instruments, many of them aimed at 
makers and users of mobile radio 
systems. Two new rnstruments mark 
the debut of light-emitting diodes in 
British-made units . Both instru­
ments are portable, taking full ad­
vantage of the low-voltage charac­
teristics of LEDs . Marconi 
Instruments Ltd. will show a 6'h ­
pound frequency counter intended 
for field-checking of mobile radio 
transceivers. It u ses Hewlett­
Packard's seven-by-four gallium ar­
senide phosphide diode matrices in 
a four-digit readout. 

Also using LEDs is a 2Y2 -pound 
multimeter from Solartron Electron­
ics group. The four-digit readout 
uses seven-segment numerals, all on 
the same substrate, from Monsanto 
and Bowmar. Counters will be ex­
hibit ed by Advance Electronics 
Ltd ., SE Laboratories Ltd ., and G. 
and E. Bradley Ltd. Among compo­
nent features will be Plessey Com­
pany's lines of emitter-coupled-logic 
frequency dividers, integrated cir­
cuits for TV, and a varie ty of calcu­
lator chips. 

West German MOS. In West Ger­
many, volume delivery of MOS de­
vices will get underway in 1972. 
Marketing officials at Siemens AG 
predict that the MOS market will 
double to about $6 million. During 
the past year, Siemens has readied 
for mass production more than 20 
MOS ~ · .cuits of varying degrees of 
comi-,exity, and for 1972 another 50 
are planned. Besides using conven­
tional manufacturing technologies 
such as high-voltage p-channel and 
nitride techniques, the company is 
increasingly concentrating on ion­
implantation methods to come up 
with circuits capable of operating 
with less-than-10-volt supplies. 

MOS components on the Siemens 
stands at Paris will range from low­
complexity circuits with 20 to 40 
gates per chip to devices with more 
than 600 gates on a chip smaller 
than 18 square millimeters. Appli­
cations are in telephone communi­
cations equipment, computer pe­
ripherals , and entertai nment 
products. 

Siemens will also show ICs for 
sensor-type channel selection in ra­
dio and TV sets, and low-speed logic 
ICs. AEG-Telefunken will exhibit a 
new delay line for TV receivers, us­
ing the French Secam color trans­
mission standard, and a cathode-ray 
tu be designed for transistorized 
broadband oscillographs. D 
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In telephone companies around the 
world. inclusion-free copper-clad 
laminates from Norplex provide the 
extra measure of dependability de­
manded by sophisticated communi­
cations systems. They are without 
equal for stress-free uniform quality 
and rel iability. 

The Lint- Pickers take such infinite 
pains in manufacturing a superior 
product. they have had to design 
much of their own quality-control 

equipment. This way they can guar­
antee it will meet or exceed NE.MA. 
MI L-P and customer specifications. 

This careful attention to detail con­
tinues even after the sale. Your ac­
count is in the hands of an in-depth 
service organization. headed by your 
Norplex representative. He is an ex­
perienced laminate engineer. and a 
qualified problem-solving consultant 
in his own right He is supported by 
a customer-service team on the "in­
side" and a technical service depart-

ment "outside" in the field . Together 
they offer readily avai I able expertise 
second to none. · 

For the most complete line of lami ­
nates in the industry, cal l on the Lint­
Pickers from Norplex Division. UOP 
(Universal Oil Products Company). 
Main Office and Plant 
Norplex Drive 
LaCrosse, Wisconsin 
54601 
608 / 784-6070 

Franklin Office and Plant 
P.O. Box 186-
Route 31 North 
Franklin, Indiana 46131 
317 /736-6106 

How the Lint-Pickers 
keep the conversation clear. 

Norplex®lominotes 
byuop 
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Russians and U.S. 

companies push to 

open Soviet market 

Philips aims $870 

video cassette unit 

at consumer market 

East Germans show 

off liquid crystals 

at Leipzig Fair 

Laser to read 

current flow in 

electric lines 
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International newsletter __ _ 
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The Soviet Union's drive to obtain high-level Western computer and 
data processing know-how for its economy is accelerating. Three 
groups-including banking, planning, and scientific research leaders­
are to be sent to the U.S. soon to study American advances. It would be 
Russia's highest-level computer-related industrial delegation to have 
toured the U.S. 

And the potential of the Russian market is a two-way street. Ameri­
can companies are eager to cash in- when export controls on many 
strategic items, such as large computers, are eased. Many observers ex­
pect an easing to be announced around May-22 , when President Nixon 
is due in Moscow for summit talks. Control Data Corp., for one, is re­
ported to be near a sale of a CDC 6200 for use at the Dubna nuclear re­
search institute. And Russian sources say that Roy Ash, Litton Indus­
tries' chairman, is due to visit Moscow to promote Litton's sales 
prospects. An ITT team is planning a similar trip in early April. What's 
more, I.BM is still awaiting U.S. Government approval for the sale of a 
System 360/ 50 brought to last fall's Leningrad computer show and 
then delivered to the chemical industry ministry. It won't be hooked 
up, Moscow sources say, until final approval of the deal. · 

Starting in April , Philips will hit the market with video cassette record­
ers for consumer uses. They will initially be distributed in several West 
European countries-including Belgium, Denmark, Luxembourg, the 
Netherlands and West Germany-with sales elsewhere following later . 
The VCR equipment, for magnetic recording and playback of black 
and white and color tv programs, operates with 30-, 45-, or 60-minute 
cassettes. The price for a record / playback system incorporating a clock 
and a built-in color tv receiving section will be around $870 on the 
German market. A 60-minute cassette will sell for about $43 . 

East Germany's electronics industry, though generally lagging behind 
Western technology, is apparently doing well in some specific areas. At 
the Leipzig Spring Fair this month, East German component makers 
showed for the first time liquid crystal display elements for applications 
in desk calculators, measuring equipment, and other electronic indicat­
ing systems. The prototype devices, shown operating in time-indicating 
equipment, are now being offered to prospective customers, accordi ng 
to East German experts on the stands . 

The seven-segment digit elements displayed in Leipzig are IC-com­
patible and consume less than 100 microwatts per digit. Designed for an 
am bient temperature range from 10° to 60°C, the new liquid crystal de­
vices come in two sizes and feature response and decay times of about 
100 and 200 milliseconds, respectively. The current n;quirements are 
from l to 2 microamperes. 

An experimental laser-based instrument for measuring current flow 
may soon go to work on transmission lines of the Central Electricity 
Generating Board, Britain's national electricity utility. Emission from a 
helium-neon laser at ground level is polarized and split into two beams 
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Swedish defense 

budget leans toward 

unsophisticated gear 

Ion implantation 

scheme cuts uhf 

transistor noise 

Color TV cassette 

uses 8-mm film 
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International newsletter __ _ 

directed at the end faces of two flint-glass rods, fixed one on each side of 
the conductor. The polarization angles rotate in the glass in proportion 
to the magnetic field induced by the current fl.ow, but in opposite direc­
tions. The angle is measured on the ground in a double detector, which 
receives the beams reflected from the back faces of the rods. Two con­
trarotating beams enable common interference from adjacent lines to 
be detected easily. CEGB men say the system offers, compared with the 
conventional technique, vastly improved bandwidth-30 to 50,000 am­
peres compared with 100 to 4,000 amperes- better sensitivity to tran­
sients, 50% cost savings, and no effective limit on line voltage because 
no insulation is required. 

The Swedish government has proposed that about $2.6 billion be ap­
propriated over the next five years for defense material purchases and 
research and development. The sum was much less than the military 
had hoped for, even though it does constitute a slight increase over cur­
rent appropriations. In presenting the proposal to parliament, defense 
minister Sven Andersson outlined new Swedish thinking in the type of 
armaments this neutral nation will need in the future. Defense will be 
aimed at preventing an agressor from securing a fast footing in the na­
tion, which in turn means creating deep defenses as well as forces in 
strength on coasts and the borders. For electronics companies, that 
means a greater amount of less sophisticated weapons systems, rather 
than a few highly sophisticated ones, will be called on to do the job. 

Mullard Ltd. reckons to halve noise in its microwave transistors by us­
ing ion implantation to implement an idea proposed by Shockley 25 
years ago but not practicable until now. Using electron beam lith­
ography, a fine nichrome-gold grid is built over the transistor surface, 
roughly at right angles to the emitter and base contact fingers. Boron 
implanted between the grid bars creates low resistance paths from the 
base contacts under the emitters to active base areas. Further, the grid 
bars are narrow compared to the emitter stripes, reducing base resist­
ance into active base areas. The combined effect on some test uhf tran­
sistors is to cut noise from 8 decibels to under 4 dB at 2 gigahertz, 
mostly from a drop in base resistance from 56 to 14 ohms. The price is 
a sacrifice of about 15% in F ,. The researchers believe the technique 
will provide 4-gigahertz devices with a noise figure of 2 dB, about half of 
what is quoted for the best devices presently available. 

A new color video cassette system that uses conventional 8-millimeter 
film has been developed by Vidicord Ltd . of Britain. The Vidicord OR-
1 will sell for about $1,000 and will hit the teaching and training market 
early next year. A home-market version is planned for 1975-76. The 
first prototype, introduced this month at the Vidca video cassette show 
in Cannes, France, uses a new EMI improved phosphor CRT with a 
0.1 microsecond decay time and a 1.5-square-inch raster. Lawrence V. 
Mayhead, designer of the OR-I , says the new CRT uses less expensive 
photomultiplier tubes and eliminates the need for corrective electronics 
called for in slow-phosphor tubes. He claims the system's main advan­
tage is the wide availability and low price of compatible software. 
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How many Cherry Switches 
can you find in these products? 

HINT: Think big. Think of 97,650 switch configurations 
that let products like those above use mostly stock switches 
like those below. Think of Cherry's modern new facilities . . . 
with staffs of electrical, mechanical, tooling, industrial and 
manufacturing engineers guiding every phase of design and 
production. Think of 160 million switches produced during 
19 solid growth years. And 104,000 more new switches pass­
ing through Quality Control every day, keeping our volume 
high .. . and our prices low . 

How many Cherry switches can you put in your prod­
ucts? Find out: Check Cherry's latest big catalog. Send for 
your free copy today. 

T10-01A Thumbwheel 161-0100 Key Module 

E62· 00A Subminiatu re 

E69· 20A Pane l Mount 

CHERRY 
" Gold ie" 

CHERRY ELECTRICAL PRODUCTS CORP. 
3608 Sunset Avenue, Waukegan, Illinois 60085 

.1 .... -II• 
1 . V ending machine, up to 1 0 Cherry switches . 
2 . A TV tu n es w ith 2 Ch erry switches . 
3. W asher-dryer c o mbinatio n , at least 3, up to 7 . 
4. Electr ic typewriter, 1 or 2 Cher ry switches . 
6 . Pho t ocopy mach in e, a surprising 55 ! 
6. A n a u to, 1 to 6 Cherry switches . 
7. A computer has 2 Cherry switches. 
8 . El ectronic v ideo reco rder, 5 Cherry switches . 
9 . Electronic calculator - 63 Cherry " Goldies. " 

1 0 . Digital data generator, 4 Cherry thumbwheels . 

IT ADDS UP TO AT LEAST 146 CHERRY SWITCHES! 

Makers of patented Leverwheel/Thumbwheel Switches, Matrix Selector Switches, Snap-Action Switches and Keyboards. 
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AmP!§9D%N~g,t{on 

It doesn't cost any more 
for a quality connector. 
It could cost less. 
How do we do it? 

Well, first we design a totally new miniature rectangular 
connector that practices economy without losing sight 
of reliability. After all, you need both. 

That's good, but we go beyond that. We offer you 
AMPECONOMATION-fast working automated applica­
tion machinery in your own plant for high speed appli­
cation of contacts. Depending on your requirements, 
machine capacities range from 2,000 to 12,000 finished 
terminations per hour with single applicator. So, which­
ever machine you choose, you're assured the greatest 
number of reliable contacts at the lowest applied cost. 

Put them together-quality, low initial cost and lowest 
applied cost, and you've got a miniature rectangular 
connector that's hard to beat. Which is exactly as we 
planned. 

Sound reasonable? It's more than that. It's downright 
economical, and the facts to prove it are available now. 
Just write AMP Incorporated, Harrisburg, Pa. 17105 

ANIP 
INCORPORATED 

Manufacturing and direct sales faci lities worldwide: Barcelona, Brussels, Buenos 
Aires, Frankfurt, London, Mexico City, Paris, Puerto Rico, Sao Paulo, 
s'Hertogenbosch (Holland), Sydney, Stockholm, Tokyo, Toronto, Turin , Vienna. 

Pin or socket crimped in same 

.. 

Accepts #26-18 AWG, solid or 
stranded wire in insulation 
diameters of .050" to .11 O". 

Positive locking feature on 
housing prevents disengage­
ment of connector halves or 
dislodgement from panel. 

Available in 1, 2, 3, 4, 6, 9, 12, 
15, 20, 24 and 36 positions. applicator. _.. 

Egg-crate design of socket 
housing and extended skirt of 
pin housing fully protect 
contacts . 

Cap and plug mountable in 
same panel cutout. 

Commoning bars available for 
2, 3 & 4 circuit. 

*J.0. 7072 

58 Circle 58 on reader service card 

One piece, molded " clam-shell " 
strain relief to facilitate wire 
bundling-available in 20 & 
36 circuit. Strain relief 
grommet available to cover 
three ranges of cable diameter. 
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Japanese target: MOS markets 
Manufacturers, taking dead aim at the computer memory potential , 

make determined effort to catch up in semiconductor technology 

Japanese digital integrated circuit 
ma nu fac turers are out to captu re 
th e fas tes t-growin g IC market of 
them a ll- the me ta l oxid e semicon­
ductor memory market. By 1975, 
tha t market is expected to grow to 
$400 milli on, an inc rease of 90% 
ove r today's fig ure. Th is added to 
the expected growth in calcula to rs, 
busin ess eq uipment, a nd consumer 
and govern ment sectors will bring 
the es tim ated MOS market up to 
$700 m illi on by 1975. 

Although the Japa nese are a im­
ing thei r heavy guns at memories , 
they will participate in a ll sectors of 
the MOS market - for examp le, in 
calculators, where they a lready have 
a beachhead in eq uipment and as­
sem bly. On ly two years ago, 100% 
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by Charles Cohen, Tokyo bureau manager 

of the ca lcula tor chips sold in Japan 
ca me from the U. S. By midyear the 
Ja panese are ex pected to take over 
45% of tha t market. 

Competing with U.S. Using the 
most advanced n-chann el silicon 
ga te technology, N ippon E lectric 
Co. is b uildin g rand om access 
memories that compete with th e 
bes t tha t U.S. manu facturers a re of­
fer ing. For exa mple, 1,024-bit RAMs 
with 220-n anosecond access times­
fo r mainframe, buffer, a nd scra tch­
pad memory- a re alrea dy in pro­
duction; units of 2,048, 4,096, and 
even 8, 192 bits a re goa ls, offering 
LS I circuit users speed-power prod­
ucts unheard ofa yea r ago. 

Like semico ndu cto r ma nufac­
tu rers everywhere, Japanese com-

pa nies are relying heavily o n new . 
MOS technology to accomplish th eir 
a ims in the digital IC ma rket. Right 
now, production of digita l rcs in J a­
pa n is a bout evenly divided between 
MOS a nd bipolar. In the nex t yea r or 
so, MOS production is ex pected to 
rise to about 60% of the to ta l, but 
the ra tio will not become more lop­
sid ed tha n tha t. Hi roe Osafune, gen­
era l ma nager of the Semiconductor 
di vis io n a t Nipp o n E lec tric Co. 
thinks MOS will ove rshadow bipolar 
beca use of its increas ing use in com­
pute r per iphera ls a nd te rm in a l 
equi pment. 

One of the mos t advanced memo-

On the way to MOS/LSI. At Toshiba, a ther­
ma l diffusion furnace is being loaded. 
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Probing the news 

ries in production in Japan is a 
1,024-bit memory using n-channel 
technology. Seitaro Tsuneki , ass ist­
a nt general manager of Nippon 
E lectric's IC division , says his com­
pany's 1,024-bit n-channel memory 
now on the market outperform s In­
tel 's 1103 in every specification , in­
cluding compatibility with transis­
tor-transistor logic for some types. 
Chip size is about 130 by 138 mils­
slightly larger than Intel 's chip. 

N-channel in production. NEC's n­
ch annel line includes a 512-bit 
dynamic memory, a 256-bit sta tic 
memory (both availab le immedi­
ately) , a 1,024-bit dynamic memory, 
to become available in April , a nd a 
1,024-bit dynamic memory for TTL 
without drive or sense circuits, to 
become available in June. 

Tos hiba says tha t it is by-pass ing 
n-channel techno logy a ltogeth er 
and concentrating on devel opme nt 
of complementary MOS. Mitsubishi 
claims to have developed n-channe l 
MOS in its laboratory, but says it has 
no orders. 

Hitachi Ltd. says it now ca n make 
MOS memories with 1,024-bits a nd 
bipolar with 256 bits. Ion impl a nta­
tion is under development, a nd Hi­
tachi expects a product within a 
year. 

Another gener a l-purpose LSI 

memory being built by NEC is a 
programa ble meta l a luminum semi­
conductor a rray [Electronics, Elec­
tronics Interna tional, Feb. 28]. Osa­
fune says dema nd fo r th a t unit now 
exceeds supply. By the end of the 
year , he expects th e compa ny's 
memory business to total half of its 
Ls-I busin ess. He adds th a t, in addi­
tion to th e ge ne ral-purpose LSI 
memori es, NEC will also build de­
vices for buffer memories, main 
memories, and read-only memories 
fo r microprograming. 

Hitachi, the largest producer of 
MOS in Japan, is now shipping sam­
ples of 100-bit and 1,000-bit Intel­
compatible shift registers with sili­
con gates. Th e registers are aimed 
for use in terminals, such as te le­
typewriters and line printers. 

In April, Hitac hi pla ns to ship 
samples of 1103-type high-speed 
RAMs. And by the end of the year, 
Hitachi predi ct tha t its non-calcu­
la tor LSI busin ess will reach about 
10% of its tota l sa les. 

Who's making MOS. Other Japa ­
nese entri es in MOS include Mitsu­
bishi . Electric Corp . a nd Toshiba 
Corp. Sony Corp . has produced 
some chips, a nd Ma tsushita Elec­
troni cs Corp . ex pects to start pro­
duction thi s summ er, with Sha rp 
Corp. beginning producti on units by 
fall. Fujitsu Ltd . has begun produc­
tion of n-cha nnel memori es for its 
computers. Oki Electri c Industry 

A U.S. view of Japanese MOS/LSI technology 
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Hitachi , Nippon Electric, and Mitsubishi are recognized by U.S Semicon­
ductor makers as the main Japanese producers of MOS . But even these 
compan ies are considered to be at least a year behind the U.S. One Ameri­
can firm ci tes two limi tations of Japanese MOS makers: " Their chips are 
relatively small , und er 150 mils ," and their computer-aided design for cus­
tom parts is " very limited ," as regards both software and equipment. 

Another source , James Imai , president of Imai Marketing Associates Inc ., 
Sunnyvale , Calif. , says that the Japanese are on the right track and that 
they will be successful in MOS " as long as no new technology comes 
along .'' In other words, it took them years to develop an MOS capabili ty and 
if something new came along, it wou ld take them years to shift their tech­
nology and build that up, too. 

Imai bel ieves this is a basic difference between U.S. and Japanese plan­
ni ng : in the U.S. , many compan ies are working on many things at the same 
time , but in Japan the companies tend to work on one thing at a time and 
expect it won 't be the wrong one. 

At Texas Instruments, Eugene R. McFarland , semiconductor ci rcuits mar­
ket ing manager for the Dallas-based Components group, says that Tl­
Sony- a Japanese-manned and -managed company wholly owned by 
Texas Instruments- has the potential to pull alongside the U.S. in MOS/ LSI 
capab ility. " They have assembl y and test technology that's technically 
equivalent to that in the U.S.,'' he says . 

Ltd . a nd the Seiko group of com­
pani es are ex pected to begin ma nu­
fac ture of logic chips for ca lcul ators 
and electro ni c watches. 

So far, NEC8 has sold a bout 1.5 
milli o n bits o f it s 144-bit MOS 
memory chip , used in cach e memo­
ri es o f J a pan 's Electro-technica l 
La bora to ri es large-sca le proj ect 
computer, and in Nippon Telegra ph 
and T elephone Public Corp . DIPS 
communica ti ons computer. NEC is 
also working on high-speed bipo la r 
memori es for internal use. But be­
ca use all Japa nese computer ma nu­
facturers make se mi conductors, NEC 
doesn' t fee l there is a genera l mar­
ket fo r bipolars in Japa n. 

Sueo Ha tto ri , senior vice presi­
dent and director, says NEC is pro­
ducing 5 million bits of m emory pe r 
month . And, when NEC completes 
its new producti on line a t the com­
pany's pla nt in Kuma moto City in 
Kyushu this summer. it will add a n­
othe r 20 miJLi on bits to its monthly 
ca pacity. 

H a tto ri says there is a good 
ch a nce that NEC ca n compete with 
U.S . firm s becau se costs are fa llin g 
rapidly. Initi ally , NEC's price will be 
a bout 5 cents a bit for stand a rd 
(64 ,000 -bit ) m em ory subsys te m s 
co n s is tin g of 1,024-bit d ev ices 
mounted on printed circuit boards. 
But when demand begins to a p­
proach ca pacity, the price m ay go to 
1 ce nt a bit , says H attori . 

Sacrifice now to gain later. Th e 
Japanese are dead seri ous a bout 
ta king over th e MOS m arket even if 
it mea ns fin ancia l sacrifice a t first. 
Osafun e says NEC is wiJling to ta ke a 
loss on its MOS so tha t it can kee p 
production lin es go ing and develop 
economi ca l and relia ble producti on 
technology. Wh en th e scen e shifts to 
computer components, where NEC 
ex pects to be a ble to operate pro fit ­
a bly, the company will be a ll set to 
go. 

Th e e ffect of technica l ass ista nce 
agree ments, such as between T exas 
Instrum ents a nd Tl-Sony and North 
Am e ri ca n R oc kwell Mic ro -e lec­
tronics Co. and Sha rp, is diffi cult to 
ga uge. The U.S. producti on know­
how being transferred to Japa n is 
pro ba bly at least two years o ld a nd 
confi ned to rela tively unsophi sti­
ca ted devices . If the Japanese ca tch 
up with U.S. ma nu fac ture rs, it will 
be on th eir own . O 
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Bmnd·l\ex produce1 over3,000 
new de1iqn1 every year. 

Every year we design over 3,000 new 
wire and cable configurations ... because 
your needs constantly change. Each new 

design must be as sophisticated as the 
equipment it connects ... so it's as rightfor 

tomorrow's applications as it is for today's. 
That's why Brand-Rex products are 

designed into the first stages of so many of 
today's advanced systems, in the telephone/ 

Electronics/ March 27, 1972 

communications; computer/peripheral; 
commercial/appliance; industrial/utility; 
and military fields. Even our tubing and 
sleeving and microwave dielectrics are 
made with the future in mind. 

For our comprehensive Al I-Products 
Brochure, write to Buck Rogers, Brand-Rex 
Company, Willimantic, Conn. 06226. 
Or call (203) 423-7771 . 
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Probing the news 

Components 

X-band amplifiers go solid-state 
By stacking up to five stages, designers at several companies 

have built amplifiers with 1-W output and 30-dB gain 

by Lyman J. Hardeman, Communicathns & Microwave Editor 

The high-gain solid-state X-band 
amplifier is about to poke through a 
number of technological barriers 
and emerge as a practical compo­
nent in microwave relay sys tems. 
Because of greater reliability, lower 
power requirements, and potentially 
lower costs of solid-state amplifiers, 
the day of the travelling-wave-tube 
amplifier for systems requiring 1- to 
2-watt output with 30-decibel gain is 
ending. 

Design engineers at several mi­
crowave houses have recently over­
come the major problems in achiev­
ing stable amplifiers with high gain 
over bandwidths of several hundred 
megahertz. In every case, multistage 
amplifiers a re proposed- but that's 
about all the designs have in com­
mon . Numerous combinations of 
negative-resistance a mplifiers and 
injection-locked oscillators are being 
used , with both Gunn and Impatt 
diodes as the active elements. 

As frequency allocations at the 
lower end of the microwave spec­
trum become saturated, the market 
for solid-state X-band amplifiers, in­
dustry spokesmen predict, will call 
for at least several hundred units a 
year for the next few years. 

Companies in the race include 
Hewle tt-P ackard , Hughes, Ray­
theon, Microwave Associates, and 
Wa tkins-Johnson. 

The engineers at Hewl ett-Packard 
Co ., Palo Alto, Calif., have changed 
ove r from conventional amplifier 
designs to a two-stage injection­
locked oscillator th at achieves 1-W 
output with 30-dB gain. Over-all ef­
ficiency is about 4.5 %. The amplifier 
consists of a varactor-tuned Gunn­
diode first stage, followed by a 
fixed-tuned Impatt di ode output 
stage. 
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H-P feels its approach is the most 
economically viable in the commer­
cial market. "We will soon be able 
to sell this amplifier for under $800 
in quantities of 100," predicts Del 
Hanson, project manager respon­
sible for the amplifier's develop­
ment. 

· ILOs. The advantages of a n injec­
tion-locked oscillator over reflec­
tion-diode amplifiers are, according 
to H-P: grea ter gain per stage over 
the desired bandwidth, higher effi­
ciency, less sensitivity to tempera­
ture , and lower cost. 

Hugh es Aircraft 's Electron Dy­
namics division of Torrance , Calif., 
makes a commercial amplifier that 
operates in the 7-to-11-gigahertz 
band. The two-stage -silicon lmpatt 
unit yields 10-dB gain with 1-W min­
imum output. Single diodes power 
each stage. The ampli fier se lls for 
under $1 ,000 each in lots of 100. 

Accardi ng to Richard Johnson, 
marketing manage r for solid-state 
devices at Hughes, the company is 
presently developing injecti o n­
locked osci llators to give greater 
than 20-dB gain to drive its commer­
cial unit. "Adding a high-ga in unit 
like this would just about double the 
sale price," says Johnson. 

A third manufacturer developing 
injection-locked oscillators is Ray­
theon's MicroState division , Wal­
tham, Mass. Its 30-dB gain design 
com prises three stages-a ll powered 
by GaAs Impatts, a company spe­
cialty. 

The first stage gives about 10-dB 
gain with a broadband amplifier for 
operation at all X-band frequencies. 
An injection-locked Impatt-diode 
second stage yields some 17-dB gain 
with up to 300-MHz bandwidth . Fi ­
nally, a single lmpatt diode adds 

about 4-dB gain to give 1-w output. 
The noi e added in the last two 

stages of the amplifier is 50 to 75 
picowatts in a 3-kilohertz band­
width 5.5 MHz away from the car­
rier. Since the amplifier is being de­
veloped for dig it a lly m odula ted 
sys tems, lower noise was not a goa l. 
The company feels that, if neces­
sary, this noise added figure can be 
reduced to under 20 pw. 

Microw ave Associates, Bur­
lington, Mass., puts four cascaded 
Gunn-diode stages toge ther to ob­
ta in 30 dB of ga in and a 1-W output. 
Says All en A. Sweet, who engi­
neered the design, "Trying to get 
that gain with fewer stages makes 
the amplifier susceptible to spurious 
oscillation." 

Staging. With a I-mW input, the 
gain of the first stage is I 0 dB. The 
second and third stages add 10 dB 
and 5 dB of amplifica tion. Two par­
allel diodes in the output stage 
boost th e signa l leve l by 5 dB to the 
l-w output. The fo ur-stage ampli­
fier opera tes a t an efficiency of 2% 
with a noise figure of 16 dB. 

An a mplifier built by Watkins­
Johnson Co. , P a lo Alto , Ca li f., 
achieves 30-dB ga in at X-band, but 
uses lm patt diodes in the las t three 
of five stages. Gunn devices power 
the first two stages, and were chosen 
over Impatts to ge t lower noise. 

" An importa nt adva ntage in th ese 
amplifier over th e traveling wave 
tube," says Keith Kennedy, head of 
W-J's so lid-sta te research and devel­
opment, " is th a t s tages ca n be 
added almos t indefinitely. Each 
stage contributes up to ±0.2-dB ad ­
ditional gain across a typical 5% 
band, but compensation ca n be 
made in hi gher-ga in units to flatten 
th e over-a ll response. " O 
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Signetics chooses 10,000 
Two years from now you'll wonder why you waited. 

Take the time for a good hard 
look into ECL 10,000's high 
speed/ performance advan­
tages. And engineer your 
own head-start into tomor­
row's optimized logic. Avail­
able today-and tomorrow­
from the major new source for 
ECL series 10,000. Signetics. 

Because Signetics never 
settles for less than total IC capa­

level gating on a single chip, 
through open emitter out­
puts and high impedance 

inputs, means a significant 
savings in gate and package 
count. Plus a free choice of 

terminating schemes and logic 
interconnects. 

Packaged in plastic Silicone 
DIP or Cerdip, Signetics ECL 10,000 

line will provide a complete high speed 
bility, we researched your future require­
ments in high speed logic. And cut through 
the claims of existing ECL alternatives without 
mercy. All the know-how, the back-up, the all-out 
commitment you expect in Signetics linear, digital 
and MOS, stands behind our development and pro­
duction of proven, line-ready ECL 10,000 devices. 

logic family-some already on-shelf in 
factory or distributor stock, the remainder 

due by summer. 

lll!IRl!tll:S ""' '.-'"".~.°.".':'.~~I 10112 Contact your Signetics 
salesman, rep or 
distributor for availabil­
ity information. He will 
also rush you our 
informative ECL 10,000 
booklet. free upon 
request. Or write 
Signetics/ ECL directly. 
811 E. Arques Avenue, 
Sunnyvale.California 
94086. 

What's in it for you? A constant reliable supply 
of the best high speed/ low power trade-off yet. 
Typical speed level : 2.0 ns propagation delay per 
gate. Low power dissipation of 25mW-with no 
special cooling required in any environment, still 

air or forced . Switching rise 
and fall times compatible 
with conventional system 
layouts (3.0 ns edge 
speed). 

ECL 10,000 delivers 
outstanding design/ 
function flexibility. Multi-

......... , ___ ,_ ... ,, __ _, .. ..... ___ . _____ _ __ ... ____ _ __ ,.._ ..... ,. ____ _ 
------·---- .... ... ---·--__ ..... ,, _ _... __ _ 
::;;-::.= .. -::--=.=.:.:-.:..:: 

SIGNETICS ECL 10,000 SERIES 

10101 Quad 1-lnput OR/ NOR Gate 
10102 Quad 2-lnput NOR Gate 
10105* Triple 2.3.2- lnput OR/ NOR Gate 
10106* Triple 4,3,3-lnput NOR Gate 

10112 Dual 3-lnput 1-0R/ 2-NOR Gate 
10113* Quad Exclusive -OR Gate/ Comparator 
10115* Quad Differential Line Receiver 

10107 Triple 2-l nput Exclusive OR/ NOR Gate 
10109 Dual 4,5-l nput OR/NOR Gate 
10110 Dual 3-l nput 3-0utput OR Gate 
10111 Dual 3-l nput 3-0utput NOR Gate 

A subsidiary ol Corning Glass Works 

10116 Triple Differential OR/ NOR Line Receiver 
10117 Dual 2-wide 2,3-lnput OR-AND/ OA Invert Gate 
10118 Dual 2-wide 3,3-lnput OR-AND Gate 
10119* 4-wide 4,3,3,3-lnput OR-AND Gate 
10121* 4-wide 3,3,3,3-lnput OR-AND/ OA Invert Gate 

!il!IDlliC!i 
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01--D -IUT--TAG< ..... ..., .......... .... .... 

10130 Dual D-Type Clocked Latch 
10131* Dual D-Type Master-Slave Flip-Fl op 
10161 1 of 8 Demultiplexer/ Decoder (Low) 
10162 1 of 8 Demultiplexer/Decoder (H igh) 
10170* 9 + 2-lnput Parity Circuit 
10171* Dual 1 of 4 Demultiplexer/ Decoder (Low) 
10172* Dual 1of4 Demultiplexer/ Decoder (H igh) 
·coming soon 
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Probing the news 

Commercial electronics 

Unmanned banks-a new investment 
Automatic teller stations offering up to 80 % of banking functions 

promise to generate a billion-dollar market in next few years 

1. by Marilyn Offenheiser, New York Staff 

.... 

lo( \ 

Any investment-minded banker with 
an extra $ 12 ,000 to $50,000 can cash 
in with a new automated ba nking 
machine. An automated teller ca n 
handle 80% of the ba nk's func­
tions- including withdrawals. de­
posits a nd transfers-and save a 
bank about $ I0 ,000 a yea r, accord­
ing to a cost study done by Payment 
Sys tems Inc., ew York City, fo r 
the Mosler Safe Co. 

The market is just opening up . 
Already 350 a utomatic tellers have 
been insta lled, and 300 more a re on 
o rder for the 75 ,000 banks in the 
United Sta tes. " We expect a ma rket 
in the billions [of doll ars] ove r the 
next few yea rs," says Justin Guidi , 
pres ident of Digita l Security Sys­
tems, a leading manufacturer of 
automated ba nkin g equipment. 

In addition to Digita l Security 
Sys tems, Na tick, Mass., other auto­
ma ti c te ll er ma kers include Docutel, 
Irving, Texas; Mosler Safe Co. , 
Ha milton, Ohio ; Diebold Inc., Can­
ton , Ohio,; and Burroughs Corp., 
Detroit, Mich. As the market grows, 
however, other compa nies providing 
equipment to banks now- includ ing 
IBM, Poughkeepsie, .Y. a nd Optel 
Corp ., Princeton, N .J .- can be ex­
pected to expa nd furth er into th e 
automa ti c ba nking market. " Ri ght 
now," says Ea rl Ward , Mosler's 
ma rketing manage r of automated 
produ cts, " th e m a rket is mu ch 
grea ter th an we can supply." 

E uropea ns were a mong th e fi rst 
to insta ll cas h-dispensing systems in 
the ir ba nks, but have been slow on 
the uptake with automa ti c tell er sta­
tions. Leading makers fo r the lag­
ga rdly market a re England 's Smiths' 
Industri es Ltd . and Chubb & Son 
Ltd ., France's CIT, G e rma ny's Sie­
mens AG, and Sweden's Metio r A B. 
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In Japan, the front runners a re Fu­
jitsu Ltd. , Oki Electric Industry Co . 
Ltd ., and Omron Tateisi Electronics 
Ltd . 

' Mini' heart. Th e automated bank 
tell er, with a minicomputer as its 
hea rt, uses printers, ca rd readers, 
and optica l and magneti c sensing 
equipment. To activate the ma­
chine, a user inserts a credit ca rd en­
coded with a magne ti c stripe a nd 
then punches hi s account number 
on a keyboard . The compute r is pro­
gra med to "capture" sto len cards, 
but if the card is good, the use r 
pushes the proper button to com­
plete his transaction, and a printe r 
delivers a receipt. 

one of the teller sta tions on the 
market is compa tibl e with each 
other a nd "won't be, since none 
wants to change ," acco rdin g to 
Wa rd . But the America n Ba nking 
Association has set up a standa rd 

for th e magneti c stripe, which must 
be encoded a t 75 bits per inch, 40 
cha racte rs on a single track. A prob­
lem is th a t the magnetic stripe ca n 
be rubbed, scra tched off, o r altered . 
A Diebold spokesman says that the 
company is now embedding the 
stripe into the card . The magnetic 
stripe approach is not ma ndatory, 
however- Digita l Security Systems 
offers an a utomated teller tha t uses 
a punched pl astic ca rd . 

Mechanics to electronics. " On the 
whole , te ll er sys tems still have a lo t 
of mecha nica l pa rts, but we are con­
verting to tota l elec tron ics as fas t as 
we ca n," sta tes Robe rt Fa ught , mar­
keting ma nager a t Docutel. The 
Docute l te ller uses a core memory in 
the minicomputer a nd MOS circui­
try. " But the closest thing to optoe­
lectronics right now is the photoce ll s 
we use to check for error," continues 
Fa ught. 

Automatic teller Un its offer 24-hour banking and provide 80% of services. There are 350 

units in operat ion in the U.S. , 300 more on order. 
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Probing the news 

Burroughs is upgrading its model 
RT2000 automated teller, which has 
been marketed in the United King­
dom for the past year. The Bur­
ro ughs teller uses a controller to 
check the reliability of the logic cir­
cuitry. Although Burroughs is using 
diode transistor logic now, the com­
pany says MOS / LSI will be intro­
duced soon. The system opera tes 
from a microprogramed head-per­
track disk memory tha t completes a 
transaction in 7 seconds. "Other sys­
tems have 30-second transaction 
times," says Burroughs' John Healy, 
corpora te productio n manager , 
"and that can be an eternity for the 
user." 

Going on-line. None of the tellers 
is on-line to a central computer now, 
a lthough each company cla ims to 
have tha t capability. Data is stored 
mainly on punched paper tape , but 
other options are ava ilab le. "Now, 
someone has to collect the informa ­
tion periodically from the teller," 
says Ward. " But when we are on­
line, the information will go directly 
into the bank's central processor. " 
However, Digi ta l Security's Guidi 
predicts th a i developing on-line 
softwa re programs · will deter con­
servat ive bankers. " It takes time to 
set up specia l software programs 

Banking on electronics 

tha t have to be incorporated in the 
bank's central computer," he says . 

Another problem is created by 
the banks themselves: because it 's a 
lega l hass le to ge t a branch charter, 
mos t bankers are opti ng for termi­
nal insta ll at ions in the ir bank lob­
bies or vestibules to reduce oper­
ationa l costs and provide 24-hour 
service. So far, on ly one bank, the 
Huntington National Bank of Co­
lumbus, Ohi o, has installed an auto­
ma tic teller as a branch. However, 
Columbus City National bank, says 
vice president John Fisher, "'will 
eventu a lly ope n an unmanned 
branch bank for drive-in customers, 
as well as pedestrians." 

Eliminate money? The Hemp­
stead Bank of Syosset, N.Y., is tak­
ing a nother route. Point-of-sale ter­
min als, installed by participating 
local merchan ts, have been hooked 
up on-line to the bank's central pro­
cessor. Bes ides dispensing cash , pur­
chases made in the stores are auto­
ma tica ll y transferred from the 
customer's checking account to the 
merchant's. The bank's aim is to 
eliminate both checks and cred it 
ca rds-perhaps even money itself. 

Eventua ll y," says Michael Shade, 
vice president, " the bank will be au­
thorized to pay a customers' bills­
such as utiliti es- directly. This will 
eliminate paperwork. and eliminate 
th e branch bank altogether." D 

How does a business like banking become technologically oriented? The 
routes to automation are various: the progressiveness of a technically ori­
ented bank chairman , close association with a bank supplier , and employ­
ing men from other fields . 

Six years ago, Bruce Wood Hall , chairman of the Hempstead Bank, Syos­
set, N.Y. found himself unable to get a check cashed on a trip. Hall , trained 
in construction engineering , got together with the bank 's executives , drew 
up a plan in laymen 's terms, and began knocking on doors. Two years ago, 
the bank hired an engineering consultant after the initial terminal contract 
was farmed out. " We should have hired him five years ago," says vice pres­
ident Michael Shade. " We were like fish out of water . This has been a real 
learning experience. " 

The Huntington Bank, Columbus , Ohio , has had a long association with 
the Mosler Safe Company, a su pplier of bank vaults and safes. When Mos­
ler dec ided to expand its services, the Huntington Bank naturally went 
along with the tide, rel ying on the technical expertise at Mosler. " But a bank 
does need someone who is technically inclined ," says David Cottie , vice 
president , who himself has a background in engineering . 

John Fisher , vice president at Columbus' City National Bank came out of 
the radio business. Says Fisher: " A bank today has to import and attract 
men from other industries. Ou r data processing group is from the computer 
field . It's the job of these men to keep abreast of technology and develop 
relationships in the field. " 
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base for direct soldering. 100 
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Probing the news 

Communications 

Ship-satellite system sought 
Proposed network, to be operational by 1980, would provide navigation 

and communications for ships on Atlantic , Pacific , and Indian Oceans 

by William F. Arnold, Aerospace Editor 

A worldwide satellite commun i­
cations a nd nav iga tion network to 
connect 4,460 large vesse ls with 
computerized data links is being 
jointly advanced by planners in the 
U.S. Maritim e Administration a nd 
the shipping industry. Still in the 
planning stage, th e network would 
cost a t least $256 million over a 
seven-year installa tion period , in­
cluding satellites, ground termina ls, 
shipboa rd te rmin a ls, and land­
leased circuits, acco rding to industry 
est im ates. 

The proposed M aritime Satellite 
System (Marsa t). to begin operation 
by 1980, would cover the Atlantic, 
Pacific and Indian Oceans. Each 
satellite would use global coverage 
antennas ; four large - a ntenn a 
ground sta tion s would reduce satel­
lite power requirem ents; and a net­
work control center would use large 
computers to direct communi ca ti ons 
traffic . Shipboard terminal s would 
include a uto mati c-po intin g a n­
tennas and computers to process 
communications data. Ship-to-satel­
lite links would use the L band , a nd 
sat el Ii te-to-shore comm uni ca tions 
would use the C band . The network 
would use existing technology, say 
it s backers. 

The sys tem most likely would be 
privately run. Poss ibl e operato rs 
would be an Intel sat-like group, the 
Communications Satellite Corp. 
(Comsat) , priva te companies, o r a 
consortium of maritime interests. A 
network th at would combine Marsa t 
and the proposed Aerona utica l Ser­
vices Satellite (Aerosat) looks favor­
able. 

Brass key. " Satellite communi­
cations and nav iga tion ca pa bility 
will be the grea test thing to ever hit 
the U.S. maritime community," says 
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Edward P. Fitzgerald, cha irman of 
the advisory telecommunications 
specia l committee for the America n 
Institute of Merchant Shipping 
(A IM S) , an industry trade group pro­
moting the system . He points out 
that 93 % of the messages aboard 
ship tod ay are sent by " brass key" 
telegraphy in Morse code at a slow 
rate and require six hours delivery 

time. Th e new network would "give 
I-minute access time to any ship in 
the world " with " land-line qu ality" 
facsimile , di gi ta l, an d rea l-tim e 
communicati ons, Fitzgerald says. 
" It costs 38 cents a word today ," he 
adds. " You could send it for a bout 6 
cents with sa tellites ." 

The M ar itim e Administration 
also considers such a network long 

All the ships at sea. The proposed maritime satellite system would use C-band ship-to­
shore , L-band ship-to-satellite links for fast global communications and navigation . 

~ EAR TH 
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overdue. " We have a treme ndous 
asse t in space technology th a t here­
tofore has n't bee n used in th e mer­
ch a nt m ar in e," says S ta nl ey D. 
Whea tl ey, chief of the Offi ce of Ad­
va nced Ship Operati ons, who adds 
tha t the system is an effecti ve way 
fo r fl eet owne rs to keep competitive. 
Ship size and cos ts are increas ing, 
and , eve n though they ha ndle more 
ca rgo, vessels have to be kept a t sea 
longer to recover the huge invest­
ments by their owners. 

.. , Phase two of a fo ur-ph ase experi-
menta l program leading to a n oper­
ationa l domes tic sys te m is be ing 
sta rted by the M a ritim e Adminis-

• 

,.. . 

.. 
• 

.. 
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tra ti on, says H arry A. Feigleson, 
p rogram manage r. Nine mercha nt 
ships will be se lected , along with a 
Maritime Administration ship , fo r a 
test o f shipboard termina ls la te thi s 
year. The fi ve-mo nth test will use 
NASA's Appli ca ti o ns T echno logy 
Satellites (ATS) 3 and 5. 

U nfo rtuna tely, says Feigleson, the 
ship-to-satellite test will use C-band, 
th e Intelsat frequ encies of 4 and 6 
giga hertz. "They 're the wrong fre ­
quencies, but we ca n ge t the systems 
techniqu es checked out." M aritime 
is dickering with NASA fo r L-ba nd 
space- e ither on the upcom ing ATS 
F o r G - to test the sys tem pre-oper­
ationa lly as ph ase three . 

Operational. A prototype sys tem 
should begin operating in 1975, 
a bout the sa me tim e the Ae rosat is 
to be ready, Feigleson says. The 
prototype system would use four 
satellites- two ove r the Atla ntic a nd 
two over the Pac ific- a nd existing 
ea rth sta ti ons. He es tim ates the cost 
a t about $ I 50 m illi on. 

But, "you may need more tha n six 
satelli tes in a worldwide opera tiona l 
sys tem ," he says. " It depends on 
wh eth er or no t you have nav iga­
ti onal services in the satellite." 

S-cubed. Also as part of the $3 
million phase-two effort, the M ari­
time Administration is ga ining ex­
perience wi th ground sta tion tech­
no logy at the Na ti ona l M aritime 
Research Center, Kings Poi nt, N.Y. 
Here, the new Ma ritime Da ta Coor­
dination Ce nter will spearhead a n­
te nn a t racking and con tro l center 
research, Whea tl ey says. T he satel­
lite project is part of a progra m, 
ca ll ed S-cubed (for Ship / Shore/ -

1-, Satellite) , th at is des igned to spu r 
shipboa rd automa tion and comput-
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eri za tion, he says. 
The compara ti ve ly low initia l in­

ves tm ent should att ract users, says 
the Initia l Ma ritim e Sa te llite Con­
sort ium (lmsco) , composed of large 
corporate fl eet owners. Officia ls esti­
ma te th a t a shipboa rd te rmin a l 
would cost about $22,000, including 
a bout $9,000 for insta llation . Deck 
a nd m as t-m o unted equipm e nt 
would include a high-gain a ntenna, 
automa ti c tracking unit , duplexer 
and rf lines, preamplifier a nd prese­
leccor, totaling a bout $7,000. Below­
deck gear, costing a bout $6, 100, 
would include up / down converters, 
vo ice, d a ta , a nd a ccess co ntrol 
modems and a IOO-wa tt power am­
plifier. 

By 1980, lm sco officia ls fo resee 
M a rsa t acco mmod a ting simulta ­
neously as ma ny as 1,500 vesse ls in 
the Atlanti c. Each ocean would be 
served by a maximum of 10 equiva­
le nt voice channels, o f which tele­
typewriter traffi c would require only 
one-qua rter the effective satellite 
p ower of voice circuits. Sm a ll , 
simple satellites- requiring less th a n 
500 watts of de power- would be 
used. Ships would be poll ed fo r 
messages. Estima ted tra ffi c per ship 
per day would be a bout 2.5 minutes 
each of business and crew personal 
radio-telephone a nd 200 words of 
rad io-teletypewrite r traffi c. 

Easy money. The network would 
return its investme nt in a rela tive ly 
short tim e, according to a confiden­
ti al lmsco study. With the 4,460 po­
tenti al subscribers, which comprise 
only 30% of the proj ected world 's 
la rge vesse l fl ee t, the ne twork would 
completely pay fo r itself in seve n 
years. "The system is no t only self­
supporting, it is p ro fita ble," the 
AIMS-backed stud y says . 

Severa l additiona l facto rs are pro­
pe llin g M a rsa t. In a dditi o n to 
prove n sa tellite technology, a ma n­
date was given the Ma ritime Ad­
ministration by the 1970 M ercha nt 
M arine Act to upgrade the Mer­
cha nt Ma rine. Th e stro ng inte rest 
by oil companies is indicated by 
lmsco, composed o f represe nta ti ves 
of British Petrole um Ta nker Co., 
Shell lnterna tiona l M a rine Ltd ., Sea 
La nd Services S.S. Co., the Sta n­
dard O il Co mpa nies of N ew Jersey 
and Cali fo rni a, a nd their affi li a tes, 
Esso Intern a tiona l, Humble Oil Co., 
and Chevron Shipping. D 
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Probing the news 

Computers 

IBM threat to hold back 
service vexes industry 
Computer giant has refused to service some machines 

with enhanced memories; are the changes that drastic? 

by Wallace B. Riley, Computers Editor 

Some users of International Busi­
ness Machines Corp.'s System 360 
are finding that IBM won't maintain 
their machines because they've en­
hanced the main memory beyond 
the !BM-specified maximum capac­
ity. A maker of these memories, Ad­
vanced Memory Systems, Inc., got 
so worried at the turn of events that 
it haled IBM into court. The legal 
hassle hangs on the changes re­
quired for expanding IBM computer 
memories . 

Memory enhancement (as distin­
guished from memory add-on , 
which does not exceed IBM's max­
imum) requires some internal 
changes to the central processor. 
IBM says these changes render the 
machine unfamiliar to its service­
men , and therefore unserviceable. 

Thus far only users of System 360 
model 30 with enhancements from 
Data Recall Corp., El Segundo, 
Calif., have received these notices . 
But the development worries at least 
four other leading companies- Ad­
vanced Memory Systems Inc. , Sun­
nyvale, Calif.; Ampex Corp., Ma­
rina del Rey, Calif.; Fabri-Tek Inc., 
Minneapolis, Minn .; and Electronic 
Memories & Magnetics Corp., Los 
Angeles, Calif- as well as users of 
larger models of the 360 where en­
hancement requires fewer changes 
than on the model 30. 

The 360/30's specified memory 
capacity ranges from 8, 192 to 65 ,5 36 
bytes. Data Recall has enhanced 
some of them to 131,072 bytes. 

Complicating the situ ation is the 
slack in IBM's revenues from System 
370 sales, because customers are 
trading in their 360s for 3 70s at 
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nearly a one-for-one rate. Says 
Frederick G. Withington, a com­
puter-industry ana lyst at Arthur D. 
Little Inc., Cambridge, Mass., "This 
cuts sharply into IBM's income and 
for multiple trade-ins may even rep­
resent negative income ." 

Worse yet for IBM, many custom­
ers who previously replaced their 
IBM peripheral equipment with 
compatible gear from independent 
makers at lower prices are now trad­
ing in their 360s for new 370s, but 
keeping the old non-LB M peripher­
als. Thus IBM is getting hit twice by 
the same competi tion . 

Modifications. What are these 
changes that IBM says cause so 
much difficulty for its servicemen? 
"The biggest one is an extra bit po­
sition in each of the five address reg­
isters in the model 30," says Edward 
V. Garcia , vice president, technical 
operations, at Comma Corp., a large 
independent maintenance firm . 

Doubling the memory size re­
quires an increase in the address 
length from 16 to 17 bits. In addi­
tion , the "wrap-around" detection 
logic, which warns that a program 
has called for a memory location be­
yond the maximum, must be modi­
fied , as does the address decoder, 
which now must decode 17 bits in­
stead of 16. Finally, the micro­
program must be changed. 

Architecturally, all models of the 
360 are geared to a 24-bit address, 
capable of directly addressing over 
16 million bytes. But physically the 
smaller models, like the 360 130, are 
restricted to much lower capacities. 
Modifications in the 360/ 30 are 
more extensive for memory en-
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at Circuit Technology 
we make our · 
customers 
smile 
We have the know how to miniaturize 
complex circuit functions and subsystems 
without compromise in performance. We 
combine creative ci rcu it design, extensive thick 

' ' 
film hybrid manufacturing experience and unique mechanica packaging to 
produce qual ity custom devices in compliance with MIL-M-38510 

and M IL-STD-883. 

lllust~ated below are just a few of the custom hybrid circuits we have 
supplied, over the years, to our satisfied customers. 

A High Speed AID Converter E Voltage Regulator (3/8" x 3/8" 
B 100 MHz Bandwith Video Amp- Flatpack) 

lifier ( 1.25" x 1.25" plug-in) F Active Filter (SHP) NAFI 
C Two Watt Servo Amplifier Module 

(1" x 1" Flatpack) G FET Input Operational Amp-
0 Analog Multiplier (5/ 8" x 5/8" lifier (Triple Deck T05) 

Flatpack ) and many, many more. 

Our credits include: F 14 • F 15 • S3A • E2C • A6E • F4 • A TS 
• Apollo • Pioneer• Sea Sparrow • SRAM 

For a complete description of our capabilities send for our custom 
hybrid circuit listing, you may find something very close to what you 
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L 

.I I •I need. Better yet, send us your circuit requirements 
and we will send you a quote to make you smile. • • • - • Circuit Technology Incorporated 

160 Smith Street, Farmingdale, N.Y . 11735 • (516) 293-8686 
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Probing the news 

hancement than are those in larger 
mode ls, because they involve the in­
put/output channels and because 
the 360/ 30's data path is 8 bits 
wide- j ust right to hand le an unen­
hanced memory address in two ma­
chine cycles. That 17t h bit requires 
more machine time , obtained 
through microprogram changes . 
Larger machines have external 110 

channels, wider data paths, and 
higher specified memory capacities, 
making the changes simpler. 

C h a n g in g word s. The micro­
program for the 360 130 contains 
just over 3,000 words , of some 70-
odd bits each ; 500 of these are 
changed when the memory is en­
hanced. " But the most ex tensive 
changes involve on ly five or six bits 
per word, and most of them are only 
a bit or two," says Garcia. And ac­
tually making the change, after its 
correctness has been checked, is 
very easy; it involves only punching 
a few holes in a Mylar card similar 
to a conven tional paper punched 
card. Conductive spots on the Mylar 
make one plate of an array of ca­
pacitors ; the other plate is a perma­
nent part of the machine. Changing 
the microprogram involves o nly 
punching a new 12-word My lar card 
and installing it in place of the origi­
nal. "These changes to the micro­
program, together with the new 
printed circuit cards and some new 
wires, are rather ordinary when 
compared with the tota l number of 
cards and wires in the machine , and 
wi th changes that are ro u tinely 
made to correct 'bugs ' and improve 
performance,'' says Garcia- speak­
ing, of course, from the serviceman 's 
point of view. 

Pull cards. But a supplier of en­
hanced memories has a different 
vie~. "We feel safer from errors by 
pulling all the cards and replacing 
them with our own," says H . Fred­
erick Koeh ler, chief engineer for 
core and semiconductor memories 
at Ampex Corp.'s Computer Prod­
ucts division . Koeh ler also fee ls that 
the changes of enhancement are 
bigger than routine changes. " But 
we follow IBM's standards, so it' s 
only a problem of magnitude ," he 
hastens to add. " I'm not sure other 
makers follow them." D 
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All 51 models in our OEM series qualified for UL listing. 
Every one: from 4 to 32 volts, from 0.9 to 36 amps. That's 
another big bonus to boost your confidence in our OEM 
power supplies. Proven in actual use, now they're proven 
through UL's exhaustive testing for coot operation and 
.-fety requirements. 

Yes, these are our low-priced units. But you still get 
0.1 % regulation, reliable overload protection, stability, 
versatile mounting, off-the-shelf delivery, and our "guar."" 
anteed forever" performance. All the dependability, Yoll' 
always get with any ACDC power supply. SO follow UL 
lead and make us big on your list. 
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TRW's SVT 7000 Series power switching transistors 
have a pulse energy rating of 4.5 
KW for 1 OOµsec. They make 
significant size, weight 
and cost savings pos-
sible in such designs 
as off-line power sup­
plies and power modu­
lators. Microwave and 
mobile transistors, hybrids, 
high speed diodes and microelectronic power amplifiers 
are some other areas of TRW's advanced semicon­
ductor technology. (For more information, circle 216 on 
the reader service card.) 

TRW/Globe precision fractional horsepower motors 
operate everything from 
sophisticated space and 
missile systems to high­
volume industrial appli­
cations. Globe precision 
min iature motors are 
available from 1 /1000 to 
1 /6 hp, AC, DC or wound 
field , in over 40 types, with 
integral gear trains and a choice 
of ratios. Also as blowers, fans , timers, 
actuators, motor switches, tachs, pumps 
and " next assemblies'. ' And these are just examples of 
the hundreds of AC and DC motors and motor systems 
we offer. (For more information, circle 217 on the 
reader service card .) 

TaNFilmT"' resistive networks are an excellent example 
of TRW /I RC advanced resistor technology. 
These subminiature precision 
thin-film devices offer 
inherent low noise, 
excellent stability, 
and hermetic per­
formance without 
hermetic cost. 
Tolerances of 
± 0.03% are quite 
feasible. TRW also 
makes the industry's 
most complete line 
of discrete fixed resis­
tors. (For more information, 
circle 218 on the reader service card.) 

Electronics/ March 27 , 1972 

TRW/Cinch back plane connector systems solve the 
high density inter­
connection prob­
lem characteristic 
of computers and 
related equipment. 
They consist, basi-
cally, of a series of PC 
board edge connectors 
mounted on a precision 
punched aluminum plate, 
with voltage and distribu­
tion capabilities. Other 
Cinch connectors meet the 
precise needs of every seg-
ment of today's electronic 
industry. (For more information, 
circle 219 on the reader service card.) 

What else do we make? Just about every type of 
electronic component in the books from actuators to 
zeners. Plus amplifiers, cable, capacitors, chokes, 
diodes, filters , gearmotors, power hybrids, inductors, 
RF modules, potentiometers, printed circuits, rectifiers, 
resistors, transformers, tuners, wiring harnesses, 
color convergence yokes . .. and more. 

One source -your local TRW representative - offers 
you all of these product lines and can supply almost 
all of your component needs. With a direct pipeline to 
all of our plants, he can assure you fast delivery, 
applications assistance, custom designs and special 
engineering help whenever you want it. 

Think what TRW can do for you. Then call or write 
TRW Electronic Components, 10880 Wilshire Blvd. , Suite 
1700, Los Angeles, CA 90024. Phone (213) 475-6777. 

TRW 
ELECTRONIC COMPONENTS 
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WHAT'S OURS IS YOURS. 
FREE FOR 30 DAYS. 

STATE-OF-THE-ART 
ELECTRONICS: Longer life, 

higher noise immunity and 
higher accuracy because of 
the LED's, photo-transistors \ 

and fiber optics used in all our 
readers. (TRS9300BD with 7112'' 

reels shown.) 

l 

HIGH RELIABILITY: No lamps to replace, 
all solid-state electronics and only one moving 

part (the sprocket drive) with an MTBF 
of over 10,000 hours. (TR-93008 shown .) 

MINI-READER: Reads 
bidirectionally at the same 

300 ch/ s speed and uses 
the same state-of-the-art 

electronics as all our 
other 9000 Series readers. 

(TRM9300B shown.) 

SPEED: Stop-on-character at up 
to 750 ch / s with our 8000 

Series, up to 300 ch/ s with 
our 9000 Series, and no • 

overshoot - ever. (TS-8000 
with 10112'' reels shown.) ·-'--

GENTLE TAPE HANDLING: Noiseless, fully-proportional 
reel servos and a sprocket drive virtually eliminate 

I 
tape wear and tear at any 

speed. (TRS9300B with 
51/4" reels shown.) 

ERROR-FREE TAPE READING: 
Self-cleaning, easy access heads read 

all standard tapes with up to 60% 
transmissivity. (TRF9300B fan -fold 

\ - ceadec shown.I 

HOW TO GET YOURS: 
If you need versatile , reliable, state-of-the-art 

readers, they're yours for the asking. 
Just write or call our tape reader 

department and get what you need. 
Free for 30 days. 

Electronic Engineering Company of 
California, 1441 East Chestnut Avenue, [(t] 

Santa Ana, Calif . 92701. 
Telephone (714) 547-5651. · 

EECO OEM readers and spoolers: what more could you ask for? 
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· RT -01. The data entry terminal 
you didn't think there was the remotest chance you could afford. 

An RT-01witha16-character 
keyboard, numeric Nixie* 'read­
out, four status indicators to 
display non-numeric information 
from your computer, Teletype and 
E IA serial line compatibility will 
only run you from $600 to $1000. 

Or as little as $500 without 
the Nixie display. Chickenfeed. 

So now, if you're a big opera-

tion, you can have an RT-01 here, 
an RT-01 there, an RT-01 every­
where you've ever wanted one. 

If you're little, you can have 
one at last. 

We've got a booklet that'll 
tell you all about it that you can 
write for. 

Or, if you're in as big a hurry 
as we hope you are, we've got a 

good egg who'll be happy to run 
right over and explain it to you. 

We're the Logic Products 
Group, Digital Equipment 
Corporation, Maynard, Massa­
chusetts 01754. (617) 897-5111. 

~omoomn 
*Registered trademark of Burroughs Corporation 
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NOW YOUR MOS/LSI 
BUILDING BLOCKS 

CAN LAST 
FO~V NERATIONS. 
When you know 

about our advances in 
the state of the art, 
you're able to get a 
continuing return on 
your design investment in 
our MOS/ LSI electronics. 

Over and over again. 
Since MOS/ LSI circuits embrace 

so many functions, it's just good 
business to think of using them in 
different systems. And, with our 
unique custom-layout computer­
aided design, we give those circuits 
versatile building-block capabili­
ties. 

In a single basic design, for in­
stance, we provide MOS/ LSI build­
ing blocks for several model gener­
ations of calculators, accounting 
machines, cash registers, appliance 
timers, automotive controls, or for 
modem and multiplexing subsys­
tems of data transmission and tele­
communication eq ui pmen t. 

MOS/ LSI beats the high 
cost of product development. 

Our MOS/ LSI building-block 
circuits can be adapted quickly and 
inexpensively for use in a succession 
of different models. You can pro­
duce a new model before your sales­
men can say "competition"-and 
go to Petty Cash instead of your 
Board of Directors to finance the 
changes. 

We can even make it possible to 
produce a number of different 

models of a machine from 
exactly the same circuits. 
Wiring changes, that's all. 
And, of course, circuit costs 

drop. Because you buy in 
quantity for a number of models, 
instead of buying a few circuits for 
each model. 

Lower costs elsewhere, too. 
r-

I o • 8. I
D 
• .J 

Mastery of MOS/ ­
LSI design and of 
high-volume produc­
tion has enabled us 

~UlllfHllfllllllllllll to produce commer­
cial electronic systems at an all­
time low cost. As much as 50% the 
cost of conventional systems-elec­
tromechanical or electronic. 

And, our MOS/ LSI systems can 
be packaged so that non-electronic 
manufacturers can assemble them 
into their equipment without teach­
ing employees new trades . 

For many of the func-
tions performed today 
by little black boxes 
selling for around 
$20,000, you can 
buy our MOS/ ­
LSI digital 
filter circuits 
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small quantities) and fabricate a 
plug-in digital filter for less than 
$1,000. Or, you can buy our MOS/ ­
LSI modem circuits and save sub­
stantially. 

We've MOS/ LSI memory systems 
and circuits that cost less per bit 
than conventional devices-and 
we're ready with other processes, 
too. For example, silicon-on-sap­
phire (SOS) diode arrays that make 
beautiful ROMS (3,000-plus bits) 
with 20 ns maximum access times. 
Within 24 hours we'll custom encode 
them with our special laser and sell 
them to you one by one for $64. 
Less, muc~ less, in quantity of 
course. 
Collaboration made easy. 

As part of NR's Electronics Group, 
we're ready to share with you the 
long-term commitment required for 
new product design, testing and 

development. 
Even more. 

We'll join you in 
product planning, so 

that you may share in 
the progress of current 

research. 
Drop us a line on your 

company letterhead for a 
copy of our new brochure, 

"The Economics of Change'.' 
WriteA.B. Chambers, P.O. Box 

3669, Anaheim, California 
92803. 

North American Rockwell 
Microelectronics Company 
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Centralab Technical Ceramics ... 
in line with your design requirements 

Write 
Centralab 
for 
Bulletin 
No. l l 17TC2 

What's next for our ceramics? 
We've been involved since 1928 when 
we built vacuum tube bases for six­
tube radios. 

Since then new-idea ceramics for 
electronics have put us in such varied 
applications as medical and scientific 
equipment, instrumentation, home and 
portable appliances, communications, 
office machines, computers and 
peripheral equipment. Our ceramics 
have found use as hybrid circuit and 
thin-film substrates, VHF tuner parts, 
LED substrates, MOS packages, LSI 
multilayer interconnections, SCR 
housings and vacuum tube parts. 

So, what's next for our ceramics? 
Only your new design requirements will 
tell. You can specify aluminas, 
steatites, cordierites, or metallized 
ceramics in the configurations you need. 
A variety of metallizing systems is 
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available to insure satisfaction in your 
particular application. We also offer full 
capabilities in ceramic-to-metal 
assemblies and engineering service to 
aid you in design. 

It's this kind of involvement that 
allows Centralab to be one of the 
largest manufacturers of technical 
ceramics. And, because we're also our 
own largest customer, it's important 
that we produce only the finest ceramics 
available. To us, developing better and 
more reliable ceramic materials for 
electronics means higher quality 
electronic components. It will mean 
the same to your products. 

What's next for our ceramics? 
Whatever you need. For the complete 
capability story, call Centralab 
Technical Ceramic Sales at (414) 
228-2942. 

GET CENTRALAB 
THE "IN LINE" FOR 
YOUR DESIGN 
Hybrid Microcircuits 
Pushbutton & Rotary Switches 
Capacitors 
Potentiometers 
Technical Ceramics 
Ceramic Packages 
Semiconductor Devices 

CENTRALAB 
Electronics Division 
GLOBE-UNION INC. 

5757 NORTH GREEN BAY AVENUE 
MILWAUKEE, WISCONSIN 53201 
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MOD POT is the most versatile %" 
square potentiometer available 
today. A whole family of cermet or 
hot-molded composition resistive 

Actual Size 

EC71-30 te) Allen-Bradtey 1971 

modules, switch options and vernier 
drives with single or concentric 
shafts. These pre-engineered, pre­
tested modules form single, dual, 
triple or quadruple section controls. 
Millions of possible combinations 
to solve your unique control prob­
lems. Cermet elements are rated at 
2 watts (70°C) with resistances from 
100 ohms to 5 megs. Composition 
elelTlents rated at 1 watt (70°C) with 

resistances from 50 ohms to 10 
megohms, five standard tapers. And 
if you need something truly special 
we 're equipped to handle that too. 
Call your appointed A-B distributor 
for details, or write: Allen-Bradley 
Electronics Division , 1201 South 
Second Street, Milwaukee , WI 
53204. Export: Bloomfield , N. J. 
07003. Canada: Galt , Ontario . 
United Kingdom: Bletchley, Bucks. 

ALLEN~BRADLEY @ 
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D Until recently, the increas ing demand for comm uni­
ca tions has not forced the use of frequenci es above 15 
gigahertz. But with a nticipa ted d emand for new com­
munications se rvices a nd sa turation of transmissions a t 
presently used frequencies, digita l techniques a re being 
developed to overco me the less desirable propagation 
characteristics that must be to lerated a t the higher fre­
q uencies. 

This advancing technology has made feasible for the 
first time a multiho p rad io relay link operating in th e 
quasimillimeter band a t a bout 20 GHz. Such a system is 
being developed in a Jar e proj ect a t the Musashino 
Electrical Communications La boratory of the Nippon 
Telegraph & Telep hone Public Corp. 

NTI now operates a comm erci al di gita l radio rel ay 
sys tem in the 2-GHz band, with a capacity of 240 tel e­
phone channels per radio ca rri er. The highest frequency 
fm radio relay opera tes a t 15 GHz and has a hop dis­
tance of about 13 kilo meters. It is designed as a local 
sys tem , however, with maximum length of about 200 
kilom eters a nd a capacity of 960 telepho ne cha nnels. 
Bell Laboratories in the United Sta tes is present ly test­
ing a digital system at 20 GHz, but onl y a single-hop 
link is being evaluated. 

The experimental 13-hop sys tem, planned for the 
near future, will span approximate ly 60 km between 
two of the company's labora tories. An experimental 
si ngle-hop system was constructed last month to study 
the various inte rference characteristi cs and problems of 
po le-mounted sta tions. 

The goa l of the current experimental effort is to 
achieve a trans mission capacity of 4,000 megabi ts per 
second , which is equivalent to about 57 ,000 two-way 
voice te lephone channels. 

To achieve this , a max imum of 20 transponders wi ll 
be used in each repea ter sta tion- JO in each direction 
(Fig. I). The 3.5-GHz total ba ndwidth is centered near 
20 GHZ. 

The relatively high to lerance to interference achieved 
by using digital modul a tio n a llows two carriers of th e 
same frequ ency (one ho rizontally polarized and one 
vertically polarized) to be used as two separate radio 
chann els under norma l propagation conditions. How­
ever, heavy ra infall degrades the polarization of the ra­
dio waves. This may make it necessary to stagger hori­
zonta ll y a nd vertica lly polarized cha nnels, which will 
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Data to speed over 
20-GHz radio relay 
Japanese to install an all-digital 
13-hop trial link, using phase-shift 
keying with four-phase modulation 

by Yasuaki Ninomiya, 
Nippon Telegraph and Telephone Public Corp .. Tokyo, Japan 

not permit the entire two-fo ld capaci ty increase poten­
tia lly avai lable. 

The 13-hop circuit wi ll initia lly have o nly two chan­
nels in each direction. This lo ng system is intended to 
study transmission cha racteri stics of multi statio n re lays 
and characteristics of simultaneo us tra nsmiss io n o f sev­
era l kinds of information , includin g voice, picture tele­
phone, a nd da ta. 

The choice of 20 GHz results from a tradeoff between 
the crowded frequency spectrum at low frequencies a nd 
hi gher a ttenua tion losses, together with difficulty in 
building hardware a t high frequ encies. 

Prototype receivers and transmitte rs were comple ted 
in 1970, a nd tests have shown tha t they should be suit­
a ble for practical use. Improved units have been ma nu­
factured , and further develo pm ent is continu ing on a 
commercial sys tem . 

Each transmitter and rece iver (Fig. 2) wi ll have a ca­
pacity of 400 megabits per second a nd utilize fo ur-l evel 
phase-shift-keyed (PSK) modulatio n a nd coherent phase 
detection. 

The 60-km system, a first a t 20 GHz, will have a hop 
dista nce between repeaters of about 5 km , a little longe r 
than the hop lengths planned for commercial links in 
the future (these commercial circuits wi ll be designed 
for a tota l length of 2,500 km). Longer hop di sta nces in­
crease outage caused by heavy rai nfa ll , but because the 
ex p er iment a l c ircuit is r e lativel y s h o rt , th e 
5-km hop di sta nce is considered sa ti sfactory. 

Comm ercial sys tems probably will be mo unted on 
stee l pipe pol es about o ne meter in diameter at a height 
20 meters above ground leve l. The experimental instal­
la tio n will be mounted on towers to facilita te frequent 
adj ustment a nd changing o f equipment for tests. 

Digital system improves quality 

In ex isting frequ ency-mod ulated a na log sys tems, the 
no ise o n each spa n adds, a nd the tota l circuit no ise thus 
increases approx im ately in direct pro po rtion to th e 
number of repea ters. However, with digital repeaters, 
the transmitted pulses are regenerated in each repea te r 
to elimin a te d istortion ca used by noise. Thus, ne twork 
quality remains relatively high , regardless of the num­
ber of repea ters. 

When it rains, the noise o n an fm syste m increases in 
direct proportion to the add itional a ttenuatio n caused 
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CHANNEL BR A NCHIN G Fl L TERS 

F1 F2 F3 F4 F5 F6 F7 FB F9 F10 

I 
TRANSM IT / RECEI V E 
BRANCHING Fl LTER 

POLARI ZATI ON 
BRANCHI NG FILTER 

F1 - F5 

--z:::+. 
......s­

F6 - F10 

Fl F2 F3 F4 F5 

F6 - F10 

--=­
...s-

F6 F7 FB F9 F 10 

1. Using full bandwidth. In full operat ional system , twenty 400-Mb/ s transponders (ten 1n each direct ion) are accommodated in a 3.5-GHz 

bandwidth with a complex network of polarizat ion and channel branching filters. Notice alternate use of transmitting bands. 

OUTPUT 
BRANCHING 

FILTE R 

2. Repeater. Each 400-Mb / s repeatec utilizes coherent phase detection in the receiver and four-level phase-shi ft-keyed transmitters. 

by the rain . The regenera tion of th e signa l in di gita l 
links, however, mainta ins th e tra nsmission qua lity with­
out degrad ation so long as the signa l level does not de­
crease below a thresho ld . 

Because of th e la rge number of repea ters needed a t 
20 GHz, digita l tra nsmiss ion is the only type tha t can be 
used because it is th e only kind of sys tem th a t ca n ma in ­
tain a sa tisfactory si n ra tio under adverse conditions. 
Spacing fo r the individua l spa ns is determined by th e 
proba bility of circuit outage th a t ca n be to lera ted over 
the tota l route length . 

At lower microwave frequencies, a nother importa nt 
factor helps determine the choice between a na log and 
digita l systems. The PCM -encoded voice signal generally 
occupies a ba ndwidth several times that of the fre­
quency-mod ulated signa ls comm only used fo r micro­
wave telephone repea ters. But there a re ma ny ways of 
increas ing the effi ciency of spectrum utili za tion of the 

82 

di gita l signal until it a pproaches tha t o f the frequ ency­
divi sion-multiplexed fm type. 

Ph ase-shift keying is more effici ent than conventional 
frequ ency-modula ted systems for th e transmiss ion of 
da ta a nd video signa ls. A typical FDM fm system with a 
capacity of 1,800 vo ice cha nnels is ca pa ble of a da ta 
transmiss ion rate of 4,800 bits per ch a nnel, o r about 8.6 
megabits per second over a single rf carri er. 

The in fo rm ation ca pacity of the phase-shift-keyed ra ­
dio ca rrier ca n be increased by dividing the ava ila ble 
360° into sma ller increments. In this system, four-ph ase 
modulation has been chose n, a tradeoff between in­
creased capacity a nd the lower tolerance to interfering 
signa ls encountered at m ore than four-ph ase levels. 

A digita l sys tem using four-l evel ph ase-shi ft keying 
could tra nsmit a bout 60 Mb / s using th e same rf spec­
trum, or a bout seven times the informa tion capacity of 
the a na log circuit. The rela tive ly high to lerance to inter-

Electronics / March 27 , 1972 

·-'· 

, 
11 



y 

fe rence achieved by using th e digita l modula tion a lso 
a llows a frequency to be ass igned to more th an one link 
in the sa me geographic a rea. 

With th e requirement fo r many repea ters separa ted 
by short hop length s, it is necessa ry to des ign repea ters 
carefully to reduce costs a nd increase re li a bility, as well 
as to prov id e a modula ti on sys te m to reduce th e effects 
o f cumula ti ve no ise a nd disto rtio n. 

Repeater gets cost-cutting design 

Cos ts will be lowered a nd reli a bility increased by use 
of se mico nducto r devices- bo th microwave integra ted 
circuits at rf a nd high-speed mo nolithic log ic circuits a t 
base ba nd . With these genera l requirements as guide­
lin es, the repea ter co nfiguratio n was determined. 

A 1.8-m eter Cassegrain a ntenna, which is limited in 
size fo r aesthe tic reasons, gives the repeater a ga in of 
49 .6 dB a t 2 1 GHz. The receive r no ise fig ure is slightly 
lower than 10 dB . These pa ram eters, togeth er with a de­
sign o bj ecti ve a llowing a 50-dB margin for ra in fa ll fad ­
ing, require a transmitte r power o f 200 mw, a va lue 
which is achieva ble a t reasona bl e cos ts fo r a solid-sta te 
power source. 

R elay sta tio n equipment consists of two a ntennas, th e 
FDM repea ters a nd three levels of branching filters. 
Th ese filt e rs separa te ve rtica lly a nd hori zonta lly pola­
rized waves, receivin g a nd transmitting signa l ba nds, 
a nd the individua l ch a nnels. 

While the ve rti ca l/ ho ri zonta l a nd rece ive / tra nsmit 
branching filters use conventio na l designs, the cha nnel 
branching fi lte r des ign is new. Th e technique was devel­
o ped fo r millimeter-wave sys tems. Again , th e main re­
quirement was cost, since each repeater wi ll contain 
dozens of these filt ers. 

C ha nnel-bra nching fi lters must ma inta in a ba la nce 
betwee n interfe rence due to coupling between adj acent 
cha nnels caused by a wide pass ba nd a nd di stortion of 
transmitted pu lses by a n excess ive ly narrow pass ba nd . 
A ba ndwidth o f a pproxima tely 300 MH z a ppears best. 

Th e cha nnel-branching filte rs (Fig. 3) consist of an in ­
put wa veguide, multipl e rin g resonato rs, and output 
waveguide. Th e ring resona tors a re bent a long the H­
pla ne with coupling to apertures in th a t pl ane. 

The o utput of a two-ring fi lt er contains the des ired 
frequ ency a ttenuated by a bo ut 0 .3 dB. Attenuation a t 
frequencies 300 MH z on eith er side o f center frequ ency 
is a t leas t 15 dB . Simila r perfo rm ance for a three-ring 
filter is shown . Th e two-ring resonato r des ign has been 
ada pted. 

Quas imillimeter wave oscilla tors are used in two 
pl aces in each repea ter- one as a receiver loca l osc illa tor 
a nd o ne as a reference oscilla tor in the tra nsmitter. 
Gunn devices a re used in bo th . 

Recently deve lo ped Gunn oscilla tors have a power 
output o f 40 milliwa tts with a frequency sta bility with in 
±S"x 10- 5 over th e o pera tin g temperature ra nge of - 10 

3. Three-ring filter. These channel-branching filters were designed 
for millimeter-wave systems. Resonators are coupled to each other 
by multihole directional couplers and to waveguide via slots in the H­
plane . Curves show transmission loss for typical 3-ring resonator 

centered at 19.9 GHz. However, 2-ring resonators give adequate 
performance and were adopted for the 20-GHz link. 
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RING GASKET FREQUENCY 
ADJUSTM ENT 
SCREW 

WAV EGUID E OUTPUT 

4. Steady Gunn. Oscillator incorporates a non-reflecting termi­

nation at the end of the stub which couples the Gunn diode to sta­

bi lizing cavi ty. Thus, unwanted oscillating modes, which can be gen­
erated du ri ng turn-on , are suppressed. Output 1s 40 mW. lnvar cavity 

yields an output with a frequency stability within ±5 x 1 O-···. 
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to +60°C. Output power over the same temperature 
ra nge varies less th a n ±0 .S dB. 

In th e receiver, th e oscillato r o utput exceeds th e exci­
ta tio n requirements of the mi xer, so a 3-dB attenu a to r is 
used betwee n the osc illa tor a nd the mixer. Th e tran s­
mitte r oscilla to r has a va racto r diode connected in pa r­
a llel with it fo r na rrow-ba nd frequency modula tion fo r 
tra nsmission o f supervisory signa ls. 

Th e oscilla tor is re fle ction-s ta bilized by a high-Q ln­
va r cavity. It diffe rs from other sta bilized oscilla to rs in 
th a t it has o nly a single tuned circuit. In other oscill a­
tors, the Gunn diode is coupled to the sta bilizing cav ity 
th rough a stub tha t resona tes between th e di scontinuity 
a t th e diode and th e short circuit a t its far end . Th e 
presence of th ese two heavily coupled cav ities ca uses 
the resona nt frequ ency to split into two modes, e ither o f 
which may sta rt when the oscill ato r is sta rted . This 
grea tly c.;o mplica tes ma intena nce. 

Termination prevents resonance 

In the new Gunn oscilla to r, the sho rt circuit a l th e 
end of the stub is repl aced by a no n-re flectin g termi­
na tion (F ig. 4), which prevents th e stub's o pera tion as a 
resona nt cavity. Thus, th e oscill a tor diode is effecti vely 
coupled into the sta bilizing cavity. a nd unwa nted 
modes a re suppressed . 

A microstrip mi xe r is used in th e receive r to down­
conve rt the incoming signa l to a n interm edi a te fre­
qu ency of 1.7 GHz (Fig. Sa). The circuit is fa bricated o n 
a substra te o f fu sed qu a rtz. Schottky barrier di odes a re 
used in the ba lanced mixer circuit to give a ba ndwidth 
o f 600 MH z a nd a conve rsion loss o f a bo ut S dB . No ise 
fig ure is 10 dB. A two-stage i-f prea mpli fie r fo llows th e 
mixe r, giving th e l. 7-GHz signa l a n ex tra 16-dB ga in . 

The ma in i-f a mplifier is o f striplin e constructio n o n 
a lumina substra tes (Fig. Sb). T en microwave tra nsistors 
give the a mplifi e r a ga in of 70 dB a t th e cente r fr e­
quency of 1.7 GHz. Ampli fie r ba ndwidth is 800 MH z, but 
a two-stage fi lte r a t o ne inte rstage coupling limits fr e­
quency response to 400 MH z. P-i-n di odes a uto ma tica ll y 
cont rol inte rm ed ia te- frequency ga in over a dy na mic 
ra nge of a bout S6 dB . 

The demodul a to r, des igned fo r ph ase-coherent detec­
ti on of PS K signa ls (F ig. 6), is implem ented with micro­
wave IC in the l. 7-GHz i-f po rtio n a nd mo nolithic logic 
circuitry in the base ba nd portio n. 

A key fea ture of the ca rrier regenera to r is th e use o f a 
fo ur-phase reverse modul a to r. As shown in th e di a­
gram, th e incoming signa l is di vided in a 3-dB coupl e r. 
The signal on one pa th is de tected to fo rm two se para te 
200 Mb/s pul se strea ms, each o f which is a mplifi ed . Th e 
signa l on the second pa th is fed into a reve rse modu­
la tor with th e a ppro pria te tim e de lay so tha t it a rrives a t 
the sa me tim e as th e detected pulses. 

The a mplifi ed pulses reverse-modula te th e modu ­
la ted i- f ca rri er , ca nce lling th e phase modul a tio n p ro­
duced a t the tra nsmitte r to g ive a n unmodul a ted signa l. 
This unmodul a ted l. 7-G Hz sig na l is th en a mplifi ed a nd 

5. Up front. A m1crostrtp balanced mixer (a) converts down to an i-f 

of 1.7 GHz with a noise figure of 10 dB. A two-stage preamplif ier 
boosts the signal 16 dB ; main i-f amplifier (b) provides 70-dB gain 
with automatic level control over a range of about 56 dB. 
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6. Four-phase demodulator. The 400-Mb / s demodulator uses MIC construction at the i-f frequency and monolithic log ic circuitry at base­

band. Block diagram shows how reverse modulator regenerates i- f carrier. Four-phase detector drives pulse regeneration circuitry. 

fed into a phase co mpara to r, the o utput o f which deter­
min es th e phase of the vo ltage-cont roll ed oscill a tor tha t 
is the re fe rence fo r the fo ur-level ph ase de tector. 

Th e clock-pulse regenera to r is conceptua ll y simil a r to 
th e ca rri e r rege nera to r. The fo ur-phase demodula tor of 
Fig. 6 is fo llowed by a digita l equ a li zer. This configura­
tion was chosen over a mo re conventi ona l ph ase delay 
equa li ze r be tween the i-f preampli fier a nd th e main i-f 
a mplifi e r because improv in g the phase response with an 
equa li ze r d oes little to improve th e pulse wave form . 

Beca use o f disto rtio n in th e a mplitude response, a 
g iven pulse in th e rece ived pulse tra in will ca use, not 
o nly a la rge o utput a t its own sampli ng time, but a lso a 
small o utput a t the sampling time of the next pulse. A 
feedback loop, consisting of a de lay lin e (equi va lent to 
o ne clock inte rva l), a va ri ab le a ttenua to r, a nd a sub­
tracting circuit, ca nce ls the o utput fro m a give n pulse a t 
the sa mpling time fo r th e next pulse. This does not pro­
vide true pulse sha pe equa li za tion, but it does provide 
the required reductio n in intersy m bol interfe rence. The 
reconstructed baseba nd p ul se stream now modula tes 
the transmitter. 

The tra nsmitter refe rence oscilla to r opera tes with 
a bo ut 40-mw o utput , a com fo rta ble operating leve l fo r 
th e Gunn device. 

A tran smitter a mpli fie r boosts the output to the 
hi gher leve l requi red by th e system. An inj ection ph ase­
locked Gunn d iode a mp lifier se rves thi s function. 
Amplifi e r ga in is a bout 10 d B, a nd o utput power is 
grea ter th a n 200 mw over the opera ting tempera ture 
ra nge fro m - 10 to + 60°C. 

The fo ur-phase modul a to r (F ig. 7) is drive n by two 
sepa rate 200 Mb/s strea ms, giving a n outpu t modu­
la tio n ra te of 400 Mb /s . In the modulator, two Schottk y 
ba rrier diode switches cont rol the ph ase by adding a nd 
subtracting rf lin e segments in increments of rr a nd rr/2 

radi ans. T his cont ro l is accom p li shed by switching 
sho rted tra nsmiss ion lines of le ngths ,\4 and ,\ / 8, respec­
ti vely, in a nd o ut of th e ci rcu it. Power loss be tween th e 
modul a tor in p ut and outp ut te rmi na ls is abo ut 2 d B. A 
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7. Modulating at 500 Mb/s. Four-level phase-sh ift keying is 
achieved with two 200-Mb/ s pulse trains driving switch ing diodes to 

alter rt transmission path lengths. Rf transmission loss is about 2 dB. 

similar modulator technique develo ped several yea rs 
ago is now operat ing in ph ase-shift-keyed re pea ters a t 2 
GH z. [See Electronics, May 25, 1970, p . 9 1.] 

The future holds no limit 

Operation o f both the si ngle-ho p test link a nd the 13-
hop 60-kilometer link will provide additional d a ta o n 
degradation of cross-po la ri za tio n by ra in fa ll , variations 
in rainfall fading with direction , a nd o ther ty pes of in­
terference and signal degrad a tio n. 

These data wi ll be used in th e desig n of a co mm ercial 
20-GH z digital radio-re lay sys tem. T esting o f such a sys­
tem is expected to begin in a few yea rs. 

Th e Nippon Telegra ph a nd T ele phone Public Corp . 
is continually eva luat ing broadband communica tio ns 
sys tems. Compo nents for a 40- 80-G Hz circul ar wave­
guide system a re al so being developed. 

Tenta tive fea tures of such a syste m includ e ga llium 
arsenid e Schott ky diode u p- a nd d own-conve rte rs, a 
1.7-GHz thin-film i-f a mplifier a nd lmpa tt diodes for use 
in th e local oscilla tor. T he most recent la bora to ry mea­
surem ents show Impa tt power o utputs o f 9 1 milliwa tts 
a t 82 GHZ. 

Twe nty-six channels in each direction will each have 
a tra nsmiss ion ca pacity o f 800 Mb / using fo ur-l eve l 
phase-shift keying. D 
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Building a range tracker 
with digital circuits 
Breaking down basic servo loop into its fundamental components simpli­
fies design of digital range tracker ; optional features , such as 
an excess-range computer, can also be added with relative ease 

by Edwin Drogin , AIL , a division of Cutler-Hammer, Deer Park. NY 

D Designing a radar system, even a si mple one , usua lly 
takes up a good dea l of engineering time and creates 
many problems in hardware implementation. But digi­
tal design techniques and the availability of sophis­
ticated large-scale 1cs are simplifying the whole busi­
ness . A complete digital range tracker, for example , can 
be built with only one or two LSI chips. A very complex 
tracker, of course, would require a la rger bank of di gital 
circuits, perhaps even an entire sma ll general-purpose 
digita l computer. 

Getting down to b~sics 

Most digi tal range trackers cannot be designed in a 
stri ct step-by-step fas hion. Still , the basic guidelines can 
be derived from the fundamental elements that make 
up any standard tracking loop. 

In its digital form , such a loop is commonly built 
around a binary counter that starts when a radar pulse 
is tra nsmit ted and stops when a reply (echo) pulse is re­
ceived. The number left in the counter represents the 
ra nge (d istance) of the target from the radar system. 

This sort of measurement is an open-loop technique 
that is feas ible for a single target and a high signal-to­
noise ratio, provided the reply pu lse either has a fast 
rise tim e compared to the range accuracy desired or has 
a relatively constant amplitude. 

Unfortuna tely, few of these conditions are met in the 
real world. It is usu a ll y necessa ry to construct a tracking 
loop that follows the target 's range. The loop must be 
unaffected by the presence of other possible targets oc­
curring either ea rli er or la ter th a n the target of interest. 
And noise effects, pulse rise time, and variations in tar­
get amplitude shou ld a lso be minimi zed . 

The analog-to-digital converter 

A block diagram (Fig. 1) of a digital range tracking 
loop shows the three key loop elements: an analog-to­
digital error converter, a tracking ga te generator, a nd a 
range register (integrator). There may also be severa l 
a uxi li ary subsystems, such as a display interface and 
manual or automatic range position and slew systems 
for target acquisition. Furth er, it may be necessa ry to 
a·dd circuitry to prevent a transmitter pulse from inter­
fering destructively with a targe t repl y pulse. 

One popular technique for implementing the first 
main element- the a-d error converter- is illustrated in 
Fig . 2. Here, the video reply pulse is applied to two elec-
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tronic swi tches. An ea rl y and a late ga te actu ate the 
switches to isolate the ta rget from earlier or later repl y 
pulses. 

When the reply pulse is centered between the ga t~ s , 

equal energy is passed by both swi tches, and the voltage 
outputs from the two RC integrato rs become eq ual. As 
the target moves from the cen ter pos ition , th e voltage 
difference between the two integrators varies monoton­
ically, as the range error graph shows. 

To cover the full range of poss ible error outputs, the 
early and late ga tes must be a t least as wide as the ex­
pected target repl y pulse, and in practice are made very 
wid e to ease the problem of acquiring a high-ve locity 
target. Such ga tes also help the system stay in track dur­
ing rapid target maneuvers or bad signal fades. 

A vo ltage-contro lled osc illator converts the error vo lt­
age to digital form. The vco is dri ve n by a si ngle-po le 
double-throw electronic switch , which is connected to 
th e error voltage for half a computat ion cycle and to a 
reference voltage for the oth er half. A square wave os­
cil la ting at or less th a n the radar pulse rep~tition fre-

1. Digital range tracker. Block diagram of basic tracking loop com­
prises three fundamental subsystems. Analog-to-d igital converter 

follows range error, gate generator isolates target's reply pulse . and 
rarige register stores ultimate target range information . 
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2. From analog to digital. Error measuring circuitry and error counter make up analog-to-digital converter. When video reply pulse is cen­

tered between early and late ga·tes. outputs of RC integrators are equal. Error voltage is created as target shifts from center position . Range 

error graph shows gate tracking characteristic. Voltage-controlled oscillator converts error vol tage to dig ita l output for up / down counter . If 

error voltage 1s greater than reference voltage , net count after one up / down cycl e is positive . If it is smaller, net count is negative. 

q uency (PRF) is app lied to the switch input. (The 
sq uare-wave frequency sho uld be high compared to the 
tim e constant of the RC in tegra tors.) 

The output of the vco is a digital clock , which feeds 
an up / down counter. While the vco is connected to the 
e rror vo ltage . the counter counts up . It counts down 
when the vco is connected to the reference voltage. If 
the error is higher tha n the reference , which is nomi­
na lly 0 vol ts , the re will be a ne t positive number in th e 
counter at the end of one up / down cycle . The reason is 
that the vco frequency output is higher when the 
counter is counting up than when it is co unting down. 
Converse ly, if the error voltage is lower, the counter wi ll 
con tain a net negative number. 

In actua l practice, the up / down counter is enabled 
for on ly part of the square-wave period , as ind icated in 
F ig. 2, to a llow t ime for transients in the vco output to 
sett le after swi tching. Also, there must be enough time 
to load counter conten ts into the error register a nd to 
clear the counter before the next cycle. With thi s en­
ab li ng scheme, the square-wave frequency need not be 
precise. For examp le, it could be the PRF of a variable­
PRF radar. Only the two enable interva ls must be preci­
sely ma tched. 

Tweaking the converter 

A re latively inexpensive vco is allowable, since its 
center frequency is not critica l and can drift slowly 
without affecting circuit operation. (The residual count 
error accumulated in the counter depends only on the 
stability of the vco's frequency-versus-voltage charac­
teristic.) Also, the tracking po int can be made to com­
pe nsate for switch o ffse ts and de voltage drifts by ad­
justment of the reference voltage , since the loop 
automatically ma kes the error and reference vo ltages 
equal. 

lf the des ign a llows switching from the error voltage 
outp ut to a potentiometer, it becomes poss ible to slew 
the early and late gates in or out ma nua lly with respect 
to range. To provide a very fast slew ca pability, the bi-
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na ry e rror count fro m th e counte r ca n be loaded into 
h igher-bi t pos iti ons in the error reg ister. 

As the a mplitude o f the ta rge t reply pulse fluctu a tes, 
the ga in of the erro r-measuring system also flu ctu ates 
a nd may lead to under- o r ove r-da mpin g o f th e tracking 
loop- or even to insta bility in more compl ex loops. To 
avoid thi s, the integra to r outputs ca n be summed and 
the res ulta nt vo ltage used in a n a uto matic ga in control 
ci rcuit. The over-a ll ga in is usua ll y set so th a t a motio n 
of th e ta rge t reply by E fee t fro m the center pos itio n 
will res ult in a d igita l error count equiva lent to E fee t. 

The gate generator 

The second key loop element for a dig ita l range 
tracker is the ea rly-late ga te ge nerator. This consists o f a 
ra nge counter a nd associa ted logic. 

At the sta rt of th e transmitter pulse, the o ne's co mple­
ment of th e ex pected bin ary digita l range is loaded into 
the ra nge counter, which th en moves in th e up direc­
tion . T he tim e it takes fo r a ll counter flip-fl o ps to reach 
logic I is eq ui va lent to the time it ta kes for the target 
rep ly pulse to be rece ived- th a t is, if the ta rget is at the 
exact d igi ta l ra nge ex pected. 

Beca use thi s a ll-logic- I sta te de tects ta rget ra nge, an 
ordina ry rippl e-carry counter ca n be used instead o f a 
synchro nous bin a ry counter. Specifically, the first 
counter fl ip- flo p is th e last to go to log ic I once all other 
coun ter flip-flops have a rri ved th ere. Consequ ently, the 
de lay in reaching a n a ll-logic-I sta te is the necessa ry 
number of clock periods plus th e delay o f th e first flip­
flop after clock actua tio n. This being id entical to the de­
lay of a full y synchrono us counter, a 'ripple-ca rry 
counter is qu ite adequa te. 

Figure 3a illust ra tes a ga te-genera ting techniqu e with 
a simple counter cha in of flip -fl o ps A through J. NAN O 

ga te G 1 is enabled when the ou tp uts o f a ll the flip-fl o ps 
become logic I. Th is resets th e ea rly-ga te flip-fl o p (G 2 

and G 3 ) , and se ts th e la te-ga te flip-fl op (G 4 and G 5). 

The forme r is set a t som e count less tha n th e a ll-logic- I 
sta te, the la tt er reset a t some count pas t thi s sta te. These 
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Analyzing tracking loops 
The input variable to a digital range tracker may be a 

quantity like shaft posi tion , the phase of some sine wave 
or other waveform with respect to a reference , or the time 
of occurrence of some pulse with respect to a re ference 
pulse. The output of the tracking loop is simply a digital 
representation of the analog quanti ty. It is compared with 
the input variable , and any discrepancies result in a digi­
tal error that is used to drive the digital output closer to 
equiva lence wi th the input. 

If the computation (sample) rate is high compared to 
the loop noise bandwidth , the loop transfer function can 
be approximated with Laplace transforms: 

E0 / E; = G(1 + G) = aK / (s2+ as+aK) 
where G is the open-loop transfer func tion , s is the La­
place operator, and a is the low-pass cutoff radian fre­
quency of the integrator in the error measuring circuit. If 
a simple RC filter is used , then a = 1 /RC . Variable K is 
called the veloci ty constant-this is simply the update 
rate that achieves unity gain in the error subsystem. For 
example , if the range regis ter is updated 50 times a sec­
ond, then a 1-foot error will result in a range rate of 50 
feet per second in the register . 

The denominator of the loop transfer function is the 
characteristic equation , and can be written as: 

s2 + as + aK = s2 + 2Fw0 s + w0~ 
where w 0 is the undamped natural frequency of the loop 
in radians per second , and Fis the damping constant. For 
this loop : 

a = 2Fwo and K = Wol 2F 
When F is unity , the loop is cr itica ll y damped. If F is 

less than unity, the loop is underdamped and will over­
shoot and / or osci llate before sett ling to some final value 
after a step input. For F = 1: 

a = 2w0 and K = w0 ! 2 
Manipulating the values of K and a, therefore , allows 

the setting of noise bandwidth and the lag or lead error 

ga te edges do not have to be accura te; therefore th e 
counter p ropaga tion delays do not m atter. But the edge 
of th e pulse deri ved from the all-l ogic- I state is critica l. 
beca use it corresponds to the t racking po int. 

In p racti ce, th ere m ay be severa l ava il ab le counts fo r 
se tting and rese tting th e two gates so as to p rov ide a va­
ri ety of ga te widths for a va ri ety o f situati ons. For in­
stance, a w ide ga te could be used for targe t acquisition 
and a nar row gate fo r t racking. For a nar row gate, sig­
nals B and c of F ig. 3a are fed to AND gate G6 to gen­
era te the ea rly-ga te set pulse. Signal c prevents addi­
ti onal se t pulses from fa lse ly restarting th e early ga te o r 
interfering w ith th e reset pulse. Simil arl y, th e load com­
m and to the ra nge counter rese ts the late gate, prevent­
ing a hangup i f that ga te is run into th e nex t t ra nsmitter 
pulse for m ax imum range. 

D elays in the tra nsmitter and / or the ra dar beacon ( i f 
the target ca rri es one) ca n di stort ra nge. T o co mpensa te 
for them , the w idth of th e load command pul se ca n be 
va ri ed. A lternati vely th e position of thi s pulse wi th re­
spect to the t ra nsmitter pulse m ay be vari ed to .ob tain 
th e sa m e result. 

A sum gate is prov ided fo r age circuitry and an abso­
lute-range gate fo r a dig ital d ispl ay. The second gate 
starts w hen the fli p-flop chain starts counting and ends 
at th e t racking point (beginning of th e late ga te). It is 
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for a constant-velocity target. Usually K is limited to some 
submultiple of the radar pulse repetition frequency , and 1' 

is then established for best damping . 
Higher-order loops can be implemented by adding ve­

locity, acceleration , and even higher-order registers . With 
a veloci ty register installed between the error and range 
registers in the loop , the characteristic equation becomes 
a cubic equation . And there is no lag or lead error for a 
constant-velocity target , since the velocity register, after 
an initial transient interval , stores the target velocity , 
causing the range register to follow the target with zero 
error in the error register . 

Besides eliminating lead or lag error problems , higher­
order loops can have narrower bandwidths than first­
order loops. And since the integrators are all digital , the 
drift or gain-stability problems that complicate high-order 
analog loops are nonexistent. 

Loop analysis with Laplace transforms may be inaccu­
rate for high-order loops, because the higher the order of 
the loop , the higher the data sampling rate must be as 
compared to loop noise bandwidth: For an exact analysis 
of a digital range tracker , z-transforms or finite difference 
equations must be used for characterization , since a 
tracker is a sampled-data system. 

TA RGET 
PO SITIO N 

ERROR RANGE Eo RA NGE 
REGI ST ER OU TPUT 

GATES 

used to ga te clocks to a bin ary -coded-decim al counter 
th at d ri ves a decimal display sys tem . By se lect ing the 
appropriate clock ra te to the BCD counter, th e same dis­
pl ay ca n read out in mil es. fee t, kil om eters. o r any other 
desired sys tem of units. 

Interpolation boosts resolution 

For th e digital ra nge tracker of F ig. I , ra nge resolu­
ti on depends on th e clock ra te to the range counter. 
H owever, by adding th e three-bit interpo lation network 
shown in Fig. 3b to th e gate genera tor o f Fig. 3a , th e 
resolution of the entire t racker can be improved w ithout 
increasing the clock ra te. For instance, a 6 .2-m ega hert z 
clock rate allows a t racker resolution of about 80 fee t. 
A dding three delay lines w ill improve th e resoluti on to 
10 fee t- the equi va lent o f a 49.6-MHz clock . 

T he path of th e tracking pulse throu gh or around 
each de lay line is contro lled by the three lowest-order 
bits of the tracker loo p- fo r thi s example, represented 
by 40, 20, and 10 fee t, respecti ve ly. Th e ra nge counter 
rece ives the hi ghest-order bits (80 fee t and up ). Th ere is 
a fi xed delay, even with all delay lines by passed . But it 
is easil y ca libra ted out of the system by adj ustin g th e 
ra nge counter load point o r the tracking po int on th e 
reply pulse. 

A lthough thi s interpolation technique is relati ve ly 
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3. Counting and gating. Time required for every flip -flop 1n range counter (a) to go to logic 1 is time needed to receive ta rget reply pulse. 

Early gate 1s enabled at some count lower than all-logic-1 state, late gate 1s reset at higher count. Sum gate outpu t is fo r automatic ga in con­

trol circuitry, and absolute-range gate output allows incorporation of digital display. Inserti ng in te rpola tion network (b) improves resolution 

without 1ncreas1ng clock rate. Number of 1nterpolator delay lines corresponds to number of lowest-order tracker-loop bits needed . 

easy to implement, it does not a llow the ra nge to be dis­
played to full syste m reso lutio n : for it doesn 't make use 
of th e a bso lute- range ga te or th e clock to the range 
counte r. A way to avo id using a higher-frequ ency clock 
a nd ye t imp rove display resolution is to set up a sepa­
ra te range cou nte r th at e mpl oys a ll th e range bits. 

If thi s counter is driven by the sa me clock th a t dri ves 
the ga te-ge nera ting counter, the ra nge ga te produced 
will be e ig ht tim es wider than true range, when inter­
pola ting over three bits. But now the ra nge ga te and 
system clock can directly drive a BCD counte r to pro­
duce a range display with full system reso lut ion. Th e 
maximum upd a te ra te fo r th e display will be restricted 
to one-e ig hth th e ra d a r PRF beca use of th e inte rpo lation 
sca le fac tor int rod uced . 

The range register 

The third a nd las t key loop e lement is the ra nge regis­
ter. It's show n in Fig. 4 with its assoc ia ted erro r regis ter 
a nd adder. 

The error signa l (represe nted by inputs E1 through 
E5) from the up / down cou nter of th e a-d converter sub­
system is tra nsferred, in parallel, to the error register. 
Then it is shifted ou t seria lly to an adder. where it is 
summed with the ra nge information stored in the ra nge 
shift register. Seria l a rithm eti c is used to save parts, and 
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a lso because the required shift rates a re usua lly low 
compared with th e ca pab ility o f standard !Cs . 

Th e error registe r need not have as m any bits as the 
range register, since the erro r requires fewer signifi ca nt 
bits th a n th e range. Instead , the sign bit is fed to th e in­
put of th e error registe r, a nd is used to fill the higher­
o rder erro r bits. This ca n be d one when the sa me num­
ber o f cl ocks dri ves the e r ro r an d ra nge registe rs. 

A positi ve e rror has a sign bit of log ic 0 , so that zero is 
added to the hig her-order range bits. A nega tive error is 
conve rted into two's comple ment form with a sig n b it o f 
logic I a nd add ed to th e range. In effect, a nega tive e r­
ro r a utom a tica ll y subt racts fro m th e range since a ll 
higher-o rder error bits a re a lso logic I. For th e two reg­
isters in the fi gure, a burst of 10 shift clocks circu lates 
th e ra nge throug h the adder to complete o ne cycle. 

Adding excess-range computation 

Sometim es, high-PR F radars a re used , because th ey 
reduce th e peak power req uired in tra cking lo ng-range 
ta rge ts, ye t mainta in adequate average power on the 
ta rge t. Figure Sa shows the echo pa tt ern in rela tio n to 
th e transm itter pulses fo r such a radar. The tru e ran ge 
o f the ta rget is RT a nd the a ppa rent range is RE (a lso 
ca lled th e excess ra nge): 

RE =RT - nP 
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4. Stori ng range data . Error signal from error coun ter is fed to error register . Error 1s then shifted to adder and summed wi th ex1st1ng range 

data 1n range register . Since serial arithmetic 1s used . only a few parts are needed , and these can be operated at low shift rates. 
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5. Worthwhile additions. Tracking long-range target requires h1gh ­

frequency radar that causes mu ltip le-pulse echo pattern (a). To find 

true range (Rr) of target . an excess-range ( R1.:) computer (b) 1s 

needed . Absolute-range counter provides gate proportional to width 

of Rr. Excess-range counter is only on during absolute-range gate . 

making its count the desired R1.: for generating proper early and late 

gates. Ant1-ecl1ps1ng circuit (c) prevents transmitter pulse of am­

biguous-range radar from eclipsing target reply . If early or late gate 

runs into transmi tter pulse . NANO gate 1s enabled , and radar 1umps 

to new PRF so that new R1.: can be found wi thout loss of track. 

wh ere Pis th e rad a r inte rpulse period and n is the inte­
ge r num be r ofechos. 

T o track the targe t a nd utili ze a ll the tra nsmitte r 
energy efficientl y, a se t o f ea rl y and la te ga tes is needed 
a t a ra nge RE fro m each t ra nsmitte r pulse. At the sam e 
tim e. th e ra nge in th e range registe r should be true 
range , RT. Bo th requirem ents ca n be m et by including 
a n excess-ra nge computer, like th e o ne in Fig. 5b. be­
twee n th e ra nge register a nd a ra nge counter th a t cycles 
a t th e radar PRF. 

This " computer" is mere ly a n a dditiona l pa ir o f ra nge 
counte rs. On e of th em gene ra tes an a bso lute-ran ge ga te 
tha t is p roportio na l to RT in wid th a nd tha t is essenti a l 
fo r di spl ay ing ra nge in a ny rad a r. The o the r ope rat es 
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during the a bso lute-ra nge ga te inte rva l, but is cl ea red 
durin g eve ry tra nsmitter pulse tim e. T he count re ma in­
ing in the excess-ra nge counte r a t th e end o f th e a bso­
lute-ra nge ga te is th e d es ired excess ra nge. T hi s RE out­
p ut is the n used to ge nera te th e necessa ry ea rly a nd late 
ga tes. The excess ra nge is upda ted a t a ra te th a t is 
counted down fro m th e ra d a r PRF. 

To ensure th a t the ra nge in th e ra nge reg iste r is tru e 
a nd does no t re fl ect a n in correct numpe r of echo pulses, 
the rada r usua ll y has seve ral PR Fs- tha t is, severa l va l­
ues of P. For each PRF, t he valu e of R r: w ill be di ffe rent , 
so lo ng as the va rious va lu es of P have no commo n fac­
to rs and true ra nge RT is less tha n the produ ct of th e Ps. 
If th ese conditio ns a re me t, a new va lu e o f RE will be 
computed whe n th e PR F is changed . But the ta rget re­
ma in s in the ea rl y a nd la te ga tes if. a nd o nl y if, th e 
ra nge registe r conta ins th e correc t va lu e of RT. 

For acqui sitio n purposes. it is unn ecessa ry to jump 
back and fo rth be tween diffe rent PRFS to ma ke sure th a t 
th e ra nge reg ister is slewed to th e co rrect ra nge. Ra th er. 
ta rget re turns ca n be shown o n a display th a t has a wid e 
enou3h swee p to cover the full ra nge. And eve ry nth 
tra nsmitte r pul se mu st be jitte red. Then, when the di s­
pl ay swee p is synch ro nized to th e jitte red pulse, the tru e 
ta rget echo a ppea rs to be s teady. The a pproxima te tru e 
ra nge can now be measured o ff the di splay to check th a t 
th e ra nge reg iste r is slewed to nea r th e co rrec t va lue. 

Anti-eclipsing circuitry 

With a n a mbi guo us-ra nge ra da r. a tracked ta rge t 
may run into a transmitte r pulse. fo rcing R r: to go to 
zero since RT = nP . Beca use the rece ive r ca nnot usua ll y 
be on during th e trans mitter pul se tim e. th e re is a lso th e 
poss ible da nger o f loss o f tra ck. T o avo id th ese prob­
lems. th e pos iti on of th e early- la te ga tes in re la ti o n to 
th e tran smitte r pulse ca n be monito red by an a nti ­
eclipsin g circuit (F ig. Sc). 

Both ga te signa ls dri ve a NO R ga te, for ming a sum 
ga te th a t is a pplied to a NANO ga te a lo ng with the ra d a r 
PRF. Wheneve r a n ea rly o r la te ga te bumps into a tra ns­
mitter pul se, the NAN O ga te is e nabl ed , a nd the ra d a r 
PR F is jumped , ca using the rad a r to o pera te a t a new 
PRF. The tim e consta nt o f th e a nti -ec lipsing circuit is 
lo ng enough to ho ld th e ra d a r a t th e new PR F, so th a t a 
new RE ca n be ca lcul a ted a nd tracking ca n be resum ed . 

Many othe r fea tures ca n eas ily be add ed to a di g ita l 
trac king loop . Th ese include a uto ma tic sea rch a nd ac­
qui sitio n log ic. a nti-jamming circuit ry , se lf-test logic, 
a nd se lf-ca libra tion logic. O 
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urs. 
Small. Very small. In fact, the smallest. 
We call them our Series 1400. They're hermetically 

sealed and have better specs. Ideal for HI-REL military/aerospace 
applications. Ask about our MIL STD 883 capability. 

MODEL 1412 mini-chopper. Unique. Gives you 
unbelievable flexibility in solving critical packaging problems. 
High performance. Like, ±25 µV max initial offset, 0.25 µ V /°C drift, 
and 30 pA bias current, 2 pA/°C drift. Price: $104 in lOO's. 

MODEL 1414/10. Fastest FET op-amp in a DIP 
package. 65 V/µsec slew rate. Settles to .01 % in800 nsec. 20 pA 
bias current, 25 mA output current. Price: $45.50 in lOO's. 

MODEL 1402 micro power FET op-amp with 0.5 mA 
quiescent current, ±4 V to ±24 V supply range, 15 pA typ bias cur­
rent, and 10 µV /°C drift. All this, and more, in a T0-8 case. Ideal for 
pollution-monitoring devices, oceanography, and portable test 
equipment. Price: $44 in lOO's. 

A small price to pay for the best. And we can prove it, 
with evaluation samples. Off the shelf shipment from the industry's 
largest selection of linear circuit modules. 

Get full details from your local Philbrick representative 
or Teledyne Philbrick, Allied Drive at Route 128, Dedham, 
Massachusetts 02026. For toll-free ready data dial (800) 225-7883. 
In Massachusetts, (617) 329-1600. 

Packages shown actual size . 

inear Microcircuits. 
e good ones. 
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Designer's casebook 

Series-connected op amps 
nu 11 offset voltage 
by Lawrence Choice 
Burr-Brown Research Corp .. Tucson. Anz 

The input offset voltage and offse t vo ltage drift of a dif­
ferential operational amplifier can be held essen tially to 
zero by con nectin g a second amplifier at th e inverting 
input of the first. This auxi lia ry op amp must have an 
offset vo ltage and drift th at are matched to th e primary 
op amp. The additiona l amplifi er will then act as a 

floating voltage source. ca nceling any o ffse t vo lta ge. r 
As shown in (a). unity-feedback amplifier A1 is con­

nected to the invertin g input of amplifier A". providing 
a tloating offse t vo ltage source betwee n A"'s non-in ve rt ­
i ng in put and its ou t put. ( 1 f A 1 's offset characteri '> ti c'> 
were matched with opposite polari ty to those o f A". 
then A1 cou ld be placed at A:!'s non-inverting input. ) ~ 
Letting V," represent th e input offset vo lta ge of A:!. V \1 
the vo ltage across A1. A,, th e o pen-l oop gain of A:! . and 
E1 and E" the two input signals. then output \'O ltage E .. 
can be written as: 

E,, = - A,,(E1- E") - A,,(V_\ 1- V.,, ) ~ 

lfV _\1 = V,," then : 
E,, = -A.,(E 1 - E~) • 
The compos ite amplifier consisting o f A1 and A:! can 

Getting rid of offset voltage. Letting amplifier A, act as floating voltage source (a) effectively eliminates offset voltage and offset voltage drift 

of amplifier A2 . As long as A 1 and A2 are matched. their offset voltages cancel , keeping offset of composite amplifier at zero Composite am ­

plifier of (a) can be used as conventional single operational amplifier for either inverting (b) or non-inverting (c) appl1cat1ons 

COMPOSITE AMPLIFIER 

) 

(a) 

500 - 2,000 pF 

E, 

(c) 

92 

Eo = E, 

100 krl 

E0 = - 100 E, 

he used as a very-low-drift inverting amplifier. lik e the 
one illustrated in (b). Resisto rs R1. R:!. and R 1 are 
added to decrease th e effects of amplifier bias current 
on total offset voltage and drift. This particular unity­
ga i n composite amplifier con fi gurati on will he sta hie in 
circui ts having feedback factors as large as 50'+. 

When used as a unity-gain non-in ve rtin g buffer. th e 
composi te amplifi er should be compensated as indi­
cated in (c). The co mpen sa ti on does not red uce a mpli ­
fier small-signal ba ndwidth. 
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Linear signal limiting 
with feedback multiplier 
by R J Karwoski 
Raytheon Co .. Eqwpment d1v1swn. Sudbury Mass 

A signal can be linea rl y co mpressed or limited ove r a 
wid e dyna mic ran ge b\' us in g a four-quadrant a nalog 
multiplier as a fecclback e l c m ~nt. Pa rti cul a rly use ful fo~ 
audio applica tio ns. thi s lin ea r limiting techniqu e docs 
away with the signa l di sto rtion th at occurs with non­
lin ea r meth ods. Also. th e lin ea r limiter does not require 
th e ca re ful calibration and many tri a l-a nd -er ro r adjust­
ments needed fo r a no nlin ea r limiter. 

Th e cont ro l sec ti on of the lin ea r limiter consists o f 
three opera ti ona l a mplifi e rs a nd a multipli e r. Op amp 
A1 is th e th ro ughpu t a mplifier with loca l feedbac k 
th ro ugh res isto rs Rr . R 1• a nd R". Wh en Rr is sho rted . 
th e cont ro l circuitry is by passed . and the circuit be­
comes a lin ea r vo ltage- fo llowe r: 

e., = ei ( I+ R 1.·/ (R~ R "/ ( R 1 + R")j) 
Th e fund a me nta l feedback equ ation fo r th e limiter is 

based on am pli fie r A 1 : 

e., = A.,e/ ( I + A.,/1) 
wh ere ga in A., is de te rmi ned bv A 1's loca l feedback ar­
ra n ge~e nt o f R 1•• a nd R 1 in pa.ra ll cl with R". Feedback 
fac tor /1 depe nds on th e cont ro l section. whose oper­
a tin g fu nction rese mbl es th e basic feedback equ ation. 
Th e re la tio nship betwee n multipli er input e, a nd multi ­
plie r in pu t e:-: becomes: 

e, = e:-: 1( I + e:-: ) 
Fo r sma ll va lu es of e:-; . thi s equ a ti on dege nera tes to : 

e, = e:-: 
which is a lin ea r fun cti on represe ntin g a I : I co mpres­
sion ra ti o betwee n e., a nd ej. Fo r la rge va lu es o f e_,. th e 
fun cti on becomes asy mpto ti ca ll y limitin g : 

c, = e:-: l e:-: = I 
O ve r-a ll limite r tra nsfe r fun cti on ca n be writte n as: 

e., i ..i H1.·/ (R1 H::/(R1 t HJ ] 

l'i l L.fl() H1.·(ci)p1) H" 

Multipli er output exey/ 10 a nd th e product of ga in s o f 
amplifi e rs A2 . A:1• a nd A-1 a re re prese nted by the facto r 
4 IO(e;)pk· wh ere (e;)p1< is th e pea k input signa l a mpli­
tud e. Res isto r R1•• co nt ro ls both circuit ga in and com­
press ion. Howe ve r. fo r a ny sin g le va lu e o f e j. th e limiter 
ca n be set to prov id e a gain o f unity. rega rdl ess o f RF's 
res istance and how muc h o r how littl e limitin g is 
need ed. Additiona l over-a ll ga in adjustm e nts a re th en 
unn ecessa ry. even if the co mpress io n ra tio must be 
cha nged . 

wGh a 100-milli vo lt input. th e circuit illustra ted sup­
plies a 100- mv output. no ma tte r wh a t th e se tting of R1.· . 
Fo r a ny va lu e of R1.·. resisto r R 1 is sel ected to keep: 

I + R1.·/ (R 1R"/ (R1 +R 2)] = I + 41 0 R1.·( IOO mv )/ R2 
C ircuit co mpress ion ra ti o ca n be va ri ed by cha ngin g th e 
va lu e of Rr. but circuit ga in rema in s unity fo r ei = e .. = 
100 m v. 

Th e pe rfo rm a nce curves show th e limiter's transfer 
fun cti on for three compress ion ratios with circuit unity­
gain point a t 100 m v- 1: I (no compress ion. RF = 0). 
8 : I (max imum compressio n. R r = 25 kilohm s). a nd 3 : I 
(mid ra nge compress ion) . 

Variable linear limiter. Compression ratio can be varied by ad1usting resistor RF without changing ci rcuit gain-limiter 's unity-gain poin t re­

mains e, = e,, = 100 millivol ts Amplifier A1 1s controlled by local feedback through resistors R1.-. R1, and R, and by additional feedback from 

multiplier and amplifiers Ac . A ,. and A 1• When RF = 0. compression ratio 1s 1: 1, when RF = 25 ki lohms, compression 1s 8 : 1 

25 kl1 

R1 3.6 krl 

47 k.Q 

7.5 kn 

330 l1 
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Simple logic circuits 
compare binary numbers 
by Edward J. Murray 
Inter-Computer Electronics Inc., Lansdale, Pa. 

In real-tim e data acqu1s1t1on applications, determining 
the relative magnitud e of two bin ary numbers with 
hardware, rather tha n software, now requires only three 
logic modules if data is being transferred seria lly. Pre­
vio usly, rather complex circuitry was needed . 

Only th e most-signifi cant differe nce between two 
coincid ent seria l d ata strea ms defines the ir relative 
m agnitud e. Tf the least-signifi ca nt bit is tra nsmitted 
first, the last difference betwee n co incident word bits 
determines which is the largest word . When the most­
significant bit is the first transmitted , the first difference 
esta blishes re la tive magnitud e, a nd a ll o th er differences 
ca n be ignored . 

Six logic gates (a) can compa re two words when the 
least-significa nt bit is the initia l input. Eight logic gates 
(b) are needed when th e most-significant bit a rri ves 
first. The heart of bo th schemes is a three-state la tch 
th at p rovides three comparisons fo r input words A and 
B: A is greater tha n B, A equ a ls B, a nd A is less th a n B. 

The timing diagra ms in (a) and (b) illustra te circuit 
operation when input A is octa l number 25 (binary 
0 10 101 ) a nd input B is octa l number 15 (binary 
001101 ). Signa ls A a nd B a re not limited to a fixed 
number of bits per word . Any va ri a ble word size ca n be 
used if the results a re interroga ted a fter th e word has 
been transmitted a nd a rese t pulse precedes the word 
being interroga ted . 

This type of bina ry co mpa rator is useful in prelimi­
na ry data sorting a nd numbe r ra nging prio r to softwa re 
process ing for mult i-cha nne l data acquisition. In the 
timing diagram , the " result ava ila bl e" waveform indi­
ca tes the best interroga tion periods. 

Designer's casebook 1s a regular feature in Electronics. We invite readers to submit ongmal 
and unpublished circuit ideas and solutions to design problems Explain briefly but thor­
oughly the c1rcu1t's operat ing pnnc1ple and purpose . We 'll pay $50 for each item published 

Checking number size. To find relative magnitude of serial words A and B, only most-significant differences between coincident data bits 
must be considered. Transmitting least-significant bit first (a) requires six gates for compa rison. Two additional gates are needed (b) if most­

significant bit is transmitted first. In timing diagrams, octal 25 (binary 010101) is compared to octal 15 (binary 001101 ) . 

94 

(a) 

A 

r 
I 

' ' I 
I 
I 
L 

B 

TEXAS 
INSTRUMENTS 

LEAST-SIGNIFICANT 
BIT 

A = 25a 

B = 15a -----, 
I 

A > B I 
---- -i 

I 
I 

A < B I 
-----i 

+ 
0 

0 

A > B 

A < B 

RESET 

MOST·SIGNIFICANT 
9!T 

i I 
I 
I 

0 0 1------

I 
0 0 

L _____ 

-----

I I 
-.....---" '------------___,, '---,,-

(b) 
r--------, 
I 
I 

A --.===-=~~...-+:-t.-~ 
I 

TE XAS 
INSTRUMENTS~~~~-

RESET 

RESET 

RESULT 
AVAILABLE 

MOST· SIGNI Fl CANT 
BIT 

: + 
I 

A = 25a I 
-----1 0 0 

B = 158 I 
_ ____ _J 0 0 

I 

~_>_'::_J 

A = B 

LEAST- SIGN I FICA NT 
BIT 

~ I 
I 
I 
1------0 11--+--. 

0 

I L ____ _ 

-----, 1------
1 I 

A < B I I 
- ----...! 1------

1---+--+--+--+--t---+--+--.... 

I 
I I 

-v--------' ~-----~~-----__.,'-----y-

WORD N- 1 WORD N WORD N+l WORD N-1 WORD N WORD N+l 
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PM 3210 
$1350 
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·:1 
DC 

'"" IS pf 

.7 .1 

~
so ,. GAIN •• , DC ... 

1 10 • • 

S S PO S!llON 

, 
Vltm 1 0 I mV/ cm 

CAl 

Best 
price/ 
performance 
ratio 
25 MHz/ 1mV 
15 pf input capacitance 
No de drift ~:¢ 

PHILIPS 
ELECTRONIC 
INSTRUMENTS 

750 S. FULTON AVE., MT. VER NON, N.Y. 10550 
A DIVISION OF PEPI , INC 
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POSITION 

For service application in production 
testing , quality control, medical 
research and computer servicing , 
Philips ' new PM 3210 easily gives 
you the best all around price / 
performance ratio of any scope 
in its field: dual trace 25 MHz at 1 mV 
sensitivity per channel ... dual delay 
lines .. . input impedance 1 M S1 I 15pf 
... X-Y displays with only 2° phase 
shift from 0 to 5 MHz ... 16 
combinations 
of vertical display modes 

Easy to use 
':' No correction needed for de drift, 
self-correcting ... push button mode 
selection . . . automatic triggering , 10 
H2 to 25 MHz 

Easy to read 
1 OkV acceleration and 8 x 1 0 cm 
screen produce clear, unambiguous 
displays 

Easy to service 
Plug-in circu it boards throughout 

Easy to buy 
Call Dick Rude, Sales Manager, Test 
& Measuring Instruments today 
(914-664-4500). He 's holding a 
demonstrator for you . 

Circle 95 on reader service card 95 



New applications open up 
for the versatile isolation amplifier 
Extremely high common-mode rejection ratios and common-mode voltage 
ratings make isolation amplif iers ideal fo r a wide variety of tasks-from 
preventing the electrocution of heart patients to measuring off-ground signals "' 

by C. Peter Zicko , Analog Devices Inc., Norwood. Mass. 

D For measuring off-ground signals. protectin g delicate 
circuitry aga inst h igh common-mode voltages, or inter­
ru p ti ng lea kage pa ths in medical appl ications such as 
ca rd iac moni toring, an isolat ion amp lifier is often an 
econom ical so lu tion to an otherwise cos t ly problem. At 
fi rst g lance it looks m uch like an instrumentation ampli­
fier , but is di sting uis hed by its extreme ly high common­
mod e rejection (even wi th hig h source-resistance un­
ba lance) , h igh common-mode a nd differenti a l-volt age 
ra ting, high common-mode and differenti a l-input resis t­
a nce , a nd low leakage capacitance between input circuit 
a nd ground (see table). 

U n fo rtunate ly, an iso la tion amplifier has less ga in , 
less ba ndwidth , greater tempera ture sens itivity. and 
g rea te r no ise th an an instrumen tation amplifier. This 
pe rfor ma nce d egrad atio n arises from the s ignal modu­
la ti on ci rcuits used to ac hieve iso lation. 

Many applications 

From th ese genera l characteris tics, it is clear that the 
most o bvious ap plication for isolation a mp lifiers is in 
d a ta-acquisit ion sys tems . Here, off-ground current or 
vo ltage read ings mu st be tra nsferred to leve ls about 
ground so th ey can be fed to computers. recorders. and 

1. Reversed operation. Isolation amplifier works backwards 1n 

power-supply application , converts grounded input to floating out­

put. Caution this mode requires an isolated power supply that can 

float at the same potential as the amplifier 's output. 

DIG ITAL 
IN PUT 
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O·A 
CONVERTER 

ISOLAT ION 
AMPLIFIER 

EITHER OUTPUT 
TERMINAL MAY BE 
GROUNDED FOR 
POSITIVE OR 
NEGATIVE OUTPUT 
VOLTAGE 

CONTROL VO LTAGE OUTPUT 
FLOATS AT POWER SUPPLY 
I+ I VOLTAGE LEVEL 

other data-hand ling equipment. In general. the low cos t 
of modern isolation amplifiers has created a whol e new 
range of applications, much as th e development of low­
cost operational amplifiers did for lin ear circuits. 

For example. the isolation a mplifi er not only is useful 
for meas uring signals tha t are floating hundreds o f volts 
above ground . it can a lso reverse the signa l flow. and 
actually feed control s igna ls from info rm a ti on sources 
at ground level to circu itry that is floatin g at so me hi gh 
voltage leve l (Fig. I). 

In the illustration , a de powe r supply is controll ed by 
digital commands tha t are fed to the digital-to-analog 
converter. The power supply is designed so th a t ei ther 
output terminal can be gro unded for a choice of posi­
tive or nega tive output polarity. In one insta nce . con­
sequently. the regulating circuitry will be off-ground to 
the tune of th e full-scale o utput vo ltage. Couplin g prob­
lem s are so lved. of course. by interposin g the iso la tion 
amplifier between the regulating signa l so urce (d-a con­
verter) and the actual vo ltage-regul a tin g circuits. Con­
verse ly. but not shown . feedback signa ls for closed-loop 
voltage control may be brought down to g round leve l 
by an iso lation amplifier working in the conventional 
way. 

Monitoring motor current 

An isolation amp lifi e r's excellent 60-hertz common­
mode performance is brought to bear o n the motor load 
indicator of Fig 2a. Because of its up to 11 5-decihel 
common-mode rejection (CMR) from de to 100 Hz. th e 
amplifier can hand le hig h-vo ltage ac measurements . as 
we ll as de. In this instance, where the delta connection 
elimi nates any neutral line a t or near ground potential. 
the current shunt is inserted directl y into one of the 
three -ph ase lines, a nd readings are transferred to 
ground by the amplifier. A unit 's 1.000-volt common­
mode-voltage (CMV) rating enables app lications o f this 
type to handle motors opera ting from 1.000-v peak sup­
plies (600 v rms), or de supplies in the 1.000-V reg ion . 

If iso lation amplifiers with hi gh CMV ratings were not 
available , it would be necessa ry to use a pair of 
matched voltage dividers to reduce the CMV (Fig. 2b). 
But becau se the pair cannot be matched perfectly. th e 
dividers would degrade the temperature stability of the 
circuit and reduce its CM R. 

An important class of applications for isolation am­
plifiers- one that has nothing to do with the dangers o r 
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How it works 

The remarkable specifications summarized in the table 
derive from the car rier system, which is used to transfer 
both signals and power between the amplifier 's shielded 
input stage and the rest of its circuitry. Because a high 
carrier frequency (150 kilohertz) is used, the amplifier is 
able to provide a small-signal bandwidth of 2 kHz and a 
full-power response up to 200 Hz . 

The high-value resistor , Ri. , limits the differential fault 
current in case one of the input FETs fa ils. It also keeps 
the different ial input resistance high during periods of 
input-amplif ier saturation. This series resistor gives the 
amplifier its 5,000-volt differential input rating , making it 
independent of linear operation of the input circuit ry. 

Because the FET input preamplifier operates single­
ended (non- inverting), only a difference input current 

(a) 

SHIELO ISOLATES INPUT CIRCU IT 
FROM PRIMARY SUPPLY, OUTPUT 
ANO GROUND 

+ 

ZcM 
10 11 f! 11 1 pF 

\ 

SHIELD '\\ 

......-- AMPL HAS 1,000 VOLT VcM 
RATING , WIT HST ANOS 5 kV 
DIFFERENTIAL OR VcM 
PULSES 

CURRENT 
SHUNT 

SC A CONTROL OF 
SPEED OR TORQUE 

TO 
INDICATOR 
AND CHART 
RECD ADER 

flows ; no net bias curren t flows under these conditions. 
Normally , a differential amplifier has two independent 
bias currents , one each at th e inverting and non-inverting 
inputs , and requires a return path for these currents. 

Unlike the ordinary instrumentation amplifier , which de­
pends upon precise component matching for its com­
mon-mode rejection , the isolation amplifier exploits its 
low-leakage transformer coupling to obtain a distinct in­
terruption in the common-mode circuit. This makes it in­
herently immune to common-mode signals and highly in­
sensitive to input imbalances. 

In point of fact , only the unavoidable leakage capaci­
tance between the shielded input section and the rest of 
the circui try keeps the comon-mode rejection ratio from 
being infinite. The reason is that the leakage paths are 
the only mechanism th roug h which the common-mode 
input can affect the amplifier 's ou tpu t. 

SINGLE POLARITY +9 V 
TO +28 V DC SU PPL Y 

( b ) 

AMPLIFIER RECOVERS IN 200 MS 
FROM 5·kV DIFFERENTIAL ANO 
CO MMON MOOE INPUT PULSES 

+ 

I 
I 
I 
I 

_l_ 

LOAD 
50 kl1 

2. Motor monitor. Excellent common-mode rejection of isolation amplifier allows measurement of ac motor cu rrent (a) . Amplifier has useful 

,~ gain to 10 kHz , permitting observation of steep-fronted SCR waveforms on-oscilloscope . With ordinary low-CMV instrumentation amplifier. 

voltage divider network is required (b) . This reduces CMR because of imperfect matching of resistors 
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--- - WIDE SEPARATIO N SITE 

A · D 

CURR ENT FEED BACK AT LOCAL 
GROU ND POTENTIAL 

""ISOLATED FEED BACK 

DIGITAL 
COMPUTER 
CONTROLS 
CURRENT 
PATTERNS 

~ 

TO OTHER 
MAGNET SYSTEMS 

D·A 

3. Ground separation. Isolation ampl ifiers keep analog and digital signals separa ted in th is digitally controlled magnet system . 

4. Uniformity. Driving all strain gauges in series from a single con­

stant -current source ensures un iform exci tation: It also ensures the 

occurrence of a high CMV at top of transducer chain; this si tuation is 

easi ly reso lved with isolat ion amplif iers. 
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CONSTANT 
CURRENT 
SOURC E 

" TOP" END 0 F TRANSDUCER 
CHAIN MAY BE AT 100 V 

- SEPARATE GROUND SITES ---

er: 
w 
x 
w 
--' 
0.. 

~ 
::::J 
2 TO 

A·D 
CON · 

VEATER 

inconveniences o f hig h co mmo n-mode vo ltages- is th e 
e lectrica l separa tion of d iffere nt pa rts o f a n e lec tronic 
circuit. For example , it is o ft en wise to separa te th e 
a na log a nd di gita l po rti o ns of a computer-cont ro ll ed 
hybrid circuit. Wh en th is is do ne, inte rface e rro rs in a-d 
a nd d-a conve rters ca n be elimin a ted , a nd ground loops 
between diffe rent compo nents in the syste m ca n be bro­
ken . In addition , tru e e lectri ca l se para ti on o f diffe rent 
circuits can preve nt digita l pulses fro m riding o n se nsi­
tive a na log lines. th ereby o bscurin g lea st-significa nt-bit 
a nalog increments. 

Ground separation 

A represe nta ti ve a pplica tio n of thi s techniqu e is g ive n 
in Fig. 3. whe re a digita l compute r opera tin g in a cl osed 
a na log-di gita l loop se ts up precise tim e-va ry in g currents 
in a nuclea r acce lera to r's m ag net system . Altho ug h just 
one loop is shown. a pa rticl e acce lera to r may o ft en have 
20 different magne t co il s. with to ta l power co nsumptio n 
in th e megawatt reg io n a nd to ta l a rea in the hundred s 
of square ya rds. Th e techniqu e of a na log-dig ita l iso la­
tion not only kee ps dig ita l pulses out of a na log signa l 
lin es. but prov id es benefi ts in reve rse ; fo r it a ll ows each 
a na log load to o pera te a t w hateve r g round po tenti a l 
preva il s a t th e load site, witho ut impos ing diffi cult com­
mon-mode problems a t the a -d a nd d-a inte rfaces. 

A mode rn technique fo r e nsuring uni fo rmity o f tra ns­
duce r excita ti on is to use curre nt fo rcing (F ig. 4 ) ra th er 
th an to ene rgize severa l tra nsduce rs in pa rall e l fro m a 
common vo ltage source. T his approac h overco mes 
p ro blems ari sing fro m vo ltage d ro ps in th e lin es feeding 
th e different tran sducers and ensures ti ghter reading o f 
diffe rent pressure. te mpera ture. a nd othe r va lues. For 
exa mple, in agri cultu ra l resea rch. it is necessa ry to mea ­
sure th e tempera ture differenti a l of a sun-wa rm ed fie ld 
to a resolution exceeding 0. 1°C. and thi s becomes diffi ­
cult if lin e drops in troduce uncert a inty in th e rmisto r ex­
cita ti on voltage. 

If a la rge string o f stra in-gauge o r the rmisto r t ra ns­
duce rs is to be dri ven fro m a sing le constant-curren t 
source, then a pprec ia ble common-m od e vo ltage will ap­
pea r a t the upper end of th e tra nsduce r cha in ( Fig. 4 ). 
Here, then, is a n exa mple of th e need fo r an a mpli fie r 
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220 v. 
60 Hz LI NE 

LEAKAGE FROM POORLY 
GROUNDED EQU IPMEN T 
" FLOATS" UNGROUNDED 
PATIENT AT 220 V, 60 Hz 

{

SHIELDED 
CA BLE 

,... -

\_ EKG ELECTRODES 

TO EKG 

DI SPLAY 

CURRENTS 11 • 12 , 13 MUST 
TOTAL LE SS THAN 2 µA 
FOR 220·V, 60·Hz LINE 

EQU IVA LENT FAULT CURRENT CIRCUIT 

5. Life and death. In medical applications. where patients may be in contact with poorly grounded equipment , isolation amplifier breaks leak­

age-to-ground path , thus prevents electrocution of the patient. The fatal current need be only a few microamperes in many cases. 

MOTH ER 'S HEART SIGNALS 
VM (TYPICALLY 1 mV) 

OFF-GROUND COMMON 
MODE VOLTAGE DUE TO 
PICKUP LEAKAGE, ETC . 
VcM ("' 1 mV - 100 mV) 

\ 

SHIELDED CABLE 

,---'---.,, 

BABY'S HEAR T SIGNA LS 
Va 1"' 50 µV) 

+ 

TO FETAL 
HEART 
MONITOR 

{ SHIE LDED CABLE V0 = Va + VM/ 60d8 + VcM / 115 dB 

,..----- - - - ....,., + 

\ 

PIC KUP 1 mV - 100 mV 

Vo TO FETAL 
• ----- HEART MO NI TOR 

MON ITOR 

AMPLIFIER 'S 60·dB INPUT·TD·SH IELD CMR SEPARATES BABY'S HEARTBEAT'S FROM MOTHER'S, 
WHILE 115·dB INPUT·TO·GRO UND CMR ATTENUATES 60·Hz PI CK UP 

6. Fetal heartbeat monitoring. Here the problem 1s not only to reiect any muscle noise , but to detect weak signal from baby's heart in pres­

ence of strong cardiac signal from the mother . Solution 1s high common-mode rejeclion of isolation amplifier . 
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TABLE ISOLATION AMPLIFIER vs INSTRUMENTATION AMPLIFIER 

KEY SPECIFCATIONS ISOLATION AMPLI Fl ER* TYPICAL INSTRUMENTATION AMPLIFIER 

CM RR for unity gain with 5,000 ohms of 
115 dB BO dB 

source unbalance from de to 100 Hz 

Commo·n-mode voltage range 
± 1,000 v 

± 10 v 
(5 ,000 V, peak ) 

Differential input voltage range 
± 1,000 v 

± 10 v 
(5 ,000 V, peak) 

I nput·to·ground leakage 
Transformer isolated ; 1011 ohms shunted Feedback generated depends upon 
by less than 10 pF . li near circuit operat ion. 

Bias current configuration 
Single bias current ; amplif ier needs only Two bias current; third wi re is needed 
2 input conductors. for b ias return . 

Small -si gnal passband de to 2 k Hz de to 1.5 MHz 

Price (1- 9) $ 109 $30to $150 

( 100- 999) $ 67 $ 25 to$ 35 

·The isolation amplifier described in this table is the Analog Devices' Models 272 - 275 . 

with high comm on-mode rejection and th e a bility to 
ha ndle 100 v or more of common-mode vo ltage . 

Another important instrumenta ti on application of 
isola ti on a mplifi ers is in ca rdiac moni toring. where th e 
hea rt signals can be masked by muscle no ise. electro­
chemica l noise. res idu a l e lectrode vo ltages. and 60- Hz 
powe r-lin e pickup. An a mpli fier designed fo r high­
perform ance cardiac monitoring must provide th e ut ­
most in com mon-mode rejection in the de to 100-H z 
band . handl e substanti a l source resistance unbalance. 
a nd separa te a few milli vo lts of heartbeat signal fro m 
50 to 500 mv of res idua l electrode potential created by 
electrochemical processes at th e patient-electrode int er­
face . 

Cardiac monitoring 

Safe ty specification s skyrocke t when it comes to car­
di ac monitoring during open-h ea rt surgery o r intensive 
ca re of patients. In th ese cases. because th e resistance of 
exposed orga ns drops to the fractional-ohm level. milli­
vohts of in advertently a ppli ed leakage voltage can 
crea te th e 20 microa mps of body current now known to 
be leth a l. Conseq uently. an electrica lly iso lated ampli ­
fi er mu st be used to avo id grounding of the patient as 
th e electroca rdiograph electrodes are conn ected to the 
hea rt. 

This isola ti on is an importa nt safety requirement be­
cause the pa ti ent may be in con tac t with such hazards 
as poor ly isola ted or grounded respiratory equipment. 
hea rt-lun g machines. and bed-moving servomotors 
(F ig. 5). If so. elec trical connection to grounded EK G 

di splays would complete th e leakage-to-ground path fo r 

100 

th e potenti a ll y da nge rous currents fro m these sources. 
The transform er isola tion a nd IO-pico farad max ­

imum leakage capacitance be tween the isola ti on a mpli­
fi er's input a nd oth er circuits li mi ts th e fa ult current to 
well below th e 20-µ.A danger leve l. even wh en the 
patient is ex posed to a full 220-v. 60- Hz lin e. An a mpli­
fier with a 1.000-v CMV rating. of course. eas ily ha ndles 
acc id enta l conn ecti on of the inpu t electrodes to 220-v 
sources. And a 5.000-v pea k d iffe ren ti al input ra ting en­
ables th e ampli fie r to with stand the hi gh-vo ltage de­
fi brill ation pulses th at may be appl ied in an emergency. 

In fe tal hea rt bea t monitori ng (F ig. 6). th e iso lation 
amplifi er's specifica tio ns ca n be ex ploited eve n furth er. 
In this dema nding applica tion. not onl y is it necessa ry 
to rej ec t muscle vo ltages. 60- Hz pi ck up. a nd electrode 
potenti als. but th e a mpl ifier must be able to distin guish 
between th e wea k fe ta l hea rtbea t and th e much 
stronger ca rdi ac signa ls of the moth er. Th e se paration 
between parenta l and baby hea rtbea ts is accompli shed 
by the 60-dB comm on-mode rejection be tween input 
electrodes a nd shield . while th e 11 5-d B input-to-ground 
CMR screens out 60- Hz picku p. muscle noises. and oth er 
interference. In add it ion. beca use the ampl ifier ca n 
achieve its high common-mode perfo rma nce at unity 
ga in . 500 millivo lts of res idu al electrode potenti al ca n 
be handled without its being dr iven into sa tu ra ti on. 

Since isolation ampli fie rs have only rece ntl y beco me 
ava il able at unit prices below $70 in OEM quantities. 
th eir full range of ap plica ti ons has not yet bee n 
scra tched. In the nex t JO yea rs. lik e th e op amp over th e 
past decade. they a re certa in to turn up with increas ing 
frequency and in the most unex pected situ ations. D 
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One-shot timing performance: 
don 't take it for granted 
Study of industry standard monostable multivibrator-the 9601 -
type of one-shot-reveals that vendor-to-vendor variations in 
timing accuracy are wide enough to prevent device interchangeability 

by David E. Green ' Honeywell ln tormat1on Systems Inc .. Billerica. Mass. 

D All too often. des igners presume tha t a componen t's 
data shee t is prec ise. In acc ura te perform ance spec ifi ca­
tio ns are not inten ti ona l mi srepresenta tio ns on th e part 
of th e ma nufacturer. In stead. th ey result from problems 
inherent in process in g techniqu es. device geometri es. o r 
packa ging e ffect s. But. no m atter wha t it s ca use. exces­
sive performa nce va ri a ti o ns- pa rti cul a rly th ose of so­
ca lled building blocks th a t can be used in a number o f 
a pplicatio ns a nd th a t a re readil y ava ilab le off- the-shelf 
from severa l ma nufacturers- must be brought to th e de­
signer's a ttentio n . 

Consid e r. for exa mpl e. th e industry standard re­
triggerab le monostab le multivib ra to r. typifi ed by the 
960 I . A recent stud y of a d ozen sa mpl e lots o f these 
o ne-sho ts from severa l different compa ni es shows tha t 
th e varia ti ons in output pulse width are so severe­
sometim es a pproaching 60%- th a t some manufacturers 
a re re-eva lu ating their curren t desig ns. whereas o th ers 
a re a lrea dy in th e process of redes ign. 

Vee 

c, 
10 pF _I 

INPUT 9601 

12 

+3.5 v 

Vee 

5 p F C2 

~lO ~pF~o--___.-+--~ 

15 pF 24 krl 

Q 

5 pF 

1 N4524 

2N709 

Timing erro rs becom e espec ia ll y significa nt fo r sm a ll 
va lu es of timin g ca pacita nce . Fo r instance , the o ne­
shot's minimum true o utput pulse is spec ified to have a 
maximu m value of 65 na noseconds. but a pp rox im a te 
extremes of 30 and 92 ns were obse rved. 

Examining the problem 

Pu lse wi dth va ri a ti on for the mo nosta ble is specified 
a t a minimum of 3.08 mi croseconds a nd a m ax imum o f 
3.76 µ,s a bout a no min a l output o f 3.42 µ,s. Or, in-spec ifi­
ca tion varia tio ns of timing accuracy can be tho ug ht o f 
as ± l 0%. Therefore. after accounting fo r timing res isto r 
a nd timing capacitor tolerances. as wel l as supply vo lt­
age variations. th e designer must dea l with a n overa ll 
timing limit to lera nce of ± 15% to ±20%, ma king a ny ad­
dition a l o ne -sho t timing inaccuracies difficult to handl e. 

Adding a trimmer potentiom ete r is the simpl es t way 
to compensate fo r thi s wide to lerance sprea d . o r even 
poor one-sho t ti m in g- but a n accep ta bl e trimme r is 

1d -------- -\- 1.5V 
~50 ns MAX _____.j ___ ;.;...o ___ _ 

Q l- ----- - --'=1.5V 

---- LOUTPUT PULSE j 
WIDTH 

\ - ------ /.- 15V 

15 pF 13 pF > 1N3064 

[ OUTPUT PULSE J 
WIDTH 

1. Testing the one-shot. Test circuit for retr iggerable monostable multivibrator employs unit TTL load on each output.Timing network formed 

by Rx and Cx determines output pulse width at 0 and 0. Capacitors C 1 and C2 are fi xed at 10 picofarads (including stray capacitance and 

fi xture capacitance) , and minimum Cx is held to 5 pF . Output pulse width is measured at device 's low-level logic threshold. 
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2.Plotting the results. Pulse width variations of over 500 9601-type one-shots are shown as percentage deviation from mean pulse width (x) 

for entire group. Test points for 12 sample lots are plotted individually . Values noted for Rx and Cx are those used to obtain indicated mean 
pulse widths from 68 ns to 24 µs . Scattered distribution of results indicates significant discrepancy between actual and specified timing per­
formance Also , output pulse variations from one vendor to next are so great that parts cannot be used interchangably . 
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generally mo re ex pensive than the multivibrator itself. 
And for most printed circuit boards, no prov ision is 
m ade for adding a trimmer a t som e la te r date if a prob­
lem arises. 

Specified o ne-shot timing accuracy implies th at the 
part ho lds pulse-width variations to ± 10% for outputs 
a bove a nd below the no min a l 3.4-µ,s value. However, 
ex tensive testing of over 500 of these multivibrators 
shows th a t thi s is not true. The study notes the variation 
in o utput pulse width for 12 sa mple lo ts of 9601-type 
o ne-shots from a number o f different vendors. 
, Th e tes t ci rcuit used is illustrated in Fig. I. Stray ca­
pacitance and capacita nce frqm th e test fixture are rep­
resented by capacitors C , a nd C2 . The total va lue for 
Sach of th ese capacitors is fixed a t 10 picofarads to per­
mit th e use of a va ri ety of tes t fixtures. Timing ca paci­
ta nce Cx is he ld to a minimum va lue of 5 pF since the 
minimum d a ta shee t value of 0 pF is not really achi e­
vable in practice . 

Both Q and Q o utputs a re te rmina ted with a unit 
t ransisto r-transisto r logic load a nd a 15-p F load ca paci­
to r th a t includes p robe capacitance. (In thi s case, a unit 
load is the equivalent of a sta ndard TTL gate that re­
quires the one-shot to suppl y 60 microamperes for its 
high o utput and to sink 1.4 milli a mpe res for its low out­
put.) 

All pulse widths for the study we re measured a t 
th e low- level logic thresho ld of th e Q output. 

The graph of Fig. 2 summar izes test results by ·com­
paring th e mean pulse width for each sa mple lo t (x) to 
the mean pulse width for a ll the units tes ted (X) . Fina l 
va lues of x are indica ted a long the horizonta l axis, 
showing the mean pulse width obtained for th e timing 
components used . For every combina tion of timing 
compo nent val ues, there is a set of 12 da ta points, each 
po int representing th e percentage dev ia ti o n of mea n 
pulse width x for a given vend.or fro m the group mean 
width ofx, which ranges from 68 ns to 24 µs. 

Analyzing test results 

Several observations can be made from the graph. 
For insta nce, th e d a ta po int a t 2.29 µ,s , nea r the stan­
dard test po int of 3.4 µ,s , suggests that the number of 
units meeting spec ifi ca tio n is no t very high since devia­
tions fro m x are significant. Also the ± 10% tolerance 
band is d ras tica lly exceeded fo r severa l pulse widths. in­
di ca ting a se rious discrepancy fro m predicted perform­
a nce . 

For some sa mple lots, output pulse width diverges 
from its specified val ue as pulse width increases, even 
th ough published timing data sta tes tha t the output 
width sho uld be linearly re la ted to timin g co mponent 
va lues when Cx is grea ter th an 1,000 pF. 

In add ition, for narrow output pulses. performance 
tracking from vendor to vendo r is particularly poor, 
with a hi ghly undesirab le broad distribution of data 
points. A user changing vendors would encounter sig­
nifi ca nt timing performance differences , especially since 
the plot deals on ly with deviation from a mea n, and 
does not show worst-case erro rs. For example, when 
Rx = 50 kilohms and Cx = 5 p F. supposed ly identi cal 
devices from vendor 6 and vendor 12 can generate 
pulses rang ing from 237 to 732 ns in width. 
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Published timing data 
The expected output pulse width of the widely used 
9601 type of monostable multivibrator is easily deter­
mined from its data sheet. Generally, how the unit 's 
timing is computed depends on the value of timing ca-. 
paci tance Cx . When Cx is greater than 1 ,000 pico­
farads , output pulse width can be computed : 

T = 0 32RxCx(1 + 07 / Rx) 
where T is in nanoseconds, timing resistance Rx in 
kilohms, and Cx in picofarads . For Cx values of less 
than 1 ,000 pF, manufacturer's timing curves, like 
those shown , must be used . 

A sin gular a d va ntage to testing pulse width is the 
a bility to se lect those vendors whose products fa ll 
within th e desired tolera nce of ± 10% over the full tim­
ing range. On e-sho t timing should be monitored for a ll 
pul se widths of inte rest by using permissible combina­
tio ns of Rx, between 5 a nd 50 kilo hms, a nd Cx, up to 
1,000 pF. 

As this study decidedly points out , in-spec perform­
a nce a t o ne pulse width does not imply across-the-board 
in-spec performance. One vendor's products, for in ­
sta nce. ex hibit ed un orthodox characteristics eve n 
thou gh the o ne-shots passed the standard 3 .4-ftS ± I 0% 
pulse width tes t fo r Rx = 10 kilohms and Cx = 1,000 
pF. Some devices displayed a variation of ±40% around 
a 68 -ns m ea n pulse width , whi le ot hers cou ld not ge ner­
a te pulses wider than 3.5 ftS und er any conditio ns. 

Once the vendors whose products track together are 
se lected. addi tiona l testing shou ld still be done for abso­
lute certai nty of timing performance. To virtua lly elimi­
nate a ny excess ive ly inaccurate one-shots, the tes ts 
should fix the a llowable ± 10% timing tolerance as the 3~ 
limit of a Gaussian distribution of test results . Based on 
the graph of F ig. 2, the recommended pulse wid ths and 
timing ne tworks are: 85 ns ± 10%, 5 kilohms and 5 pF; 
380 ns ± 10%, 50 kilohms and 5 pF ; 3.4 µ,s ± 10%, 10 
kilohms a nd 1,000 pF ; and 17µ,s ± 10%, 50 kilohms and 
1.000 pF. D 
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In 1971 RCA Solid State introduced 
448 new products ... now 
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Last year RCA's tremendous surge in solid state capability erupted in an outpouring of 
448 new devices-new products, new packaging , improved performance-for expanded 
coverage to meet the demands of today 's market. 
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Here's the 1971 record for new commercial and 
developmental types: 

• • Linear !C's . . . 93 
Single and dual op amps, 

i.#- trip le programmable 
op amps, transi stor and 

COS/MOS IC's, 
3 to 15 Volt Circu its .... . . 151 
Gates, gate arrays, 
buffe rs , complementary 

high-power p-n-p, 
VERSAWATT n-p-n 
and p-n-p types, and 
n-p-n power amplifie rs . 

Power Hybrid Circu i ts ..... 37 
Amplif iers, se ri es regu-
lato rs, arrays, build ing 
blocks and chips. 

~ Zener diode arrays, 
analog multiplier, se nse 

• • amplifier, power co ntrol 
c ircuits, low-noise op 

pairs , flip / flops , latches, 
adders, decoders, 
multiplexers, counters, 
shift registe rs , tim ing 

Thyristors and Rectifiers ... 72 
High-current 80-A triacs, 
ISOWATT ceramic 

RF Power Transistors . . . 13 
Types for microwave, 
broadband, mobile-radio , 

"' amps, AM / FM communi­
cations circuits , and 

ci rcu its , memories and 
chip versions. 

isolated plastic triacs, 
400 Hz high-commutating 

and single-sideband 
applicat ions. 

~ stereo multiplex decoder, 
in packaged , chip , and 

,,. ~ beam lead versions. 
Power Transistors . . ..... 76 
Hometaxial II, 
high-power n-p-n , 

dv / dt triacs, glass passivated­
plastic triacs and SCR's, 
fast-switching SCR 's and 
rectifiers , SCR / rectifier 

Liquid Crystals ... 6 
Single-digit and four-
d igit transmissive 

_, 

.. 

.. 
.. 

.. 

high-voltage n-p-n , arrays, and fast-recovery 
medium- and power type rectifiers . 

The momentum is continuing in 1972. New products, new technolog ical advances, 
new application aids will be introduced throughout the year. For 1972, RCA's goal-
616 man-years of sol id state technology at Somerville, N.J. and at the David Sarnoff 
Research Center at Princeton, N.J. Here's how RCA developments in 1971 and 1972 
will influence the directions of solid state in the remainder of the seventies: 

Linear IC's 
RCA, a leader in consumer linear IC 's, 
recen t ly made one of the largest single 
product introductions ever to come from 
a solid state supplier: 21 new types for 
the com munications, controls and instru­
mentation markets. The pace continues 
in 1972, with many other new types-in­
c luding op amps, A / D converters , con­
tro l circui ts, transistor arrays. The total 
li ne of 175 types represents one of the 
ind ustry's broadest-coverage sources. 

COS/MOS IC's 
RCA pioneered complementary-symmet­
ry MOS, and now has more design , engi­
neering , technological and manufactur­
ing background than anyone in the 
industry. RCA shipped 7 out of 10 of all 
C/ MOS devi ces delivered in 1971. Be­
sides the 3- to 15-volt commercial types 
announced in 1971 , RCA initiated and 
completed numerous custom LSI de­
vices. Coming in 1972-additional func­
tio ns inc ludi ng three - leve l registers , 
tri p le A ND / O R pairs , word-organized 
memo r ies , cou nters, buffers , latc hes, 
mult ivib rato rs, mul ti plexers. 

Power Transistors 
In 1971 RCA led the industry with: the 
concept of thermal-cycling rating s to ex­
tend eq uipment l ife ; cost-effective high­
vo ltage devices to make off-line switch­
ing economically feasible ; and delivery 
of cost-effective reliable plastic pack­
ages. In 1972 RCA is extending its low­
cost packaging (plastic and metal) tech­
nology to all the power transistor manu-

facturing approaches-hometaxial chips 
for linear operations, multi-epitaxial de­
sign for fast switching , and a wide range 
of Darlingtons, both n-p-n and p-n-p. 
Perhaps this capability is why RCA is 
fil l ing 39% of the industry's power sock­
ets (November, 1971 EIA figures ., U.S. 
factory sales) . 

Thyristors and Rectifiers 
To the industry's broadest line of triacs, 
RCA added the first 80-A device last 
year, and continued to lead the way in 
plastic / glass passivated chip techno lo­
gy. RCA remains the world technology 
center for TV horizontal deflection de­
vices . The 1971 sales record : ind ustry 
thyristor sales down about 10%, RCA up 
about 10% (U.S. factory sales) . 

Power Hybrid Circuits 
RCA now offers the industry's broadest 
commercial line for use in servo ampli­
fier, audio amplifier, deflection amplifier, 
power supply, hammer driver, stepper 
motor, high-current de motor control and 
many more appl ications. And it 's st i ll 
expandi ng. 

RF Power Devices 
In 1971 , the RCA-originated ov~rlay tech­
nology was expanded in a rapidly devel­
oping line of emitter-ballasted high-out­
put microwave devices . A broad new line 
of emitter-ballasted microwave power 
transistors already announced in 1972 
is providing 10 Wat 2 GHz and 6.5 W at 
2.3 GHz - in both stripline and coaxial. 

Ren Solid 
State 

products that make products pay o ff 

and reflective seven-
segment readout s. 

New products announced 
at the rate of more than 
one a day. 

What does this mean to you? 
First, a major sou rce of supply, broad 

product range (10,000 devices) . . . abi l ity 
to deliver products in volume with com­
petitive pricing. 

Second , a worldwide sa les organiza­
tion with in-depth applications back-up 
and a strong network of dist ri butors to 
serve you . 

Plus, a total capability of people, prod­
ucts and technology that brings an ap­
plications-oriented approach to your re­
q u irements .. . and results in reliable 
sys tems cost ef fecti veness with RCA 
products. 

And now RCA has expanded technica l 
and appl ications informat ion to bring you 
up to date on all existing and new RCA 
types in the 3000-page, six-volume SSD-
200 DATABOOK series. Updating ser­
vice will keep you posted on 1972 devel­
opments. 

Before you make any commitments 
for so lid state devices, check RCA-the 
hot line that's getting hotter all the time. 
See your RCA Distributor or Sales Rep­
resentative about any of the product 
lines listed here. Or call Dan Del Frate, 
Marketing Manager, about you r spec ial 
requi rements. RCA Solid State Division, 
Box 3200, Somerville , N.J . 08876 ; (201 ) 
722-3200. International: RCA, Sunbu ry, 
on-Thames, U.K., or P.O. Box 112, Hong 
Kong . In Canada : RCA Limited, Ste. 
Anne de Bellevue 810, Quebec . 
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Digitizing multiple rf signals 
requires an optimum sampling rate 
Based on an advanced radio using an analog-to-digital converter 
to process a selected signal , design rules relate lowest 
a-d conversion rate to rf passband width , not carrier frequency 

by Arthur G. Stephenson , TRW Systems Group, Redondo Beach, Calif. 

0 Sampled-data techniqu es have recently been com­
bined with analog-to-digita l conversion in an experi­
menta l wideband high-frequency radio receiver (F ig. 1), 
proving the practica bility of on-lin e rea l-tim e digital re­
ception of a transmitted signa l. If multiple tun abl e d ig i­
ta l fi lters and fas t digita l conversion are used , and the 
cost of analog-to-digital converters and la rge-scale inte­
gra tion cont inu es to d rop, such a digita l receive r could 
be d esigned to do th e job of multiple conventional re­
ceive rs. For example, a single digi tal receive r could very 
likely handle signa ls fro m 16 sta tions a t a tim e. 

Comm ands from a digita l computer ca n instantan­
eously se t the digita l filt er to th e desired ce nter fre­
quency. As a result, th e receive r's output, suita bly de­
modula ted but in digita l form a t, is rea dy for data 
p rocessing. The computer process ing analyzes the sig­
na l, and th rough feedback to the receiver, provides 
auto ma tic tuning fo r optimum signa l-to-noise ra tio. 

Key to the receiver's versa tility is the analog-to-digi­
ta l converter that rapidly samples and digitizes a pre 
se lected rf passband . Sampling crea tes multiple im age 
spectra of the origina l band , each of which- also digi­
ti zed , but centered a t lowe r (and higher) frequ encies­
conta ins the same in fo rm ation as th e band . Any d ig i­
ti zed spectrum can act as input to the digi tal fi lter. 

F unctionally, each spectrum is a na logous to an inter­
medi a te-frequ ency pass band obta ined by heterodyning. 
Consequently, crea ting spectra by sampling and a-d 
conve rsion can be thought of as digital heterodyning, 
simila r to the analog heterodyning of conventional re­
ce ivers. Sampling, though, crea tes many " interm edi ate 
frequencies" at the sa me tim e. 
· Th e digital receive r (Fig. 2) can be tuned to wi thin 
100 hertz anywhere in th e radio-frequency band of2 to 
30 megahertz. T he varactor-tuned presampling analog 
filter selects any 1.5 -MHz portion of th at band, and its 
output is then digitized by the a -d converter into 8-bits­
plus-sign data words at any of fo ur sa mpling ra tes up to 
14 million times a second . 

Filter action 

In accordance with com mand signals, the tun ab le 
digita l fi lter momentarily looks at any se lected fre­
qu ency in the rf pass band . The corresponding stream of 
digita l words represents the modula ted signal of these­
lected transmitter. Also on comm and , this filt er ca n be 
set to any one of eight ba ndwidths ranging from 250 
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hertz to 6 kilohertz. T he demod ula tor conta ins logic to 
process a-m, fm, pm, and pulsed cw signa ls. 

Beca use of the sampl ings and digital conve rsion pro­
cesses, the des ign of a d igital receiver has to take into 
account considera tions tha t are fore ign. to the super­
heterodyne receiver. T he most critica l is the se lection of 
the a-d converter's sampling freq uency. If thi s is not 
done properly, parti cul a rly wi th respect to the band­
wid th and roll-off characteristics of the ana log pre­
sampl ing fi lter, the sampli ng p rocess will generate 
spurious signa ls in th e spectru m of interest. 

Kn own as aliasing signa ls, they can crowd thi s spec­
tru m, defea ting the selecti vity of th e pre-sa mpling filt er 
and negating th e benefi ts of digita l heterodyn ing and 
processing. During the developm ent of thi s receive r, cri­
teria for the optimum sa mpling freq uency have evolved 
which can be applied to the design of oth er ba ndbass 
sa mpling systems. And, beca use practical system con­
strai nts may preven t use of an opti mum sampling fre­
qu ency , addit io na l infor m a ti o n fo r no n-o ptimum 
sa mpling frequ encies has a lso been worked out. 

The a-d converter, when digit izing a n ana log signa l, 
sa mples the input for a very short time, ca ll ed the a per-

• <J ' 

: lt ·-
·-. ":' [ 

1. Digital receiver. Experimental rad io uses sampling and d igital fi l­
tering techniques to pe rmit signa l processi ng for opt imum tuning . 
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2. Digital heterodyning. In the experimenta l radio , the analog-to-digital filter supplies multiple information spectra, one of which feeds into a 
~ remotely tunable digital filter. The fil ter 's output is demodulated in digital format for signal -to-noise analysis by a computer. 
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ture time. Then, during a longer ho ld tim e, it d igitizes 
the a na log signa l. It repeats this opera tion periodica lly , 
depending on the sa mpling frequency, Fs. 

According to sa mpled-d ata theory fo r the low-pass 
case , th e sa mpling frequency must be at least twice as 
grea t as the hig hest freq uency of inte rest (F11 ) in the 
sa mpled time-varying signa l if it is to prese rve the in for­
m a tio n conte nt. In practi ce, to minimize a li as ing, the 
sa mpling frequency must be even grea ter. 

In the present contex t, the optimum sampl ing fre­
quency is one tha t in com bi na tio n with a suita ble pre­
sa mpling filter is high enoug h to a ttenua te a liasing to 
some sa ti sfactory va lue . On th e other ha nd , choosing 
too high a samplin g frequency puts a burden on the 
specifica tio ns o f the a na log-to-digita l converter, to the 
point tha t, even with th e best a-d converters now avail­
able, digita l he terodynin g wo uld be d ifficult in the rf 
spectrum . Also, high sa mpling rates mean high data 
process in g rates, a nd thus more cos t fo r equipment. 

Although sam piing actually occurs on ti me-vary­
ing signals, the consequences are easier to understand "if 
they a re represe nted in the frequency dom ain. F ig. 3a 
shows the freque ncy spectrum e nve lope for a time-var­
ying signa l conta ining frequencies sta rting at zero (Fo 
or de) and go ing up th rough F 1.1• (In th is idea l ba nd-lim­
ited spectrum , the solid sloping line does not indica te 
actu a l spectra l characteristi cs, but is an a rti fice to distin ­
guish th e ori gin a l spectrum fro m its mirror-image.) 

Th e sa mplin g p rocess repeats o r im ages th e origin a l 
spectrum at ha rmo nics o f the sa mpling frequ ency F8 , 

wh ere each image spectrum is loca ted in freq uency with 
respec t to its ha rm o nic as th e origina l spectrum is with 
respect to F s. In F ig. 3 b the repea ted spectra also slope 
down to the right. However, th e sa mpling p rocess also 
" fo lds" each imaged spectrum , including the origina l 
one, around Fo a nd Fs a nd its ha rmo nics, crea ting a 
se ri es of mirror-i mage spectra , shown here as sloping 
down to the left. In Fig. 3 b, the sampling frequ ency has 
been chosen as exactly twice the highes t frequency, F 11 , 

a nd because of th e sharp cutoff characteristics of th e 
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- FH Fa FH FRE QUENCY 

IDEAL BANDLIMI TE D SPECTRU M 

( b ) 
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- FH Fa FH F5 2F5 3F5 

Fs = 2FH 

( c) 
Fa F 3d B 

.. f 

ACTUA L SPECTR UM 

(d) 

- F 3ds Fa F3ds F5 2F5 3F5 

Fs = 2F3d s 

3. Sampled data. In digi tizing a low-pass band , an actual spectrum 

with roll-off (c) creates more aliasing (d) than ideal spectrum (a) 

origin a l none of the spectra overl a p to crea te ali as ing 
frequencies tha t in trude into a ny other spectrum . 

A more typica l case, however, is a low-pass fi lter with 
a gradua l roll -off characteristi c (Fig. 3c). He re, F 3 c1 8 is 
the sa me as F1 1, and Fs is twice thi s frequ ency. In thi s 
case, wh en the samplin g process crea tes its re pea ted a nd 
image spectra (Fig. 3d), the po rtio n o f the o ri ginal spec­
trum above the 3-d B frequ ency repea ts a nd fo lds into 
a ll spectra , crea ti ng a li as in g. The fi gure implies the 
cu re- increasing Fs fo r a given ro ll -off characteri sti c 
will separa te the spectra a nd reduce a li asin g. 

Consider now a n rf ba ndpass spectrum with id ea l 
cutoff freque ncies a t the fi lte r's 3-d B po ints (Fig. 4a). 
T his spect rum conta in s many ca rri er frequ encies, each 
modul a ted with a n in fo rma tio n-bea ring signa l. Assum e 
tha t only one ca rrier frequ ency ex ists, ce ntered be tween 
F 11 and FL, th e lower edge of the spectrum , a nd th a t this 
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(a) 

( b ) 

( c) 

(d) 

IDEAL RF 
SPECTRUM 

OPTIMUM 
SAMPLING 
RATE 
A Fx = AF v 

HIG H 
SAMPLI NG 
RATE 
A Fx * A Fv 

LOW 
SAMPLIN G 
RATE 
AF x * AF v 

t D F~H 15 D r1 
M x --+I 1-- t+---A Fv---

2F s 

I - f • 

- Fs 

I 
Fo 

• f 

4. Optimum sampling rate. Digitizing an rf passband (a) creates multiple image spectra (b) , (c), and (d) , the separation of which depends on 

the sampling frequency F, . Optimum sampling is shown in (b), 1n which the selected F, causes ~ Fx to equal ~Fy . 
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Fo 

K=3 r1 1 D [] D -f • 
Fo 

· 2F5 

'~" r1 I 
I 
I 
I 

K = 4 [] 1 D r1 I D - f • 
Fo 

5. Spectral density. The sampling frequency depends on t11e width of tile passband , sl1ow11 here as tile same for five different cases. Com­

putation of the actual sampling frequency for a given case depends on the spectral density, K, the number of spectra below the original band. 

is modul a ted by only o ne signal with a ba ndwidth B = 
(FH- Fi,). Because th e sa mpl ing p rocess must preserve 
only th e integrity of th e in form a tio n signa l, the req uired 
samplin g frequency depends o n th e width o f the ba nd , 
whi ch is mu ch less th a n th e ca rri e r frequ ency. 

Th e o ptimum sa mpling frequ ency, or ra te for d igit iz­
ing a bandpass signa l, is th e lowes t o ne tha t prod uces an 
accepta bl e sign al di sto rtion from a li as ing. T he occur­
rence o f a li as ing a lso depends on th e presamp ling fi l­
ter's se lectivity a nd on th e sy mm etry o f the ro ll-off char­
acteri sti c o n each side of the fi lte r's center frequency. 
Since ro ll-o ff in p rac ti ca l fi lters is usua lly no nsy mmet ri ­
ca l, disto rtio n due to a li as ing is m inimized when each 
spectrum is separa ted by the sa me a mo unt, in fre-
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quency, fro m its neighboring spect ra. Optimum sa mpl­
ing frequency, th e n, occurs whe n ~Fx = ~Fy , as shown 
in Fig. 4b. The e ffects of no n-optimum sa mpling rates 
a re shown in Figs. 4c a nd 4d . 

T he optimum sa mpling frequ ency depe nds not o nl y 
on equal separa tion but a lso o n the ba ndwidth a nd 
where the bandpass center freque ncy fa lls in re la tio n to 
th e tota l freque ncy spectrum . F igure 5 conta ins repre­
sen ta tio ns of th e sa me-ba ndwidth o rig in a l spectrum at 
five different center frequ e ncies in th e tota l 2- to 30-MHz 
ra nge. In each case, th e optimum samplin g frequ ency is 
the same a nd , as shown, may be lowe r than th e o rig in a l 
spectru m. The five cases diffe r in spectra l density, which 
is defi ned as th e number of spectra , K. between ze ro 
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frequency and the origi nal bandpass spectrum. 
Figure 6 defines the spectral edges of passba nds for 

odd a nd even spectral-density numbers. With these 
edge definitions, th e optimum sa mpling frequency for 
each K value can be determined by se tting c1 Fr = ilFx, 
where ilFy is the frequency separa tion between th e 
origina l and the next higher spectru m, a nd ilF x is th e 
separation between the o ri gina l and next lower band. 

For K =I 
(2Fs- F11)- F11 = FL- (Fs- F1J 
2Fs-2F11 = 2F1,- Fs 

F 
- 2(h + FH) 

s - 3 
For K =2 

FL- (2Fs- F1J = (2Fs- F11)- (F w Fs) 
2FL- 2Fs = 3Fs- 2FH 
F _ 2(FL + F1-1) 

s - 5 
For K=2n 

(2n + l)F8- 2F11 = 2FL- 2nFs 
4nFs +Fs = 2F1,+2FH 
F _ 2(FL +F11 ) 

s - 4n +I 
For K= 2n + I 

(2n+2)F8- 2F11 = 2FL- (2 n+ l)Fs 
4nFs + 3Fs = 2F1, + 2F11 
F _ 2(F1, + F11) 

s - 4n +3 
For the general case, including K= O, the optim um 

samp ling freq uency is 

( I) 

Fs 2F5 - FH 

T he precedi ng relationships do not give the actual 
frequency width of the separations which are needed to 
eva lu a te aliasi ng effects. Us ing the edge definitions in 
Fig. 6 and only integer va lu es of K , th e separations a re : 

ilFx = 2F1,- K Fs (2) 
L\Fy = (K+ l)Fs- 2F 1•1 (3) 

Eq ua tions 2 a nd 3 apply to both optimum a nd non-op­
timum sam pling. 

In practice, th e sa mpling frequency may have to be 
derived from th e system's clock. Then, more than lik e ly, 
the separa tions will be un eq ual, or non-optimum . T o 
determin e the separations with non-optimum samplin g, 
the va lue of K is first determined from Equat ion I , re­
written 

T he fractional part of th e K va lu e obtai ned from 
Eq ua tion 4 is dropped , a nd the remaining integer-value 
of K is inserted into Equa tions 2 a nd 3. The answers 
provide basic in fo rma tion abou t the non-optim um sep­
arat ion of neighbori ng spect ra. However, the fraction a l 
va lue ac tua lly obtai ned from Equa tion 4 prov ides add i­
tiona l insight into a liasing. For exa mple, if th e com­
puted va lu e of K contains a fractional va lu e of exactly 
one-half (K + Y2), the sa mplin g frequ e ncy is a su bm ul­
tipl e of the center frequency of the spect rum being sam­
pled, a nd there is a direct ove rlap of 3-dB points of th e 
spectra. That is, a li asi ng wi ll occur regardless of the pre­
sa mpling filter ·s characteristi cs. 

Spectra positions 

If the fractional portion of the va lu e of K computed 
in Equation 4 is less th an one-half, the nea rest a liased 
spectrum centers abo've th e center of th e original spec-

I 2F 5 1 FL 

K; 2 

K ; 2n 
(EVEN) 

0 

0 

I 
0 

2 

"' (n + llFs - FH FL - Fs 

10 12 14 

f.-Mv--l 

10 12 14 
I--L\fy --1 

nF5 
(2n + 1)F5 - FH 

18 

18 

I (n+1)~ 5 - F L I FHIF s 
I 
I I (2n+ llts - FL 

30 

30 

(n + 1)F5 
FL I (2n+2)F5 - FH 

I FH 
I 

K ; 2n+ 1 
IOOD I 

I ["""] \~1~1~--'-["""]~_.._~._____._~~~"--__..~~~..J___JL-..--1.~_J_~--
o 2 4 

I I (2n + 2irs - FL 

I ["""] ~ I CJ .. 
~Mx_.j ~L\fy __j 

f 

6. Edge definitions. With these spectral edge defin itions of multiple spectra resulting in either odd or even values of K, the actual values of 

separation between neighboring spectra can be computed for both optimum and non-optimum sampling frequencies. 
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7. Final evaluation. Even with an optimum sampling frequency to reduce aliasing, some further aliasing can occur; for the skirts of the pre­

sampling filter may generate frequenc ies that intrude into the selected imaged spectrum that is fed into the tunable dig ital filter . 

trum. If the fraction is greater than one-half, the nearest 
a liased spectrum centers below the center of the original 
spectrum. 

If either solution to Equation 2 or Equation 3 results 
in a negative number, the spectra overl<tp. With no neg­
ative solution, the smaller of the two spectrum-separa­
tion va lues is used to determine whether separation 
meets aliasing requirements. 

As mentioned , the foregoing analysis presupposed an 
original spectrum with 3-dB-down points at FL and FH 
and with extremely sharp cutoff at these frequencies . In 
the practical case, the presampling filter has skirts that 
roll off gradually, so that frequencies extend a bove and 
below the 3-dB points. As Fig. 7 shows, the skirts intro­
duce spurious signals into the desired spectrum. Here, 
in the worst-case condition, the unwanted alias signals 
are down 30 dB in the spectrum. 

If the sampling frequency is fixed , but attenuation is 
still not satisfactory, the filter's order can be increased to 
provide sharper roll-off. A convenient way to specify 
the filter's selectivity for this kind of application is to de­
termine acceptable aliased spurious content at a speci­
fied frequency away from the spectrum's center fre­
quency. This frequency is (Lifz + 1/2 B), where Lifz is the 
lesser of LFx or ..lfr, as shown in Fig. 7. The attenua­
tion vs frequency parameter then specifies the rejection 
reg uirements of the filter. 

If the sam piing frequency can be altered, the results 
of Equations 2 and 3 can be examined to determine 
whether F s should be increased or decreased to reduce 
a li ased signals. If LiFx is less than LiFr , then the opti­
mum Fs is higher than the one postulated, which should 
therefore be increased . If Lifx is greater tha n ..lfr, Fs 
should be reduced . 
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Once the correct sa mpling frequency has been deter­
mined to provide adequate spectra separa tion, and the 
filter 's selectivity has been adjusted if necessary to min­
imize spurious signals, any one of the image spectra be­
low the frequency of the original spectrum can be se­
lected as the input to a succeeding stage in the system­
since they all contain the same information. Generally 
the digital filter is locked-on to the imaged spectrum 
that is closest to F0 and that is a direct and not a mirror 
image of the original spectrum. By choosing the lowest 
possible spectrum, the digital filter 's processing-speed 
requirements are kept to a minimum. 

Aperture time 

Although the sampling rate of the a-d converter de­
pends on the rf bandwidth, and not on the much higher 
carrier frequency , the maximum carrier frequency that 
can be digitized is determined by the a-d converter's 
aperture time. In general, the aperture time is inversely 
proportional to the carrier frequency and the a-d con­
verter's bit length. For example, a 7-bit a-d converter 
(128 quantization levels) with an aperture time of I 
nanosecond can digitize a IOO-megahertz carrier with 
an error less than 1 quantization level. Some commer­
cial sample-and-hold circuits that are used for a-d con­
version have aperture times of less than 100 picose­
conds. 

In the high-frequency range, digital heterodyning 
avoids requirements for analog frequency conversion 
and thus the need for a sy nthesizer, or ana log hetero­
dyning. But even for higher frequencies such as vhf and 
uhf bands, a digitizable intermediate frequency can be 
obtained using an analog synthesizer stepped in incre­
ments as large as 50 MHz. D 
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It took us years to develop 
the best stereo microscope. 

Now give us a few minutes to prove it. 
Let us compare our StereoStar/ zooM to any 
stereoscopic microscope in your lab. 

Our microscope offers high resolution, larger 
fields of view, greater working distance. We 
have as wide a magnification range as you're 
likely to need: a full 6 to 1 zoom range with 
magnifications from 3.5 X through 210 X. 
The zoom control knob is coupled-so that it's 
conveniently located on both sides, for either 
left or right-hand operation. And the entire 
head is easily rotatable through 360° . 
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13 5 years of optical excellence went into the 
AO StereoStar/ zooM. Let us compare it to any 
stereo microscope in your lab. After all, if it's 
worth your money, it's worth your time. 

Call your AO Representative. Or write for our 
convincing 24-page brochure. 

D'l AMERICAN OPTICAL w CORPORATION 
SCIENTIFIC IN STRUMENT DIVISION • BUFFALO, N.Y. 1421 5 
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Arizon.1 : Erskine Assoc 
Scottsda le (602) 263-7654 
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Bertrand-Zoolalian, 
Downey (213) 927-4406 
Celtec, San Orego, 
(71 4) 279-7%1 
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Florida : WMM Assoc., 
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P.A l. Components 
Greenvale, U 
(5 16) 484-4900 
Tntcc h, Dc\Vnt 
(315) 446-1881 
Ohio : Compar, r.i1rvu.·w 
Park (2 16) 33J-41ZO 
Compar, DaylOn 
(513) 435-1101 
Texas ; C.:irter, 
G.ul.ind 121 4) 276-7151 
Virginia : Mi cro-Comp, 
Lynchburg (703) 239-1003 
W.iishinglon : Compar 
Kirkland (206) 822-4191 
Canada : Cantroniu, 
Downsview (416) 636-8311 
Cant ron1(S, 
Montreal {5 14) 733-0749 

Internationa l 
Dislr ibulors 
Austr;iilia : C[MA Pty Ltd. 
Crows Nest, N S. W. 2065 
439-4655 
Auslria : Balher 
Elektronische, 1070 Vienna 
Denm•rk : Tage Olsen AIS 
DK-2100 Copenhagen 
(01) 294800 
England : Guest Int ., Ltd 
Surrey (01)-689-2121 
Finland : $\.\I- Instruments 
00530 ltcl smki 53. 738-:?65 
France : ALM[X 
92-Chati I lon -Sous-8.:igncu'< 
Qu.1trele< S.1\ 
92 levallois-Perret 
270·7 1-74 or 270-03-81 
Germany: Omni-Ray GmbH 
6700 ludw1gshafen/Rhe1n 
5 13055-56 
Omni-Ray GmbH 
0-8 Munchcn 19 
(0811) 5 132059 
Omni-Ray Gmblt, 8rcyell, 
(02153)3261 
Holland : Klaa s1 ng 
[lc<.troni<s NV, 
Amslerdam-C 
928444 or 928445 
Israel Rapac 
Electroni cs ltd 
Tel Aviv 77 71 15-6-7 
Ital y: (ledra JS, Milano 
86.03.07 
Japan : Eleuro /\IJrketmg 
Tokyo 359-4521 
lntermx , lnc, Tok)O 
3633649 
Rrkei Corporation, Tokyo 
591-524'1 
Norway: Nordisk Elekt ronik 
Maiorstua-Oslo 3, 602590 
So. Africa : Liberty 
Electron ics , Boksburs 
527637-8 
Sweden : Stenh.:irdt 
Komponcntbolag N. 
161 56 Bromma, 08/37-29-45 
Switzerl;and : 01mos AC 
Cl t 8048 Zurich (051) 626140 

Field Sales Offices 
Atlanti c Slates : New York 
(5161 421-0162 or 692-4861 
Midwesl States : 
Creve Coeur (31 4) 872-8511 
New Engla nd 
Up-Stale N.Y.: 
Andover (617) 536-3366 
Southwesle rn St;iites: 
Palos Verdes {213) 377-7871 

IF YOUR DISPLAY STILL 
COMES IN A BOTTLE, 

DROP IT. 
Here are six good reasons to go solid state with Litronix 
LEDs: 

1. They last and last. Solid state LEDs have an antici­
pated l ife span far, far greater than their fragile 
bott led ancestors, as long as 20 to 30 years . 
They can take vibrat ion and they don' t break. 

2. And they are quiet. So li d state LEDs 
produce no electrical noises, that's no RF 
interference. That's a cost savings on 
fancy shielding. 

3. They love IC's. Solid state LEDs 
operate at low voltage and low power. 
They arc directly compatible with IC's 
and that makes them ideal for hand­
held battery operated things. No vo l t­
age converter needed and you save again! 

4. Small, medium and large. So lid state LEDs 
come in all sizes. To name but a few: Our DL-62 
has a 6/10 inch cha racter in a DIP. Our DL-34 
has four, 1/8-inch digits set on 187 mil centers 
for end-to-end stacking. (Ca lculator people 
love it. ) And there 's the DL-10A. It' s a high 
efficiency, high brightness, low cost, 1/4-inch 
display. (Purchasing agents love it.) 

5. No hidden costs. If you buy a glass tube 
disp lay, it may cost you more than you bar­
gained for. Add up the cost of a socket, a 
voltage converter or a tran sform -r a high 
voltage rect i fier, additional assembly time 
and costs-then compare. 

6. Litronix. We have a broad range of LEDs 
in the shape, size and cost range to compete 
with bottle displays. Write for our opto guide 
-it's free. 

the 
bright 

guys 

litronix 

Litronix, Inc. • 19000 Homestead Road • Cupertino, California 95014 • (408) 257-7910 TWX: 910-338-0022 
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Finding open-loop gain 
without opening the loop 
by David Lutt ropp 
Hewlett-Packard Co., Loveland, Colo . 

Measuring the closed-loop response of regulated power 
supplies can be a tricky problem, particularly when op­
erational amplifiers a re used. Even though IC makers 
supply frequency-response plots for their devices, 
closed-loop response probl ems always pop up when an 
additional pole or zero is picked up from the pass tran­
sistor a nd filter. The tota l loop response now depends 
o n both the op amp a nd the additi onal ci rcuitry. 

Unfortun ately, measuring open- loop response re­
quires breaking into a high-ga in loop, which isn' t ve ry 
practica l. It is much better to determine th e o pen-loop 
response with the loop closed . 

Circuitry can be d esigned a nd built to do th e job. but 
with Hewlett-Packard ga in phase meter model 3575 
handy, you're a lready ha lfway th ere. Simply add an ac 
vo ltage source, de-coupl ed a nd floa ting in se ries with 
the feedback p a th , a nd determining open-loop ga in is 
a lm ost reduced to reading a meter. 

Although the osci ll ator's signal isn' t cri tica l, it shou ld 
be low e no ugh for the ampl ifier to remain lin ea r. Anos­
cilloscope can be used to monitor the signa l. 

The o pen-loop response of a n a mplifier with gain A 

Coaxial buses help suppress 
power supply transients 
by Herman Levin, Jeffrey O'Neil , and William Lord, 

1-- • Colorado State University, Fort Collins, Colo. 

.. 

~. 

The engineer using today's faster logic circuits may face 
th e problem of power supply switching transients th a t 
have frequ ency com po nents in excess o f I giga hertz . 
Adding suppression ne two rks to a n adeq uatel y de­
signed power supply wi ll have little effect, but suppress­
ing these transien ts a long the power-suppl y feeder lin es 
proves a viable techni qu e. 

in stead of usin g large pa ra ll e l tubes just to sa ti sfy the 
system's current requirements, try them in a coaxia l 
configuration , a nd thus a ttenu a te th ose tra nsients, as 
well. A practica l ap proach is to use copper tubes co-
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EouT 

ZouT 
(DC COUPLED 
AND FLO ATIN G) 

RECTIFIED 
AC 

60 kS1 

-v 

390 pF 

20 kS1 

Typical test setup needs floating direct-coupled oscillator 

a nd feedback function ca n be expressed as: 

A(J = E ou:r ( l + ZoU'.I.') 
Eix Z1"' 

lf Zout is much less tha n Zin, then the ex pression re­
duces to Eou1/ Ein· The gai n a nd ph ase plot o f EoutlEin is 
a simple Bode plot, but the 3575 is well suited for thi s 
role beca use it m_easures the log ra tio of Eaut a nJ Ei n 
a nd the phase be tween th em. 

ax ia ll y confi gured with po lyv iny lch loride tubing slipped 
over th e inner tube a nd hea t-shrunk ti g htl y to it. 

An ex perime nta l feeder-lin e section can be made eas­
ily by using copper tubing in sizes rea dil y ava il a ble 
from a hardware store. Co nnectio ns to th e section a re 

Experimental coaxial section uses standard copper tubes 

11 3 



m ade a t the ends of th e inner a nd o uter tubes. For con­
ven ience. ho les ca n be drill ed pri o r to asse mbly in th e 
outer tu be a t regula r interva ls, a nd conn ectio ns to th e 
inner tube ca n be made by drilling sma ll ho les th rough 

Bus Frequency equivalent of t ransient 
No. 1 GHz 100 MHz lOMHz 

38 23 3.5 

2 41 27 7.5 

3 43 30 10 

4 45 32 12 

5 41 22 2 

Bus Outer tube Inner tube PVC tubing 
No. nominal nominal nominal 

3
1 Bin . 1 I 4 in. 

3
/ s in. 

2 1I 2 3/ 8 112 

3 5 / s 1/ 2 3; 4 

4 3 14 5/8 314 

5 3 /4 

A quick solution to conductive 
heat transfer problems 
by International Electronic Researc h Corp . staff , 
Burbank. Calif. 

A nyone looki ng fo r a sho rtcut to so lving th e cond ucti ve 
heat tra nsfer equa tio n should find thi s no mograph ve ry 
useful. It is based o n th e more fa milia r units of wa tts 
and inches , a nd ca n help solve for a ny unknown within 
the equa tion. The accuracy of th e result depends on 
how ca refu l you a re in plo tting the po ints. 

F o r example, suppose you wished to find th e tem-
perature drop across eac h segment o f a one-inch-squa re 
sa ndwic h of bery lli um oxide and a lu minum , separa ted 
by a 0 .00 1-i n. layer o f a ir, tha t must conduct 30 watts. 

The no mograph ca n be used to solve for ~ T across 
the 0 .12-i n. BeO laye r o nce the hea t conducti vity. k, is 
fo und (ta ble lists typica l val ues). 
• D raw a line fro m 30 o n Q sca le to 0.1 2 on L sca le, a nd 
note th e point where it crosses re ference line l . 
• D raw a nother line fro m this reference po int to 80 on k 
sca le (exact val ue depends o n th e pa rti cula r type o f 
BeO). Note where this line crosses reference line 2. 
• Draw a third line fro m thi s po int th roug h l o n the left 
side o f A sca le- a nd read 0.78 °C on the le ft of the ~ T 
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th e sleeve and inn er tube a nd using blin d pop-type riv­
ets to a ttach the lea ds. Conn ectio ns to the oute r tu be 
ca n be made with cla mps or preso ld e red conn ecto rs. 

Wh en productio n qu a nt it ies a re involved , most o f th e 
para meters ca n be o ptim ized: the d ielectri c ma teria l 
a nd ra tio of tube dia mete rs ca n be chose n to increase 
the a ttenu atio n, and th e in ner tu be co nn ecto rs ca n be 
made with spec ia l feedth roug h com po ne nts for ease o f 
fa brica tio n. 

Sta nda rd coax ia l ca ble ca n be substituted fo r th e co p­
per tubes a nd sleevin g. However, a n excess ive ly la rge 
ca ble would be needed to equ a l the curre nt-ca rry in g ca­
pacity of the tubes, a nd ma ki ng connec tio ns to th e inn er 
conducto r of sta nd a rd coax isn' t simple . M oreove r, th e 
ra ti o of the tube dia meters ca n be adjusted to provid e 
grea te r a ttenua tio n per unit length o f the power supply 
feeder lin e. 

Nominal size Outside diameter Inside diameter Equivalent B & S 
wire size 

1 I 4 in. .375 in. .315in . 4 

3/ s .500 .430 2 

1I 2 .625 .545 

5/ s .750 .666 0 

3/ 4 .875 .785 00 

1.125 1.025 0000 

Density Therma l 
Material 

(lb/ in.3 ) 
conduct ivity , k (Btu/ hr-ft -° Fl 

(W/ in .·°C) 

Si lver 0.380 10.G 241 
Copper 0.322 9.7 220 
Gold 0.696 7.5 171 
Alu minum, pure 0.098 5.5 125 
Aluminum. 63S 0.100 5.1 116 
Magnesium 0.063 4.0 91 
Beryllium oxides 0.109 to 0.136 1.7 to 3.9 38.7 to 88 .7 
Red brass 0.316 2.8 63.7 
Yellow brass 0.310 2.4 54.6 
Beryllium copper 0.297 2.1 47 .8 
Pure iron 0.284 1.9 43.2 
Phosphor bronze 0.318 1.3 29.6 
Soft steel 0.284 1.1 8 26.8 
Mone I 0.318 0.9 20.5 
Lead 0.409 0.83 18.9 
Hard steel 0.284 0.65 14.8 
Steatite 0.094 0.06 13.6 
Pyrex 0.094 0.032 0.728 
Grade A Lava 0.085 0.03 0.683 
Soft glass 0.094 0.025 0.569 
Water 0.0361 0.01 67 0.380 
Mica 0.101 0.015 0.341 
Paper-base phenol ic - 0.0497 0.007 0.159 
Pl exiglas 0.043 0.0047 0.107 
p.43 cast ing res in 0.045 0.0046 0.105 
Maple 0.025 0.0042 0.096 
Pine 0.018 0.003 0.067 
Polystyrene 0.038 0.0027 0.06 1 
Glass wool 0.00 1 0.001 0.023 
Air 0.000043 0.0007 0.01 6 
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sca le. ( If th e right sid e of the A scale were used, then the 
ri ght of the ..lT sca le would a lso have to be used ). 

The ..lT across the 0.09- in . thick pi ece of a lum inum 
a nd th e 1T across the 0 .00 1-in. ai r ga p a re fo und in 
simil a r fas hion. But there is one correction tha t must be 
mad e fo r th e a ir gap case: since the L sca le does not ex­
tend to 0 .00 1, a facto r of 10 must be used a nd the line 

N 

g N 
0 

d raw n fro m 30 on the Q sca le to 0 .0 I on the L sca le. 
Th e re ma ining steps are perfo rmed in the sa me way, ex­
cept fo r the las t. When the line is ex tended a nd inte r­
sects the ..lT sca le a t 430°C, a correcti on facto r o f 10 
must aga in be a ppli ed . T he corect 1T is 43°C. 

Engineer 's Notebook is a reg ular feature in Electronics. We invite readers to su bmit original 
and unpublished design, applications , and measurement ideas. 

b 
N 

K 

THERMAL CONDUCTIVITY (BTU/ HR·FT:° F) 

:... 

REFERE NCE LI NE 2 

REF ERENCE LI NE 1 

Q b 0 ~ N '" 
THICKNESS (IN.) IN DIRECTI ON OF FLOW 

ggggg~ 
0 0 

Q 

,. 
0 
0 

FINDING .C. T 

N 

g 

Q = KM.T FOR 1H ° C 
L 

T2 

STEP 1: DETERMINE POWER Q (WATTS) . 

ST EP 2: DETERMINE THICKNESS L (INCHES) . 

STEP 3: CONNECT POINTS OF STE PS 1 & 2. THIS FIXES 
RE FERENCE PO INT (1) ON REFERENCE LI NE 1. 

STEP 4: DETERMINE T HERMAL CONDUCTIV ITY 
K (BTU/ HR ·FT·° F) . 

STEP 5 : CONNECT REFERENCE POINT (1).WITH POINT 
DETERMINED IN STEP 4. THIS FIXES 
REFERENCE POINT (2) ON REFERENCE LINE 2. 

STEP 6 : DETERMINE CROSS-SECTIONAL AREA 
(SQUARE INCHES) . 

STEP 7 : CONNECT REFERENCE POINT (2) AND AREA, 
AND EXTEND LINE TILL IT CROSSES THE 
6 T °C SCALE . 
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SAM PL E SOLUTION 

0 = 10W 
L = .251N. 
K = 100 
A = 2 

6 T = 0.28409 

8 b 
N 2 

6 T , ° C 

1. NOMOGRAPH INCORPORATES CONVERSION OF 
(BTU ·FT·° F) UN ITS TO WATTS IN °C. (BTU ·FT·° F 
UNITS MUST BE USED WHEN EQUATION IS USE D 
IN PLACE OF NOMOGRAPH ). 

2. WHEN 6 T < 1° C, USE AREA AND 6 T NUMBER ON 
LEFT SIDE OF AREA AND 6 T L INES. WHEN 
6 T > 1° C, USE AREA & 6 T NUMBER ON RIG HT 
SIDE OF AREA AND 6 T LINES . 

3. FOR VALUES NOT SHOWN ON 0 , L, K , & A LINES , 
A MULTIPLICATION FACTOR MAY BE EMPLOYED. 
INCREASING Q OR L BY A FACTOR OF 10 
INCREASES 6 T 10TIMES; INCREASING KOR A BY 
A FACTOR OF 10 DECREASES 6 T BY AN ORDER 
OF MAGNITUDE . 

Q 

L 

115 



YOU HAVE A 
SPECIAL NEED FOR 

FAST TURNAROUND. 
ALLTHE BIG3 

GIVE YOU IS THE 
OLD RUNAROUND. 

It's sad but true. The giant 

semiconductor manufacturers are 

geared to meet mass demands. They 

are not geared to meet anybody's 

special needs. 

Raytheon Semiconductor is. 

We're organized to handle unusual 

requirements. We even have a new 

Quick Reaction Capability program 

designed for superfast turnaround 

on hot projects. We're small and agile 

enough to deal effectively with your 

special problems. We have the technical 

know-how and state-of-the-art 

manufacturing processes to solve them. 

Raytheon Semiconductor is on the 

leading edge of our technology with 

such processes as beam-lead and 

V-ATE, such facilities as computer 

aided design and testing, such products 

as bi-polar memories, the Beyond Super 

Beta op amp, and high-speed ECL 

and TTL devices. 

Raytheon Semiconductor is 

small enough to offer you personal 

attention from engineering, ~anu­

facturing , product applications, and 

top management. 

And , small as we are, we 're 

backed by a billion-dollar corporation . 

Which gives us the strength to offer you 

volume production , the highest quality 

products at reasonable prices, and 

absolute reliability. 

If you have a special need , 

we ' ll meet it. 

Call up our Director of Marketing 

or nearest regional sales manager 

and talk to him about it. Or stop'-by 

Raytheon Semiconductor, 350 Ellis 

Street, Mountain View, California 94040. 

(415) 968-9211 . 

Come to 
Raytheon Semiconductor. 

We're ready to go with you all the way. 
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Try compatibility 

for instruments 

until standards set 

Check specs 

for DIP 

lead lengths 

N-channel MOS 

has advantages 

for logic circuits 

Hot pencils-

$10 a dozen 

Addenda 

Engineer's newsletter 

March 27, 1972 

Got any th oughts on how programable test equipment should be stan­
dardized for timing, coding, connectors, an.ct o ther interface factors? 
The Scientific Apparatus Makers Association, 1140 Connecticut Ave., 
N.W., Washington, D.C. 20036, has put out a questionnaire on the sub­
ject in preparation for upcoming standardization meetings of the Inter­
national Electrotechnical Committee meetings in Germa ny. You can 
ge t a copy of the questionnaire from James E. French a t SAMA. 
Meanwhile, if you ' re designing a programable instrument a nd have n ' t 
se t your own standards ye t, make it compatible with existing equipment 
if at a ll possible. The easies t way to do this, says Robert Fulks, engi­
neering vice president at General Radio, West Concord, M ass. , is sim­
ply to look at the cata logs of o th er instrum ent makers. The GR 1682 
and 1683 automatic bridges a re examples of his own company's sta n­
dards, says Fulks, who heads th e IEC working committee. 

If you' re using sockets for dual in -line packaged integrated circuits. 
you'd do well to keep an eye on your IC supplier's specs o n DIP lead 
lengths. Dick Grubb, marketing ma nager for Augat, Inc., Attleboro, 
Mass., says that tolerances on DIP lead lengths are so wide that som e 
IC makers have tool ed up for leads a t th e sho rter end of th e to lerance 
band, and some use rs are having difficulty with le ads th a t a re n' t fully 
gripped by the soc ket contacts . 

Look for n-channel MOS to ma ke its mark in MST AND LSI logic cir­
cuits- perhaps even before it succeeds in memo ri es ; it 's as fas t as TTL, 
and it logic leve ls, reference leve ls, and o ther specs are compatibl e 
with TTL Thus, you will be a ble to breadboard a circuit with TTL 
logic cells and then have it translated directly into n-channel MOS, 
where you' ll ge t the benefit of lower cos ts beca use of hi gher d ensities . 

Ten bucks for a d oze n pencil s? Try that o n your purchasing depart­
ment. But if you' re trying to figure o ut how to mark ceramic substrates 
before firing with so mething th a t doesn't vaporize at temperatures as 
high as l,500°C in th e furnace , such pencils may be th e o nl y way to do 
it , says G eorge Lane , president of Electro M ate ri als Corp. of America , 
Mamaroneck, N.Y. EMCA, a m a ker of thick-film paste , has been m a k­
ing a nd using the pencil s in the lab, a nd now is going to se ll th em. The 
per-doze n price drops to $6 at the IO-doze n leve l, Lane adds. 

Need a simple but accurate analog squaring circuit? Connect the vo lt­
age to be sq uared to th e input o f a n ana log- to-digital conve rter a nd 
a lso to th e reference input of a multipl ying digital-to-analog converter. 
Let th e a-d output be th e o th er input to th e d-a ; output of the d-a th en 
is th e sq ua re of th e input. (From Bruce Smith, Micro Networks Corp .. 
Worcester, Mass) .. . "Understanding Solid-State Electronics," a 12-
chap ter se lf-teach in g book from th e Texas Instrum ents Learning Cen­
ter, Da llas , is as good a basic book as we 've seen. For $2 .95 , it wi ll take 
a nov ice from bas ic e lectricity th rough MOS a nd linea r !Cs. 
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the windowiS • 
optional ~ 

in Microsystems 
lntemational's new 
monolithic 2048 bit 
MOS ROM family 

A choice of five ROM's and P;ROM's that meet 
just about every application need. 

There are MF1701 and 1702, both recognisable 
by their quartz window. Unique because you 
can erase a program on the spot, simply, with 
high intensity ultra violet li9ht. Then electrically 
program it again, and again. 

That is why these pROM's are being widely 
used for system prototypes and in low volume 
applications requiring a frequent reprogram­
ming capability. 

MF1601 and MF1602 primarily for the lower 
volume applications, use the same 256 word 
by 8 bit chip and are electrically programmable 
by you or us. 

When you need high volume, lower cost ROM's, 
our mask programmed MF1301 is unbeatable. 

There are many options on product, but none 
on quality. Its the best. With our guarantee that 
all 2048 bits are programmable, and 100% fac­
tory tested for performance, plus immediate 
delivery. All good reasons for you to contact 
Microsystems International. Now. 

j 

, 
• 

MF 1701, 1702 
Mrl&OI, 1602 

&.,1301 

silicon gate MOS LSI from 

• • 

lllllmicrosystems 
international 

the R~ITQE!J]~!J~. J~~~t~Lttawa, toronto. brus~ls, stuttgart, london,paloalto. union. 

For further information- call or write your nearest Microsystems sales office or distributor. 

U .S.A . MICROSYSTEMS INTERNATIONAL SALES OFFICES: CALIFORNIA-P•lo Alto, Phone 415-493-0848 ILLINOIS - Schau mburg , Phone 312-894-7660. NEW JERSEY - Union, Phone 201-964-3131 . 

.. 

SALES REPRESENTATIVES: ARIZONA - Scottsdale, Erskin Associates, Phone 602-263-7654. <;ALIFORNIA - Los Altos, W.W. Posey , Phone 415-948-7771 . Santa Ana, Rica l Associates. Phone 714 -~ 
-557-6453 CONNECTICUT - New Canaan , Stan Pierce Inc .. Phone 203-966-4630. FLORIDA - lnd lalmnllc, Tech-Rep Assoctates, Phone 305-723-91 40 . Largo, Tech-Rep Associates, Phone 
813-595-2834. GEORGIA - Chamblee , Tech- Rep Associates, Phone 404-939--8339. ILLI NOIS - ltHca, Lou Bacher & Associates, Phone 312-773- 1810. INDIANA - Indianapolis, A.E . Marquart & Asso-
ciates, Phone 317-253-3997. MARYLAND - Ba ltimore, LH . Kolman Co., Phone 301-752-8756. MASSACHUSETTS - Norwood , Stan Pierce Inc., Phone 617-762-3164 MISSOURI - St. Louis Pem Sales 
Co., Phone 314-427-7200. NEW YORK - Cicero, Ad vanced Components Inc., Phone 315-699-2671 . New York, ABC Electron ics Sales, Phone 516-747-6610. OHIO - Columbus, Tom Mulligan & Associates, .._ 
Phone 614---457-2242. PENNSYLVANIA - Phil adelph ia, ABC Electronics Sales , Phone 215-464-2275. TEXAS - Addison, Campion Sales, Phone 214-239-9196. 

DISTRIBUTORS : ARIZONA - Phoenilt, Kierulff Electronics. Phone 602-273--7331 . CALIFORNIA -Gardena, Santa Monica Bell, Ph one 213-321-5802 Los Angeles, Wesco, Phone 213-685-9525. Menlo 
Park, Bell Electronics, Phone 415-323--9431 . San Carlos, Sterling Electronics, Phone 415-592-2353. San Diego, l<ierulfl Electronics, Phone 714-278-2112. COLORADO - Denver, Kierulff Electronics Phone 
303-343-7090. LONG ISLAND - Freeport, Milgray Electronics Inc., Phone 516- 546-6000. MARYLAND - Baltimore, Arrow Electron ics Inc., Phone 301-247-5200. MASSACHUSETTS - Dedham, ' Gerber 
Electronics, Phone 617-329--2400. Watertown , Sterling Elec1ronics, Phone 617-962-9720. MINNESOTA - Minneapoli s, Hall Mark Electron ics Corp., Phone 612-925-2944. NEW YORK - Buffalo, Genesee 
Rad io & Parts Co. Inc .. Phone 716-873-9661 . Rochester, Simeona Electronics , Phone 716-328-3230 NEW MEX ICO - Albuquerque, Kierulff Electronics, Phone 505-247-1055. TEXAS - Da llas, Semicon ­
ductor Specialists Inc., Phone 214-358-5211 . WASHINGTON -Seattle, K1erulff Electronics, Phone 206-763-1550. 

CANADA - MICROSYSTEMS INTERNATIONAL SALES OFFICES : ONTARIO -Ottawa, Phone 613-828-9191 , Toronto, Phone 416-366-7721 . QUEBEC - Montreal , Phone 514-875-2814. 

SALES REPRESENTATIVES: BRITISH COLUMBIA - Vancouver, A.W. Bleue, Phone 604-685-7914. 

DISTRIBUTORS: BRITISH COLUMBIA - Vancouver, R.A.E . Industrial Electronics lid., Phone 604-687-2621. ONTARIO - Malton, Semiconductor Specialists (Canada) "Ltd ., Phone 416-678-1444. 
QUEBEC - Montrea l , Cesco Electronics limited, Phone 514-735-5511. 
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New Products ___________ _ 

LSI packages make room at the top 
Ceramics manufacturers to market side-brazed typ·es 
that provide a variety of cavity sizes for big MOS chips 

by Stephen E. Scrupski, Packaging & Production Editor 

MOS chips are getting larger, and it 's 
not j ust because more functions are 
being put on them. In add ition, 
computer-aided design increasi ngly 
is being used to lay out the chips 
a nd , though it is much faster and 
makes fewer errors, the corn pu ter 
just isn't as efficient as a hum a n in 
making use of available space . 

So semiconductor makers are 
looking for packages with larger 
cavities to accommodate the bigger 
chips designed by computers. Pack­
ages with lead frames brazed to 
pads on the top surface are limited 
in cavity sizes by the space needed 
for the pads. When lead frames are 
brazed to the unders ide of the pack­
age, some users fear short circuits to 
the printed circuit board. The third 
a pp roach is to braze the leads to the 
sides of the package, and the in­
creasing popularity of thi s des ign is 
indicated by a series of new LSI 
packages to be announced in the 
next month or two. 

wagon. Centra lab Electronics divi­
sion of Globe Union Inc., Mil­
waukee, has had a 40-lead DIP with 
a 250-mils-square cavity on the 
market for more than a year, and 
one with a 315-mils-square cavity 
was introduced late in 1971. 

Centralab brazes leads to the un­
derside of the top substrate, but an­
other layer of ceramic- slightly na r­
rower- raises the bonding pads 
away from the printed circuit con­
ductors and thus prevents shorting. 
J.C. "Chuck" Thompson, Centralab 
sales manager, points out that his 
package preserves the planar pack­
aging format , whereby the lead 
frames come out in the same plane 
as the package and are bent down in 
th e last phases of production. 

Retooling is required for the side­
brazed package, but a bending step 
is not required . And one ceram ic 
package maker views retooling for 
th e s id e-brazed package as th e 

"dues" that a semiconductor maker 
must pay for wide cavity sizes. 

Kyocera offers a full line of side­
brazed packages- from eight to 40 
leads- both in white and black ce­
ramic, used for light-sensitive chips. 
In the 24-, 28-, and 40-lead pack­
ages, maximum cavity size of the 
first packages was 250 mils square. 
Now, the 310-rnils-square cavity "is 
about the maximum you can ge t 
with the side-brazed package," says 
Arthur Jonichi , Kyocera vice presi­
dent. Typical price for the new 40-
lead unit will be less than 90 cents in 
quantity , he adds. 

One interesting offshoot of the 
Kyocera package is the receptacle 
recently introduced by Amp Inc., 
Harrisburg, Pa., which handles a 
leadless side-brazed package. Con­
tacts in the socket simply press 
against the bonding pads along the 
sides of the package. The recep­
tacles are zero-insertion- force type-

Kyocera International Inc., Sun­
nyvale, Calif. , which last August in­
troduced the first 40-lead side­
brazed package- with a 250-mils­
square cav ity- is ready to announce 
a 40- lead side-brazed package with 
a 310-mils-square cavity. The earlier 
package has since been made th e 
s ta ndard at Fairchild Semicon­
ductor division for all its custom-de­
signed MOS chips. 

Versatile. Receptacle from Amp Inc . handles leadless ceramic package that is designed for 
side-brazed lead frame , as well as packages with pads on top . 

American Lava Corp. , Chat­
tanooga, Tenn, a subsid iary of 3M 
Co.; Meta li zed Ce ramics Corp., 
Providence , R .l. ; an d Sernicon­
d uctor Component Substrates 
Corp ., Garland , Texas, will also be 
marketing side-brazed LSI packages 
during th e next month. 

However, not a ll ceramics makers 
are ready to jump on ~h e band-
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Procond is 
young 

(electronics 
too) 

Plastic film 
and electrolytic capacitors 

for entertainment 
and professional 

field. 

PROCOND S.p.A. - 32013 Longarone, Italy. 

New products 

the contacts are actuated when the 
cover is pivoted into place. In its 
present form, th e receptacle handles 
a 40-lead package and provides con­
tacts to th e printed circuit board on 
the same 600-mi l spacing as pack­
ages with leads. 

Another version of the Amp re­
ceptacle will handle the ceramic 
package introduced last year by the 
Electronic Products division of E.I. 
DuPont deNemours & Co., Wil­
mington, Del. The DuPont package 
normally uses a lead frame with a 
C-clamp struc ture that grips the 
edges of the subs trate and is sol­
dered to bonding pads on the top 
and bottom of the substrate. For use 
with the Amp receptacle, the lead 
frames would be eliminated, and 
contacts in the receptacle would 
contact the pads on the top . 

DuPont also is working on a 
"simulated" side-brazed package, 
which should be ready in about 
three months , reports John J. Cox, 
division manager for packages. The 
C-clamp lead frame in this package 
is used on pads that are remote from 
the cavity ; but near the center of the 
package edge- where the cavity is­
the top arm of the C is removed so 
that contact is made only to the side 
and bottom of the ceramic. 

Only four of the 20 leads along 
one side of the 40-lead package 
would have to be modified in this 
way, says Cox, in order to reach cav­
ity sizes of 3 10 mils square or even 
larger. Structural integrity would be 
maintained because the lead frame 
is held together by the shorting strip 
until the final stages of the process , 
when it 's clipped off for final test. 

The Fairchild custom -MOS oper­
ation has standardized on side­
brazed packages for all devices. 
Fairchild has had to re-tool to 
handle the vertical leads on the 
package, but Tom Dyer, program 
manager, points out that the use of 
sta ndard sea l rings and the savings 
in elimination of th e lead-bending 
step , together with improvements in 
packaging, more than pay for any 
redesign of test jigs and the like. 
Dyer sees the Amp receptacle as a 
useful approach in reducing cost of 
maintenance and board rework. By 
e liminating the lead frame, the 
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package cost may drop to less th an 
20 cents, assuming high-volum e us­
age, Dyer predicts. 

"S ide-brazed packages will take 
the major portion of LS!s," says 
Robert Applewhite of American 
Lava . Right now, his company has 
packages of this type with up to 22 
leads , and it is tooling up for 24- , 
28-, a nd 40-lead units. 

Metceram has a 22-lead unit, and 
Frank Rydwansky, appl ication s 
manager, says the 40-lead housin g 
will be ava ilable within a few weeks, 
followed soon thereafter by 24- a nd 
28-lead versions. 

At SCS, tooling was begun in th e 
third quarter of last year for side­
brazed packages , marketing man­
ager Don Fleming says. and units 
with 28 a nd 40 leads are now being 
released in evaluation quantities. 
Prices could drop to 80 cents each in 

For memory chips. Side-brazed LSI pack­

age with 22 leads is made by Metceram . 

large quantities , Fleming says. 
Texas Instruments' H erme tic 

Seals department, Dallas, is provid­
ing sample lots of 22-lead side­
bra zed packages, but hasn't yet 
made a full commitment because Tl 
officials are not convinced that it's 
the way to go, says Richard Presby, 
marketing manager. 

Another approach to wide-cavity 
packages is being taken by Space 
Ordnance Systems, Saugus, Calif., 
which is offering a 40-lead glass-ce­
ramic package with a die-bond area 
measuring 280 by 350 mils at about 
90 cents in large quantities. For 
smaller packages with leads on 300-
mil spacing, the company recently 
introduced a unit in which the Ko­
var lead frames are bent before the 
glass-ceramic is fused to the metal. 
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1,577,703 Photodiodes 

Typi cal ST-Vidicon shown· with greatly enlarged portion of si licon target . 
Thirty photodiodes of the 613,346 covered by the standard 4:3 raster are shown . 

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

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

The RCA-4532A is the outstand­
ing examplfl of this unique photodiode 
target technology and is intended for 
high-quality TV pickup. The RCA-

Electronics/ March 27 , 1972 

4532 is ideal where quality criteria are 
less stringent. 

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

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

Ask your RCA Representative or 
RCA Industrial Tube Distributor for 
more information on these and other 
RCA ST-Vidicons. For technical data, 
write: RCA, Commercial Engineering, 
Section 70C-27/ZC13, Harrison, N .J. 
07029. International : RCA, 2-4 rue du 
Lievre, 1227 Geneva, Switzerland, or 
Sunbury-on-Thames, U.K ., or P.O. 
Box 112 Hong Kong. 
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Stop 
vvasting matches­

TRW povver resistors 
vvon't burn! 

122 

PGR power resistors are flameproof, not just flame 
retardant. You can 't beat them for economy and 
reliability. Available in IRC's famous Metal Glaze™ 
thick film construction , PGR's come in 1 to 5 watt 
sizes, values to 100K, ± 2, 5 and 10% tolerances. 

PGR resistors are tough enough to withstand tran­
sients, even continuous power overloads without 
failure. Under severe fault conditions, these units 
open without flame or sufficient heat to ignite 
adjacent components. If your product must be cer­
tified for fire safety, it will pay you to investigate. 

If non-flammability isn't enough benefit, compare 
the price with other power resistors - even those 
not designed to be flameproof! The PGR is less 

Circle 122 on reader service card 

than 6¢ in quantity. That's why so many appliance, 
TV, and industrial users specify TRW. 

PGR joins IRC's type PW wirewound series which 
for many years has been the price and perform­
ance leader in consumer electronics. PW's are 
available in equivalent sizes to PGR and serve 
those applications where lower resistance values 
down to .1 ohm are required . In addition, specific 
fusing characteristics and positive temperature co­
efficients are available where the resistor is used 
for component or circuit protection. 2 to 50 watts. 

Call us about your application . TRW/ IRC Fixed 
Resistors, an Operation of TRW Electronic Com­
ponents, Boone, N.C. 28607. (704) 264-8861. 

TRW 
/RC RESISTORS 
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d Software cuts sensitivity-analysis cost 
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Easy-to-use computer program checks hundreds of parameters 
in seconds, determining the ir effect on circuit-output functions 

by Lucinda Mattera, Circuit Design Editor 

Running through a sensitivity 
analysis with most computer pro: 
grams can be time-consuming and 
very expensive. But a software sys­
tem called Aedcap (Automated en­
gineering design circuit analysis 
program) can now reduce the cost of 
sensitivity analysis to a matter of a 
few seconds and a few pennies. Be­
sides de and ac sensitivity analysis , 
new features include worst-case 
analysis and finding the square root 
of the sum of the squares. 

Aedcap, which was developed by 
SofTech Inc., Waltham, Mass ., al­
lows the user to treat his design a:. 
though it were breadboarded or 
being checked with an oscilloscope. 
He can vary the de bias conditions 
and then perform ac analysis, all 
with the same conversational lan­
guage that is used to create models, 

subcircuits, and circuits. 
Sensitivity analysis with a com­

puter a llows the user to vary each 
design parameter individually by 
the same or different amounts and 
determine the effect each change 
has on circuit performance. 

The illustration is an example of a 
de sensitivity analysis printout for 
the amplifier shown. The sensitivity 
of the voltage, V(l 4,0) , across re­
sistor R12 (from node 14 to node 0 
[ground] in the circuit) is found. For 
example, resistor R5 , which is nomi­
nally 811 ohms, has a sensitivity of 
1.3 x 10- 3 volts per unit, and 
causes about a 10-millivolt change 
in V(l4,0) when varied by 1%. All 
the figures in the normalized col­
umn represent a 1 % parameter 
change. To find the effect of larger 
or smaller percentage changes, the 

normalized 1% figure is simply mul­
tiplied by the desired factor. Tran­
sistors, as usual, are represented by 
the desired computer models. 

A sensitivity analysis usually in­
volves many circuit parameters- 102 
for the amplifier shown. But Aedcap 
performs sensitivity analysis in a 
single mathematical step- by trans­
posing a matrix (interchanging rows 
and columns) that represents the 
circuit being analyzed. For a 55-
node circuit, Aedcap will hold com­
puter costs to a little more than $40 
for both an initial de analysis and a 
I 00-parameter sensitivity analysis. 

The program is available for in­
house installations or on a time­
shared basis through National css 
of Stamford, Conn. 

SofTech Inc .. 391 Totten Pond Rd ., Wal­
tham , Mass. 02154 [339] 

Analyzing de sensit ivity. In a second, Aedcap program checks 102 parameters of amplifier ci rcuit , at right. Printout shows results. 

SENSITIVITIES FOR V(l4,0) 
ELEMENT ATTRIBUTE VALUE SENS I Tl VI TY (NORMAL I ZED) 

16 UNITS VOLT S/UNIT VOLTS/ t 
Rl 

RES I STANCE 1.00000E+02 2. l72l9E-07 2 , l7239E-07 
R2 

RESISTANCE l.OOOOOE+02 -2.15445E-07 - 2.15 .. SE-07 
RJ 

RE S I STANCE 4, 80000E+03 l. 25505E-08 1. 56242E-~6 -:- 15 
R4 

RES I STANCE 4,80000E+03 -J,096l7E-08 -l . 48625E-06 14 5.25 kn 
RS R12 

RE S I STANCE 8.11000E+02 1. JOJ46E-Ol l,05710E-02 5.25 R6 
kn RES I STANCE 2 . l 7000E+03 -l.45855E-04 -J , 16505E- Ol 

R7 
RE S I STANCE 8.20000E+02 4. 045JOE-04 J , Jl715E-03 

RB 
RES I STANCE 1. 32000E+03 -9 , 4596JE-04 -1. 24867E- 02 02 R9 
RE S I STANCE 4, SOOOOE+03 -l.6l411E-05 -7,JSJSOE-04 

RIO 
RES I STANCE l. 32000E+03 -7 , JOlllE-15 -9.6l77JE-14 

Rll 
RE S I STANCF. s. 25oone+03 1 . 7875H-15 9, ll475E-14 

Rl 2 
RE S I STANCE llj;. 2'5000E+03 4, 58711E-06 2. 4012JE-04 R7 

QI 
6 0.82 kn RC -1. 29860E-14 

RB -2 .15445E-07 
IE !=i 1 . 19616£•10 
I CS 1. 87225E-01 R3 R6 NBE -J. ll2JIE-Ol 4.8 R4 

2. 11 kn NBC O. OOOOOE+OO 4.8 krl 
BF 7, !Bl41E-07 kn 

- 2.21779E-16 
17 
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Now that we're in your systems, 
we're looking for a place in your hearts. 

It's not that we're unhappy. 
Our instrumentation recorders are the fin­

est made ... they're proving it in systems around 
the world. 

But we would like to remind you that we 
can make life even easier for you. 

We have a complete line of easy-to-use, ver­
satile test and calibration equipment. Lab-type 
and portable Flutter me­
ters and test sets. A sweep 
generator that shows 
you the response of your 
recorder across its full fre­
quency range at a glance. 

A tape care package that cleans, winds, bur­
nishes and certifies your tapes in minutes with 
the push of a button. 

Just about everything you'll ever need for .... 
trouble-shooting your systems and taking care -'I 

of your tapes faster, with a lot less grief. 
So why not get all the details on all our instru- ,.... 

ments today. ..__ 
To know them is to love 

them. 

INSTRUMENTATION PRODUCTS 3m 
mincom Division comPANY 

300 S Lewis Ad. Camarillo, Calif. 93010. Tel: 805) 482-1911 

., 

.... 

( 

... 

TLC for your tapes 
and systems. 
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Components 

A-d converter 
measures ratio 

12-bit unit based on 

successive approximation 

technique sells for $150 

Analog-to-digital converters that 
can produce a digital value from the 
multiplication (or division) of two 
analog inputs simplify the data ac­
quisition problems for subsequent 
signal processing. Now, such a ratio­
metric ADC can be obtained for be­
tween $ 150 and $180, depending on 
required accuracy. The new line 
from Hybrid Systems, called the 
ADC560 series, yie lds a 12-bit output 
and is based on the successive ap­
proximation technique. 

The ratiometric ADC operates in 
two modes. In one case, one input is 
the supplied reference voltage and 
the other is an external measured 
variable. Here, the digital output 
represen ts the product (or ratio) of a 
variable multiplied by a constant. In 
the other case, the reference is dis­
connected and another external 
variable is connected, so that the 
digital output represents the prod­
uct of two input variables . These in­
put signals can be between 0 and 10 

. volts or - 5 to + 5 volts. For a mea­
'14 suring transducer requiring an ex-
11 , ternal reference voltage, tha t volt­

age can be the same as the ADC 
reference, thus reducing the effect of 
reference voltage fluctuations and 

the effect of common mode noise. 
The four units in the series offer 

different accuracies. The ADC560- IO 
is accurate to within 0.05% and is 
priced at $ 150. For $ 175 , the 
ADC560- l l offers accuracy to within 
0.025%; and the ADC560- l 2, priced 
at $ 180 , is accurate to within 
0.0125%. All provide two's-comple­
ment output. The ADC560-3-BCD 
produces three-decade binary­
coded-decimal output, has an accu­
racy within 0.05%, and costs $150. 

The ADC560 line uses a ll hermetic 
components and thin-film resistors 
for long-term accuracy. Conversion 
time is 20 microseconds. 

The modules measure 2 by 2 by 
0.4 inches for card mounting, and 
they require ± 15-volt and 5-volt 
power supplies. 
Hybrid Systems Corp., 87 Second Ave. , 

Northwest Park, Burlington, Mass. (341] 

12-bit d-a converter 

is housed in a DIP 

Functional trimming- adj us tin g 
film resistors according to their ef­
fects on circuit opera tion rather 
than on resistance value a lone- is 
the key to high accuracy of a 12-bit 
digital-to-analog converter built by 
Micro Networks Corp. a nd housed 
in a hermetically-sealed 16-lead 
dual in-line package. With a laser, 
thin-film Nichrome resisto rs on sili­
con substrates as small as 40 mils 
squa re can be trimmed to within 
0.01 % of absolute va lu e. and ra tio 
ca n be trimm ed to within 0.003 o/c of 
des ired value. 

The trimming operation takes 2 
to 3 minutes per circuit, says Bruce 
Smith. product marketing manager 
a t Micro Networks. For a converter 
with !-volt ful l-scale output, for ex­
a mple , al l digital inputs are turn ed 
on . and resistors are trimm ed until 
the output voltage falls within th e 
specified accuracy limits. Then the 
input is changed. a nd the next re­
sistor is trimmed until tha t output 
voltage is reached. and so on until 
a ll the resistors are trimmed. 

The 12-bit unit offers lin earity 
within one-half of the least signifi­
cant bit over the operating range of 

0°C to 70°C. Settling time to 0.0 1% 
of its fina l va lu e is under 500 
nanoseconds and, more ty pically, 
300 ns. accord in g to Sm ith ; a l­
though, since it requires a n external 
operational amp lifi er for output, 
settling time will be controlled by 
the amp lifier. 
Micro Networks Corp ., 5 Barbara Lane, 
Worcester, Mass. 01604 [342] 

Time-delay relays 

offered in 60 models 

A line of time-delay relays is de­
signed for use in timing a nd input­
power app lications. The line consists 
of fo ur families: delay-on-make, de­
lay-on-break, single-shot , and flip­
flop configurations. There are about 

15 models in each fami ly . Input is 
120 vo lts ac and 24 v de, and output 
is double-pole double-throw, 10-
ampere resistive . Repeat accuracy is 
to within ±2%, and life is rated at 5 
million operations . Price sta rts at 
$14.75. 
Degmi Systems Div , Nottil Industries Inc ., 

7648 San Fernando Rd ., Sun Valley, Calif. 
91352 [343] 

Mercury-wetted reed switch 

is only 1 .5 inches long 

A double-throw form C mercury­
wetted reed switch is 1.5 inches 
long, with a 0.2 14-in.-maximum 
glass diameter and 0.805-in.-max­
imum glass len gth. Switching volt­
age of the model MRC-DT is 28 vo lts 
de at up to 0.5 ampere, and break­
down vol tage is 1,000 v de min­
imum. The device is designed for 
appl ications where contact bounce 
cannot be tolerated , for dry-circuit 
app lications, and for high inrush 
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If your catalog data is 
over 7 months old, it's 
probably out of date. 
Send for the latest 

GE catalogs ... they're free. 

U •IOl . llU lllC 

Solid State Lamps: 4 
pages. Data covers 11 in­
frared and 4 visible Solid 
State Lamps, previously 
called Light Emitting Di­
odes, plus 2 SSL Numeric 
Reado11t displays. Diameter 
range, 0.080" to 0.230". 

Circle Product Card # 160 

Sealed Beam Lamps: 16 
pages. Data covers over 
180 Sealed Beam lamps, 
ranging from 4 %'' to 8" in 
diameter, with a design 
voltage range of from 4.0 
to 115 and initial candle ­
power of from 1 50 to 
600,000. 

Circle Product Card # 163 

Sub-Miniature Lamps: 
24 pages. Data covers over 
200 sub-miniature lamps. 
Lamp life up to 60,000 
hours. Diameters %" and 
smaller. 

Circle Product Card # 161 

1011 ... l!UTO!I 

Glow Lamp : 8 pages. Data 
covers 77 Neon Glow In ­
dicator and Circu it Com­
ponent lamps. Diameters 
ranging from %" to 1 %". 

Circle Product Card # 164 

=--=---

uouu e 11u111< 

Miniature Lamps: 40 
pages of data covering over 
500 miniature lamps rang ­
ing from 3 to 20,000 hours 
average rated life. With a 
design voltage range of 
from 1.2 to 125, and candle­
power range from .02 to 
250. Diameter range from 
' Y.2" to 2'Ao". 

Circle Product Card # 162 

• "." - ELECTRONICS 

Solid State Optoelec­
tronics Selection Guide : 
4 pages. Data covering SS 
Emitters, Photon Couplers, 
18 Detectors, Photo Tran­
sistors Arrays, Program ­
mable Unijunctions Tran­
sistors, Selecon Controlled 
Switch es and Rectifi ers 
(SCS's and SCR's) . 

Circle Product Card # 165 

All of the above catalogs have been revised or updated in the past 7 
months. To get the catalog(s) you need, free of charge, circl e the 
product card number shown under each catalog or write, General 
Electric Company, Miniature Lamp Department, Nela Park, Cleveland, 
Ohio 44112. 

GENERAL. ELECTRIC 
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load, . Price i' S4 .50 in q uan tit 1c' or 
1.000 . dclivc n · rrom s tock. 
Hamlin' Inc . Lak~ Mills , Wisc. 53551 [ 345 J 

Rf detector has flatness 

of 0.1 dB per octave 

An r r detec to r ro r USC in th e ra nge 
or I to 500 m ega hert z has a ll a tnc'' 
or 0. I dccihcl pe r octa\'C, Ca ll ed th e 
model 450A. th e u ni t uses low­
thrcsho ld. hermctica ll v scaled ,i Ji­
con diodes ins tead or' tcmpcra ture­
semi tive german iu m di od e,. T he in ­
terna l co m pone n b arc po tt ed in a 
sil iurn com pou nd a nd th e d e tec tor 
\\' il l wit hs tand a 500- milli wa tt r r in-

p u t ove rl oa d ind clin itcly: Price i' 
S35 eac h for one to n in e. 
Synergex Inc , 459 E Main St, Denville , N.J 

07834 (344 J 

Voltage-contro ll ed crysta l 

osci llator consumes 20 mW 

A vo ltage-con tro lled crys ta l osci ll a­
to r uses on ly 20 milli wa tt s. and is 
a imed a t app lica t io ns in rad io com­
m u n ica ti ons e quipment w h ere 
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spa ce. weig ht. a nd power require­
m e nt s are critic a l. Th e unit is 
ho used in a he rm e tica ll y sca led con­
tainer meas urin g 0 .75 cubic inch . 
The m od e l JK T0-85 is d es ig ned lo r 
a ny center rreq ue ncy be twee n 17.5 
and 22 .5 mega hert z. Price in 100-
lo ts is 5200 each. 
CT S Knights Inc .. Sandwich. Ill. 60548 [346] 

Zero-c rossove r swi tch 

isolates load from input 

A zero- crossov er switch a ss ures 
ze ro-vo lt switchin g bv fo rmin g a n 
electrica l cushio n be t~cen the signa l 
input a nd loa d powe r. T he o utput 
switchin ,g circu it is iso lated fro m the 

input s ig na l th ro ug h a re ed rel ay. 
Th e series 6500 m odule is suit a ble 
for switc hin g so leno id a nd hi gh-in­
tensity la mp load s. Contact te rmi­
na ti o n is s in g le-po le s in g le- th row 
with conta ct ratin g o r 1.0 a mpere at 
120 v ac. 50 / 60 he rt z. Minimum lile 
is I 0 7 o perati o ns. 
Guardian Electric Mfg. Co .. 1550 W Carroll 

Ave , Chicago , Ill. 60607 (34 7] 

Glass delay li nes attenuate 

over 1 4-megahertz band 

Gl a ss dela y lin es o ffer 30-d cc ibcl 
m a in s i g n a l a tt e nu a ti o n . 14-
m cgahcrt~ band width . and less than 
50-~IB s puri o us leve ls. T h ey arc 
a imed at a pplica ti o ns in b roadcas t 
a nd studi o equipm e nt. T he unit s 
meas ure 2 .64 by 1.39 by 0.57 inc hes. 
and ha ve no min a l d e lay tim e va lues 
o f 64 111 icroscco nd s. Added bcnc li ts 
a rc low in se rti o n loss a nd wid e no ise 
m arg in s. Pri ce is 5 245. 
Corning Memory P1oducts , Electronic Prod­

uc ts Div . Corning Glass Works , Raleigh , 
N.C. 27609 (348] 
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Talk to Gudebrod 
... about tying wire bundles 

Lacing Tapes 
Dial Cords 
and Systems 

... about harness rooms 
Speed 
Economy 
Lab Control 
Vibration 
Temperature 

. .. about Quality 

. . . and about our 
quarter of a century 

of experience with toueh 
problems like yours! 

Gudebrod is known around the world as the "Quality 
House" for Lacing Tapes and Harness systems. We 

use knowledgeable company men and have five branch 
offices in the United States to serve you. Write to this 
address for prompt return of our Product Data Catalog. 
Should you be well into a project that needs immediate 
attention- phone the nearest office . . . Ask for the 
Electronics Division . Then we can really do some talking! 

Philadelphia 215 - WA 2-1122 
New York 212- LA 4-5858 
Boston 617 - HA 6-5347 

Chicago 
Burbank 
Charlotte 

312- DE 7-3025 
213- 848-3962 
704- 333-9591 

Export Division Office in New York 

~udebrod Bros. Silk Co., Inc. L!:J FOUNDED IN 1870 

Gfeclronicj '2Jiuijion 
Dept. 813 

12 SOUTH 12th STREET, PH I LADELPHIA, PENNSYLVANIA 19107 
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New products 

Instruments 

Amplifier 
is on a chip 

Device offers high 

common mode rejection, 

slews at 8 volts / microsecond 

For signal acquisition, signal pro­
cessing, recorder front-end, and 
other applications , designers often 
need so-called instrumentatio n am­
plifiers: specialized linear circuits 
with high common mode rejection , 
high input impedance, good line­
arity , and a small temperature 
coefficient. Analog Devices Inc., has 
developed what it says is the first 
monolithic device that fills the defi­
nition. It's ca lled the AD520. 

The usual approach to low-cost 
design combines a number of IC op 
amps and a closely matched net­
work of resistors in a package or on 
a board. This costs money in chips, 
in resistors , and - perhaps even 
more- in the packaging, which can 
range from module size to a printed 
circuit board or more. But at $ 18 
each, Analog says, the AD520 is a 
ha lf to a third the price of discrete­
com ponent amps. 

Competing devices use external 
feedback stabilization a nd out­
board resistor networks to improve 
common-mode rejection. Analog 
has switched to internal current 
feedback, and, instead of outboard 
resistors, uses direct-coupled Dar­
lington-paired input transistors in 
each channel, not on ly to get more 
than 100 decibels CMR through tight 
transistor beta and breakdown 
matching, but also to obta in an in­
put impedance of 2 x 109 ohms. 
The only outboard resistance 
needed is a single gain-controlled 
trim pot, and the unit a llows prac­
tically constant input impedance 
over a ga in range of 1 to 1,000 . 

Unlike input impedance, CMR 
does vary with gain- but no t so 
much as to ha mper the user. At a 
gain of I, CMR a lready is 70 dB, 
even with a 1,000-ohm imbalance 
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between the two inputs- and gener­
a lly, input loads are matched as 
closely as possible when an instru­
mentation amp is installed. Between 
de and 100 hertz, CMR rises to 90 dB 
at a gain of 10, to 106 dB at a ga in of 
100, and to more than 110 dB at a 
gain of l ,000. And though a de low­
frequency amp, the AD520's CMR at 
1,000 HZ still is 86 dB. 

Input bias is only 30 nanoamperes 
while offset is 10 nanoamperes and 
trims to zero. Analog spokesmen say 
they are trying to lower the latter 
specification even further. 

To avoid matching and tempera­
ture tracking problems, Analog's de­
signers have placed many resistors 
on a thin film overlyi ng the chip. 
The thin film resistors are not only 
more accurate than diffused resis­
tors but also have a common heat 
sink in the chip itself. Thus Analog 

·r~ 
claims a vo ltage drift at unity gain 
of only 0.01 % per degree cent igrade, 
and a t a gain of l ,000, a maximum 
drift of 0.05%/° C. Maximum non­
linearity for the circu it is 0.02%. 

Although designed to work at low 
frequencies, th<:: AD520 slews at 8 
volts per microsecond . This is very 
fast for any linear IC, according to 
Analog spokesmen, and fits it for 
applications like e lectrocardiogra­
ph y or e lectroencephalography , 
where the average wave is a low­
frequency one, but where high­
frequency information often is con­
tained in abrupt level changes. The 
ac performance of the device is such 
that its full ± 10-v, 5-mA output is 
ava ilabl e over a 150-kHz band­
width. The AD520 is packaged 111 a 
14-lead plastic DIP. 

The $ 18 unit price drops to $ 12 in 
lots of 100. Delivery of the AD520 is 
from stock. 
Arralog Devices Inc ., 420 Turnpike St. , Can­

ton , Mass. 02021 [351] 

Portable scope has 350 MHz 

bandwidth at 5 mV I division 

The highest gain-bandwidth prod­
uct avai lable in an oscilloscope is 
combined with easy-to-use features 
and portability in th e model 485 de­
ve loped by Tektronix Inc. It is a 
350-MHz, I-nanosecond-per-divi­
sion, dual-trace scope that weighs 
20.5 pounds. 

The user has a choice of switching 
to 50 ohms or I megohm input im­
pedance. Other features include 
trigger holdoff, trace separation, ex­
terna l trigger display, alternate de­
layed sweep , a utomatic vertical 
scale-factor reado ut, a uto-focus, and 
B-sweep intensity con trol. Single­
function pushbuttons add to user 
convenience. 

At 5-millivolts-per-division sensi­
tivity, se lection of the high imped­
ance limits the full-sensitivity band­
width to 250 MHz, but the 50-ohm 
impedance permits a 350-MHz dis­
play. A separate signal path for the 
50-ohm input g ives a VSWR of l: 1.2, 
and a n a utomatic intern a l detection 
circuit protects the 50-ohm input by 
disconnecting the amplifier when­
ever the signal exceeds 5 v rms or 
0.5 watt and 0.1 watt-second. 

Automatic verti cal sca le-factor 
readout for attenuating probes is " 
provided by three light-emitting _ 
diodes located around the edge of 
each input attenuator knob . A 
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glance at the LEDs assures the user 
of the correct volts/ division on the 
screen. 

To complement the higher band­
width , the 485 has l nano­
second/division without magnifier, 
and this is believed to be the fastest 
sweep available on any portable os­
ci lloscope. 

An auto-focus circuit makes it un­
necessary to readjust the focus each 
time the intensity is changed. This 
means that the focus will always be 
correct in single-shot photography. 
A beam-limit circuit protects the 
CRT phosphor from high-intens ity 
burns. 

Overall dimensions of the 485 are 
20% by 12 by 69116 inches. Price is 
$4,200. Delivery time is 90 days. 
Tektronix Inc ., P.O. Box 500 , Beaverton, 

Oregon 97005 (352] 

Frequency counter covers 

20 Hz to 18 GHz range 

A frequency counter designated the 
model 6057, offers continuous-wave, 
frequency-modulated , and pulse­
modulated measuring capabilities of 
input signa ls from 20 hertz to 18 gi­
gahertz. The unit combines an a uto­
matic computing transfer osci llator 
for cw measu rements with an ad­
vanced man ual transfer osci llator 

. 1q1l? 6 !3 74 '7 

... - ""• ""'" 

-
measuring technique for fm and 
pulsed rf, all within a portable 
bench instrument. Full digit readout 
is to nine places, with automatic 
decimal point and annunciator. 
Pulse widths can be as short as 100 
na noseconds, and resolution is se­
lectable in decade steps down to 1 
Hz. Price is $5,450. 

Options include binary-coded­
decimal output, remote programing, 
and a choice of high-stability os­
ci llators to tailor a model 6057 to 
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So you're 
looking for 
low frequency 
filters ... 
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Like 10.2 kHz 10 
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10 

0 

better check 
Vernitron ... 

9 
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Triple 

cascade 

10 11 
Frequency in kHz 

(the filters people) 

For VLF receivers, M ii- Nav systems, Omega systems, command -destruct systems, 
underwater sound - these miniature ceramic LF filters are about one-tenth the 
size and weight of comparable low-frequency types, yet have narrower band­
w idths, lower i hsertion loss and greater stability. This means you can pack more 
performance into one-tenth the space - and have no worries about shock, 
vibration, thermal drift Available in any discrete operating frequency from 7 .5 
kHz to 50 kHz - including the Omega fa's of 10.2, 11 .3 and 13.6 kHz. They're 
fixed -tuned, so you have no instal lation adjustments to make. Hermetically­
sealed, immune to environments ... and there's no need for shielding . 

Performance? Just the single - resonator models have 20 dB / 3 dB bandwidth 
ratios less than 13, stopband attenuation to beyond 30 dB from de to above 
100 kHz. Less than 5 dB insertion loss. And that's not all ! 

Cascaded Models for Higher Selectivity, Higher Rejections 
Great thing about ceramic LF filters - they can be cascaded together in the 
same package, for quantum jumps in selectivity and rejection - with minimum 
sacrifice to volume and weight. Vernitron supplies them in 2,- 3 - and 4 - resona ­
tor models. Some examples : 
2-resonator Models-40dB / 3dB ratios of 10 ; stopbands to above 60 dB. 
3-resonator Models-60 dB / 3 dB ratios of 10 ; stopbands to above 80 dB. 
4 - resonator Models-80 dB / 3 dB ratios of 13.5 ; stopbands to above 90 dB. 

Both Mil-spec and commercial models. Prices will surprise you . They're at least 
competitive with conventional types, and often considerably less. If it's in the 
7.5 kHz to 50 kHz range, it will pay you to check Vernitron . Send us your re ­
quirements. We' ll send complete specs and techn ical data. 

Vernitron Piezoelectric Division 
232 Forbes Road I Bedford, Ohio 44146 I (216) 232-8600 
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How Hermes did away with vast rhombic or log-periodic 
antenna farms. Shoed away by a shrewd array: 
Take 1 meter diameter loops, 4 meters apart, and get an 
omni directional broad-band receiving array. 
Covers 2 - 32 MHz. 
Optimum beam characteristics for both long and short range 
communications. 
Rosette configuration of linear arrays gives a number of 
overlapping high gain beams - all available simultaneously. * Using less than one hundredth of traditional real estate. 
Aperiodic Loop Systems are shrewd enough for restricted 
space, quick set up, roof mountable, or just below ground 
level. And portable version now available. 
From polar icecap to sweltering tropics. 
Installed in more than 52 locations for more than ten gov­
ernments and more than 32 of their agencies. 
Give up the antenna farm. ASK US 

Hermes Electronics Limited 
Suite 315 
2020 F Street N. W. 
WASHINGTON 
D.C., 20006 
Telephone 202 296-2978 
TWX 710-822-1106 
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New products 

special requirements and to systems. 
Delivery time is 30 days after 
receipt of order. 
Systron-Donner Corp ., Instruments Div., 888 

Galindo St , Concord , Calif. 94520 [354] 

Spectrum analysis system 

tests ssb, a-m , fm units 

Providing rapid tests for ca libration 
and troubleshooting of single-side­
band, a-m, and fm transmitters and 
receivers, the CSA-290 system con­
sists of a spectrum analyzer, a two­
tone audio generator, and a high-

impedance probe. Signals from 10 
hertz to above 40 megahertz are dis- . 
played with 10-Hz resolution ari.d 
70-decibel distortion-free dynamic 
range. Price is $4,950. 
Nelson-Ross Electronics, 5 Delaware Dr., 
Lake Success, N.Y. [356] 

Generator puts out 

26-kilowatt pulses 

Designed for semiconductor testing, 
modulating microwave tubes, laser 
pulsing, and other appl ications, a 
pul se generator designated the 
model 350A provides 10%-duty-fac­
tor output pulses. Peak power out­
put varies from 26 kilowatts for a 
single pulse to 2.1 kw at 10% duty. 
A plug-in feature allows good im­
pedance matching between the 
pulse generator and load for any 
impedance between 0.1 ohm and 
20,000 ohms. Continuously variable 
output pulses from 0 to 2, 100 volts 
are available, and pulse width may 
be varied from 0.1 microsecond to 
300 µ,s. Pulse rise and fall times are 
30 to 50 nanoseconds respectively. 
Price is $4,490. 
Velonex, Div. of Varian , 560 Robert Ave ., 
Santa Clara , Calif . 95050 [357] 
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If your IC Logic 
doesn't give you 
a guaranteed 3.5 volt 
noise immunity • •• 

• • •I • 
\ .. \ .. ' ... 

Fire yours and hire ours. 
HiNIL, Hi9h Noise Immunity Logic 

Teledyne's Series 300 HiNIL has a 3.5 volt 
worst-case noise immunity spec. But that's just 
one reason for designing with HiNIL. Here are 
a few more that take the sweat out of industrial 
logic design . 

HiNIL offers MSI. Included in the Series 300 
are such complex functions as BCD to decade 
decoders and drivers, Nixie®*drivers, decade 
and hexadecimal counters, a quad latch and a 
4-bit comparator. 

HiNIL is slow. HiNIL is one of the slowest logic 
famil ies since relays. It has a nice 100-nanosec­
ond propagation delay, so it is unperturbed by 
high voltage transient noise. HiNIL won 't switch 
falsely when a fork lift rolls by or a lathe turns 
over. 

HiNIL is easy to use. There are very few sys­
tem interfaces that cannot be handled simply 
with HiN IL devices. The open-collector devices 

in the family, including the simple gates, have 
ample output sink and drive currents to operate 
a small lamp or relay. 

For output interfaces to TTL, DTL or MOS-you 
simply connect an open collector output through 
a pullup resistor to the desired high logic level. 

HiNIL is versatile. Every IC in the Series 300 
family comes in a 16 pin dual-in-line package, 
providing better than 10% more Junctional 
utility than you get with most standard TTL 
circuits . Vee and Ground take up two of the 
pins, leaving 14 for functional use compared 
with 12 for TTL. You can do more with Hi NIL. 

HiNIL is priced right. It's priced competitive 
with TIL. Need we say more? 

Write for a free copy of our 64 page HiNIL hand­
book. Save yourself from those embarrassing 
noise problems-use Series 300 HiNIL. 

.._~TELEDYNE SEMICONDUCTOR 
1300 Terra Bella Avenue Mountain View. Californ ia 94040 (415 ) 968·9241 TWX: 910-379-6494 Telex : 34-8416 

'N ixre 1s a regis tered trademark of Burroughs Corp 
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The mini-maxi machine. 
Kearfott SKC-2000 Airborne Digital Computer 

has a new number-AN/ YUK-13. 

Floating point arithmetic 
eliminates scaling 
problems and permits 
use of Fortran IV 
compiler. 

True modularity. Machine 
architecture and 
mechanical design permit 
virtually unlimited 
addition of CPU and 
memory modules. 

Here's a general purpose, high per­
formance digital computer based on 
a single data and control bus, and 
an interconnecting series of mod­
ules. Modules that can be combined 
to form a simplex central computer, 
a multi-computer or a multi-proces­
sor-simply, quickly, efficiently. 

But there's more. Through the 
use of asynchronous module opera­
tion, a complete spectrum of input/ 
output capabilities is made possible. 
Because the SKC-2000 modules can 
be mixed and matched, and even 
replaced as new technological ad­
vancements are made. 

Existing, working 
hardware designed 
to accommodate 
tomorrow's technology, 

Unique mechanical 
design provides for 
adequate cooling of 
MSl/LSI devices used. 

today. 

We can provide you with a whole 
family of compatible modules for 
our SKC-2000. And one of our ex­
perts can help you put together a 
winning combination, from a mm1-
machine all the way up to a maxi­
machine. 

For more information, and a de­
tailed new brochure, write The.Singer 
Company, Kearfott Division, 1150 
McBride Ave., Little Falls, N.J . 07424. 
Or call (201) 256-4000. 

SINGER 
AEROSPACE & MARINE SYSTEMS 

Large machine archi­
tecture used in compact 
airborne digital computer 
is readily expandable. 

Typical Characteristics (CPU) 
Number Systems Binary, floating point 

Data words, 
Floating Point 
Data words, 
Fixed Point 
Instruction 
Words 

and two 's complement 
fixed point 
24 bit mantissa, 
8 bit exponents 
32 bits including 
sign 
16 bits short, 
32 bits long 

Instructions 99 total long & short 
Address Modes Direct, indirect, 

Average Execu­
tion Times For 
1.9µ sec 
memory (LSI) 
Memory words 
directly 
addressable 

relative , immedi ate 
Add-2.125µ sec, 
multiply -5.875µ sec 
Divide -5 .875µ sec 

131,072 
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New products 

Microwave 

One-port counter 
covers 18 GHz 

Instrument has-35-dBm 

sensitivity to 12 .4 GHz, 

-25 dBm up to 18 GHz 

It's not usua l to measure X-band 
signals and signa ls in the I-H z re­
gion through the same input port. 
Neither is it usual to make micro­
wave frequency measurements with­
out changing plug-ins, switching 
ranges , or tuning a transfer oscil la­
tor. However, if this versat ility is de­
sired , Hewl e tt-Packard 's Model 
5340A microwave frequ e n cy 
counter is the instrument to do it. 

H-P says that this is the first micro­
wave counter that can trigger re­
li a bly on signa ls as sma ll as - 35 
dBm (up to 12.4 GHz) and -25 dBm 
(up to 18 GHz). The counter displays 
eight digits with both the decimal­
po int position a nd the correct units 
automatically selected . The counter 
is actually two instruments in one. 
For frequencies to 250 MHz, it acts 
as a direct counter. Above this fre­
quency, it changes into a n auto­
matic transfer osc illa tor syste m. To 
prevent incorrect measure me nts and 
confusing displays , the instrument's 
circu its a re disabled while it decides 
how it 's going to operate. 

In addition to its full-range 50-
ohm input port, the 5340A has a 
I-m egohm input that ca n be used 
ove r the frequency range from IO Hz 
to 250 MHz. This second port has a 
sensiti vi ty of 50 mv rms for a sin e 
wave. A front-panel slide switch se­
lects either of the two ports. 

The counter's resolution can be 
va ried from I Hz to I MHz in seve n 
decade steps. Since the unit ca n only 
display eight digits a t a tim e, it is 
necessa ry to overflow th e most sig­
nificant digit of the display to in­
crease the ob ta inable resolution at 
the higher frequencies . When in thi s· 
mode, the instrument energizes an 
OFLO la mp to remind the user of the 
invisible di gits. 
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The standard instrument, which 
has a time base with an aging rate 
of less than 3 parts in 107 pe r 
month , is priced at $5,300. For an 
additiona l $400, the counter comes 
wi th a special high-stability time 
base with an aging rate of less tha n 
5 pa rts in 10 10 per day. The stan­
da rd time base changes by less tha n 
2 parts in 106 over the range from 
- 20 to + 65 °C. The high-stability 
time base cuts the temperature drift 
to less than I part in 10s. 
Inquiries Manager, Hewlett-Packard Co., 

1601 California Ave., Palo Alto, Calif. [ 401] 

4-G Hz transistors put out 

5 watts at 30% efficiency 

Five watts of output power at 4 
giga hertz can now be extracted from 
a commercial transistor. Its per­
formance gives the circuit designer 
new options in developing C-band 
communicat ions gear and for appli­
cations in S-band telemetry, elec­
tronic countermeasures , and 
phased-array radar. The devices ca n 
also be used as driver circuits for 
X-ba nd radar and communicat ions. 

The 5-watt device is one of the 
new se ries MSC4000 transistors de­
ve loped by Microwave Semicon­
ductor Corp., Somerset, N.J. Typica l 
sa turated power ou tput versus fre­
quency for units in this series is 
shown in the graph. 

"Efficiency for the 5-w, 4-GHz de­
vice is above 30%," says Ron Ros­
ensweig, the company's president, 
"and 25% efficiencies a re achieved 
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at 4.5 GHz with 1-w output. " Power 
ga in at 4.5 GHz is about 5 dB, in­
creasing to IO dB at 2.3 GHz, with 
50% efficiency. 

Key to the transisto r's perform­
ance is an interdi gitated struct ure 
that y ields an unusually high ra tio 
of emitter periphery-to-base a rea. 
With em itter fingers of I-micro­
meter wid th aligned to within 1.5 
µm of the base, the company claims 
an emitter periphery-to-base area 
ratio of eight can be achieved . Ther­
m a I resistance is less than 
7.5°C/wa tt for mode l MSC4005 and 
30°C/w for model MSC400 I. 

Projected mean-time-to-failure is 
greater than 20 yea rs when the de­
vice is opera ted at a junction tem­
perature of 140°C. This is achieved 
with bandwid ths greate r than 10% 
in the 2- to-4-GHz range. 

Prices are: MSC4005, $400; 
MSC4003 , $250; and MSC4001 , $175. 
Microwave Semiconducto r Corp ., 100 

School House Rd., Somerset, N .J. [402] 

Shutter coaxial switches 

offer low insertion loss 

A remote shu tter coaxial switch is 
designed for applications including 
protection of components from rf 
overload in receiver circui ts. Fre­
quency range is from de to 12.4 gi­
gahertz, and isolation is 60 decibels 
minimum. Insertion loss from de to 
7 GHz is 0.3 dB maximum, and from 
7 to 12.4 GHz it is 0.6 dB maximum. 
Price is $90 for de-control units and 
$ 105 for ac-control types. Delivery 
is from stock . 
RLC Electron ics Inc. , 83 Radio Circle, Mt . 

Kisco , N.Y 10549 [405] 

Harmon ic absorption filter 

passes 8 GHz, stops 16 GHz 

A harm onic a bsorption filter , desig­
nated model 2 748 , pa sses 18 
gigahertz and a bsorbs 16 GHz. 
Passband loss is 0.2 decibel , a nd 
voltage standing wave ratio is 1.1 0 
maximum . The 16-GH z absorption 
of 30 dB is achieved with virtually 
no refl ected power, gnd the unit 
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EMPLOYMENT 
OPPORTUNITIES 

POSITIONS VA CANT 

Electronic Technicians, Relay Technicians 
- Rapidly growing southwestern utility 
has immediate openings for qualified elec­
tro nic and relay technicians. Electronic 
techn icians must have a min imum of three 
yea rs experience in installation , testing 
and troub leshooting all types of telemeter­
ing, supervisory, load control, power line 
carr ier, microwave and mobile radio sys­
tems. First or second class F.C.C. license 
is requ ired. Relay technicians must have a 
mi nim um of three years experience in in­
sta ll ation , testi ng and troubleshooting all 
types of protective relaying, plant and 
substatio n control equ ipment. Experience 
with so lid state relays desirab le. Starting 
ra te of both positions is $5.49 per hour 
wi th exce llent fr inge benefits. Address 
complete resume of experience and educa­
tion in confidence to: P-7004, Electronics. 
An Equal Opportunity Employer. 

CLASSIFIED ADVERTISING 

E~~~~~~~~O~T~N~~!IDN 
USED OR SU RPLUS EQUI PMENT 

ELECTRONIC CALCULATORS 
Wanted On O.E.M. Basis 

A ma1or company with national and international d1stribu· 
tion network is interested in marketing a line of office 
and/or portable electronic calculators. Our client may 
consider providing asS1stance after prototypes have been 
reviewed and approved . Quantity dehvenes must begin no 
later than 120 days after signing of agreement. All replies 
will be acknowledged. Foiward specs. photos and propos­
al s in confidence to: 

Institute of Consumer Research 
P.O. Box 313 1, Grand Cen. Sta., N.Y.C, N.Y. 10017 

CIRCLE 952 ON READER SERVICE CARD 

RADAR SYSTEMS GROUND AND AIRBORNE. AUTOMAJIC 
TRACKING ANTENNA SYSTEMS. NIKE AJAX. NIKE HER­
CULES. M-33. MSQ-IA. MPS-19. MPS-9. SCR 584. TPS-10 
TPS-28 . FAA-ASR-2 . AIRBORNE SYSTEMS. APN-84 . APN-102 . 
APS-20. APS-27 . APS-45 . DPN-19. DIGITAL COMPUTERS 
IBM 650. IBM 704. 

~ 
LARGEST INVENTORY OF RADAR AND 

MICROWAVE EQUIPMENT IN THE WORLD. 

RADIO RESEARCH INSTRUMENT CO. 
J QUINCY ST., NORWALK, CONN . 068SO f20JJ SSJ-2600 

Cl RCLE 953 ON READER SERVICE CARD 

Don't for get the 

BOX NUMBER 
. . . when answering the 
classified advertisements in 
this magazine. It's our only 
means of identifying the ad­
vertisement you are answer­
ing. 
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New products 

mates with WR 112 waveguide 
flanges. The 2748 measures l .93 by 
4.50 by 6.87 inches. Price of the fil­
ter is $575 and delivery time is six 
weeks. 
Microwave Filter Co. Inc., 135 W. Manilus 
St.. E. Syracuse, NY. 1305 7 [ 404] 

Transistor delivers 20 W 

at 400 MHz to 1 .2 GHz 

A power transistor , designated 
model D20-28, offers 20 watts avail­
able power from a 24- to 28-volt 
supply over the range of 400 
megahertz to 1.2 gigahertz. The de­
vice features single-chip construc­
tion and the ability to withstand an 
infinite voltage standing wave ratio 
at all phase angles when operated at 
rated output power from a 24-volt 
supply. Price is $70. 
Communications Transistor Corp ., 301 In­

dustrial Way , San Carlos, Calif. 74070 [ 406] 

Miniature attenuator 

operates over de to 2 GHz 

A miniature, continuously variable 
attenuator with flat frequency re­
sponse measures l .3 inches long by 
1.62 in. in diameter, making the de­
vice suitable for applications in rf­
level control where panel space is 
limited. The model 907 offers at­
tenuation ranges of either 0 to 10 
decibels or 0 to 20 dB. Both versions 
operate over the frequency range of 
de to 2 gigahertz. Incremental phase 
shift of the rf signal as a function of 
the attenuation setting is I 0 / dB 
times the frequency. The model 907 
with 10-dB range is priced at $300, 
and the unit with 20-dB range, $325. 
Weinschel Engineering , Gaithersburg, Mary­
land [403] 

YIG-tuned transistor 

oscillator covers 4-8 GHz 

Series AV-7400 Y!G-tuned transistor 
oscillators are operable over the 
range of 4 to 8 gigahertz. The units 

are built on sapphire substrates, and 
use thin-film integrated circuits. Ap­
plications are in wideband military 
and commercial fields requiring 
high linearity . Three versions are 

.. 
' .. , 
~ ~1~ \,..~ p<1I' 

-~ f1A 
'~ ~ 

...,,..v 
';j '~ ,. 

available. Power output is IO milli­
watts for two types and 5 mw for 
the third . Linear tuning accuracy is 
to within ±0. I%. Prices start at less 
than $1,000 in production q uan­
tities. 
Avantek Inc. , 2981 Copper Rd ., Santa Clara , 
Calif. 95051 [407] 

Miniature choke is useful 

from 300 MHz to 12 GHz 

Exceptionally high self-resonant fre­
quency, coupled with broadband 
characteristics, makes the M series 
miniature microwave choke useful 
for a variety of applications in os­
cillators , frequency multipliers, mix­
ers, and some radio-frequency inter­
ference equipment. The choke, 

-

useful over the range from 300 MHz 
to 12 GHz, is suited for broadband 
modulators and power supply filter­
ing. Price is under 50 cents each in 
small quantities. 
Piconics Inc ., Cummings Rd ., Tyngsboro , 
Mass.01879 [408] 
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New: l.C. Burn-In System 

Front and rear doors, allowing programming of power 
supplies and stimuli on eith er o r both doors, are fea­
tures of a new oven system for aging IC 's and power 
devices. This standard system permits configurations 
of 30, 58 or 74 board posi t ions and is designed for 
either maxi mum pin usage, maximum density or a mix­
ture of both . The oven system is versatile , so that re­
gardless of the origina l co nfiguration systems are 
easily changed over. Send fo r Bull etin OV-62. 

WA K E FI ELD AUDUBON ROAD. WAKEFIELD 
MASSACHUSETTS 01880 

TELEPHONE 
ENGINEERING INCORPORATED (617) 245-5900 

Ci rc le 214 on reader service card 

SS series light coupled LED/Photocell Modules • 
are comprised of a Gallium Phosphide l ight I 
emitting diode with fast-response Cadmium ~ 
Selenide photoconductive detector. Optical 11 ! 
coupling is enhanced by a clear epoxy encapsulant 1 

without degrading high emitter-to-detector 
isolation voltage. Solid-state ; hermetically sealed 
package for high reliability; directly compatible I . 
with AC circuitry ; ideally suited for switching ,, 11 I/ 
triacs or feedback. // f:'! .. ·. · · 
NSL options : Sil icon photodetector, neon or /I/! 
incandescent lamp Optically Coupled Isolators. 
Let us look at your applications. Technical 
literature on request. !/ 

NATIONAL'5 
SEMICONDUCTORS 
LIMITED 
331 Cornelia St. , Plattsburgh, N.Y. 12901 , (518) 561-3160 
2150 Ward St., Montreal 378, Que. , (514) 744-5507 

Circle 148 on reader service card 

Power Burn-In System 
with Heat Sinks interchangeable 
to any case style in 30 minutes! 

..; Demountable heat sink bars 
hold constant temperature for Burn-Ins, 
HTRB, Life Testing, Product Evaluation. 

..; Versatile System never becomes obsolete. 

..; Complete System or Modules available. 

Write or call for Standard Burn-In Literature. 

WAKEFIELD ENGINEERING, INC. 
Systems Div. Wakefie ld, Mass. 01880 • Phone : 617-245-5900 

Circ le 135 on reader service card 

on reader service card 

Circle 150 on reader service card 1 35 



New products 

Semiconductors 

MOS RAM offers 
100-ns access 

' Invisible' refresh mode 

allows 1 ,024-bit n-channel 

unit to simulate cores 

Th e avai lab ility of a JOO-n a no­
second 1,024-bit meta l oxide semi­
conductor random-access memory 
has put MOS back at the leading 
edge of mem ory technology. The 
EA1500, a l ,024-bit n-channel RAM, 
is being marketed by Electronic Ar­
rays Inc. Bes ides being the fastest 
MOS RAM avai lab le, it has other un­
usual features , such as invisible re­
fresh. This is a technique that ·allows 
d irect simulation of core memories, 
and means that the memory can be 
refreshed with a single pulse with­
out interruption of the normal cycle. 

Conventional RAMs cannot be re­
freshed by a single pulse because 
they require a refresh buffer for 
each column in the 32-by-32 array 
of storage cells. The n-channel sili­
con-gate process permits buffering 
to be incorporated in each ce ll. Con­
sequently, it is not necessa ry to de­
termine logica ll y which columns are 
scheduled for refresh and th en ad­
dress pulses to those columns. Th e 
EA 1500 cells are arranged so that 
any "write" pulse is bussed to all 
write data in a ll ce ll s. However, only 
the addressed cell will accept th e 
new data input. 

Refres h intervals of most RAM s 
depend on charge-storage time in 
th e storage field effect transistors­
normally 2 milliseconds. But the 
EA l500 has slow charge leakage, ex­
tending the storage time to 5 to 10 
ms, depending on opera ting tem­
pera ture . 

If desired , mod ules of a memory 
system built with EA 1500s can be re­
freshed only on demand . One tech­
niqu e is to place a timi ng circuit in 
each memory module and refresh 
tha t module whenever 5 to 10 ms 
have elapsed without a write into 
tha t modul e. If write accesses are 

136 

made randomly throu ghout th e 
memory, this mode may eliminate 
any busy time. "Invisible" refresh is 
an alternative mode, requiring a 
write pulse in every regular memory 
cycle, following chip-enable time 
during a read operation. 

Memory configuration , which is 
easiJy expandable, is l,024 by one .. 

The new memory is availab le in 
two versions. The EA 1500 offers a 
maximum access of 85 ns at 70°C 
and operates from ± 15-v suppli es. 

· Power di ssipation is 185 milliwatts. 
The EA 150 I operates from -': 12 v 
and has a 150-ns access time. Power 
dissipation is 89 mw. The EA 1500 is 
priced at $25 each in quantities of 
100; the 1501 sells for $ 10.50. Deliv­
ery is from stock. 
Electronic Arrays Inc., 501 Ellis Street , 
Mountain View , Calif., 94040 [411] 

Dual in-line oscillators 

are for data applications 

A series of miniature dual in-line 
clock oscillators is designed to meet 
the requirements of medium and 
high speed digital applications. Des­
ignated X0-300, the series features 
outputs directly compatible with 
DTL and TTL digital integrated cir­
cuits through the use of res in the 
oscillator output stage. Frequency 
ranges from I megahertz to 4 MHz 
in some models and from 4 MHz to 
25 MHz in other versions. Delivery is 
from stock. 
Bulova Watch Co. Inc ., Electronics Div., 61-
20 Woodside Ave., Woodside, N.Y. 11377 
[414] 

Miniature DIP relays aimed 

at commercial applications 

A miniature relay with dual in-line 
terminals measures 0.020 by 0.020 
by 0.210 inch long, arranged on a 
0 .200 by 0.300 inch grid . The 
double-pole double-throw relays are 
encased in black nylon dust covers 
and are intended for applications in 
commercial areas such as television 
cameras, dictating machines, desk­
top computers, copying machines, 

and other products using high den­
sity circuits. Single lot price is $8.35 
for a DPDT model with a 24-volt coil. 
The 48-volt version is priced at 
$8 .90. 
Potter & Brumfield , a Div. of AMF, 1200 E. 

Broadway, Princeton , Indiana 47670 [ 415] 

FET features 0.6 µV noise 

over 1 0 Hz to 20 kHz range 

A field effect transistor called the 
C813 N is designed for low level 
amplifier use in applications such as 

professional microphone amplifiers, 
instrumentation inputs, and phono­
graph and tape playback amplifiers. 
Input noise voltage is six microvolts 
rms over the frequency range from 
10 hertz to 20 kilohertz. Other char­
acteristics include a gate leakage of 
3.0 nanoamperes and a pinch-off of 
1.5 volts. Price is $35 in small quan­
tities . 
Teledyne Crystalonics, 147 Sherman St., 

Cambridge, Mass. 02140 [416] 

IC stereo decoder uses 

phase lock loop technique 

A monolithic integrated circuit, ca­
pable of decoding multiplexed fre­
quency modulated signals in radios 
and tuners, operates without using 
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tuning inductors. The device, desig­
nated the MCl3 10, uses phase lock 
loop technology to lock on to the 19-
kilohertz pilot signal provided by 

the stereo broadcaster, and to create 
a signal which is in phase with the 
pilot signal and double the fre­
quency. This 38-kHz subcarrier is 
then used to demodulate the stereo 
info rmation. Price in 100 lots is 
$4.35. 
Motorola Inc., Semiconductor Products Div., 

P.O. Box 20924, Phoenix, Arizona 85036 
(41 7] 

Reference diode chips 

are packaged as LIDs 

C h anne l-mounted tempera tur e 
compensated reference diode chips 
are part of a line of zener regulators 
and rectifie r chips. The units are 
packaged as leadless inverted de­
vices and may be mounted either in 
the inverted position by epoxy or 

solder refl.ow, or in an upright posi­
tion by wire leads bonded to the 
gold metalized legs. The units can 
be used in hybrid circuit appli­
cations and measure 0.080 inch long 
by 0.082 inch wide by 0.040 inch 
high. 
Centralab Semiconductor, 4501 N. Arden 

Dr., El Monte, Calif. 91734 ( 41 8] 
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'Mini Mitter 
Sae Swatt 

.-'.'!::"'!!~::-~a:£311a GModeJ. T· I014D·S 

Ground/data Corporation has taken full advantage of recent 
linear integrated circuit developments by solid-state com­
ponent manufacturers, to provide a very small crystal -con­
trolled transmitter for vo ice operation in the 136 to 175 MHz 
port ion of the RF spectrum . The Model T-10140-5 features 
small size and exceptional battery life for unattended use . 

A VOICE-OPERATED SWITCH turns the output stages off 
and reduces bettery drain by more than 90% when no aud io 
is present . 

The unit operates with any 50-ohm antenna 
Microphone, antenna. and battery not included . 

~~~~~d l'i!!!i~N 
Fort Lauderdale, Flo rida 33308 phone : (305) 563·2527 

Circ le 151 on reader service card 

If you read the May 31 
issue of TIME, you won't want 
to miss the 1971 issue of 
Georgia's Industrial Survey. 

If you caught the 
cover story of the 
M ay 3 1 issue of 
T IME, you read 
that " the Southern 
boom has urbanized 
and industrialized 
G eorgia more quickly and 
completely than the rest 
of the D eep South. 

"G eorgia leads the 
region's indexes of growth 
and change." 

Of course, you don't 
have to take TIME' s 

word for what's 
happening 

in G eorgia. 
You can send for 

your free copy of our 1 9 7 1 
Industrial Survey and get it 

straight from the source. 
IGoo~D~~~ofi'ndu~&Tu~------, 
I Industry Division, Dept. EL-10. PO. Box 38097 , I 
I Atlanta. Goorgia 30334. I 
I Please send me a copy of your 19 7 1 Industrial Survey. I 
I Name Title I 
I Company I 

ddress---------='-----

Circle 137 on reader service card 137 



BECOME TltE 
woRld's TALlEsT 
ElECTRONics 
COMpANy •.. 
iN LEAdvillE, 
ColoRA o. 

Fo llow on the heels of the 
gold rush, the silver, lead and 
zinc strikes, and the molybde­
num boom. At an elevation of 
10,152 feet, you'll be situated 
at the entrance to our nation 's 
finest ski country. Yet com­
mercial property can be 
obtained at uninflated prices, 
and several li bera l loan pro­
grams are availab le to keep 
your immediate site and 
construction costs at a 
minimum. 

Leadville and many other 
Co lo rado cities also have the 
transportation and the natural 
resources you require . Not the 
least of the latter are the edu­
cated , ta lented peop le who 
live here, love it, and wi ll 
never leave it. 

Learn about 127 Colorado 
communit ies - including 
Leadvi lle - that have prime 
industria l sites to suit your 
business. Send for our free, 
83-page Executive Portfo l io. 
Write William C. Hacker, 
Colorado Division of 
Commerce and Development, 
1252 State Capitol Annex, 
Denver, Colorado 80203. 

COLORADO 
where there 's room to live and breathe 
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New Products/materials 

Cure coating, manufactured in pow­
der form, is designated Eccocoat 
721. The material is a pplied to a 
component that has been prehea ted 
to 180°F. A post-cure of severa l 
hours at l 80°F or one hour at 250°F 
wi ll develop electrical properties 
and chemical resistance. Price is 
about $2 or $3 per pound. 
Emerson & Cuming Inc ., Canton , Mass. 
0202 1 [476] 

E lectroless go ld bath will plate 
uniformly (regardless of loading) 
thick, nonporous depos its of 24-ka­
rat gold directly on many meta l and 
seeded surfaces with good adhesion 
and solderability. The ba th is au­
tocatalytic and deposi ts the gold to 
any desired thickness. One-gallon 
samples a re ava ilable at $30. 
Kollmorgen Corp., Photocircuits Div. , 31 
Sea Cliff Ave , Glen Cove , N.Y. 11542 [477] 

P ro tec ti ve coat ing, ca ll ed Anti­
Heat, acts as a hea t sink in welding, 
brazing, and soldering opera tions. 
The material confines heat to the 
a rea being worked on and prevents 

New books 

Physical Design of Electronic Sys­
tems, Volume IV: Design Process, 
Staff, Bell Telephone Laboratories, 
Inc., Prentice-Ha ll , Inc., pp. 595, 
$ 19.95. 
This is the last volume in a series 
published during the last yea r dea l­
ing with a ll aspects of the design of 
electronic sys tems. Previous books 
presented an over-a ll look a t the de­
sign process itself and considered 
phys ical and mechanica l des ign, en­
gineering ma terials, and new sem i­
conductor devices. This vo lume cov­
ers logical and functional aids to 
design , computer aids to des ign, sys­
tem reliability, and the sys tem ap­
proach to physical des ign. 

Particularly good is a discussion 
of " decision trees" in th e first chap­
ter. Using the design of a reed relay 
as the example, the authors show 
how to a rrive at the proper choices 
for the reed materia l, the contact 
plating, and the gas inside the enve­
lope. With a decision tree, the de­
signer can at least bound th e prob-

th e adj acent areas from becoming 
hot. Application is by spread ing or 
brushing and is effective on meta ls. 
Big Three Industries Inc , Hamilton Blvd , S. 

Plainfield, N. J. [478] 

Anaerobic sea la nt, which cures 
within 5 to 10 minutes, is ca ll ed 
Arontite. The material is a single­
component liquid compound, and 
14 types a re ava ilable to prevent 
loosening, lea kage, and wear. 
Vigor Co., Div. of B. Jadow & Sons Inc., 53 

W. 23rd St. , New York, N.Y. 10010 [479] 

Black devitrifying so ld er-sea ling 
glass for alumina integrated circuit 
packages features a melting point of 
355 °C. Sea ling temperature and 
tim e of Code 7587 material ra nges 
from 10 minutes at 470°C to 3 min­
utes at 510°C. Price depends on 
quantity and type of mesh ordered. 
Four thousand pounds or more, fo r 
example, in the 100 / 400 mesh range 
is $2.75 per pound . Delivery is from 
stock. 
Corning Glass Works, Electronic Materials 

Dept. , Corning , NY 14830 [481] 

lem, making a first cut a t the des ign 
of a compl ex system, or in simpl er 
cases, arrive a t the proper decisions. 

Variations in design to lerances 
a re a lso di scussed, a lthough details 
are left to the refere nced tex ts. 
Computer-a ided design gets exten­
sive trea tment, with emphasis on 
programing. Re liability, a lthough 
it's been well-covered in ma ny texts 
and journal a rticles, is made more 
meaningful in this book beca use of 
the communica tions outlook of the 
authors, in which system reliability 
is heavily dependent on so many 
facto rs. 

The sec ti o ns o n part 1t1 o nin g 
should find immedia te interes t 
among many engi neers because of 
the ever-changing cost tradeoffs in­
volved, as integrated circuits be­
come more co mplex. The book 
closes with a case history of an ad­
vanced da ta processing system de­
sign. This makes interesting reading 
in itself, si nce it touches eve ry base 
of the design process. 
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A Fine Pair 

of 

With hundreds of hours of environmental testing on record, the 
WJ-3850 and WJ-3860 TWTs are ready for CW operation in the 
most demanding environments. 

Designed for stringent airborne applications, these second gen­
eration TWTs are ready to serve as high gain drivers/transmitters 
for ECM equipment, as tran~mitters for radar transponders, and 
as amplifiers for AM and FM communications systems. 

The WJ-3850 and WJ-3860 TWTs employ switching grids for fast 
blanking or for pulsed-only operation. Users can expect the same 
long life and high reliability found in all W-J tubes, plus full per­
formance in 100°C operating temperature, small size and weight, 
and conduction cooling. 

WJ-3850 
Frequency Range : 2 to 4 GHz 
Satu rated Power Output : 25 W 

cw 
Gain at Rated Power Output: 

30 dB 

WJ-3851 
Frequency Range: 2 to 4 GHz 
Saturated· Power Output : 50 W 

cw 
Gain at Rated Power Output : 

30 dB 

WJ-3860 
Frequency Range : 4 to 8 GHz 
Saturated Power Output : 25 W 

cw 
Gain at Rated Power Output : 

30 dB 

WJ-3861 
Frequency Range: 4 to 8 GHz 
Saturated Power Output : 50 W 

cw 
Gain at Rated Power Output : 

30 dB 

Weight, Any Unit : 2.5 Pounds Maximum 

UNITED KINGDOM: Shirley Ave., Windsor, Berkshire, Englond 
Toi: Windsor 89241 • Cobio: WJUKW·WINDSDR • Telex: 84578 

WEST GERMANY: I Muonchon 2, Mnlmlllon1plotz 12A 
Toi: (0111) 29 33 30 •Cobio: WJDBM·MUENCHEN ·Telex: 528401 

ITALY: Plouo G. Morconl, 25 
00144 Romo·EUR 
Toi: 59 45 54 •Cobio: WJROM·ROMA •Telex: 80117 

WATKINS-JOHNSON 

3333 HILLVIEW AVE. , STANFORD INDUSTRIAL PARK, PALO ALTO, CALIF. 94304 (415) 493-4141 
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INVESTMENTS 

Where do you turn 
when your broker 
lets you down? 

One year ago , as Wall Street was emerg­
ing from its most tumultuous period 
since the 1930s, the investing public 
was presented with an extraordinary leg­
islative package. Called the Securities 
Investor Protection Act , the law created 
a new government corporation-quickly 
acronymed SIPC by the Street-to guard 
the average investor against the failure 
of a brokerage firm . At least , it protected 
him up to $50 ,000 in iosses of cash or 
securities if hi s broker went broke. 

It did nothing , however , for the in­
vestor whose broker manages to stay 
solvent but does a shabby or even 
fraudulent job with the investor 's re­
sources . Today this is a bone of in­
vestor-broker contention . It is gnawed 

~1 Copyright 1972 McGraw-Hill, Inc . 
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from time to time, but particularly in 
times like these , when the going gets 
tricky in the market. " The first thing an 
aggrieved investor should do, " says the 
sales manager of a leading New York 
brokerage, " is to try to distinguish be­
tween the vagaries of the stock market 
itself and the possibility-and I repeat , 
possibility-that his broker just isn 't cut­
ting it. A sliding market can make even 
the most honest broker look bad ." 

Once the investor has made up his 
mind that it 's the broker , not the market , 
who 's at fault , he has a number of ave­
nues of recourse open to him. Depend­
ing on the severity of his grievances , he 
can trade his customer 's man for a new 
one within the same house, take his 
business elsewhere, or-if he has suspi­
cions of chicanery backed by solid evi­
dence-refer the matter to arbitration 
procedures offered by the major stock 

PERSONAL BUSINESS, like all McGraw­
Hill publ ications, is written for a select au­
dience . Prepared each month by the Per­
sonal Business staff , it is devoted entirely 
to your own interests and activities. Its 
theme: Better management of your time 
and money. Personal Business reaches a 
limited audience and there is no separate 
subscription list, or rate. 

markets, or even haul the rascals into 
court. None of these, however, can be 
done without some wear and tear. 

Even if it's simply a matter of distaste 
for a particular customer's man ("I can't 
seem to get through to that idiot, " is the 
way it is sometimes expressed), the 
move may not be easy. Brokerage 
houses do not like shifting accounts 
around in-house. It 's bad for morale. It 
makes it look as though the house is im­
pugning the skil ls of one broker against 
another. And it pricks at the heart of a 
universal brokerage commandment: 
Thou shalt not steal a customer from thy 
fellow broker-in this house , anyway. 
The new man , in other words , may feel 
slightly soiled , at least in the eyes of his 
brethren. Brokerage houses prefer con­
ciliation . If that fails , and the account is 
big enough, they will probably make the 
change, however. 

Breaking off with the firm altogether is 
simplified if the investor has personal 
possession of his securities . Otherwise , 
he must go to his new brokerage house, 
fill out a form authorizing transfer of the 
securities , sign it , and generally wait 
several days for the switch to occur . 

All this presumes that the investor is 
simply displeased with the way his port-
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foli o has been performing and wants to 
try his luck elsewhere. Unfortunately 
th ere are times , too , when an investor 
feels he has actually been victimized. He 
may feel , for instance , that his account 
has been " churned " -that shares were 
bought and sold merely to generate 
commissions for the broker. He is likely 
to get that feeling when he balances the 
market value of his portfolio , say , six 
months ago against what it is today , and 
finds that the broker has done appre­
c iably better than he has in the interim . 

But that tabulation alone will get him 
nowhere in court or in arbitration before 
the New York Stock Exchange, although 
" churning " is a violation of Rule 405 of 
the NYS E constituti on. 

Complaints of " churning " largely ap­
ply to discretionary accounts, and Rule 
405 specifies that a broker must have a 
firm knowledge of his customer' s invest­
ment objectives. For the protection of all 
co'1cerned , this is best stated in writing. 
But even then , an unhappy investor must 
produce solid evidence that the broker 
not only violated the understanding , but 
did so in bad fait h. And that takes meti­
culous evidence, hard to get. Proof of 
loss-the basis of any suit- is also diffi­
cult , since hindsight or " what might 
have been " doesn' t cou nt. 

A case of " bad fa ith " might be made 
of the followi ng ingredients A novice in­
vestor inherits $20,000, and a broker is 
told in writing to invest it conservatively , 
for income. But the broker has an allot­
ment of Hot Shot Software , a new under­
writing, and is having trouble getting rid 
of it. So he buys 500 shares for the in­
vestor. Hot Shot not on ly produces no 
income, it bombs altogether before the 
broker can shuffle the customer into 
something more su bstantial. In court , he 
should be a sitt ing duck. 

Another case in wh ich an investor has 
hopes of col lecting is when he can prove 
his broker is buying stock for him that he 
is acti vely se lling off for other accounts. 
This is a violati on of the Securi ties & Ex­
change Act (Ru le 10-B 5) . In the most 
notable recent case, Merrill Lynch set­
tled up with retail cus tomers who 
charged that Merri ll knew that Douglas 
Aircraft was about to report large quar­
terly losses , tipped off its institutional 
customers (who began to sell) and let 
the retail customers go right on buying 
Douglas. 

For the investor with a legitimate com­
plaint , the least costly recourse is the ar­
bitration route set up by the stock ex­
changes . The Big Board 's cost structure 
for arbitration varies with the extent of 
the claim, but even at its most expen­
sive, the procedure is no more than 
$120 per hearing-and often , one hear­
in g will be enough. Here 's how it works : 

First, any investor who wants to re­
cover damages from a broker is wise to 
have a lawyer , one familiar with secu­
rities law. Claims are initiated by filing 
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with the NYSE's Arbitration Director 
three copies of a typewritten statement , 
which must include the name of the in­
vestor 's attorney, a chronology of facts 
upon which the claim is based, and the 
exact amount of damages claimed . 
When received , the arbitration director 
sends it to the opposing party, which 
generally has 10 days to reply with its 
own statement. 

When he has al l statements, the arbi­
trat ion director will set up an arbitration 
panel-it may vary in size and makeup , 
depending on the size of claim and 
wishes of the investor-and sc hedule a 
hearing . (New York isn 't the only place 
arbitration wi ll be schedu led by the ex­
change. They may be held in 12 other 
c ities as well). Prior to the hearing , attor­
neys for either party or the arbitrators 
themselves may use subpoena power to 
extract testimony or summon wi tnesses . 
If for some reason the investor is press­
ing his case withou t a lawyer's help, the 
Big Board 's arbitration director will ar­
range for issuance of subpoenas. 

Hopefully , the hearing will be held on 
its scheduled date. It begins wi th open­
ing statements by each party (usually 
the attorneys) ; then , the investor 's case 
is presented , complete with wi tnesses, 
presentation of documentary evidence 
and cross-examination. Closing state­
ments are made , and the parties are di s­
missed. The arbitrators then meet pri­
vately , reach their decision and sign an 
award-if the investor has made his 
case. Their decisi on is final , and the Big 
Board member firm is bound by Ex­
change law to pay off . 

The major problem wi th the arbitration 
procedure is that it is prolonged , often 
taking as much as one year to complete . 
But an investor has other opti ons. 

Fo r instance, he can always carry 
his troubles to the SEC, whose new 
chairman , Wi lliam J. Casey, seems in­
tent on pol icing Wall Street. Wh ile the 
SEC is chronically handicapped by over­
work and under-financ ing, a legitimate 
complaining letter to the chairman (with 
a copy to the offending brokerage) has 
been known to work wonders. Writers of 
such letters , of course, shou ld check 
them with their lawyers beforehand to 
avoid the risk of libel . 

" An investor 's best bet ," says the 
branch manager of a major brokerage , 
"is to check out the brokerage and hi s 
customer 's man very carefully before he 
all ows either of them to execute a 
trade." In any book of investor-broker 
relations , this might well stand as Rule 1. 

-PETER F. EGAN 

BOOKS 

WALL STREET: 
SECURITY RISK 
BY HURD BARUCH 
ACROPOLI S, $8 .95 

.., ... _ -------·-·· 
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Sometime within the next year or so , 
Congress is expected to pass what may 
well be the most sweeping legislation for 
Wall Street since the Securities Ex­
c hange Act o f 1934 . Among other 
things, it will impose more rigorous con­
trol on the New York Stock Exc hange by 
the Securi ti es & Exchange Commission , 
and thus give Chairman William J. Ca­
sey 's activist SEC a stronger hand in 
dea ling with practices that ha ve 
scarred the financial community in re­
cent years . 

An indicator of the SEC 's tougher 
stance is Wal/ Street: Security Risk, by 
Hu rd Baruch , spec ial counsel for the 
commiss ion . While both Baruch and the 
SEC insist that the commission is not re­
sponsible for its conten ts, the book ob­
viously has Casey 's blessing. More im­
portant , Wall Street. Security Risk is a 
skillful and authoritative account of the 
weaknesses of the sel f-regulatory mech­
anism so cherished by the Big Board . 
Says Baruch : " The securities industry 
has a long tradition of opposing every 
constructive change in the markets , and 
such is its power that it may again pre­
vai l, unless the public understands and 
actively supports proposed reforms." 

So, Baruch's editorial exercise is as 
much a plea for greater investor aware­
ness as it is an indictment of Wa ll Street. 
But as an indictment , th e book serves its 
purpose. In his discussion of the 1968-
70 back-office crisis , for example, Ba­
ruch notes that Goodbody & Co. once 
showed differences of $43-mi llion be­
tween actual securities on hand and the 
amount the company 's books said 
should be on hand. Yet , Goodbody 's re­
serve against such differences was a 
sca nt $1 .5-million . 

Baruch also delves into the brokerage 
community ' s capitalization structure 
that-although toughened by the Big 
Board not long ago-once allowed al­
most instant withdrawal of funds by a 
firm 's partners. And he castigates the 
non-competitiveness of Wall Street's 
commission rate structure-suggesting 
that while the secu rities industry extols 
competitive capitalism , it rarely practices 
what it preaches . Concludes Baruch : 
" With ' friends ' such as it has had at the 
head of the securities industry in the 
past , capitalism has had no need of 
enemies." 
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"You name it and I've put Champion Spark Plugs in it." 
"I'll tell you this. For 24 years 

I've put Champions in every single 
car we tune up at my service 
station ••• from Caddys to Fords 
and Chevys to these new 

Japanese machines. 
"They're the best darn plug you 

can put in any engine or my name 
isn.,t Robert Tank, Omaha, 
Nebraska." 

-CHAMPION 
- ® 

[;1,l:l~•:llll 

Toledo, Ohio 43601 

20 million people have switched to Champion Spark Plugs. 



TAXES 

Investment costs 
that trim taxes, 
increase profits 

"Tax deductions for investment ex­
penses is a muddled proposition ," says 
a tax lawyer wi th one of New York 's 
leading firms. " A lot of people don 't 
know how far they can go- and others 
go too far ." All of this is, in itself , quite a 
reasonable proposition , considering the 
ambiguity of the rules. 

The investor who pays out sizable 
amounts for investment-related services, 
or who travels widely to manage his in­
vestments, knows how fast these costs 
can add up-sometimes they can ·even 
make the difference between a modest 
profit and a loss on an investment. Un­
happily , though , there are no clear, spe­
ci fic tests for determining · when a par­
ticular expense is deductible. There is a 
general rule that allows an investor to 
deduct costs incurred to produce or col­
lect investment income, or for the man­
agement of property held for investment. 
But application of the rule breaks down 
into several trouble areas . 

In most cases, the key issue is 
whether there is a direct connection be­
tween the experl'Se and .the investment. 
For example, in a situation where an in­
vestor travels out of town to see his in­
vestment counselor for portfolio review , 
there is no argument-the travel costs, 
as well as the counselor's fees , are de­
ductible. But what if the investor travels 
to a stockholders' meeting? Here the line 
is much finer . If he is a major owner of 
the company trying to safeguard his in­
vestment , the trip costs might be deduc­
tible ; but where he is simply one of hun­
dreds or thousands of sharehol ders, the 
trip would not be considered by Internal 
Revenue to be essential to the invest­
ment. In another situation , a stock mar­
ket amateur made daily lunchtime visits 
to his broker's office; he watched the 
ticker tape to get the " feel " of the mar­
ket. IRS. disallowed his travel expense 
deducti ons-the connection between 
merely pondering the tape and manag­
ing an investment portfolio was too 
tenuous. 

For a deduction, the expenses must 
be related to current investments and 
merely looking at prospects won 't do. In 
one case, an investor traveled widely to 
inspect possible investments for d[ver­
si fying his portfolio. He also hired an in­
vestment service that reported on the 
companies he was investigating. All re-

4 Personal Business 

lated deductions were denied because 
the investments weren't owned at the 
time . Turning the coin, an investor who 
travels to check on income property , 
such as a rental building, can deduct his 
travel costs. In a recent case, an in­
vestor's travel expenses were deducti ble 
even though the property was not ac­
tually producing income. He owned a 
Fl orida orange grove which was not yet 
yielding fruit. Still , he was permitted to 
deduct the cost of long trips to the grove 
to su pervi se the installation of tree heat­
ers , and such. But his wife 's travel ex­
penses weren 't deductible, even though 
she was a part owner-it simply wasn 't 
necessary for her to accompany her 
husband , said the court. 

Legal fees in connection with invest­
ment property may or may not be deduc­
tible . The lawyer should be asked to bill 
separately for services related to capital 
outlays (such as property purchase or 
long-term leases) which do not give rise 
to deductions, and income items (such 
as collection of rents , preparation of tax 
returns , tax audits , and such)-which 
produce deductions . 

Legal fees in connecti on with property 
purchase are non-deductible capital ex­
penses. But what if an investor buys 
property as part of a tax-saving plan? 
Here the fee should be split-allocated 
between tax advice and purchase ex­
pense. A carefu lly itemized bill will help 
the investor who is trying to convince In­
ternal Revenue that at least part of the 
fee is legitimately deductible. 

If an investor has an office-at-home for 
working on his investments, he may 
have a tax deduction . 

In a new case , Internal Revenue con­
ceded that maintenance and deprecia­
tion attributable to such an office can be 
deducted . A retired investor claimed that 
he used about 50% of his large resi­
dence in his investment activities. Inter­
nal Revenue , however, estimated that he 
used only about 900 sq. ft. of a total of 
1 ,500 sq. ft. So based on this ratio, it 
allowed a deduction for maintenance, 
expenses , and depreciation of 6%. The 
Tax Court accepted the allocation of 
footage , but the court estimated that the 
square footage total was 9,000 , not 
15 ,000 . Based on a ratio of 900 to 
9 ,000 , the allowable deduction was 
raised to 10%. 

In this case , the result for the taxpayer 
amounted to a considerable reduction of 
his original claim. Still , the decision is fa­
vorable. It is of considerable importance 
to the highly active investor as well as 
the man who looks after his investment 
portfoJio in retirement . 

One clear-cut rule : The cost of a safe 
deposit holding securities is deductible. 

-BERNARD GREISMAN 

Tax scene: dollar 
items in the news 

FRIGID LOSSES. In one of its unnerving 
generalizations , Internal Revenue says 
that a casually loss is the " complete or 
partial destruction of property resulting 
from an identifiable event of a sudden, 
unexpected, or unusual nature ." Putting 
this rule to practice has confounded 
some taxpayers , and snow-and-ice cas­
ualties are atop the slippery list. People 
tend to overlook some less obvious 
write-offs. For instance, such items as a 
car motor that froze solid, a garage wall 
that caved in due to freeze-and-thaw , 
and the killing of tropical plants by 
" chill " have produced dollar-saving de­
ductions. In a current Tax Court 
case , seeping water had caused a house 
to settle. Stopped up drains caused 
snow to crack the garage floor and un­
dermine wa ll s. IRS denied the deduction, 
but the Tax Court sided with taxpayer 
despite possible negligence on his part. 
The case becomes an arguing point-in 
a common situation . 

SAVINGS POSTPONED " Deferred" in­
terest earned on a long-term savings de­
posit over a span of more than a year is 
taxable on a monthly pro-rata basis . 
New rules provided by the Tax Reform 
Act of 1 969 apply to certi ficates of de­
posit , beginning January 1, 1971 . For 
example, say that on June 1, 1971 , a 
taxpayer bought a $10 ,000 certificate of 
deposit with a three-year redemption 
value of $11 ,941. Thus original issue 
discount is $1 ,941 , and the ratable 
monthly portion includable in taxab le in­
come is $53 .92-$1 ,941 divided by 36 
(mon ths). Taxable income for 1971 is 
$377.44 (7 months x $53.92); for 1972 
and 1973 it comes to $647 .04 a year ( 12 
months each) , and for 1974, $269 .60 (5 
months) . Banks and S & Ls must 
file information returns with IRS. 

CHILDREN'S GIFTS. Shares of stock 
may be given to minors with the much 
publicized custodian account used as a 
vehicle for transferring the property. 
If the donor dies before the chi ld is 21 , 
the value of the stock is normally not in­
cluded in the donor's taxable_ estate. 
There maybe a hitch , though , when the 
donor has-named himself as custodian . 
In a new federal court case, the estate of 
a donor-custodian was liable for the 
added estate tax . A father-donor might 
wisely name someone else as custo­
dian-friend , relative , family lawyer, or 
such. This will take the onus off. 
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We're trying to keep gas companies 
from running out of gas. 

If they run out of gas, you run out of 
gas. Gas to boil water for your morn­
ing coffee, gas to heat your home, gas 
to power your manufacturing plant. 

One of our subsidiaries, C-E Lum­
mus, is working to prevent this by 
offering gas companies new processes 
that make natural gas out of ingre­
dients found in ordinary oil, to assure 
you of a hot cup of coffee before work 
. . . or an operating plant when you 

get there. We're building three of the 
first plants to manufacture Synthetic 
Natural Gas in the U.S. to keep you 
supplied . 

And we're also working with the 
federal government on the next step: 
designing and building one of the 
country's first pilot plants to create 
clean-burning natural gas out of coal. 
Which will help cut down on one of 
the nation's pollution problems, too . 

So until gas companies find addi­
tional natural sources of natural gas, 
we're one of their most promising 
resources. And as one short-term 
solution to the fuel crisis, we think 
Synthetic Natural Gas is a natural. 

C-E 
COMBUSTION ENGINEERING. INC. 
277 Park Avenue, New York, N.Y. 10017 

Our name in the process industries ... C-E Lummus. 
Other C-E names: C-E Combustion Division • C-E Industrial Group• C-E Natco • C-E Tyler• C-E Cermatec • C-E Canada. 



REAL ESTATE 

Mixing profits 
with pleasure 
in condominiums 

FROM PALM SPRINGS 
TO MAJORCA, THE 
IDEA'S CATCHING ON 

A case of March doldrums-that guar­
anteed annual state of mid-winter 
blues-can persuade even the thriftiest 
traveler to fork over $100 a day for a 
double room near a beach, a golf course 
or a ski slope. In the past few years, 
however, penny-wise vacationers have 
discovered the resort condominium , and 
developers from the Mediterranean to 
the Rockies are rushing to accom­
modate a demand that shows no sign of 
abating. 

For many, the resort condominium is a 
dandy way to enioy a place in the sun 
when they want it-and at the same time , 
pocket a tax shelter , an appreciating as­
set , and a potential profit. " Many of our 
buyers consider it an investment alterna­
tive ," says Roy D. Chapin , Ill , marketing 
vice president of John 's Island, a posh 
ocean-front golf resort north of Vero 
Beach, Fla. 

Indeed, the investment motive is so 
strong that many developers have had to 
alter their plans to accommodate it. " We 
expected a significant number of sales to 
people who would not rent their units on 
a transient basis ," admits David Warner , 
vice president for land development of 
Rockresorts , Inc. (1290 Avenue of the 
Americas, New York , NY. 10019) , 
which is currently building luxurious 
condominium units along a fairway at 
Puerto Rico's Dorado Beach. " We have 
discovered that the bulk of our market is 
people interested in investment. " 

From the sandy beaches of Majorca to 
the glistening slopes of Aspen and the 
desert mecca of Palm Springs , real es­
tate developers are tuning in to this bur­
geoning new market. The economics of 
an affluent society with its many three-
9ay weekends and increasingly common 
four-week vacations has spawned a new 
breed of tax-conscious , leisure-minded 
investors. Buyers range all the way from 
well-heeled globe-trotters who have long 
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Ultra-private Village Two, New Hope, Pa ., offers sports unlimited . 

eschewed the burdens and responsi­
bilities of a second home to young 
" swingers " who probably could not buy 
a primary home at today's prices. 

Typically , the condominium developer 
organizes or contracts with a manage­
ment company , which services the com­
munity and rents out the units when 
owners are not in residence. The man­
agement company charges a fee for pro­
tecting and maintaining the unit , plus a 
percentage of the gross income earned 
from rentals . 

This income can be substantial . At 
Mission Hills Golf & Country Club in 

Palm Springs, Calif., for example, a luxu­
riously-appointed $50,000 unit will bring 
as much as $3,000 a month. At Vil la Do­
rado in Puerto Rico, a one-bedroom 
condominium rents for $125 a day dur­
ing the winter season when Dorado 
Beach Hotel charges $105 for a double 
room. Both are offered on a modified 
American plan. 

The management 's share of this rental 
income represents a significant bit of re­
curring income to the developer. For this 
reason, many developers require that 
the unit be made available for rent dur­
ing specified periods of the year . At Es-

Condominium resort on St. John 's Island (Fla .) is golfer's dream . 

.. 
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You get a lot more than a good­
looking sporty car when you buy 
a Javelin. 

You get a car that's been road­
tested and checked over so thor­
oughly, we make this promise: If 
anything goes wrong and it's our 
fault, we'll fix it. Free. 

,,, 
When you buy a new 1972 car from an American 

Motors deale~ American Motors Corporation guarantees 
to you that, except for tires., it will pay for the repair or re­
placement of any part it supplies that is defective in material 
or workmanship. 

This guarantee is gcxx:I for 12 months from the date 
the car is first used or 12,000 miles, whichever comes first. 

All we require is that the car be properly maintained 
and cared for under normal use and service in the fifty 
United States or Canada and that guaranteed repairs or 
replacements be made by an American Motors dealer. 

dealers will loan you a car. Free. 
Finally, you get a name and toll­

free number to call in Detroit if 
you have a problem. And you'll 
get action, not a runaround. 

Nobody in the business does 
all this for you after you buy a car. 

And, if we have to keep your 
car overnight to fix it, over 1900 AMERICAN MOTORS 

BUYER PROTECTION PLAN 

Which is probably why people 
who've never bought a car from 
us before are buying one now. 



The 
Sheraton-Park 
in Washington, 

o.e. 
Where a little 
meeting goes 

along way. 
Lecture rooms. Conference 
room s. Reception room s. 
Rooms for meetings of 20 
or 200. Spacious suites in 
our Congressional Wing for 
all-day sessions in complete 
privacy. At your dispo sal 
after your meetin g, all the 
superb facilities of the 
Sheraton -Park, includ ing 
luxuriously refurbi shed ac­
commodations at moderate 
rates. Write for our confer­
ence brochure o r ca ll our 
sales offi ce co llect at 202-
265-2000. 

(Sl 
~ 

Sheraton-Park 
Hotel &Motor hm 

2660 WOODLEY ROAD, NW. 
SHERATO N HOTELS AN D MOTO R INN S. 

A WOR LDWIDE SERVICE OF I'IT 

Director of Sa les 
Sheraton-Park Hotel & Motor Inn 
2660 Wood ley Road, N.W. 
Washington, D.C. 20008 

Please send me your confe rence 
brochure, including complete in­
fo rmation on small er mee t ing 
facilities. 

Name _ ________ ~ 

Title __________ _ 

Organization _______ _ 
Address ______ ___ _ 

City _ _____ State __ _ 
Zip ____ _ 
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tale Questa Verde in St. Croix , for ex­
ample, a condominium owner has the 
use of his apartment for two weeks in the 
winter season and four weeks in the 
summer . (Vice President Spiro Agnew 
was among the early purchasers of 
these units. ) 

Many of the ski-resort condominium 
developers exact similar agreements so 
that they , too, may get a piece of the 
high-rent action in peak season . In­
creasingly, though , ski resort developers 
are installing year-around facilities such 
as tennis courts , golf courses, and arti­
ficial lakes for boating and swimming to 
attract the non-skiing market during 
other periods of the year . At Brecken­
ridge , Colo ., for example , Four Seasons 
Village, now under construction , will fea­
ture bowling , golf, tennis . sailing , horse­
back ri ding and skeet shooting as well as 
live theater and concerts . And Village 
Two , a condominium resort at New 
Hope, Pa., even offers year-round skiing 
and swimming-courtesy of plastic snow 
and an enc losed pool . 

In ternational travelers who prefer their 
pleasures urban-style are also getting a 
crack at the investment condominium. 
The Melia Organization of Spain (its 
U. S. address: 30 East 42nd St. , New 
York, N. Y 10017) is fin ding a ready 
market for the " Apartotels " it is develop­
ing in maior cities around the world. Its 
$23-mill ion, 1,000-uni t Melia Castil la in 
Madrid , the largest hotel in Western Eu­
rope , has sold all bu t a handful of its 
apartments to investors at prices ranging 
from $2 1,000 for a studio to $53 ,000 for 
larger su ites . In addition to occasional 
use of the apartment and the income 

Mission Hills Golf and Country Club spreads 
over 680 acres outside Palm Springs, Calif. 

earned by it in his absence , a buyer also 
gets a 20% discount in al l other hotel s in 
the Mel ia cha in, 20% off on car rentals , 
10% on Melia tours , and 5% on invest­
ments in all future Melia real estate de­
velopments. 

Melia buyers pay 20% down, the rest 
in five to 20 years, at 8%. Melia charges 
5% of gross rentals to cover operating 
costs and promotion expenses, and 15% 
of the net rental income as a commis­
sion . It has land and plans for additi onal 
urban hotels in London , Par is, Brussel s, 
Rome , and Mexico City Beach resorts 
include the Magaluf in Ma1orca , whi ch is 
nearly sold out , and the Al icante , now 
under construction on the eastern coast 
of Spain. A th ird is planned for Puerto 
Rico. 

The condominium hotel has caught on 
in many other areas , too . Many of 
Hawaii 's hotel units are individually­
owned and rented out. Developers of 
John 's Island are building a 108-room 
ocean-front hotel , all of whose rooms 
will be so ld to members of its property 
owners ' associat ion and run as an in­
vestment for them . Chapin estimates a 
re lative ly-low break-even occupancy 
rate of 30%. 

Beach front property has almost a 
bui lt-in appreciation factor fo r investors . 
So does prope rt y bordering a well­
planned championship golf course by a 
" name" designer. Buyers of golf course 
condominiums at Sea Pines Plantation 
on Hilton Head Island off the coast of 
North Carolina have seen their units ap­
preciate from less than $20 ,000 to well 
over $45 ,000 in a few years . Resales at 
John 's Island have been even more 
heady: A golf cottage that so ld for 
$48 ,500 one and a half years ago is now 
selling at $70 ,000 . " And we never have 
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one on the market more than three 
hours ," says Chapin . 

Golf course architect and planner 
Desmond Muirhead usually aims to com­
bine the appeal of both water and golf 
course views in his condominium com­
munities. At Mission Hills, for example, 
the $44 ,000 to $95,000 condominium 
units are on an is!and in a lake in the 
middle of the golf course-safely out of 
range of errant golf balls. 

Nothing must detract from th e 
course 's appeal to the golfer , Muirhead 
says. " At the same time, the course's 
main function is to help sell houses. The 
trick is to balance these two factors ." 

As in any other types of real estate in­
vestment , however, the resort condomi ­
nium is only as good as its location , its 
design, and its management. An investor 
may , of course , depreciate the unit , 
write off an occasional trip to inspect hi s 
investment, and deduct management 
fees for the period during which he 
makes the unit available for rental-even 
if there are no takers . He may even c lear 
enough this way to cover the cost of 
amortizing the investment. But a poor 
rental record won't make the unit very 
appealing when he tries to re-sell it. So if 
capital gains figure in his reckoning, he 
had best do some preliminary research 
before he takes the plunge. One of the 
best ways to evaluate a unit from a ten ­
ant's point of view is to rent one like it 
from another owner . 

Despite the caveats, however , the 
condominium boom continues to 
spread. It has even reached the boating 
market. A new wrinkle dubbed " Aqua­
minium," dreamed up by a houseboat 
dealer in St . Thomas , Virgin Islands, is a 
floating version of the condominium 
housing concept. 

The buyer purchases a fu lly-equipped , 
46-ft. houseboat for $50,000 through the 
Compass Point Club in St. Thomas. If he 
makes the boat available for charter at 
least 26 weeks out of the year , Aqua­
miniums , Inc ., says his net return over a 
five-year period will be $45,500 . A five­
year franchise fee of $3 ,000 is paid to 
Aquaminiums out of the first year's rent ­
als , but all charges for mooring, main­
tenance, insurance and such are ab­
sorbed by the company. The owner gets 
four weeks free use of the boat a year. If 
he uses it more than that , however, he 
must pay the management company its 
share of potential income it lost while he 
was aboard . 

-RESA W. KING 

If you are planning to build any 
type of industrial , commercial , 
or institutional building, this free 
guide is a " must" regardless of 
how much you intend to spend. 

It tells how to avoid costly 
mistakes in planning. And covers 
the numerous questi ons that 
should be answered before 
construction beg ins .. . such as 
engineering, zoning, soil tests, 
drainage, access roads , rail 
spurs, expansion potential. 

It also explains the advantages of 
Pascoe metal building systems. 

There is no obligation. And 
additional copies are available 
upon request. 

Pascoe builds 
them better. 

..... """""' PASCOE STEEL CDFlPDFlATIDIV ,,,.----.... 
BLJBBIC31AR'Y (;#: ANfE R ICAN CEM E N T C~~ATIOIV 

Plant• in Colurnbua, Georgis s rrd Pcxnona, C alil'orn ia 

Your free building 
~onstruction guide 
Is O.UI We suggest you read 

• it before you're in . 

What you 
uld know befoi;e_ 

sho you build. 

PASCOE STEEL CORPORATION 
P. O.< Box 6968, Dept. A-1 
Los Angeles, California 90022 

D Please send me my free Pascoe bu ildi ng construction guide 
and literature. 

D Have an auth orized Pascoe Bu ilder call for an appo intment. 

NAME TITLE 

COM PANY ADDRESS 

CITY STATE ZIP 

PHONE 

·----------------------------------------------
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FTD 
Speecl·A· 

Gift 

Now you can wire a beautiful, 
fresh flowers and gift combination 
almost anywhere in the country. 

Just call or visit your FTD florist 
and choose from his Speed-A-Gift 
collection. 

It's so easy. No wrapping, no 
mailing, no worries. Why not surprise 
a loved one, thank a friend ... or just 
remember someone in a very special 
way for no spec ial reason? 

Available through your FTD 
Florist. 

Pictured above is SG-17, Cups and 
Caddy. Colorful , footed mugs designed 
for display o n functional see-th ro ugh 
caddy. Has easy-carry handle for 
no-sp ill service. 

.Sr>,,,,,,r/A. G/u 
~SERVICE y<--
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THE GOOD LIFE 

Ways with coffee: 
In a cup or cake, 
or even on meat 

THE BEAN IN CUISINE 
FROM RED-EYE GRAVY 
TO TALLEYRAND 'S CUP 

Americans consume better than 30 
pounds of coffee per person each year, 
one way or another. Most of :t is sipped 
from that favorite cup, but a good deal 
reaches the American palate through 
candy, ice cream, baked goods and 
other culinary efforts. Next to chocolate 
and vanilla, coffee is our favorite flavor . 
It can be bitter or sweet (but never cloy­
ing), and it is great drunk straight or 
wedded to such lovely things as thick 
cream, Cognac or chocolate. And , as a 
flavoring for cuisine, it is a many-splen­
dored thing. 

One of the most unusual recipes 
among the manifold ways coffee can be 
used in cooking comes to us from Mrs . 
Joseph Martinson , wife of the noted cof­
fee taster and roaster. Here it is: 

BAKED STEAK, COFFEE SAUCE 
Take a thick steak-at least 21h in. 

thick. Sear it quickly in butter on both 
sides. Place it in a baking dish. Add 
generous dollops of chili sauce, A-1 
Sauce, a cup of canned mushroom 
pieces, a generous handful of tiny but­
ton onions (or a cut-up larger one), salt, 
pepper, and a pinch of paprika. Bake at 
325 degrees for about two hours, bas­
ting now and then. Twenty minutes 
before the end, pour a cup of very 
strong coffee into the pan. Continue 
basting. When you serve, use the pan 
juices as gravy. As a matter of fact, a 
favorite recipe for "country" ham in 
the South calls for coffee added to the 
fry pan in which a thick slice of ham 
has been cooked. That is the famous 
"Red Eye" gravy of Kentucky, Ten­
nessee and points South. But the coffee 
yen knows no regional boundaries, and 
Mrs. Martinson's steak is a success 
anywhere. 

Coffee in its non-beverage form is 
more usually a dessert component. For 
instance, there's coffee gelatin Soak 2 

tsps. unflavored gelatin in Y2 cup water 
for five minutes; boil a cup of water and 
add to the gelatin ; then add two very 
strong cups of coffee, Y2 cup sugar and 
3 cloves, and pour into mold. Better yet, 
try this: 

COFFEE SOUFFLE 

34 cup hot, strong coffee 
2 tbsps. flour 
\12 cup sugar 
1/z tsp. vanilla 
3 tbsps. butter 
14 cup cream 
4 eggs, separated 
pinch of salt 

In the top of a double boiler, melt the 
butter and add the flour. Pour the cof­
fee in slowly. Bring it just to the boil­
ing point, then add the sugar and salt, 
then stir until smooth. Add the egg 
yolks, and keep beating until the mix­
ture is thick. Fold in the egg whites 
(well beaten, of course) and the vani lla. 
(It may be wise to have an extra egg 
white or two- it can only help assure a 
nice rise). Pour into a souffle dish and 
bake at 400 degrees for 25 minutes, or 
until nicely risen. Serve it with 
whipped cream, and discover why cof­
fee souffle is considered a dessert par 
excel lence. 

It is as a beverage , of course . that cof­
fee is most popularly known. Everyone 
has his own favorite method of making 
it- Joseph Martinson , for instance, used 
to boil his in an ordinary saucepan with 
JUSt coffee, water and an egg shell, with­
out percolator , drip pot , pressure or 
other gadgetry. So telling anyone how to 
make coffee is about as productive as 
telling a confirmed martini man how to 
mix his next one. Possibly the best tip for 
making good coffee is use enough cof­
fee. Remember this before all: Coffee 
cannot be too strong I 

There are ways, however, to add vari­
ety to your coffee drinking. Cappuccino , 
an Italian coffee , is a favorite , but it is 
best made with an Italian pressure cof­
feemaker. Unless you have one, relegate 
Cappuccino drinking to restaurant visits. 

But anyone can easily make Cafe Bru­
lot .. It is nicest when made at table in a 
chafing dish, but it can be made in a 
small saucepan on the stove just as well. 
To make enough flavoring for six small 
cups of coffee, use 1 cup of Cognac , 10 
lumps of sugar, six or eight whole 
cloves , the rinds of half an orange and a 
quarter of a lemon. Heat almost to a boil , 
then touch a match to the Cognac and 
flame it-but don't let it burn too long . 
Pour a good teaspoonful into each demi­
tasse of strong coffee 

Another interesting version of our fa­
vorite beverage is Cuban Coffee, a much 
richer drink than good old cafe au lait 
Instead of using water, simmer (but do 
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not boil) Y2 cup of ground coffee in two 
cups of milk and 1 cup of cream for five 
minutes. Strain . Serve with sugar and 
whipped cream. 

For a change from regulation iced cof­
fee , there is the Italian invention , Coffee 
Granito-a sophisticated version of a 
drink often made with fruit juices. To 
make it, dissolve Y2 cup of sugar in a pint 
of very strong, hot coffee. Let it cool, 
then put it in a bottle and set it in the 
freezer compartment of the refrigerator 
or a pot of cracked ice. Turn it from time 
to time. It must be half frozen , about the 
consistency of mush, and it is usually 
served in sherbet glasses. 

Indeed, when it comes to being imagi­
native with coffee , there are even ways 
for the coffee-lover literally to have his 
cake and eat it , too. The most obvious 
way is to bake a coffee-flavored cake 
like this: 

COFFEE CAKE, MOCHA ICING 
To make the cake, beat together V2 

cup of butter and 1 cup of brown sugar. 
Add two eggs, 1h cup of molasses, 1h cup 
of strong coffee, and 2 cups of flour sif­
ted with 3 tsps. of baking powder. Add 
14 tsp. of ground cloves, 14 tsp. of cinna­
mon, 1h tsp. of salt. Divide the mix in 
half, and bake as two layers for about 
25 minutes in a moderate oven. 

Now for the icing. Cream VJ of a cup 
of sweet butter, 1 cup of confectioner's 
sugar, and 1 tbsp. of cocoa. Mix thor­
oughly. Add 3 tbsps. of strong, hot cof­
fee and enough more sugar to make the 
icing thick enough-but not too thick­
to spread easily. Beat well, and coat 
both layers and sides while the layers 
are still warm. 

These, of course, are only a few of the 
ways that man has devised to enjoy the 
savory pleasures of coffee , for which we 
owe a debt (according to legend) to an 
anonymous goatsherd of an cient Arabia . 
One day , the story goes, he noticed th at 
hi s goats were behaving wi th unusual 
liveliness after nibbl ing some berries 
growing on a gl ossy-leaved bush. He 
tried some, and found them awful. With a 
little experimenting, however, he found 
that when roasted they weren 't bad , and 
brewed they were even better . 

However it came into being, coff ee 
has been capt ivating palates throughout 
history. Among its most devoted admi­
re rs was the famous Ta lleyrand, who is 
reputed by some biographers to have 
si pped up to 40 cups of the brew a day. 
And , in Tal leyrand 's immortal words, 
there was only one way to make 1t 
" Black as the Devil, hot as Hades, pure 
as an angel, sweet as love ." 

-ROBERT J. MISCH 

Just one 
thin . g 
has made 
us the 
leader. 

Performance. 
Consistently, Snelling & Snelling- the world's largest 
employment service- has performed for many of this 
nation's largest and smallest employers. 

And they have learned if we don't have immediately 
available the people they need- we find them. 

Quickly. Efficiently. 

And with measurable savings in time, aggravation 
and in another vital area- money. 

Look us up in the White Pages. And watch us perform. 
Consistently. 

~ GIT® Snelling~Snelliqg 
The World's Largest Employment Service 

with 540 offices coast to coast 
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Healthy, Wealthy and Wise 

American antiques: 
where tastes and 
values aim high 

''Retirement"-or 
graceful layofff? 

Antique shows and auctions this winter make the point that more buyers with more 
money are seeking Americana than ever before in history. Values are up 5% to 10% 
over last year, and the trend is to more of the same. High-styled 18th century furn i­
ture-the prime buy-has tripled in value in 10 years . Limited supply in the face of 
rising demand is fundamental. So is the current trend in taste toward the simpl icity 
of the past , and away from disappointing machine-made products . . . . Pre-1830 
antiques are most coveted , and today the market is bullish for the works of leading 
18th century cabinetmakers such as Goddard , Townsend and Chapin. A Goddard 
Queen Anne chair recently brought $15 ,000. Works of lesser known men of the pe­
riod fall into the $2 ,000-$10,000 range . Federal period pieces (circa 1800) by such 
cabinetmakers as Seymour, Duncan Phyfe and Shaw are priced from $150 for 
small chairs up to $1 ,500 for sofas and highboys. A boom is also on for Empire fur­
niture (1 800-1 820) , with a current range of $1 00 to $700 . 

Museums such as New York 's Metropolitan (American wing) and the Boston Mu­
seum of Arts are excellent places to learn about antiques. Auctions conducted by 
leading houses are good, too (though country " barn " sales may be wisely 
avoided) . Top dealers are well known at local museums . Characteristically, the bet­
ter dealers stick to prices, and offer little chance for dickering .... Must reading : 
American Furniture, the Queen Anne and Chippendale Period 1725-1788, by Jo­
seph Downs; American Furniture of the Federal Period 1788-1825, by Charles F. 
Montgomery; and Fine Points of Furniture: Early America, by Albert Sack. The 
magazine, Antiques, will give you the feel of the market with its deceptions and va­
garies . 

"Pretty soon it 'll be like the military ," says a Chicago management consultant. 
"You'll be 'retired' young enough to start a second career." . .. His view is held by 
a growing number of specialists. A report by J. K. Lasser, for example , indicates 
that early retirement is being used by more companies as a way to replace older 
men with younger ones . Lasser points to IBM with its pensioned retirement at age 
55 , and notes that the company is now offering added early-retirement induce­
ments to 25-year men. IBM 's action still isn't common , but it 's being adopted by 
more corporations . ... A Boston consultant notes : " What this does for many 
people is to move up their normal retirement planning by quite a few years . A 
middle manager, especially , will want to keep on top of this trend-and plan ac­
cordingly. " (Personal Business will review early-retirement, and add practical tips, 
in a future series on career-planning.) 

If you work at home amid cluttered surroundings, consider tidying up operations 
with the aid of an ingenious piece of Norwegian-made furniture called The Home 
Ji Office. It 's a cleverly integrated and unobtrusive version of the old gi-
W, ant-size roll-top desk that held everything from a 30-lb. typewriter to 

1~~~~i--I fishing tackle . Th·e Home Office has ample cubbyhole space for the 
;; usual gadgetry , folds into a sleek cabinet (Greatwood Products, 290 

Madison Ave ., New York 10017; $370) .... Real estate scene: Fi nd a 
good buy in a townhouse? H. Dickson McKenna 's A House in the City 
piles up ideas on renovation of the classic row house; it 's an A-1 re­
view, beautifully illustrated (Van Nostrand , $12 .95) .... Good life: PB 's ·• 
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restau rant-of-the-month is Chicago's Blackhawk where on St. Patrick 's Day the Ir­
ish coffee is strong pub-sty le. Mix was created by barman Joe Sheridan at Shannon 
airport: Heat a tumbler with hot water, then fill 3/.i up with strong piping hot coffee . 
Put in 3 small sugar cubes and add 2 oz. Irish whiskey. Top with 1 tsp . whipped 
cream .. . PB 's hotel-of-the-month: the new lnnisbrook Resort & Golf Club, near 
Tarpon Springs , Fla.; with two 18-hole courses and golf pro Mike Souchak . 


